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Ilpeoucnosue

MexayHapoanass KoH(epeHLUsT «AHATUTHKA W YOpaBJIeHHE MaHHBIMH B 00JacTax ¢
MHTCHCHUBHBIM HCIIOJIb30BaHUEeM JaHHBIX» (“Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017)) nposenena ¢ 9 mo 13 oxtsiopst 2017 roga 8 MockoBCKoM
rocylapcTBeHHOM yHUBepcutere mMmeHn M.B. JlomoHOCOBa Ha (akyiabTeTe BBIYUCIUTEIHHOU
MaTeMaTHUKU U KHOEPHETHKU.

TpagunmonHo KoHpepeHIMsT «AHaIUTHKAa W YIpaBJI€HHWE JaHHBIMH B o00JacTax ¢
WHTCHCUBHBIM HCIIOJIb30BAaHHEM JAHHBIX) MPEACTABISIET COO0N MyIbTHANCIUILTHNHAPHBINA GOpyM
UCCIIeIOBaTeNIe W MPAKTUKOB M3  PAa3HOOOpa3HBIX O0O0JIAaCTeH  JAEATEeIBbHOCTH  JIIOJICH,
COJICHCTBYIOIINI COTPYJHHUYECTBY M OOMEHY UesIMU B chepe aHAIM3a U yIIPaBICHHS TaHHBIMU B
00JnacTsIX HCCIEeNOBAaHUM, JBHXUMBIX WHTEHCHBHBIM HcHoOJb30BaHMeM naHHbIX (OMHMJI). Ha
anrmiickoM sizbike O] 3ByunT kak data intensive domains (DID) B cmbiciie 4-it mapaaurmsl
Hay4yHbIX HccaeaoBanuil. [1o1xoapl K aHaIM3y JaHHBIX U YIPABIECHUIO JaHHBIMU, pa3BUBAaEMbIE B
koHKpeTHbIX O] X-undopmatuku (Takux kak X=acTpo, 610, reo, Heipo, Me, GU3nKa, XUMUs,
MaTepHUaJIOBEIEHUE U TIp.), COLMAIBHBIX HayK, a TaKKe HUHPOPMATUKHU, IIPOMBIIIIIEHHOCTH, HOBBIX
TEXHOJIOTUH, (UHAHCOB U OM3HECA COCTABIISAIOT IPEAMETHYIO 0071aCTh KOH(PEPEHIIUH.

[Iporpamma koH¢pepenuuu 2017 roxa, Kak W B NpeAbIAYIINX KOH(PEPEHLHUAX, OTpakaeT
HapsAy ¢ TPAJUIIMOHHOM JUIsl yIIpaBJeHHs JaHHBIMU TEMAaTUKOW JABM)KEHUE B HAIIPaBJICHUN HAYKU
0 JaHHbIX (data Sscience) u aHATUTUKYA C MHTEHCHBHBIM UCIIOJIb30BaHHEM JaHHbIX. Kak u mpexe,
MporpaMMa 3TOTO Trojia BKJIIOYAeT CIEUHaIbHO MOJOOpaHHbIE MPUTJIAIIEHHbIE M KIIOYEBbIE
nokiaabl B ObicTpo pazBuBaroniuxcs OV, [enpto opranu3aiiuy Takux CECCHI TaK¥Ke SBIISIETCS
MpHUBJICYEHUE BHUMaHUS crienuanuctoB B BeiOpaHHbIx OUN ] x koHpepeHun.

[IpenkondepeHnonHas mieHapHast ceccust 9 OKTAOps BKIIOYAET JBa JOKIAJa: KIIIOUEBOH
noknax Credano Yepu (mpodeccopa MMITAHCKOTO TOJUTEXHUYECKOTO HMHCTUTYTA) H
npurIameHubii goxnan 3ontaHa Camnamm (HaydHOro coTpyaHuka MemunuHckon [Ikossr
I"apBapna). Ceccust mocBsIIeHa Pa3BUTHIO METOJIOB U CPEJCTB MOJIy4EHUSI TEHOMA U AMATHOCTUKU
B Ppa3NMMYHBIX o0OnacTsax (0T 3ApaBoOXpaHeHus a0 KpumuHanmucTuku). Credano Yepu
paccMmarpuBaeT BoIpochl peanusanuu B EBponeiickom npoekre GeCo cpencTB ceKBEeHUPOBaHUS
JIHK HOBOrO mokosieHus; B mokiaze 3onTtaHa Camrammy 0003peBaroOTCs MOIXOAbI K TEHOMHO-
0a3MpOBAHHON AMATHOCTHUKE B Pa3IUYHBIX MPUKIAAHBIX o0nacTax. bonee noapobuo 10 okTadps
3osran Caamim B ThIOTOPHAJIE PACCMATPUBAET IPUMEHEHHE TI€HOMHOM JHMAarHOCTHKU B
MMYHOTEpAIIUU paKa.

[IpoGnembl «HAaBOJHEHHUS» JAHHBIMM B AaCTPOHOMHUU U CIOCOOBI HX pa3peuieHus
paccMmarpuBaroTcsa B KioueBoM Jokiane Jhxysenme Jlonro (mpodeccop actpodusuku B
Heanonuranckom ynuBepcurere). [locneanuii mo BpeMeHH NpPEICTaBICHUS KIIIOUEBOM JOKIa]a
Karpun Amyntc, npodeccopa menunusbl, gupektopa MHctutryra Heliponayku u MenunuHbl B
HUccnenosarensckoM Llentpe Juelich, mocesmen 6ospmomy EBporneiickoMy MpOEKTy W3ydeHHUs
mosra uenoBeka (HBP), kak ¢uarMaHckoMy TMpPOEKTy IO YCKOPEHHIO W KOJUTabopaIuu
HcCcae0BaHUM B HEHPOHAYKE.

[IporpaMMHBIil KOMUTET KOH(PEPEHIIUU paccMOTpen 75 3asiBOK Ha KOH(MEPEHIIHNIO U 8 3aSBOK
Ha JMCCepTalMOHHBIM cemuHap. Ha cemunHap npunaro 5 noknanoB, 3 - oTkioHeHbl. Ha
KoH(pepeHuo 47 3asiBOK IPUHATHI KaK MOJIHbIE CTaThH, 12 — Kak KpaTkue, 2 — KakK MOCTepsbl, 2 —
Kak 7iemMo, 12 — oTKJIOHEeHBI. 59 nokiafoB (TOJHBIE U KPaTKKe) IpeaCTaBIeHbl B 19 ceccusix, Takux
KaK TMPOEKThl aHadn3a JaHHBIX B acTpoHoMuu, TexHukn Cemantudeckoro Beb6a B OUU/,
cnenuanu3upoBanuble  uHppacTpykrypel B OWUUNJ] (1), pacmpeneneHHble BbIUMCICHHUS,
crienuanu3upoBanHble HHPpacTpykTypsl B OUN/L (2), oieHka 3 EeKTUBHOCTH CUCTEM, IPOEKTHI
aHallM3a JaHHBIX B HelipoHayke, crenuduyecKkue METOJbl aHAIW3a JaHHBIX, OHTOJIOTHYECKUE
Mozenu U mpumMeHeHus (1), MHTerpanvs HEOJHOPOIHBIX 0a3 JaHHBIX, aHAIW3 T'YMaHHUTAPHBIX
TekcToB (1), MpoeKThl aHamu3a AaHHbIX B paznuuHbix OMN ], ananu3 rymMmaHuTapHBIX TEKCTOB (2),
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OHTOJIOTMYECKHE MOJEIN U NpUMEHeHus (2), opranuszanus ’xcnepuMeHToB B OMN /I, npoekTsl
AIIEKTPOHHBIX OMOJIMOTEK, MPEACTABICHUE U U3BJICUCHUE 3HAHUHM, MOIXO/IbI K PEIICHUIO 33a4 B
OWN]JI, mpuMeHEeHHWE MAaNIMHHOTO OOydYeHHs. XOTs OOJBIIMHCTBO JOKIAJ0B TOCBSIICHBI
pe3yiapTaTaM  UCCJIEOBaHMUI,  BBINOJHAEMBIX B  MCCIEAOBATEIbCKUX  OpraHu3alusix,
PacroJIOKEHHBIX B pa3IMYHbIX MECTax Ha TeppuTopuu Poccun, Bkitouas: Boponex, 3BeHUropo,
Kazanb, MockBy, HoBocubupck, OOnunck, Owmck, Open, IlepecnaBnb-3anecckuii, CaHKT-
[lerepOypr, Tomck, SpocnaBinb, KOH(pEpEHIUS CTAHOBUTCS MexayHapoaHoid. OO 3ToM ¢
CBUJIETEIBCTBYIOT OKJIAbI (BCEro JOKIAI0B 12 U3 KOTOPBIX 4 NPUTJIAIIEHHBIX), IOJITOTOBJICHHBIE
BUJIHBIMM 3apyO€KHBIMU MCCIIEI0BATEIsIMU U3 TakuX cTpaH kak Apmenus (Epesan), baxpeiin
(Manama), benapyce (Mwunck), Bonrapust (Codwusi), BenukoOpuranus (Xapsen), ['epmanust
(Hroccenpaopd, Kuin), I'penns (Canonnkn), Utamus (Munan, Heanoss), CLIA (I"apBapn).
[Mpencenarenu I[IporpamMmmuoro u OpraHu3anMOHHOTO KOMUTETOB KOH()EPECHIIMHA BBIPAYKAIOT
omarogapuocts Hukonato CkBOpIIOBY 3a o0OecriedeHrue B3auMOJACUCTBUS TIPU TIOMOIIU CUCTEMBI
CMT c aBTOpamu mpuciaHHbIX padoT u ¢ wieHamu [IK — perneH3eHTamMu JOKIAI0B, a TaKkKe 3a
MOATOTOBKY pEeaKIUu COOpPHHMKA TPYIOB KOH(EpEeHLMH B MPOLECCE W3JaHUSA €ro IedyaTHOU
Bepcuu. Ha 3Tom 3Tane nposBui HHULIMATUBY U OKa3all HEOLIEHUMYIO [TOMOIIb B PEAaKTUPOBAHUH
TEKCTOB PYCCKOSI3BIYHBIX JI0KIan0B mpodeccop PenepanbHoro yHupepcuteTa KazaHckoro
(ITlpuBomxkckoro) ¢denepanbHoro yHuBepcurera Anekcanap M. EnuzapoB, KoTtopomy
npeacenarenu [1K BeipakaroT ocoOyto npuszHaTtenbHOCTh. [Ipenacemnarenu [1K Takke BbIpakaroT
OnmaromapHocTh ujeHaMm IIporpaMMHOro KoMHTETa 3a BBIIOJHEHHYIO HMH paldoTy 1O
PELIEH3UPOBAHUIO M OTOOPY JOKIAI0B, a Takke JIMUTpHuio BproxoBy 3a MOAAEPKKY aKTyaJbHOTO
CoJiepKaHus caita KOH(epeHIInu Ha Beex dtanax noarorosku DAMDID/RCDL’2017.
[Ipencenarenu OpraHuzanoHHOro komurtera u IlporpaMMmHOro xomurera KOH(QEpeHIIUU
BBIpAXKaIOT 0JIaroJJapHOCTh aBTOpaM IMOJIaHHBIX Ha KOH(EPEHIINIO 3asBOK, a Takxke Poccuiickomy
¢donny (yHIaMeHTalIbHBIX HCCleNoBaHUM, HanuoHambHOMY HCCIIEIOBAaTENbCKOMY SAEPHOMY
yauBepcutery MUDU, ®onay comelcTBUs pa3BUTHIO HHTEpHeT-Menua, W T-obpazoBanus,
4eJI0BEUECKOro NoTeHuuana «Jlura uHTepHeT-Meiay» 3a UHAHCOBYIO IOIEPKKY KOH(PEPEHIIUH.

Conpencenarenu IlporpaMmmMHOro KoMmureTa Comnpenceanarear Oprkomurera
Kanunnuenko Jleonnn AnapeeBuy 3axapoB Bukrop HukonaeBuu
(OULL Y PAH) (OULL Y PAH)

Manononynoc SAxuc
(Yausepcutet Apucrorens, CaJOHUKH)
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Preface

In 2017 the International Conference “Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017) takes place on October 9-13 in the Lomonosov Moscow State
University at the department of Computational Mathematics and Cybernetics.

By tradition the “Data Analytics and Management in Data Intensive Domains” conference
(DAMDID) is planned as a multidisciplinary forum of researchers and practitioners from various
domains of science and research, promoting cooperation and exchange of ideas in the area of data
analysis and management in domains driven by data intensive research. Approaches to data
analysis and management being developed in specific data intensive domains (DID) of X-
informatics (such as X = astro, bio, chemo, geo, med, neuro, physics, chemistry, material science
etc.), social sciences, as well as in various branches of informatics, industry, new technologies,
finance and business are expected to contribute to the conference content.

The program of the DAMDID/RCDL’2017, as it was at the previous editions of these
conferences, alongside with the traditional data management topics reflects a rapid move into the
direction of data science and data intensive analytics. The program of this year includes carefully
selected invited keynote talks related to the fast developed DID. The respective plenary sessions
are also aimed at attracting an attention of researchers in the selected DID to the conference.

Preconference plenary session on October 9 includes two talks: the keynote talk by Stefano
Ceri (professor of Database Systems at the Dipartimento di Elettronica, Informazione e
Bioingegneria (DEIB) of Politecnico di Milano) and the invited talk by Zoltan Szallasi (MD, a
senior research scientist, the Children's Hospital Informatics Program, Harvard Medical School).
The session is devoted to the development of methods and techniques of getting genoms and
diagnostics in various application domains (from healthcare to criminalistics). Stefano Ceri
considers the implementation issues of the new generation DNA sequencing techniques in the
European project GeCo applying Big Data technologies; in the Zoltan Szallasi talk an overview of
approaches to the genomic based diagnostics in various application domains is given. In more
details in the tutorial given by Zoltan Szallasi on October 10 the application of genomic diagnostics
in the cancer immunotherapy is presented.

The problems of data deluge in astronomy and their solution approaches are considered in the
keynote talk by Giuseppe Longo (professor of astrophysics at the University of Napoli Federico
I1). The last but not least keynote talk is given by Katrin Amunts, MD, full professor for Brain
Research and director of the C. and O. Vogt Institute for Brain Research at the Heinrich-Heine
University Duesseldorf, director of the Institute of Neuroscience and Medicine (INM-1), Research
Centre Juelich. This talk is devoted to the large European project HBP (Human Brain Project) as
the flagship — accelerating brain science discovery and collaboration.

The conference Program Committee has reviewed 75 submissions for the conference and 8
submissions for the PhD workshop. For the workshop 5 papers were accepted and 3 were rejected.
For the conference 47 submissions were accepted as full papers, 12 as short papers, 2 as posters, 2
as demos, whereas 12 submissions were rejected. According to the conference program, these 59
oral presentations (of the full and short papers) are structured into 19 sessions including Data
analysis projects in astronomy, Semantic Web techniques in DID, Special-purpose DID
infrastructures (two sessions), Distributed computing, System efficiency evaluation, Data analysis
projects in neuroscience, Specific data analysis techniques, Ontological models and applications
(two sessions), Heterogeneous database integration, Text analysis in humanities (two sessions),
Data analysis projects in various DID, Organization of experiments in data intensive research,
Digital library projects, Knowledge representation and discovery, Approaches for problem solving
in DID, Application of machine learning. Though most of the presentations are dedicated to the
results of researches conducted in the research organizations located on the territory of the Russian
Federation including Kazan, Moscow, Novosibirsk, Obninsk, Omsk, Orel, Pereslavl-Zalessky,
Saint Petersburg, Tomsk, Yaroslavl, Zvenigorod, the conference acquires features of
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internationalization. This move is witnessed by 12 talks (four of them are invited) prepared by the
notable foreign researchers from such countries as Armenia (Yerevan), Bahrain (Manama),
Belarus (Minsk), Bulgaria (Sofia), Germany (Dusseldorf, Kiel), Great Britain (Harvel), Greece
(Thessaloniki), Italy (Milano, Napoli), USA (Garvard).

The chairs of the Program Committee and Organizing Committee of DAMDID/RCDL’2017
express their gratitude to Nikolay Skvortsov for providing of the effective interactions by the CMT
system with the authors of submissions and with the PC members reviewing the submissions, as
well as for his contribution into the editing of the conference proceedings during the process of its
publishing. At this stage on his own initiative a significant help in editing of the papers written in
Russian was given by Alexander Elizarov, professor of the Kazan Federal University, to whom the
chairs of PC express a particular thankfulness. The chairs of PC also express their gratitude to the
PC members for carrying out the reviewing of the submissions and selection of the papers for
presentation, as well as to Dmitry Briukhov for keeping of the up-to-date content of the conference
site at all stages of the conference preparation.

The chairs of the Organizing Committee and Program Committee of DAMDID/RCDL’2017
express their gratitude to the authors of the submissions as well as to the Russian Foundation for
Basic Research and the National Research Nuclear University MEPhI and the Fund “League online
media” for the financial support to the Conference.

Co-chairs of the Program committee Co-chair of the Organizing committee
Leonid A. Kalinichenko Victor N. Zakharov
(FRC CSC RAS) (FRC CSC RAYS)

Yannis Manolopoulos
(Aristotle University, Thessaloniki)

18



19

Knroueeoiui ooxknao 1

Keynote Talk 1



Data-Driven Genomic Computing: Making sense of Signals
from the Genome

(Extended Abstract)
© Stefano Ceri, © Arif Canakoglu, © Abulrahman Kaitoua, © Marco Masseroli, © Pietro Pinoli

Dipartimento di Elettronica, Informazione e Bioingegneria (DEIB)
Politecnico di Milano — P.za L. Da Vinci 32,

Milano, Italy
Abstract. Genomic computing is facing a technological revolution. In this paper, we argue that the
most important problem of genomic computing is tertiary data analysis, concerned with the integration of
heterogeneous regions of the genome — because regions carry important signals, and the creation of new
biological or clinical knowledge requires the integration of these signals into meaningful messages.
Keywords: genomic computing, high-level data models and languages, data integration.

1 Introduction

Genomics is a relatively recent science. Historically,
the double helix model of DNA, due to Nobel prices
James Watson and Francis Crick, was published on
Nature on April 1953; and the first draft of the human
genome, produced as result of the Human Genome
Project, was published on Nature in February 2001, with
the full sequence completed and published in April 2003.
The Human Genome Project, primarily funded by
the National Institutes of Health (NIH), was the result of
a collective effort involving twenty universities and
research centers in the United States, the United
Kingdom, Japan, France, Germany, Canada, and China.

In the last 15 years, the technology for DNA
sequencing has made gigantic steps. Figure 1 shows the
cost of DNA sequencing in the last fifteen years; by
inspecting the curve, one can note a huge drop around
2008, with the introduction of Next Generation
Sequencing, a high-throughput, massively parallel
technology based upon the use of image capturing. The
cost of producing a complete human sequence dropped
to 1000 US$ in 2015 and is expected to drop below 100
US$ in 2018.

)
)

2001 2602 2003 200e 2008 2006 00T 200M 2000 2810 2001 3052 2843 3014 2004

Figure 1 Cost of DNA Sequencing, Source: NIH

Proceedings of the XIX International Conference
“Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017), Moscow, Russia,
October 10-13, 2017

Each sequencing produces a mass of information
(raw data) in the form of “short reads” of genome strings.
Once stored, the raw data of a single genome reach a
typical size of 200Gbyte; it is expected [1] that between
100 million and 2 billion human genomes will be
sequenced by 2025, thereby generating the biggest “big
data” problem for the mankind.

2 From strings to signals

Technological development also marked the
generation of new methods for extracting signals from
the genome, and this in turn is helping us in better
understanding the information that the genome is
bringing to us. Our concept of genome has evolved, from
considering it as a long string of 32 billions of base pairs,
encoding adenine (A), cytosine (C), guanine (G), and
thymine (T), to that of a living system producing signals,
to be integrated and interpreted.

The most interesting signals can be classified as:

(a) mutations, telling us specific positions or region
of the genome where the code of an individual differs
from the expected code of the “reference” human being.
Mutations are associated with genetic diseases — which
are inherited; mutations occur on specific positions of the
genes — and other diseases such as cancer — which are
also produced during the human life, and correlate with
factors such as nutrition and pollution.

(b) gene expression, telling us in which specific
conditions genes are active (i.e. they transcribe a protein)
or inactive. It turns out that the same gene may have a
big activity in given conditions and no activity in other.

(c) peaks of expression, indicating specific position
of the genome where there is an increase of short reads
due to a specific treatment of DNA; these in turn indicate
specific biological events, such as the binding of a
protein to the DNA.

These signals can be observed by using a genome
browser, i.e. a viewer of the genome. All signals are
aligned to a reference genome (the standard sequence
characterizing human beings; such sequence is
constantly improved and republished by the scientific
community). The browser is open on a window of a given


mailto:first@author.email
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length (from few bases to millions of bases), and the
signals are presented as tracks on the browser; each track,
in turn, show the signal — either by showing their
intensity or just by showing their position. Figure 2
presents a window; the red, blue, and yellow tracks
describe gene expression, peaks of expressions, and
mutations. The black line indicates the position of (four)
genes — these are known information, or “annotations”,
that can be included in the window. An interesting
biological question could be: “find genes which are
expressed, where there are three peaks (i.e., peaks
representing three experiments are confirmed by all
experiments) and with at least one mutation. Such
question would, in this specific example, extract the
second gene.

[ ——er s iy Genes
e L . R eem . .. )
& I = il Expression
S s R - (98] SR _ ! Peaks
" IERGT TS O IR Lk IERATe 3

foe 3z Mutations

Figure 2 Signals corresponding to mutations, gene
expression and peaks as shown on a genome browser

3 Tertiary Data Analysis and GeCo

Signals can be loaded on the browser only after being
produced as result of long and complex bio-informatics
pipelines. In particular, analysis of NGS data is classified
as primary, secondary and tertiary (see Figure 3):
primary analysis is essentially responsible of producing
raw data; secondary analysis is responsible of extracting
(“calling”) the signal from raw data and align the signals
to the reference genome; and tertiary analysis is
responsible of a number of tasks all concerned with data
integration.

«Analysis of hardware panersted data, machine stats eic
*Production of sequence reads and qualty scores

Pnmary
Analysis

<A libering on raw reads
«Alignmeant/Assembly of reads
+QA and vanant caling on algned reads

«Multi-sample processing

*QANC of varsant calls

«Annotation and fiterng of vanants

«Data aggregation

*Assocation analysis

+Popuation structure analysis

«Genome browser driven exploralony analyss

Tortiary
Analysis

"Sansa Making”

Figure 3 Classification of data analysis for genomics,
http://blog.goldenhelix.com/grudy/a-
hitchhiker%E2%80%99s-guide-to-next-generation-
sequencing-part-2

The bioinformatics community has produced a huge
number of tools for secondary analysis. So far, it has not
been equally engaged in tertiary data analysis, which is
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clearly the most important aspect of future research.

Figure 4 shows that the number and variety of tools
for secondary analysis. Instead, only four few systems
are focused on tertiary analysis.

GeCo is developed by our group at Politecnico di
Milano as outcome of an Advanced ERC Grant. GeCo is
based on GMQL, a high-level language for genomic data
management, and has a system architecture based on
cloud computing, implemented on engines such as Spark
and Flink [3]. SciDB, a scientific database produced by
the spinoff company Paradigm4, supports a genomic
addition focused on genomic data integration [4].
DeepBlue, provides easy access to datasets produced
within the BluePrint consortium, with a language which
is quite similar to GMQL [5]. FireCloud, developed by
the Broad Institute, offers an integrated platform
supporting cancer research [6]. All these systems already
support access to a huge number of open datasets,
including ENCODE and TCGA.

+ FireCloud
(Broad Inst.)

« Paradigm4
(Spinoff)

+ GMQL/Geco
(PoliMi)

+ DeepBlue
(Blueprint)

FRIMARY
ANALYSIS

TERTIARY
ANALYSES

SECONDARY
ANALYSS

Figure 4 The landscape of genomic computing tools;
few of them are dedicated to tertiary data analysis

This two-page abstract has set the stage for discussing
why GeCo is an important project in the context of
tertiary data analysis for genomics. In the full paper, we
will describe some of the aspects of the GeCo project; we
will focus on the GeCo API (not been presented so far).
This is an important aspect of the project, as it guarantees
usability of the system from multiple user and language
interfaces, thereby allowing interoperability.
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Abstract. We will review the revolution brought about by low cost next generation sequencing in a
wide array of diagnostic and industrial applications with a special emphasis on computational requirements

and big data challenges.
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1 Introduction

Next generation  sequencing ((NGS) has
fundamentally changed modern biological research. It is,
in fact, an excellent example of how gradual
improvements on a powerful initial idea, Sanger’s
original dideoxynucleotide sequencing, can lead to such
levels of quantitative increase in data production that
fundamentally changes a given research field.

Virtually any nucleic acid related research question
can be investigated in a comprehensive, high resolution
fashion free from experimental confounding factors such
as nucleic acid cross hybridization. This has produced a
deluge of data on the scale of hundreds of Terabytes even
for a single research laboratory. This review will survey
both the various application domains of next generation
sequencing and their associated computational and
analytical challenges.

2 Biochemical considerations of next
generation sequencing

It was recognized early on that next generation
sequencing will allow querying both the genome (DNA)
and the transcriptome (RNA) on a wide range of
resolution. The exact sequence of nucleotides (e.g. single
nucleotide polymorphisms, single nucleotide variations)
and the overall architecture of the entire genome can be
determined in a single experiment (one run of whole
genome sequencing) [1].

A wide array of starting materials can be used for next
generation sequencing. Any form of nucleic acid (DNA
or RNA), from any sources (from inside the cell, from
cell free biological fluids or ancient fragmented DNA)
can be sequenced and quantified. Nucleic acids can be
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preselected as in e.g. whole exome sequencing (exon
capture) or by other capture mechanisms such as specific
protein beacons in ChipSeq analysis. The variations are
virtually unlimited and novel approaches are constantly
being added to the toolbox of biological research. This
universality has led to an enormous variety of application
domains.

3 Application domains of next generation
sequencing

3.1 Next generation sequencing in microbiology

Since DNA is universal, next generation sequencing
can be used to detect and investigate any life form from
viruses to humans. This is readily exploited in the various
forms of sequencing based microbial diagnostics and it
has also led to a new research field, metagenomics [2].
In this, the fact that often a diverse group of microbiota
live together as an “organic whole” has led to the
realization that those species do not need to be isolated
individually before sequencing, but the pooled DNA can
be sequenced together and the sequence tags can be
“sorted out” after the sequencing reaction. This
ingenious idea has led to significant advances in our
understanding of, for example, the microbial community
of our gut flora. This method also allows monitoring
sewage quality and may help to monitor and prevent
disease outbreaks.

3.2 Next generation sequencing in human diseases

Genome wide association studies are a powerful
method to identify germline variants associated with
increased disease risk.

Remarkably, germline DNA of the fetus can be
efficiently detected in maternal blood, leading to the
powerful tool of prenatal testing [3]. By this, genomic,
chromosomal aberrations of the fetus can be detected
without virtually any risk to the mother or the fetus.
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3.3 Next generation sequencing in cancer

Cancer is a genetic disease. Accumulating mutations

at various levels of the germline genome lead to
malignant transformation. It is therefore, obvious, that
one of the main targets of next generation sequencing is
cancer diagnostics. Both germline and somatic mutations
are readily identified by NGS. A great number of
oncogenic mutations, many of them targetable by
therapy, have thus been identified [4]. NGS data also
allow us to reconstruct the evolutionary history of cancer,
an issue of potentially great significance [5].
Recently, sequence analysis of liquid biopsies,
essentially cell free DNA obtained from various bodily
fluids, emerged as a minimally invasive tool to obtain
vital information about the presence of cancer in a patient
individual before or during therapy.

4 Computational and analytical challenges
of next generation sequencing data

The uniform nature of the biochemical reactions and
ingenuity of technical development has led to an
unexpected situation. The price drop/throughput increase
of next generation sequencing has significantly outpaced
Moore’s law over the past decade. Therefore, next
generation sequencing has become more of a
computational rather than a biochemical problem. The
speed of data accumulation is so fast that data storage and
data analysis is becoming a more and more challenging
problem in modern sequencing based projects. Whole
genome sequencing on a single cancer sample can easily
take up hundreds of GBs of data storage. Therefore, a
single study, such as the one analyzing the whole genome
of 560 breast cancer cases [6], can easily produce data on
at the level of hundreds of Terabytes. Such amount of
data cannot possibly be downloaded for reanalysis in an
efficient manner, therefore alternative solutions, such as
cloud based computing had to be found.

Management of vast amounts of data is only one,
mainly technical aspect of the challenges at hand.

While next generation sequencing based genomics
easily qualifies as one of the main areas of big data
science, in many aspects it is also markedly different
from those. While in, e.g., financial data the individual
variables are connected by poorly understood causative
factors and in physics the entire data space is regulated
by well defined, homogenous laws of physics, in
biology, genomics the situation lies somewhere in
between. Variables, such as genes, proteins etc. are
connected by the principles of physical chemistry, but the
actual parameters of those significantly vary across the
various pairs of biological entities. This fact places the
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analysis of biological systems in the realm of robust,
complex systems for which the analytical principles are
poorly understood. Therefore, in order to effectively
analyze the massive amounts of genomic information
one needs to “front-load” the computational analysis
with as much biological knowledge as possible.

We will present several strategies along those lines. In
particular, we will discuss how genomics, next
generation sequencing based whole genome analysis
helps us to understand DNA repair pathway aberrations,
and their diagnostic and therapeutic implications in
cancer. We will also discuss how genomics is exploited
to understand the main principles of therapeutic immune
responses against cancer and how genomics, machine
learning and high throughput screening are combined in
an interdisciplinary environment to design effective
vaccines against cancer.

5 The industrial impact of next generation
sequencing

In order to satisfy the need for NGS based diagnostics
a whole industry has developed during the past decade.
Conferences such as the 2017 Next Generation Dy
Summit, (http://www.nextgenerationdx.com) provide an
excellent overview of the major trends and players.
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Abstract.This paper presents a neural network architecture for segmentation of medical images. The
network trains from manually labeled images and can be used to segment various organs and anatomical
structures of interest. We propose an efficient reformulation of 3D convolutions and a loss function that
directly optimizes intersection-over-union metric popular in image segmentation field.
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1 Introduction

Medical image is a visual representation of the
interior of a body; they reveal internal anatomical
structures and thus can be used for clinical analysis,
intervention planning etc.

Volumetric medical images are obtained from
various medical image acquisition technologies, such as
computed tomography (CT), magnetic resonance
tomography (MRT), etc. These images are represented
by a stack of 2D image slices thus forming a 3D
representation of a body [2].

Medical image segmentation is an automatic or semi-
automatic process of splitting a medical image into
regions, which may correspond to an organ, a tissue, a
tumor, or any other anatomical structure of interest.

Some of the applications of medical image
segmentation are surgical planning, virtual simulation of
surgeries, tumor detection and segmentation, brain
development study, functional mapping, automated
classification of blood cells, mass detection in
mammograms, image registration, heart segmentation
and analysis of cardiac images, border detection in
angiograms of coronary, etc.

Earliest medical image segmentation techniques were
based on low-level processing of image data (comparing
gray level values of voxels to one or multiple thresholds,
edge detector filters, unsupervised clustering algorithms
etc.).

Later, supervised techniques, where training data
(manually labeled examples) is used to train a model,
became increasingly popular. Examples of such methods
are maximum likelihood and expectation maximization
methods, maximum a posteriori and Markov random
field methods, deformable models (active contour
models, level set models), atlas-based models,
conditional random field, graph cut algorithms.
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Convolutional neural networks had their applications in
image segmentation, but did not gather momentum until
various new techniques and computing architectures
were developed. In December 2012 CNNs won
ImageNet challenge for the first time. AlexNet [5]
architecture proposed by Krizhevsky et al. won the
competition by large margin. In subsequent years, further
progress has been made [6][7]. Convolutional neural
networks have become technique of choice, showing
state of the art results in computer vision.

A supervised learning algorithms experience a
dataset, consisting of examples, each of whichcontains
features x; and a target yi. For example, popular Iris
dataset contains measurements of various species of iris
plants. A supervised learning algorithm can study the Iris
dataset and learn to classify iris plants into three different
species based on their measurements. In our task, xjcan
be a computed tomography medical image, while y; can
be a segmentation of that image done by an experienced
radiologist.

An artificial neural network consists of many simple
units called neurons. Neurons receive and send
information via weighted connections. Each neuron
calculates weighted sum of inputs and applies nonlinear
activation functionf to them:

h(x;w,b) = f(le- *w; + b).

i

Recently, one of the most popular activation

functions were rectified linear units (ReLU) defined as:
relu(x) = max(x, 0).

In a simple feed forward architecture, neurons are
organized into groups called layers. Neurons in the first
layer (called input layer) process information from the
environment, while neurons in subsequent layers process
information from previous layers. Neurons in the last
layer (called output layer) produce information of
interest. Because of this multi-layered structure, neural
networks show very complex behavior:

Neural — networks are  universal  function
approximators, capable of representing any function to



desired extent given enough number of neurons [1].
Convolutional neural networks (CNNs) are type of
artificial neural networks specialized for processing data
that has grid-like topology. Examples of such data
domains include 1D time-series data or 2D or 3D images.
Given two-dimensional image | and kernel K,
convolution operation can S be defined as [1]:

UK = ) 1 =mj = n) «KGij).

A neural network computes “logit” scores, in order to
convert them to probabilities, a softmax function is used:
_exp(z;)

Yexp(z)

In order to train a neural network, we minimize a loss
function L(x,y,9; 6) with respect to 6, where 6 =
{wy,w, ...,by, b, ... }, xand y are elements of training set,
and y is a prediction of the network. The loss function
used in this paper will be presented in section 2.

One of the most useful (and most popular) metrics in
medical image segmentation is intersection-over-union
metric (loU). For volumes A and B, loU is defined as:

IoU(A,B) = 405l
U B) = 0BT

CNNs can directly classify each pixel of an image
individually, given that we present to it a patch of image
around pixel of interest. However, a drawback of this
naive sliding window approach is that input patches of
neighboring pixels have a huge overlap, and thus some
convolutions would be computed many times [2].

A significant speedup can be achieved if we present

many pixels to a CNN simultaneously. One of the first
implementations of this idea, that were successful in
medical image segmentation, were Fully Convolutional
Neural Networks (FCNN) [3]. fCNNs added upsampling
layers to popular classification neural network
architectures, such as AlexNet [6], VGG16 [7], and
GoogLeNet [8]. This solution allowed CNN to produce a
likelihood map for an entire image rather than a single
pixel. The resulting neural network can be applied to an
entire input volume in an efficient fashion [3].
The next iteration of fCNN idea is U-Net architecture,
where a typical convolutional network architecture
(contracting path) is followed by an upsampling layers
(expanding path)where the size of an image is increased
with upconvolutions. The resulting network forms a U-
shape giving the name of the architecture. r Other major
improvement are skip-connections which directly
connect contracting and expanding layers. The
architecture showed very good performance on different
biomedical segmentation applications. It only needs a
very few annotated images and has a very reasonable
training time [4] due to the use of data augmentation with
elastic deformations.

The 3D U-Net architecture developed ideas of U-Net
further to construct a network for volumetric image
segmentation that learns from sparsely annotated
volumetric images. The implementation replaced all 2D
convolutions of U-Net by 3D convolutions. The authors
showed a successful application of the proposed method
on difficult data set of the Xenopus kidney [5].

softmax(z)
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2 Method

2.1 Architecture of the neural network

The architecture of our network is based on U-Net.
The input is processed by blocks of convolutional
operations. The data is downscaled with maxpool
operations and fed to a next convolutional block. We
upscale images with upconvolutions and merged data
with higher level signals before processing with another
convolutional block. Figure lsummarizes the overall
architecture of the neural network.

:
g

)I

g

i

Z (o B
block |J

Figure 1 Architecture of proposed neural network

An convolutional block (see Figure 2) consists of four
2D convolutions along different axis. This was done to
optimize processing time, as even 3x3x3 convolution has
27 parameters, while 4 3x3 convolutions have only 36
parameters. Each convolution is followed by RelLU
nonlinearity and a dropout.

Figure 2 A convolutional block

A upconvolution layer has 1x1 kernel which upscales
the data, we concatenate upscaled data with output of
convoltuion block with same size.

Our experiments showed that more popular softmax
cross-entropy function is harder to tune, as it optimizes a
metric (accuracy) that we’re not interested in and needs
tuning of weights of examples. In our setting, loU metric
is much more informative. We extend loss function
presented in [13] to multiclass setting. The loss function
optimizes loU metric directly: 5

~ Vi * V1
L(x’y’y’ 0) Z)’1;+Z3/’1\;—ZY1;*37;'
where y is one-hot encoding of voxel’s label, ¥ is label
probabilities outputted by the network (with softmax
function).y;. denotes y without the first element.




2.2 Implementation details

The proposed method was implemented using
TensorFlow library in Python 3 language [4].

A machine with Intel Core i7 6700K CPU, 32 Gb
RAM, and NVidia GeForce GTX 1070 GPU was used to
train a neural network and perform all experiments.

We performed an extensive search for optimal
hyperparameters. Our program would select previous
best hyperparameters, randomly generate new ones in
interval [0.1*p.., 10*p.], perform 5000 training steps,
and select the network which showed higher loU score
on validation set. We summarised final hyperparameters
that were used in Table 1.

Table 1 Best hyperparameters

dropout keep prob 0.85

12 regularization weight 3.0«x10°*
learning rate 7.6 %107°
channels in first conv layer | 30

Adam stochastic optimization method was used. Our
experiments showed that using batch normalization is not
beneficial on final score [5].

3 Experiments

The Cardiac Atlas Project Dataset [9] consists of 83
volumetric MR images of heart and a mask which
highlights region of interest. Figure 1 shows an example
of a slice of an image from such dataset, as well a mask
for that slice which highlights region of interest

Figure 3 An example of image and label from the
dataset

Each image consists of 10-15 slices of various sizes,
with 192x192 and 256x256 being the most frequent ones.
Our model showed quality segmentation with loU = 0.63.

4 Conclusions

Our experiment showed that convolutional neural
network is capable of segmenting visually
distinguishable anatomical structures on medical images.
We plan to extend presented model to more medical
image segmentation datasets.
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Annotamus. [IpemiokeH HOBBIA MOMXOA K U3MEPEHHIO HHQIIAIMOHHBIX OXHIAHUH POCCHACKOTO
HACEJICHUS Ha OCHOBE AKTHBHOCTH HACEJCHUSA Ha OQHUIMATBHBIX CalTax (DMHAHCOBO-OPHEHTHPOBAHHBIX
CMMU u ux cTpaHUIaX B COIMATBHBIX ceTsX. KoMMeHTapuu, MpeACcTaBISIFOIIUe CO00 KOPOTKHUE TEKCTEHI,
MIPEBAPUTEIILHO aBTOMATHYCCKU (DIIBTPYIOTCA Ha COOTBETCTBHUE OTHOINCHHS K TeMe «UHQIIAMSD» C
TIOMOILIBIO KJIFOYEBBIX CJIOB, COCTABIIEHHBIX KCIIEPTOM, U JJaJI€e OIBEPTat0TCs aHAJIM3Y C IIOMOIIbIO METO/IOB
MAaIIMHHOTO 00y4YeHHs. PacCMOTPEHBI BBIYUCISICMBIC CBOMCTBA OTOOPaHHBIX KOMMEHTApPHUEB, IMPOBEICHO
TEMaTUYECKOE MOJEIIUPOBAHUE C TIOMOIIbIO METO/I0B BEPOATHOCTHOIO TEMATUUYECKOTO MOACIIUPOBAHUS IS
aHaJIN3a [IABHBIX TEM, COJEPIKAIIUXCS B OTOOPAaHHBIX KOMMEHTAPUsX. JIaHHBIN MMOIX 01 ITO3BOJISET MOIYYaTh
BBICOKOYACTOTHYIO, SKOHOMHYECKH aJeKBaTHYI0 M OOOCHOBAaHHYIO OLEHKY HHQIALIMOHHBIX OXHIAHUI
HaceneHus PO.

KnroueBble cjioBa: HHQISAIUOHHBIC OKUAAHUSA, MAIIMHHOC OOydYeHHE, aHaIM3 TEKCTOB, aHaJIM3
€CTECTBEHHOI'0 SI3bIKa, TEMATHUECKOE MOACIUPOBAHHUS.

A New Approach to Determining the Attitude of Authors
of Short Texts to the Topics Discussed in the Texts
on the Example of Estimating the Inflations Expectations
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Abstract. The paper suggests a new approach to measuring inflation expectations of the the Russian
population based on its activity on official websites of financial-oriented mass media and their pages in social
networks. Comments were previously automatically filtered to match the relationship to the topic "inflation"
using keywords defined by the expert. Then, resulting set of comments was analyzed using machine learning
methods. Simple calculated properties of the selected comments are considered; subject modeling is carried
out using probabilistic thematic modeling methods to analyze the main topics contained in the selected
comments. This approach makes it possible to obtain a high-frequency, economically adequate and justified
estimate of inflation expectations of the Russian population.

Keywords: inflation expectations, machine learning, text analysis, natural language analysis, thematic
modeling.

1 BBenenue

IMon xkopoTkMMHM TekcTamMu OyneM TOHHUMATh
KOMMEHTapUH T0JIb30BaTeNeH B COLMATIBHBIX CETAX U Ha
crpannnax odunuanbHeIx pecypcax CMU. Koportkme

Tpynst  XIX  MexkayHnapoaHoid  KoH(pepeHIHH
«AHATMUTHKA U yIpaBjieHHe JAHHBIMM B 00/1aCTSIX €
HHTEHCUBHBIM HCI0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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TEKCTBI XapaKTePU3yeTCsl MalbIM YuCciIoM TeM. Kaxapiit
KOMMEHTapuil HMMEET aBTopa, BpeMs IyOJIMKAIUH H
CCBUIKY Ha CTaThl0, K KOTOpOH OH ObT ocTaBieH. B
3aBHCHMOCTH OT WMCTOYHHKA aBTOP MOXKET HMETh He
TOJNBKO MMSI, HO M APyrue aTpuOyThl, HAIPUMED, MECTO
MPOKUBAHUS, WHPOPMAIUIO O CONHMAIbHOM rpade u
HHPOPMAIIIO 0 COOOIIeCTBaX, B KOTOPBIX OH COCTOHT.
ITonm Temoit OymeM MOHMMATh COBOKYITHOCTH CIIOB,
00pa3yromux CMBICIOBYIO TMOBeCTKy. [Ipn 3TomM omHa
OonbIIIasi TeMa MOXKET BKJIIOYATh B ceOs MeHbIMe. J{ms
BBIJCTICHUST TEM IIpe/Ularaercsi HCIOIb30BaTh 1Ba
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MOJX0/Aa: TOMCK TEMBbl IO KIIOYEBBIM CIIOBaM U C
HCTIOJBb30BaHUEM TEMATUYECKOTO MOJIEINPOBAHUSL.
Beinenenne TeMbl 1O KIIFOUEBBIM CIIOBaM TpeOyeT
(OpMHUpPOBAaHUS  PETYISIPHOIO  BBIp@XEHHUS. Takod
MOJXOJ OrpaHH4YEeH CIHCKOM Te€M, KOTOpBIE OIMCal
HcclenoBaTenb. Ero pe3yapTaToM SBISETCS CIHCOK
KOMMEHTapHeB, OTHOCSINUXCA K 3aJaHHOM Teme. s

JTaTbHEHIIIETO HUCCIICA0BaHUA TMMOJTYYCHHBIX
KOMMCHTAapHCB npeajaracrcsa HCIIOJIB30BaTh
TEMATUYCCKOC MOJCIIMPOBAHHEC.

TemaTuueckoe MOJCIUPOBAHUEC IIO3BOJIACT

BBIJISTIUTh M3 TEKCTOB 3aJaHHOE 3apaHee KOJIHMYECTBO
TeM. YMeHbIIasi KOJIMYECTBO TEM, UCCIIEOBATENb OyneT
noxydaTh Oojiee TJI00anbHBIE TEMBI, yBEIUYWBAs WX
KOJIMYECTBO, Oy/EeT MOoiy4aTh MOATEMBI OONBIINX TEM
[4].

[ox oTHOIIEHHEM K TeMe OyaeM MOHUMATh Kak (hakT
YIIOMUHAHUS JITAHHOW TEeMbI II0Jb30BaTeNeM, TaK H
SMOIMOHANBHYIO OKpacKy COOOLICHUH, B KOTOPBIX
YIIOMUHAETCS TEMa.

O1eHKa TOHAIBHOCTH KOMMEHTapueB BO3MOXKHA KaK
1o cpencTBaM 3apaHee C(HOPMUPOBAHHBIX CIIOBApEH,
coJiepKalluX HHQOPMALUI0 O TOHAIBHOCTH KaXKIOH
cnoBoopMbr  [7], Tak HW C TIOMOIIBIO METOIOB
MAIlMHHOTO OOy4YeHHUs, TPeOYIOUIMX pa3MeueHHbBIX
TEKCTOB Ha MpeAMeT MX TOHaIbHOCTH [6]. B manHOM

pabote paccMaTpuBaeTcsi BTOpOH  IOAXOA,  HE
TPeO YOI KPOITOTIMBON paOOTHI IMHIBUCTA.
Takum  obOpasom, mpemnaraercs (GHUIBTPOBATH

I/ICXOllHy}O COBOKyHHOCTb KOMMeHTapl/IeB Ha OTHOIIICHUC
K HCCIEeNyeMOM TeMe, IPEICTABICHHOM B BHIE
pEeryaspHOTrO BBIpAKEHHSA, a 3aTeM HCCIEeJOBaTh
CTATUCTHKH BBIYUCIHMBIX CBOICTB KOMMEHTApHEB:
KOJINYECTBO YIOMHHAHUM TEMBl B €IMHHIY BPEMEHH,
KOJIMYECTBO SMOIMOHAJIEHO OKpAIICHHBIX
KOMMEHTapueB B €IMHUILY BpeMeHH. [ nccnenoBanus
TeM, ABJISIOMINXCS YaCThIO HCCIETyEeMOM, MpeiaraeTcst
HCTONB30BaTh TEMAaTHUECKOE MOICITUPOBAHNE.

Huns  wurtoctpanuu  pabOThl  NPEIOKEHHOIO
rnoaxonaa paccMoTpuM 3amaqy HU3MEpEHUs
UHQISIIMOHHBIX OXHIaHui HaceneHuss PO Ha ocHOBe
€ro aKTUBHOCTH Ha O(HIMAJIbHBIX CalTax (hPMHAHCOBO-

opueHTtupo-BanHelx CMW u wux cTpaHHmax B
COLIMAJIBHBIX CETAX.

B 9KOHOMHKE HHOISILIMOHHBIMH  OXHIAHUAMH
Ha3bIBAIOT  IPEAIIONaraeMble  ypOBHHM  MH(ISIINM,
OCHOBBIBASICH ~Ha  KOTOPBIX  IPOM3BOIUTENH H

MOKYTATENH CTPOSAT CBOIO OyIyIIyl0 LEHOBYIO H
KpenuTHO-(pUHAH-COBYI0 monuTuKy [l]. Bnmsane Ha
WHQIAIHOHHBIE OXUIaHMs oka3biBaeT L[b PD B pamkax
pexnMa HUHQISALHIOHHOTO TapreTHPOBAHMUS.
WuctpymentoM Bo3aedcTBus ¢ ceHTssOps 2013 T

SIBIIIETCA  KJIIoYeBass cTaBka. Kpome Toro, cpemu
KOCBEHHBIX WHCTPYMEHTOB BO3IEHCTBHUS Ha
nHIAMoHHEIe  okumanHus LB P®  wucmomesyer

WHPOPMANMOHHYIO TOJHUTHKY, ITOCTOSHHO OOBICHSA
HACEJIECHUI0 CBOM JEUCTBUA M JaJbHEHIINE IUIAHBI.
TpaauoHHBIE METOA OIEHWBAHUS HHQISIIMOHHBIX

OXKHJAHUI  MOJpa3yMeBaeT MPOBEACHHE OIMPOCOB.
Ucnonp3ys  mamHbi  momxox, areHrctBo 00O
«MIHOOM)» oueHmBaer HHQISIIUOHHBIE OXHUIAHUS
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HaceneHuss P®. [maBHBIC HEJOCTATKHA TAaKOTO ITOIXOJa
COCTOSIT B HU3KOHM 4acTOTe OOHOBJICHHS WHJCKCa (pa3 B
MECSIIT); OTPAaHUYCHHOCTH BHIOOPKH, KOTOpas COCTOHT
Bcero u3 2000 10MOXO03SHCTB; CKOPOCTH ITYONHKAIMA
uHmekca (pesympTatl  ompocoB OO0 «MHD®OM»
3ama3bIBalOT MPUMEPHO HAa JBE HENENH IOCTe
MPOBENCHUS  OMPOCOB 32 CYCT  HEOOXOJUMOCTH
00pa0OTKH  TOJNIYYECHHBIX  JAaHHBIX),  OTCYTCTBHE
BO3MOXKHOCTH TI€pecueTa MoKa3aTeeH MpH H3MCHCHUH
METOJIOJIOTHH  OIPOCOB  BBICOKUX H3JICPXKKAX IPH
MOCTPOCHHUH.

IMomxon, mpemiaraeMelii B TAaHHOW CTaThe, JIHMIICH
BBIIICYIIOMSIHYTBIX HEIOCTAaTKOB. BBICOKas dacToTa
OOHOBJICHHS MHJICKCA 00ECIICUNBACTCS aBTOMATH3AIINCH
cOopa JHaHHBIX M TMOCICAYIOUIMM aHAJIM30M Ha
BBICOKOITPOU3BOIUTEIILHOM BBIYUCITUTEIHLHOM KIIACTEpPE.
Bri0opka orpaHuucHa TOJIBKO KOJINYECTBOM
MoJib30BatTeNiel,  KOMMCHTHUPYIOIIUX  HOBOCTH B
oTOOpaHHBIX  HWcTOYHHMKAaX. CoxpaHeHHE  IOTOKa
COOOIICHUH B CIEIUAIBHOE XPAHIIUILE IMO3BOJSIET
OOHOBUTh WMHJCKC TPU H3MCHEHHH METOMIOJIOTHH, 03
MOBTOPHOTO cOOpa TaHHBIX.

quCTBI/ITeJ'[I)HOCTI) HHIACKCa K U3MECHCHUSAM
HHQIIAIUOHHBIX ~ OKUIAHUN  HACCNICHHS  OTYCTIHBO
BHUJHA Ha rpadee €ro U3MEHCHUuA — I10 CI/ITyaLU/II/I B
koHne 2014 — wnagane 2015 romoB. DTOT mepuoj
XapaKTepu3yeTcsi BCIUIECKOM BOJIHEHHUSI HACEJICHHSI.
DKOHOMHUYECKOE 000CHOBaHHE MOJTYYEHHOTO
WHAMKATOpa JeTalbHO paccMOTpeHo B [1].

2 IMoaxoa K MOCTPOEHUIO CUCTEMbI
2.1 KoHuenrtyajJbHOe OnUcaHue

Becr npouecc noctpoeHns MHAEKCa HHQIIALMOHHBIX
OXMIAHUM HaceleHHs MOXHO pas3feluTb Ha [JBa
JOTMYECKUX OJTama: cOopa JaHHBIX M aHaiu3a
MOJIy4EHHBIX JAaHHbIX. OOMUM IJIs1 ABYX 3TANOB MOMKET
OBbITb XpaHWIMIIE, B KOTOPOE MOCTYMAIOT JaHHBIE U3
Mozaynsi cOopa IaHHBIX, a 3areM o00pabaThIBalOTCs
MOZYJIEM aHaln3a JaHHBIX. Pe3ynaprar paboTsl MOMyms
aHaJIM3a JaHHBIX COXpaHsIeTCA B XPaHUIIHUIIE OTYETOB.

OcCHOBBIBasICh Ha JAHHOM KOHIIEMIIMH, PAaCCMOTPUM
JIBa BapuaHTa OpraHU3alluy TakoW CUCTEMbI. B mepBom
ciydae cucteMa OyleT COXpaHATh COOpaHHbIE TaHHBIE B
6a3y [OaHHBIX, BO BTOPOM — OTNpPABISTH JaHHbIE B
odepesib, U3 KOTOPOH MOAYJIb aHAIW3a NAHHBIX Oyner
3a0upaTh COOOIICHHUS.

Jlis peanyzanyy KOHIENTYaJIbHOTO MPOTOTHIIA ObLT
BEIOpaH  TEPBBI  BAapWAHT,  IOJPa3yMEBAOIIHIA
MOCNICIOBATENbHYI0 ~ PaboTy  MOAyNei:  BHadvaie
coOMparoTCs BCE JaHHbBIE, IIOTOM AaHAIU3HUPYIOTCA.
JanHbIT momxox mMeeT Ooliee MPOCTYIO pean3aluio,
YeM BTOPOIf, a TAaKXKe IO3BOJISIET ONEPUPOBATH Cpas3y CO
BCeil BRIOOPKOI TaHHBIX.

Bropoii moaxon, OCHOBaHHBIM Ha  O4epenu
coOOMIeHNH, TMompa3symMeBaeT 0aTdeByl0 00paboOTKy
JAHHBIX Ha JieTy. Takoif moaxox 6omee MpOU3BOAUTEIICH:
Oompmmiasi CKOpOCTh 00pabOTKH NAaHHBIX M OTCYTCTBHE
TpeOOBaHMSI XpaHEHHS BCEX IAHHBIX B OINEPATHBHOM
MaMsTH.

IlepBerit Meron OymeM Ha3bpBaTh O(IAHOBEIM,



BTOPOi — OHJIIATHOBBIM, HCXOISI U3 CKOPOCTH 00pa0OTKH
MOCTYMAOUINX JTAHHBIX.
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Pucynok 1 KonuentyanpHasi cxeMa CUCTEMBI
00pabOTKU JAHHBIX

2.2 Cuctema c¢ ofp1aiiH 06padoTKOM JaHHBIX

Paccmorpum noapoOHee HEePBbIi Croco6
OpraHu3aliii OpUIoXKeHus. Momynb cOopa JaHHBIX
COCTOMT U3 «Kpayjiepa», COOUpAIOIIEr0 COAEPIKHUMOE
HHTEPHET-PECYPCOB M OYEpPead 3aaad, B KOTOPYIO
«KpayJiepy MOMEIIAET CChIIKK HA CTAHWIIBI, KOTOPhIE OH
[UITAHUPYET TIOCETHTh B JajbHEHIIeM. 3arpyKeHHbIE
CTpaHUIlBI IPOrpaMmMa coopa coxpaHsier B opmaTte jSONn
B NoSQL CVYBJI MongoDB. Hcnons3oBanue TaHHOM
0a3bl  IPOJAMKTOBAHO  HEOOXOAMMOCTBIO  XPaHHUTH
CprKTy'pr JAHHBIX, COJACPKAIINUEC BJIOXKCHHBLIC IIOJIA U
UMEIOIINE HETIOCTOSHHYIO CTPYKTYDY.

OCOOEHHOCTBIO ~ JaHHOTO  MOAYJIA  SIBISETCA
HOAJEPKKA PEKUMa PacIIpeIeIeHHOTo cOopa TaHHBIX 3a
CUYEeT HAJIMYUS BHEITHEW OUepeIn 3aay, pealn30BaHHOM
¢ TIOMOIIIBIO cepBepa ouepeneit RabbitMQ.

Junst peanuzanun «Kpaysiaepa» HCIOIb30BajCs S3bIK
Java, ¢ mnomompi KOTOpPOro ObUIO  TOCTPOECHO
MIPUJIOXKEHUE, UCTIONB3YIOIIee MHOT'OIIOTOYHBIE
BO3MOXKHOCTH $I3bIKa JUIsSl YCKOpeHHs cOopa JaHHBIX.
Otka3 ot BbIOOpa rOTOBOrO pelieHHst ObLT 00YCIOBICH
HEOOXOANMOCTBI0 COOUpATh JaHHbIE M3 HEOIHOPOAHBIX
HCTOYHHUKOB, YTO TpeOyeT MEepCOHAIBHOro MojaXona K
M3BJICYEHHIO JIAHHBIX.

I Ynareeen

pecypoud
v .
PhonR
Javn vagyrep -«  MongoDBt o e 'f:":"':“m 4 MongoDB
i - Tafinung #1 e s it - Talus #2
'
RabbitviQ

el T

PucyHnok 2 Cxema peaynsaiyu CUCTeMbI ¢ oaaiH
00pabOoTKOM TaHHBIX

Monyns aHanM3a JaHHBIX OBUT HAIMCAaH Ha SI3bIKE
Python ¢ ncronp3oBanreM OUOIMOTEK aHAIN3A JaHHBIX
Pandas, Matplotlib, Scikit-learn. Hcxomueiii xox
ucceqoBaHui xpaHuics B hopmare 6JI0KHOTOB Jupyter.
JU1ss M30ALMH  OKpY)KEHHs Hcroib3oBancs Docker,
TaKOH IOIXO/T TIO3BOIMI JOONUTHCS BOCTIPOM3BOAMMOCTH
pe3yNbTaToB, HECMOTPS HAa BO3MOKHBIE OOHOBIICHHSA
pabodeil CHCTEMBI, BIMAIOIIME HAa pEATH3ALHUIO
JITOPUTMOB MAIIHHHOTO O0yYEHUsI.

151 BTOpMYHOrO aHaM3a JaHHBIX, NOJYYEHHBIH OT
OCHOBHOT'O MOZYJISI 00OpaOOTKH TaHHBIX, UCTIONB30BAJICS
SI3BIK R, MCXOMHBIE KOBI KOTOPOTO TAK K€ XPAHHUIINChH B
¢dopmare OroxkHOTOB Jupyter. Mcmons3oBaHne JaHHOTO
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MHCTPYMEHTA BBI3BAHO €0 IMOMYNISPHOCTBIO B Cpele
AHAIIUTUKOB, KaK CIIICTBHE OONBIIEro pasHoOOpasus
MOAYIEH M CTAaTUCTHYECKOrO aHaiW3a, YeM B
skocucteme Python.

2.3 Cucrema c¢ onJ1aiiH 00pa00OTKOM JaHHBIX

Paccmorpennass ~ paHee  cucremMa — HaumOoiee
ONTHMaJbHA JUIS TIOCTPOEHHS HCCIIEJ0BATEIHCKOTO
NPOTOTHIA,  ITIPU3BAHHOTO  TPOBEPUTH  0a30BYIO
runore3y. OJHAaKO Uil WCIOJIB30BAHUS CHUCTEMBI B
YCIIOBHUSIX BBICOKOW HAarpy3kd — OOJBIIOTO ITOTOKa
JAHHBIX OT MHOXXECTBA «KpayJepoB» — JTaHHAsl CHCTEMa
wIoxo mnpurogHa. [lo »3Toi mnpuumHe mnpemIaraercs
paccMOTpeTh  IOTOKOBYIO  OOpabOTKy  JaHHBIX,
MO/IPa3yMEBAIONIYI0 OTHPAaBKY JAHHBIX B O4epeib, a He
HampsAMYI0 B 0a3y HaHHBIX. M3 odepenu CooOIIeHUI
JIOJDKHBI  ()OpPMHUpOBATHCS «OaTym» HAaHHBIX, KOTOpPBIE
CllellyeT OTHpaBIsATH B CUCTEMY pacrpeesieHHON
00paboTku naHHBIX, Hampumep, Apache Spark [3].
OJHOBPEMEHHO C 3TUM CTOMT COXPaHATh [aHHBIE B
CrenyajIbHble J0JITOCPOYHBbIE XPaHWIWINA, HMEIOIIUe
TIOHIDKEHHYIO [IeHY Ha XpaHEeHHe JJAHHBIX 110 CPAaBHEHHIO
CO  CTaHAAPTHBIMH  OOJAYyHBIMM  XPaHMJIHMIIAMH.
[MpumepoM  JONTOCPOYHOrO  XpaHWIMIIA  SIBJISIETCS
Amazon Glacier, Azure LRS. ApxuBHpoBaHHEe TaHHBIX
MO3BOJISIET BOCHPOM3BECTH BBIYKMCICHHS, MOJTYyYEHHBIC
paHee.

Ysomsase
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X MOTp TS e
Owupign  H 4
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Pucynok 3 Cxema peann3anyy CUCTEMBI C OHJIAH
00pabOTKOM JaHHBIX

3 IlocTpoenne uHAEKCA HHPIAUMOHHBIX
OKMIAHUHI

Hdns  moctpoeHHMs — MHAEKCa — WHQIALMOHHBIX
OXHJAHUM HCIONb30BAUCh HE BCE KOMMEHTapuH, a
JMIIb  OTHOCAIIMECS K TeMme «uHGmamms». [ns
(GUIBTpalMK LENEeBbIX KOMMEHTapHeB HCIIONb30BaINCh
pEryJIsipHBIE BBIPAXKEHMS, COCTABIEHHBIE 3KCIEPTOM-
9KOHOMHCTOM. B aHanmm3e oneHnBanoch Kak abCoIOTHOE
YHCIIO ETIEBBIX KOMMEHTAPHEB B €MHUILY BPEMEHH, TaK
U WX BBIYUCISIEMBIE CBOMCTBA: SMOLIMOHAJIBHBIN OKpac,
TeMaTHKa.  TOHAJIbHOCTh  KOMMEHTapHi  MOXKHO
paccMaTpuBaTh Kak OTHOIIEHHWE IIOJNb30BAaTeNs K
npobieMe, paccMaTpUBaeMON B CTaThe, K KOTOPOH OBLI
OCTaBJICH  KOMMEHTapuil.  AOCOTIOTHOE  YHCIO
SMOIMOHAIBHO  OKPAIICHHBIX M HEWTPaJbHBIX
KOMMEHTapueB B CIOWHHUIYy BPEMEHH OKa3aloch
KOPPETUPOBAHHBIM C WHJAEKCOM, IIPEI0CTaBIISIEMbIM
000 «MTHO®OM».

3.1 Onenka TOHAJILHOCTH KOMMEHTapHeB

I[J'IS[ OILICHKHA TOHAJIBHOCTH KOMMEHTapHUEB
HCIIOJIB30BAJIUCh METOABI MAIIMHHOI'O 06yqu1/m, B



YaCTHOCTU JIOTUCTHUYCCKAA perpecCusa, METOoJ OIMOPHBIX

BEKTOPOB. Jna o0yueHus KJIacCcH(hUKaToOpoB
WCIIONIb30BAIach pa3MeUueHHasi BBIOOPKA, COCTOSIIAs U3
PYCCKOSI3BIUHBIX coo0IeHH TBUTTEPA [2].
Knaccudukarop peman 3azaqy OuHapHOI

KIaccu(pUKaIyy pa3AeicHusT KOMMEHTAPHEB Ha KIIACCHI
«HETAaTHBHBIM» W  «IO3UTHBHBIMY». Ha  ocHOBe
BEPOSTHOCTH OTHOIIEHHSI K KIJIAcCy «HETaTUBHBII,
MIPEIOCTAaBIsIEMOH  OOYYEHHBIM  KJIACCU(HKATOPOM,
MIPUHUMAJIOCH PElIeHHe 00 OTHECCHUH KOMMEHTapHEB K
TpEM  KJaccaM  «IO3UTUBHBIN»,  «HEUTPaJIbHBII»,
«HeraTUBHBIW». Jluckperusanus OPOBOAWIACH HA
OCHOB€ MIPHUHA/IEKHOCTH K MOJIYUHTEPBAJIaM U OTPE3KY:
[0, 0.25) [0.25, 0.75] (0.75, 1].

. HENTRAMLHBIA

. . . .
1] 0.25 0.75 i

) I ——————— ]

NOIATHBHBIA HErATHEHRIA

Pucynok 4 /luckperusaiiyisi BEpOSITHOCTH OTHECEHHS K
KJIACCy «HETaTUBHBIM KOMMEHTAPHi»

Hmxke mpeacTaBieHbl pe3yabTaThl OLEHKH KauyecTBa
KiaccupUKalMU  pa3lIMuHbIX MOJeNel W METOJO0B
npenoOpaboTKN JTaHHBIX, BBIYHCICHHbIE HA OCHOBE
BBIOOPKH COOOIIEHUH M3 PYCCKOS3BIYHOTO TBUTTEpA [2]
C TIIOMOUIBI0 METOJida TIEPEKPECTHOM TIPOBEPKU C
pa3buenuem Ha 10 yacreii.

Taoauna 1 Orenka KauecTBa MOAEIEH

AJITOpUT™M IIpenobpadorka | Beprocts, %

Jlor perpeccust Memiok cioB 76.7
TF-IDF 76.0

Meroj onopHbIx | Memok ciioB 75.0

BEKTOPOB TF-IDF 76.3

[onyuennass Mopenb, BBIYHCISIONIAS KOJIMYECTBO
SMOIIMOHANBFHO OKPAIIeHHBIX KOMMEHTapHeB, ObLia
MPOTUBOIIOCTABIICHA pe3y/lbTaTaM HMHAMKaTopa Ha
OCHOBE OMPOCOB (TPATUITMOHHBIX TTOIXO/T).

o 14
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HATEIIEN W RATHIN

Pucynok 5 Knaccnueckuil ”HIMKAaTOp U MHAMKATOP Ha
OCHOBE METO/IOB MAIIMHHOI'O O0YUCHHS

W3 Puc. 4 BHOHO, YTO TONYYCHHBIA HHIUKATOP
OlepeXKaeT WHAWKATOP, MONYYSHHBIH TpaIullMOHHBIM
ITyTEM.

3.2 TemaTu4yeckoe MoIeJIMPOBAHIE KOMMEHTApPHEB

Jns aHanmsa CopepXKaHUS KOMMEHTAapHEB ObLIO

MpCATIOKECHO HCIIOJIB30BATh
TEMATHYCCKOC MOACIMPOBaHUC. Taxoit moaxon
IMO3BOJIMJI HaM pPACCMOTPETbL TEMbI W HUX [JOJIO B
Ppas3iinyHbIC TIEPUOAbl BPCMCHHU, n30eKaB UTEHUS BCEX
KOMMCHTApHUCB 3KCICPTOM. Bwmecto 3Toro npeaACTOUT
JiMaib pacCMOTPCTh HEOOJNBIIIOE YHCIO TEM. Kamuaﬂ

BEPOATHOCTHOC

TeMa NpeCTaBIeHA KIIIFOYEBBIMU CIIOBaMH,
XapakTepusylommMu  ee.  JId  HUCHONB30BaHUA
MaTeMaTHYECKUX Mojenen TEMaTUYECKOT O
MOJICTMPOBaHUA TpebyeTcs TIpeBapUTEIbHO

00paboTaTh TEKCT: HOPMAJU30BaTh CJIOBAa U YIAJUThH
CTOI CIIOBA M CII€ll. CUMBOJBL. [y peleHus JaHHOU
3amaun  ucroip3oBasiack  Omommoreka NLTK  m
pymorphy?2.

B kadectBe WHCTpyMeHTa JJIsi BEPOSTHOCTHOI'O
TEMaTHYECKOT0 MOJEUPOBAaHUsT OBbLI  HCIIOJIBb30BaH
BigARTM [4], xotopblii peanmzyer moayis ARTM
(AanuTHBHAS peryspU3alys TEeMATHUSCKHX MOJIeIIei) B
Ka4yecTBE MAaTeMaTHYEeCKOH MOJeNH B3aUMOJIEHCTBHS
JIOKYMEHTOB, TEPMHHOB U TEM.

Knaccudeckue MOJENN TEMaTU4eCKOro
MOJIEIIMPOBAaHUS MAJIOMHTEPIIPETUPYEMBl Ha KOPOTKUX
Tekcrax. Ilo 3ToM  npUuYMHE  UCIOJIB30BAJIOCh

HecTaHAapTHoe mpexacTaBieHue JgokymMeHToB — WNTM
[5], xoTopoe paccMaTpHUBaeT B3aUMHYIO BCTPE4aeMOCTh
CIIOB: Ul KaXKJOro CjIoBa paccMaTpHBAeTcsi €ro
JIOKQJIbHBIN KOHTEKCT.

Komnnuectso TEM JJIsL TMOCTPOCHUA MOJCIIH,
HacTpauBaeTCs MOJb30BaTelieM camocTosTenbHo. [Ipu
OTOM YBCJIHWYCHUE 4YUCIa TEM BEACT K CIHUAHUIO MCHEC
MOMYJISIPHBIX TEM B OJHY.

Ha pnanHbplii MOMEHT aBTOpamMHM He BbIpaboTaHa
OKOHYATEeNbHAsl METOJMKA BH3yalIM3alld TeM C
NpUBA3KOH KO BpeMeHH. KoHIENTyaldbHOE BHIICHHE
pelieHre JaHHOW mpobiemMbl u300paxeHo Ha Puc. 6.

I'paduk  orTpakaer oOwWMIA HHTEpEC K  TeMe,
BbIpasKaroOLHHACS B a0COMIOTHOM KOJIYECTBE
coo01IeHNUH, coziepKalux HaTTepH TEMBbI

(YHOBIETBOPSIOT PETYIPHOMY BbIpaxkeHuio). Ha ocu
abcupcc OTIOKEHBI JaThl, Ha OCH OpAMHAT —
a0COTIOTHOE KOJNIMYEeCTBO CcooOmeHui. OKpyKHOCTb,
pacmoiIoKeHHass B OAWH U3 MOMEHTOB BpEMEHH,
JEMOHCTPHPYET MOMEHT BPEMEHH, B OKPECTHOCTH

KOTOPOrO  MpPOM3BOAMUTCA  JeTalu3alys  HOATEM
MOCPEICTBOM TEMAaTHYECKOro MojennpoBaHus. CIHCOK
TEM, XapakTEPU3YIOUIMICS KIIOYEBBIMH  CIOBAMH,

H300paKEH B paMKe 0] rpa(uKoM.

t e

Topic 1. key 1 key 2, kay 3
Topic 2: key 2, key 2, kay 3
Topic 3. key 1, key 2, kay 3

Pucynok 6 Konmenwst BU3yann3anii TeMaTHIECKOM
MOJIEIN



ABTOpI)I TAKKC IUTAaHUPYIOT pa3pa60TaTL IoaAXOoa OJ1d
BHU3YyaJIn3allid TEM C YIE€TOM reorpa(bml HOJ'IB3OBaT€J'I€I>i,
OCTaBJIAOIINX KOMMCHTApUH.

4 3akaodyenue

Paspaboran TIOJTX O] JUTSE MTONTyICHHS
BBICOKOYACTOTHOM OICHKH WHQIIAIUOHHBIX OXHIaHHMA
HaceneHus P®, KOTOphIii OBUT peajn30BaH B BHIC
NPOTOTUINA  CHUCTEMBbl  aHAIM3a  KOMMEHTapHeEB.
[TonyueHHble MpaKTUYECKUE PE3YIbTATHl TEOPETUUECKU
00OCHOBaHBI ¥ ONMYOJIMKOBaHBI B TEMAaTHYCCKOM
xKypHaie [1].

Jliis pereHus JaHHOM 3a71adu OBLT CAaMOCTOSTEIHHO
peanu3oBaH MOAYJAh cOopa JAaHHBIX, HMMCIOIIHI
CTIeUANTU3UPOBAHHBIE KOMIIOHCHTBI W3BIICUYCHUS
JMAHHBIX JUIS KOHKPETHBIX HCTOYHHUKOB JAHHBIX.
OCOOEHHOCTBIO 3TOTO MOAYJS SBJISCTCS BO3MOXHOCTB
OpraHu3allui PAcIpeeCHHOro cbopa HHGpOPMAIIHH.
HccnenoBaTenbCkuii KoOJ, PacHOJIOKEHHBI B MOTyne
aHallM3a JAaHHBIX, KCIONB30Baj TOTOBBIC OHOIHOTEKH

aHajgM3a JaHHBIX. ABTOPBl BHUJASAT BO3MOXKHOCTH
peanu3anuy COOCTBEHHOM TeMaTHYeCKOH MoOJenu Ha
Oaze BigARTM,  koropast ~ Obl  yuuTHIBasIa
JIOTIOJTHUTENbHBIE  (DaKTOpBI, HANpHUMeEp, Treorpaduio
NIOJIb30BAaTEIEN.

IIpencraBneHHbIN MOX O/ K ITOCTPOEHUIO

HUHIUKATOpaA MO3BOJIACT paClIUPAThL CIMCOK UCTOYHUKOB
KOMMECHTApHEB, a TaK)XX€ BHECTU U3MCHCHHSA B MOAYJIb
aHalu3a JaHHBIX YyXKe B Tpolecce HKCIUTyaTaluu
CHCTEMBI, YTO4YHSSI 3HAa4Y€HHE HHJEKCa MOCPEACTBAM
MIOBTOPHOI'O BBIYMCIIEHUSI C HCIOIb30BAHHEM HOBBIX
JAHHBIX.

Ob6nacTth NpPUMEHEHHS IAHHOTO IIOAXOHa MOXKET
BBIXOJUTH 338 PAMKH OLEHKH HHOIALHOHHBIX OKUIAHUH
U WCTONb30BaThCs JUIA OTCIEXKHMBAaHMA HHTEpeca
10JIb30BATENEN K pa3auyHbIM TeMaM. [Ipumepom Takux
TeM MOXET ObITh OTHOIICHHE IIOJb30BaTeNeH K
KOMMEPUYECKUM OPTaHU3aLUsAM WIH yOINYHBIM JIHIAM.
OtcnexxuBaHue HMHTEpeca  IO3BOJIMT  ONEPATUBHO
uHdopmupoBaTh PR areHTcTBa 00 UMHIKE KIHEHTA.

ITonxon K MOCTPOEHUIO CUCTEMBI, IPEACTABICHHBIN B
CTaThe, O3BOJIAET AAlITUPOBATh CUCTEMY UL PAOOTHI C
00 IIIMH JTAaHHBIMHU. VYBenuueHue oxBara
MoNib30Bateneil mpuBeleT K Oojiee TOYHOM OLEHKE
OTHOIIIEHUS T0JIb30BaTeNel K TeMe.

ABTOpaMH HE pemieHa mpobiieMa BH3yaIH3aIHA
TEMAaTHYECKOM MOIENH Ui KOMMEHTApHEB C Y4ETOM
BpEMEHH nx ITyOIMKALIH. [Tnarnpyercs
MOIU(MUIIMPOBATh METON (DUIIBTpAIMM KOMMEHTAPUEB,
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KOTOpHIA OBl  yYHTBIBAl  MECTO  NPOKUBAHHE
noip3oBarenss.  OtTnenpHOM  moa3ajaded — SIBIISIETCS
uaeHTH(HUKAUS OOTOB Cpeld KOMMEHTATOPOB JUIS
UCKITFOUCHHS WX W3 PACCMOTPCHUS, JTHOO BBIICIICHUS B
OTJIENBbHYIO Tpynmny IS WH(POPMHUPOBAHUSL
HCCIIenoBaTeNs 00 UX HAJIMYHM.
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Pabora BeimonHeHa npu noxanepxkke PODU (rpant
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ABTOMATHYECKOE BbIJleJIECHHE MPU3HAKOB B 3a/1a4e
KJIACCU(PUKAUU CUTHAJIOB
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AHHoTamus. PaccMoTpena 3agadya KiacCH(UKAIMU CHTHAIOB. [IpeuiokeH CTOXaCTHYCCKHUi
AIITOPUTM, MO3BOJISIOIINNA BBIIEIATh KAueCTBEHHOE MPH3HAKOBOE MPOCTPAHCTBO B 3TOi 3amade. [lokasan
TPUHIMIT PA3IokKEHHsT NPU3HAKOB CHTHANA yepe3 GasHCHble (DYHKIMH U MPEACTABICH MPUMEPHBIA HAOOp
0a3uCHBIX (DYHKIIMHA, KOTOPBIH MOXHO HCIIOJb30BAaTh B 3ajauaxX aHajHW3a CHTHAJIOB. AJTOPUTM CTPOUT
Ka)K/IbIi TIPU3HAK C MOMOIIBI0 MAKCHUMH3AIIMH HEKOTOPOro (YHKIHOHANIA KAYeCTBa, ONTUMHU3UPYS JaHHOE
pasnoxenue. [IpemnoxkeHo HeCKOJIbKO BAPHAHTOB TaKUX ()YHKIIMOHATIOB KauecTBa. CTOXaCTHYESCKH TPOBOJIS
TaKyro MPOIEYPY, MOXKHO CHHTE3UPOBATh KAUECTBEHHOE MPU3HAKOBOE MPOCTPAHCTBO. AJITOPUTM MPOBEPEH
Ha 3aja4e knaccupukaipn DKI' cUrHaioB, B KOTOPOit MO KapJAHOrpaMMme MaiieHTa Onpeaessioch Haaudne
y HEro MUIIEMUYECKON OONe3HH ceplia.

KunrodeBble cj10Ba: aHAITN3 CHUTHAIIOB, BBIJICTICHHE TIPU3HAKOB, 33/1a4a KIacCH(HKAIHH.

Automatic Feature Extraction for Signals Classification

© V. Vikulin

Lomonosov Moscow State University,
Moscow, Russia

va.vikulin@physics.msu.ru

Abstract. The article is concerned with the signal classification problem. The article suggests an
algorithm which allows to create feature space in this task. It shows a strategy performing features with the
basic functions, some set of basic functions provided to be used in multiple signal processing problems. The
algorithm creates each feature by maximizing some function of feature quality and some sets of possible
feature quality metrics for solving signal processing tasks are recommended. If you repeat this procedure
randomly you will create feature subspace. The algorithm was tested on ECG classification problem in which

algorithm defined the presence of coronary disease in patients.
Keywords: signal processing, feature extraction, classification.

IIOKa3aHuA, HO U 6BICTpO HaxXoOguTh CPpEAN HUX OOJILHBIX

1 Beenenne JIOZCH, @ 3TO BO3MOXXHO CIEIaTh TONBKO METOIAMH

CHrHanm —  NOCHENOBATENBHOCTh — W3MepeHmii ~ @Hammsa  curnanoB.  PaspaGotka  anropurmos
HeKOTOpOil  BenWuMHbL  3ajaua  kiaccupukauuu ~ KIACCHOMKALMM  CHTHANOB  CTAHOBMTCS —BAXHOH N
CHIHAJIOB YaCTO BCTPEUACTCA BO MHOMKECTBE PAsIHuHblx  AKTYAIBHOM 3ajiaveil. OTHUM U3 TONYNSPHBIX MOJXO/I0B
NPHKTATHEIX  3a7a9  —  OT  MEAWmMHBl  go K PCNICHHIO 32124 KIACCH(UKALMM CHIHANIOB SIBILICTCS

npubopocTpoeHus [5].

He Tak maBHO Ha pBIHKE CTaJ0 JOCTYITHO MHOXKECTBO
MOOMIIBHBIX TPHOOPOB, KOTOPHIE MOTYT HEMPEPHIBHO
3alHCHIBATh KapIHOrpaMMy denoBeka. KommdecTtBo
MOJO0HBIX TPHUOOPOB pACTET C KaXABIM IHEM, BeIb
TaKHe MEIMIMHCKHAE H3MEPEHUs HE TOIBKO yIOOHBI, HO
U TIO3BOJSIFOT CBOEBPEMEHHO OOHAPYXHUTH OOJIC3Hb.
Heo6xomumo He TOMBKO OBICTPO 00pabaThIBaTh BCE 3TH

Tpynst  XIX  MexkayHnapoaHoid  KoH(pepeHIHH
«AHATUTUKA W yOpaBjieHHE JaHHBIMH B 00J1aCTHAX C
UHTEHCUBHBIM HCMO/IB30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccus, 10-13
okTa0ps 2017 rona
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HAaXOXK/ICHUE ONITUMAJIBHOTO MIPU3HAKOBOT'0
MPOCTPAHCTBA, B KOTOPOM OOBEKTHI (CHTHAJBI) MOTYT
Hamboyee TPOCTO OBITH pa3lelieHbl C ITOMOIIBIO
KITAaCCUYECKUX aJITOPUTMOB KJIACCH(HKALIIH.

PaccmoTpuM MOCTaHOBKY 3aJaduM KJIaCCH(HKALAH.
IIyctes 3amanbl MHOXECTBO OOBEKTOB X, MHOMXECTBO
JIOITyCTUMBIX OTBETOB Y, W CYIIECTBYET (PYHKIHS Y :
X —Y, 3HaueHUs KOTOPOM M3BECTHBI TOJIBKO Ha
KOHEYHOM TOJIMHOXECTBE OO0BEKTOB {Xx;...x;} C X.
3amaya 3aKIOYAETCS B TOM, YTOOBI IO HMMECHOIIUMCS
mapaM  OOBEKT—OTBET  BOCCTAHOBHTb  HCXOIHYIO
3aBHCHMOCTb, TO €CTh IIOCTPONUTH PEIIAIOIIYIO ()yHKIHFO
a: X—>Y, xoropas mnpubmmkara OBl IENEBYIO



GyHKIUIO Y, TPUUEM HE TONBKO HA U3BECTHBIX 00BEKTaX,
HO U Ha BcéM MHOXecTBe X. [Ipm3Hakom oOBEeKTa X
HA30BEM  pE3YAbTAT HM3MEPCHUS  XapaKTCPUCTHUKH
00bekTa. JIpyruMu ciIoBaMH, MPU3HAKOM HA3BIBACTCS
orobpaxkenue f: X - Dy, rne Dy — MHOKECTBO
JOIMYCTUMBIX ~ 3HAYCHWH Tpu3Haka. HaxoxiaeHuro
ONTUMAIILHOTO MHOMKECTBA TaKMX OTOOpaxceHui {f}
TIOCBSIILIEHA HACTOSIIAs padoTa.

B nmanHOM ciydae IO MHOXECTBOM OOBEKTOB X
OyneMm Bcerna MMETh B BHIY MHOKECTBO CHUTHAJIOB, TO
€CTh KOHEYHYIO I10CJIEN0BaTEIbHOCTh BEIIECTBEHHBIX
YHCeN, a MO MHOXKECTBOM JOIYCTUMBIX OTBETOB Y —
JIBYX3JIEMEHTHOE MHOXKecTBO {—1, 1}.

Haxoxnenue ONTHMAJILHOTO TPH3HAKOBOTO
MIPOCTPaHCTBA SIBIIETCA KpaliHe CIOKHOW 3amadeid. B
OOJIBIIMHCTBE CITy4YaeB B 3a/lauax aHaJln3a CUTHAJIOB JUIs
KOHCTPYHMPOBAHHSI 3TOTO MPOCTPAHCTBA MPHUMEHSIIOTCS
KJIACCHYECKHEe  TPUEMBI, OCHOBaHHBIE B  CBOEM
OonbIIMHCTBE Ha NpeoOpasoBaHun Dypre U BelBIeT-
npeoOpa3oBanuu [6, 8]. Takod momXxom HUMEET pPsia
CyIIeCTBEHHBIX HegocTaTkoB. OH TpeOyeTr riryOoKoro
IMOHUMAaHUA OT HCCICAOBATEIA MNPUPOABLI CHUI'HAJIA, U
UCCIIeoBaTeNb JIOJDKEH caM IOoAOMpaTh HEOoOXOJHMMOe
CHEKTpaJbHOE Pa3JIOKEeHNE; HE CYIIECTBYET HEKOTOPOro
YHUBEPCAJIBHOI'O  Npeo0pa3oBaHus, KOTOpoe  Obl
TI03BOJTSUTO BCET/IA BBIICIATH ONTUMATBHOE TPU3HAKOBOE
NPOCTPAHCTBO M3 cUrHaia. M3-3a aToro HegocraTka Te
Ka4eCTBEHHbIE TNPHU3HAKH, KOTOpbIe ObLIM HaWiICHBI B
IpeablyIel 3ajaue aHaJli3a CUTHaja, B HOBOM 3ajaue
MOT'YT OBITh aOCOJIIOTHO HENMPUMEHHMBL. B cienyromeit
3aJjaye aHaJIN3a CUTHAJIOB MCCIEN0BATENI0 HEOOXOIMMO
C HyJls KOHCTPYHPOBAaTh INPHU3HAKOBOE MPOCTPAHCTBO,
OIMPASCh UCKIIIOUUTEIILHO Ha CBOIO MHTYULUIO H OIIBIT,
MOJTyYEHHBIN IPU PELICHHUH MPEIBbIAYIIHNX 3339

Jannas pabora HOCBAIIICHA METOY
aBTOMaTHUYECKOTI0 MOCTPOCHUS HPU3HAKOBOTO
MPOCTPAHCTBA C IOMOIIBIO MAaKCHMH3ALMU KPUTEPUS
KayecTBa IpHU3HaKa (31ech U Jajee MPU3HAKOM CHTHala
OylneM Ha3bIBaTh JIIOOYIO BEUIECTBEHHYIO (DYHKIHUIO OT
curHana). Hamu ucnonb3oBaics MeTOR ONTHMH3ALHH,
KOTOpBI SBJISETCS 0000IIEHHEM «KaJHOTO MTOUCKAY, HO
UCIIONB30BaHUE KOHKPETHO 3TOTO METOAA ONTUMU3ALUH
COBEpLIEHHO He o00s3aTenbHO. [IOMCK ONTHMAaIBbHOTO
NPU3HAKOBOIO IIPOCTPAHCTBA IPU  3TOM  SIBJISUICS
CTOXaCTHYECKHM, TO €CTh B CAMOM aJITOPHTME 3aJI0’KEeHa
paHzOMU3aL, 4TO MIO3BOJISIET TIOCTOSTHHO
TeHepUpOBaTh HOBBIE IPU3HAKU, OTIMYAIOLMIUMECS OT
npenpiaymmx.  KputepueB kadectBa UL OLEHKH
MpU3HaKa OBUTO HECKOIBKO, U OHM TOXE BBHIOMPAINCH
IUTSL KQKJIOTO MPU3HAKa CITy4aitHO. DTO TaKXKe IIOMOrao
reHepUpoBaTh HEOXOXKHUE JPYT Ha Ipyra IPU3HAKHU, TaK
KaKk He CYIIECTBYET YHHBEPCAJIBHOI'O METOIa OLEHKH
KayecTBa, IIPHU 9TOM HENb3s MaKCHMHU3HPOBATh UX BCE
cpa3dy. brnaromaps croxacTuke, JaHHBIA aJTOPUTM
mo3Boist 32 N wrepammit moutm Bcerma Haiitm N

HEMOXOXKUX JApPYr Ha Jpyra npu3HakoB. Jlamee
CHHTE3UPOBAaHHOE MHOXXECTBO IPU3HAKOB  MOXKET
HCIIONB30BATHCS TFOOBIM KIIaCCHYECKUM
KIIaCCH(UKATOPOM.
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JlaHHBI TOIX0] YK€ MPUMEHSJICS HECKOJIBKO pa3 B
aHammse curHaioB [1, 3, 4, 7]. B atux paborax

HCIIOJIb3YyCTCA TeHETUYSCKUI aAJITOPUTM JJIA
HaXOXJICHUA OIITUMAJIBHOI'O MPU3HAKOBOI'O
IMpOCTpaHCTBA. T'enernueckuii AJITOPUTM  SBJISICTCA

QITOPUTMOM ONTHMH3ALMK, KOTOPBIA Oazupyercs Ha
MEXaHH3MaX, B KAaKOW-TO CTEMEHH aHaJOTHYHBIX
MeXaHH3MaM ABOJIIOIMY B J)KMBOH Ipupose. B kadectse
GYHKIUM, KOTOpask ONTHMHU3HPYETCS T'€HETHYCCKHM
ANTOPUTMOM, BBICTYNAeT Kakas-TMOO Mepa KadecTBa
npu3Haka. Hampumep, kauecTBO  mpejicKa3aHHs
aNropuTMa, TMOCTPOCHHOIO HAa  CHHTE3MPOBAaHHOM
NpU3HaKe Ha KpOcc-BaJIUIalnH. OCHOBHBIM
HEJJOCTATKOM JJaHHBIX paloT SIBIISETCS YeTKask MPHUBS3Ka
KaK K METOAY ONTUMH3AIMH, TaK U K BBIOOPY OIEHKH
KavecTBa NMpu3Haka. V3-3a >kecTKOW NPUBSI3KHU K OLEHKE
KayecTBa TeHETHYECKUI alrOpUTM SBIISIETCS XOPOLINM
BBIOOPOM, IIOTOMY YTO OH HE CTapaercsi HaWBHBIM
o0pazoM momoOpath cebe Jydilee pElieHHe, Kak 3TO
JieTIaeT, Harpumep, xKaaHbli anroput™. Eciu Obl B 9THX
paboTax HCIONB30BAJICA «KATHBI» aIrOPUTM, TO
MPU3HAKOBOE ITPOCTPAHCTBO OBbLIO Obl OEMHBIM W BCe
BpEMsi OZIMHAKOBBIM, TaK KaK 3TOT ajJITOPUTM He 00Jaiaer
HY)KHOI BapHaTUBHOCTBIO0. OIHOM U3 BaKHEHIINX 33734
JAHHOM pa0oThl SBIISETCS TOCTPOSHHE METoJa, B
KOTOPBIIl JIerko Obl BCTpaumBaycsi aOCONIOTHO IrOOOM
METOJ]  ONTHMH3alWK, TO €CTh  Hpelylaraercs
o0ecreunBaTh HY)KHYIO BApUATUBHOCTh HE C TIOMOIIBIO
METOJ]a ONTHMHU3AIMH, a C MOMOIIBI0 CTOXaCTUYEeCKOU
IpUPOabI IIOHUCKa OIITUMAJIBHOI'O TMPpU3HAKOBOI'O
IpPOCTpaHCTBAa. B 3TOM ciydae MeTOx ONTHMHU3aLUH
MOXET OBbITh JIIOOBIM, OH HEe OYy/leT ONpeNelsIOIIUM B
KOHCTPYKLIUH.

2 CTtoxacTHYeCKHUil aJIrOPUTM CHHTE3a
NMPU3HAKOBOI0 MPOCTPAHCTBA

Paccmorpum mpeaniaraeMblii  aJITOPUTM
MPU3HAKOBOI'O IIPOCTPAHCTBA.

CHUHTC3a

2.1 IlpeacTtaBieHMe mNpHU3HAKA 4Yepe3 Oa3UCHbIE
byHkuun

HamomHuM, 4YTO NpHU3HAaKOM CHUTHaja Ha3bIBaeTCs
(YHKIMSL OT CHTHaia, KOTOpas CTaBUT B COOTBETCTBHE
CUTHaJTy KaKoe-TO 4HcII0. bynem packiaasiBaTh Kaxayro
Takylo (QyHKIHIO 4epe3 HabOp 3apaHee ONpenelIeHHBIX
0a3uCHBIX (YHKINI, B paMKaxXx KOTOPBIX MBI M Oymem
MPOBOJUTH ONTHMH3ANMIO. TakuMm 00pa3oM, BBIOOp
0a3MCHBIX GhyHKIMH OIHO3HAYHO OTIPENEITAT
INPOCTPAaHCTBO, B KOTOPOM OyIET IIPOUCXOOHUTH
omtumm3anmia. Kaxaelii mpu3Hak mpu 3ToM  Oyner
NPEACTaBIATh  COOOM  Cymepmo3uiuio  Oa3HCHBIX
(hyHKIHH, KOTOpBIE OYAYT HPUMEHSTHCS MMOOYEpPENHO,
¢opMupys B uWTOre 3Ha4YeHHE NpH3HaKa. IlycTe MBI
BbIOpanu MHOkecTBO {b} wmomHocTH N Ga3ucHBIX
(hyHKUIHMH, TorHa TF000W MPU3HAK CHUTHAIIA MOXET OBITH
TIPE/ICTABIICH B BHIIE:

f(x) = [b1]by] ... [iase] (1), )

rae b; — ouepennas 0azucHas QyHKIMS U3 MHOXKECTBA
{b}, npsMoyrompHbie CKOOKH HCHONB3YIOTCS IS



pa3zaeneHust 0a3uUCHBIX (QYHKIMH W OTIENBHOTO CMBICIA
He HecyT. Jlanee Oynem moapa3zymeBath, 4To (pyHKIUH B
BblpakeHHH (1) TpHMEHSIOTCS cjeBa HampaBo. JTa

¢dopMa 3ammcu He corjiacyercs C INPHUBBIYHBIMA
MpaBWIaMH  3alliCH  TONOOHBIX  BBIDAKEHWH B
MaTeMaTuke, HO ObUla BBIOpaHAa U3 COOOpa)KEHHH
HaTJISJHOCTH.

3ametnM, uyTo B (opmyne (1) Kakaplid Npu3HAK
MOKET OBbITh IPEJICTaBIIEH Yepes3 JIF000e YHCII0 Oa3UCHBIX
¢ynximii. KoHkpeTHO B3sTast 6a3ucHast QYHKIUS MOXKET
ObITh HWCIIONIb30BAaHa B TIPEJCTaBICHHM IpU3HAKA
HEOrpaHUUEHHOE, HO 00513aTeNIbHO KOHEYHOE YHCIIO Pas3.

OTMeTnM TaKKe, YTO €CIM MBI OINpPEAEIWIN, YTO
MIPU3HAKOM CHTHAJIA SIBJISIETCSI YHMCIIO, TO TIOCIETHSSI U3
6aszucHbIx pynkiuid B hopmyse (1) obs3aHa ObITH BUAA
bust :R™ = R. OcranpHble (YHKIMU JOJDKHBI OBITH
COIVIaCOBAaHBl 1O O00JAaCTAM 3aJaHusi M 00nacTIM
3HAYEHU: b;:R™ — R™i+1, b, 1t R™i+1 — R™Mi+2, B
JaHHOU paboTe M3-3a CHEeUU(UUHOCTH 3aJaul aHanu3a
CUTHAJIOB JFOOOH NPHU3HAK OMHCHIBaeTCs HEe (QOpMyINoi
(1), a ee HECKONBKO YCIOXHEHHBIM BapHaHTOM, 4YTO
TMO3BOJISIET KaK Cy3UTh ONTUMH3HPYEMOE MIPOCTPAHCTBO,
TaK U UCIOJb30BaTh AllPHOPHBIC 3HAHUS O TOM, KaKue
0aszucHble (pYHKIUH BOOOIIE JOKHBI NPUMEHSTHCS B
3amaye oOpaOOTKM CUTHAJOB, B KAKOM IMOPSIIKE OHH
JIOJKHBI IPUMEHSTHCS.

e OyHKIMM MHULMAIU3ALAU — MHOXKECTBO {i}.
310 (GYyHKIMH, C KOTOPBIX [OJKEH HAYHMHATHCS
Kaxapli mnpusHak B npexacraBineHun (1). B
NpeCTaBICHNN CUT'HaJIa AOJDKHA ObITH POBHO OfiHA
GyHKIMS MHUDHAIU3aMU. B MHOXECTBO (yHKIMI
HMHULIUATA3ALHN CTOUT BKJIIOYHTD TE
npeoOpa3oBaHus, KOTOpbIE B IPEIMETHOI 00nacTu
Yaie BCEro HCIONBb3YIOTCS Ul MNpenoOpadoTKu
JaHHBIX, 3TO IIO3BOJIMT HANpPAMYIO HCIIOJIb30BATh
3HaHUS O TMpPEAMETHOM o00nacTu NpH IOHCKE
MPU3HAKOBOI'O IIPOCTpaHCTBA. B 3amavax aHammza
CHT'HAJIOB YaCTO CHavaJjIa JeNaloT IpeJBapUTEIbHYIO
00paboTKy  CHTHAJIOB: CrIXHBAaHUE WU
NpUMEHeHHe (UIbTpa HU3KUX YacToT. OJTO
¢bynkmu i : R™ - R™.

e ®yHkiuu TpaHcHOpMAlMU — MHOXKeCTBO {t}.
O10  (QYHKIMH,  KOTOpble  OTBEYAIOT  3a
npeoOpa3oBaHUs CUT'HAJIA, KOTOPBIN IMPOIIEN Yepes
WHULWATM3ALAI0. B KaXIOM CHrHame HX MOXET
ObITh  JIIO0OE  KOJNMYECTBO, YHUCIO  (QYHKIMN
TpaHchopManuidi MOXKeT OBITh OrPaHHYEHO TOJIBKO
U3 COOOpaKEHWH BBIYUCIUTEIHHOH CIOXKHOCTH
MTOTy9IaeMBbIX TIPU3HAKOB. Otn (hyHKIUH
MPEACTABISAIOT coOol 1O  Oonblmell  yacTh
HeNMHEeHbIe Mpeo0pa3oBaHus. JT0 (QyHKIUH € :
R™ — R"

e OyHKIWMH arperanud — MHOXecTBo {a}. s
TOro 4YToOBl IIONYYUTh U3 CHUTHaNa YHCIIO,
HE00XOIUMO B KOHIIE IETTOYKH 0a3UCHBIX (DyHKITHIA
MTOCTaBUTh (PYHKITMIO, KOTOpas OBl arperupoBaia
BCIO TONYYEHHYIO HH(OpPMALMIO B OFHO YHCIIO,
TTOTOMY HEOOXOAMMO BBECTH ()YHKIIMU arperarfii.
OyYHKIMAMHA arperad MOTYT ObITh, HalpUMep,

36

cpenHee 3HaYEHUe TMIOCIIe/I0BATENIbHOCTH,
MaKCHMaJIbHOE 3HAYeHHE MOCIIE0BATENFHOCTH H
Tak nanee. 910 GpyHkuum a : R™ — R™.

Takum  o0pazom,
nepernucana B BUJIE

f) = [i][t][t,] . [tiase—1[al (), &)
rae i — GyHKIMS MHANMAIM3ALIMM ¢ — KaKas-TO U3
(yHKIMH TpaHChOpMaIWH, a — GPYHKIHS arperamuH.

¢dopmyma (1) moxer OBITH

3ajaya TeHepanuyd NPU3HAKOBOTO IPOCTPAHCTBA
3aKJIOYaeTCs B TOM, YTOOBI HaliTh X TPHU3HAKOB,
npencTaBUMBIX B (opme (2), Kotopbie ObUTH OBl
ONTHMAJBHBl C TOYKH 3PEHUS] OLEHKH KadecTBa
anroputMa, OOy4eHHOro Ha OJTOM HPOCTPAaHCTBE
npu3HakoB. B CBo ovepenh 3TO O3HAYaeT, 4TO IS
kax0ro u3 N nmpu3HakoB HEOOXOAMMO HAWTH (QYHKIIHIO
WHUANMAIN3AINY,  TOCIEAOBATENbHOCTh  (YHKIMH
TpaHcopmanuu U (YHKIMIO arperandu JUisi JaHHOTO
NpU3HaKa.

ITpumepsr byHKIMN
TOXJIECTBEHHAs; ME/IMAaHHOE CrIIa)KUBAaHUE;
BEPXHUX YacCTOT; (GUIbTP HUKHHUX YaCTOT.

VHUIMATIH3a1IH:
bubTp

ITpumepsr byHKIMT TpaHchopmanmu:
norapuMUpOBaHKe; BO3BEJCHUE B CTEIEHb, KOHEUHas

pasHocTh; aOCONIOTHOE 3HAUYSHWE, CTaHJApTH3ALUS
curHasia (BBIUMTAHHWE CPEOHEr0 ¥ JCJACHHE Ha
JIUCTIEPCHIO).

[Mpumeps! GyHKLIMI arperalyu: cpelHee 3HAYCHHUE;
MeJIMaHa; AUCTIEPCHsl; MaKCUMYM, MUHUMYM. LIEHTpP Macc

curHana (CKaJsipHOEe IIPOM3BENCHHE WHICKCOB Ha
3HAYEHUS CUTHANA).
2.2 OneHka kayecTBa MPpU3HAKa

Y1o0Bl  TOCTPOMTH  XOpomlee  IPHU3HAKOBOE
MPOCTPAHCTBO,  YIOBIETBOpSIONIEE  yCIOBUIO  (2),

HEOO0XOANMO YETKO ONPEACIIUTE KPUTEPUiL, [0 KOTOPOMY
OyZer MpOXOIUTh IOWUCK HOBOTO IpH3HAaKa. Takum
00pa3oM, HaM HEOOXOANMO BBECTH KPUTEPHI KauecTBa
npu3HaKa. Takue KpUTepUM CHJIBHO CBSI3aHBI C
MeToaMH QUIBTPAIY IPU3HAKOB, KOTOPBIX Ha JaHHBIX
MOMEHT H3BECTHO YKe HeMayo. [loxoxwue Momxomsl
MO>KHO HCIIONB30BATh U B OLIEHKE KauecTBa IPH3HAKA.

CaMmprif mpocToif  cmoco®  OLEHHTH  KadecTBO
TpU3HAKa MIPOBEPUTh, HACKONBKO CTATHCTUYECKH
TIPU3HAK CBS3aH C [IEJIEBOH mepeMeHHOo. B 310l obmactu
CYIIECTBYET HEBEPOSTHO OopIIoe YUCIIO
uccinenopanuil.  Ilepeuncaum — JMIIb  HECKOJBKO
CII0CO00B, KOTOPHIE B JAJIbHEHIIIEM Oy1eM UCTIONB30BaTh
JUTS SKCTIEPAMEHTOB.

e KonmuecTBO HENPaBUIBHO PaHKUPOBAHHBIX
nap LEeJIeBOd NEPEMEHHOM MpPU COPTUPOBKE €€ IO

S3HAYCHUSAM JAaHHOI'O TIIPpU3HaKa. Camas TpocTras

OllcHKa KadecTBa. [lomaraeM, 4TO 3HAYCHUS
NpH3HAKa ecTh BBIXOJT HEKOTOpOro
KIIacCH(UKATOPA. OTtcopTapyemM IIENIEBYIO

MIEPEMEHHYIO 110 JaHHOMY NPHU3HAKY M IPOBEPHM
KaueCTBO ATOW COPTHUPOBKH.



e Koppemsiuus  IlupcoHa  Mexay — LeleBOH
MEPEMEHHOMN U MPU3HAKOM, TO €CTh Mepa JIMHEHHOM
3aBUCUMOCTH IPHU3HAKa OT LIEJIEBOWM MEPEMEHHOM.
[Ipu sTOM pa3zymHO OpaTh MOAYIH, TaK KaK HAM HE
Ba)KEH 3HAK DTOH JIUHEHHON 3aBHCHMOCTH.

e Bzanmnas wuHpOpManMs MEXAYy IEJIEBOH
MepeMEHHOM W TPU3HAKOM, TO €CTh BEJIMYHHA,
OITUCHIBAIOIIAS KOJIMYECTBO nHpopmarmy,
cojepkaiierocs B IENEBOM  IEpeMEHHOMH
OTHOCHTENIFHO TIpH3HaKka. B KauecTBe OLEHKH
KauecTBa pasyMHO OpaTb HOPMUPOBAaHHOE Ha

orpesok [0,1] 3HaueHue.

Cratuctuueckue MeTOABl  O0JaJaroT  Ba)KHBIM
JIOCTOMHCTBOM — OHHM O4Y€Hb OBbICTpO cumTarorcs. M3-3a
3TOr0 OHM HOMYYWIH ILIMPOKOE PACHPOCTpaHEHUE B
3ajja4yax, I7e HNPU3HAKOBOE IPOCTPAHCTBO COCTOUT H3
OIPOMHOT'O YHCJIa NMPU3HAKOB, HO MPU 3TOM HE OYEHb
BaXHO  BBIICNUTH  ONTUMAaJbHOE  IOJMHOXECTBO
MPU3HAKOB U3 MPOCTPAHCTBA, a FOpa3/lo BaskHee yOpaTh
COBEPLIEHHO OeCHONe3Hble MU  JaXKe BpEenHbIE
npu3Hakd. OCHOBHBIM HEIOCTaTKOM 3THX METOJ0B
ABJIAETCS HENOCTaTOYHAs ONUCATeNbHas CIOCOOHOCTD,
MOOOH  CTAaTUCTUYECKUH KPUTEpHH He CIocoOeH
UCYEPIILIBAIONIE ONUCATh CTENEHb 3aBHCHMOCTH OJIHOU
BEJIMYUHBI OT JPYroi, OYeHb BHICOK PUCK OLIMOKH B
OLICHKE Ka4ecTBa.

CymiectByer Ipyroi OOIIUPHBIA KIacC METOIOB
OI[CHKH Ka4yeCcTBa TMPH3HAKOB, KOTOPBIH TMPOBEPSET
KaueCTBO AITOPUTMa, OOYUYEHHOIO Ha OTHOM 3TOM
npusHake. B skcnepuMeHTax HCHONB30BAJICS OOWH M3
CaMBbIX MMPOCTHIX AITOPUTMOB — ANrOPUTM K Gurrnkaifiimx
coceneir (k nearest neighbors, KNN). Omwmcars 3TOT
QJICOPUTM JOBOJIEHO POCTO — OOBEKT OTHOCUTCS K TOMY
KJ1accy, K KOTOPOMY OTHOCHTCSI OOJIBIIMHCTBO U3 ero K
cocemeit, To ectb K Ommkalmmx K HeMy OOBEKTOB
o0yyaroriei BBIOOPKH, B JIAHHOM pabore
HCIIONB30BAJIACh CTAaHAAPTHOE EBKIHMIIOBO PACCTOSHUE.
OueHka KayecTBa MPOBOAMIACH METOIOM CKOJB3SILETO
KOHTpOJISI C HCKITIOUeHHEM O0BEKTOB 1Mo ofHoMY (leave-
one-out, LOO). 31o oueHb MOMYJISIPHBIA METOA OLEHKU
KauecTBa airopurMma K Ommkaimmx cocereil. B atom
METOe KaXKABI OOBEKT IO OYepenn HCKIIoYaeTcs W3
oOyuvaronieii  BBIOOPKH, JUIi  HEr0  IPOUCXOJIMT
IpencKa3aHue, BBIYUCIACTCS OLleHKa KayecTBa, a 3aTeM
9TO Ka4eCTBO YCPEIHIETCSL.

ITocneqnuil MeTox 3aKIIOYaeTCsl B IPOBEPKE TOrO,
YTO TPH3HAK XOPOLIO HCIOIb3yeTcs alropuTtMoM. B
9KCIIEPUMEHTaX HCHONb30BAJCS  aJdrOPUTM  JIEpeBa
pemernii. K TectupyemMoMy MNpH3HAKY TNPHOABISUICS
CIyJailHbI MpPU3HAK, 3aTEM HA 3THUX JABYX IPU3HAKAX
CTPOMIIOCH JIEPEBO pellieHni (PUKCUPOBAHHOMN TITyOUHBI,
OLIEHWBAJIOCh, BO CKOJBKO a3 TECTUPYEMBIN NPHU3HAK
JIy4dlle, 4eM CIydalHbIi NpHU3HAK, C MOMOIIBIO OLEHKU
yMeHbIleHne impurity (impurity — mepa kadectsa
CIUTUTA, KOTOpAs BRIYUCIISICTCS TIPU BBIOOpE pa3OMEHNS B
JiepeBe) o pa3OoueHHsM JiepeBa pEIeHAH.
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2.3 Cxema MeTOa

Anroputm (1) onmceiBaeTr paboTy MeTona
IOMOLIBIO TICEBJ0KOAA. MeTox paboTaeT Tak:

C

e (CiydaitHo B3sn K-37IeMEHTHYIO TOIBBIOOPKY
U3 MHOXECTBA CUTHAJIOB.
e [IpumeHnnn K 3TOH NOABHIOOPKE CIy4YalHYIO

(HYHKIMIO MHUHATH3ALIH.

e BpiOpanu ciydaliHBI KpUTepud KadecTBa
MPHU3HAKA.
e VYcraHOBWIM  mapaMerpsl B (PYHKIUIX

tpanchopmarmu. Hanpumep, BO3BeIICHUE B CTETICHD
p umeet mapametp p. B skcnepuMenTax mapameTps
TpaHchopMaly Opaluch CIy4ailHO W3 3apaHee
BBEIOPaHHOI'0 MHOXXECTBA, HO MOXHO HCIIOJIh30BaTh
J000# IPyTO MOIX 0.

e Hanumm HOBBII MIPU3HAK METO0M
ontumu3anyu. Ecii HyXHO OOJbIllE MPH3HAKOB,
HavajJl TpOIECC CHayayia (C HOBOM CiydaiHOU
TIOZIBBIOOPKH).

Aaroput™m 1 CroxacTHYecKHi AJTOPUTM CHHTE3a
NPHU3HAKOBOT 0 MPOCTPAHCTBA

function find features(sigs, N, k, init funcs,
trans funcs, agg funcs, criteria)
i=0 B
features = {}
while 1 !=N do: // VmeMm N NpM3HAKOB
subs = random_subsample(sigs, k)

new_init = get random(init_ funcs)
init subs new_init (subs)
new_crit get_random(criteria)
set _parameters(trans_funcs)
new_feat optimize (init subs, new crit, \
trans_funcs, agg_funcs)
if new_feat not in features then:
i=1+1
features.insert (new_feat)
return features

[MocTpoenne mpu3HaKa IO CIy4aiHOW MOABBIOOpPKE
peraeT OJHOBPEMEHHO HECKOJbKO 3aaad. [IpusHaku
OyaoyT He O4YeHb HOXOXKH JPYr HA OpYyra, TaKk Kak OHH
HOJICTPAaUBAJIHCh ITOJ Pa3HbIC MHOKECTBA. Y MEHBIIAETCS
PHCK TOCTPOUTH MPU3HAKOBOE MPOCTPAHCTBO, KOTOPOE
paboTaeT TONLKO Ha ONpeeIeHHOM Habope OOBEKTOB.
[o3BomsieT n30aBUTHCA oT poOJIEMBI
HecOallaHCHPOBAHHBIX ~ KJIACCOB,  MOXHO  OpaThb
MOABBIOOPKY C paBHBIM  KONHYECTBOM OOBEKTOB
KQKIOro Kiacca. YMEHbIIAeT  BBIYHCIUTEIBHYIO
CIIO)KHOCTh OLICHKM KadecTBa NpH3HAKa, KOTOpas BO
MHOT'HX METO/IaX OYeHb OONbIIasl.

AnroputMm (2) WUTIOCTpUpPYET pabOTy KaTHOTO
ONTHMH3ATOpA. Oxn HapaluBaeT byHKIMH
TpaHchopManny KagHbIM 00pa3oM. HapammBaer o Tex
TI0p, TIOKa He TPEBBICHT 3apaHee YCTAHOBJIEHHBIN JIUMHT,
WIM TIOKa Ka4yecTBO HE IMepecTaHeT pactu. llpu
J00aBIIEHIH HOBOU TpaHC(OpPMAIHH IIPOCMATPHUBAIOTCS
BCE BO3MOXKHBIE (DYHKLIMU arperaluy.

Aaroput™m 2 «7KagHblii» onTUMHI3ATOP

Function optimize (init subs,
trans_funcs, agg_funcs)

best qual -inf

found trans {}

new crit,



features {}
while len(found trans) != MAX SIZE do
for new_trans in trans_funcs do
found better False
for new _agg in agg funcs do

feature = create(found trans + \
{new_trans}, new_agq)

if qual (feature) > best qual then
found better = True
new_best trans = new_trans
best agg = new_agg

if not found better then
break

found trans.insert (new best trans)
return found trans, best agg

3 BoluucanrejabHbIE IKCIIEPUMEHTBI

DKCHeprMeHTBI IPOBOJIMIIMCH HA CUTHAJIaX, KOTOphIE
TIPE/ICTABIISIOT coboi AJIEKTPOKAPANOT PAMMBEI
nanyeHToB. J{is KaxIoH KapAMorpaMMmbl HM3BECTHO,
OONIeH JIM TalMEeHT HIIEMHYecKOoW OOJe3HBIO Ccepla.
Dro Kiaccuyeckas 3amada OMHAPHOW KIlacCU(UKALIUH,
rae kinacc | o3Hauaer, YTO TAlUEeHT C JaHHOM
Kapauorpammon 0OoseH, kiacce -1 — 3mopoB. Bribopka
cocrosia u3 1798 curnanos, U3 KOTOpbIX 743 curHana
npuHajnexano  OoibHeIM, a 1055  curnanos
NPUHAJIEKAIIO 3/I0POBBIM MalrieHTaM. Takum odpaszom,
HaM HeoOXOJUMO BBECTH KPUTEPH KauecTBa MPH3HAKA.

OreHKka KavecTBa CHHTE3MPOBAHHOTO MHOKECTBA
NPU3HAKOB OY/IET MPOUCXOUTH C IIOMOIIBIO H3MEPEHHS
KauecTBa aIrOpUTMa, OOYUIEHHOrO Ha 3THX MPU3HAKaX.
Jias ~ 9TOro  MOXKET  HCIOJb30BaThCs  JIHOOOIL
Kaccuyeckuil kinaccudukaTop. B kauectBe 06a3oBoro
knaccudukaTopa ObUT BeIOpaH ciydaiHbli jec [2]. D10
ancamOIlp pemaronmx aepeBbeB. Kaxgoe peraromee
JePeBO  CTPOMTCS IO CIy4ailHBIM  OIBBIOOpKaM,
HOIYYCHHBIM B  pE3ynbTaTe  COMIUIMPOBAHHH  C
BO3BpAIICHUAMH 00BEKTOB 00yUarolell BEIOOPKH.

Jnst oueHku kadectBa Oymem wucrnonb3oBath 20-
KpaTHYI0 Kpocc-Banuaalnuio. BakHo oTMeTHTH, 4TO B
obydarorei BBIOOpKE MHOTUM MalyeHTam
NPUHAUISKUT CPa3y HECKOIBKO KapAUOTPaMM, IIOITOMY
BalUJalus IPOBOAMIACHE TakMM 00pa3oM, YTOOBI
KapJHOrpaMMBl JII000T0 HaleHTa He MOIJIHM IOacTh U
B 0Oy4eHHUe, U B KOHTPOJb OJHOBPEMEHHO. DTO Oolee
YecTHas OLEHKA, TaK KaK KapIHOrpaMMBbI OHOTO H TOTO
K€ TAalMeHTa O4YEeHb IOXOXKH, U aITOPUTMY IPOILIe
BBIJATh IPABUIILHBIN OTBET, TaK KaK OH Y)K€ paHee BUAEI
MIOX0XKYIO KapZAHOTpaMMy.

Pasmep ciyuaitHoli momBeiOOpku cocraBisur 100
00bekToB (50 00BEKTOB Kax10ro Kiacca). OyHKIroHaN
Ka4yecTBa KIacCHU(UKAIMK — TOYHOCTH MMPEACKA3aHUsI 110
namueHTaM. BerauciasgeTrcs OH  Tak: IS KaXKIOW
KapAUOTPaMMEI KakI0T0 rmaryeHTa Jej1aeTcs
MpeJCcKa3aHusl O HAIMYHME Yy TAalueHTa OOJEe3HH, 3aTeM
JUTS KQKJIOTO TAIMEHTa CYNTAETCS MPOICHT TPAaBUIBLHO
KIIacCU(UITMPOBAHHBIX €r0 KapAUOTPAMM, 3aTEM BCE 3TH
3HAYCHUS YCPEITHAIOTCS 0 TAAEHTaM.
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OMROCTE NG MOAAM

a0
Ywcno npnanaxkon

50 &0 0 80 30 100

Pucynok 1 3aBucuMOCTh TOYHOCTH TIO MAIUEHTAM OT
KOJIMYECTBa MPU3HAKOB

Bce sKkcmeprMEHTBHI MPOBOIIINCH C AJITOPUTMOM
«CIydalHbIN Jiec», KOTOpbid coctost u3 100 nepeBbeB.
Ha Puc. 1 mnokazaHa 3aBUCHUMOCTb TOYHOCTH OT
KONTMYecTBa MNpH3HaKoB ¢ miaroM B 10 mpHU3HAKOB.
BH}IHO, YTO ONTUMAJIBHOC KOJIUYCCTBO ITPU3HAKOB
Haxomutcd okoio 30. [lanmpHeliee yBenM4YeHHE
MPU3HAKOBOTO IIPOCTPAHCTBA HE NPHBOIUT K POCTY
KavyecTBa. DTO CBHUIETENBCTBYET O TOM, YTO MHOTHE U3
CIr'€HCPUPOBAHHBIX TIPU3HAKOB SBJIAIOTCA IJ_IyMOBBIMI/I.
Ba)kHO OTMETUTh, YTO QJTOPUTM IIOCTOSHHO CO37acT
HOBBIE TIPU3HAKW, OHM HE COBMANAIOT C YKe
MOCTPOCHHBIMU. MaKkcUMaIbHOE 3HAYCHNE TOYHOCTH IO
nanuentam — 0.859.

e OS0AL. snas Crasaauria.  Noraswbm e

anchopMILR

CYVMNIOHOER KGaNeCTRO CRMAMD BOMEARDHME T)

b

Pucynok 2 Cameble mommyisipHbIe (yHKIUH
TpaHchopMaIuu

Bce panpHeiye sKCIepUMEHTHI IPOBOAMIIUCE ISt
MHOXecTBa, coctosmero w3 300 cuHTe3MpOBaHHBIX
npu3HakoB. Ha prucyHkax 2 u 3 TOoKa3aHBI caMble 9acTo
BCTpevyaeMble (D)YHKIMHU TpaHCc(HOpMAIH W arperamnvu.
Kak BHOHO ©W3 OTHX pHCYHKOB, cpemd (QyHKIHA
TpaHchopMaii HET OMpPENeTCHHOH JOMUHHPYOMIEeH
¢byEKIMN, cpenw GYHKOWE arperamuii ¢ OONBIINM
OTPBIBOM BBIMTPBIBACT MEIHAHA.



CAMME DSATYIRD MY W PO MIN

CyNMIPROR KOTsRCTIO

Pucynok 3 Cambie nomyisipHbsie (yHKIMU arperayuu

PucyHku 4 1 5 moKa3bpIBAIOT pa3iuiKe B MOBEACHUU
’KaJHOTO aJITOPUTMA MPU PA3JIUUYHBIX METO/aX OICHKH
kauectBa mnpusHaka. O0o3Hauenws: JIHPII — mons
HEBEPHO PAaHXMPOBAaHHBIX Tap (IleneBas MepeMeHHas
COpPTUPYETCS 10 3HAUYEHUIO MPHU3HAKa), kKauecTBo o J[P
— Ka4eCTBO NPHU3HAKA IO OICHKE JepeBa perieHuil (CM.
pasmen 2.2 mpo 3T W Jpyrue OLEHKH KadyecTBa).

[TpoueHT yBenu4YeHUs KauecTBa cuutaercs no gopmyie
FinalQual—InitQual

InitQual
Ka4yecTBO Npu3Haka, InitQual — HayagbHOE KAa4yecTBO.
HauanbHoe kauecTBO ompeenseTcs KaueCTBOM JIydIlen
¢GyHKIMEH arperaluu TPH  OTCYTCTBHU  (YHKIMU
TpaHchopMaIyy.

, rtme FinalQual

(uHaNBEHOE

Npousst _..m.:é-w- 242CTB2 MpM3HaRa

Pncyﬂmc 4 Cpe/:[HI/m HpoueHT yBeaneHI/m KayecTBa
NpU3HAKa

Pncyﬂmc 5 Cpe;[H;{;I JUTAHA TpaHC(bopMauHH B
NpU3HAKe

Cpenee x0ANWCTRO GYSXLNA TRA=CPODM N B NDAININE
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4 BeiBoabI

[pennoxen ANTOPUTM ABTOMAaTHYECKOTO
MTOCTPOEHUS MPU3HAKOBOTO MPOCTPAHCTBA, IPOBEICHEI
BBIYHCIIATENBHBIE SKCIIEPUMEHTHI JUIS 331a4 ONMHApHOH
Kkinaccudukanuy KapauorpamM. JlaHHBIH alropuTM B
BBIUHMCINTENBHBIX ~ OKCIEPHMEHTaX II0Ka3ajl  CBOIO
CIIOCOOHOCTD KOHCTPYHPOBAaTh MIPU3HAKOBOE
IPOCTPAaHCTBO, KOTOPOE MO3BOJIMIO OBl peraTh 3a1ady
KJIacCH()MKAllMM CHTHAJIOB C BBICOKOH TOYHOCTEIO.
IepeuncnuM OCHOBHbIE JOCTOMHCTBA JJAHHOTO ITOAXO/A.

ANTOPUTM CO3/1a€T HYXXHBIE NPHU3HAKH, HCIIOIb3Ys
TOJNBKO OIIGHKM KauecTBa JSTHX IPH3HAKOB. Pabora
UccleloBaTeNl  3aKIIo4YaeTcss TOJIBKO B BBIOOpE
0a3ucHBIX (QYHKIMHA, KOTOpbIE CHENU(PUYHBI B €ro
3ajaqe. Hanpuwmep, HCCIIe[IOBATEllb MOXET
UCHONB30BaTh  (uibTp,  Xopomo  padoTaromui
KOHKPETHO JIJIsl OJTHOTO TUTA JIAaHHBIX, HO JJIsl CUTHAJIOB
9TOT QUIBTP HE MPUMEHUM.

ANTOPUTM COCTOMT W3 HECKOJBKHX OTHAENBHBIX
yacTell: HavaJIbHBIM HAaOOp Oa3MCHBIX (QYHKUMWH, METOx
OLIEHKH KayeCTBa NPU3HaKa, ONTUMU3aTop. Te BapuaHThI
MOJyJei, KOTopble ObUTH TPUBEICHBI B JAHHOW paboTe,
SBJISIFOTCSL HE 0O0Jiee YeM TECTOBBIMHM BapUaHTaMU, JJIs
KaX 10 3a/aun OHH MOT'yT NOI0UPATHCS
WHJUBUAYAIBHO.

Bo3MOXHOCTH alropuTMa HE OrpaHUMYUBAIOTCA €ro
MIPUMEHEHHEM UCKJTIOYUTEIHHO B 3aaue
KinaccupuKalu Curuagos. [Ipu u3MeHeHHH (byHKHI/Iﬁ
MHULMAJIM3AMY, TpaHCGOpMalMd M arperandd OH
MOXET OBbITh MNpUMEHEeH B JIIO0OW Iyrodl 3ajaye
pacro3HaBaHUSI ~ HECTPYKTYPUPOBAaHHBIX  JIAHHBIX,
HallpuMep, B 3afadye KIAacCH(QHUKAMHM TEKCTOB HIIH
n300paKeHUH.

brnarogaps  cBoedl  CTOXaCTMYECKOM  IpUpoe
AJITOPUTM C KayKIIOM HOBOW UTepaluei co3gaeT Npu3Hax,
KOTOPBIII CHJIBHO OTJIMYAeTCsl II0 CBOEMY METOLY
MOCTPOCHUS OT TpeApAymuX. YeM OoIblne uTepanui
NPOBEAET aJIrOpUTM, TeM OONblIe BEPOSTHOCTb, YTO
Cpeny MONYYEHHBIX IPU3HAKOB OYyIET IMOJMHOXECTBO
JEUCTBUTEIHHO KaUECTBEHHBIX.

Bonee nogpobHoe omucanre mpoOiIeMbl BBIICICHHUS
MPU3HAKOB B 33/1au€ KIacCU(UKAIUK CUTHAJIOB MOXKHO
Haiitu B [9]. Hacrosamas pabota comepxuT Hanboiee
Ba)KHBIC PE3YJIbTATHI BBILICYTOMSHYTOM.
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1 BBenenue

B pasamuHbIX 007acTAX HaykH HaOmromaercs
SKCIIOHEHIMANIBHBIA ~ pocT  00beMa  IMOIy4aeMbIX
9KCTIEPUMEHTANBHBIX JaHHBIX. CIOKHOCTH HCIOJNb-
30BaHMS TAaKUX JAHHBIX YBEIMYMBAETCS e€Ie U
BCJICAICTBHE HX €CTECTBEHHOM pa3HOPOJHOCTH. OTO
HEM30€KHO TPUBOOUT K HEOOXOAMMOCTH HCIIONb-
30BaHUsI HEOTHOPOIHOH, pacmpeneneHHon HuH)Op-
Maliy, HAKOIUICHHOW B TEYEHHWE 3HAYUTEIHLHOTO
Neprosia HaOMI0AEHUH pa3NUIHBIMU HHCTPYMEHTaMH.

Jnst  amamuza  OOJBIIMX ~ OOBEMOB  JaHHBIX
HCTIONB3YIOTCS COBPEMEHHBIE CPEIbl PACHPEIEICHHBIX
BBIYMCIICHWH, Takne, kak Hadoop/MapReduce [14, 19].
Takue cpenbl HMEIOT MIOYTH JINHENHYIO

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00J1aCTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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TOPH30OHTAIBHYI0 ~MAaCIITa0UPyeMOCTh U BBICOKYIO
OTKa30yCTOWYMBOCTb. ~ OCHOBHBIM  JIOCTOMHCTBOM
HOIOOHBIX CpeJ SABISETCS BOSMOXHOCTD aHAIU3UPOBATh
u 00pabaThIBaTh pPa3HO-CTPYKTYPHUPOBAHHBIC IaHHBIE
(penstmonnbie, JSON, XML, tekcrsl u ap.). [Ipu atom
BO3HHKaET npodieMa HHTETpanuu JaHHBIX,
U3BJICKaEMbIX u3 Pa3HO-CTPYKTYPUPOBAaHHBIX
UCTOYHHKOB. TpagWIMOHHO MpOLECC HHTEeTpaluy
OaHHBIX BKJIIOYaeT B ce0s cleAyloliyde IIaru:
yHU(UKAIUS MOZAENEH TaHHBIX, COIOCTaBJICHHE CXEM,
paspermenre cymHocTel [6, 16] u cnusiane nanubx [5].
OcraHoBuMCsl TIOIpOOHEH Ha JTame pa3penieHus
CYLIHOCTEH.

JlaHHBIN 3Tanm HAIeJIeH Ha TOUCK 3aIlMcedl B OJHOM
WM HECKOJBKHX HaOOpaxX NaHHBIX, MPEACTABIISIONINX
cOOOW OIMH W TOT XK€ OOBEKT B PEaTbHOM MUpE, WIH
cymuoctb. OH OpHEHTUPOBAH Ha pelleHHEe TaKUX 3a1ad,
KaK CBSA3BIBAHWE 3aIlicel, BBIABICHHE W yHaJCHHE
IyOJIMKaTOB, CONOCTABIICHUE CBA3EH U Ip.



Becr mpomecc  paspemieHuss  cymHOCTeH, B
cooTBeTcTBUU ¢ [10], MOXKHO pa3feNnuTh Ha CIEAYIOLIIE
STaIbl: TIOJITOTOBKA JAaHHBIX; BBIOOP MeEp CXOACTBA
3HA4YeHWH; BHIOOp MeETolIa CpaBHEHUs TIap 3almnce;
OIpeIeNIEHUE OrPaHUIECHUI.

JHannast pabota cocpeZioToueHa Ha BTOPOM H TPEThEM
sTanax. BeIoop Mep cXxoncTBa SBISIETCS OTHUM U3 CaMBIX
Ba)XHBIX JTAllOB B MpOLECCE pa3pelieHHs] CYIIHOCTEH.
BaxHo BBIOpaTh Mephl, HawOoiee MOAXOISIINE IS
TIPE/ICTaBJICHHOTO HAabopa JaHHBIX, ITOCKOJIBKY HMEHHO
Ha OCHOBE 3HAYEHWH ATHX Mep OyleT NenaThCs BHIBO,
SIBJISIFOTCS JIM 3aIlUCH B TIape COBIAJAIOIIUMH, TO €CTh
OTHOCSIIIMUCS K OIHOM CYyIIHOCTH, Win ke Her. U
MTOCKOJIbKY OOJNBIIMHCTBO AaHHBIX MPEACTaBICHO B BUJIE
CTPOKOBBIX 3HAYCHUH (MMEHa, Ha3BaHUs, aipeca U T. I1.),
oco00e BHHMaHHE YAESIeTCs HaMH MepaM CXOZACTBa
ctpok. Cpenu METONOB CpaBHEHUs TMap 3arucei
W3BECTHBI JICTEPMHUHUPOBAHHBIE METOABI, K KOTOPBIM
OTHOCSITCSL METOJl B3BEIICHHOH CYMMBI W METO[,
OCHOBaHHBIN Ha hopMynupoBaHuH rpasui. Kpome Toro,
OTZEJIBHO CTOSIT METO/IBI pa3zeneHus Ha Ooku. OHM He
BXOASAT B TPAAWIMOHHBIA TpolecC pa3pemeHus
CyIHHOCTef/‘I, OJHAaKO MOT'YT 3HAUYUTCJIIbHO YBEJIUYUTH
CKOpPOCTH BBITNIOJIHEHUA W HNPOU3BOAUTEIBHOCTH BCETO
mporiecca mpu oMoy  3GGEKTHBHOTO  CO3IaHUS
HEOOJNBIINX OJI0KOB, coziepIKalux TOJBKO
NOTEHIIMAIBHO COBIAIAIOIIHE 3ATIHCH.

Hamreii nenpio sBisiercs pa3paboTka Moaxoaa K
peanu3anuy METOJIOB Pa3pelleHus CYIIHOCTEH B cpesie
pacnpeneneHusix  Beraucnenuin  Hadoop/MapReduce.
151 HenmocpeaCTBEHHON peain3ali MEP U METOJOB B
cpene Hadoop/MapReduce 6511 BEIOpaH S3BIK BHICOKOTO
ypous Jagl [4]. Jaql 3T0  (PYHKIMOHATBHBIH
JIEK1apaTUBHbIN SI3BIK 3aIpOCOB, KOTOpPBIX
npefiHa3HayeH sl o0paboTku  OONbIIUMX HAOOpOB
naHHelX. OH  mo3Boisier  paboTaTh € pasHO-
CTPYKTYPUPOBAaHHBIMH ~ JaHHBIMH, PACHPEACICHHOM
¢aitnosotii cucremoir HDFS u, mpu HeoOxoaumocTH, cam
MIepPENHCHIBAeT BHICOKOYPOBHEBBIE 3aIllPOCHI B 3aIIPOCHI
«HHU3KOTO YpOBHs», cocrosimue u3 MapReduce-3anau.

Ha s3pike Jagl peanusoBaH psiq Mep CXOACTBA
CTPOKOBBIX 3HAUeHWH, aJrOpUTMOB CpaBHEHHS Hap
3anuceil 1 pa30ueHus 3anucei Ha OJIOKH, PACCMOTPEHBI
HEKOTOpblE HAEM M OCOOCHHOCTH  pealn3aliH.
BriOpaHHbIl HA0Op Mep CXOACTBAa CTPOK OOIIMPEH, U B
OOJBLIMHCTBE CIYy4aeB €ro JOCTaTOYHO I 3ajad
paspemieHnss  cymrHocTei [17], omHaKo —peamm3aIis
TIO3BOJISIET ONpPENEINATh COOCTBEHHBIE MEPHI CXOJCTBA, B
TOM 4YHCIEe M JUId 3HAYCHHH, HE SBISIOMIMUCST
CTPOKOBBIMH, B BHJIE€ HENOCPEACTBEHHO (DYHKIMI Ha
Jagl wmu xe B Bume Java UDF (momb30BaTelbCKHX
¢yakumii  Java). Kom peamusamum  moctymeH B Qit-
pemosuropun [12].

B paszmene 2 onmcaHBl MepBl CXOICTBA CTPOKOBBIX
3HAUCHUH, MPUBOMATCS MPUMEPHI HCIOIB3OBAHUS M
peanu3alnuy HEKOTOPBIX Mep U TNPUMEpHl 33JaHHs H
HCIIONB30BAaHMS KOMIIapaTopa sl IOTYyYEeHHUsS BEKTOpa
cpaBHEHHs Tmaphl 3ammceid. B pasgene 3 ommcaHbl
JIeTepPMUHUPOBaHHbBIE METO/BI CPABHEHUSI T1Ap 3aIliceld 1
MOKa3aHbl IPUMeEPhl MX WCIONB30BaHWs. B pasmene 4
obcyxmaercs Tema pa3OueHMs Ha OJNOKH s

43

YMEHBIIIEHUS YHciia NONapHBIX CPABHEHUI U IPUBEIEHBI
mpuMepbl UX TpuMeHeHus. Hakonen, B pasgene 5
MOKa3aH TpuUMep TMOJHOTO IMpolecca pa3peleHus
CYIIIHOCTEN B paMKax peaM30BaHHBIX MEp U METOJIOB.

2 Mepbl cxo1cTBa 3HAYEHUI

KitoueBBIM MOMEHTOM B TIpOIiecCe pa3pereHUs
CYIIHOCTEH SIBJISIETCS TIIOJy4E€HHE OIIEHOK CXOJCTBA
3HaYeHHH  COOTBETCTBYIOIIMX  aTpuOyTOB  JBYX
CpaBHHMBaeMbIX 3aIllCe ITyTeM BBIYHMCIECHHUS MEp HX
cxozncrBa. [lomydeHHbIE OLEHKH (OPMHUPYIOT BEKTOD
CpaBHEHHs, Ha OCHOBE KOTOpOro B JaJIbHEHIEeM
JIETIafOTCsl  BBIBOJABI O COBHAJCHUM WIM Pa3iIMulA
paccMaTpuBaeMod Tapbl 3amucedl. Takum oOpasom,
BOXHO  BBIOpaTh  Haubojee  MOJAXOMAIIAE  TIOX
MMEIOIINECS JaHHbIe MEPBI CXO/ICTBA.

[Mopasnstoriee OONBIIMHCTBO 3HAYEHHH aTpUOyTOB
MpeJCTaBIseT CO0OM CTPOKH, W, KPOME TOTrO, BEpHOE
omnpezeNeHre CXOJCTBa CTPOK HE BCErja SIBISETCS
TPUBUAIILHBIM JISHCTBHEM, TIO3TOMY 0CO00€ BHHMaHHE
yIIeIUM MepaM CXOJICTBAa MIMEHHO CTPOKOBBIX 3HAYECHHH.
ITo cBoeit mpupozae nX OOBIYHO AENATCS Ha CIEIYIOIINe
IPYIIIbL:
e Mephbl CXO/ICTBA HA OCHOBE pellaKTHPOBAHUS;
e Mepbl CXO/ICTBA HA OCHOBE pa30UEeHHs HA TOKEHbI;
e THOpUIHBIC MEPHI CXOJCTBA.

PaccmoTpuM nozipoOHee Kax Iyt TpyIiITy.

2.1 Mepl)l CXOACTBA HA OCHOBE PCAAKTUPOBAHUSA

Mepbl AaHHOrO TUMA ONEPUPYIOT YUCIOM BCTABOK,
yOaJeHuH, 3aMeH W/MIN IePeCTaHOBOK CHMBOJIOB B
ctpoke. Yem Oombire TpeOyeTcss TaKHX OMepamuid A
npeoOpa3oBaHUsl OAHOW CTPOKH K JIPYroil, TeM MeHee
OHH MTOXOXU.

[ns peanuszanyy Mep 3TOM IpynInbl B OCHOBHOM
NPUMEHSIETCSl METOJ] JAMHAMUYECKOro MpOrpaMMH-
poBanus [11, 18]. JleknapaTUBHbIC SI3BIKH TPOTPAMMH-
poBaHWs, K KOTOpbIM  orHocurcs  Jagl, He
NpefHa3HaYeHbl A pealu3alid MOJ0O0HBIX METOOB,
MO3TOMY §300) pelIeHo BOCIIOJIb30BATHCS
pacumpseMoCTbhIO s3bIKa Mpu oMot Java UDF.

Kaxnas Takas QyHKIMSA OIPHHUMAET JJBa CTPOKOBBIX
napamerpa (cM. Ilporpammy 1). B manHOM mpumepe
NOKa3aH BBIBOB (YHKIMH paccrosHus Jxapo—
Bunknepa [7] mist ctpok “Dwayne” u “Duane”.

IIporpamma 1 Ber3oB pyHKIIMM MepBI CXOACTBA Ha
OCHOBE peaKTHPOBAHMUS HA MIPUMEPE PACCTOSHIA
xapo—Bunkiepa

import similarity;

similarity::jaroWinklerSim ("Dwayne",
"Duane") ;

Peanm3oBaHHBIE MEpPHI HA OCHOBE PEIaKTHPOBAHIS:
paccrosiane JleBeHmreitHa [7], paccrosaue [lamepay—
JleBenmreiina [7], HanOopImas oOmas MOAIOCIIe0BA-
tenbHOCTH [11], paccrosame [Ixapo [7], paccrosHEe
[xapo—Bunkiepa.

2.2 MepsI €X0ACTBA HA OCHOBE Pa30MeHUsI HA TOKEHBI

IIpunaanexamue K 3TOH rpynne Mepbl UCTIONb3YIOT
pa3bueHne CTpOK Ha TOKEHbI. Yarie BCEro MpUMEHSIOT



JIBa BUJa pa3OreHus: pa30OueHre Ha CIoBa U pa3OreHne
Ha N-TPaMMBL

Jnst pacyetra Mepbl CXOACTBa HAOOp TOKECHOB
MPENCTABIISAIOT OO B KauyecTBe MHOXECTBA, M TOTAA
MPUMEHSIOT MEPBI CXOACTBAa MHOXKECTB, JTUOO B KAYESCTBE
BEKTOPa B MHOIOMEPHOM MPOCTPAHCTBE, MOCIE Yero
HCTIONB3YIOT MEPHI CXOJICTBA BEKTOPOB.

Peanmsanmss ~ maHHBIX ~ Mep  MOJApa3syMeBaeTr
HAXOXKJICHHE MEePEeceYeHHs IBYyX HaOOPOB TOKEHOB, YTO
npocTo U 3pdexTUBHO peanusyercs Ha Jagl ¢ mOMOIIBI0
BCTpoeHHOW ¢yHkImu join (cm. Ilporpammy 2). B
KauecTBe npuMepa MpUBEIEM pean3anuo
ko3 durmenra Haiica [7]:

Simp;q.(x,y) = i
Dice 4 nx + ny'
Ije X,y — CPaBHUBAEMbIE CTPOKH, My,M, — HYHUCIO
TOKEHOB B CTPOKE X U Y COOTBETCTBEHHO, M; — YHCIIO
COBIAIAIONIMX TOKCHOB B CTPOKAX X U Y.

Iporpamma 2 Peanuzanmu GpyHKIMKA MEPHI CXOICTBA
Ha OCHOBE pa30HMeHHsI Ha TOKEHBI Ha ITpUMepe
ko3 dunuenra [aiica

bagsIntersection = fn(lhs, rhs)
join 1lhs, rhs
where lhs.token == rhs.token
into {
lhs.token,
count: min ([ lhs.count, rhs.count ])

bi

diceSim fn(lhs, rhs)
count (bagsIntersection(lhs, rhs)) *
2.0 / (count(lhs) + count(rhs));

DyHKIMUA MEP AAHHOW I'PYIIIbl IPUHUMAIOT CTPOKH,
NpeIBaPUTEILHO pa30UThIEe HAa TOKSHBI.

CHucOK peajM30BaHHBIX MEp CXOACTBA Ha OCHOBE
pa3buenusi Ha TokeHbl: kod(duiment [aiica, kod3hdu-
et Kakkapa [7], xoadouiment mepexpsitus [7],
KOCHHYCHBIH Kod(duimenT [7], craTuctuueckas mepa
TFIDF [7].

2.3 I'nGpugHble MepbI CXOACTBA

K TakumM wMepaMm CXOACTBA OTHOCSATCS MeEpBI,
orepupymompe HabopaMyu TOKEHOB U MPUMEHSIONINE K
CPaBHEHHUIO TOKEHOB MEPhI Ha OCHOBE PElaKTHPOBAHHSI.
Takue Mepbl OTJIMYAIOT MOBBINIEHHAS TOYHOCTD
OLICHUBAHMSI CXOJICTBA, HO B TO K€ BPEMs YBEIIMUYECHHOE
BpeMsi BbirostHeHwus [7]. [1ockoIbKy Ha3BaHHBIE MeEphI
TAKXKe MCIOJB3YIOT HA0OPHI TOKEHOB, pealiu3alus dTUX
METOIOB TOXKe OblIa BBIIONHEHA Ha s3bike Jaql. Beuim
peaTr30BaHbl CIEAYIONINE THOPUAHBIE MEPhl CXOJCTBA!
cxonctBO Monr-Onkana [7] ¥ craTHCTHYECKas Mepa
SoftTFIDF [7].

2.4 BexkTop cpaBHeHUSs

BekTop cpaBHeHWs, Kak OBUIO CKa3aHO paHee,
¢dopMupyercs W3 OLEHOK CXOACTBA JUII 3HAYCHUH
aTpuOyTOB map 3amucell. B peamm3anum mcnonb3yeTcs
KOMITapaTop B BHJE 3alliCH, aTpuOyTaMH KOTOPOH
SIBIISIIOTCS. MMEHA OIEHOK (WCIIONB3YIOTCSA Jajnee B
METOJaxX CpaBHEHHS Iap 3amuceil), a 3HAYCHUSIMH —
¢byaxImu Mep cxoxnctsa (cum. [Iporpammy 3).

44

IIporpamma 3 [pumep 3ananus koMnaparopa

import similarity;
addressComparator fn(lhs,
similarity::jaccardSim
lhs.address -> similarity::nGramBag(),
rhs.address -> similarity::nGramBag()
)i
nameComparator fn(lhs, rhs)
similarity::minLengthMongeElkanSim (
lhs.name -> similarity::wordBag(),
rhs.name -> similarity::wordBag/()
)i
typeComparator fn(lhs, rhs)
similarity::equalSim(lhs.type,

rhs)

rhs.type);

=
addressComparator,
nameComparator,
typeComparator

recordComparator
addressScore:
nameScore:
typeScore:
bi
Janee »TOT KOMIApaTop MOXET OBITh NepenaH
(GyHKIIMK BMeECTE C TIApod 3amuceid, I KOTOPBIX
HEOOXOIMMO BBIUMCIUTH BEKTOp CpaBHEHHs (CM.
[Mporpammy 4).

IIporpamma 4 TIpumep nonyueHus: BEKTOpa CpaBHEHUS

import resolution;

pair = [ { b 4o}
vector recordComparator
-> resolution::countVector (pair);

Peanuzanmst ¢ynkiuu countVector() momydaer or
KOMITapaTopa napsl aTpu0yT/3HaYeHUE U CO3/IAET BEKTOP
CpaBHCHUA — 3aIlUCh C TEMU KC MMEHaAMU anH6yTO&
3HAYCHHUA KOTOPBIX ABJIAIOTCA OLHCHKAMU CXOHCTBa(CM.
[Iporpammy 5).

17

Iporpamma 5 Peanuzanus ¢pynkuun countVector()

countVector fn (recordComparator,
recordComparator -> fields ()
-> transform {

pair)

($[0]): _evalFieldComparator (
$[1], pair([0], pair([1l]
)
} —=> record();
3akpsbiTast byHKIHS _evalFieldComparator()

BoimonHeHa B Buie Java UDF u mpocto BhI3BIBaer
nepeJanHyo GpYHKIMIO MephI s maphl 3anuceid. Takoit
MOAXOA K  pealu3alMyd  II03BOJHMJI  COXPaHUTH
BO3MOXKHOCTh BBITIOJIHEHUS] JAHHOW (DYHKUIUH BHYTPH
MapReduce-3agaun, MOCKOIBKY SBHbINH BHI30B (YHKITHH
yepe3 wmHAekcatop ([1]) He TO3BONAET JBMKKY
onrumu3aimu Jagl cosmate MapReduce-3amnaqy.

3 JleTepMHUHHUPOBAHHBIE METO/bI
CpaBHEeHHUS Nap 3anucei

Ilycte wuMeroTCA mapa 3amuced U HUX BEKTOp
CPaBHEHMs, MOJYYEHHBIH NPH MOMOLIM KOMIIapaTopa,
OOBSIBIIEHHOTO paHee:

{ addressScore,

vector nameScore, typeScore
}

BozHukaer mpobnema, Kak IO BEKTOPY CpaBHEHHH
OIPEJIENUTD, SIBJISIOTCS JH 3aMHMCH COBNAIAOMUMY WU

HET.
3.1 B3Bemennasi cymma

Hambomee mpocThIM pemieHneM 3TOW IMPOOIEMBI



SIBJISIETCS.  UCTIOJIb30BAHUE CPEAHEr0 3HAYEHUs BCEX
OLICHOK CXOJCTBAa W3 BEKTOpAa CPABHEHMH WK K€ UX
B3BCIICHHON CYMMBI, ITOCTIE Yero HeoOXOAMMO 3a1aTh
MIOPOrOBOE 3HAYEHME, ONpPENENAIONIee COBNACHUE WIN
pasimuuue 3ammcei, HampuMmep (Beca W TOpOr 371ech U

JlaJiee BBIOpaHbI CITy4aifHo):
0.2 * addressScore + 0.8 * nameScore > 0.85

B peanuzainuu JaHHOTO METOZIa BEKTOpP BECOB TaKkKe
Mpe/icTaBisieT coOOW 3amuch C TEMH K€ HMEHaMHU
aTpuOyTOB, YTO U Y KOMIIapaTopa, 3HaueHUs] KOTOPOTo U
sBIsIFOTCs Becamu (cM. [Iporpammy 6).

Iporpamma 6 Ilpumep MeTona B3BEIIEHHONW CyMMBI

import
resolution::classifier::weightedSum as ws;
vector -> ws::classifier ({

addressScore: 0.2,
nameScore: 0.8
s
0.85
) i
3.2 lIpaBuaa
Heckonbko HHBIM crocooom SIBJISIETCS
dbopMmynupoBaHue HaboOpa NpPaBUI, TJC OTPAHUUYCHUS
HAKIaJbIBAIOTCA HAa OIEHKH CXOJCTBAa  KaXKIOro
aTpuOyra He3zaBucuMO. llpumMep Takux TpaBHII

(omepatop ‘&’ obo3Hauaer norudyeckoe U, onepatop ‘|’
— noruyeckoe NJIN):

typeScore = 1.0 &

(nameScore > 0.7 | addressScore > 0.9)
nameScore > 0.9

Meron  cpaBHEHHMs,  MCIOJIB3YIOLIMH  JIaHHBIE

MIpaBWJIa, CYMTAET 3aIKCH B Iape COBIAJAIOLIMMU, €CITU
nojie nameScore MUX BEKTOpa cpaBHeHuit Ooibme 0.9,
WK K€ eclid typeScore paBHo 1.0, 1 npu 3TOM JHOO
nameScore 6onbire 0.7, 11060 addressScore OoblIEe
0.9.

[IpaBuna peanu3yroTcs 3amuchblo, NMPENCTaBISAIOLICH
co00il JIBOMYHOE JIepeBO BBIpaXKEHWH. B cienyromem
IIPUMEPE  COCTaBJIEHO  JIepeBO,  OKBUBAJICHTHOE
ONMCaHHBIM BHIIIe paBuiaM (cM. IIporpammy 7).

Hporpamma 7 IIpumep MeTona Ha OCHOBE IIPaBUI
import resolution::classifier::ruleBased as

rb;
rules = {
"lhs": {
"lhs": {
"lhs": "typeScore",
"op": "=",
"rhs": 1.0
by
"op": "&",
"rhs": {
"lhs": {
"lhs": "nameScore",
"op": ">",
"rhs": 0.7
by
"op": "|",
"rhs": {
"lhs": "addressScore",
"op": ">",
"rhs": 0.9
Pris,
"op": M|,
"rhs": {
"lhs": "nameScore",
"op": ">",

45

i

vector

rhs": 0.9

-> rb::classifier (rules);

Jaxxe Takoe HEOONBIIOE KONWYECTBO IPAaBHI
TpeOyeT  TOCTPOEHHS  JIOCTATOYHO  TPOMO3JIKOTO
JBOMYHOTO JiepeBa BblpaxkeHWid. [lns  oOnerdeHus
GbopMynTUpOBaHMS M MPUMEHEHHS TpaBWI  ObLI
peain3oBaH CHHTAKCHYECKHWH aHalu3aTop B BUIe Java
UDF, mo3BosnsifoImuii moay4nTh JIepeBO BHIPAKEHUH U3
CTPOKOBOTO BEIpakeHus (cM. [Iporpammy 8).

IIporpamma 8 IIpumep pazdopa cTpoKOBOTo
BBIPAKEHUS NIPaBUII

import resolution::classifier::ruleBased as
rb;
rb::parseRules (
"typeScore 1.0 & "
" (nameScore > 0.7 |

+
addressScore > 0.9) |

"nameScore > 0.9"
)i
PesynbratoM naHHOro BbI30Ba (QYHKIMU Oyner
JIEPEBO, SKBUBAJICHTHOE BBILIIEONMCAHHOMY.

4 Metoabl pa3iejieHUs1 HA 0JI0KHU

C yBenu4eHHEeM 4YHCIia JaHHBIX TOJHOE IIOMapHOe
CpaBHEHHE CTaHOBUTCS KpaiiHe Hed((deKkTuBHbIM. [leii-
CTBHUTENBHO, TIOJIHOE TIONAPHOE CpaBHEHUE Habopa JaH-
HBIX, COCTOSIIIMX M3 N 3amuceid, morpedyer n(n - 1)/2,
win 0(n?), cpaHennid. J{iiss yMEHbIIEHUs YKMCIIa Tap
3aIUCeH, KOTOpBIC HEOOXOIUMO CPaBHUTb,
UCTIONB3YIOTCS METONbI paszeneHuss Ha Onoku. Takue
METOJIbl OTBEPraloT 3aBEJAOMO HECOBIAIAIOUINE IApPbI
3anmceil U Co3/1a0T OJIOKH, COCTOSIINE U3 Map, KOTOpbIE
MOTEHI[MaJIbHO MOTYT COBIA/IATh.

Juiss paccMoTpeHusi ObUIM BBIIENICHBI CICAYIOIINE
METOJbI: METOJ] MCKIIOYUTENILHOTO pas/ielieHns Ha
6moku [13], meTon nHAEKCAIUK OUrpaMM [2] M METO Ha
OCHOBE KJIAaCTepW3alMk C M[OMOIIbI0 — canopy [15].
Peanuzainusi 3THX METONOB pa3jeieHa Ha JBE 4YacTH:
OJIHA — JUIS 33]1a4¥ BHISBJIICHUS U yJaJIeHUsI 1yOJIUKATOB
(B omHoM HaOope IaHHBIX), BTOpas — U1 3aJadyd
CBSI3BIBAHMS 3aNKCel ([y1s IByX HAOOPOB JIAaHHBIX).

4.1 MeToa HCKJIIOYUTEIHLHOTO pa3aesieHust

CambiM HPOCTHIM ABJISIETCA METOox
HCKITIOYUTENBHOT0 pa3zienenus Ha Onoku. Mnes metona
COCTOMNT B TOM, 4YTO Ha0Op MJaHHBIX JENUTCS Ha
HeTepeceKaromnecs 6J0KH 1Mo 6J09HOMY Kirroay. Taxoit
KIIOY MOXET SIBISTHCS 3HAYEHHEM KaKOro-imbo
aTpuOyTa 3amHCh WM e KOMOWHAIMeH HECKOIBKHUX
3HAYEHUH WM JaXKe UX YacThIO.

Peanmuzamuss  maHHOrO MeToAa  MOAPa3yMEBAET
TPYNIHMPOBKY 3amuce MO OMIOYHOMY KIIOUYy, YTO B
s3pike  Jagl BO3MOXKHO COBEpPHIMTE C  IIOMOLIBIO
BCTpoeHHOH (yHKIMK group by. IpuMenenue Takoro
MeTona TpeOyeT 3amaHus (QYHKIUH, TEeHEPHPYIOIIESH
Omounsrii kim0 (cM. [Iporpammy 9).

IMporpamma 9 [Ipumep MeTONA UCKITIOYATEITHHOTO
pa3zeneHus A JBYX HaOOpOB JaHHBIX

import
resolution::linkage::blocking::simple;



datal read(...);

data?2 read(...);

datalKey fn (value)
value.lastname -> substring(O0,

data2Key fn (value)

value.surname -> substring(0,

4);

4);

simple::blocking(datal,

datalKey, data2Key

)

HpeI/IMyIHeCTBOM 9TOro METola SABJIACTCA BBICOKAA
CKOpPOCTb €ro UCIIOJIHCHU. K HemocraTkaM ke MOXXHO
OTHECTH CIIO)KHOCTH BI)I60pa KpUTECpHs, a TAKXKEC TO, YTO
npu HE COBCEM OITUMAJIBHOM €TI0 BH60pe pcajibHO
CoBIaaromue 3anucu MOryT IOonacTb B PA3JINYHBIC
6J'IOKI/I, T€EM CaMbIM OHHM  HHKOI'’ZJa HE 6y}IyT
CpaBHUBATHCA.

data2,

4.2 Unpexcanus OMrpaMm

Cneayronuii  METOJl,  Ha3bIBAEMBIi
WHIEKCAMK ~ OWrpamMM, I103BOJISET
MpUOIMKEHHOE pa3eieHue Ha OJIOKH.
ormucaH B [2]. Peanmuzamusa Meroma cCompsbkeHa cC
MOJTy4YeHHEM WHBEPTUPOBAHHOT'O WHJIEeKCa u
TPYIITUPOBKON, ¢ 4deM Jagl mpekpacHo crpaBisiercs,
HCIIONB3Ysl BCTPOSHHBIE (DyHKIMHU group by u expand
unroll. J{ns npoBeneHust Takoro pa3oreHus HE0OX OJUMO
HOMHUMO (PYHKIIMU OJIOYHOrO KIIF0Ya MO/ATh OPOTrOBOE
3nauenue (cM. [Iporpammy 11).

ITporpamma 11 [Ipumep Merona nHAEKCaUKU OUTpaMM

JUIsl OTHOTO Habopa JTAHHBIX
import

METOOM
OCYILIECTBIIATD
Ero anroputm

resolution::deduplication::blocking::bigram;
data read(...);
dataKey fn (value)
value.address
-> strSplit ("\\s+") -> index(0);
data -> bigram::blocking(dataKey, 0.

3)7
4.3 Knacrepuzauus canopy

WHoit moaxos Kk pa3lieNieHnuio Ha OJOKH peann3yeT
METOJl, OCHOBAHHBII Ha KJIACTEPU3AIMU C IOMOIIBIO
canopy. [laHHbI MeTOZ KJIacTEpU3alMM ONUPAETCs Ha
BO3MOXKHOCTb JUIs CITy4aliHOM 3aMKiCH 13 Habopa JaHHbBIX
3G PEKTUBHO HaWTH Bce ONIM3NIEKAILIME 3aMUCH NpPU
MOMOIIMA  KaKOW-TMOO  MpUOMIMKEHHOH — QyHKIUH
paccTosiHus, TpeOyIomed HeOOIbIINX BEIYUCIUTENbHBIX
3aTpar. Ilocie npoBeneHMs] KIACTEpU3ALMU KaXK bl
canopy-kiacrep popmMupyer cBoit OJI0K.

JlaHHBIA aNrOpUTM KJIACTEPU3ALMN UMEET BapHUaHT
peanuzanmu HermocpeacTsenHo Ha MapReduce, mostomy
peanu3oBaH OH OBUI C IIOMOIIBIO SBHOIO 3alJaHUs
MapReduce-3amaun Ha s3eike Jagl. Jlas mpumeHeHHs

METOfa  pa3lelieHHs, OCHOBAaHHOIO Ha  TaKo
KJIacTepU3aliy, HEoOXOOUMO  3aiaTh  (DYHKLHIO
paccTosHMS ¥ JBa IIOPOTOBBIX 3Ha4eHHS (CM.
[Iporpammy 12).

IMporpamma 12 [Iprmep MeToma KiacTepu3anuu
canopy Ui OHOTO Habopa JaHHbBIX

import similarity;
import

resolution: :deduplication::blocking: :canopy;
data read(...);

distanceFunction fn(lhs, rhs)

1.0 - similarity::minLengthMongeElkanSim (
lhs.name -> similarity::wordBag(),
rhs.name -> similarity::wordBag()

)i

data -> canopy::blocking(

distanceFunction, 0.08, O.

)i

hdeTOH HHACKCAIIUH 6Hrpawm4 n METOA Ha OCHOBEC
KJIacTepH3allil C TIOMOLIbIO Canopy TeHEpPHPYIOT
MEpeCeKaromumecs 6J'IOKI/I, YTO CHHWIKACT BCPOATHOCTH
pa3acicHus Ha pa3HbIC OJIOKH COBTIAJIAIOIINX 3aIHCEH.
Taxoke 3T METO/IbI UMEIOT XOPOIINH M OJNN3KUI IpyT K
JIpYrTy pe3yiabTaT 1O Ka4ecTBY pa3iCiCHUS TIpU
NpaBWIBHOM BbIOOpe (YHKIMI ¥ IOPOroB,
OTpaXkeHo B [2].

16

4 Tlpumep HCNOJIL30BAHUA

Juis mpumepa paccMOTpHM TpHUMEHEHHE Tpolecca
paspelcHnsl CYIIHOCTEeH ISl OJHOrO Habopa NaHHBIX
(cm. IIporpammy 13).

IIporpamma 13 Ilpumep npoiiecca pa3penieHus
CYIIHOCTEH JUIs OHOTO Habopa JaHHBIX

import similarity;
import
resolution::classifiers::weightedSum
ws;
import resolution::deduplication;
import

resolution::deduplication::blocking::canopy;

data read(...);
distanceFunction fn(lhs, rhs)

1.0 - similarity::minLengthMongeElkanSim (
lhs.name -> similarity::wordBag(),
rhs.name -> similarity::wordBag()

)i

blockingInfo = canopy::createInfo(
distanceFunction, 0.08, 0.16

)i

addressComparator = fn(lhs, rhs)

similarity::jaccardSim(
lhs.address -> similarity::nGramBag(),
rhs.address -> similarity::nGramBag ()
)i
nameComparator fn(lhs, rhs)
similarity::minLengthMongeElkanSim (
lhs.name -> similarity::wordBag(),
rhs.name -> similarity::wordBag ()
)i
typeComparator fn(lhs, rhs)
similarity::equalSim(lhs.type,

rhs.type) ;

recordComparator
addressScore: addressComparator,
nameScore: nameComparator,
typeScore: typeComparator
}i

=

classifierInfo = ws::createInfo ({
addressScore: 0.2,
nameScore: 0.8

data
deduplication::deduplicateWithBlocking (
blockingInfo,
recordComparator,
classifierInfo
)i
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JlaHHbIE TTOCIIE UTeHUS OyAYT pa3/e/icHbl Ha OJIOKU C
ITOMOIIBI0 METO/Ia KIacTepU3alii Canopy, 3aTeM OJIOKH
mpeoOpa3yroTcs B MAphl 3alHCEH, IS KaXIOW TaKoi
mmapel OyJeT BRIYHMCIICH UX BEKTOP CPABHCHHUS HA OCHOBE
TpeX TepelaHHbIX (YHKIUH Mep, MO0 3TOMY BEKTOPY
METOJl B3BEIIEHHOW CYMMBI ONpPEJENUT, SBISIOTCS JIH
3allUCH B Iape COBMAJAIOUIMMH WIM HET, TOCe 4Yero
OyIyT BO3BpAIIECHBI TOJIBKO TE MAPHI, 3aIHCH B KOTOPBIX
OBUTH OIpEeEIIeHBl KaK COBIIAAIONINE.

5 3akJ/ouenue u JajbHelmas padora

MB&I orrcany Mepbl CXOJICTBA CTPOKOBBIX 3HAUEHHH,
JIeTepMUHUPOBAaHHbBIE METO/BI CPAaBHEHHS Map 3amuce u
pa3pabotaim TOAXOA K HX pealu3allid B cpene
pacnpeseneHusix Bhraucnaenuin Hadoop/MapReduce ¢
UCIIOJIb30BAaHUEM BBICOKOYPOBHEBOI'O S3bIKA
nporpammupoBanuss  Jaql. Takxke ommcaHel |
pear30BaHbl METO/IBI 110 Pa3/IeNIeHHIO Tap 3ammceil Ha
OJIOKM U1l 3HAYUTEIHHOTO CHIDKEHHUS YKCIIa TTONapHBIX
CpaBHEHHI M YBEIUYEHHSI ITPOU3BOIUTEIBHOCTH.

Habop peanuzoBaHHBIX (YHKIMH Mep CXOJACTBa
CTPOKOBBIX 3HAYEHHWH JOCTATOYHO OOUIMPEH, OIHAKO
peanu3anusi Mo3BOJISIET ONPEEIATh COOCTBEHHBIE MEPhI
CXOJCTBa, B TOM 4YHCI€ M JUId 3HA4YCHUM, HE
ABJIAONIUMUCA CTPOKOBBIMH, B BUAC HEMOCPECACTBECHHO
¢byuxmii Ha Jaql wiu xe B Buae Java UDF.

B nanbHelnleM IUIAHUPYETCS pPEAIM30BaTh IIO-
JepKky orpanudenuii [10] U MeTos KOppemsIMOHHOMI
KJactepu3anuu [8] Ans 3a1a4M BRISIBICHUS U yIAICHUS
NyONMKaTOB, a TaKXkKe pPacCMOTPETh BO3MOXKHOCTb
peanu3anuy MHBIX METOJIOB CPaBHEHHMs Iap 3amuceil B
cpene Hadoop, takux, Kak BEpOSTHOCTHBIC METOBI [9] 1
METOJIbI, OCHOBaHHbBIC Ha MaMHHOM obyuenu [1, 3].

IMomnep:kka

Pa6ora BrimonHena npu nojuepxke PODOU (rpantb
15-29-06045, 16-07-01028).
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IHocTpoeHue cxeM peJIHMOHHBIX 043 JAaHHBIX € OMOIIbIO
JIEMEHTAPHBIX CBA3eH aTPUOYTOB: AJITOPUTM BbIYHCJICHUS
3aMbIKAHUS ATPUOYTOB JJIsl OJTHOT0 THUIIA CBA3HU

© N.II. Yoanexr

OMckuii rocy1apcTBEHHbIN TEXHUYECKUIM YHUBEPCUTET,
Owmck, Poccus

ivan@ubaleht.com

AnHoTamus. B pamkax pa3pabaTeiBaeMOro METO/a MOCTPOCHUS CXEM PEIAIMOHHBIX 0a3 JaHHBIX
BBEJICHBI MTOHATHSI «3JIEMCHTApHAS CBSI3b aTPHOYTOB» M «THI 3JICMEHTAPHOM CBsI3U aTpuOyTOBY. [t o;1HOTO
U3 BBEIEHHBIX TUMOB CBsi3W — cBsizu Tuma 1..M:0..1, mocTpoeHa cuctemMa MpaBWJl BBIBOAA, MPEIIOKEH
QJITOPUTM TOCTPOCHHUS 3aMbIKaHHs aTprOyTOB U Membership-anropurM. JlokazaHa KOPPEKTHOCTh PabOThI
QIrOpUTMa TOCTPOCHUS 3aMBIKAHUS aTPHOYTOB OTHOCHUTEIBRHO MHOXKeCTBa cBszed tuma 1.M:0..1.
Ipennoxennsiii membership anropuT™ Mo3BoSET ONPEaETUTh IPUHAIIEKHOCTD IIPOU3BOIBHON CBA3U THIIA
1..M:0..1 3aMBIKaHHIO UCXOTHOI0 MHOXKeCTBa cBsi3eit Tumna 1..M:0..1.

KuroueBnie ciioBa: ITocTpoeHre cxeM 0a3 TaHHBIX, MOJICIIU JAHHBIX, OTPAHUYCHUS IIETIOCTHOCTH.

Design of Relational Database Schemes Based
on the Elementary Relationships of Attributes: Algorithm
of Computation Closure of a Set of Attributes for One Type
of Relationship

© Ivan Ubaleht

Omsk State Technical University,
Omsk, Russia

ivan@ubaleht.com

Abstract. We present following concepts: “elementary relationships of attributes”, “type of elementary
relationship of attributes”. These concepts are used for the method of design of relational database schemes.
We present special case, in which initial set of relationships consists of only relationships of 1..M:0..1 type.
For this special case we propose: the set of inference rules, algorithm of computing of the closure of a set
attributes with respect to a set of relationships of 1..M:0..1 type and algorithm to test membership in the
closure of elementary relationships of attributes for some relationship of 1..M:0..1 type. Furthermore, we
propose a proof of the correctness of the algorithm of computing of the closure of a set attributes with respect
to a set of relationships of 1..M:0..1 type.

Keywords: design of schemes of relational databases, schemas of relational databases, data models.

Hambomee  W3BeCTHBI  CHEOyIOMHE  TOAXOIBI

1 BBenenue

B Hactosimee Bpemsi OCTa€rcs akTyaJbHOW 3ajada
pa3paboTKH METOAOB IOCTPOCHUSI CXEM DENIALMOHHBIX
6a3 manHblx (PBJI), o0namaromux BBICOKOM CTEIECHBIO
(dopmanuzanun u aBTOMATHU3aINN nporecca
¢opmupoBanus normueckux cxem PBJl, a Takke
obecreunBaromux 3((HEKTHBHOE B3aWMOJCHCTBHE C
10JIb30BATEIEM-TIP OEKTUPOBIIMKOM CXeM PB/I.

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00J1aCTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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MOJIYYEHUIO ONTUMAJIBHOTO JIorHueckoro au3aiHa PB/I:

- ucnonszoBanune moxenu Cymuocts — CBsa3p (ER-
MOJIENTB), 3a/ICHCTBOBaH MH(OIOTHICCKHIA YPOBEHE;

- pa3pabotka norudeckux cxeMm P/l ¢ mpumenennem
TEOpUH  HOPMANBHBIX  (OpM, C  IPHUMECHEHHEM
JICKOMITO3MIIMK OTHOIIECHHI (METO AEKOMIO3HIINH) [12,
15], pexxe — cuHTe3a (METOX CHHTE3a); TOA METOIOM
cuHTe3a OyaeM TOHMMATh TPYNIy METOAOB, B
COOTBETCTBHH ¢ KOTOpbIMH cxeMbI B/ popmupytoTcs u3
Ha4aJIbHOTO MHOXKECTBa (YHKIIMOHAIBHBIX
3aBucumocrteit (O3) u arpudyros [12, 15].

CymiecTByIOT M JApyrue MeHee paclpOCTpaHEHHBIE



TIOAXO/IbI, UCTIONB3YeMBIE TIPH pa3padoTke mpoekta b/l,
B TOM YHCIIE, Ha CTaJU1 JOTUYECKOTO IPOEKTUPOBAHUSL.
Hampumep,  ucronb3oBanne  MOAM(UIMPOBAHHBIX
BapuantoB ER-momenu [4, 14], ucnons3oBanne ORM-
Monenu BMecto ER-mMomenu [6, 7], moctpoerue cxem BJ]
C TIOMOUIBIO SI3BIKOB JIOTHYECKOT'0 TPOrPaMMHUPOBAHUS
[9], cucTemsl, MO3BOIAIOIUE OCYILECTBIIATh HACTPOUKY
(tuning) PBJ] aBTOHOMHO Ha JIOTHYECKOM YPOBHE,
yuuThIBas TeKymytro Harpy3ky Ha PBJ[ [3], a Taxxke
MHOXKECTBO JIPYTUX MOJXO0/I0B, IPOEKTOB, MPOrPaMMHBIX
yruut [1, 5, 11, 13, 16].

B nmaHHO#1 cTaThe B paMKax pa3padaThIBACMOT0 METO/T
noctpoeHusa cxemM PBJl  mpeanmoxeHa KOHLENIUA
9JIEMEHTAPHBIX CBsi3el aTtpuOyroB (manmee OCA wm
mpocto cBsizu). ODCA  SBIASIOTCS  3JIEMEHTAPHBIMHU
yTBepXKIeHUsIMH 0 TnpenMmerHoit obmactu  (IIpO).
[pakTryecky J11000€ BbICKa3bIBaHHE O KOJINYECTBEHHOM
B3aMMOOTHOIIIEHUU JIBYX XapaKTEPUCTUK HEKOTOPOTro
oobekta B [IpO MoxkHO cBectn k DCA omnpene€HHOro
tuna. Hampumep, yrBepknenue u3 Hekoropoil IIpO:

«dnst  3amaHHOrO TabelIbHOrO HOMEpa UHXeHepa
(Ta6_Homep Hmnoc) UMeeTCst CTpOro OITHO
HAUMEHOBaHME KaTeropuu UHXeHepa
(Kamecopus_HMuoic) ¥ 1iasl  3aJaHHOTO  OJIHOTO

HaMMEHOBAaHHE KaTerOPUU HH)KEHEpa NMEeTCs] He MeHee
OJIHOTO Ta0enbHOr0 HOMeEpa HHKeHepa». JlaHHoe
yrBepkaeHue u3 IIpO MoxHO cBecTH K ciexyrouieit

koMmnaktHoW  ¢opme 3ammcu B Buage OCA:

Tab _Homep Hnoic MLt Kamezopua_HWnoc. Kax

BUAHO, KoHuenmus OCA  sBIsAeTCS  BapHaHTOM
dopmanmmszarun  monsitust - cardinality  constraint. B
JAHHOW CTaThe JUISI YaCTHOTO ciry4asi — ajsi Habopa DCA
tuna 1..M:0..1 craBarcs 3amayn: NPeIOKUTh MpaBUiIa
BeBoga g DCA tuma 1.M:0..1; Ha ocHOBe mpaBuiI
BBIBOJIA pa3padoTaTh aJrOPUTM BEIYUCICHHS 3aMBIKAHUS
aTprOyTOB OTHOCHTEIBHO MCXOIHOro MHOXecTBa DCA
tuma  1.M:0..1; mpemtoxute Membership-anropurm,
ONpeaEIAIOINN PUHAAIEKHOCTh ITPOU3BOJIBLHON CBSI3H
tuma 1.M:0..1 3ambikanmo cBs3ed tuma 1.M:0..1.
Pemenne 5THX 3amad HEOOXOOMMO Ul TIOTYYEHUS
MMHUMAJIBHBIX MOKPBITUM M mocTpoeHus: cxem PBJ
METOAOM CHHTE3a W JUIi pa3padOTKH alropurMa
nocrpoeus cxem PBJ[  MeromoM  aexoMmo3uuuu
OTHOLIEHU.

2 DJyieMeHTapHbIe CBSI3H aTPUOYTOB

Janaum onpezenieHne MOHATHIO «dJIEMEHTapHas CBS3b
aTpUOYTOBY.

Onpeoenenue 1. Ilycts A={Ay, .. An} u B={By, .. Bn}
— MHOXECTBa aTpuOyTOB, TA€ KaXKIBIH aTpuOyr u3
mHokecTB A u B saBagercs umMeHeM 1gomeHa, N —
MOIIHOCTH A, M — MorHOCTh B, mycts ri(A) u r(B) —
oTHomEeHns co cxemamu A u B coorsercrBenno. Torma
cea3vio RS, 3amannoil Ha A u B, sBisercs

RSc(ri(A)xrz(B))urs(AB)uUri(AB),
rae r3(AB) — mHOXecTBO KOpTexeit Buma {t(AB) | ai,..,an
— 3HAYCHHS [PHHAICKAIINE TOMEHAM, 0003HAYaEeMbIM
arpubyramu Ai,..,An; D1,..,0m — BbImeneHHbIe 3HAUEHNMS,
obosHagaempie kak null}, rs(AB) MHOKECTBO
koprexeii Buna {t{(AB)|as,..,an — BbIIENCHHBIC 3HAUCHUS,

49

obosnavaemsle kak null;  by,...bm — 3Hauenwms
MPUHAISKAIIUE JOMEHaM, 0003Ha4YaeMbIM aTpuOyTaMu
Bl,..,Bm}.

Onpeoenenue 2. Ilyctb RS — cBs13b, 3a1anHas Ha AB,
r1(A) u ra(B) — otHomeHus Ha cxemax A u B, r3(AB) u
rs(AB) — oTHOmIeHUs, Takue ke, kak B OnpeneneHuu 1.
[paBwiIo MoNyvYeHss MHOYKECTBA KOPTEKEH

RSc(ri(A)xra(B))urs(AB)uUrs(AB)

Oynem HasbiBaTh THTOM cBsizu RelShipType. Cesasp RS
tuma RelShipType Oymem o6o3HauaTh CIACAYHOIIUM

obpazom RS: A relshiehpe o g Mygkecrsa

aTpuOyToB A u B Oyzem Ha3bIBaTh CTOPOHAMU CBsI3H RS.

CTOpOHBI ~ CBSI3M  TIPUMEPHO  COOTBETCTBYIOT
MOHATHSIM JeTepMuHanTa @3 u 3aBucuMoit yactu P3.

Jns nosicienust Onpenenenunit 1 u 2 Ha Puc. 1
MOKa3aH MpHUMEp OTHOIICHUS, PEaU3yIOIIero CBA3b
trma 0..M:0..1,

Tab _Homep HUnoc PR N Kameeopus_HUnorc,

T.€. BCC KOPTSKU OTOrO OTHOIICHUS HE JOJDKHEI
MPOTHUBOPEYHTH TpaBumity, 3anatomiemy Tum 0..M:0..1.

Tab_Homep_lHx | Kateropusa_Wx
1101 WHxkeHep 1-i kat K [ogMHoxecTB0
1102 WHeHep 1-[ KaT | AexkapToBa NPOW3EEAEHWA
1107 hicerep 2-ii kaT | r, (Tab_Homep_WHx) u
11038 Mull r, (KaTeropus_WHx)
1109 Hull r.
T WHceHep 1-0 KaT }
P N

4

Pucynok 1 IMpumep DCA Tuna 0..M:0..1, o603Ha4eHus
B cooTBeTcTBHHU ¢ OmnpenenenuemM 1

B TaOmmite 1 moka3aHO HECKOJILKO THUIIOB CBSI3EH.
IIpaBuna, ompenpenstoniee TUIBI CBA3EH, 3alaHbl C
MIOMOIIBIO YTBEPKICHUI Ha ECTECTBEHHOM SI3BIKE, HIKE
Oynert Oonee ctporo hopmanuzoBat Tun cesizu 1..M:0..1.
OO6o3HaueHHs] M ONpENEeNCHUS THUIIOB CBs3ed U3
Tabmume! 1 aHaTOTHYHBI 0003HaYEHUSIM 51
OIIpeIeNIEHUSIM THIIOB CBSI3EH, MPEVIOKEHHBIM B CTAaThe
K. Hetita [2]. Kak BugHo u3 Tabmumsl 1, 1aHHBIC THIIBI
CBsI3€l MOTYT OBITH IIOCTABJICHBI B COOTBETCTBHE C YaCTO
BCTpEYaeMbIMU Ha TIPaKTHUKE OrpaHUYEHUSIMH
LEeMTOCTHOCTH (cM. Tpetuii cronber; Tabmuisr 1).

Bce »anemenrtapHble CBSI3M  aTpHOYTOB  JOJDKHBI
YIIOBJIETBOPSTH CIEAYIONIMM CTPYKTYPHBIM CBOWCTBAM.

Cmpykmypuoe  ceoticmeo 1. Tlyctb RS: A
(MB CBs3b, 3amaHHas Ha AB. Jlnsa

kaxgoro xkoprexa (tdi,..,dy), mpunamiexkamiero ma(RS)
(ctopore cBs3u A) smbo mnpuHamiexariero me(RS)
(cTopone cBsi3u B), BBITIONHEHBI YCIOBHS:

1. Bce 3HaueHus 0i,..,0k SBIAIOTCS 3HAYECHUSAMH,
MpHUHAAISKAAMHU foMeHaM m3 A wu B, u Torna takoit
KopTex Oymem HaswBath Value-total koprexem;

2. Bce 3HaueHus di,..,dy aisrores null-3Hauennsmuy,
W TOTja Takoi KopTex Oymem HaswBath nNull-total
KOPTEXKEM.

CrieoBaTeNlbHO, BCE KOPTEXH, NPHHAMLIEKALINE
cropone kakoi-miu6o DCA, seimsrores 6o value-total
6o null-total.



Tadauna 1 Tunet DCA 1 orpaHUYeHuUs UEITOCTHOCTH

Turmsr [IpaBuia, onpenerstonye THII CBs3H, Tae A u B — MHOXEcTBa
OrpaHuYeHns [EITOCTHOCTH
3CA aTpubyTOB, JIeMeHT (KopTex) acA, anement (koprex) beB
1 M1 Jnst 3aaHHOTO 8 WMeEETCS CTPOro OAWH 3eMeHT b u mns
W= | 3ajmaHHOTO b MMeeTcs He MeHee OTHOTO 3JIeMEHTa a
OyHKIMOHABHBIE 3aBUCHMOCTH
1101 Jnst 3a1aHHOTO & UMeeTcs He Ooree OJHOro 3aeMeHTa b u ms
e 3aJ]aHHOTO D UMEeTCst CTPOro OIMH DIIEMEHT a
Jnst 3amaHHOrO & MMeeTcs He Oonee ofHOro 31eMenta b u wis | OTHomeHne MEXAY  NEpBHYHBIM
L.M:0..1 | 3a51a6m0r0 b MMeeTcst He MeHee OHOTO dIeMeHTa @ KJIFOYOM W BHEIIHKM KITFOYOM B OTHOH H
TOW ke Tabymie (BO BHEIIHEM KIIoue
Jnst 3aaHHOTO & WMeEeTCS CTPOro OAMH 31eMeHT b u ams N
0.1:1.1 JIOITYCKArOTCsI HeornpeeNéHHbIe
sebede 3aJjaHHOrO b MMeeTcs He 6oJiee OHOrO IEeMEHTa a
3HAUCHHUS)
Jnst 3aaHHOTO & WMeEeTCs CTPOro OAWH 3meMeHT Db u mns
0.M:1..1 OTHoleHue MEXKAY  NEpBHUYHBIM
VL 3ajanHoro b umeercst M anementos a, rae M =0
KJIFOUYOM W BHELIHUM KJIFOUOM JUISl JIBYX
Jlnst 3a1aHHOTO & UMeeTcss He Ooree OJHOro 3eMeHTa b u s | pasHbIX TabIHI (3aBuCHMOCTH
0.1:0.1 | 3apanmoro b umeercs He Goree oHOrO 3MeMeHTa @ BKJIFOUCHUST)
Jnst 3amaHHOrO & MMeetcs He Oonee ofHOro 3eMenta b u s | OTHOleHKE MEXKAY  NEpBHUYHBIM
0..M:0..1 3amanHoro b umeercss M snemenToB @, riae M =0 KJIIOYOM 1 BHCIIHUM KITIOYOM UL IBYX
pa3HBIX TaOJIMIl, KOTJa BO BHEIIHEM
21.]'[5[ 33IaHHOr0 a HMMECTCS CTPOro OJMH 3JJICMEHT b u I | KIIrode JIOITYCKarOTCs HeonpeﬂenéHHL]e
1 Ml 1 3aJaHHOIr O b HUMEETCI HE MEHEE OJIHOI'O DJIEMEHTA a 3HAUYECHUS (3TOT cnyqaf/'[ HE TIOJHOCTBhIO
T OTpaxkaercs 3aBUCHMOCTSIMH
BKJTIOYCHUS])
Cmpykmypnoe  ceoiicmeo 2. Ilyctb RS: A MHTepIpeTMpOBaJIKMCh OAHUM M3  TPaJULIMOHHBIX
RelShipType i %1
¢ PTY® 3 B _ sjemeHTapHas cBSi3b ATpHOYTOB. CIOcOOOB, TO TaKOW BHA KOpTexeWd Obul OBl

Hust 100X ABYX kopTexed ty u teRS, Takux, uto
na(t1)=ma(t2), Bemomnasiercs cnemyromee: ne(ty) u na(ty)
6yayt nmbo value-total, mu6o null-total.

B NPUBEACHHBIX BBIIIIE ompeeIeHusIX
ucnone3ytoress  hull-3mauenmst. B teopun  PBJI
CYLIECTBYET MHOXECTBO Pa3JIM4YHBIX HHTEPIpPETaLi
HeonpeeIEHHbIX 3HAUYEHUH W HenoJHOW uHpopmanuu
[8, 10, 17]. B maunoii pabote Null-3HageHns pakTHIecKu
HE SBISIIOTCS HEONPEIeNEHHBIMH 3HAaUYCHUSIMH B TOM
CMBICIIE, B KOTOPOM HX MOHUMAIOT B HPUBEAEHHBIX
BBIIIE HMCTOYHHKAX. Kak BHIHO U3 CTPYKTYPHOTO
ceoiictBa 1, null-3Hayenns Bcerma «3amoNHAIOT» BCHO
MPOEKIUIO KOPTEeXa Ha CTOPOHY CcBsA3U. Takum obpazom,
cBsi3H, comepkammue null-total xoprexu, mpubMKEHHO
COOTBETCTBYIOT ~ CBSI3SIM  MexIy Tabiumamum ¢
HEoOs3aTeTPHBIM  KJIacCOM  IpHHAIISKHOCTH B ER-
mozaenu. Iloxoxkas uHTEpHpeTanusi HEONpEeAeNEHHBIX
3HAQUEHWH M TIOHATUS  «CBS3b», HO B  MeEHee
(hopMaM30BaHHOM BHJIE, TIpUBEICHA B [2].

Ha Puc. 2 moka3aHbl ciydan, HE COOTBETCTBYIOIINE
CTPYKTYpHBIM cBoiicTBaM 1 u 2. ITycTh B OTHOIIIEHNH Ha
Puc. 2 atpubytst A 1 B coCTaBIsIOT IEpBUYHBINA KITIOY,
a X m Y — BHEMIHUA KIIOY C KAKAM-TO JPYIHM
oTHOIIEeHNEM. Eciy HCKITIOYNTh KOPTEXH, BBIZCICHHbIE

Ha Puc. 2, Tto B3ammoorHomenne AB u XY MoxHO

1.M1.1
BEIpa3uTh CBs3bl0 AB «———=—>XY. Kakx BumHo u3

Puc. 2, B mpakruke npoektupoBanus PB/I, kak mpaswuiio,
He OBIBaeT Ciy4aeB, YTOOBI KOPTEKH, COCTABIIIOIINC
BHEIIHUHM KJIFOY, WMENTH OBl BUA Kak y KOPTEKei,
BBIZIENICHHBIX B pamku Ha Puc. 2. Eciu 651 Null-3Hauenns
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TECOPETUUCCKH BO3MOKEH.

A B|§ Y
Mull Mu

1 a

1 a|1l0 z KopTexu

2 b1l x He COOTBETCTBYHT

3 c]ll x CTPYKTYpHOMY CBO#CTBY 2
L4 dlNully

3 ell2 w MpoekTUMA KOpTEXa

Ha@ CTOPOHY CBA3M XY

HE COOTBETCTBYET
CTPYKTYpHOMY CBOiCTBY 1,
He ABNAETCA HK value-total,
HW null-total

Pucynok 2 [IpumMeps! KopTexe, He COOTBETCTBYIOIINX
CTPYKTYPHBIM CBOWCTBaM 1 u 2

B Tabnurie | npeacraBieHo, KAKUM OTPaHHYCHHAM,
BaXHBIM IS TpOeKTHpoBaHUs u paborel PB/I,
cootBercTBYIOT 3amanHble Tunel JCA. Kak BumHO,
4TOOBI 3TO COOTBETCTBHE COOOAanoch, DCA ITOKHBI
OTBEYATh CTPYKTYPHBIM CBoOWCTBaM 1 1 2.

3 YacrHbii cayyail. Cesasu Tuna 1..M:0..1

3.1 DaemenTapHas cBs3b aTpudyToB THna 1..M:0..1
U NpaBWJIa BBIBOAA

Kak ykxazano B Tabmume 1, cBs3p tmma 1.M:1..1
cootBerctByeT ®3. Ecim mpoekt PBJl coctonTt TONMBKO
u3 cBszedt Trma 1..M:1..1 wm 1..1:1..1 (xoTOpBIe MOXKHO
ceectr k 1..M:1..1), To meromsr mocTpoerus cxem PB/]
CBeOyTCSI K KiaccmuecknM moaxonam. OmuH  u3
KIIACCHYIECKUX TTOXO/I0B — 3TO MCIIOIB30BaHIE METOAA
cHHTe3a. BaXHBIMH 3JIEMEHTaMH MeETO/a CHHTE3a




SIBIISIFOTCS: TIpaBWiIa (aKCHOMBI) BBIBOJA; 3aMBIKaHHE
MHOXxecTBa D3, OCHOBAHHOE Ha aKCHOMaxX BBIBOJA;
3aMBIKaHHe aTpuOyTOB; membership-anroputm,
ONpeaeAioUi NPUHAIIIEKHOCT Npou3BoibHON D3
3alaHHOMY MHOXecTBY D3; aJrOpUTMBI MOCTPOCHUS
Ppa3IUuHBIX MOKPBITUI MHOXecTBa D3 [12, 15].

Ho Ha npaktuxe B npoekre PBJl mpucyrcTByroT He
TOJBKO OrpaHWYeHus], cooTBercTBytomme D3, HO U
MPaKTHYECKH BCE OrpPaHUYCHUS, TPUBEAECHHBIE B
Tab6mume 1. B Oynymmx padbotax ITaHUpyeTCs Co3IaHue
(hopMaJTbHOM CHUCTEMBI, YIUTHIBArOIICH Bee TUIBI DCA,
3agannble B Tabmume 1 ¥ TakuM 00pa3oM yUnTHIBAIOIIUE
BCE OTpaHMYEHUs, XapakTepHble i THOHYHBIX [IpO.
Hmxe paccmarpuBaercst Oonee mpocToil cirydaid, Koraa
ucxonHoe MHoxectBo OCA, Ha OCHOBE KOTOpOIroO
croutcsa cxema PBJI, cocTrouT TOnbko U3 CBsA3EH Tuma
1..M:0..1. JlaHHBI ciydail MOXOX HAa KJIACCHUUYECKUH,
xorga mnpoekt PBJ[ crTpouTcs TONBKO Ha OCHOBE
mHoxkectBa @3 [12, 15] (cBsu Tmma 1.M:1.1 wmm
1.1:1..1).

Hamum OGomee crtporoe onpexnencane DCA Tuma
1..M:0..1.

Onpeoenenue 3. Ilycts R — cxema otHoweHus I, A u

BeR, mycts 3anana cesisb RS: A<«—M%1 5B Torxa

OTHOILIEHUE I yoBIeTBOpsieT cBsi3u Thma 1..M:0..1, eciu
ne(ca=a(r)) comepxur nubo null-total xoprexu, nubo
ctporo omuH Value-total koprex, rme m — onepamus
NPOEKIMH, G — ONEPALUs CEEKIINH.

Janee mnpencTaBUM MHOXECTBO IIPaBHJ BBIBOZA
(axcuom) mnsa OCA tuma 1.M:0..1. IIycts R — cxema
orHomenns u A, B, C HeTlepeceKaroecs
noAMHOXecTBa aTpuOyToB cxeMbl R. Toraa st mo6oro
OTHOIIEHHsI I' co cxeMol R crpaBeuIMBBI CIEYIOLIHE
NpaBuiia BHIBOJA!

Rule 1. IHonomenue: A<=M21 5

coboit AC «=:M%-1 g

B Bieuér 3a

Rule 2. Ilpoexmusnocme: A< EMOL 5 BC preuér

1.M:0..1 1.M:0..1

3a coboil A <

Rule 3. Tpansumusnocme: AtMOL 5By B

1.M:0..1 1.M:0..1 C

&> &>

C TOMOIIBIO 3THX TMPaBHI MOXHO MOCTPOUTH
3ambIkaHue cBszeid Tuma 1.M:0..1. Jloka3zareasCTBO
HaIEKHOCTH W TONHOTHI cuctembl nipasmi Rule 1, Rule
2, Rule 3 B cratse He mpUBOAUTCSL.

C Bieuér 3a coboit A

3.2 ANropuTM MOCTPOEHHUS] 3aMbIKAHHUSI ATPUOYTOB
OTHOCHUTEJIbHO MHOKeCcTBa cBsi3eil Tunma 1..M:0..1

ITycte RS — mcxomHoe MHOXKECTBO CBs3el THIA
1.M:0..1. Anroputm | onpexmensier 3aMBIKaHHE
arpubyroB A* Hax A otHOCHTENBHO RS.

Anaroput™ 1 AnTOopUTM BBIYHCICHHUS 3aMBIKAHUS
aTpHOyTOB OTHOCHTENBHO MHOXECTBA CBS3€H THIA
1..M:0..1

CLOSURE (RS, A)

BXOI:
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1. RS -
1..M:0..1,

MCXOOHOEe ceazen

3allaHHOE Ha CcXxeMme

MHOXeCTBO
U;

TUIIa

2. A - MHOXeCcTBO arTpubyTon AcU.

BHXOIl: A" - 3ambkaHue aTpuOyTOB Han A.

METOT :

CLOSURE := J;
OLDCLOSURE := J;
BEGIN

OLDCLOSURE := CLOSURE

1.M:0..1
FOR ALL X(—O——> YeRS

DO IF XcA U CLOSURE

THEN CLOSURE CLOSUREVY

END
WHILE (CLOSURE # OLDCLOSURE)

JlokakeM KOppeKkTHOCTh paboTsl Anropurma 1.

Teopema 1. AnroputM | KOPpPEKTHO BBIYHCIISET
3ambikaHde arpuOyroB A* Hag A OTHOCHTEIBHO
HEKOTOPOro MHOXecTBa cBsizeil tuna 1..M:0..1 RS.

Jlokazamenvcmeo. Ilycte CLOSURE — MHOXecTBO
aTpuOyTOB, BO3BpalaeMbix amroputMom 1. HyxkHo
nokaszath okBuBajeHtHocth CLOSURE u A*. 3to

MOXKHO JOCTHYb, Jmoka3zaB, 4ro CLOSUREcCA* u
A*cCLOSURE.

1. Jokaxem, uyro CLOSUREcA*. s srtoro
MTOKaYKEM, 4TO ecnu HEKOTOPBIi aTpuOyT

WeCLOSURE, o WeA*. Bo3MOXHBI IBa CITydas:

a) [Tycte WeCLOSURE u B HCXOHOM MHOXXECTBE

. 1.M:0.1
cs3eil RS cymectByer cBsizb X <———=—>Y, TaKas,

yto XcA u arpubyr WeY. Torma u3 cBamsu X

1.M:0.1 1.M:0.1
<————=—Y MOXHO MOIYy4UTb CBA3b A <—————>

W, mpumenus npasuna: Rule 1 (nononnenue) u Rule 2
(npoexmusnocms), cnenoatenbuo, WeA”*,

0) ITyctb WeCLOSURE 1 B UCXOTHOM MHOXXECTBE

1.M:0.1
>

Z, takas, uto WeZ. U3

. 1.M:0.1
STHX CBS3€H MOXHO TOJNIYYUTH CBs3b A <———=——> W,

npuMennB mpaswia Rule 1 (rnonoanenue), Rule 2
(npoexmusnocms), Rule 3 (mpansumusnocms),
cnenoBarenbio, WeA*. Jlist TaHHOTO CiTydast BO3MOKEH
BAPHUAHT, KOTJIa MEK/LY OMMMCAHHBIMH UCX OHBIMH JIBYMS
CBA3SIMH OyIET LermoYka W3 N CBsi3eil, TakWx, 4YTo K
KOKIOU CBA3M M3 JTOW LIEMOYKHM MOYKHO NPUMEHUTh
npaswio Rule 3 (mpausumusnocms). B stom ciydae
CIIPaBEIIMBOCTH BBIBOJIA MOKET OBITH JIETKO JOKa3aHa
MH/YKI[MEH [0 YHCITy MIATOB B IEMOYKE BHIBOJIA.

2. Jokaxem, uyro A'cCLOSURE. MHuoxecTBO
CBsI3edl, KOTOPOE MOKHO TONYYUTh THPHMEHEHHEM
npaswi Rule 1, Rule 2, Rule 3 k mcxoaHOMy MHOKECTBY
cBsi3eil RS, OyneM Ha3pIBaTh 3aMbIKaHHEM CBSI3el Hajl
RS u ob6osnauate RS*. IlycTe HEKOTOpBIH aTpuOyT

YeA*. D10 o3nauaer, urto B RS* cymectByer cBsizp A

1.M:0.1 1.M:0.1
<————== 5 Y W, CIIeA0BaTEIIbHO, CBI3pb A <——"—>

cBs3eil RS cymiecTByroT cBsizb X Y, Takas,
1.M:0.1

yto XCA, 1 cBsi3p Y ¢«———~—>



Y MoxxeT OBbITh MONy4YeHa MpUMeHeHreM npasui Rule 1,
Rule 2, Rule 3. TlokaxeMm, YTO €CIM HEKOTOPOE
MHOKeCTBO aTpubyToB Y eA*, To YeCLOSURE®Y, rne
CLOSURE®Y — cocrosnue nepemennoit CLOSURE Ha i-
M mare AnroputMa 1. BelmeckasaHHoe HOKakeM IO
UHIYKIUH. Vcronb3yeM WHIyKIUIO TI0 YMCITy IIaroB B
LIEMOYKEe BBIBOAA, BblJaBaeMod Ausroputmom 1.
I'unoresa unnykimu: «Ecoun XCA u no npasunam Rule

1, Rule 2, Rule 3 cBsizp X «=MO1 sy cnenyet u3 RS

3a He Ooyiee 4eM S IIaroB, TO KaXIbld aTpuOyT m3 Y
conepxurcsa B CLOSURE®),

basuc: s=1. B RS cymecrByer HekoTopast cBsi3b X

«2MOL 5V, torna kamupti atpubyr m3 Y Gyzer

TpuBHaIbHO puHaLiexkath CLOSURE®,

s>1. B COOTBETCTBMM C THIIOTE301

MHIYKIUA UI HEKOTOpoi  cBsisn V<=M s\,

Hony4eHHOM Ha mare BbiBoga S—1, WCCLOSURE®S -9,

JIOKa)KeM, YyTO Ha I1are BbIBOJA S I CBS3U X

MO sy koropas cnenyer u3 V <=M 5 Wi

ofaHoMy w3 Tpéx mpasun BeiBoga (Rule 1 myHkr «a»
JI0Ka3aTeabeTBa, Rule 2 myHKT «6», Rule 3 myHKT «B»),
Y 6yner npunaanexats CLOSURE®,

a) Rule 1 (nononnenue). Ilycteb cymectByer cBsizb V

1.M:0.1
«MO1 Sy priBenenHas 3a MeHee uyeM S I1aroB,

TOrJJa B COOTBETCTBHHM C THIIOTE30H HHIYKIUH
YCCLOSURE®™, Tlycth cymiecTByeT MHOXKECTBO

atpubyroB T, Takoe, uro VT cXcA. Ilpumenum

npaswio Rule 1 u momyunm cBs3b X ¢ 2:MO.1 o Y, mis

KOTOpPOH MHOXXECTBO aTpuOyTOB Y OyJIeT Mo-npeKHEM Yy
npuHaiexats CLOSURE. TlosTomy Ha niare S umeem
YcCLOSURE®.

6) Rule 2 (npoexmusnocms). Tlycth cyliecTByeT

1.M:0..1
cB13b X <———=>\W, BpIBeneHHas 3a MEHEE 4YeM S

maroB, Torga B COOTBECTCTBHHU C THUIIOTE30i1 HHAYKOUH

WCCLOSURES™D,  Tlyets YCW, npumenum kX

1.M:0.1
>

Hnoyxyust:

W mpasmwio Rule 2 wu momyumm X

« =ML 5y Tak kak WCCLOSURE u YCW, To
YCCLOSURES,

B) Rule 3 (mpansumuenocms). Ilycte cBszp X
« MO 5y cpeayer no npasumy Rule 3 m3
OpenbIAyIIUX IBYX CBA3ed XML o7 y 7

LMOL oy Cpssp X«—2MO%L 3 7 pripomures 3a N

maroB (N < S), TOorma MO THIIOTE3€ WHAYKIHH
ZcCLOSURE™. PaccMOTpUM HCHOJNHEHHE ajTOPUTMA

1 ¢ Z BMecTo X. B COOTBETCTBUY € TUTIOTE30M WHAYKITIH

1.M:0.1
3a K maroB MOXHO TONYYHTH CBsI3b Z ¢———=—Y,

takylo, uto YCCLOSURE®. Vurém cnemyromee
Habmonenue 1: mycts RS — MHOXKECTBO CBsi3ell Tuia
1..M:0..1, A u B — muOXecTBa aTpubyros. Ecin AcB,
t0 CLOSURE(RS,A)cCLOSURE(RS,B). Beimre 65110
nonmygseno ZcCLOSURE®™. B coorserctBum ¢
HaOmonennem 1, ecnom  ZcCLOSURE®™,  to
CLOSURE®CCLOSURE®™X.  Tak kak MHOXKECTBO
atpubyroB Y comepxkanoc B CLOSURE®, To Y
conepxurcs u 8 CLOSURE(™),
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Jokaza CLOSUREcA* u A'cCLOSURE,
nonyanm, uyro CLOSURE wu A* oKkBUBaJeHTH W
amroputM | koppekTHO BBIUHCHser A* Ham A
OTHOCHTEITLHO MHOXeCTBa CBs3eil RS.

3.3 Membership-anroputm a8 cBs3eH

1..M:0..1

THIIA

[Iycte RS — wmcxomHOe MHOXKECTBO CBSI3€H THIa

1.M:0..1 m wmMmeercs mpousBoibHast cBI3b RSi: A

M..10..1
<————> B. Eciiu BC A", 1o ¢Bs13b RS; npuHaiiexut

RS*, To ects MoxeT ObITh BbiBeAeHa U3 RS uepes
npumenenne unpasun Rule 1, Rule 2, Rule 3.
[puHa1IeKHOCTD TPOM3BOIIBHOM CBSI3H RS:
3aMBIKaHUIO CBsi3ei RS* ompesensieTcss ¢ MOMOIIBIO
AnroputMma 2. TakuM 006pazom, AITOpUTM 2 BBITIOTHSET
pons membership-aaropurma.

AJropuT™ 2 ANTOpuUTM NPOBEPKH IPUHAIEKHOCTH

npou3BoibHOM cBsizu  Tuma 1.M:0..1 3amMbIkaHuIO
MHOXeCTBa cBs3er tuna 1..M:0..1
MEMBER (RS, RS1)
BXO[I:
1. RS - MCXOIHOE MHOXECTBO cBa3en TUIa
1..M:0..1;
M..10.1
2. npousBOJyibHas CBA3b RS1: AS————>B

BHXO][l: nNpMHaIJIEXHOCTb CBA3M RS1 3aMBIKaHUIO
ceazeit RS*

METOI:

BEGIN

IF BcCCLOSURE (A, RS) THEN

RETURN (true)
ELSE
RETURN (false)

END

Pemenne 3amaun npunamiexuaoctd (membership)
MpoM3BOIBHON cBs3u  Tuma 1.M:0..1 3ambIkaHHIO
MHOXecTBa cBs3ert Tuma 1..M:0..1 — RS* Heo6xomumo
JUIs TIOCTPOCHHUSI MUHHMMAJbHBIX TOKPBITHHA, a 3TO, B
CBOIO Ouepe/ib, HEOOXOAUMO JUIsl TIOCTPOCHUsSI cXeM 0a3
JIAHHBIX.

4 Jakiaouenue

[pemtoxkeHpl KOHLENIUK <«3JIEMEHTapHasi CBS3b
aTpUOYTOBY» M «THII SJIEMEHTAPHON CBSI3U aTPUOYTOBY.
PaccmoTpen wacTHBIN ciydaif, korga MHOXecTBo DCA
COCTOHUT TOJIbKO W3 cBs3edt tuma 1.M:0..1. isa sToro
ciydasl TpPEACTaBIEHbl CHCTEMa IPaBWI BBIBOAA H

QNTOPUTM  BBIYMCICHUS ~ 3aMBIKaHHS  aTpuOyTOB
OTHOCHTEIIBHO MHO)XecTBa cBased tmma 1.M:0..1 u
AJNTOPUTM, I103BOJISAFOLIIMI OMPEICITUTh

TIPUHAIICKHOCTh MPOM3BOIRHON cBsi3M Tuma 1..M:0..1
3aMBIKaHUIo cBs3el Thna 1..M:0..1. Pemenne »tnx 3amaq
HEOOXOAUMO ISl IOCTPOSHUSI MUHAMAIIBHBIX TIOKPBITHIH
W JATBHEHIIEro MOCTPOCHHA cXeM 0a3 JlaHHBIX.
[lpuBeneHO /OKA3aTENBCTBO KOPPEKTHOCTH PabOTHI
QITOPHTMa  BBIYKMCIICHUS  3aMBIKaHHS  aTPHOYTOB



OTHOCHUTEIHLHO MHOXKECTBA cBa3el thna 1..M:0..1.

IIpu  panpHelmeM  pa3BUTHUM  IPEATIAraeMoro
TIOAXO0/a TUIAHUPYETCS] 00OCHOBATh MHOXKECTBO TPABHIT
BbIBoja (akcmoMm) g gapyrux  tanoB  OCA,

npuBenéHHplXx B Tabmume 1. Ilnanmpyercs cTpouTh
HenporuBopeunBsie (conflict-free) muokectBa DCA
Pa3MYHBIX TUIOB, OOOCHOBaTh INpaBHia BHIBOJA IPHU
COBMECTHOM HCNONIb30BaHNH DCA pa3nu4HbIX TUIIOB U
MIOCTPOUTH ~ AJTOPUTMBI  3aMBIKaHUS aTpUOYTOB U
membership-anroputMsl ast 3THX ciaydaes. Jlanee, Ha
OCHOBE pa3pabOTaHHBIX TpaBWJI W  aJITOPHUTMOB
IUIAaHUpYeTCsl pa3paboTaTh alrOpUTMBl CHHTE3a H
JekoMrno3unuu st moctpoenus cxem PBJI. [lanee,
YUUTBIBAsE pa3pabdOTaHHYIO TEOpETHYECKylo  0asy,
IUIaHUPYeTCsl pa3paboTaTh NPHUKIAJAHOE MPOrpaMMHOE
obecrieyeHne Uil MOAJEPIKKU Tpoliecca MOCTPOCHHUS U
comnpoBoxaeHus npoexra PBJI.
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Abstract. Machine learning methods have become crucial to many aspects of astrophysics and
cosmology. We focus on the evaluation of photometric redshifts as a template case of classification/regression
problem in astronomical data mining. We discuss the general aspects of the problem and some recent work
which tries to solve the issues posed by optimal feature selection, missing data and by the evaluation of

probability distribution functions.

Keywords: data intensive domains, astrophysics big data, machine learning, photometric redshifts.

1 Introduction

Multiband, multi-epoch digital sky surveys are
producing a tsunami of complex, high quality data, which
is changing the landscape of astrophysical research. New
generation survey telescopes such as the Large Synoptic
Survey Telescope (LSST) and Euclid in the optical
domain, or the Square Kilometer array (SKA) in the radio
domain, will soon produce many tens of TB of processed
data every day, and on the long term will provide
hundreds of measured parameters for billions of sources.
An unprecedented wealth of high quality, accurate and
complex data — stored in distributed data centers - that on
the long term is expected to revolutionize our
understanding of the universe. In order to cope with this
data overabundance, all steps of the data understanding
chain — acquisition, reduction, analysis, visualization and
interpretation — are being deeply transformed and
machine learning methods (ML) are becoming crucial at
every stage of the process. In particular, modern
precision cosmology requires accurate information on
both type and redshift (i.e. the distance) for very large (in
the hundreds of millions) samples of galaxies. This task
cannot be accomplished by means of traditional
spectroscopic techniques and in recent years there has
been an explosion of alternative methods based on the
exploitation of the information contained in multiband
photometry: the so called photometric redshifts (hereafter
photo-z). A very effective and promising approach to the
evaluation of photo-z relies on ML methods. Many
different implementation have appeared in the
specialized literature based on different flavors of (Multi
Layer Perceptrons) MLP’s [cf. 1,2,3], random forest [4],
nearest neighbors [5], active learning [6], etc. all with
their slight advantages and disadvantages.
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“Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017), Moscow, Russia,
October 10-13, 2017

55

Therefore, rather than focusing on a specific method, we
shall discuss the general aspects of the problems and
some ongoing work addressing the main issues:
characterization of the knowledge base, feature
extraction and selection, missing data and evaluation of
errors.

2 Photo-z with ML Methods

2.1 The Knowledge Base

From a ML point of view, the evaluation of photo-z
is a classification/regression problem, where the chosen
method learns how to estimate the redshift of a galaxy
interpolating the knowledge available for a small but
significant subsample of objects with known
spectroscopic redshifts (knowledge base or KB). After
training, the methods (and the underlying mapping
function) can be applied to those objects for which the
spectroscopic  redshift is not available. Data
augmentation techniques have been tested but did not
lead to reliable results. More promising seems to be the
combination of machine learning methods with other
techniques, (such as, for instance, template fitting [7]).
This process has two implications, one rather obvious
and the other much less so. First, the methods cannot be
applied to objects outside of the parameter space sampled
by the KB (for instance, fainter than the spectroscopic
limit). Second, methods often fail to capture the
properties of objects which, being intrinsically rare or
peculiar, are not well represented in the KB. Given the
complexity of the extragalactic zoo that spans over a very
wide variety of observed and physical properties,
understanding the properties of the KB becomes crucial.
This will be particularly relevant if we take into account
that almost all we know about systematic in photo-z
comes from optically selected samples, while some
surveys of the future will deal with radio (e.g. SKA) or
X-ray (e.g. e-Rosita) selected samples. Some recent
attempts have been made which are worth mentioning. In



[8] a SOM was used to map the photometric space
expected for the Euclid space mission in order also to
define the optimal strategy to build the KB.

2.2 Features Extraction and Feature Selection

Digital surveys produce for each observed object
many hundreds of parameters that are often highly
correlated. These features (i.e. fluxes within a given
aperture, radii, concentration indexes, etc.) are usually
derived using recipes based on the expertise of
astronomers. A pioneering work [9] based on a purely
data driven approach, has recently shown that traditional
features, almost always fail to capture the subtleties of
the information contained in the raw data. This calls for
a new way to access the information contained in the
astronomical images. While this process is still in its
infancy, there are clear signs that deep learning can be
greatly beneficial (K. Polsterer, priv. comm.).

In any case, due to both computational constraints and
to the need to optimize the dimensionality of the
parameter space, feature selection remains a crucial
problem that only recently has begun to be properly
addressed within the astronomical community. At the
moment, two approaches seem to be viable: a brute force
approach, where all possible combinations of features are
tried until a plateau in the performances (defined by some
metrics) is reached [9,10] and Cavuoti (priv. comm.).
This approach, however, is computationally demanding
and not very flexible. A different path to the
identification of the optimal set of features, is currently
being implemented by Brescia and collaborators (Brescia
et al. 2017, in preparation).

2.3 Missing Data and Non Detection

Most ML methods do not deal effectively with
“missing data” (or NAN) and in many cases incomplete
data need to be rejected from the sample. This is no
longer possible in many modern astronomical
applications where incomplete data might affect a quite
large fraction of the objects. Furthermore, we need to take
into account that in astronomical applications we
encounter two types of missing data: “true” missing data
(e.g. objects in a region of the sky not observed in a
specific band) and “non detection” (e.g. objects which are
observed but not detected in one or more photometric
band). Dealing with these two types of missing data
obviously pose different problems since the latter contain
some information (for instance: an upper limit to the flux)
that needs to be taken into account. A new approach has
been implemented and tested (Cavuoti et al. in
preparation) that makes use of a nearest-neighbors
approach, to optimize and reconstruct missing
information. This approach has been validated on a
variety of real data sets.

2.4 Probability Distribution Functions

In many real science applications of photometric
redshifts (e.g. weak lensing and shear map
reconstruction) one of the main requirements is the need
to provide a PDF (Probability Distribution Function) for
both the global distribution and the individual objects.
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Such requirement cannot be met in a trivial way using
ML based techniques, since the analytical relation
mapping the photometric parameters onto the redshift
space is virtually unknown. The tool METAPHOR
(Machine-learning Estimation Tool for Accurate
PHOtometric Redshifts, [11]) was implemented as a
modular workflow, whose internal engine for photo-z
estimation makes use of MLPQNA (Multi Layer
Perceptron with Quasi Newton Approximation; [1]), with
the possibility to easily replace the specific machine
learning model. METAPHOR takes into account all
possible sources of error both internal to the method (e.g.
initialization errors) and external (e.g. photometric
errors). METAPHOR is independent on the specific ML
method used to evaluate the photo-z (it has been
extensively tested using several implementation of
MLP’s and Random Forest algorithm. Recent tests on the
KiDS (Kilo Degree survey; [12]) Third Data Release
confirmed the robustness of the approach [13].
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AnHoTtanus. IIpennoxeHa MeToauKa UCCIIEIOBAaHNUS IBHKEHUI 3B€3]1 BHYTPU PACCESIHHBIX 3BE3/IHBIX
ckorieHud. OHa MO3BOJISET BBIABUTH JETaNM YCTPOMCTBA CKOIJICHHMS HAa OCHOBE TOUHBIX H3MEpPEHHH
aCTPOMETPUUECKHX ITapaMeTpoB 3Be3/. Ha ocHoBe mocnenoBaTensHOro nepedbopa MHOXKECTBA CKOIUICHHH 1
TIPUMEHEHHUS €IMHON METOJIMKH CTPOUTCS KOHBelep. AHalIM3 pe3ylnbTaToB MacCOBO 00pabOTKH MO3BOIUT
BBISIBUTH 3aKOHOMEPHOCTH U CBSI3U BHYTPEHHET'O YCTPOICTBA CKOIUIEHHUH ¢ MX apaMeTpaMU U MOJI0XKEHUEM
B [ajakthke. AKTyaJbHOCTH TpoOjeMe A00aBisSeT TO OOCTOSTENbCTBO, YTO 3aIlylIEHHBIH HeIaBHO
kocMuueckuii Teneckon GAIA uccrenyer, B 4aCTHOCTH, 3BE3/Ibl CKOILICHHIA.

KuroueBbie c10Ba: 3B€3/1HbIE KaTaJIOTH, 3B€3/HBIE TPYIIIBL, pPACCEIHHBIE 3BE3AHbIE CKOIUIEHHS], PEeecTp
HaMMEHOBAaHUM CKOIUIEHHUH, HOMepa 3Be3]l, BXOIAIINX B CKOIIeHus, AD-auarpamma, anekc 3Be3bl.
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Abstract. A technique for studying the motions of stars inside open star clusters is proposed. It allows
revealing the details of the cluster device on the basis of precise measurements of the astrometric parameters
of the stars. Successively scanning a lot of clusters and applying a uniform technique, a processing pipeline
is built. Analysis of the results of mass processing will reveal the patterns and relationships of the internal
arrangement of clusters with their parameters and position in the Galaxy. Actuality of the problem is added
by the fact that the recently launched space telescope GAIA investigates, in particular, star clusters.

Keywords: catalogues, star reviews, star groups, open star clusters, register of clusters names, star
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numbers into clusters, AD-diagram, star apex.

1 BBeaenue

Paccesunsie 3Be3gmble  ckomienus (P3C) —
BA)KHbIE NPEACTaBUTENN HaceneHuss Mueunoro Ilytu.
dyHnamMeHTalbHBIE  aCTPOQHU3UYECKHE IMapaMeTphl
CKOIUICHHH, TaKWe, KaK BO3pPAacThl M MacChl, MOTYT
ObITH ONpENeNeHbl HaJeKHEE W TOYHEE, 4YeM IS
OTAEIBHBIX 3Be3/. C MX MOMOIIBIO U3Y4aloT, C OJHOU
CTOpOHBI, O00pa3oBaHHME W HadaJIbHBIE CTaJUH
SBONIOLMM 3BE€3d, a C APYrod — IUHAMHYECKYIO,
(OTOMETPHYECKYI0 ¥  XHMHYECKYIO  3BOIIOIHIO
lanakTuku.

Tpynst  XIX  MexxgynapoaHoii

HHTEHCUBHBIM HCIIOJb30BAHHUEM

okTa0ps 2017 rona

KOH(p epeHUIUM
«AHAJTUTHKA ¥ yNpaBjieHHe JaAHHBIMH B 00J1aCTAX C
JAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
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B Ommkaiiimme Tompl eCTh MEePCIeKTHBA OTKPHITH
JI0 CTa THICSY CKOIUICHWH. YUHWThIBasi, YTO B COCTaB
CKOIUICHHSI BXOIAT OT JECATKOB O ThHICAY 3BE3J,
CTAaHOBHUTCS TOHATHO, 4YTO MBI HMEEM Jelo C
OONBIIMH TaHHBIMU. DTOT (aKTOp BaXKCH B TAHHOM
pabore, TOCKOIBKY MBI  H3y4aeM  HMEHHO
BHYTPCHHIOIO CTPYKTYPY OTAENBHBIX CKOIUICHHUH.
OTpoMHYIO pOJIb UTPArOT y)K€ HAKOIUICHHbIE 3HAHUS,
6e3 KOTOPBIX HCIIOIb30BAHHE BHOBH ITOIYYaEMBIX
JAHHBIX HEeI(P(PEKTHBHO. DTO HAMHOTO YBEITUIHUBACT
00beM 00pabaTbiBaeMOi HHPOPMAIIHH.

Hakoruienust 3HaHUH O BHYTPEHHEM YCTPOWCTBE
CKOIUICHUM HMMEET KaK TEOPETUYECKUH, TaK U
HAOMIOMATENFHBIA  ACTIEKTHL.  YUYUTHIBAS — ITUPOTY
MaTepHualia U CIenupuKy paboThl, PaCCMOTPUM JIHIITH
HaOMIOMaTeNbHBIA acrekT. B paMkax HaOmOIeHUi
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MIEPCICKTUBHBIMHU  TPEIICTABIISIOTCS  MCCIICIOBaHUS
3BE3HOIO  COCTaBa  CKOIUICHHWH, OOHapyXeHHe
Pa3HOro posia 0COOCHHOCTEH B MX CTPOCHUH, a TaKKe
HEOOBIYHBIX 3BE3]T U 3K301utaHeT. [lociemnee cBsI3aHo
C TeM, 4TO JTF000€ CKOIUICHHUE MPECTaBIACT aHCAMOITh
3B€37]  PasNMYHBIX  MacC W CBETHMOCTEH,
COCPEIIOTOYCHHBIX, KaK IIPAaBWJIO, Ha HEOOJIBIIOM
ydacTke  3Be3HOro Heba. OJTO  MO3BOINSET
HCCIICMOBATEIAIM  OJHOBPEMEHHO  BHACTH  Ha
HeOOJBIION IUIOmMATd ©  W3y4aTh 3BE3/ABI  C
Pa3THUYHBIMHU CBOMCTBAMH.

Mao u3y4eHHOH C TOYKH 3peHHs] HaOIOAECHHH
SIBIIICTCS BHYTPEHHSS CTPYKTypa CKOIUICHHHA. JlaBHO
W3BECTHO, YTO pacIIpeeieHHE 3BE3] B PACCETHHBIX U
JaKe IIapOBBIX CKOIUICHHSIX, & TaKkKe B IOJie
lamakTHKH HE SBJSIETCS CTPOTO  OJHOPOIHBIM,
HAOJTIOZICHUS TIOKA3BIBAIOT 3BE3/IHBIC CI'YCTKH Pa3HBIX
MacitaboB. VX mpupoa moka He 710 KOHIIA BBIICHCHA.
[lepcriekTBHOE HaIpaBiI€HHE — 3TO IOUCK paHee
HEU3BECTHBIX CYOCTPYKTYpP CpEOM HACESIONINX
CKOIUIEHHE  3Be3l. 3ajaya OOHAapyXKeHHs H
KaTaJOru3aldd TaKuX OOBEKTOB  MPEICTABIISCT
UHTEpPEC M paccMaTpUBaeTCs B JaHHOW CTaThe.
[lepBUYHBIM  HCTOYHUKOM  HMH(OpMAIMU  37ECh
SIBJIIIOTCST MAcCOBBIC 0030pbI 3Be3gHoro Heba. Ilo
00beMY OHU, HECOMHECHHO, IIPUHAJUICKAT K KATCTOPHH
0onpIIMX  JAHHBIX W TpeOYIOT  TEXHOJOTHUii
HUHTCHCHUBHOI'O UCIIOJIB30BAaHNA.

Mu1 paccMaTpuBacM JIMIIb PACCCAHHBIC 3BE3/THBIC
CKOIUICHHS, KOTOpble  HamOoynee ONU3KH IO
paccrostausM kK Comuiyy. [llapoBele  CKOIUIEHUS
pacronokeHsl 3HAYUTENIBHO JAajibllie U K HHUM, Kak
MIPaBUJIO, HAIIM METOMUKU HE MpUMEeHUMBL. Kpome
TOro, AJsl ONM3KMX CKOIUICHWH JaHHbIE M3MEpEeHHH
HauboJiee Ha/ISKHBI, YTO MO3BOJISIET PACCYUTHIBATH HA
JOCTOBEPHBIE pEe3yAbTaThl M M3y4aTh JeTald HX
BHYTPEHHEH CTPYKTYphl. biM3kue CKOIUIeHUs ciayxaT
JUIA  W3YY4eHUs] MHOTHUX  aclleKTOB,  BKIIIOYas
¢dbopMupoBanue  3Be3l,  3BE3JHbIE  CTPYKTYPHI,
3BE3JIHOE Pa3HOOOpa3Ke U OKOJIO3BE3/IHbIE MPOLIECCHI,
B TOM 4YHCJIe ¥ (popMHUpOBaHue IaHeT [25].

Henp paboTel — TMOCTpOCHHE KOHBEHEpHOU
chucTeMbl oTOOpa W 00pabOTKM  JaHHBIX O
MOTEHI[UATIbHO UHTEPECHBIX 00BEKTax. DTO MO3BOJIUT
MOJyYUTh HOBBIE 3HAHUS O CTPOCHHHM PACCESHHBIX
3BE3/IHBIX CKOIUICHHH, 3BOJIIOLMM ['amakTuku U ee
noxcucreM. Hawnydmumii  BapuaHT NEPBUYHOTO
paccMOTpeHHss C TOYKH 3pEHHsS  HaIeKHOCTH
HaOmIOAeHUH — 310 Ommxkaiimme k COMHITY 3BE3THBIE
MOTOKM W CKOIUICHHWS C JIOCTATOYHBIM Ha0OpOM
JAHHBIX 00 MX 3Be3JHOM cocraBe. CKOIUICHHS, IS
KOTOPBIX COCTaBJCHBI KATaJOTH C OIpeIeIeHuEeM

HeoOxomuMmoro  Habopa  mapaMeTpoB,  TaKXKe
paccMaTpHBArOTCSL.

Ectp pasmudHbIe METOOBI HM3YYEHHS 3BE3IAHBIX
CKOIUICHWH, HANPUMEP, METOL  «IBIDKYIIErOCs
ckorenwsyy  [18], [12]. Drtor Merom Xxoporro
noaxoauT a0 paccrosiauii or COJHIA B HECKOIBKO
COTEH mapceK. MeTox  TPUTOHOMETPHYCCKHX
NapajUlakcoB  IPUMEHHM TAKKE K JIOCTATOYHO
O6mmskum  ckoruternsiM  [20].  M3BecTHBI  MeTOIEL,
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ONuparonyecs Ha XUMHWYECKHH COCTaB
npe/rnoaaraeMbIx 3Be3 1 ckoruieHus [16], MHTepecHb
METO/Ibl ABTOMAaTHYECKOTO M BH3YaJbHOTO IOHCKA

¢irykTyanmii 3BE3HOU IJIOTHOCTH 1o
ACTPOMETPUUYECKUM 1 (POTOMETPHIESCKIM JJaHHBIM [6],
[10].

Kak y)xe moHATHO, U3yUeHHE 3BE3THBIX CKOIICHUN
MBI BEJIeM, OTTAJIKUBAsICh HE TOJBKO OT 3a7a4, HO ¥ OT
JAHHBIX, POCT KOTOPBIX B IMOCJIETHHE TOJBI 00OeIaeT
ObITh OueHb OombIIEM. OCOOEHHO 3TO aKTYaJIbHO
Mocyie IMyONUKAIMK B OTKPBITOM JIOCTYIIE IEPBBIX
pesynsTatoB Teneckorna GAIA (Global Astrometric
Interferometer for Astrophysics) [11].

[lenTpasibHOE MECTO B HAIIEM HCCIICIOBAHIH
3aHUMaeT MetoJ, AJ] nuarpaMM, OCHOBaHHBIM Ha
MOMCKE 3aKOHOMEPHOCTEH B MPOCTPAHCTBEHHBIX
JBWOKCHUSIX 3BE3]] BHYTPU CKOIUIeHHH. OH MO3BOJISIET
W3y4aTh BHYTPCHHIOKO CTPYKTYPY CKOIUICHUH W
BBISIBJIATH PA3JIMYHBIC 3aKOHOMEPHOCTHU B JBIKCHHUSIX
3BE3]] WICHOB CKOIUICHHUsA. MeToy ObUT anmpoOupoBaH
Ha MHOTMX OOBEKTaxX M TpeOyeT Ooliee THIATEIbHOM
AJTOPUTMHU3ALUH C UCTIOJIb30BAHUEM CPEIICTB PAOOTHI
¢ OONBIIMMH JAHHBIMHU.

CrpykTypa cTaThM TakoBa. Bo BTOpoM paznene
JAaHO TIPEJCTaBlicHHEe 00 OOBEKTE HCCICIOBAHMSA, B
TPEeTbeM pazjierne MpPUBENeHbl Ha3BaHMS MyOIMYHBIX
apXuBOB JIaHHbIX. YeTBepThIil pa3zien MOCBALIEH

JUHAMUKE YBEIMYEHHUS KOJIMYEeCTBAa JaHHBIX O
CKOIUIEHHsAX. B maTOM pasgene paccMOTPEHBI
anmpoOupoBaHHAas  METOAMKA M II€PCIEKTUBBHI

BBICTpaMBaHUS OOpabOTKM B TIOCIEIOBATEIHHOCTD
OIHOTUIIHBIX JCHCTBUI — KOHBEWEp, HalpaBICHHBIN
Ha TPHMEHEHHE K cperne OONBIIMX MJAaHHBIX O
CKOIUICHHSAX. B 1miectoM paszene MpeicTaBICHBI
00CYXIeHHE U BBIBOABI.

2 PaccestHHBIE 3Be3IHbIE CKOILJICHUS
2.1 CoBpeMeHHOE COCTOSIHUE HCCIeT0BAHMIT

3Be3/HbIC CKOIUICHUS TPAIMIMOHHO H3Yy4arOTCs
1100 Kak rnoacucreMa o06eKToB I'anakTuky, 1TH00 Kak
rpaBUTUpYIOIIas  3Be3lHass  cucrema.  Jleranu
BHyTpeHHero ycrtpoictBa P3C, Takme, Kak TpYIIIIBI
3BE3Jl, U3y4alOTCAd HE CTONb JABHO U IIPEICTABIISIOT
coboit naTepec. [oHATHE «TpyIITa 3Be3/1» MOSBUIOCH,
mo Kpaitmeir mepe, B 1969 romy [34]. Bompoc
CYIIECTBOBAHUS MIPOCTPAHCTBEHHBIX u
KMHEMaTHIeCKUX TPy 3Be3x B kopoHax P3C moka
MaJION3y4€eH, XOTsI HaOUpaeT MOMYJIIPHOCTh B CBS3U C
OXHIAHUEM aCTPOMETPUYECKHX PE3yIbTaTOB MHUCCHH
GAIA [19]. O6 ucropuu Bompoca cm. [37].

HHurepecHa u apyras CTOpoHa MeJaly — HaiIeHbl
TM  Kakue-mubo (U3MUECKHe MPOIEcChl, KOTOpbIe
npuBeAyT K oOpaszoBanmro rpymn? CymecTByer
HECKOJIbKO ~ TOAXOMOB, KAXABIH W3  KOTOPBIX
MPOJIMBAET CBET Ha 3Ty MpoOIemMy.

Brepsoie Ban Ansbama B 1968-m romy B [29]
MOKa3aJl BO3MOXKHOCTH (POPMHUpOBAHMSA IIHPOKHX
JBOMHBIX W KpaTHBIX 3B€3]] C XapaKTepHBIMHU
pasmepamu mpumMepro 10 a.e. u 6onee. Takoe coObITHE
MOXET TPOMCXOAWTh B  pPE3ylbTaTe pacmajga



HeOOJIBIINX 3BE3IHBIX TPYMII C pasMepaMu or 10**2
mo 10**5 a.e. Jlna cnpaBkm mobaBum, 4910 1 a.e.
cocraBisieT 149 597 871 xm u 1 nx = 206264.8 a.e.
MakcuManpHBIi ~ pasMep  TONy4aeTcs  PaBHBIM
npuMepHo 0.5 nk.

OO0 o00pa3oBaHUM 3BE3HBIX CHCTEM BBICOKOTO
MOpsKA KPATHOCTH B 3BE3JHBIX CKOIUICHHSAX: B
0630pe Jlapcona [15] mokaszaHo, 4YTO OOJBIIMHCTBO
3Be31 B okpecTHOCTH CoiHIA (OMMHOYHBIX, ABOHHBIX
U YCTOMYMBBIX KpaTHBIX) MOIJIO 00pa3oBaThCS B
pe3yabTaTe pacnasa HeHepapXUIeCKUX MaNbIX TPYIII

3B€3Jl, COJAEPXKAIIMX OT HECKOJIbKUX IITYK [0
HECKOJIbKUX JIECSITKOB 00BEKTOB. IIponecc
00pa3oBaHUS KpaTHBIX CHCTEM B  CKOIUICHHSIX

paccmotpen B [30].

CyliecTBYIOT Ipymmbl 6oee BHICOKOrO MOPSIKa,
COCTOSIIME U3 CKOIUICHWU, OHU OOHapyxeHbl B [9].
BoizienieHbl YeThipe CTPYKTYpPhI, BUANMBIE B BIUBIIET
MPOCTPAHCTBE, KOTOPbIE COOTBETCTBYIOT MOTOKY
I'epkyneca, Ilnesgam n I'mamam, rpynme Cupuyca.

COOTBETCTBYIOIIHE JUHAMAYECKHE MOJIENH
CBUJICTENBCTBYIOT 00 uX PE30HaHCHOM
NPOUCXOXKJEHNM B Toukax Jlarpamka Oammka

["ajakTHKH, OT CIUPATILHBIX BETBEH MITM KOMOWHAIIMH
3THX Bo3AelcTBui. MccnenoBanue [9] monTBepxiaet
PE30HAHCHYIO TNPUPONY MPOUCXOXKACHUS IOTOKOB
[nesin, I'man u Bonbioit Mensenunp! (Cupuyca).

2.2 IloncKH HEU3BECTHBIX CKOIJICHHH

Kaptuna Heba, BuanMasi riia3oM, 0OMaHIMBa — MBI
Jierko HaxouM [ Tiesiyipl, HO He BUAUM MHOTHE THICSIUU
MOAOOHBIX CKOIUICHWH, KOTOpbIe JIMOO Maiibl, JIMOO
pacronoxensl JocratouHo janeko ot ConHia u
ciuBaroTes co 3Be3HbIM poHom. Ha nebecHoii cdhepe
YCIIOBHO MOYKHO BBIJCIIMTH JIBE 3BE3HbIC (pakiuuu —
¢oH u dunykryanuu 3Be3Hoi motHoctu. Ha Puc. 1
nokazanbl P3C B co3esnuu Ilepces — NGC 869 u
NGC 884 (New General Catalogue of Nebulae and
Clusters of Stars), u3BecTHblE Takke Kak IBOMHOE
ckoruieHne B Ilepcee. [lns HaOmiojarenss OHH
BBINJIIAAT Kak (DIYKTyallMd 3BE3HOM IUIOTHOCTH.
INouck momoOHBIX (GIyKTyaruii SIBISETCS OCHOBOM,

JeKaled B OTKPBITMM  paHee  HEH3BECTHBIX
CKOILICHH.

OnykTyallud  MOT'YT HMETh  T'€HETHYECKYIO
NpUpOAY WIM HOCUTh  CIIyYalHBIM  XapakTep.

HckyccTBO yueHOro 3aKIIOYaeTcs He TOJIBKO B TOM,
9TOOBl CyMETh €€ HAWTH, HO W ONpEeAeNUTh, 4YTO
HalizeHa HUMEHHO bu3nueckn CBsI3aHHAs
TPYNIUPOBKA. [l 3TOr0 NPHUMEHSIOTCS KPUTEPHH,
OCHOBAHHBIE Ha OOIIHOCTH COOCTBEHHBIX IBVIKECHMI
3Be3] Ha HeOe. JlonoNHuTebHBIE KPUTEPHH OCHOBAHBI
Ha ONpeleleHHH M HCIOJIb30BaHHN BO3PAcTOB H
XMMHYECKHX COCTaBOB 3Be3l, a TaKkKe HX
(boTOMeTpHYECKHX XapaKTEePUCTHK. Bes
COBOKYITHOCTb NEPEUNCICHHOH MH(POPMALUHA MOXKET
CBHIETEIBCTBOBATH O TOM, 4YTO TEpex HAMH
(M3HYECKH CBS3aHHAS TPYIIIIA — 3BE3JHOE CKOIICHHE.

Bun cxomnenus Ha HeOe ompenernsercs IByMs
¢akropamu — paccrosHmem ot ComHma U
¢usnueckuMu pazMepamu. MHOrHE CKOIUIEHHUs 0e3
JIOTIOJIHUTEINIBHBIX TECTOB 3aTPYIHHUTEIBHO OTIHYUTH
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OT CITy4alHBIX (QIIYKTyalui IUIOTHOCTH. Tak, KpynHoe
CKOIUICHHE, PacIONOKeHHOE OIM3KO K HaOIIoaTerto,
MOXXET 3aHMMAaTh HACTOJIBKO OOJNBINYIO TUIOMIA[b Ha
MIOBEpXHOCTH HeOa, 4To OyIeT HEOTIMIUMO OT (oHa.
Yacto HEOOXOAMMO TIOHATH, YTO OOHAPYKEHO
HOBOE, paHee HEW3BECTHOE CKoIuleHHue. Jlst 3Toro
HY)KHO TIPOBECTH OTOXXJECTBJICHHE HalJeHHOM
TpyNIbl  3Be37 10 KarajoraM C JaHHBIMH 00
W3BECTHBIX CKOIUIEHWsIX. Eciam cpenu H3BECTHBIX
CKOIUICHHH €€ HET, TO BBIIBUTAETCS MPEIIOI0KEHHE
0 TOM, 4YTO OOHapyXeHO HOBO€ CKoruieHue. bomee
JIETAJIbHO 3TH BOMPOCHI paccMOTpeHbl B [22], rae
OITyOJTMKOBAHBI PE3YNbTAaThl IIOWCKA HEW3BECTHBIX
CKOIUIEHHH 110 BUJJMMBIM YIJIOTHEHHUSM Ha HeOe.

PucyHnok 1 Tax BBRITTISAAT paccesHHbIE 3BE3/IHBIC
CKOIUICHHs] B HEOONbIIOH Tesieckon. dparmeHT
¢oromnacTuaky ¢ n3obpaxkeHreM ckoruieHus h and
[epces. orormnactuHka nomydeHa Ha 40-cm
Actporpade 3BeHUropoIcKoil 00CepBaTOPHH.
Ha6mronarens B.I1. Ocunenko

B [23]  npeacraBieH  pe3ynbTaT  MOMCKa
HEU3BECTHBIX CKomleHui. Mcnonp3oBaH —aHanu3
MPOCTPaHCTBA CKOPOCTEH, Ilie 3Be3/1bl 0OHAPYKEHHO
TPYIIHUPOBKH BBIIEISIOTCS COBMECTHBIM JIBH)KEHHEM
B ["anaktuke.

3 ApXMBBI JAHHBIX 110 CKOILJIEHUSIM

CymectByer MHOXecTBo 0a3 mauHbIX (B/I), rme
MOXXKHO HAWTH KaTaJloTH CKOIUICHUH, HaIlpumep,
VizieR [31], SIMBAD (Set of Identifications,
Measurements and Bibliography for Astronomical
Data) [26]. Ecte BJI, comepkarmme ImTyOIuKaminm
crateit, takue, kak ADS NASA (Astrophysics Data
System) [27], ScienceDirect (maHHbIE H3IATEIBCTBA
Elsevier) [24], 10Psclence [13], Wiley Online Library
[33]. Camas xpymHas — ADS NASA — Bkirouaer
uHpopManuio Oomee yeM O 7 MIH. JOKYMEHTOB.
Vnomsaem eme BT u katanoru — sto WEBDA (A site
Devoted to Stellar Clusters in the Galaxy and the
Magellanic Clouds) [32], Jlurra [17], Ambrep u
Pympext [1], Bapxarosa [35], ITuckyrnos 0, koTopbie
UMEIOT B OCHOBHOM HCTOPHYECKUA MHTEPEC, XOTS B
paMkax Hamed 3amadd  uHGOpPMANWSA W3 HHUX
aKTyanbHa TUTS CpaBHEHHS PE3YIABTATOB.
HanMeHoBaHMs CKOMJIEHWIT B pa3HbIX Kartajorax
pa3MUYHBL,  YTO  CO3JAeT  MPOONMEeMBI  JUIA



OTOX/IECTBJIEHUS. DT HANMEHOBAHUS MPEICTABIISIOT
METaJ[aHHbIe, COOTBETCTBHE MEXIY KOTOPBIMH
umeroTcs, Hanpumep, B SIMBAD [26].

He Bce u3 nepeuucnennsix BJI u kartanoros
MOMONHAIOTC HOBbIMH JaHHbIMH. bBJ[ [Quac [5]
MIPE/ICTaBIsIET COOOH NPHUATHOE HCKIIOYEHHE W
MIPOJOJDKAET TOMOJHATHCSI HOBBIMU JaHHBIMH. OHa
LIEHHA TaK)Ke TEeM, YTO B HEH HCII0Ib30BaHbl aKTHBHBIE
cchUIKH (B Kaxoi crpoke) Ha WEBDA [32], Jlunra
[17], Xapuenko u ap. [14]. Taxxke 3ta Bl BKIrouaer
OMOIMOTEUHBIE KOJBI MTyOJINKaIHH.

KorrektnBOM aBTOpOB (CMHCOK Y4aCTHHKOB CM. B
[14]) cosmaercst I'moGanbHbIE  0030p 3BE3THBIX
ckorenuid Mieunoro Ilyru (Milky Way Global
Survey of Star Clusters, MWSC). Oun Bximovaer
JIECSTh KaTaJoroB M COAEPXHT JaHHblE 000 BCeX
CKOIUIEHHSX, W3BECTHBIX K HACTOSIIEMY BPEMEHHU.
Cucrema xaranoroB MWSC sBnsercs nHaubonee
MOJHOW W 4YacTO LUTHPYEMOH B COBPEMEHHBIX
HCCIIEAOBAHMUIX CKOIUIEHHH. OCHOBHBIE pPe3yJIbTaThl
npuBezneHsl B [14] — aTo KaTajor, cojepxaniuii Bce
3HA4YEHMs] METaJlaHHBIX cKoruieHuil. [lo actpomerpun
9TO:  DKBATOPHAJbHBIE  KOOPAMHATBHL,  JHAMETP
CKOIUIEHHsI, COOCTBEHHBIE JIBIDKCHUS M JIy4eBbIC
CKOPOCTH  3B€3ll, MX BO3pACThl, TOKPaCHEHHS,
paccrosiuust ot ConHua, TPUIMBHBIE —PaHyCHI.
AKTUBHBIMU B Kataymore [l4] mma kaxaoro wu3
CKOIUIEHHH SIBIISTIOTCS JIOTIOTHUTENBHBIE CTPAHUIIBI CO
3BE3NHBIMM  KapTaMl M  JUarpaMMamM#  I[BET—
BEJIMYMHA. OTH JHMarpaMMmbl TO3BOJSIIOT — y3HATh
3BE3IHBIM COCTaB W Bo3pacT ckomuieHusa. Ceifuac k
MWSC axrusHO mogkmoyarorcs ganasie GAIA [11].

4 Poct nanubIx, mpoekt GAIA

B mocnennee Bpemsi B acTpodu3MKe M OPYTHX
HAyYHBIX JUCUMIUIMHAX Bce Oojiee MOMYJIIPHBIM
CTAaHOBHUTCsS  HampaBienwe ~data  science” —
W3BJICYCHUE HAYYHBIX (DAKTOB U3 OONBIINX MAaCCHBOB
JaHHBIX. YBeNUYeHHe X 00beMa HIET 3a CYET pocTa
YHCIIa HOBBIX OTKPBITHI M pocTa HH(GOpMAaLHH 3a cYeT
HOBBIX HAOJIOJIEHUWH W MyONMKaluil mapameTpoB O
Ka)K/IOM U3 U3BECTHBIX CKOIUICHHI.
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Pucynok 2 PesynbraT moucka craTedl 1o

KITFOYEBBIM clioBaM “‘open&cluster”. Bepxuss kpuBas
— st ADS (Bcero 15261 mybnmkarwii). B cepennne —
IOPsclence (3489). Menee wmakcuMymMa B CTO
myonukanmii — Scince Direct (858), Wiley Online
Library (625), VizeR (1152), A&A [2] (1365)
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PazHooOpa3zme cocraBa u  pocT  o0bema
nHpopmanmmn (M3MEpPEHHOM B MyOJIMKaIMAX) O
CKOIUIEHUSX TOKa3aHo Ha Puc. 2. Pe3kmil ckauok
YyHUcTa MyONUKaIii Hadacs, Kak BUIuM Ha Puc. 2, ¢
2000-x TOonOB. DTO MOHATHO — BEIb POCT JAHHBIX B
ACTPOHOMHH CBSI3aH C BBEJICHMEM B CTpOH HOBBIX
JIOPOTOCTOSIIIUX TeJlecKormoB. Takum o00pa3oMm, He
YIUBUTEIBHBI CKAYKH POCTa HHGOPMAIIUN B TICPHOIBI
TOSIBJICHUS M3BECTHBIX TEJIECKOTIOB, YTO MBI BHIMM Ha
Puc. 2.

CraTucTuka CTPOUTENBCTBA TEJECKOIIOB TAKOBA:
pedpakTopsl ¢ AUaMETpoM 00BeKTHBa Oobine 70 cM
(aro 11 TemeckonoB) OBUTM MOCTPOEHBI B IEPUOJ
1880-1917 rr., Teneckonbl-peIeKTOPHI ¢ TMAMETPOM
3epkasia 6 M u Oonee (14 TenmeckornoB) — B HEpHON
1975-2005 rr. UsBectnwiii [lamomapckmii 5.1-m
Teneckon uM. Xeitna ObuT BBeleH B cTpod B 1948 T.
HIMeHHO ¢ 3TOr0 MOMEHTa HayaJicsi 3aMETHBIH pOCT
nHpopmanmu (BepxHsisi KpuBas Ha Puc. 2). [TosBnenue
HOBBIX bBJI (Bce mpouue KpHUBBIC) HAYAIOCh C
TIOSIBJIEHHEM OOJIBIIINX TeNecKOroB. HeiHYe 3amymieHo
MHOJKECTBO KOCMUYECKHX aIlllapaToB C TENECKOaMHt
Ha OopTy. Ocoboe mecto 3anmmMaer npoekt GAIA.
0030p GAIA [11] Brirouyaer MPUOTHZUTENBHO |
MIIpZ. 3B€3J,, YTO YK€ CPaBHUMO C HaceJICHUEM
lajnakThKK W coCTaBJIsIeT MpUOMU3UTENbHO 1% ee
3Be3HOr0  HacesjeHus. [IpenenbHas — 3Be3qHast
BenuurHa paBHa 20 B cucteMe G (Ha MHTEpBase JIHH
BoJH 0T 400 10 1000 HM). MuKpocekyHIHas TOYHOCTb
HU3MEpPEHUI MIO3BOJIAET MOJIYYUTh HOBYIO
uHopmanmio 0  JBIDKEHUSX  3BE3]l  BHYTPH
CKOIUIEHHH. TOYHOCTh JOCTUrHYTa BO MHOIOM
Onaromapsi cBepxjanbHemy (Oomee 1 MIH. KM OT
3emun) pacnonoxkennro MC3 B Touke Jlarpamka (L2),
UCKJIIOYAIOIIel BIMAHHE Ha TIOJNIOKCHHE armapara
rpaBUTALUN or  3emuu—JIyHsl " ComnHria.
HckmouatoTes Takke 3aCBETKa OTPaKEHHBIM CBETOM
Comama ot 3emumu u JlyHBI, a Takxke BIHSHUE
MepEeXO/I0B U3 CBETa B TeHb. TaKue Mepexo bl MEIIatoT
paboTe OKOJIO3EMHBIX ammapaTtoB, TaKHX, Kak
teneckon Xab6in. Kpome Toro, mommepikaHue
ammapaTta B Touke L2 sHepreTHyecKu BBITOAHO.

B ynomsiayToM Katanore [14] xatanoru3upoBaHo
3754 P3C. Oto coctasnsier Bcero 0.3% CkoruieHHiA
ranakTuieckoro jgucka. B o03ope GAIA crenenb
oxBata P3C cocraBmsier okoino 1%, mpemoctaBiss
BO3MOXHOCTh OTKpHITH eme 10 Thic. ckoruieHuii. B
cocraBe Miteunoro ITyru MoxkeT ObITh, KAk MUHUMYM,
100 TeIC. ckomuTeHnit. B Hameii pabore [36] coenana
OLICHKa YHCIa CKOIUIEHWH, KOTOpHIE JacT MPOEKT
GAIA B enom. B nanekom OyayiiemM MOXKHO OTKPBITH
OKOJIO | MITH. CKOIUICHHI, KOTOPHIE PACIOIIOKEHBI B
npenenax  Mneunoro  Ilytw, cocrosiem — u3
npubnu3uTensHo 100 Mupa. 3Be3 .

5 Illpumenenune AJl-nuarpamm

3amMeueHo, 4TO CyIIECTBYET  MHOXECTBO
3aKOHOMEPHOCTEN ABMKEeHUH 3Be3] B ['anaktuke. Tak,
HamlpuMep, OHM  YYacTBYIOT BO  BpaIICHUH
raJlakTHIecKoro amcka. EcTh 3Be3mbl, oOpasyromue
MOTOKW, W €CTh «YyOETraroIIue» 3BE3/bl, KOTOpHIC



HEOOBSICHUMO OBICTPO  JIBIKYTCSI OTHOCHTEJIBHO
Conana. KoopauHatel TOYKHM IPOCTpAaHCTBA, B
HalpaBJICHUH KOTOpoW HaOmojaercs JBIKEHUE
3Be3/Ibl, Ha3bIBAETCs € aleKkcoM. PaccMoTpuM MeTon
nuarpamM anekcoB (AD-mmarpamm). AD-mmarpamma
npecTaBigeT coOO0H paclpesiesieHie aleKcoB 3Be3] B

SKBaTOpHaHBHOﬁ CUCTEME KOOpJWHAT. KOOp}II/IHaTI)I

3BE€3AHBIX  aIllCKCOB MOJy4aroTca U3  pCUICHUA
FeOMeTpH‘IeCKOﬁ 3aJgadud, B KOTOpOﬁ HaXoIaATCsa
NepeCceUCHUL BCKTOPOB MMPOCTPAHCTBEHHBIX

CKOpocTed 3Be3]] ¢ HebecHO# cdepoil, TpH ITOM
Hayasia BEKTOPOB NIEPEMEILEHBI B TOYKY HAOIIOICHUH.
o aHanoruu ¢ OOBIYHBIM aIIEKCOM KOOPAHMHATHI STHX
TOYEK B HKBATOPHAJILHON cucTeMe 0003HaUYEHbI Kak A
JUTS TIPSIMOTO BOCXOXKeHust 1 D — muist ckimonenust. Mx
MOXXHO Ha3BaTh MHAWBUIYAIbHBIMH alleKCaMH 3BE3/I.
dopmanibHOE ONKCaHUEe METO/IA, TEXHUKA ITOCTPOCHUS
quarpaMM U (OpMYIBI Ul OIPENENICHNs] DIUTHIICOB
onmboK MOXHO HaTH B [3]. OTMETHM, YTO SILTUIICHI
omMOOK (BaXHBIX B JIIO00H paboTe) MOXKHO
OMpeNIeNTTh TOJIBKO I 3Be3/] Katanora Hipparcos, B
KOTOPOM HWMEIOTCS HEeoOXomuMble KO3((UIIMEHTHI
KOppEIALHA MEXIY aCTPOMETPUUECKUMHU
napaMerpamMu. OTOT MeTOA  NPUMEHSJICS IS
uccinenoBanus ['man, flcnell, ckomnenuit u rpynn B
OpuoHe U emle HEKOTOpHIX ckoruieHuil. KapTunka,
NpeNCTaBIsIoNnas co0OW pacrpezielieHHe areKkcoB
3BE31, TIO3BOJISACT BBISIBUTH 3aKOHOMEPHOCTHU
JIBI/I)KCHI/Iﬁ 3B€31 HE TOJIBKO BHYTPHU CKOIUICHUS, HO 1
B OKOJIOCOJIHEYHOM TMpocTpaHcTBe. Tak, Ha Puc. 3
nokaszaHo pacnpenenenue 249603 3Be3n ¢ Haunbonee
TOYHO N3MEPEHHBIMH CKOPOCTAMH U PACCTOSHUAMH OT
Comuma ([21], [8]) Ha mIOCKOW KOOPAMHATHOI
MPOSKIUH.
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Pucynok 3 AJl-muarpamma 3Be37 OKpECTHOCTEH
Comama. InorHOCTH 3BE31 ITOKA3aHbI HA IIKAJIE B
MpaBOW YaCTH PUCYHKA

Hapsany C KJIaCCUYECKAMU METOaMU
WCCIIEOBAHMUS HAll TMOAXOX TIIO3BOJISIET YICNMUTHh
ocoboe BHUMaHUE HMEHHO BHYTpEHHEH

KMHEMATUYECKOU CTPYKTYpPE CKOIUIEHUH.

6 OOcy:xneHue U BbIBOJbI

6.1 CrpykTypa KOHBeliepa N0 HAKOMJIEHHIO
3HAHMI 0 BHYTPEHHEM YCTPOMCTBE CKOIIEHUI

Ha Puc. 4 mpencraBnena cxema KOHBeiHepHOH
00paboTtku manHBIX 110 P3C B pamkax mpemraraemoit
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napaaurMel. [Touemy Takas oOpabOoTka BO3ZHHKIA U
craia Bo3MOXHOW? OTKpBITO, Kak YyxKe ObUIO
OTMEYEHO, JOCTaTOYHO MHOTO CKOIUICHHH, IS
KOTOPBIX BO3MOXXHO TIPHMEHEHHE €MHONW METOIUKH
obpabotkn wmeronom AD-mmarpamm. CkoruteHus
pa3iMyaloTcss 10 BO3pacTaM,  4HCIy — 3BE3f,
JiaMeTpaM, CTeNIeHH KOHIICHTPAIUHY 3Be3]] K LIEHTPY 1
MHOromy npyromy. Kpome Toro, oHM paziudarorcs
MOJIOKEHUSIMK B TIPOCTPAHCTBE  OTHOCHTENBHO
ConHila, chnupalbHbIX BeTBeW [amakTWKU W T. I
EcrecTBeHHO, YTO CKOIUICHHSI Pa3iIMYaloTCs TaKXKe U
JiarpaMMaMH areKcoB (B YaCTHOCTH, HAJIMYHEM WITH
OTCYTCTBHEM JIBI)KYIIMXCS B HUX CYOCTPYKTYp WJIH
rpym). KonBeiiepHast 00paboTKa IMO3BOJIUT HAKOITUTH
undopmammro 06 AD-gmarpamMmax =~ MHOXKeCTBa
ckoruleHnd. Jlaynee myreM CpaBHHUTENFHOTO aHallM3a
MOXHO CJieNlaTh BBIBOJIBI O CBSI3M BHYTpPEHHEH
CTPYKTYpPHI C JPYrMMH METaJaHHBIMH. DTO B CBOIO
o4epe/Ib TI03BOJIUT NOJTYYUTh HOBBIC 3HAHUS U C/IENIATh
OTKpPBITHSI HOBBIX 3aKOHOMEPHOCTEH, Kacaroluecs
HaceJeHUs AUcKa ["anaKkTHuKy.

MocTanoBk.
sagasn
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Pucynok 4 Konseiiep 00padboTku nHGOpMALIUH.
Bxitrodaer mocTaHOBKY 3aaul HA OCHOBE aHAJIN3a
Gonbinux aaHHbIX (3aeck ADS [27] u VizieR [31]) u
BBIJIBUTAeMOM TUNoTe3bl. B nieHTpe — 00padoTka
UH(POPMALIUH TI0 3aJaHHBIM aITOPHUTMAaM.
ITomy4denHsbIi psix 1300paKeHNH IPOXOTUT
BH3YaJIbHYIO 00pabOTKY U HOIydeHUE HOBBIX
pe3yabTaToB. B cnydae ycnexa pe3ynbTaThl
MyOJIMKYIOTCS U B UTOT'€ TIOMAJIAIOT B TE XKe OOoNbIIue
JaHHbIE

Ha ocHoBe oTpaOOTaHHBIX METOOHUK NPOBOAUTCS
aHaM3  YCTPOMCTBA  pACCESHHBIX  3BE3IHBIX
ckoriennid. [lpu BBIOOpE CKOIICHWH YUUTHIBAIOTCS
HE TONBKO (hr3udeckoe MHOr00Opa3ue CKOIICHUH, HO
u 3P EKThI, CBI3aHHBIE C PA3THIUSIMI UX TOIOKEHII
B NPOCTPAaHCTBE Kak OoTHocuTenpHO CONHLA, Tak |
BHYTpH [ 'anakTuku.

OcHOBYy 00paboTku cocraBmser Merox AD-
muarpaMmM. OH TIO3BONISIET  OTPENENHuTh  olIIee
HaIpaBJICHNE IBMKEHNS CKOTUIEHHS B IIPOCTPAHCTBE U
HaxOJUTh BO3MOXKHBIE BHYTPEHHHE CTPYKTYPBI
BHYTPH CKOIUIeHWs. HakomeHue pe3ymbTaToB O
TpyNIax B CKOIUICHUSX OCYIIECTBISIETCS Kak B
myonukanmsx (B urore B ADS [27] u VizieR [31]), Tak
U pa3MelieHHeM MOoJy4eHHbIX naHHbiXx B SIMBAD
[26].



6.2 MeTagaHHbIE

[To Teme n Bonpocam, 3aTpOHYTHIM B 3TOH padore,
MOXKHO BBIIEIUTh METaJaHHble. OTO 3BE3JHBIC
KaTaJoru, 3BE3[HbIE TPYIMIbI, PACCESIHHBIE 3BE3THBIC

CKOIUICHHS, PEeCTp HANMCHOBAHUI CKOIUICHUH,
HOMEpa 3Be3l, BXOMAMMX B CKomreHus, AD-
JarpaMMa, areKc 3Be3Ibl.
6.3 BeIBOOBI

Tounsle IO3UIMOHHBIE HaOJIIOIEHN
MPEICTABIAIOT CcO000H 0coOyr0 IeHHOCTh. OHHU

TIO3BOJISIIOT JIENIaTh BBIBOABI O 3BE3HOM COCTaBE H
MOp(hOJIOTHH CKOIUICHUH. JIaHHBIA IPOEKT HAIIPaBIICH
Ha JlaNibHelIIee paciipeHue U YITydIIeHHe TAHHBIX O
MOJCUCTEME  3BE3JHBIX CKOIUIEHMM [ amaktuku.
OCHOBOIi SIBJISIIOTCS KaTaJOr'W HOBOT'O ITOKOJICHUS,
KOTOpBIE CO3JIAIOTCS 10 HAOIIOACHUSIM KOCMHYECKOTO
teneckona GAIA. KoHewHolf 1enpl0  Ipoekrta
SIBIISIETCS  HAaKOIUIeHWe WH(OpMalMu O CTPOSHUHU
CKOIUICHHH B €IUHOM Qopmare ImyTeM KOHBEHepHOM
00paboTKy nMaHHKIX. Takas HHPOpMAIKs co3mact 0aszy
JUISL  BBISIBIICHUSI 3BE3JIHBIX CYOCTPYKTYp BHYTPH
CKOIUJIEHUH KaK OCHOBBI HOBBIX 3HAHHUW O 3BE3JHBIX
cucTeMax. DTH BBIBOJbI MOXKHO PaclipoCTPaHHUTh U Ha
CKOIUIGHHsI JPYrHX TalakTUK. TakuM oOpazoMm, B
Omwxkaiimee BpeMms OyXyT MOMy4eHbl Oonbiiue
00bEeMBbI HOBBIX JaHHBIX, U Tpe/yiaraeMas MeTOJ1Ka
no3BouT 3pdekruBHO WX 00pabdaTHIBATH IS
U3BJICUCHHUS] HOBBIX 3HAHUH O CKOIUICHHSX H
l"asnakTuKe B LIETIOM.

3Be3HbIC NMOTOKM B Hallel ['amakThke aKTUBHO
n3ydatorcs. X KHHeMaTHKa U CTPYKTypa IPOJIUBAIOT
CBET Ha JieTalu rnporecca (OPMUPOBAHUS 3BE3THOTO
rano. TemMaTuka npoeKTa O4ueHb aKTyallbHa.

Co3gaHa W TIPUMEHSETCA CHUCTEMa KOHBeilepHOH
00paboTku AaHHBIX O cKoruieHusx, Puc. 4. Cucrema
BKIIIOYaeT  OTOOp  MOAXOJSIIIMX  CKOIUICHHH,
ompesieJIeHHe  HEoOXOAWMBIX  MapaMeTpoB U
BBIJIBIDKCHUE THITOTE3. ABTOMAaTH3UPOBaHHEIE
METOZBI TIO3BOJISIOT MOTYYaTh PE3yAbTAaThl, KOTOPHIE
MOIYT  COJepXaTh HOBBIE 3HAHUS U  OBITh
oryOIuKoBaHbl. B pamkax mapaJurMbl TpHUMEHEHHS
JUarpaMM ameKCcoB IIOKa3aH NpUMEp OTKPBITHS
cyocTpykTyp B KopoHe moToka BM [4]. TIpumepst
pa6oter ¢ komBeiiepom — NGC 188, M67 [7], [28].
V 1o6HBIM XpaHWIHIIEM TaHHBIX sBisercst Bl VizieR.

K MeTogngaeckum pezymprataM pabOTHl OTHOCHTCS
paspabotka mporecca HCCTIeTOBaHUN
WHAWBUAYANbHBIX  CKOIUIGHMH  UISI  CO3JaHUs
CIPaBOYHOI'0 KaTaJiora aleKCOB CKOIUICHHUH, a TaKKe
VHUKAQIBHBIX ~ Hay4yHbIX  BeO-mpmioxkenmit. C
TIOMOIITHI0 HAKOIUICHHOM uHpopmanuu
TIPEIIONaraeTcs H3Y4UTh TaK¥Ke ACTIEKTHI
KHHEMATHKA Jucka [amakTwke ¢ BBIXOAOM Ha
IIOCTPOCHHUE €ro JeTajeld W OIpenelieHHue APYrux
(U3NIeCKUX MapaMeTpoB.

buaaropapuocru

Pabora wactmuno mommepkaHa Poccuiickum
¢boHIOM (DyHIAMEHTATBHBIX HCCIENOBAHHUN (TIPOCKT
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E. C. [loctHuKOBa YACTHYHO
nonaepxana rpantoM llpesunenta Poccuiickoit
Qenepai U1 TOCYJAPCTBEHHOM  MOIIEPKKH
BEIyLIMX Hay4yHbIX IKoJ Poccuiickoit denepanum,
rpaat HII-9951.2016.2. Ms1 ucnonb3oBamu  0asy
nmaaabix SIMBAD, pa6orarontyto 8 CDS, CrpacOypr,
Opannust. ABTOpBl ONarofapHel pelieH3eHTaM 3a
LICHHBIE 3aMEYaHMs U PEKOMEHIAIIH.

16-52-12027).
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KopoTkue TpaH3MeHTHbIE TaMMAa-COOBITHA B IKCIIEPUMEHTE
SPI/INTEGRAL: nouck, kiaccu(pukanus ¥ MUHTePHpeTanuns
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HNHCTUTYT KOCMUYECKUX UCCIIEN0BAHNM POCCUIICKON akaleMUHN HayK,
Mocksa, Poccns

minaevp@mail.ru apozanen@iki.rssi.ru

AHHOTamus. PaccMOTpeHBl BO3MOXKHOCTM IIOMCKAa M aHAIW3a TPAH3WEHTHBIX TIaMMa-COOBITHI
pa3M4HOM TIPHPOABI B ApXHMBHBIX JaHHBIX Tamma-criektpomerpa SPl kocMmuueckodl oGcepBaTopuu
INTEGRAL. O6cyxneHbsl npobiaeMbl 00pabOTKH MacCUBOB HAOJIOIATENBHBIX JAHHBIX 9KCIIEPHUMEHTA, B TOM
YHclle ajJropuTMa MOMCKAa M METOAWKH aBTOMATHYECKOW KIIacCU(HKAIK OOHApYXEHHBIX COOBITHI Ha
OCHOBE KOMIIIeKca KpurepreB. KpaTko NpUBeeHbl pe3yabTaThl aHAIN3a apXUBHBIX JaHHBIX SKCIIEPHUMEHTa
SPI/INTEGRAL, nony4ennsix 3a nepuon 20032010 rr.

KaroueBsie ciioBa: kocMuieckre raMma-Beriecku, GRB, raMma-Bcruieckn 3eMHOT0 pOHCX XK ACHHU S,
TGF, SGR, AXP, nouck, knaccudukarms, karanor, INTEGRAL/SPI.

Short Gamma-ray Transients in SPI/INTEGRAL.: Search,
Classification and Interpretation

© P.Yu. Minaev © A.S. Pozanenko

Space Research Institute of Russian Academy of sciences,
Moscow, Russia

minaevp@mail.ru apozanen@iki.rssi.ru

Abstract. The possibilities of searching and analyzing gamma-ray transients of various nature in the
archival data of the SPI spectrometer of the INTEGRAL space observatory are considered. The problems of
processing the arrays of row observational data of the experiment, including the search algorithm and the
method of automatic classification of detected events based on a set of criteria are discussed. The results of
the analysis of the archived data of the SPI / INTEGRAL experiment obtained for the period 2003-2010 are
briefly presented.

Keywords: cosmic gamma-ray bursts, GRB, terrestrial gamma-ray flashes, TGF, SGR, AXP, search,
classification, catalog, INTEGRAL/SPI.

1 BBenenue BonpumHCcTBO COBPEMEHHBIX KOCMUYECKHUX
5 . raMMa-TEJIECKOIIOB (B TOM YHCJIE, CIIEKTPOMETP

OnHOM M3 aKTyalbHBIX  3a1ad _COBPEMCHHON SPI/INTEGRAL)  mo3BonsieT  perMcTpupoBaTh
acTpou3uKu BBICOKHX SHEpIrun ABJIACTCA OTHENbHBIE TaMMa-KBAaHTbl, 3alMChIBas MOMEHT
UCCIIENOBAHAE  TaMMa-BCIUIECKOB  KOCMHYECKOTO PErHCTpALMH OTCHETa, €ro SHEPrHIo H HEKOTOpBIE
(GRB) u semmoro (TGF)  mpoucxoxaeHus. IpyrUe MapaMeTphl (HaIpuMep, HOMEp AETEKTOPA UK

Kocmuyeckne raMma-BCIIECKH — ONHH M3 CaMbIX
MOIITHBIX B3PBIBOB BO BeeneHHo — HaOIoqaroTes Kak
CIIOpaaYecKue BCITBITIIKH raMMa-u3IydeHust
mmrensHOCTRI0  0.1-100 ¢ B 3Heprerwmdeckom
muana3zone Beime 10 kB [1]. T'amma-Bcruiecku
36MHOTO IPOUCXOXKICHUS 3HAYUTENBHO KOpOUE
(menee 1 mc). Cunraercsi, 9TO OHH TEHEPUPYIOTCS B
BepxHeil arMmoctepe 3emmm 1pm mpodoe Ha
yOeraromux 3JIeKTPOHaX W COIMPOBOXKIAIOT TPO30BYIO
aKTUBHOCTH [2, 3].

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATUTUKA W yNpaBjieHHe JaHHBIMH B 00JIacTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»

(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13

okTa0ps 2017 rona
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NHKCEeTsT  MAaTPULBl, B  KOTOPOM  IPOHM30LUIA
peructpammsa) [l, 4]. DTo oTkpeBaeT OomnbIne
BO3MO)KHOCTH B aHAJIM3€ HAOIIOaTeNbHBIX IaHHBIX, B
TOM 4HCIEe Pa3padOTKH  aNrOpUTMOB  IOMCKA
TPAH3HEHTHBIX COOBITHH PA3IMYHBIX TUIIOB, a TaKXKeE
METOTUKH ABTOMAaTHYECKOU KJIaccCH(pHUKALN
OOHApYKEHHBIX  COOBITHA 1O  OMpPEACIICHHBIM
KpuUTepussM.  ABToMaTHdecKas  KIacCHPUKAIA
COOBITHI B paMKax aHalIM3a 3HAYUTEINHHBIX MACCHBOB
nauueix (6omee 10 T6 s skcrmepumenta  SPI),
HAKOIUICHHBIX 32 HECKOIIbKO JIET HAOIIOCHUI, IMeeT
Ype3BhIYAHO OONBIIYIO POJIb BCIICACTBUE OTPOMHOIO
gucia (6omee 15000 3a Tox HAOTIOACHHH) «IOMXKHBIX)
cpabaThIBaHWH  alNropuTMa  IOMCKAa  COOBITHA,


mailto:minaevp@mail.ru
mailto:minaevp@mail.ru

CBSI3aHHBIX C Pa3IMYHBIMH HMHCTPYMEHTAJIbHBIMHU
s dexramu (manpumep, B3aMMOJIEHCTBUE
3apsDKEHHBIX YaCTHI] C IETEKTOPOM).

B nmannOii pabore paccMOTpPEeHBI OpPHUTHHAIIBHBIE
QJITOPUTMBI TIOMCKa u KJaccuukanum
OOHAapY)KEHHBIX COOBITMH B apXUBHBIX JAHHBIX
SKCIIEpUMEHTA SPI/INTEGRAL, a TaKxe
MHTEPIPETALHsS TOTYIEHHBIX PE3yIbTaTOB.

2 Dxcnepument SPI/INTEGRAL

Oo6cepBaropuss INTEGRAL Obiia 3amymena 17
okTs10pst 2002 rosia Ha BBHICOKODUIMITHYHYIO OpOUTY
(mepure#t Ha4aIBLHOM OPOHUTHI — 9 THIC. KM, amored —
153 teIC. KM) C mepuomoM 72 wyaca [5]. Ha
oOcepBaTopuy pa3MeIeHbl JBa OCHOBHBIX TamMma-
teneckora  (IBIS/ISGRI, SPl) wu  Heckonbko
BcrioMoraTelbHbIX TeieckonoB (JEM-X, OMC, SPI-
ACS). Bce aneprypusie Teseckorsi (SPI, IBIS/ISGRI,
JEM-X, OMC) coocHsl, HO (hopMa u pa3Mmep moieit
3pEHUS pa3IniHBL.

l'amma-cnexktpomerp SPI cocrour w3 19
JIETEKTOPOB MIECTUYTOJILHOMN (OPMBI, H3TrOTOBIICHHBIX

M3 CBEPXUMCTOrO0  TrepMaHus, c  obueii
reoMeTpuueckoil miomaneo 508 cm? [6]. s
MOCTPOEHHUS M300paKeHnii HCTIONB3YETCS

KOJMPYIOIIasi MacKa, W3TOTOBIICHHAS U3 BOJb(dpama.
CrekrpanbHoe pasperueHue CIIEKTPOMeETpa
SPI/INTEGRAL nocrturaer 3uauenust 2.2 k3B @ 1.33
MsB — omHO M3 JydlIMX Ha MOMEHT 3alycka
obcepsaropun (2002 1). DHEpreTHUECKUHN TUama3oH
yyBcTBUTENbHOCTH 20 k3B — 8 M»1B. IlonHoe momne
3peHus Teneckomna coctasiset 30°.

Jns yBennueHns 4yBCTBHTENBHOCTH TEJIECKONa
SPlI 3a cuer ycrpaHenust (oHa, CBS3aHHOTO C
B3aUMOJICHICTBHEM aIIapaTypbl C KOCMHYECKHMH
Jy9aMH, UCTIONB3YeTCsl aHTUCOBIAaTeNIbHAS 3alIUTa
SPI-ACS, cocrosimias u3 91 kpucrajuia repMaHara
Bucmyra (BGO) ¢ a(dekrusHOi miomanpio 0.3 m2
[71.

3 AJITOPUTM MOUCKA COOBITHI

Hamu pa3paboTan cOOCTBEHHBIH aITOPUTM ITOUCKA
COOBITMH B apXUBHBIX [JAaHHBIX OKCIEpPUMEHTa
SPI/INTEGRAL, momy4eHHBIX 3a TIEPHOA ¢ 12 Hioms
2003 roma mo 23 suBaps 2010 rona.

I'amma-cnextpomerp SPI/INTEGRAL mo3Bsossier
PETHCTPHUPOBATH OTZeNbHBIC raMMa-KBaHTBL,
3alHChIBass MOMEHT perucrpamuu  (oroHa, ero
SHEPTHUIO U HOMEp JETeKTOpa, B KOTOPOM MPOHM30ILIa
peructpammsa. [lomck coOwsiTuii  mpoBOAWICS B
SHepreTudeckoM jmamasone [20-650, 2000-8000]
x3B. [uanazon [650-2000] k3B ObUT HCKITIOYEH,
TIOCKOJIBKY 3HAuYWTeNbHAS YacTh OTCYETOB B ITOM
JIMalla30He CBA3aHA C IIYMOM 3JIEKTPOHHKH. OTOOp
COOBITHI TIPOM3BOAMJICS HAa MacIITadax BpeMEHHU
0.001, 0.01, 0.1, 1 u 10 cex ¢ moporamMu 3HAYUMOCTH
20, 6, 5, 5 u 4 o, coorBerctBeHHO. [lopor B 20 ¢ mis
naTepBana 0.001 cex BbIOpaH TakuM 00pa3oM, YTOOBI
3a MCCIeIyeMBIil MeproJi BpeMEHH MUHUMH3UPOBATh
KOJIMYECTBO (UIYKTyauuii Tak, YToObl MPU HAYATLHOM
oTOOpe TMONYYUTHh TONBKO COOBITHS — OONBIIOI
WHTCHCHBHOCTH. TONBKO Takue KOPOTKHE COOBITHS
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mmarenbHocTEI0  0.001  cek MOXHO ObLIO OBl
OOHapY)KUTh B JAHHBIX JPYTUX SKCIIEPUMEHTOB (C
Gornee rpyObIM BPEMEHHBIM pa3pelIeHUEM).

IIpn momcke coOOBITHII HCIIOIB30BANACH CyMMa
Tpex TUHoB orcueToB. SGL — «oOBIYHBIIN» OTCYeET,
3apEruCTPUPOBAHHBIA B ONHOM nerektope. PSD —
OTCUET, 3apEerHCTPUPOBAHHBIA B OJHOM JIETEKTOpE,
¢opmMa wuMIyabCa KOTOPOrO TOATBEPXKIAET €ro
¢oronnyro mpupoxy. DBL — orcuers, KkoToOpble
3apeTHUCTPUPOBAHBI OJJHOBPEMEHHO B IBYX Pa3IHYHBIX
JIETEKTOpaX BCIIEJICTBHE KOMIITOHOBCKOT'O PacCEsHUS
MCXOAHOTO (POTOHA BHYTPH OIHOT'O U3 JIETEKTOPOB.

Bcero naHHbIM anropuTMoM oToOpaHo Oolee cTa
TBICSIY COOBITHI Ha pa3IMYHBIX MaclITadax BpeMEeHH
(ot 1 mMc g0 10 cek). g KaxI0ro oOHaApPYKEHHOTO
coObITHST OBUIM TIOCTPOEHBI KpHBasi Ojecka WU
JHEpreTuvecKas Jauarpamma, IpOaHATU3UPOBAHO
pacnpezielieHle OTCYETOB MO JETEKTOpaM, YTO 3aTeM
OBLTO MCIIONB30BAHO IS KIIACCU(PHUKALINH COOBITHI.

4 Knaccudukanus 00HapyKeHHbIX
coObITHI

Juis knaccudukanyy coObITHIH, 0OHAPY)KEHHBIX B
skcriepuMenTe SPl, ObLIM HCMONIB30BaHBI JTAHHBIC
anTucoBnagarensHoii 3anmuTtel SPI-ACS u teneckomna
IBIS/ISGRI, tarxe pa3sMenieHHbIX Ha 0GCEpBATOPHU
INTEGRAL.

BeineneHo Tpu Kiacca COOBITHIL: (iuykTyanuy,

KaHIU1aThl B «pCAJIbHBICY FaMMa-CO6I)ITI/I$I
(Hammpumep, raMMa-BCIUIECKH) u 3 THNA
UHCTPYMEHTAJIBHBIX  SIBICHUI,  CBS3aHHBIX  C
B3aUMOJICHCTBHEM  JETEKTOpa C  3apsDKCHHBIMU
YyacTHLAMHU (B3aUMOAEIHCTBUSI C TyYKaMU JIEKTPOHOB,
INPOTOHAMM M TaJaKTHYECKUMH  KOCMHYECKUMHU
JydamMd  BbICOKMX OHepruit). CoOblTus  THIA

«paykTyaumu», Kak npaBuiio, ObUIM OOHAPYKEHBI HA
HOPOre 3HAYMMOCTH U OTCYTCTBYIOT B JAHHBIX APYTUX
KOCMHYECKHX TEJIECKONOB (B MEPBYIO O4Yepear — B
nauubix skcrepumenToB IBIS/ISGRI u SPI-ACS) u
HO0ITOMY HCKJIFOYAIIICH U3 aHAIIH3a.

Knaccudukarus MOCTpOeHA Ha OCHOBE
CIIEAYIOIINX KPUTEPHUEB:
[Jnumenvnocms.  JII4 KOCMHYECKHUX  Tamma-

BCIIECKOB 3HAUCHUE ITOT0 MapamMeTpa OOBIYHO JIKUT
B mpenenax (0.1, 100) cex, mns ramma-BCIUIECKOB
3eMHOro npoucxoxaenus — B npexaenax (0.1, 1) mc,
Jutsi Benbliek ucrouHnkoB SGR u AXP — B nntepBae
(0.01, 3) cex. CoObITHs, CBS3aHHBIE C
B3aMMOJICHCTBHEM JICTEKTOPOB C  3apsDKCHHBIMU
YacTHLAMH, B 3aBUCHMOCTH OT THIIA HMEIOT
JUIMTENBHOCTh OT JOJIEH MWUIMCEKYHI N0 J0Jel
CEeKYH/IBL

Buo swuepeemuueckoco cnexmpa. B kadectBe
napamerpa, XapaKTepU3YIOIIEro JKECTKOCTh
JHEPreTUIECKOro CIEKTpA, HCIIONB30BaJIOCh
oTHoImenne orcueroB B auana3one (100, 1000) k3B k
orcueraM B mauamaszone (20, 100) xs3B. Jlns Bembimek
ncroyHnkoB SGR u  AXP 3HadeHWe [aHHOrO
napameTpa 3HaYUTeIbHO MEHbIIIE eUHHUIBL. CIeKTPhI
raMMa-BCIUIECKOB OTJIMYAIOTCS OOJIBLINM
pa3HooOpa3ueM — 3HAYEHHE MapaMeTpa JKECTKOCTH
MOXET H3MEHAThCS B IIUPOKUX Tpenaenax u
COCTaBJISIET, B CPEIHEM, OKOJNO eauHHUIBL. Jlis



B3aMMOJICHICTBUI  JIETEKTOPOB €  3apsDKEHHBIMHU
YacTHILIAMH, B 3aBHCHMOCTH OT TUIIA, 3HAYEHHE ITOTO
rmapamerpa JH00 3HAYUTENIFHO MEHBIIE €IMHHUIIBL,
700 3HAYUTENIFHO OOJIbIIE €ANHULIBL.

Pacnpeoenenue omcuemog no demexmopam. Jns
KOJIMYECTBEHHOW OIEHKH pAaCIpeeIeHNs] OTCUETOB
COOBITHS IO IETEKTOPaM HCIOJIB30BATIOCh OTHOLICHHUE
MaKCHMAaJIbHOH CKOPOCTH CUeTa B OJJHOM JETEKTOPE K
cpeiHeMY  3HAa4YeHHIO  cKopocth  cuera. [is
«peaJbHBIX» TraMMa-COOBITHI  (TamMMa-BCIUIECKOB,
Bembiiek uctouHnkoB SGR u AXP), Haxonsamuxcs B
none 3peHust teneckoma SPl (B Tom umcne, s
cOOBITHII Ha Kparo MONs 3pEHUsl), 3HAYEHHE ITOrO
napamerpa, Kak MpaBuiIo, JSKUT B uHteppaie (1-3).
Jis  coObITHMH BTOPOTO THIA B3aUMOJICHCTBUI
JICTEKTOPOB C 3apsDKEHHBIMH YacTUI[AMU 3HA4YCHUE
9TOr0 KPUTEpHsl 3HAYUTEIHLHO MPEBBINIAET 3HAUCHUE
3.

Xapaxmep cnekmpanvhou 360m0yuYU CIYKWI B
Ka4yecTBe JOMOJHUTEIBHOIO KPHUTEpHs s oTOopa

CO6LITPII>1, CBsI3aHHBIX C BSaHMOHeﬁCTBHeM
JACTCKTOPOB €  3apsKCHHBIMU  YaCTUIIAMU. 21]'[5[
OOJILIINHCTBA «pCaJTbHBIX» COOBITUH XapaKTepHa

SBOJTIOLUSI DHEPTETHUECKOT0 CIIEKTPa — OT )KECTKOT0 K
MSTKOMY. DBOJIOIHUS CHEKTPA COOBITUM, CBA3aHHBIX C
B3aUMOJICHCTBUEM JIETEKTOPOB SPI c
(IpeanonoXUTeNbHO)  MPOTOHAMHM, HMMEET,  Kak
IIPaBWJIO, IMpPSIMO IPOTHUBOIIOJIOXKHBIM  Xapakrep.
CoOpiTHS, CBSI3aHHBIE C B3aUMOJICHCTBUEM
JIETEKTOPOB SPI c (TIpeATONOKUTEIIEHO)
raJJakTH4€CKUMU KOCMHUYECKHMU JIydaMU BBICOKUX
SHEPrHii, HAOJIIONAIOTCS B BUAE CIIEKTPATIbHBIX JIMHUM
¢ sHeprusaMu 55, 64, u 198 k3B, cooTBETCTBYIOMNX
SIEPHBIM PEaKIMsAM 3aXBaTa TEIUIOBBIX HEHTPOHOB
sapamu Ge [8], xorga HEUTPOHBI POXKAAIOTCS B
pe3ynbrate KackaaHblX peakuuid. Jns  orGopa
COOBITMH TaKkoro THNA TAKKE BBEICH IapamMerp,
MIPE/ICTABISIIOIINKA  COOOH OTHOLICHHE KOJIMYECTBA
orcyetoB B uHTepBase (0, 50) Mc OTHOCHTENHHO
TpHUrrepa K orcyeram B uarepsaie (—50, 0) Mc B y3xkomM
muanazoHe sHepruit (195, 201) x3B. JlanHbrit
KPHUTEPHiA IPUMEHSLICSI JIUIIb JUIs 0TOOpa COOBITHI Ha
Macmrabax Bpemenn 10 m 100 Mc, HOCKOJIBKY
COOBITHSL TAKOrO THIIA HMEIOT JUIMTENBHOCTh, B
cpemaeM, okoio 50 Mmc.

Ocobennocmu memna peeucmpayuu. bonpiras
yacTh Bemblek wucroyHMkoB SGR  m  AXP
HabIronaercs B TeYeHHe AKTHBHOCTH
COOTBETCTBYIOILIETO HMCTOYHMKA, KOTOpas JUIATCS
okoso Mecsua. KpaliHe HepaBHOMEpHBIH TeMIl
PETHCTpalMi XapaKTepeH I COOBITHH, CBS3aHHBIX C
B3aumozeiictBueM nerekTopoB SPl ¢ mpoToHamu u
My9KaMH 3JEKTPOHOB. TeMmm perucrpanuu ramma-
BCIUIECKOB — pPaBHOMEpHBIA. DTO CBS3aHO C HUX
KOCMOJIOTUYECKOU MTPUPOAOH.

Obnapyoicenue coovimuss 6 dannvix SPI-ACS,
IBIS/ISGRI u opyeux sxcnepumenmos. bonbias 4actb
(bomee  90%)  «pea’bHBIX»  TaMMa-COOBITHH
(TTOATBEPIKAEHHBIX JIpYTUMH KOCMHYECKHMH
SKCHEPUMEHTAMH) Takke OOHAapyXeHa B HTaHHBIX
IBIS/ISGRI, u okoio Tpetr coObITHIf — B TaHHBIX SPI-
ACS. OOHapykeHHE U JIOKaJIH3alks COOBITUS B
JTAHHBIX IBIS/ISGRI SABIISIOTCS HAJEKHBIM
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NPU3HAKOM «pEajbHOro» TaMMma-coObITHs. YacTh
COOBITHI, CBSI3aHHBIX  C  B3aUMOJICHCTBHEM
nerexkTopoB SPI ¢ myukamu snextpoHoB (okomno 30%
COOBITHIT) ¥ TAJIAKTUIECKIMH KOCMHYIECKUMH JTydaMH
BEICOKMX  dHepruéi  (okoimo  70%  coObITwit),
oboHapyxensl B maHHBEIX SPI-ACS. s coObrtwmii-
KaH/IU/IaTOB B peajbHble TaMMa-COOBITHS INPOBEJICH
TOMCK TIONTBEP)KICHUH B HW3BECTHBIX KaTallorax
raMma-TpaH3ueHToB [9—11].

5 Pe3yJabTarthbl

PaccMoTpuM  neTtanbHO  CBOWCTBAa  Pas3iIMUYHBIX
THUITOB OOHAPY)KEHHBIX COOBITHIA.

5.1 ®aykryanuu

Juist aTOrO THMA XapaKTepHO KBa3MPaBHOMEPHOE
pacrnpezielieHHe OTCYETOB IO JIETEKTOpaM U O
sHeprusiM. [lpodwmne kpuBoii Onecka Takke He
BBIBJIICT Kakux-1ubo ocoOeHHocTe. B a3ty
KaTEerOpHUIO BXOJAT TaK)Ke CpadaThIBaHUsI, KOTOPHIE HE
ylaeTcsi OTHECTH K APYroMmy Kiaccy coObITHH. Bce
COOBITHSL ATOTO THUINA WCKIIOUEHBI W3 JaJIbHEHILEero
aHaJm3a.

5.2 B3aumopeiictBue  gerektopoB SPI ¢
BBICOKOIHEPTHYHBIMH MPOTOHAMH
CpabaTtbiBaHus JTAHHOT'O THIIA JIETKO

WJICHTU(HUIINPOBATH, MOCKOJIBKY OHU 00JIa/IAI0T Cpasy
HECKOJIBLKHUMHU HaOIIOAATENEHBIME  OCOOEHHOCTIMU.
ITpumep Takoro cobbITHA MpeacTaBieH Ha Puc. 1.
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B3aMMOJIEHCTBHEM JIETEKTOPOB SPI c

BBICOKOPHEPTUUHBIM NPOTOHOM. B BepxHel wacTu
pucyHka — kpuBas Oiiecka B auamnazone 20 k9B — 8
M>5B. B HIKHEN 4yacTH pUCYHKA — COOTBETCTBYIOLIAS
KpHUBO# OJiecka SHepreTudeckas quarpamMmma. YepHbM
nBeroM TmokaszaHel SGL- m PSD-orcuersi, cHHHUM



DBL-orcuets

JUINTENTbHOCTh COCTaBISET B cpeaHeM okoio 10
Mc. PopMma KpuBoOii O1ecKka OOBIYHO HECUMMETPHUYHAS
1 XapaKTepu3yeTcs: OBICTPHIM POCTOM M MEIJICHHBIM
SKCIIOHEHIIMAIIFHBIM CIaJioM. | 1aBHast 0COOEHHOCTH —
KpaliHe HEpaBHOMEPHOE PACIpeeIeHHe OTCUETOB 10
JIeTeKTopaM. DHEePreTHYeCcKUi CIeKTp, KaKk MpaBuIIo,
KECTKHH, C pe3kuM oOpbiBoM Ha 2 M»1B, mpuuem
JKECTKOCTh CIIEKTpa pacTeT co BpeMeHeM. Temn
perucTpanuy coOBITHI ATOTO THUTIA HEPABHOMEPHBINA —
HaOMfOaeTCsl  HECKOJNIBKO  JIOCTATOYHO KOPOTKUX
SMH30/10B AKTHBHOW PErUCTPalliH JIUTEIbHOCTHIO 1—
2 1HS KaXIblH, B NPOMEXKYTKAX MEXKIY KOTOPBIMH
COOBITHS HE PETUCTPUPYIOTCS.

Mbl npenmnonaraeM, 4To 3TH COOBITHS CBSI3aHBI C
B3aMMOJICHCTBUEM JIETEKTOPOB c
BBICOKOOHEPTMYHBIMH ~ YacTUI[AMH  KOCMHYECKUX
nydeil (BeposITHO, IPOTOHAMH), KOTOPBIE TEHEPUPYIOT
JIMBEHb BTOPHYHBIX YACTHIl B OJHOM U3 T€pMaHUEBBIX
nerektropoB  SPl, koropele 3aTeM HM ke U

PETUCTPUPYIOTCA.

5.3 Bzanmopneiicteue aerexkropos SPI ¢ myuxamm
3JIEKTPOHOB

[Tpumep coOBITHS TAaHHOTO THIIA ITPUBEEH Ha Puc.
2. JlnutenbHOCT, B OOJBIIMHCTBE CIy4aeB He
npeBblaer 1-2 Mc, OIHAKO BCTpe4aroTcst Oonee
JJIMHHBIC CO6BITI/I$[, COCTOAIME U3 OTACIBHBIX
MUJITTUCEKYHAHBIX HUMITYJIbCOB. CDopMa HUMITYJIBCOB B
0O0JIBLINHCTBE cllyyacB CUMMETPUYHASL.
OHepreTUUecKuil CIeKTp — MATKHH, ¢ 3aBasoM Ha 100
x3B. Pacrpenenenue orcyeTroB IO JETEKTOpam —
paBHoMepHoe. OKOJIO TpeTu COOBITHI 0OHAPYKEHO B
nanHbix SPI-ACS u npencraBisitoT co0oli KOpOTKHE
HMITYJIbChI JUTUTENIBHOCTHIO 50 Mc.

Temmn perucTpauuu CcoOOBITHII HEPaBHOMEPHBDIIL:
HaONofaeTcs  HECKONBKO — IEPHOJOB  aKTHUBHOM
peTHCTpaIMU JUTUTEIBHOCTBIO OKOJIO0 MecAIa KaXkKIbIH.
B mpoMexxyTku BpeMEHH MEXIy THMH 3IH30AaMHU
COOBITHSL TPAaKTHYECKH HE pEerucTpupyrorcs. Temm
peTHcTpaIyy MEpUOANYEH U MEHSETCS C MEPHOAOM 3
cyt (nepuon obpaienust odcepatopuu INTEGRAL
BOKpyr 3emun). BeposiTHO, YTO 93TH COOBITHS
PETHCTPHUPYIOTCS B T€ MOMEHTHI, KOrga opourta
obcepBaTopuy TEpeceKaeT XBOCT MarHuToc(epsl
3eMiIH, U CBSI3aHBI C B3aUMOACHCTBHEM JETEKTOPOB C
ITy4KaMH 3JIEKTPOHOB BHEIIHET'O paJUallOHHOTO
Tosica.

5.4 CnexrtpajsHble 1unnu 53 k3B, 66 k3B, 198 k3B

Jannprit THII COOBITHIA CBSI3aH c
KpPaTKOBPEMEHHBIM ~ 3HAYUTEILHBIM  YBEIUUCHHUEM
CKOpPOCTH c4eTa B (JOHOBBIX CIEKTPABHBIX JIMHHAX
198 x3B, 53 ¥3B 1 66 k3B, BE3BaHHBIX CICIYIOUIMHA
SIIEPHBIMU PEAKIUSIMU 3aXBATa TEIJIOBBHIX HEUTPOHOB:

"Ge+n>""Ge (Bpems xuzHu = 20.4 Mc)>"'Ge+y
JIBYXCTYyIeH49aToe n3nydenne 175+23=198 k3B [8];

2Ge+n>"3"Ge (Bpems xmsHu 0.5 c)>"°Ge+y 53
KB [8].

2Ge+n>"3"Ge>"2Ge+y JIBYXCTYIIEHYATOE
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m3nydenue 53+13=66 k3B [8].

JITMTETFHOCTh  TPAH3UECHTHOTO W3IIYUCHHS B
muan - 198 kdB  cocraBnsieT  AECATKH  MC.
TpaH3WEHTHOE W3ITyYCHUE B CIIEKTPATBHBIX JIHMHHUIX
53 k3B u 66 k3B HabmomaeTcs He BO BCEX CITydasix.
JITUTETFHOCTh WHTEHCHBHOTO W3IYYCHHS B OTHX
JIMHUSIX MOJKET COCTABJIATh HECKOJIBKO CEKYH/I.

CoObITHsIM  3TOrO  Kilacca B 25%  ciydaeB
COITYyTCTBYET «HACBIIICHUC) TepMaHUEBBIX
neTekTopoB SPl — OTCyTCTBHE CHTHANIa B OJHOM FUTH
HECKOJIBKMX  COCENHUX JICTEKTOpaX B TEUYCHUC
HECKOJIbKUX CeKyHA. [Ipupoaa HackIieHus He sICHA.

Temn perucTpanuui — KBa3HPAaBHOMEPHBIA Ha
YPOBHE OKOJIO 2 COOBITHIA B CYyTKH.

bonee 70% coObiTHii HaOMIOJAIOTCS TaKkKe B
nmaanbix SPI-ACS. B [12] nokaszaHo, 4TO KpUCTaIIbI
BGO, u3 xoropeix coctout SPI-ACS, B pesynbTare
B3aMMOJICHCTBUS C KOCMHUYECKUMU JTydaMu (SIACepHbIC
peakIMy  CKaJBIBAHWS) HUCIYCKAIOT  BTOPUYHBIC
HEUTPOHBI, KOTOpBIE, B CBOIO odepenp,
TEpMaJM3yIOTCS M 3axBaThiBatoTcs sapamu  Ge
JICTEKTOpOB  »KcmepumeHnta  SPI. BeposiTHo,
PaccMOTpEHHbIE COOBITHS CBsI3aHBI c
B3aUMO/IeiCTBUEM Haunbosee SHEPIHUYHBIX
rajJakTU4eCKHX KOCMHYECKHUX JIydel, TeHepUpyIOLIHX
MOIIHBIN Kackaa BTopuyHbiX uacTuil B SPI-ACS u
PETUCTPUPYEMBIX 3aTeM aerektopamu SPI.
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aneKkTpoHoB MarHuTocepsl 3emmu. To ke, 4To Ha
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5.5 Kanauaatsl
MPONCXOKIEHHUS

B TraMMa-BCIUVIECKH 3€MHOIo

Jns uccnemoBanus U Py3HOTO PEHTTE€HOBCKOTO
(dona obcepsaropueii INTEGRAL 6but npou3sBesieH
psin HaOJFOJCHHH, KOT/Ia B allepTypy TEJECKOIOB Ha



O0opty oOceparopum momamana  3emisA. MBI
WCTIONB30BaM 3TH JaHHBIC OOIMICH TUTETHHOCTHIO
496 kc ISl TIOMCKAa TaMMa-BCIIECKOB 3€MHOI0
npoucxoxnaenus (TGF). Beero 6puto orobpano 28
KaHJUIATOB HAa OCHOBE H3BECTHHIX CBOHCTB TGF:
JUTUTETFHOCTh <1 MC, JHEPreTUYECKUU CIEKTp —
JKECTKHH, ¢ perucTpaiuei (GoToHOB cBhime 1 M»B,

¢bopma  kpuBOoii  Omecka —  CHMMETpPUYHAS,
CHeKTpajJbHas SBOJTIOLUS OTCYTCTBYET,
pacripezielieHle 3aperucTpUPOBAHHBIX OTCYETOB IIO
nerekropam SPl — kBasupaBHOMepHOoe. OnuH H3

KaHIUIaToB mpexacraBieH Ha Puc. 3. JletampHoe
uccnenoBaHue kaHaunatoB B TGF, oOHapyXeHHBIX B
nauubix SPI/INTEGRAL, cm. B [13].
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Pucynok 3  Ilpumep kaHmumata B raMMa-BCILIECK

semuoro npoucxoxkaeaust (TGF). To e, uto Ha Puc. 1

5.6 Benpnuku ucrounnkoB SGR 1806-20 u AXP
1E_1547.0-5408

boutn  oOHapykeHbl 223 BCIBIIIKA HCTOYHHKA
MSTKOT0 MOBTOPHOr0 ramma-mnydenus SGR 1806-20
(Puc. 4) 1 23 BCOBIIKA aHOMAJIBHOTO PEHTT€HOBCKOTO
nynbcapa AXP 1E_1547.0-5408, xotopbie ObLTH
OOHapy)XeHbl M JIOKaJH30BaHBl B 3KCIEPUMEHTE
IBIS/ISGRI (cm. Tabmumpr 1-3 B [1]). YacTs coObITH
TaKke ooHapyxeHa B manHbix SPI-ACS.

Kpome Toro, cocraBien cimcok u3 90 KaHIUIATOB
BO BCIUIECKH HCTOYHHKOB MOBTOPHOI'O MSTKOTO
manyuennss (SGR u  AXP), oroOpaHHBIX B
COOTBETCTBMHM €  HAaONIOJaeMBIMH  CBOWCTBaMH
TIOTBEPIKICHHBIX BCIUIECKOB MCTOUYHHKOB THIA SGR,
a HMEHHO: JUIUTENIBHOCTh OTJACNBHBIX HMITYJIECOB
coOprTus Haxomutesa B mpenenax (0.01-3) cek; moms
¢oronoB ¢ sueprueit Brimie 200 k3B nperedpexnmo
Mana (MSATKHHA ~ CHEKTP);  paclpenelieHHe 110
JeTeKTopaM OJIM3KO K PAaBHOMEPHOMY.
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5.7 KocMu4eckne raMMa-BCILIECKH

Bruto  oOHapyxkeHO 48 KOCMHUYECKMX Tamma-
BCILJIECKOB, TIOATBEPKICHHBIX JPYTUME
KOCMHUYECKMMH SKCIIEPUMEHTaMH (CM. Tabnuib 4—6 B
[1]). Ha Puc. 5 mpencraBieHbl KpuBas Oliecka U
SHEpreTHvecKas auarpamMMa Ui TaMMa-BCIDIecKa
GRB 050525.

[ToMuMO MONTBEP)KACHHBIX TaMMa-BCILIECKOB
Obut0 O0TOOpano 160 kaHammaToB (cM. Tabmuiy 7 B
[1]), m3 HEUX 151 cOOBITHE OTHOCUTCS K KOPOTKUM
BCIUIECKAM C JUIMTENIbHOCTHIO MeHee 2  CeK.
Kangmpatel  oTOMpanmuck B COOTBETCTBHH  C
HaON0jaeMBIMH ~ CBOMCTBAaMH ~ TaMMa-BCILUIECKOB,
TIOATBEPKICHHBIX JIpYyruMHu KOCMHUYECKHMHU
TENECKONaMHt, a UMEHHO: JUTUTEIBHOCTh OTAEIBHBIX
UMIYIbCOB COOBITHUS — Oolee S5 MC; IKECTKUH
9HEPreTUYECKHH CIIEKTP y COOBITHIA C JUTUTENBHOCTHIO
MeHee 2 ceK (HaHHBIH KpUTEepHH TarKe MO3BOJISET
OTCEeHBaTh COOBITHS, CBSI3aHHBIE C AKTHBHOCTHIO
MCTOYHUKOB TTOBTOPHOTO MSATKOTO raMMa-H3JTy4eHHs
SGR); pacmpeneneHue Mo JeTEKTOpaM OJH3KO K
pPaBHOMEPHOMY.

Jeranu wuccinenoBaHUs KOCMHYECKMX TaMma-
BCIIECKOB, 3apErMCTPUPOBAHHBIX B OKCIIEPUMEHTE
SPI/INTEGRAL, B ToM umcIte ClieKTpajibHBIN aHAU3,
UCCIENIOBAaHUE  CHEKTPallbHOW  DBOJIIOLMU |
pacnpeielieHls TaMMa-BCIIECKOB IO JUTHUTENLHOCTH,
cM. B paborax [1, 14].
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6 3ak/arouenue

[poBeneHo KOMILICKCHOE MCCIIeTOBAHHE
APXUBHBIX Ha6ﬂ}0)]aTeI[I)HI)IX JAaHHBbIX ramMmma-
cnektpoMetpa SPIl, HakorieHHBIX 3a 7 JieT paboThI
obcepsaropun INTEGRAL.

[lpemioxkeH airopuT™M IOUCKA TPAH3UEHTHBIX
COOBITHII Ha PAa3JIUYHBIX BPEMEHHbBIX MaciTadax ot 1
Mc 10 10 cek, ¢ TOMOIIBIO KOTOPOro OBLIO
obnapyxeHo 6onee 100 000 cobOwiTuii. Pazpaborana
METOJIMKA KJIACCU(HUKALNKU OOHAPYKEHHBIX COOBITHIH
Ha OCHOBE pAa KPUTEPUEB, KOTOpas MOXKET
NPUMEHATHCS ~ aBTOMATHYECKH  HEHOCPEICTBEHHO
rnocyie OOHAapYyXeHHs COOBITHS B HaOIIOAATEIbHBIX
JaHHBIX.

Beinenensl Tpu Kiacca COOBITHI: (DIYKTyaluw;
«peajbHbBIe»  TaMMa-CcoOBITHA  (TaMMa-BCIUIECKH
kocmuueckoro  (GRB)  wum semmoro  (TGF)
MIPOUCXOXKICHHS, BCIBIINIKK HCTOYHHUKOB SGR u
AXP); Tpu Tuma WHCTPYMEHTAIBHBIX SBJICHUM,
CBSI3aHHBIX C B3aMMOICHUCTBHMEM JIETEKTOpa C
3apsHKEHHBIMH ~ YacTUIAMH  (B3aUMOIEHCTBHA €
My9KaMH 3IIEKTPOHOB, IPOTOHAMH, u
raJaKTHYeCKUMH KOCMHYECKHMH JIy4aMH BBICOKHX
SHEPTHUii).

CocraBlieHBl KaTaJOrd KOCMHYECKHX TamMa-
BCIUIECKOB M BCIBIIIEK HcTouHHKOB SGR 1806-20 u
AXP 1E_1547.0-5408.

buaarogapaocru

Pabora monnep:xana rpanrom PODU (mpoekT 16-
32-00489 mon_a) u yactuuHo rpaHToM POOU 17-02-
01388.
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AHnHoTanus. /[BOiHbIC ¥ KPaTHBIC CHCTEMBI 3BE3]T HAOJIIOAIOT C UCIIOIB30BAHUEM PA3HBIX METOIOB U
MHCTpYMEHTOB. Kartanoru IBOMHBIX 3BE3N ONMpENeaEHHBIX HAOJIOATEIbHBIX THUIIOB HE3aBHCUMBI JIPYT OT
Jpyra W UCIIOJB3YIOT CBOM CHCTEMBI MICHTU(UKAIMH 3BE31. Takke KOMIOHEHTHI ABOWHBIX COOTHECEHBI C
UACHTU(PHUKATOpaMU 0030pOB M KAaTaJOTOB OJWHOYHBIX 3BE37. 3amaya MEepeKpECTHOW HACHTU(UKAIMH
JIBOWHBIX 3BE3]T Pa3IMYHBIX HAOJIOIATEIBHBIX THUIIOB, a TakKe 0030pOB HeOa HETPUBHAJIbHA U CBs3aHA C
paspelieHreM pa3Horo poaa KoHGIMKTOB. OHa TpeOyeT He MPOCTO 00BETUHEHHUS CITUCKOB CYIIECTBYIOIINX
UICHTU(PHUKATOPOB TSI KOHKPETHBIX 3BE3J, a OTOXKICCTBICHHUS KOMIIOHCHTOB KPATHBIX CHCTEM IIO
ACTPOMETPUYCCKUM U acCTPOOU3NICCKUM MapaMeTpaM i AajbHEHIIEero COOTHECCHUS MICHTH(HHKATOPOB
orpe/IelIEHHBIM KOMIIOHEHTaM W JIPYT ApYry. B naHHO# cTaThe onucana pa3paboTka CpecTB ISl CO3/IaHMs
KaTajora HICHTU(GHUKATOPOB MOBOWHBIX 3BE&3m ILB, Bkmrouaromas mpoueaypy NepeKpEéCTHOrO
OTOXIACCTBJICHUA CHUCTEM, HX KOMIIOHCHTOB H TIIap BCEX Ha6J'[}0}laTeJ'lI)HI)IX THUIIOB. Pa60Ta SABJIACTCS
MpOAOIKEHUEM I/ICCJ'Ie)]OBaHI/Iﬁ METOA0B OTOXIACCTBIICHUA ﬂBOﬁHLIX N KPATHBIX CUCTEM.

KirioueBble ciioBa: cucreMa uieHTH(UKAIMHY, TBOWHBIEC 3BE3/IbI, pa3pellieHHe CYIIHOCTEH.

Development of Identification List of Binaries ILB
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Abstract. Binary and multiple stellar systems have been observed using various methods and tools.
Catalogs of binaries of different observational types are independent and use inherent star identification
systems. Moreover, components of stellar systems refer identifiers of surveys and catalogs of single stars.
The problem of cross-identification of binary stars of different observational types as well as sky surveys is
non-trivial and related to resolution of various kinds of conflicts. It requires not only combining lists of
existing identifiers of specific stars, but matching components of multiple systems according to astrometric
and astrophysical parameters for further referring of identifiers to matched components and to each other.
This paper describes development of tools for creating the Identification List of Binaries (ILB) including
cross-matching of systems, their components and pairs of all observational types. This work continues
research of binary and multiple systems matching methods.

Keywords: identification systems, binary stars, entity resolution.

1 BBenenue

JlBoliHbIE 3Be31bl JOBOJIHHO MHOTOYHCIEHHBI U
COCTaBIISIIOT ~ 3HAYMTEIBHYIO  YacTh  3BE3JTHOM
nonysAnun ragaktuka (o1 20% mo 90%, mo pazHeIM
OIIEHKaM JJISl pa3HBIX BBIOOPOK). 3HAYUTEIbHAS YaCTh
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JIBOMHBIX 3BE3J1 HA CAMOM JIeJIe SBIIIOTCS CUCTEMaMH
Oompmeidt kpatHocTH. Camblii  OONBIION KaTajor
BU3yalbHbIX JBOMHBIX 3Be3n WDS [1] comepxut
6omee 100 000 map, u3 xotopeix 25000 B cucremax ¢
KPaTHOCTBIO TPH ¥ OOJBIIIE.
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Ecte  Beckwme  OcHOBaHWMS ~ cUMTaTh,  4YTO
KOMITOHEHTBl ~ JTBOWHOM  3Be3Abl  (OPMHUPYIOTCS
OJHOBPEMEHHO M B JaJIbHEHIIIEM 3BOJIIOIMOHUPYIOT
napajjie]bHO, OCTaBasich B cucreMe. DakTopowm,
OIPEEIIONINM X0n SBOJIOLNH, SIBIISIETCS
pacripezienieHre  MepBOHAYAIBHOM Macchl  MEXIy
KOMITOHEHTaMH.  [loaToMy  mnst  ompeseneHus
TIPUHAUIEKHOCTH KOMITOHEHTOB cucreMe
HEO0OX0NMO OILIEHUBATh OOLTHOCTH UX IBOJIOLHH.

JIBOliHBIE 3BE3/bI MOJPA3AENAIOT Ha HECKONBKO
TUIIOB B 3aBUCHMOCTH OT Crioco0a WX HaOIoIeHHsI.
Jnst xakgoro Tuma HaOMIONeHHWH (QOPMHUPOBAIHCH
OTZAEJbHBIE KaTaJOTH C COOCTBEHHBIMH HabOpaMu
HaOIF0JaeMBIX apameTpoB. OcHOBHBIE
HaONfoaTeNbHBIE THUIBI COCTABIISIIOT BH3YaJIbHBIE,
aCTpOMETpUYECKHE, opOuTajbHbIE,
nuHTepdepoOMeTpHIECKHE, 3aTMEHHO-TIEPEMEHHbIE,
CHEKTpaJbHbIE IBOMHEIE.

Cpenu BU3yallbHBIX Tap Pa3MyaloT ONTHYECKHE U
¢usnueckue nBolHbIe. U Te, M Apyrue mapbl MOXHO
HaiTM B Karajlorax BH3YaJbHBIX JIBOHHBIX, B
yactHoctd, B WDS. Ontudeckue mapbl COCTOST H3
BE€CbMa MAJICKUX W HECBA3AHHBIX B IPOCTPAHCTBE
3BE3]1, NPOCIMPYIONIMXCsI Ha HEOECHYIO chepy OIU3KO0
JIpyr K JApyry B HampaBIeHUH HAOIIOJICHUS.
®dusnyeckre mapbl NPEACTaBISIOT CcO00W  OJIN3KO
pacIioNo)XeHHble B IIPOCTPAHCTBE KOMIIOHEHTHI,
CBSI3aHHBIE CHJIAMHM TSATOTEHHUS, OOpalaroumecs
BOKpYT 00LIero IeHTpa Macc Ho 3akoHam Kerurepa.
Ecnn HaOmoseHust TNpOAOIDKAIOTCS — JAOCTATOYHO
JIOJITO, MOXKET MPOCIEKHBATHCS MOJHOE OOpalieHue
3Be3lbl. B pesynbrare ux HaONIOJCHUIA ONMPENeNsoT
B3aMMHOE YIJIOBOE pACCTOSHHE KOMIIOHEHTOB U
MO3ULIMOHHBIA yroi. OTO camas MHOTOYHCIICHHAs
rpynma W3BECTHBIX JBOMHBIX 3BE3A. OCHOBHBIMHU
KaTaJloraMy BU3YyaJIbHBIX JBOWHBIX sBisitoTcs WDS,
CCDM [2], Tycho [3].

Ecnu onuH U3 1ByX KOMIIOHEHTOB HE BUJICH 10 TEM
WIM WHBIM TPHYUHAM, JBOHCTBEHHOCTh MOXKHO
OOHapYKUTh MO HM3MEHEHHUIO MOJOKEHHsS Ha HeOe
BTOPOrO KOMIIOHEHTa. B TakoMm ciydae roBopsT 00
ACTPOMETPUYECKUX JABOMHBIX 3BE3Hax. OCHOBHBIMH
KaTaJoraMu TaKuxX 3BE3] SIBISIIOTCS [1Ba KaTajiora
Makarov and Kaplan. 3aTMeHHO-TIepeMeHHbIC
JIBOIMHBIE 3BE3/Ibl IIPENICTABIISIOT COOOMN Taphl, pamuyc
oOpameHnss KOTOPBIX CPaBHUM C pa3MepaMH CaMEX
3BE3, a INIOCKOCTH OPOWT ATHX 3BE3I U JIyd 3PECHUSL
HAOmIOAaTeNss TPAKTHYECKH COBMEMIAIOTCS. JTH

3Be3/bl OOHAPYXHMBAIOTCS SABICHUSIMU 3aTMEHHH,
MPOSABILIIONIMMUCST  TEPUOJUYECKHM  IaICHHEM
SIpKOCTH HaOmomaeMod 3Be3gsl. B pesynprare

HaOJIIOCHUI  ONPENENAIOTCS IapaMeTphl KPHBBIX
OJecka, OTpaXkaroIue 3aKOHOMEPHOCTH H3MEHEHUS
SAPKOCTH  3Be3Obl CcO  BpeMeHeM. (OCHOBHBIMH
Kartajoramu 3atMeHHbIX sBistioTcss OKII3 [4] u CEV2.
HnuTepdepomerprudecke JIBOIHbBIE 3BE3/1bI
Habmonmatorcs  npu  momomm  Dypbe-aHanmza
n300pakeHuit TEJIECKOIIOB, YBEITMYHUBAIOIIETO
pa3pemarnyo  cnocoOHOCT A0 IU(PPAKITHOHHOTO
mpenena. OOHapy)KEHHbIE TaKUM 0Opa3oM IBOIHBIC
mpencraBieHsl B katamore INT4. CnekrpansHbie
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JIBOWHBIC 3BE3NBI TPEACTABISIOT COOOH  Maphl,
o0Oparnaroryecs: B IIOCKOCTH, €l1a00 HAKJIOHEHHOH K
HATIpaBJICHUIO JIyda 3peHus HaOmomatens. OHu
O0HAPYKUBAIOTCS pu CIEKTPOCKOMIYECKIX
HAOMIOMCHUSIX  JIY4eBBIX  CKopocTed. JluHmm B
CIEKTpaX TaKUX 3Be3]] PETYISIPHO CMEIIAIOTCS HIIH
pa3nBauBaroTcsi u3-3a  d¢dekra J[loruepa, dTO
CBHJIETEILCTBYET O JIBOMCTBEHHOCTH 3Be3lbl. B
pe3yibTate  HAOJIONEHWH  OMNpEnNeNsioT  KpUBBIE
Jy9eBOW CKOPOCTH, aMIUIUTYAY U Iepro KoleOaHHH.
OCHOBHBIM HCTOYHHKOM JaHHBIX O CHEKTPaIbHBIX
JBOMHBIX siBisteTcs katajgor SBY [5]. CymecTByioT u
Ipyrue  HaONomaTeIbHBIC THIBI  JBOWHBIX U
CIeHaIN3UPOBAHHBIE KaTaJIOTH.

B pasHpIXx  cooOmiectBax — HCCIENOBATEINH
CTeUMaIM3UPOBAINC, HA  Pa3JIMUHBIX  CHOCO0ax
HAOMIOMCHUS]  JBOWHBIX,  IMO3TOMY  TPUHIIMITBI
MOCTPOCHHSI KaTaJIOTOB Pa3HBIX HaOIIONATENbHBIX
THUIIOB JIBOWHBIX HUKOUM obpazom HE
COIJIaCOBBIBAICh. B JOMOMTHEHUE K CyIIECTBEHHOM
HEOHOPOIHOCTH, poXnaromei KOH(JIUKTHI,
MPOSIBJIAIONINECS TPH HHTETPAIlMM  KATaJloroB, B
OONBIIMHCTBE KaTaJOroB CO3J[aHbl COOCTBEHHBIE
CHCTEMbl WAECHTU(UKALMK IBOMHBIX. HekoTopeie u3
KaTaJlorOB  TaKKe  COAep)KaT  CChUIKM  Ha
WJIEHTU(HUKATOPBI COOTBETCTBYIOLINX HAOIIONEHUH B
0030pax OMUHOYHBIX 3BE3I.

baza nanseix nBoiiHeix (BDB) [6], co3manHas
aBTOpaMH1 llaHHOﬁ CTaTbH, BKIKOYACT JOaHHBIC O
HBOﬁHbIX u KpaTHBIX CHUCTEMAaX BCEX
HaOIIOMAaTENPHBIX THUIIOB, COOpaHHBIE W3 pPa3HBIX
KaTaJoroB, C HEKOTOPHIMHU OOIIMMH MapaMeTpaMu U
OTCBUIKOM HAa  OpWUTMHAJIbHBIE  KaTaJOTH IO
unentudukaropam. Ilpu co3manum Gasel  ObuIa
OCO3HaHa HEOOXOIMMOCTh pa3paboTKu
CMEUHMaIM3UPOBAHHON  CHCTEMBI  WJICHTU(HKALUH
(BSDB) [7], yuuThBaromie# HACHTHOUKAIUIO
KOMIIOHEHTOB, TTap BHYTPH CUCTEM U KPATHBIX CHCTEM
B menoM. OpHAaKO 3Ta cucTeMa cama 1Mo cede He
pemiaer WM3HAYaJIHHYIO HEOIHOPOIHOCTb
UIEHTU(PHUKATOPOB M TpedyeT  aKKypaTHOro
OTOXIIECTBIICHUS. C WACHTU(HUKATOPAMH Pa3HBIX
CHCTEM WJICHTU(HUKALIUH.

C »5TOM 1enpl0 OTACIBHO CO3MaéTCA  KaTajlor
uneHtudukauu 1BoMHbIX ILB, oObeauusronmii B
cebe TmepekpEécTHRIE 3HAYCHUS LENIOr0 psAa CHCTEM
upeHTHQUKanuy. s co3maHMs AITOro KaTajora
HEIOCTaTOYHO  TPOCTO  CBECTH B  Tabmmiy
HEOOXOIUMBIE  HIOCHTU(HUKATOPHI,  HCXOOI W3
COBIIAJICHUS YK€ MPHUCYTCTBYIOIINX B OPUTHHAIBHBIX
KaTajorax MepeKpECTHRIX HISHTH(UKAINHN, TaK Kak
9Ta  paboTa  CTalKWBaeTCsI C  MHOXXECTBOM
KOH(DIMKTHBIX cUTYyalnil. Pa3zpemnienre BO3ZHUKAIOMINX
KOH(DITMKTOB OCHOBaHO Ha aCTPOMETPUYECKOM H
acTpo(M3MIECKOM TIOAXOAaX K OTOXKICCTBICHHIO
KOMITOHEHTOB, TIap U CUCTEM 3BE3L.

Pa3paboran ANTOPUTM
MHOTOKOMIIOHEHTHBIX ~ CYHIHOCTEH, MO3BOJSIOUINI
KOPPEKTHO  COOTHOCHUTH  JAaHHBIE  Pa3IHIHBIX
HaOIOICHNI KPaTHBIX 3BE3MHBIX cHCTeM. PesymbraT
ero paboTBl WCIONB3YyeTCs Ui pa3perIeHUs

OTOXOCCTBJICHUA



KOH(IMKTOB MEXIy UACHTU(HUKATOPAMH Pa3HbIX
CHCTEM HIECHTU(DHUKAIIUH.

OCHOBHOU [IENIbI0  JAHHOH pPabOThI  SBJISIETCS
OMMUCAHUE PeaTM3allii KaTajaora HICHTU(PHUKATOPOB
nsoitaeix 3Be3x ILB (Identification List of Binaries),
KOTOpBIH 00BEAUHSACT UIACHTH()UKATOPHI JBOUHBIX M
KpaTHBIX 3B€3]] BCEX HAOMIOAATENbHBIX THIIOB.
dopMHpOBaHHE KaTajora IMOTPeOOBAIO CO3MaHUs
HHCTpyMEHTapus, MpeHa3HAYEHHOTO TUIS
3aMOJTHEHUS U TOJIEPKKK 0a3bl HAEHTU(HUKATOPOB B
AKTYaJIbHOM COCTOSIHHH, a TAKXKe PACIIMpeHust e€ 1o

Mepe  HeoOXOoAMMOCTH.  HekoTopble — KaTamorua
JIBOWHBIX W 0030phI  SIBISIFOTCSA  MEPHOTHMYECKH
0OHOBJISIEMBIMH, COOTBETCTBEHHO 6aza

UAEHTU(HUKATOPOB JIOJDKHA OOHOBISATHCS BMECTE C
HUMH.

OCHOBHBIE TIPHHIUITBI AJTOPUTMA, JIEXKAIIEro B
OCHOBE MHCTPYMEHTOB co3nanus |LB, nmpusenens B
pazmenax 2 u 3. Paznmen 4 mocBsImEH Bompocam
peanu3alMi  NPOrPaMMHBIX ~ WHCTPYMEHTOB U
pe3ynbTaTaM Co3/IaHMs KaTauora.

2 Kapkac 11 0TOKIeCTBJIEHHSI ABOHHBIX
U KPATHBIX 3BE3]1

OO1mit NOAXO0/ K OTOXKAECTBICHUIO OJTMHOYHBIX U
MHOT'OKOMITOHCHTHBIX CyH_[HOCTCﬁ BKJIIKOUACT
HOCTPOECHUE MHOXECTB KaHAUIaTOB Ha
UJICHTUQHUKAIMIO JUISl KaXJIOH CYIIHOCTH WM e
KOMIIOHEHTa M NpUMEHEeHHe Habopa KpHUTepHEB
OTOXIECTBJICHUS, OrpaHUYHBAIOIINX TakKue
MHOXKECTBA KaHAUAAToOB. Kpurepun oToXIECTBICHH
(opMHUpYIOTCSI Ha OCHOBaHMM 3HAHWI MPEIMETHOM

obracrw, OrpaHUYHBAIOLINX HHTEPIPETALUIO
O0BEKTOB, U OINpPENCISIIOTCS  YHU(PHUIUPOBAHHBIM
obpa3oM, TmpUHHMAas B KadyeCTBE apryMCHTOB

OTOXJIECTBJISIEMbIE CYI[HOCTH, a HE OTIeNbHbIC
rapameTphbl.

[lepBBIMU TIPUMEHSIOTCS KPUTEPHH, KOTOpBIE
00BIMHO Hauboee CHIbHO OrPAHUYUBAIOT HAYAILHOE
MHOXKECTBO KaHIHUIATOB, JJIsl 3TON IEIH KPUTEPHUSIM
MOXET ITPUCBAUBATHCS IPUOPHUTET. B ocTanbHOM, OHH
MIPUMEHSIOTCSL B IPOU3BOJIBHOM TOPSIIKE TOT/IA, KOr/ia
MIPUCYTCTBYIOT BCE TpeOyeMble JAaHHBIE O CYIHOCTSX
JUIT MX TpUMEHEHHs. B ciydyae HECOOTBETCTBHSA
MIPUMEHSIEMOMY KPHUTEPHUIO OTOXKIECTBIIIEMAs
CYIIHOCTh HMCKJIIOUAETCSl U3 CIHMCKA KaHIUIATOB Ha
UACHTU(DHUKALIUIO C TEKYIIEH CYIHOCTHIO.

Ecnu nmaHHBIE O CYIIHOCTH, HEOOXOAMMBIE JUIS
MPUMEHEHUSI KPUTEpUs, OTCYTCTBYIOT, 110 HEMY He
MOXET OBbITh OrPaHUYEHO MHOXXECTBO KAaHIUIATOB.
Takum  00pa3oM, TOPUCYTCTBHE  JIAHHBIX O
crenuuIeckux aTpudyrax maxe sl HEOONBIIOH
YaCTH CYI[HOCTSAX MPEIMETHON OOJACTH TMO3BOJNISET
NPUMEHATh  CBSI3aHHBIE C OTUMH  aTpuOyTaMu
JIOTIOJTHUTENIbHBIE ~KPUTEPUH  OTOXJIECTBICHUS, a
OTCYTCTBHUE ONPEICNEHHBIX JaHHBIX BIHUSET TOJIBKO HA
MPUMEHUMOCTh CBSI3aHHBIX C HUMH KPHUTEPUEB, HO HE
HAa BO3MOXXHOCTh OTOXKACCTBICHHUSI CYIIIHOCTEH B
LIETIOM.

Tlomxompr, TUTS

UCTIONb3yeMBbIE paspermenus
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CYIIIHOCTEH, BKIIIOUAIOT B ce0sl pa3iniHble KPUTEPUH
CXOJICTBA JUISl TIOAMHOXKECTB 3HAYCHUH aTpHOyTOB M
CTPYKTYp TpadoB, KOTOpPHIE IO3BOJSIIOT OLEHUBATH
TOXAECTBEHHOCTh MHOTOKOMITOHEHTHBIX CYIIIHOCTEH.
Kputepun, ocHOBaHHBIE Ha 3HAHUAX O CYIIHOCTAX
npenIMeTHOH  00JacTH, MOTyT  OrpaHWYMBaTh
BO3MOJKHBIE 3HAYCHUS aTPHOYTOB WIIN UX COYETAHHE Y
OHOM CYIIHOCTM WJIHM BBOAUTH OTPaHUYEHUS Ha
U3MEHYHBOCTh 3HAUCHUH aTpuOyTOB
OTOXIIECTBIIIEMBIX OOBEKTOB. ATPHOYTHI MOTYT
UMETh KOHCTaHTHBIE 3HAYEHUs Ui OIpeneneHHOMN
CYIIHOCTH, JIMOO MEHITh 3HAYeHUs] B paMKax
OINpeNIeNIEHHBIX OTPAaHUYEHUM, BBIXOJ 3a KOTOpHIE
Oyner o3HadaTh, YTO OOBEKTHI OMMCHIBAIOT pa3HbBIE
CYIIHOCTH.

I'padoBble KpHUTEpHM MOTYT BKIIIOYATh NpaBUiia
OTOXKIECTBJICHUS, OCHOBAHHBIE HA OTPAHUYEHUSIX
CTPYKTYpbl MHOTOKOMIIOHEHTHBIX CYIIHOCTEH, WU
JienaThb BBIBOJIBI 00 OTOXKIECTBICHUU
MHOTOKOMITOHEHTHBIX CYITHOCTEH MM KOMIIOHEHTOB
Ha OCHOBE Y)K€ YCTAaHOBJECHHBIX WJICHTU(DHUKALIMHA
JPYruX KOMIIOHEHTOB.

2.1 YHu¢pukanus JaHHBIX B IpeAMeTHOMH 00J1acTH

Tumbel CcymmHOCTEM 3a4alOTC  KOHUENTYalbHOU
cxeMol mpenMeTHOM oOmactu. OHa ompenenser
a6CTpaKTHbIC THIIbI JaHHBIX, OITMChIBAKOIIINEC
CTPYKTYPHUPOBAaHHOE NpEACTaBlIeHne WHpopManuu o
CYILIHOCTHX, ux OIr'paHUYCHUAX, a TaKXe
cnenuUKaIIH TOBEICHHS CYITHOCTEH.

Hns  xaxgoro Ttuma  cymHoctH X B
KOHIETITYyaJIbHON CXEME CO3/1aeTCsi aDCTPAKTHBIN THIT
nannbix Ty[ay, ..., a;, ... ], comepxaiuuii atpubyThl @;
JUIS OIMCAHMSA XapaKTEPHCTHK, KOTOPbHIE CYIIHOCTb
MOXET MMEThb B JIAaHHOW MpeAMEeTHOW oOmactu. B
MpeAMETHONH 00JacTH JBOMHBIX M KPaTHBIX CHCTEM
3BE3]] BCE ACTPOHOMUYECKHE OOBEKTHI U CBA3b UX APYT
C JIpyroM paccMaTpHBAIOTCSI B TEpMHHAX TpEX
OCHOBHBIX THIIOB CYIIIHOCTEN: KPATHBIX CUCTEM 3BE3]
B LIEJIOM, HX OTAGNbHBIX KOMIIOHEHTOB M TIap
KOMIIOHEHTOB. OCOOBIM THUIIOM SBIISETCS TaKXKE THUII
UIeHTH(HUKATOpa, KOTOPBIA CBA3BIBAETCS C OXHHUM U3
THUNOB  OOBEKTOB: KOMIIOHGHTOM, IIapoil  WiH
CHCTEMOM.

HaGop wucrounnkoB namHbix D; (0030poB H
KaTaJlorOB) ~ XpaHWT  JaHHBIE O  CYIIHOCTAX
OIPEACIEHHOTO THIIA, CTPYKTYPHPOBAaHHBIX Kak
KOPTEXH Xj[a1 o wees Qyjy - |, cOnmepramme aTpUOYTHI
@;j, OTHOCAIINECS K XapaKTEPUCTHKAM CYIIHOCTH X B
tune Ty. B pa3HBIX acCTpOHOMHYECKMX KaTalorax
npencrabienus  X; Moryr ObITh  pasHeIMH. B
yacTHOCTH, 3amucu Kartaigora WDS  omuceiBaroT
JTaHHBIC O Tapax KOMIIOHEHTOB CHCTEM, B TO BPEMSI KaK
katanor CCDM paccmatpuBaeT B Ka4uecTBe 3arucei
JaHHBIE O BH3YaJbHBIX KOMIIOHEHTAaX CHCTEM.
[TosToMy cOOp MaHHBIX M3 HECKOIBKHX HMCTOYHHUKOB
MPON3BOJUTCS C OHOBPEMEHHBIM MPeoOpa3oBaHNEM
JaHHBIX B YHU(DHIIMPOBAHHOE TIPEACTABICHHE B
TEPMUHAX KOHLENTYalbHOM CXEMbl MNPEAMETHON
obmacTi, B KOTOPOM H TIPOUCXOIWT NATbHEHIINI



aHaJIM3, B YaCTHOCTHU TIEPEKPECTHOE OTOXKIECTBICHHE
cymHocterd. [IpeoOpa3oBaHuMe HaHHBIX TpeOyeT
TIOCTPOEHHUsI OTOOpakeHnss M UCXOJHBIX TaHHBIX X; B
COOTBETCTBYIOIIEE 3HaYeHHEe Trma Ty :
Mix:X; - Ty

OyHKIUS  OTOOpaXKEHHUSI TPECTABIAET CODOM
HAO0Op TpaBWI TPeoOpa3oOBaHHS  TOJAMHOMKECTB
aTpuOyTOB W3  HCXONHOIO  TPEJCTABICHHUS B
HUCTOYHMKAX  JAHHBIX B  aTpuUOyTBl  THIIA
KOHIIENTYyalbHOH  cxeMbl.  Jist  yHHHKAIUH
MPE/ICTABJICHUS JAHHBIX W TOBBIMICHUS €r0 KayecTBa
oTroOpakeHne TaKxe BKJIFOUAET byHKIMN
CTaHAapTU3allMd B Ka4yeCTBE MPAaBWI OUYUCTKU U
YHUDUKALMH, TPUMEHAEMbIE K aTpHOyTaMm THIIOB X;.
Hampumep, mnapamerp mnpsIMOrO BOCXOXJCHUS B
karaiore WDS  mpencraBnen B ¢opmare
HHMMSS.ss, B katamore SB9 — HHMMSSSSS, a B
TDSC — u BoBce B rpagycHoii mepe. [loaTomy
peanuzyercsl npeoOpa3oBaHKe UX K OOIIEMY BUIY B
KOHIICTITyalbHOW cxeme. 3amucu katanora INT4 B
[EJIOM HETPUBUAIBHO TIOCTPOCHBI, M B Ka4yecTBe
¢GbyHKmi  oToOpakeHHst  TpeOYIOT  HEMPOCTHIX
npeobpa3oBaHui, GOPMUPYIOIIMX YHU(PUIIPOBAHHOE
MpeaACTaBJICHUC TaHHBIX B TCPMUHAX KOHHCHTyaHbHOﬁ
CXEMBI.

C mpuMeHeHHeM (QYHKIMHA 0TOOpa)KeHHS TaHHBIC
W3 HEOMHOPOJHBIX HCTOYHHKOB MPeodpasyroTes K

YHUPHUIUPOBAHHOMY IpeACTaBICHHIO,
COOTBETCTBYIOIIEMY KOHIIENTYaJIbHON cxeMe
NIPEAMETHOM obJacty, " B naJIbHEHIIEM

oOpabatbiBatoTcsi TONbKO B HEM. COOTBETCTBEHHO
aJITOPUTMBI aHANM3a JaHHBIX Pa3padaThIBAIOTCS HaJ
KOHLIENITYyaJIbHON CXeMOU MpeMETHOMN 00nacTy.

2.2 Opraamzanuss pabdoTbl ¢
OTOKI€eCTBJIEHUS CYLIHOCTe

KpHUTepUsAMHU

Ilocne yHudukanuu HpencTaBieHHs IaHHBIX B
KOHLIENTYyaJIbHOM  CXEME  HAuyMHAeTCs  Ipoliecc
OTOXKIECTBIICHUS CyITHOCTEH. J[1s KaXkmoro obobexTa
¢dopmupyercs MHO)KECTBO KaH/IU/1aTOB Ha
unentuduranuio C:{Ty}. K kaxkmoMy KaHaumary
TIPUKpEIUIeTcs MHO)KECTBO ¢aros (F),
UCIIONB3YEMBIX B X0[€ PaOOTHI aITOPUTMOB.

MHOXeCTBO KaHIMIATOB HA UICHTU(DHUKALHMIO TS
KOHKPETHOTO OOBEKTa CTPOHUTCS C HCIOIb30BAHHEM
HaOopa KpHUTEpHEB, NTOCTPOCHHBIX HAa OrPaHUYEHMAX
MIPEeIMETHONW 00IAaCTH, OTHOCAIIUXCS K CYIIHOCTH X.

[Ipumenenue OnpeAesIEHHOr 0 KpUTEpHUs
OTOXJECTBJICHUSI  IPOU3BOJUTCS C  IOMOLIBIO
byHKIMNR:

Ty X {Tx} = {Tx}

PaccmarpuBaercss oO0bekT THIA Ty, OJMHOYHBINA
WA  MHOTOKOMIIOHEHTHBIH, NPEACTaBIIEMBIA B
mepBoM aprymMeHTe (yHKIuH. Takke IOCTYIHO
MHOXKECTBO BO3MOXKHBIX KaH/IN/IaTOB Ha
unentudukanuo  C:{Ty} B KayecTBe BTOPOroO
aprymeHTa. OYHKOUS  OTOXKIECTBIAECT  Ka)IbIi
00BEKT n3 MHO)KECTBA KaH/IN/IaTOB c
paccMaTpuBaeMbIM  OOBEKTOM 0  JIAaHHOMY
OTpeeNéHHOMY KpuTepHio. B pesympraTe QyHKITHSL
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BO3BpAIllaeT yMEHBIIEHHBIH HA0Op KaHIUIATOB,
KOTOpBIE OTBEYAIOT KPUTEPHIO.

Kpurepmnit k, orpaHnumBaromyii MHOXXECTBO
kaHnunatoB C Ha WIACHTH(QUKAIMIO C 00BEKTOM X,
ompeznensercs IpeAuKaToM Ry, colepikalium
oIpeNeIEHHOE OTpaHUYCHUE NPEAMETHOH o0acTh
HaJl pacCMaTPUBAEMBIM (X) U OTOXKAECTBISICMBIM (C)
o0BeKTaMu:

{c € C|Rkx(x,0)}

[IpeankaT MOXET WCMONB30BaTh  3HAYCHUS
aTpuOyToB M (aru camMux OOBEKTOB, a TaKKe
aTpuOyTHI U (1ark UX KOMIIOHEHTOB B CIydae, eCiH
00BEKTHI MHOTOKOMITOHEHTHBIE. Tax, Ut
OTOXIISCTBJIEHUS Tapbl 3BE3J MOTYT CPaBHUBATHCS
KaK 3Ha4eHHs aTPHOYTOB CaMHX Tap, TaK U aTpuOyTOB
KQXKJIOro M3 KOMIIOHEHTOB maphl. Hampumep, B
TOXJIECTBEHHBIX ~T1apax JIOJDKHBI OBITh  OJM3KHE
3Ha4eHHs COOCTBEHHBIX JIBWKEHHH KOMIIOHEHTOB.

OyHKIMS,  Ompenesstonias JaHHBIA  KpUTEpUH,
CpaBHHMBaeT 3HAuYeHHs aTpHUOYTOB COOCTBEHHOTO
JIBIDKCHUSI  pacCMaTpUBAcMON Tapbl W Taphbl-

KaHAuIaTa, JU00 MPH OTCYTCTBUU 3HAYCHUM y map
MOXET nonyanL JaHHBIC O COGCTBCHHOM JABUKCHUU
13 aTpuOYTOB KOMITOHEHTOB Iap U CPAaBHUBATH HX.
YHuKkanabpHas uaeHTHHUKALUS — 0c00ast CUTYalus,
Korjga MHOXecTBO (  Tocie TIPUMEHEHHUS BCex
BO3MOXHBIX KpI/ITepI/IeB CO]lep)KHT e]lI/IHCTBeHHbIﬁ
00BEKT W3 ONpEeAeIEHHOT0 HCTOYHUKA TAHHBIX B
KayecTBE KaHAWIaTa Ha HIACHTU(HKanuoo. B
OOIIBIIMHCTBE CIy4aeB 3TO O3HAYAET, YTO Hauboiee
BEpOSTHBIN KanauaaT HaiinmeH. C TakuM OOBEKTOM
CBsi3pIBaeTcsl  crenuanbHblii  Quar.  Ilpy  3Tom
BO3HHKAIOT YCJIOBUSA MAJISi NPHUMEHEHHS KpPUTECPHEB,
UCTIONB3YIOIUX 3TOT ¢uiar. OHM NPUMEHSIOTCS K
ajeMeHTaM rpada, CBSI3aHHOIO C JaHHBIM OOBEKTOM,
Ul UISHTUQUKAMKU ~JAPYrMX KOMIIOHEHTOB B
MHOT'OKOMIIOHEGHTHOM OOBEKTE.

3 Kpurepum oToKaecTBJIEeHUS KPATHBIX
cucTremM

HpOI_[CCC OTOXACCTBJIICHHUA MHOI'OKOMIIOHCHTHBIX

CYIIHOCTEH paznensercs Ha HECKOJIBKO
B3aUMOJEMCTBYIOLIMX ITAIOB 10 TUIIaM CYLLHOCTEM, a
TaKkKe [0  BIOKEHHOCTH  CTPYKTypel.  llpm

OTOXKIECTBICHUN JABOMHBIX M KPATHBIX 3BE3MHBIX
CHCTEM TIPOLIECC HAYMHACTCA C OTOXKICCTBICHUS
OTHEIBHBIX KOMIIOHEHTOB CHCTEM KaK OIMHOYHBIX
cymHocted. IIpm 3TOM HCHONB3YHOTCS  JAHHBIE
KaTaJoOroB BH3YaJbHBIX JBOMHBIX 3BE3N U 0030pEI
ONMHOYHBIX 3BE3Jl, CCBUIKM HAa HICHTH(PHUKATOPHI
KOTOPBIX IIPUBOMSATCS B KAaTAJIOrax ABOMHBIX. 3aTeM Ha
OCHOBaHHUU pe3yabTaToOB TIePBOTO JTamna
OTOXKJIECTBJISIIOTCS. BU3yallbHble mapbl 3BE34. Ha
CIIEAYIOIIEM dTalle pACCMOTPEHHE IOTIONHAETCS Oomee
TECHBIMH TIapaMH IPYrux HaOIIOAATEIbHBIX THIIOB.
OTOXIECTBIIEHHE CHCTEM B IIEJOM  SBJISETCS
CIIEICTBHEM OTOKIECTBJIECHHS BCEX MX KOMIIOHEHTOB
u map. Hakonern, cymecTtByromme HUACHTH(PHUKATOPHI
CHCTEM, Tap M KOMIOHEHTOB COIIOCTABIIIOTCS C
WCIIOJIE30BAaHIEM PE3yIbTaTOB MPEIBIAYIINX JTAIIOB.



B [8] ObUI KkpaTkO oOmmCaH COCTaB 3HAHWIA,
WCTONB3yeMBIX Ui (OPMHUPOBAHUS  KPUTCPUCB
OTOXJIECTBIIEHUS, UCIIOJIb3YEMBIX Ha KaXKJOM JdTarle.

Jist cocTaBiieHUs! KPUTEPUEB OTOXAECCTBICHUS
KOMITOHEHTOB CHCTEM KaK OIMHOYHBIX OOBEKTOB
PacCMOTpPEHBI CIIEAYIOIIKE OTPAaHUYEHUS TPEAMETHON

00jlacTH, CBSI3aHHBIE OJMHOYHBIMHM  3BE3THEIMHU

00BEKTAMU:

e (ONM30CTh OTOKIECTBIISEMBIX KOMIIOHEHTOB IIO
KOOpIHHATAM;

e yuéT U3MCHCHHS  KOOpPIMHAT B  pPa3HbBIC
HAOJTIOAATENIBHBIC JMOXH 110 MPUYMHE MPEIECCHH
3eMHOH OCHM M  COOCTBEHHOIO  JBMIKEHUS
KOMIIOHEHTOB;

® ONM30CTH HATIPABJICHUS U CKOPOCTH COOCTBEHHOTO
JIBUOKEHUS 3BE3]I;

e ONM30CTh TPHUTOHOMETPHYECKOrO0  Mapauiakca
KOMIIOHEHTOB, TOBOPSIIETO 00 UX PACCTOSHHU OT
HabII0IaTeNs;

e OnM30CTh 3HAaUeHHWH OJecka WIM  pa3HUIIBI
MoKaszaTeNnell [BeTa TMpPU YCIOBUH HW3BECTHBIX
(bOTOMETPHUYECKHX TMOJNOC MPOMYCKaHHS U C
Y4€TOM YYBCTBUTEJIBHOCTU K HU3KHM U BBICOKHUM
npeaciaM BEJINYNUHBI,

e y4yeT BO3MOXXHOH II€PEMEHHOCTU
CpaBHEHHUH OJICCKOB;

® CXOJCTBO DBOJIFOIIMOHHBIX CTATYCOB 3BE3;

® CXOICTBO CIIEKTPAJbHON KiIacCH(DUKAIUK 3BE3I.

3BE31 TIpH

Ha OCHOBE BBIOOPKHU KaHIUJaTOB Ha
UICHTU(HUKALMIO KOMIIOHEHTOB CUCTEM COCTABIIACTCS
rpad, comepkaiuidi mapel U3 Pa3IMYHBIX KAaTaJoOroB
JIBOMHBIX. Jans COCTaBJICHUS KpUTEPUEB
OTOXJECTBJICHUSI IIMPOKHX BM3yalbHBIX Map B
MOJly4eHHOM TIpade paccMaTpUBAIMCh CIEIYIOLINE
OTpaHUYCHUSL:

e eciM B 1apax BbIIENICHbl KOMIOHEHTHI, KaHIUIAThI
Ha UACHTUPHKAIHIO TTap GOPMHUPYIOTCS HA OCHOBE
MHOXKECTB ~KaHIWAATOB HAa HACHTH(HKALHIO
KOMIIOHEHTOB, C()OPMUPOBAHHBIX C IPUMEHEHUEM
BBIIIIEONUCAHHBIX KPUTEPHEB;

e TpoBepsieTcsl OJM30CTh 3HAYCHUH ITO3MLMOHHOTO
yTJla ¥ yrI0BOI'O PAacCTOSHUS;

e [mpenenbHas pa3HOCTh ITO3ULHOHHBIX YIJIOB C
y4éTOM  YIJIOBOTO pAacCTOSHUSA JUId  OLIEHKH
BO3MO)KHOT'O BPAIICHUs] KOMIIOHEHTOB B I1ape;

e Yy4YéT MUHUMAJIBHOM OLIEHKM NEpUO/a BPAILEHUS
TIapsl;

e y4ET JaHHBIX OPOUTAIBHOTO ABMKEHUS,;

e ONHM30CTH HATPABJICHUS U CKOPOCTH COOCTBEHHOTO
JBIDKEHUSI TIapbl B IIEJIOM WM KOMIIOHEHTOB B

nape;
® BO3MOXKHOCTb CYIIECTBEHHOT'O paszmiyms
COOCTBEHHBIX ~ JBIDKCHHH  KOMIIOHEHTOB B

ONTHYECKHX apax;

e ONM30CTH PAa3HUIEI OJIECKOB KOMIOHEHTOB B Tape;

e vyuér S(P(GEeKTUBHOTO YIIIOBOTO  pa3pelIeHHs
(paccTosiHHE B TIape MEHBIIIE Mpeiesia pa3IHICHUs]
00BEKTOB B KaTajore);

® CXOACTBO XUMHUYCCKOI'O cocTtaBa n
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JBOITIOLUOHHOTO
(u3MUecKkuX mapax;
e y4&T M3BECTHOTO HAOJIIOAATENIFHOTO THIIA TTAPHI.

craryca KOMIIOHCHTOB B

HI[GHTI/I(I)I/IKEIIII/IH MHOI'OKOMITOHEHTHBLIX OOBEKTOB
3aBUCUT OT I/IZ[GHTI/I(I)I/IKEIHI/II/I HUX KOMIIOHCHTOB.
VHukanpHas I/IZ[GHTI/I(I)I/IKEIHI/ISI BCEX KOMIIOHCHTOB

O3HayaeT  WACHTH(HKAIMIO  BCEro  OOBEKTa.
VYHukanpHas uneHtudukanus map (oyr B rpadax)
O3Ha4YaeT  WJACHTHU(UKAIMI0O  OOpaTHBIX  map.

YHuKanbHas WICHTU(PHUKAIMS MHOTOKOMIIOHCHTHBIX
00BEKTOB KaK IIEJIOT0 03HAYACT, YTO HICHTU(DUKAIHS
BCeX KOMITOHEHTOB JIOJDKHA OBITH pa3pelieHa Cpeau

KaHJIUJATOB, MpPUHAJIeKAITIX
UICHTU(HUIUPOBAHHOMY OOBEKTY.

B  geidicTBUTENBHOCTH, Hanbojee  CHIIbHBIE
OTpaHUYEHUS] JAalOT KPUTEPUU  OTOXKIIECTBICHHUS

KOMIIOHEHTOB Ha OCHOBaHHMH KOOPJMHAT, a Map — Ha
OCHOBaHHMH DPACCTOSHHS MEXAYy KOMIIOHCHTAMH U
MO3UIIMOHHBIX yrioB. [Ipu pa3paborke katanora |ILB
JU1st OTOXK/IECTBIICHUSI KPaTHBIX CHCTEM
UCTIOJIb30BAJICSl COKpAaIIEHHBIH Habop KputepueB. B

MOAABIISIFOILIEM OOJBIINHCTBE cly4aeB TSt
UACHTH(DHUKALUN OTAEIBHBIX KOMITOHEHTOB
JI0CTaTOYHO MIPUMEHEHHUS KpUTEpHEB
OTOXJECTBJICHUS, CBSI3aHHBIX C KOOpJAWHATAMHU U

B3aMMHOM TIOJIOKEHHH KOMIIOHEHTOB. OcTasibHble
KPUTEpHH HE JalOT CYIIECTBEHHOro 3¢dekra mpu
pelieHrH JITaHHOW 3aJadd, XOTS MOryT OBITh
UCIIONIb30BaHbl JJISi TPOBEPKUM KayecTBa JaHHBIX.
3agava moucka OMMOOK B OPUTHMHAIIBHBIX KaTajorax
Ha JaHHBI MOMEHT HE CTaBMJIACh.

Jns OTOXIECTBIEHHS KOMIIOHEHTOB, B IIEPBYIO
odepesnb, OrpaHHYMBAETCS  00JIaCTh  KOOpAMHAT
OTOXXACCTBIICMBIX OOBEKTOB Ul  HaMOOJBILIErO
OrpaHHYCHUA KOJIM4ECTBA KaHIUIaTOB Ha
UIEHTH(QHUKAMIO KOMIIOHEHTOB. (OTOXXAECTBICHUE
Hap TalKKe MPOBONUTCS C NpPUMEHEHHeM HauOoiee

CWIBbHBIX KpuTepueB. Hcnonb3yercs  kpurepuit
ONMM30CTH  NO3UIMOHHBIX  YIJIOB U YIJIOBBIX
paccrossHuil. Ha pmaHHBII MOMEHT YIOMSHYTBIE
KPUTEPHH  pEalM30BaHbl COBMECTHO B  BHIE
(dyHKIIMOHANA.

f1 = (rl - r2) * (rl - r2) / max(rl, r2) /
max(rl, r2) + (tl1 - t2) * (tl1l - t2) / max(tl,
t2)/ max(tl, t2);

f2 = (rl - r2) * (rl - r2) / max(rl, r2)/
max(rl, r2) + (tl1 - t2 - 180) * (tl1 - t2 -
180) / max(tl, t2)/ max(tl, t2);

X1 = Math.min(funcl, func2)/2;

3mech rl, r2 — YIJIOBBIE PACCTOSIHHS MEXIY
KOMIIOHEHTaMHU B OTOXKIECTBISIEMBIX Mapax, tl, t2 —
COOTBETCTBYIOIIKE MMO3ULIMOHHBIE YIibl. MeTpuka x1
HE JOJDKHA MpPEBBILIATH HEKOTOPOro Npeaena Juist
OTrpaHUYEHUS MHOXXECTBa KaHINIaTOB Ha
upeHTHQUKanuio. s MambIX pacCTOSHUA MEXIY
KOMITOHEHTaMHK HCIIONB3YETCs METpHKa,
WTHOPUPYIOIIAs 3HAY€HUs] MO3MLUUOHHBIX YIJIOB M
OIICHHUBAIOIIIAS TOIBKO KOOpPJIMHATBHI. Js
OOHO3HAYHOM AOCHTH()UKATN HE JIOIDKHO
MPUCYTCTBOBATh JPYIHX 3BE3J B OKPECTHOCTH,



YIIOBJIETBOPSIIONIMX 3TOMY KPHUTEPHUIO. AJTOPUTMBI
OTOKIIECTBIIEHHS. MMEIOT CIOKHOCTh mopsaka O(n?
log n).

Peanmuzanus kpurepueB mist popmupoBanus 1LB
cerofHs emge IpeTepreBacT U3MeHeHus. B ciyudae,
€cIM €eCTh JaHHble 00 »Jdrmoxax HaOMIoAEeHUs W
COOCTBEHHBIX JIBW)KEHHSX, TOJDKEH HCIOJIB30BATHCS
KpHUTEpHiA CpaBHEHUS KOOpJIMHAT,
CKOPPEKTUPOBAHHBIX 1O MPEIECCHU U COOCTBEHHOMY
JIBIDKECHUIO, 41O TIOBBIIIAET Ka4yecTBO
aBTOoMaruueckoii wuaeHTHuKammu [9]. Ilommmo
3TOTO, TUTAHUPYETCS MIPOBEPSTH pasHoCTh
MO3UIMOHHBIX ~ YIJIOB €  y46TOM  BO3MOXKHOTO
BpallleHuss KOMIIOHEHTOB B mape [10].

Wnenruduxaropst OTOXIECTBIISIFOTCS o
MIPUHAUISKHOCTH OJAHUM M TEM K€ KOMIIOHEHTaM,
rmapaM M CHCTeMaM. 3a4acTyl0 OIUH U TOT XKe
uaeHTU(GHUKATOP B  OJHOM  KaTajiore JIOJDKeH
COOTBETCTBOBAaTh KOMIIOHEHTY (WJIM  OJMHOYHOM
3Be3Jie), a B JPyroM — mape 3BE3J, TaK KaK YIJIOBOE
paspeleHre KaTajora Mo3BoisieT pa3indaTh ATy napy
Bu3yanbHO.  PaspemieHne  Takux — KOH(JIMKTOB
MPOUCXOJIHT 32 CUET KaUECTBEHHOT'O OTOX/IECTBICHHS
KOMIIOHEHTOB M Tap W CYIIECTBEHHO BJIMSET Ha
pe3yNbTaT cormocTaBieHus uaeHTudukatopos B ILB.

Hanpumep, 0HUM U3 KPUTEPUEB OTOXKIECTBICHHS
nap 3BE3] sIBIsIeTCS TpeOOBaHHWE OJIM3KMX 3HAYCHUI
UX COOCTBEHHBIX JIBUKECHHH.

4 Cucrema naeHTH(GUKALMY U COCTAB
UIEHTU(PUKATOPOB

OcHoBHOll cucremor wuaeHtudukaiuu B ILB
SIBIISIETCSI BSDB [71, pa3paboranHass u
3aperucTpUpoBaHHas  aBTopamMM  cratbd.  OHa
MIO3BOJISICT ONUCHIBATH KPAaTHBIE CHCTEMBI B LETIOM,
COCTaBIIIONIME MX Tapbl 3BE3N, KOMIIOHEHTH,
YUHUTHIBAET BO3MOXKHOCTH KOPPEKTUPOBKU CUCTEM TIPH
OTKPBITHU HOBBIX KOMITOHEHTOB. OHa HCIIONB3yeTcs

s o0o3HayeHWs ~ KpaTHBIX —~ CHCTEM  BCeX
HaOJIIOfaTeNIbHBIX THIIOB.
Ilpn pa3paboTke MHCTPYMEHTOB IOCTPOEHHS

KaTajora HAECHTH(UKATOPOB IBOMHBIX M KpaTHBIX
3BE3N ILB YIUTHIBAIUCH HEOOX0IMMOCTh
MOAW(HKAIUU M  TMOBTOPHOI'O  HCIOJNB30BAHHUS
nporpamMM. B apxutekType HHCTPYMEHTOB YUYTEHBI
BO3MOXKHOCTH TOAKITIOYEHUS MPON3BOJIBHBIX
KaTaJoroB, N3MEHEHNUS TIPABHUII OTOXKJIECTBICHUS IS
Pa3HBIX THIIOB cymIHOCTeH. Mcmonp3oBacs si3p1k Java
u mabnon upoektupoanus 10C  (Inversion of
Control), B KoropoM ympaBieHwe oOCTaéTcs 3a
KapkacoM, a JIOTHKa paboTel ¢ OOBEeKTaMHu
COCpeIoTOueHa B HE3aBHCUMBIX "
B3aMMO3aMEHSIEMBIX MOIYIISIX. IIpn 3TOM
MOAKIIOYEHHE  KAaTaJOroB WM  MOIU(HKAIMA
AJITOPUTMOB JUIs paboTsI c pa3HBIMH
HaOMIONATeNPHBIMA ~ THUIIAMH  ACTPOHOMHYECKHX
OOBEKTOB ~ CTAHOBATCA  IIPOCTBIMH  3a/1auyaMH.
HHCTpyMEHT COmep)KUT HEOOXOMMMBINH Ha CETOIHS
Ha0Op METOZOB OTOXK/IECTBICHHS M BCIIOMOTaTeIIbHbIC
METOIBl JUIs pPaboThl C JAHHBIMH M3 KaTaJoroB,
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KIIIMPOBAaHMUSI OOBEKTOB HEOONbIIONW dYacTH HeOa,
OYHCTKH JaHHBIX, COOpa CTaTUCTHKH.

ILB B HacTOsIIMII MOMEHT SIBIISIETCSI KaTajloroM-
OCHOBOM (wim Macrtep-katajgorom) misi BDB u
comepxur  Bce gaHnele BDB  mo  kpocc-
unearudukamyn 6onee 130000 IBOMHBIX W KpaTHBIX
cucteM. |LB conep>xut KoopauHATHI U IEPEKPECTHBIE
CCBUIKM  Ha  ClleylolmMe  HICHTH()UKATOPHI:
Bayer/Flamsteed, DM (BD/CD/CPD), HD, HIP, ADS,
WDS, CCDM, TDSC, GCVS, SBC9. Ha nansslii
MOMEHT B crvcke uaeHTudukaropos ILB HaxoauTes:
e Cucrem :136885;

e 3ammuceii o mapax :313811;
e 3anmcell 0 komnoHeHTax :627460.

U unentndukaTopos:

e HIP:36560, u3 xotopbix 20701 yHUKaNbHBIX;
e HD:29882, u3 xotopbix 27917 yHUKaNbHBIX;
e DM:121067, ynukansneix 105569;
e ADS:49067, yaukansHeix 15389;
e FLAMSTEED:1622, ynukansusix 1529;
e BAYER:600, yaukanbHbix 548.
3akiouenue
[Mpobnema comocTaBieHus HUISHTU(PHUKATOPOB,
UCTIONB3yeMbIX ISl O0O3HAa4YeHHs JBOWHBIX U

KpaTHBIX 3Bé3}1 pa3InYHbIX Ha6J’I}OllaTeJ'ILHLIX THUIIOB
pelraeTcss CocTaBlIieHMEM KaTallora HMIACHTU(HKALUH
ILB.

B pabore omucana mnpoOiieMa mnepeKpECTHON
UICHTH(QUKAMA ~ KPaTHBIX  3BE3AHBIX  CHUCTEM.
[lpuBomATCST NPUHOMIIBI M KapKac  CHCTEMBI
paspelleHns] MHOTOKOMIIOHEHTHBIX CYIIHOCTEH, U
MPUMEHEHUE 3TUX IPUHLUIIOB Il MEPEKPECTHOrO
OTOXJICCTBJIEHUsI ~ KPaTHbIX  3BE3AHBIX  CHUCTEM,
BKJIIOUasi OTOXJECTBJIEHHE KOMIIOHEHTOB M Iap C
MPUBJICYEHUEM BCEX MMEIOIINXCS] aCTPOMETPUUECKUX
U acTpou3MUECKMX  TapaMeTpoB  OOBEKTax.
PacckazaHo o peanuzauuu HHCTPYMEHTapHsA IS
CO3JTaHMA U TOAJIEPKKH Katajora ILB.

Karanor ILB  comepxur  mepekpécTHYIO
UIEHTH(QUKAMIO KPATHBIX 3BE3M, COIEPKAIIMXCA B
KaTaJjiorax JIBOMHBIX BCEX OCHOBHBIX
HaOMIOAaTeNnbHBIX THIOB. ba3za uaeHTUHKAIMiA
UCHONB3yeTCsl  oOecreynBaeT Bce HEOOXOIMMBIE
uneHTuGUKaK Ui 0a3bl JTaHHBIX JIBOMHBIX 3BE3[
BDB wu <¢opmupyer wucmomp3yemMble B HeEH
UICHTU(HUKATOPBl JBOMHBIX M KpaTHBIX 3BE3N B
cucreme unentudukanuu BSDB.
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Abstract. The paper deals with the pilot project devoted to the application of the knowledge graphs in
the educational activities of the universities. The ontology of the curriculum and the training courses, as well
as the means of authoring, enrichment and adaptation of the learning objects are considered. The visual
navigation on the knowledge graphs is carried out by using the special searching widgets and smart RDF
browser. Working with semantic repository and text analytics is performed on the cloud platforms via
SPARQL queries and RESTful services. The software architecture in UML-notation are presented, examples

of real use of the educational portal are given.

Keywords: semantic web, educational portal, ontology, knowledge graph, triplestore, RDF storage,
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1 Introduction

Students and professors spend a lot of time and
efforts finding useful information, instead of having to
comprehend and interpret the learning content. It was
rightly observed that the traditional web technologies
(sometimes referred to as WEB 2.0) do not provide
adequate search and navigation in the environment of
distributed knowledge at the semantic level.

Naturally the thought came about some personal
smart learning agents (software), which could identify
relevant information from any accessible data source and
provide an information synthesis tailored to personal
learning objective. The idea of semantic educational
portals that could provide a meaningful integration of
educational objects with the adaptation and
personalisation of training courses and curricula,
appeared almost simultaneously with the advent of the
Semantic Web.

During the semantization the data are combined into
triplets in accordance with the RDF model and form a
graph. If the data are the learning objects, than that form
the so-called knowledge graph. It is obvious that the most
adequate repository for the knowledge graphs are the
graph databases.

The semantic graph database, also referred to as an
RDF triplestore, stands out from the other types of graph
databases due to the possibility to support ontologies.
The semantic graph database is capable to integrate
heterogeneous data from many sources and create
relationships between datasets. That database focuses on
the relationships between entities and is able to infer new
knowledge out of existing information. It is a powerful
tool to use in relationship analytics and knowledge
discovery.

2 Related Work and Novelty

Proceedings of the XIX International Conference
“Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017), Moscow, Russia,
October 10-13, 2017
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A recent authoritative overview [14] deals with the
Graph and RDF databases makes it possible to navigate
among modern products and solutions in the field of the
Semantic Web, where the leaders are AllegroGraph,
ArangoDB, BlazeGraph, Cray, DataStax, Ontotext
GraphDB, IBM Graph, MarkLogic, OrientDB, Neo4j,
Stardog, Teradata, Aster, Virtuoso.

It looks very promising the cooperative project
Ontotext and Impelsys on the joint using of the platforms
GraphDB and Dynamic Semantic Publishing for the
development of personalized adaptive learning.

The pilot project [7] which is considered in this
article is based on the cloud semantic platform and uses
network RESTful services. The preferred repositories for
learning objects themselves are the remote data storages.
The predecessor of this project is the Cloud cabinet of the
Educational portal “Department online” [2]. The project
under consideration has been implemented in the
educational practice of National Research Nuclear
University MEPhI, Russia.

RDF browser is the main highlight of the Semantic
Educational Web Portal [7], which distinguishes it from
most of the known solutions in the field of the Semantic
Weh. Once being in the desired place of the knowledge
graph via the corresponding widget, then you can to
perform a visual navigation in this graph, simply walking
along its nodes.

There is a possibility to make a visual walk through
the knowledge graph as far as you want in any direction,
scooping up the data that appears. By focusing on a
specific graph node, it is possible to obtain text metadata,
media content and hypertext links that are associated
with this node. Along with that the nearest neighborhood
of the node becomes visible and accessible for
navigation.

3 The Ontology

The fundamental technologies of the Semantic Web,
the knowledge graphs for example, are based on a set of
universal standards, as set down by the World Wide Web
Consortium (W3C) international community [17]. From



the point of view of semantic technology, the key
standards that apply are the Resource Description
Framework (RDF) and OWL (Web Ontology
Language).

RDF(S) [18], or triplets, is the format uses to store
data in knowledge graphs. OWL [19] is based on the
Description Logics language which is designed to show
the data schema and to represent rich and complex
knowledge about hierarchies of things and the relations
between things. It is complementary to RDF and allows
for formalizing a data schema/ontology in a given
domain of knowlrdge, separately from the data itself.

In the general case an ontology is a formal
specification that provides sharable and reusable
knowledge representation. An ontology includes
descriptions of concepts and properties in a concrete
domain of knowlrdge, relationships between concepts,
constraints on how the relationships can be used and
occasionally individuals as instances of concepts.

Figure 1 partially shows the ontology [11] that is used
in the Semantic Educational Web Portal [7]. In Figure 1,
the Training_Course class is intentionally highlighted,
because later this class and its individuals will be used as
explanatory examples.

owl:Thing
Curriculum
¥ @ Document
Annotation
Artidle
Book
Exam
Laboratory_Work
Lecture
Notice
Presentation
Project_Assignment
Questions
Requirement
Review
Standard
Summary
Tasks
Test
Textbook
v @ Evaluation_Tool
Exam
Questions
Tasks
Test
Institute
Lecturer
» O Software
Training_Course
v O Tutorial 1&‘\\ N
Demo N A
Example ’
Lecture
Textbook
& Traming_video
Video

Figure 1 The class hierarchy in the ontology

Often, ontologies are understood as special
knowledge repositories that can be read and understood
both by people and computers, alienated from the
developer and reused. Ontology in the context of
information technology is usually a hierarchical system
of concepts and terms (structure, model) of a certain
subject area. Informally, an ontology is a description of
the world view as applied to a particular area of interest.
This description consists of terms and rules for the use of
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these terms, limiting their meaning within a particular
area. At the formal level, an ontology is a hierarchical
system consisting of a set of concepts and a set of
assertions about these concepts on the basis of which it
is possible to describe classes, relations, functions, and
individuals (instances of classes).

In the language of Description Logics (DL) [4], a set
of assertions of a general kind, or terminology, is called
TBox (intensional knowledge). It is TBox that forms an
ontology in the proper sense of the word. In Description
Logics, sets of assertions of a individual kind — ABox
(extensional knowledge) are singled out separately.
TBox together with ABox forms a meaningful
knowledge base (knowledge graph).

Below in Figure 2 is an example of the relationship
between the class and individuals. Here the individual
named Semantic Web belongs to the class named
Training_Course. In addition, this individual has a
number of relations with individuals of other classes.
This can be a relations of different types and directions,
as can be seen from the color and direction of the arrows
in Figure 2.

The very kinds of relations, like classes, are usually
defined in TBox, whereas the facts of the existence of a
certain kind of relationship between concrete individuals
are intrinsically some RDF-assertion in ABox and each
assertion has a triplet appearance.

Below Figure 3 shows a diagram of the relationship
between classes from the ontology. This diagram
presents only the top-level relationships. Every beam of
particular color is a set of relations between individual
instances of two classes.

Each individual relation in the ontology (that is in the
knowledge graph) inherently is an RDF assertion where
the subject is an instance of one class, the object is an
instance of another class, and the reference is a predicate
in the RDF format.

Depending on the number of relations between
instances of two classes, every beam on diagram in
Figure 3 can be thicker or thinner and gets a color of the
class with a large number of incoming relations. These
relations can be in both directions (incoming,
outcoming). The number of relations (links) between
classes from the ontology is shown in the legend on the
diagram in Figure 3.

4 Knowledge Graphs

An ontology enriched with extensional knowledge
from a specific subject area is also called the knowledge
graph or knowledge base. Extensional knowledge forms
the contents of ABox. Practically, knowledge graphs are
deployed in the graph database or in a different semantic
repository (triplestore or RDF store).

Specifically, the Semantic Educational Web Portal
[7] is located on the Ontotext S4 GraphDB cloud
platform [11] (physically on the Amazon Web Services
— AWS cloud platform [1]).
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The current prototype of the Semantic Educational
Web Portal [7] supports the curriculum presented in the
Cloud cabinet of the Educational portal «Department
online» [2]. Remote work with cloud version Ontotext
GraphDB is carried out through the provided REST API.
The most common operations are creating, reading,
loading, and deleting semantic data. For the practical
implementation of network requests HTTP methods are
used, such as GET, POST, PUT, DELETE. These
network requests contains essentially automatically
generated SPARQL queries of the following types.

e SELECT to fetch data from the knowledge graph.
e CONSTRUCT to create a new RDF graph.

e INSERT to add triples to a graph.

o DELETE to remove triples from a graph.

Figure 4 shows the user interface of the Semantic
Educational Web Portal, suitable for navigating through
the available knowledge graphs. Primary graph of
knowledge contains the materials of the master's courses,
which are taught at the NRNU MEPhI on the profile
“Computer networks and telecommunications”. It is

Training course

Figure 5 Fragment of the knowledge graph in the RDF
browser (example)

5 RDF browser

RDF browser is the main highlight of the Semantic
Educational Web Portal, which distinguishes it from
most of the known solutions in the field of the Semantic
Web. Having got to the right place of the necessary graph
of knowledge through the corresponding widget, then
you can perform a visual navigation in this graph, simply
walking along its nodes.

By focusing on a specific graph node, it is possible to
obtain text metadata, media content and hypertext links
that are associated with thisnode. It is very important that
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supplemented by the international knowledge bases
DBpedia and Wikidata, as well as a number of more
specialized knowledge repositories.

Each of mentioned knowledge graphs contains tons
of triplets. The widgets shown below in Figure 4 are
designed to allow a student or teacher easily get into the
right place of the right knowledge graph, where it is
likely find the required learning objects.

The principle of working with these widgets is
largely similar to how information is searched through
popular public search engines (Google, Yandex, etc.). As
the user types the letters of the keyword in the input line,
the system rolls out a list of relevant concepts from the
knowledge graph. User can choose the most suitable
concept and dive directly into the desired area of the
graph.

Then, more accurate visual navigation on the
knowledge graph becomes possible, which is performed
in an intuitively clear manner using the RDF browser, as
described below.

type
Training_Course Namedindividual

comment

The «Semantic Web» training course is
taught at the National Research
Nuclear University MEPhI in the second
year of the master's program. Direction
of training 09.03.01 <Computer
science and computer fadlities», profile
230100.68 «Computer networks and
telecommunicationss.

the nearest neighborhood of the node becomes visible
and accessible for navigation. This environment includes
nodes not only of that graph, through which you
originally has come in the semantic web, but also the
nodes of all other knowledge graphs of that are supported
by the system.

In Figure 5, some elements of the node's
neighborhood that correspond to the Semantic_Web
individual are displayed, as well as some related
metadata. If you focus on the next node that is displayed
by the RDF browser, it also becomes available with its
neighborhood and metadata.



Thus you can to make a visual walk through the graph
of knowledge as long as you like in any direction,
scooping up the data that appears. In Figure 5, this is not
shown, but in reality, when you hover over different
sections of a particular node, pop-up menus, additional
information and prompts for wvarious options for
continuing navigation through the knowledge graph
becomes availible.

6 Adaptive Learning Technology

The main challenge of e-learning systems is to provide
training courses tailored to different students with
different learning rate and knowledge degree. Adaptive
learning technologies are based on the fact that each
student is unique, learns at varying rates and comes with
different levels of knowledge. Traditional methodology
of instruction may force the student down a learning path
that is either too elementary, resulting in lack of interest
or too heavy to grasp the nuances of the course. Adaptive
learning, aided by semantic technologies [8], considers
learner’s interaction with courses and assessment
modules to create personalized learning paths.

The adaptive learning system generally includes the
following three subsystems.

1. The subsystem of forming a model of the learner
(student model).

2. Learning planning subsystem (instructional model).
3. A subsystem for evaluating training outcomes.

For the student model the most popular means of
determining a student's skill level is the method
employed in CAT (computerized adaptive testing). In
Semantic Educational Web Portal «Department online»
[5] various, not just computerized means for measuring
a student's skill level are used. In fact, the same training
course should be built in different ways, depending not
only on the level of knowledge and abilities of students,
but also on the learning objectives. For example, a
training course in programming will look different for
students who concentrate in the field of business
informatics and in the field of computer networks.

To build the actual instructional model and to fill it
with learning objects, the Ontotext S4 Text Analytics
RESTful service [13] is actively used. The purpose of
text analysis is to create sets of structured data (machine-
readable facts) out of heaps of unstructured,
heterogeneous documents.Text analytics involves a set
of techniques and approaches towards bringing various
textual content to a point where it is represented as data
and then mined for insights/trends/patterns. Contextual
authoring provides lecturers with related texts, images
and concepts which enhance the training course, reduces
the time and costs of authoring and editing new learning
content. Automated content enrichment improves the
quality of curriculum and allows for continuous
authoring without interruption.

When constructing adapted training courses, they are
usually optimized according to two criteria: the
effectiveness and adaptability of training. From the
mathematical point of view, in the idealized case the
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problem can be reduced to finding the shortest path in the
knowledge graph. This question has been studied, for
example, in [9]. Neo4j Graph Database [10] has built-in
means for calculating the shortest paths in the graph.

In real educational practice, the process of
constructing a specific training course in the process of
formation of a curriculum largely is empirical procedure,
based on the experience and knowledge of the lecturer.
In order to assess the training outcomes and learning
efficiency, the evaluation tools from the Cloud cabinet of
the Educational portal “Department online” are used, see

2.
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Figure 6 Software architecture

7 Software Architecture

Figure 6 shows the Deployment Diagram for the
Semantic Educational Web Portal, performed in
accordance with the UML 2 standard [6]. This diagram



can also be considered as an enlarged Component
Diagram for this software. As it can be seen from Figure
6, the component named “RDF Browser” does not have
its own server code (back-end). It interacts with two
cloud RESTful services — Ontotext Text Analytics [13]
and Ontotext GraphDB [11], both physically are
deployed on the Amazon Web Services (AWS) [1] cloud
platform.Cloud service Text Analytics [13] provides
tools for semantic annotation and update of educational
objects during the creation and adaptation of curricula.
Cloud service GraphDB [11] provides the semantic
storage for knowledge graphs and is mainly used as a
SPARQL endpoint. As a universal repository for
educational objects of an arbitrary nature, Google Drive
is used. The choice of this particular storage is not
principled, in parallel with it, arbitrary remote
repositories equipped with data display means, for
example such as Microsoft OneDrive or Yandex.Disk
can be successfully applyed.

The other two components, named “Wikidata Search
Agent” and “DBpedia Search Agent” both are advanced
SPARQL endpoints to the corresponding international
knowledge bases. Both mentioned components are
provided with libraries of patterns of search queries,
which largely facilitate the work of users, as well as are
capable to deliver and show the found content in a variety
of formats, including graphics.

8 Discussion

The pilot project presented in this article is aimed not
only to provide students and teachers with a flexible
knowledge management tool, but also to stimulate them
to get acquainted with the world of semantic
technologies.

To the middle of 2017 a sufficient toolkit for working
with ontologies, knowledge graphs and semantic
repositories of triplets, including on cloud platforms, has
already been created. There is a great variety of public
SPARQL endpoints. The English segment of the World
Wide Web is filled with Linked Open Data. This is
mainly reference data, bibliographic, media and other
information of encyclopedic nature.

Attempts to find the open semantic data in the
Russian segment of the World Wide Web infrequently
lead to success. We have to agree with the fact, that in
Russia there are still little Linked Open Data, suitable for
educational activities. The main sources of data for
Russian users of the semantic web are still international
knowledge bases, including Russian-language content,
primarily DBpedia [3] and Wikidata [15]. The prototype
of the semantic educational web portal created is
intended to partially fill this gap.

9 Concluding Remarks

A well-known skepticism about the fact that semantic
educational portals will soon become widespread in the
university environment seems fair. The modern realities
of higher education are such that the overwhelming
number of students and teachers do not suspect the

[10]
[11]

[12]

[13]
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existence of the Semantic Web and Linked Open Data.
They continue to use traditional Content Management
Systems (CMS), also known as Learning Management
Systems (LMS) or Virtual Learning Environments
(VLE), which are built primarily on simple taxonomies
and thesauruses.

Students and professors widely practice searching the
information on the World Wide Web for keywords, using
public search engines for this purpose. Tradition plays a
significant role here, as well as the simplicity and high
speed of the search query generation, in comparison with
the search queries to the Semantic Web.

Despite the growing commercialization of the public
search engines, it can be assumed with a great deal of
certainty, that they, along with Wikipedia, will remain
the most accessible “universal textbooks” for the
foreseeable future for that numerous category of students
who not always demand the quality and completeness of
the training material. An exception to this situation could
be students (undergraduates) of universities who
specialize in computer science and informatics.
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1 BBenenue

Buxkunenus — OOHO M3 KPYNHEHIIMX XPAHWJIMUILL
uHdopmanmu. Jlanaele Bukunenuu HCHONB3YIOTCS B
TakuX 3a7adax? Kak paspelieHHe JIEKCHYECKOH
MHOTO3Ha9HOCTH, KaTEropu3alusl TEKCTa, BBIUHCICHHE
CEeMaHTUYECKON OJIM30CTH, MAalIMHHBIA mnepeBoa. [l
aBTOMaTU4YeCKoii ~ 00paboTku  uHOpMaLUK U3
Buxunenuu tpedyercs cpencTBo ee CTpyKTYpHPOBAHUSL.

Cucrema Kateropuit OCHOBHOM HMHCTPYMEHT
CTPYKTypHpOBaHHs HHpOpMamuu B Bukuneaunm.
Kareropum xpaHAT cTaThu, OOBEAWHEHHBIE OOIICH
temoii. KaTeropun ObIBatoT IBYX BUIOB:

o Kareropun-mMuoxectsa, Harpumep? Category:Cities,
KOTOpasi COAEPXHT CTaThU PO KOHKPETHBIE roposa
(Mocksa, ITexkuH, JIOHIOH U T. 1.).
Kareropun-tonmku:  Hampumep? — Category:City,
KOTOpasl COIEpKUT CTaTbd, OTHOCAIIMECS K
TOPOACKON TeMaTtuke (I opodckoe naanuposanue,
Ypbanusayus, Ucmopus copodos u T. 1.).

Kaxxmast kareropust MOXKET COIepKaTh TIOAKATEr OpUT
W caMOW HaXOIWTHCI B POIUTEIBCKUX KATETOPHSX.

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00J1aCTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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Kareropun MoryT rpynmupoBaThcsi ¢ MCHONb30BAaHHEM
MeTa-KaTeropuii, HapuMmep,
Category:Writers—Category:Writers_by_nationalit
y—Category:Russian_writers.
Takum oOpa3oM, cucTeMa KaTeropuii MpeACcTaBisIeT
co00it opreHTHPOBaHHBIN rpad Oe3 IHUKIOB.

CormacHo IpaBujiaM BI/IKI/IHCI[I/II/I, CTaThs HOOJIKHA
HAXOAWUThCS B Hauwbonee crenuduuHON KaTeropuud B
uepapxun. Hanmpumep: cratbst Anton_Chekhov nomxkaa
HaxomuThcs He B Karteropuu Category:Writers, a B ee
nonkateropun  Category:Writers—Category:Writers_
by _nationality—Category:Russian_writers—Category:
Russian_novelists—Anton_Chekhov. ITostomy, 4To6bI
IOJTYYHUTh BCE CTaThH, PEICBaHTHBIC SaﬂaHHOﬁ
KaTeropuu, TpeOyeTcs M3BIEKATh CTaThM W M3 BCEX
BJIOKCHHBIX TIOJKaTeropuid. B cBs3u ¢ 3THM TpeOyeTcs,
9TOOBI CHCTeMa KaTeropuil OplIa TPAH3UTUBHON: CTaThU
W3  BIOXCHHBIX  TIOAKATETOpPHHA  JOIDKHBI  OBITH
peleBaHTHBI  POAMTENBCKOM  Kareropuu.  OmHAKO
TpeOOBaHNE TPAH3UTUBHOCTH HAPYIIACTCS, HATIPUMED:
® KaTeropusd ﬂuyamuueCKue cucmemsvl  COOCPKUT

BIIOKCHHYIO monkateroputo Coyuanvhsie cemu 0

JITBT:  Dynamical_systems— Self-organization—

Social_networks—Social_networking_services—

LGBT_online_social_networking;



e xareropust Apugmemuxa COACPKUT BIOKECHHYIO
MMOJIKATETOPUIO  Paccmpensinnvle  KOIyMOulickue
pesomoyuonepol:  Arithmetic—Ratios—Rates —
Temporal rates— Acceleration—Force— Motion
(physics)—Flight—Ballistics—...— Projectile
weapons—Firearms—People_associated
with_firearms—Shooting_victims—...—
Colombian_people_executed_by firing_squad.

Henp gaHHONM cTaThl — TPOAHAIU3UPOBATH
poOJieMy HapyLIeHUs TPAH3UTHBHOCTH B CHCTEME
KaTteropuii Bukunenuu u mpemyIoKUTh HOIAXON K €€
pemeruto. OHa HoOcTpoeHa cienyrommMm obpazom. B
paszzmene 2 KpaTKO IIE€pEYHCIIeHBl ApPYrHe CpencTBa
CTPYKTYPHUPOBaHUs JAaHHBIX BUKHIeAnn 1 OTMEUEHBI HX
orpaHudeHus. B pasnmene 3 uccienoBaHa cucreMa
KaTeropuil ¢ TIOMOUIbIO KJIACCHUECKUX METOJOB
OHTOJIOTMYECKOI'O  MOJAEIUPOBAHUS U BbISABIICHBI
NPUYMHBI TOTEPU TpaH3UTHBHOCTU. B pasgene 4
MPEUIOKEH TOAXOA, KOTOPBIA HCIPABISET CUCTEMY
KaTeropui, ynanss u3 Hee HeTpaH3UTHUBHBIE IIeNoYKky. B
pazzmene S5 TmpuBeneHa IpeABapuUTeNbHAas  OLEHKa
MIPEUIOKEHHOTO METONa Ha OJHOM U3  Ppa3JIelloB
Buxkunenuu. B Paznmene 6 omumcaHel HampaBieHUS
Oynyieit paboThI.

2 CsizaHHbIE Pa0OTHI

CyliecTByeT MHOXXECTBO TIPOSKTOB H3BJICUCHHUS
CTPYKTYPUPOBAHHBIX NaHHbIX U3 Buxunenuu [1, 2]:
DBpedia [3-5], YAGO [6-8], WikiTaxonomy [9-11],
WikiNet [12-14], ORA: The Natural Ontology of
Wikipedia [15,16], WiBi [17], MENTA [18], BabelNet
[19-20], WiSiNet [22], KOG: Kylin Ontology Generator
[23], a Taxke NPOEKTH BHIPABHUBAHMSA CHCTEMBI
kateropuii u WordNet [24-28]. Opnako maHHBIC
NPOSKTHl HE SBISIIOTCA YHUBEPCAJbHBIMH M HE
NPUMEHNUMBI K KaTerOpUsAM-TOITHKAM.

3 AHAJIM3 NPUYMH HAPYIIEHUS
TPAH3UTUBHOCTH

[Ipoananu3upyem cUCTEMY KaTEropuil C IOMOLIbIO
METOJI0JIOTUIl  OHTOJIOTMYECKOI'0 MOAENUPOBAHUS H
BBISIBUM IPHYMHBI IOTEPU TPAH3UTHBHOCTH.

CucreMy KaTeropuii MO’)KHO PacCMOTPETH B KaUeCTBE
te3aypyca [29, 30]. Kateropuu OyayT cOOTBETCTBOBATH
KOHLIETITaM, a OTHOUICHUSI MEXIYy KaTeropue wu
TIOAKATETOpHENH — CTaHIAPTHBIM OTHOLIEHUSIM MEXIY
KOHILIEITAMH OHTOJIOTHH:

e Ornomenne Kimacc— Iloakiacc:

o Cities_in_Europe—Category:Capitals_in_Euro
pe

o Category:Software — ... — Category:
Operating_systems

o Category:Mathematical axioms — Category:
Axioms_of_set_theory

Category:Machines — Category:Engines

Category:Wars — ... — Category:Wars_
involving_the_Soviet_Union
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o Category:Fiction _books — ... —
Category:Dystopian_novels
e OrtHomenue Kiacc— Dx3eMiusp:
o Category:Capitals_in Europe —
Category:Moscow

o Category:Intergovernmental organizations —
Category:United_Nations

o Category:Universities_and_colleges_in_Conne
cticut — Category:Yale University
Category:Operating_systems— Category:Unix
Category:Fields_of mathematics —
Category:Algebra

o Category:Axioms_of set theory —
Category:Axiom_of choice

o Category:Abstract_strategy games —
Category:Chess

o Category:Engines—Category:Internal_combus
tion_engine

o Category:Wars_involving_the_Soviet_Union
—Category:World_War_lI

o Category:Dystopian_novels —
Category:Nineteen_Eighty-Four
Category:Organs — Category:Brain

Category:Space_stations —
Category:International_Space_Station

e  OrtHomenne Yacte—1lenoe:

o Category:Moscow —
Category:Cities_and_towns_under_jurisdiction
_of Moscow — Category:Zelenograd

o Category:Yale University —
Category:Yale_University Library

o Category:United Nations —
Category:International_Atomic_Energy
Agency

o Category:World War Il — ... —
Category:Attack_on_Pearl_Harbor

o Category:Central nervous_system —
Category:Brain
Category:Unix — Category:Network_socket

Category:Internal_combustion_engine —
Category:Pistons

o ACCO]_[I/IaTI/IBHLIC OTHOIICHMUA .
1. Hayka — OOBeKT H3y4eHHs:
o Category:Botany—Category:Plants
2. Arenr—KoHTpareHr:
o Category:Plants—Category:Herbicides

o Category:Violence—
Category:Nonviolence

o Category:Communism— Category:Anti-
communism

3. BennunHa — MHCTPYMEHT U1l K3MEPEHHUS:

o Category:Temperature—
Category:Thermometers



4. JlesTenbHOCTb— ATEHT JCSTEIbHOCTH:
o Category:Hunting —
Category:Hunting_dogs
o Category:Military —
Category:Military_personnel
5. Ceippe—Pe3ynprar:
o Category:Grape—Category:Raisins
o Category:Petroleum —
Category:Petroleum_products—Gasoline

o Category:Textiles—Category: Textile arts
—Category:Weaving

6. Jlpyrue acconuaTHBHBIC OTHOIICHUS:

o Category:Crops —
Category:Crop_protection (Ypoxaii —
3ammra ypoxas)

o Category:Books—Category:Book_arts
—Category:Bookbinding

o Category:Death—
Category:Death _customs—
Category:Funerals

o Category:Automobiles—
Category:Auto_racing

MCTa-KaTCFOpI/IﬂM COOTBETCTBYET TaK HAa3bIBAE€MbIC
«Node labels».

[IpencraBuB cucteMy KaTeropuil B BUjE Te3aypyca,
MBI TPUMEHWIN K Hed (OpMajbHYI0 METOMOJIOTHIO
npoBepku KoppektHocTH onTomoruit  OntoClean, a
TaKke METOAOJIOTHIO MOCTPOSHHSA HH(OPMALMOHHO-
MOMC-KOBBIX ~ Te3aypycoB [29-33]. B pesynbraTe
OKa3aJoCh, YTO  MHOTME  CIy4al  HapylleHHs
TPaH3UTUBHOCTU BBI3BAHBl HAPYLICHUSIMU  IMPaBHI
NIOCTPOEHHUS  MEPapXUU  KOHIENITOB  OHTOJIOTHUM.
OCHOBHBIMH TaKUMH IPHUHHAMH SIBJISIOTCS:

e  HenonHoe BKJIIOUEHUE OAHON KATETOPUU B APYTYIO.

IIpumepsr:

o AHrnos3slYHBIE poMmaH «/loauma» Toman B
kareroputo  Pycckue nosenmwr:  Category:
Russian_novels—Category:Russian_novels_by
_ writer—Category:Novels_by Vladimir_
Nabokov—Lolita. TlpuguHa B TOM, HYTO
kareropusi Hosewivi Habokosa He TOTHOCTBIO
BXOJUT B Kateropuro Pycckue Hogennvi.

o  Anowuckuii A3bIK TIOMal B KAaTETOPUIO A3biKuU
Kopeu: Category:Languages of Korea—
Category:Buyeo_languages—Category:
Japonic_languages—Category:Japanese_langu
age.

@) Amnamnorosast Kunonienka monana B KaTe€ropuro
Lugpposwvie MEexXHONO02UU.
Category:Digital_technology—Category:
Digital_
media—Category: Video—Category:Film_
and_video_technology—Category:Film_stock;

e  OmmOK{ MpH UCIIONB30BAaHANA HEYETKUX TTOHSATHIH.

HexoTopble KaTeropuu COOTBETCTBYIOT ITOHSTHSM C
HEYETKUMH TpaHUIAMH. B pe3ynbrare BIO)KEeHHAS
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FJ'Iy6OKO KaTeropus MOKET IMMOJITHOCTBIO BBIITHU U3-3a
MpecacioB pOHHTeHLCKOfI. Haan/IMep:

] 3Jzel<mpultec1<ue cmyJjibs TIONAJIM B KaTCTOPUIO
Tompebumenvckue Mosapul. Category:
Consumer_goods— Category:Furniture—Categ
ory: Chairs—Category:Electric_chairs;

OmmOKK ¢ HCIOJIB30BaHUEM
kareropuil. Hampumep:

OMOHUMMHYHBIX

o Mysvikanvhwie uapmol Tonamu B JJuazpamor:
Diagrams—Charts—Record charts. B omHom
caydae Charts HCIONB30BAaJINCHE B 3HAUYCHUU
JUarpamMMm, a B JPYrOM — B 3HaYCHHH
MY3BIKAJIbHBIX YapTOB;

o CTtpoutenbcTBo romnano B
HenpmwxumocTs:
Real estate—Construction—Ship_

construction;

KopaoJeit

Hcronb3oBaHue OIHOrO TOHATHA B
cmbicnax. Hanpumep:

pas3HbIX

o Dmnektponnas Oubnuoreka Lib.ru momama B
kateroputo 3danus: Buildings and_structures
N
Buildings and structures by type—Libraries
—Digital _libraries—Lib.ru. B ognom cnyuae

bubnuomexa  paccMaTpuBajach Kak  THI
37aHUs, a B JpYyroM — Kak COLHAJbHBIN
HUHCTHUTYT,

o ®wumocodckoe  MHPOBO33peHUEC  Hueuausm
nornaigo B Kkareroputo buonoeus: Category:
Biology— Category:Life—Category:Philosoph
y _of life—>Category:Nihilism. B oxHom
cinydae JKu3Hb paccMaTpuBajach B 3HAUCHUH
OuonmornuecKkuii mporecc, a APYroM ciydae — B
3Ha4YC€HHUH COLIMAJIBHOT'O IIpoIecca;

o  Cuee nonan B JKuoxocmu: Category:Liquids —
Category:Water—Category:Forms_of water
— Category:Snow. B oanom ciydae Booa
paccmarpuBanach Kak BEIIECTBO, @ B APYTOM —
KaK 3TO BCIICCTBO B ) KMJIKOM COCTOSAHHH,

HecoBmecTtnmbie
Hampumep:

KpUTEPHHI HWICHTUYHOCTH.
MycynsmaHckast cBATBHIHS Kaaba momana B
KaTteroputo  Mamemamuueckux  00beKmMos:.
Category:Mathematical_objects—Category:
Geometric_shapes—Category:Elementary _sha
pes
—Category:Cubes—Category:Cubic_buildings
—Category:Kaaba. Ommbka Haxourcs B
nernouke Category:Cubes—Category: Cubic_
buildings. KybOuueckwe 3manus, BooOIIE
TOBOpsl, HE SBISIIOTCA KyO0aMH, T.K. Y HHX
pasHble KpuTepun HAeHTHIHOCTH. Kyd — 3TO
a0CTpaKTHBIA, BHEBPEMEHHOW, HEM3MCHHBIN
oopekT. Ecmu xy0 wu3MeHHTCS XOTS-OBI Ha
MUJTAMETP, TO 3TO OyHeT yxXe Apyroi KyoO.
Kybudeckoe 31aHme — 3T0 KOHKPETHBIA O0BEKT,
CYIIECTBYIOIINI BO BPEMEHHU U TIPOCTPAHCTBE



COXPAHSIOIINH UJSHTHYHOCTh ITPH HEOOJBIINX
MOIU(UKAINSAX;

Bepmyockuii mpeyeonvruk TOan B KATETOPUIO
Teomempuueckue 00vexmul. Category:
Mathematical_objects — Category: Geometric_
shapes—Category:Elementary shapes
—Category:Triangles—Bermuda_Triangle;

° CMellleHre TOHATHS 1 3HAKA. Haan/IMep:

o

Jlunacmus I'abcOypeos momana B KaTETOPHUIO
Cnosa u ¢pasei: Words_and_phrases — ... —
Surnames_of Swiss_origin — Swiss_families
—Swiss_noble families—House_of_Habsburg

Toxcun monan B kareroputo Azwik. Language
—Terminology— Biology_terminology—
Toxin. [IpuurHa omubKu B TOM, 4T0 TOKCHH HE
SBJSIETCS TEPMUHOM. TEpMUHOM  SIBIISIETCS
c10BO «TOKCHHY;

e HacnenoBanue tumnos ot poneit. Hanpumep:

o

B

Ananveemuxu nonajau B KaTeropuro
3anpewennvie Jlekapcmea. Category:
Illegal_drugs

—Category:Morphine—Category: Analgesic.
[MpyunnHa OmMOKK B TOM, 4TO 3alpelieHHbIC
JIEKapCTBa — 3TO HE THII, 4 pOJib, U OH HE JOJIPKCH
COACPKATH KATCrOpHUU-THUIIbI;

bombosvie npuyenvt TIONATH B KAaTETOPHUIO
OgucHvle  npuradIedcHOCMU. Category:
Office_equipment—Category: Computers— ...
—Category:Analog_computers—...—
Category:Optical_bombsights;

Bonuvsa  sc00a (HechenoOHas) Tmonaia B
kareroputo Eda: Category:Foods—Category:
Fruit—Category:Berries— Category:
Sambucus.

CJIEAYIOIIUX clIydasx TPaH3UTUBHOCTDb

Hapyliaercss He BCIEACTBUE OLIMOKW, a BCIEACTBUE

CcaMoro MpHHIMIIA MOCTPOCHUS CHCTEMbI KaTEropHil

Buxkunenuu:

e  HerpaH3uTUBHOCTH OTHOIIIEHUS Knacc—
sk3emIusIp. Ilpumepsr:

o

l'opon 3enenocpao moman B Egponeiickue
cmonuyvl:  Category:Capitals_in_Europe —
Category:Moscow—...—Category:Zelenograd,;
Cobaka  biowou momama B KaTeropuu
Hayucmexux nuoepos:. Category:Nazi_leaders—
Category:Adolf Hitler — Blondi;

Amaka Ha Ilepr-Xapbop momnana B KaTETOPHIO
Boiinet  CCCP:. Category: Wars_involving_
the_Soviet_Union—Category:World War_II
—...—Category:Attack_on_ Pearl Harbor;

Kopabme «Canma-Mapus» monan B KaTeropHio
Tuner  xopabneii: Category:Ship_types—...—
Category:Exploration_ships—Santa Maria
(ship);

Ilooma mox HazBammem «Ooday» TIONmana B
kateroputo JKaupwer aumepamypuvr. Category:
Literary genres—Category:Poetry—...—
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Ode (poem). DTOT mpuMep OCOOCHHO OIaceH,
T. K. CYyILIECTBYET HACTOALUIMHM JIUTEPATYypHBIN
JKaHP C TAKAM UMCHEM.

e HeTpaH3UTHBHOCTH ACCOIMATUBHOI'O OTHOIICHUS.

IIpumepsr:

o Brvemennas kaura «Teopus u npakmuxa
0NIUSAPXUYECKO20 KOMNeKMUBU3MA» W3 pOMaHa
«1984», HamucaHHas, COIJIACHO  CIOXKETY
pomMana, 3aBezioMo no3xe 1948 rona, momana B
kareroputo Hosennor 1948 2o0a: Category:
1948 novels—Category:Nineteen_Eighty-
Four—The_Theory and_Practice_of Oligarch
ical_Collectivism;

o Tanaxmuueckass Mmnepuss w3 BBIMBIIUICHHON
BCEJICHHONW «3Be3/HBIX BOWH» TMonaja B
KaTEerOpuIo Cegepoamepukanckue
eocyoapcmsa.
Category:Northern_American_countries—
United_States—Category:American_people
—...—Category:George Lucas—Category:
Star Wars—...—Galactic Empire
(Star_Wars);

o Meiku  Jlrcubymu Tomanu B KaTErOPUIO
Cmamucmuxa: Category:Statistics— Category:
Statistical data_sets—Category:Demographics

by_country—Category:Demographics_of_Djib
outi—Category:Languages_of Djibouti;

o Buonoeuueckoe opyarcue TIONaJI0 B KaTErOpHIo
Tpydosoe  npaso: Category:Labour_law
—Category:Labour_relations—Category:
Occupational_safety and_health—Category:
Toxicology—Category:Biological weapons;

o Paccmpensnnvle KoyMOUticKue
pesonioyuoHepyl  TIONANK B KAaTCTOPHUIO
Apughmemuxa:

Category: Arithmetic—Category:Ratios—Cate
gory:Rates—Category: Temporal rates—Categ
ory: Acceleration—Category:Force—Category:
Motion_(physics)—Category:Flight—
Category:Ballistics—...—Category:Projectile
weapons— Category:Firearms— Category:Peop
le associated with_firearms—Category:Shooti
ng_
victims—-...—Category:Colombian_people
executed_by firing_squad;

Wtak, HapylmieHHE TPaH3UTHBHOCTH B CHCTEME
Kareropuil Bukunenuu BbI3BaHO JABYMs TpYIIaMHU
npuunH. K mepBoil rpynme OTHOCSATCS NPUYMHBI,
CBSI3aHHBIE C HAPYIIEHWEM TMPAaBWI IOCTPOCHMS
MepapXui KOHIENTOB B OHTOJOTHMH. DTH HAPYIICHMS
MOTYT OBITh yCTpaHEHBI CaMMMH aBTOpamMH Bukumeaun
(1 nefCTBHUTENBHO YCTPAHSIOTCS IO MEpe Pa3BUTHSA
npoekTa). Ko BTOpoii Tpymme OTHOCATCS TPHYMHEL,
CBSI3aHHBIE C CAMHUM INPHUHIMIIOM YCTPOIHCTBA CHCTEMBI
Kareropuil Bukunenuu, riaBHas H©3 KOTOpPBIX —
HETPaH3UTHBHOCTh aCCOIMATHBHOTO OTHOIICHMS.



4 Iloaxoa K yCTPaHEHHMIO HAPYIIECHMI
TPAH3UTUBHOCTH

Hp CJIOKUM  MCETOA, KOTOp BIN YCTpaHACT HE
TPAH3UTHUBHBIC OCIIOYKHU u OCTaBJIACT TOJIBKO
TPAaH3UTHUBHBIC.

Kax 0bLTO TOKa3aHO B IPEABIAYIIEM pa3jene, OfHa
W3 OCHOBHBIX MPUYMH HAPYIICHUS TPAH3UTHBHOCTH
COCTOMT B TOM, YTO HEKOTOPHIC KATETOPHUH CBA3aHBI C
MOAKATETOPHSAMH  ACCOLMATHBHBIM  OTHOIICHHEM,
KOTOpOE B OOIIIEM CIIydae He SIBISIETCS TPAH3UTHBHEIM.

CymecTByromnue METOJIbI H3BJICUCHHUSI
CTPYKTYPUPOBAHHOW  WHGOPMAIMK U3  CHCTEMBI
kateropuii (Hanpumep, YAGO wmu WikiTaxonomy)
BBISIBJISIIOT ACCOIMATUBHBIC CBA3U MEXKIY KaTErOpHIMH
W TpPOCTO YCTPAHAIOT uX. HEemOoCTaTKOM JaHHBIX
METOJIOB SIBISIETCS TO, YTO OHU HCKIIOYAIOT JaXKe Te

ACCOIIMATUBHBIC  CBSI3W, KOTOPBIE HE HAPYIIAIOT
TPaH3UTUBHOCTh. B CBSI3M C OSTUM  BO3HUKACT
MOTPeOHOCT, B METOZAE, KOTOPBIA  yCTpaHSIET
ACCOIMAaTUBHBIC OTHOIIICHUS, HapYIIAFOIIUe
TPaH3UTUBHOCTh (Hampumep, Cratuctuka  —
Hdemorpadus), HO COXpaH’IeT HE HapyIIAroIHe
(mampumep, OOpasoBanne — Yuwutens). Onuiiem

OCHOBHBIC€ IPUHIUIIBI 3TOI'0 METOAA.

JlaHHBIE MeETON OCHOBaH Ha MOAXOJE, KOTOPBIH
npumensercs B Tezaypyce PyTes g ycraHoBieHHs
ACCOIIMAaTUBHBIX OTHOIIEHUN MexTy KoHuentamu [30,
34-37]. B cOOTBETCTBMM C 93THUM  MOIXOJOM
aCCOIMMAaTUBHOC OTHOULICHUE MEXKAY ABYMS KOHLCIITaAMU
SIBIISIETCSL  TPAH3UTHBHBIM, €CIM MEXIy KOHLENTaMHU
CYIIECTBYET OTHOILIEHHE OHTOJIOTYECKOH
3aBUCHMOCTH.

Jnst hopManu3anyy OTHOIIEHHUS OHTOJIOTMYECKOU
3aBucumocta [38—41] B PyTe3e wucnomm3yercs Tax
Ha3bIBAEMbIH MOJAIbHO-9K3UCTEHIIMOHAIBHBIN MOAXOA:
00BeKT A 3aBUCHT 0T 00beKTa B Torma u Toiasko Torma,
KOorga HeoOXOIMMO, 4YTO €CIH CyIlecTByeT A, To
cymectByer u B [42, 43].

MonanbHO-3K3UCTEHIMOHAIBHBIA  MOAX0A HUMEET
pSAN TPEUMYILECTB, CPEAu KOTOPBIX IpocTOTa M
MaTeMaTudeckas CTporocte. Hemocratkom  3TOro
MOXOMa SBISETCA TO, YTO €ro NpUMEHEHHe TpeOyer
y4JacTHs 4eloBeka. B CBs3u ¢ 3TUM B HCXOJHOM BUJIE OH
HE MPUMEHUM [UIS pELIeHUs [OCTaBIEHHOH Hamu
3agaun. Kpome TOro, MoaanbHO-3K3UCTEHIIMOHAIBHBIN
moaxon  ObUT  MOABEPTHYT KPUTHKE C  YHCTO
OHTOJIOTMUYECKOM ToukH 3peHus. K. ®aiiH nokazai, 4To
JAaHHBI  TOAXOA  ABJSIETCS  CIUIIKOM  I'PYyOBIM
NpUOMKEHUEM K = TOHATHIO  OHTOJOTMYECKOM
3aBHUCHMOCTH U MUMEET Pl KOHTpIpuMepoB [44, 45]. B
KauecTBe aJIbTEPHATUBBI ®daiin MIPEITI0KUII
SCCEHIMOHANBHBI  Tomxon K QopMann3anuu
OHTOJNIOTHMYECKOH  3aBucUMocTH. CormacHo 3ToMYy
mogxony, A 3aBucutr or B, ecnim A sBusercs
HEYCTpAaHUMOH KOMHOHEHTOH cymuoctu B. Ilpu sTom
CYIIHOCTh OOBEKTAa MOHMMAETCSl KaK YTBEP)KACHHUS,
WCTUHHBIE B CHJIy MICHTHYHOCTH 3TOr0 O0BEKTa. IDTH
YTIBEPXKICHHS, B CBOIO OYepenp, 00pa3yloT peabHOE
omnpenenenune oovekra [44, 45].

Takum 00pa3oM, WCHONB30BaB ACCEHHMOHAIBHBIN
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MOAXON, MBI TONYYWIA CICHYIOIUH  KPUTEPHA

ONpENICIICHUs]  OHTOJIOTMUYECKOW  3aBUCHUMOCTH: X

OHTOJIOTMUYECKH 3aBUCHT OT Y, ecid Y HEYCTPaHUMBIM

obpazom BxoauT B ompexaencaue X. JlaHHBIA MTOIXO

ropa3fo JydYile TOAXOAWT JUIsi aBTOMAaTHYECKOTO

NpUMEHEeHHs. B  KkadecTBe ompenencHus OOBEKTa,

COOTBETCTBYIOIIETO TOM MM WHOM KaTECTOPHU, MBI OpaiTi

AQHHOTAIlMU TJIABHOM CTaTbU 3TOM KaTEropuu U 3TOM

CTaThU HA JPYIHUX s3bIkax. DakT BXoxkIeHUS 00bEKTa B

OIpeJNieNICHHE JPYroro 0O0BEKTa MOJCTHPOBAJICS Kak

HAJIMYHE TUTICPCCBUTKH MEXKITY OTIPEICIICHUSIMI.

TakuM 00pa3oM, THpeIoKEeHHBIH MeTo] paboTaer

CIICAYIOIIAM 00pa3oM:

e OmpenensieM, SBISCTCA JU OTHOIICHHE MEXKIY
KaTeropuei W ee MOJKATerOpHel acCOIMAaTUBHBIM.
[Tonaraewm, YTO OTHOIIICHUE SIBIISICTCS
ACCOITMATUBHBIM, €CITH B HEM YUaCTBYET KaTCrOpHs-
TOMUK. THI KaTeropuu OmpeaesieM C MOMOIIBIO
merona u3 npoekra WikiTaxonomy [11].

e Ecau oTHOIIEHHE SBJIAETCS aCCOIUATHBHBEIM, TO C
MOMOILbIO OMKMCAHHOTO BBIIIE KPUTEPHUS IPOBEPSIEM
OTHOLIEHHWE OHTOJIOTUYECKON 3aBUCHUMOCTH MEXIY
nojKaTeropve u kareropueid. Eciu 3aBUCHUMOCTD
HMEETCs, TO COXPaHSEM OTHOLIECHHUE MEXAY
KaTEeropusiMH, €CJIM HE UMEETCsl, TO YCTPAHAEM.

L4 Ecnu otHOlIEHHME sBIsETCS HE aCCollMaTUBHBIM, a
TAKCOHOMHYECKHM,  TO  MWCIONB3yeM  yXKe
cymectByromid  pecypc  YAGO, conepxammid
OYHUIICHHBIE TAaKCOHOMHYCCKHE OTHOIICHUS. B
cilydae, eciii oTHomieHue npucyrcrsyetr B YAGO,
COXpaHsIeM €ro M yaajiseM B IPOTHBOIOIOKCHHOM
ciy4ae.

5 Onenka

MBbI poBeIu peIBapuTENbHOE OLIEHUBAHKE HAIIIETO
Mmerona Ha karteropuu Mathematics. st storo ¢
[IOMOILBI JAHHOTO METOAAa MBI MCKIIOYIIM M3 DTOH
KaTerOpUU  MPETONOKHUTENIFHO HEPEIeBaHTHbIE i
noakateropur. CHHCOK YAANIEHHBIX W OCTaBJICHHBIX
MOAKAaTeropuii OBLT TepedaH [UIsl PYYHOHU OICHKH.
3amaua aceccopa COCTOsUIA B TOM, YTOOBI OIICHUTH,
JIEACTBUTEIILHO R0 OCTaBJICHHBIE KaTeropuu
peleBaHTHBI OCHOBHOW KaTerOPHUU U JACHCTBUTENBHO JIH
yIalleHHbIe — HE PEJeBaHTHBI. Pe3ynbTaT OlleHHBaHUS
npezncrtasieH B Tabmure 1.

Ta6auua 1 PesynpTat mpeaBapuTenbHOI OICHKH
TpeTTOKEHHOT0 MeToIa Ha Kareropun Mathematics

Total 4281
True positives 2136
True negatives 650
False positives 1010
False negatives 485
Recall 0,814956
Precision 0,678957
F1 score 0,740766

6 3akirouenmne

Msbl  npoaHaNM3UPOBANM TNPHIWHBI  HApYIICHUS
TPaH3UTUBHOCTU B CUCTEME KaTeropuil Bukunenuu u



NPEeAJIOKWIN TOAXO0J K HX YCTPAHEHHUIO, a TaKkxKe
MIPOBETU MpEeIBAPUTEIBHOE OIlCHUBAHHE
MPEAI0AKEHHOT0 MOIX0/1a HA OJJTHOM U3 KaTeropuil.

B nmanpHe#meM MBI TNIAaHUPYEM JI0pab0TaTh JaHHBINA
nonxoA. B dacTtHocTH, mpenmnonaraercs W3BIEKATh
ONpeJesieHus] HE TOJNbKO K3 TJIABHBIX CTPaHMIL
KaTeropuu, a TakKe MCIOJIb30BaTh KOHTEKCT-CCHUIKU
BHYTPH TEKCTa ompeneneHus. Takol moaxoa Mo3BOIUT
H3BJIEYb TE3aypyC U3 CHCTEMBI KaTeropuit Bukumnenuu.
JToT Te3aypyc OyAEeT OTIIMYATHCS OT AaHAJIOTHYHBIX TEM,
YTO B HEM OyIyT TMpPHCYTCTBOBaTh HE TOJIBKO
Hepapxuueckre, HO M MPOU3BOJIbHBIE ACCOIMATHBHBIE
OTHOIIICHUS.
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IHoxxox Kk puabTpanMM 3aNPEeIEeHHOr0 KOHTEHTAa B Be0-
MPOCTPAHCTBE
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AnHoTanus. BBeeHrE 3aKOHOAATEIEHOTO PETYIUPOBAHUS COMICPIKaHMS HH()OPMAIIMOHHBIX PECYPCOB
000CTpUIIO IPOOIIEMY aBTOMATHYECKOTO O0OHAP yXKEHHUS M OJIOKUPOBKH 3aIPEIICHHOr0 KOHTEeHTa. [IpeniokeH
MOJXOM K PEIICHHIO JTaHHOW MpPOOJeMBbI, B KOTOPOM TEMATHUYCCKHI aHAIHM3 BeO-CAHTOB MOMOJHACTCS
JKaHPOBBIM, YTO TIO3BOJISCT BBIIBUTH OCYIIECTBIISIEMYIO IIOCPEACTBOM BeO-caiiTa AeATeIbHOCTD U, Oaromapst
3TOMy, OOJiceé TOYHO pAaCHO3HATh M JIOKAIM30BaTh 3alpEIICHHBIA KOHTEHT. PellicHWe O HaIWIud
3aIpelIeHHOr0 KOHTEHTa Ha CTPaHHMIIE caiTa MPUHUMAETCS HE TOJIbKO Ha OCHOBE aHAlIu3a e COIEPIKUMOro,
HO ¥ Ha OCHOBE PE3yJIbTATOB aHajHM3a TEMATHKH W JKaHpa caiiTa B melioM. Pa3zpaboraHbl mporpaMMHbBIE
CpPE/ICTBA U PYCCKOSI3BIYHBIC PECYPCHI [T OOHAPY)KEHHS 3alpEIIeHHOr0 KOHTEHTa, OTHOCSIIErocsl K TeMe
«HapxoMaHus ¥ HAPKOTUKUY.

KnrwueBble cjoBa: kinaccupukaiys BeO-caiToB,
TEMaTUYECKUH aHAJIN3 TEKCTa, )KaHPOBBIN aHAJIN3 BeO-CaiiTOB.

An Approach to Filtering Prohibited Content on the Web

© E.A. Sidorova'? © 1.S. Kononenko? © Yu.A. Zagorulko'?

L A.P. Ershov Institute of Informatics Systems,
2 Novosibirsk State University,
Novosibirsk, Russia

¢unpTpanms  3ampenieHHOro  KOHTEHTa,

Isidorova@iis.nsk.su irina_k@cn.ru zagor@iis.nsk.su

Abstract. The institution of legislative regulation of the content of information resources has
aggravated the problem of automatic detection and blocking of prohibited content. We propose an approach
to solving this problem. In this approach, a thematic analysis of websites is complemented by a genre one,
which allows identification of the activity carried out through a website and, therefore, brings about a more
accurate recognition and localization of the illicit content. The decision on the presence of prohibited content
on a website page is made on the basis of both analysis of the page text content and results of thematic and
genre analysis of the site as a whole. Software and Russian-language resources for the detection of prohibited
content related to the topic “Drug addiction and drugs” have been developed.

Keywords: website classification, filtering prohibited content, thematic text analysis, website genre
analysis.

1 BBenenue BBesieHHE  3aKOHONATENBHOTO  PEryITHpPOBAHHS
colepKaHus WHPOPMAIMOHHBIX PECYpPCOB 00OCTPHIIO
3anasa n30MpaTenbHOro PaclpoCTpaHeHud  ypoGnemy oOHAPYKEHHS M GIOKHPOBKH 3aIPENIEHHOTO

uHpopMmanmu, chopmyaupoBannas Jlymom (Luhn) B
1958 r., monmyumsia HauMEHOBaHHE «DUILTPALUSI» B
1975 r. (Denning). Cucrema (hUIbTpai KOHTPOIHPYET
NOTOK JOKYMEHTOB, OTOMpas B HEM IIOJe3HbIC
JOKYMEHTBI B COOTBETCTBHH C HEKOTOPHIM KpPHTEPHEM
(mH(bOpMaIIOHHAS TIOTPEOHOCTH MONb30BaTeNs). boiee
TIOJTHO 3aJ1a4a ompenenieHa B [5]: mporece GuibTpain
TIpeHa3HaYeH I 0TOOpa WU yaleHus HH()OpMAaIH
W3 TUHAMHUYECKOTO ITOTOKA JAHHBIX.

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00J1aCTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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KOHTEHTA, K KOTOPOMY OTHOCHTCA JIF000€ 3anperieHHoe
rocyJapcTBOM JJIsI TIPOCMOTpa M O3HAKOMJICHHS
MHPOPMaMOHHOE HAIIOTHEHNE pecypca iU BeO-caliTa
(Tekct, mynpTHMeana, rpaduka). [lpu cymecTByromei
CKOpOCTH TIPHPOCTa W OOHOBIICHUS WH(POpPMAIAN B
NONTHOM Mepe KOHTPOIMPOBATH €€ COJep)KaHHue ¢

ITOMOIIBIO MOJIEpaTOPOB-JTFOICH MPAaKTUICCKH
HEBO3MOKHO.
CoBpeMeHHBIE  TOAXONBI K  aBTOMATHYECKOH

(GUIPTpAlMK  3aNpPEIIeHHOr0 KOHTEHTa 4Yalle BCEro
OCHOBaHBI Ha UCIIOJIb30BAHUH CIIMCKOB CCHUIOK Ha CalThI
(URL-¢pumbprparmms) [13], pacrnosHaBaHHM —KITFOYEBBIX
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CIOB W3 CITHCKAa 3alpemICHHBIX, a Takke Ha OCHOBE
TeMaTH4decKoll Kkiaccuukamuy, Hampumep [6, 10].
YkazaHHbIE METOJIBI HE JAIOT TPeOyeMOoro KavyecTrBa: B
MEPBOM CJIy4ae CIMCKUA COCTaBJISIOTCS BPYYHYIO M HE
MO3BOJISIFOT OI[CHUBATh HOBBIE CAlTHI, BO-BTOPOM Cllydae
KJIFOUEBBIE CJIOBA JAIOT OYEHb IPYOYIO OIEHKY U JTHOO
JIO)KHO OJIOKHPYIOT CaiThl C yHOTpEOIEHUEM TEPMUHOB
B JPYrHX CMBICTAX, JHOO HEIOCTATOYHO IIOJIHO
MOKPHIBAIOT ~ CIIOCOOBI  BBIP@KEHUS  3alpeIieHHOM
uHpopMaInH. Yro Kacaercst TEMaTHYCCKOMH
KJIacCU(UKAIIH, TO, [IOMAMO OOJIBIION 3aBUCHMOCTH OT
oOyuJaromiell BRIOOPKH, OHA HE TO3BOJIICT ONPEACIHTH
LIEJIH, C KOTOPBIMU JAETCsl Ta WK WHas uH(opmarms,
YTO MPHUBOIUT K JIOKHOMY CpabaThiBaHHIO (PUIBTpA, a

JUIi OrPOMHBIX MAacCCHBOB HHTEPHET-JAaHHBIX 3TO
HEJI0MYCTHMO.
IIpu  paccMoTpeHMM  pa3IMYHBIX  METOMAOB

¢dbunsTpanuu [3, 5], takux, kak Boolean Information
Filtering, Vector Space Model, Neural Networks u . 1.,
MOAYEPKUBAETCSI BAXKHOCTh CEMAaHTHYECKUX MpoOlIieM,
T. €. npobiem HEOJHO3HAYHOCTH TEPMHHOB
(CHHOHMMWUSI, TTOJUCEMHS, OMOHUMHS), 3aTPYAHSFOIINX
COTIOCTaBJICHNE TEPMHUHOB B IPOLIECCE COMEPKATETHHOI
¢unbTpanmu. s mpeomonieHUsT  CeMaHTHYECKHX
npoOiieM, Hampumep, B [7], TpPEAIOKEH METOM,
OCHOBAHHBbIM Ha JIMHTBUCTMYECKOM OHTOJOTMH, B
KauectBe Koropoit wmcmonesyercs WordNet [2].
OCHOBHBIM HEJOCTAaTKOM TaKOIro IoAxoaa sBJIACTCA
TPYAOEMKOCTh HIOCTPOCHUS JIUHTBUCTUYECKON
OHTOJIOTHM JJIS 33JaHHOTO s3BIKAa M TMPEIMETHOIl
obuactu.

B mpemmaraeMoM HaMM pPEHICHUH HCIOIB3YETCS
KOMIUIEKCHBII TOAXOHA, MpH KOTOPOM pEILIeHHE O
3aMpeneHHOCTH CTPAHUIIBI IPUHIMAETCSI HA OCHOBAaHUH
HE TOJBKO €€ TEeMAaTHWK{, HO U MparMaTHkKH, T. €. BUJAA
JIESTEIIbHOCTH, OCYIIECTBIISIEMOM OCPENCTBOM CalTa B
uenoM.  JlomonmHeHWe — TEeMaTWYeCKOro — aHajan3a
JKQaHPOBBIM, a TakKXKe HCIONb30BaHUE JIEKCHYECKUX
MPU3HAKOB, MO3BOJISIONIMX SIBHBIM 00pa3oM 3a1aTh
CEeMaHTHKY TEPMUHOB, JaeT BO3MOXXHOCTh 0OJiee TOYHO
pacro3HaTh U JIOKAJIN30BaTh 3allPEIICHHBII KOHTEHT.

2 3agaya puabTpanuM KOHTEHTA

@dunpTpanys TEKCTOBOI'O KOHTEHTa TPaAUIMOHHO
paccMaTpHBaeTCs Kak Pa3HOBUIHOCTD
nHpopManmoHHOro Tmoucka. C Opyroil CTOpPOHEI,
GWIbTpaMI0O MOXHO paccMaTpuBaTh Kak OCOOBIN

ciydail  kiaccupUKAlMU [0 JBYM  KaTEropHsM
(peneBaHTHBIE W HepeleBaHTHBIE). B o003ope [4]
chopMyIHPOBAHbBI CXOJICTBA " pasznu4us

WHPOPMALIMOHHOTO MOUCKA, (QMIBTPAlNN U OMHAPHON
kateropusaiyu. PuiabTpanus, B OTIUYHE OT IIOHCKA,
OCHOBaHa HE Ha 3ampocax, a Ha IMPEACTABICHUN
WHIMBHUYaJIbHBIX WM TPYMIOBBIX HHTEPECOB (IIPOodHIiIb
MOJIK30BATENA). 3apoc — CHIOMHUHYTHBIN HWHTEpec, a
TIPOQIITE — JONTOBPEMEHHBIH (BO3MOXHO MEHSFOIITHICS)
HHTEpec.

ba3oBoe cx0nCTBO BCeX HANpPAaBICHUN 3aKIHOYAECTCA
B HAJIMYUH CJIETYIOIINX KOMIIOHEHTOB!
1. TIpencraBnenne BeO-00beKTa (IOKYMEHTA).

95

KJ1acca
KaTeropuu,

[IpencraBnenne “H(POPMAIMOHHOT O
(uHbOpPMAnMOHHONH  TOTPeOHOCTH,
npouIIs TTOJTE30BATETIS).
CorocTaBneHne JTOKyMEHTa M KJlacca ¢ ITOMOIIBIO
ANTOPUTMOB, BBIYHCIISIOIINX MEPY CXOJICTBA.

aroboe
HaIlOJIHEHUE BeO-caiirta,
NpEeNoCTaBlIeHne  KOTOpOro  JUisi  MpOCMOTpa |
O3HAKOMJIEHMsI ~ 3amlpemieHo  rocyaapctBoM.  Ha
tepputopun PD neiictByet denepanbHbiii 3akoH Ne 149-
®3 «O06 nHpopManmy, THPOPMAIMOHHBIX TEXHOJIOTHSIX
W 0 3amure NHOOPMALUI», B COOTBETCTBUH C KOTOPBIM
YCTaHaBJIMBAIOTCS OCHOBAHHMS ISl BKIIIOYEHHS CAaTOB B
CIHCOK 3anperéHHbIX. CIIMCOK TEMAaTHK OJIOKUPYEMBIX
PECypCoB OTKPBIT U BKJIIOYAET, K IPUMEPY, TaKHE THUIIBI
3arperieHHoro KOHTEHTA, KakK: KOHTEHT,
npenHa3HaYeHHbBIH TONBKO Ul B3POCIHBIX, MpONaraHzia
NPOTHB OTJEIBHOTO JIUIA, TPYIBl MM OpPraHU3alUH;
MaTepuallbl, CBS3aHHBbIE C HApKOTHKAaMH; KOHTEHT,
CBSI3aHHBIN C OpPY)KHEM, U Jp.

Juis anpobanuu rnpeayiaraeMoro 1mojxo/ia B KauyecTse
3aIperIeHHOr0 PacCMaTPUBAJICS TEKCTOBBIH KOHTEHT Ha
PYCCKOM s3bIKE, OTHOCsIUMCSA K TeMe «Hapkomanus u
HApKOTHKI».

B cuiny BBICOKOH CIIOKHOCTH 3a[a4dl BBISIBICHUS
3aMpelieHHOr0 KOHTEHTa MPEJIOKEHHOE pelIeHHe
OCHOBAaHO Ha COBOKYIIHOCTH pa3JM4YHbIX METO/10B
aHaJM3a TEKCTOB W HHTEPHET-JOKYMEHTOB, BKIIOYAs
METOJAbI MAaIIMHHOI'O O6y‘IeHH$[ )51 PIH)KeHepHLIﬁ noaxon.

MammHHOe 00ydeHHe He SBISCTCS IOJHOCTBIO
aBTOMAaTHUYECKUM, OHO Takke TpeOyeT OSKCIepTHOH
JEATENbHOCTH [0 aHHOTHUPOBAHUIO  OOYYaloIiero
MHO)KECTBA TEKCTOB MeETKaMH KjaccoB. (OJHaKo
copMUpPOBaHHBIE aBTOMAaTHYECKH (XOTS M Ha OCHOBE
9KCIEPTHOM pa3MEeTKM) ONMCaHMS KJIAacCOB COAEpKaT
MHOTO «IIYMSILIEH» JIEKCHKH, KOTOpas Ha JTale
Ki1accu(UKaIMK TEKCTOB TOHMKAET TOYHOCTh PabOoThI
aJNropuT™Ma.

MuxeHepHbII NOAXOA TpeArnonaraeT Co3JaHue
ONKMCAaHUN KJIacCOB C YYacTHEM OHKCIEpPTa, KOTOPBIi,
UCTIONB3Ys YCKOpSIIOILIHE ero JEeATEBHOCTh
NporpaMMHBIE MOIYJIM HOPMalM3allMM TEKCTa M
reHepaliy YacTOTHBIX CloBaped, popMupyeT pecypchl
s knaccuukatopa. HecMoTpst Ha TpynoeMKoCTb
peanuzaniy, WHXEHEPHBIH MOAX0J oOecredynBacT
BBICOKOE KaueCcTBO KIACCH(UKAIMM TEKCTOB 3a CUET
9KCIEPTHOH (QUIBTPALMHM «IIyMa» | JOMOTHEHUS
cioBapeit (ommucanmit KJIACCOB) HEIOCTAIOMIENR
JIEKCUKOH, OTCYTCTBYIOIIEH B 0Oydaromiel KOUIEKINH.

OcCoOeHHOCTR TIPEUIaraéMoro pemieHus] COCTOUT B
MHTETPAIlMM TEMAaTHYeCKUX M JKaHPOBBIX METOJOB

3anpenieHHbIi KOHTEHT 3TO

COACpIKATCIIbHOC

KIacCH(UKAIIMA TEKCTOBBIX pEecypcoB Ha  0aze
MHKEHEPHBIX TPABWI NPUHATHSA PEICHUS O HaJIWYUH
BPEIOHOCHOTO KOHTEHTA. HUcnons3oBanne

TeMaTW4yeckux rpagauuidi B Teme «HapkomaHus u
HapKOTHKI» 00eCTIeYnBaET MOCTPOCHUE €€ OITUCAHHUS BO
BCEM MHOTOOOpa3sWdl ¥ TOMHOTY KIACCH(UKAIH
KOHTEHTA.

Heo0OxonnmocTts HUCIIOIB30BaHUS JKaHPOBOM
KJIacCH(UKAIMM BBI3BaHA OCOOCHHOCTSIMH OCHOBHOM



TEMBl U TPeOOBaHMSIMH K NMPUHAMAEMOMY PEIICHUI0 —
OIIPEJIETICHUIO TPUHA/UIKHOCTH KOHTEHTa K JBYM
KJIaccaM: 3arpeieHHOMY KOHTEHTY ¥ He3aIpEIIeHHOMY.
Ompenernenue jxaHpa ITO3BOJISET YTOYHHTH DEIICHHE,
TIOy4YeHHOEe Ha 0a3e TeMaTHYeCKOW KIIaCCU(UKAIIUH.
OTOMY ke CHOCOOCTBYIOT HMCIOJIb3yeMbIE€ JIOTHYECKHE
NpaBWiIa TPHHATHS pEIIEHHS O 3aIlpelleHHOCTH
KOHTEHTa, IIOCTPOEHHBIE Ha OCHOBE pEe3yJIbTaTOB
YKaHPOBOM U TEMAaTHYECKOH KIIaCCU(PHKAIIHH.

B cumny ocobeHHOCTEH TEKCTOB HCCIEAYeMOM
TEMaTUKH TPAJULHOHHBIA aNTrOpUTM 00paOOTKH TEKCTOB

JOTIOJTHEH MOJyJIEM aHaJIM3a CIICIHAIIBHOM
TEMaTHYECKOW U CTHIIMCTHYCCKH OKPAIICHHOH JICKCHKH
— Hay4yHas TEPMHUHOJOTHS, CJCHT HApKOMAHOB,
obecrieHHast JIEKCHKa, KaproH HHTEPHET-
MOJTb30BATENeH, TeMaTHYeCKas JIGKCHKaA Ha JTATHHHIE
TpPaHCIIHTE.

JIyis ONTHMHU3AIMU BPEMEHH PabOThl MPHIOKEHUS
AIITOPUTM peau3yeTcs B J[Ba dTamna:
1. mpenBapuTeNbHBIN aHAIM3: YCTAHOBJIEHHE HAIHYUS
B TEKCTE JIEKCHUKH, XapaKTEpHON Ui 3aJaHHOU
TEMATHKH;
OCHOBHOW aJITOPUTM: TeMaTHYeCKas M >KaHpOBas
KJ'IaCCI/I(bI/IKaL[I/II/I C TIPUHATUEM OKOHYATCIBHOI'O
pelIeHHsT O 3ampeIleHHOCTH / HEe3ampeleHHOCTH
KOHTEHTA.

[IpenycMoTpeHa  BO3MOXKHOCTH ~ OOOCHOBAHUA
TMOJTYYECHHBIX pCHJCHHﬁ yTeM MpeaoCTaBJICHUA
NPOMEKYTOYHBIX pPe3yJbTaTOB pabOThl  ajiropuTMa
¢GuIbTpanuy B MOHATHOW A1 KOHEUHOr'O MOJIb30BATEIN
(dbopMe: HAICHHO# JIEKCHKH, MTOJTYYEHHOH YTOUHEHHOU
TEMAaTHUKH, KaHPa U UCTIOIb3yEMbIX PEIIAIONIUX MTPaBUIL.

3 Mopeab 3HAHUI

[lpemyaraeMoe HaMu  peIICHHWE OCHOBAaHO Ha
UCIIONB30BAaHUM  JIMHTBUCTHYECKMX M IPEIMETHBIX
3HaHUH U BKIIIOYAET CICAYIOIINE PECYPChL:

1. PyOpukaropbl: TeMaTHYECKUM, KAHPOBBIN (KaHPBI
WHTEPHET-TEKCTOB),  NparMaTH4ecKuil  (KaHpHI
CalTOB) U JIEKCHYECKUH (IIPU3HAKH TEPMUHOB).

2. IlpenmerHbrit CJIOBapb, BKJIFOYAROIINN
TEMaTHYECKYIO U )KaHPOBYIO JEKCHUKY.

3. JanpoBble 11a0JIOHBI BEO-TEKCTOB.

4. TlparmaTudeckue MojieIn BeO-CaiToB.

5. Pemaronie mpaBuia.

PaccmoTpum ux monpobHee.

Temamuyeckuti pybpukamop BBOIWT YTOUHSIOIINE
moaTeMbl s 6a3oBoil Tematuku «HapkomaHums u
HapKOTHKM» 1 BKJIIOYAET KaK 3alPEeIICHHbIE TEMBI, TaK 1
HesanperieHnsie (cM. Puc. 1).

Hasnauyenue nanaoro pyopukaropa:
® OTIEIUTh CAWTHI 110 3aJaHHON TeMaTHKE;

e 1aTh OOBSICHEHHE IOJIH30BATENIO, IIOYEMY CaiT
3aIr0JI03PEH WM OTHECEH K 3aIPEIICHHBIM.
Kamuposvii  pyopuxkamop — TpemHa3HAYEH UL

KIaccu(puKaIy BeO-CTpaHHI] U BeO-CaHTOB 110 KaHpaM,

YTO B JaJbHEHIIEM HCHOMB3YETCS KakK JIsl YyTOYHEHHS

TEMaTHYECKOH KITaCCH(UKAINK, TaK W JUIS TTOBBIIICHHS

KadecTBa (PMIBTPAMK HA OCHOBE ITPABMUIL.
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Hapxoruku
Pacnpocrpanenune
Hsrotoenenue
Iponarasna (ynotpeGnenue)
TpaHcopTHPOBKa

OTpunaTenbHbIIT
KOHTEHT

Bopn6a

Jleuenue HapKOMaHHH

J'IeKapc’rBa, B COCTaB KOTOPBIX BXOASAT HAPKOTHKH
Xumuueckne HUCCIICA0BaHUSA

TTono>xuTenbHbII
KOHTEHT

Pucynok 1 ®parMeHT TeMaTHYECKOTO pyOpHUKaTopa

Beimenstoress Takue KaHpbl BeO-pecypcoB, Kak
Topeosas nnowaoka, Anmexa, Catim MeOUYUHCKOU
opeanuzayuu, Iuyurioneouueckuii pecype, Hosocmuas
neuma, Ilepconanvnas cmpanuya, Kommenmapuii v T. 1.

Ilpeomemnorii  croeaps CTPYKTYpPUPOBAHHOE
XpaHWIHIIE TEPMHHOB (CIOB M CIIOBOKOMIUIEKCOB), B
KOTOPOM COJIEPKUTCS BCSl HEoOXoauMmasi MH(pOpMaIys
JUIs  TIpEeABapUTENbHOrO  OTOOpa  TEMaTUYecKH
pEJICBaHTHBIX CTPaHMI], TEMAaTHYECKOTO M KaHPOBOTO
aHaJIM3a TEKCTOBOI'O KOHTEHTA W MPHHSATHS PEIICHUS O
OJIOKHPOBKE.

HavanbHoe HamonHeHME cloBapsi TeHepUpyeTcsl Ha
aTane OOy4YeHHs C HCIOJIb30BAHHEM pPa3ME4YEeHHOrO
JKCIIEpTaMU KOpIyca BeO-CTpaHHIl, OTHOCSIIMXCS K
UCCIeayeMOi TEeMaTHKe, c NpPUMEHEHUEM
YHUBEpCallbHOrO MopdoaHanu3aTopa, CHa0XEHHOTO
(hyHKIMEH npencKa3aHus HE3HAKOMOM JIEKCUKH.

JlONONHUTENBPHBIMA HUCTOYHUKAMHM TEMaTHYECKOMN
JICKCUKU SIBJIAIOTCS 3aKOHOJATEIBHO YTBEP)KAEHHBIE
IIpaButensctBoM  PD  mepeyHn  HaMMEHOBaHUM
KOHTPOIMPYEMBIX HApKOTHYECKUX CpEICTB,
MICUXOTPONHBIX BELIECTB M HMX NPEKYpCOPOB, a TaKKE
COOTBETCTBYIOIIMX  BHAOB  pPacTeHH,  KOTOpBIE
MEPUOIUYECKH  TOMONHIIOTCS U KOPPEKTHPYIOTCA
(mpumepHO pa3 B rof). COOTBETCTBYIOUINE JOKYMEHTHI
JOOCTYHNHBl Ha  O(QMIMAIBHBIX  HMHTEpHET-CalTax
npaBoBoOi MH(OpPMAIIHH, TAKKX, KaKk WWW.consultant.ru
U Pravo.gov.ru.

[anee ocymiecTBise€TCs HACTpOMKa IPEIMETHOrO
CJIOBapsl 3KCIEPTaMU, KOTOPbIE BBLACIAIOT B €TO COCTaBE
CrelMabHble  IOJCIOBapH, HUCIOIb3ys  CHUCTEMY
JIEKCHYECKHX TPHU3HAKOB: TeMaTUdecKas JIEKCHKa,
Hay4HbIE€ TEPMMHBI, CIICHI HapKOMaHOB, TEPMHHBI Ha
JIaTUHHUIIE, )KaHPOBast JIEKCHKa U 1p. B 3agauy skcriepToB
BXOJIUT TMOMOJHEHNWE 3THX IIOJCIOBapel, BbIABICHHUE
PeryIsipHBIX OMMOOK (IIBTpaI M (HOPMHUPOBAHIE
MPaBUJI JIsI ©3MEHEHUSI COCTaBa U CTPYKTYpPHI CIOBapsl.

Hns CO3/1aHus u HAaCTPONKHU cIoBaps
HCII0Ih30BaJIaCh TEXHOJIOTHA CO3JJaHUs
TepMuHoOIornueckux ciaosapeit KLAN [12].

JKanposvie wiabionvl ee6-mexcmos HOPMHUPYIOTCS
Ha OCHOBE JICKCHYECKUX MapKepOB ’KaHpa U YCIOBUI NX
BCTPEYAEMOCTH B TEKCTOBOM (parMente. Mapkepsl
CTPOSITCS. Ha OCHOBE TEPMHHOB CJIOBaps, IPH 3TOM
HCTIONB3YyIOTCS BO3MOXKHOCTH TIPE/ICTABICHUS
COBMECTHOM BCTPEYaeMOCTH TEepMHHOB,
ANbTEPHATHBHOCTH TEPMHHOB B KOHKPETHOW MO3UIMH
(KBa3HCHHOHNMUS), a  TaKkkKe  HepapXmyecKoit
BJIOKEHHOCTH MapKepoB Ipyr B npyra. Hampumep,
CTpaHHWIBI caifta Tuna Jopzosas niowjaoka COmepXk at
CIITYIOIIHE 3JIEMEHTHI:



¢  KOJMYECTBCHHBIE KOHCTPYKIMHU (MapKep: eIMHHIIA
usMepeHus “rp”, “mrp”),
e  CIIHCKH KOJMYECTBEHHBIX KOHCTPYKIMH (TIpaicer) ¢
MapKepaMH U3 KaHPOBOI JIEKCHKH:
Lenwi: 5ep. —5000 p, 102p.— 9 000 p
e ’KaHPOBas JICKCUKA: YeHd, Mmosap, 3aKiaoKd.

[Tab610H BEO-CTpaHUIBI COCTABISIETCS U3 MapKepOB,
Ha KOTOpbIE HAKJIa/IBIBAIOTCS MO3UIMOHHBIE YCIOBUS Ha
TUn  (parMeHTa (3arojIOBOK, CCBHUIKA, BBIJEJICHHBIH
TEKCT, TekcT). Kak W mpW OmMcaHum MapKepos,
MOAJIEP)KUBAIOTCS  albTEPHATHBBI W COBMECTHAs
BCTPEYaEMOCTh MapKEPOB.
PaccMoTpum Ut iprMepa HOBOCTHOM 1Ia0JIoH:
«HOBOCTHasi JileHTay: [<_HaBuranusHoBocts, all_h>]
_HaBuraustHoBoCTh: [«riaBHOE 3a CyTKN» |
[«rmaBHOE 3a cerofHs» |[«TIaBHOE 32 ICHBY ]
[«Bce HOBOCTI» |[««OCHOBHBIE HOBOCTHY |
[«mocnenHue HOBOCTI [ «JIEHTa HOBOCTEW» |

ConepxaTelbHO JaHHBIA IIAOJIOH  OMUCHIBAET
Clle/lyIolee MpaBUIIO: €CTM B OJHOM M3 3arojoBKOB
BCTPETHUTCS OJIUH u3 MapKepoB TPYIIIBI

_HasuzayussHoeocms, TO 3T0 HOBOCTHAsI JICHTA.

Mooenv 6eb-catima 3amaercsi HAOOPOM >KaHPOB BEO-
CTpaHHUIIL, KOTOpBIE 00513aTeNTbHO JIOTIKHBI
IIPUCYTCTBOBATh HA CAlTE U SABIIIOTCA B COBOKYITHOCTH
€ro OTJIMYUTCIIbHBIM TPU3HAKOM. JIJ'[H Kaxaoro cauTa
MOXKET OBITh 3aJIlaHO HECKOJbKO mabnoHoB. Hampumep,
MOJCIb HHTCPHCT-MarasuHa MpeacraBjICHa ABYMS
AJIbTCPHATUBAMMU!

[Marasun, Onucanue ToBapa, [lpennoxenueToBapa,

Kop3wuna, [locraBka, Omrara)

[Marasun, Onucanue ToBapa, [lpennoxenueToBapa,

Craryc3aka3a]

[MpunATHE pelieHHs OCYLIECTBISIETCS Ha OCHOBE
pewaiowux npasu, B IOCbUIKaX KOTOPBIX OIMCHIBAIOTCS
yCIIOBUSL TOro, OyAeT JM aHAIU3UPYEMBId KOHTEHT
3ampenieH WM paspelieH. JTH YCIOBHUS CTPOSATCSA Ha
TepMax, 3HAYCHUSIMHU KOTODBIX SBJIAIOTCS KOHKPETHBIE
TEeMaTHKH, KaHPBI TEKCTa, KaHPHI caiiTa U JICKCHYECKUE

npusHaky. [IpuMeHsAIOTCS TpaBWiIa JIByX BHJOB:
no0CUMENbHbLE u ompuyameinvhole,
XapaKTepU3yIoIue  TEKCT, COOTBETCTBEHHO,  Kak
paspeuleHHblil  wnM  3anpewleHHsld.  [IpaBunamu
OIUCBHIBAIOTCS, HANpHUMeEp, CIEAYIOIHE OKCIEpTHbIE
HaOIIOCHUSL:

a) Ecmm anamm3upyeMoMy KOHTEHTY IPHITHCAH
neKcrmaecKuil mpusHak <40> «ObceHHas TeKCUKay, OH
orHeceH kK  Tematuke [601]  «Ymorpebienue
HapKoMaHaMm» ¥ xaHpy <401> «ToproBas mormakay
win (404) «Hayunas/undopmanmoHHass craTtbs», TO
TEKCT CJIElyeT OTHECTH K 3alpelIcHHOMY KOHTEHTY;

b) Texkcr mo Teme [1102] «BoipammBanue
HAapKOTHYECKUX pacTCHUI», HaNMCaHHBIHN B xaHpe (407)
«CrnoBapHast CTaThsl», OTHOCHTCSI K HE3aIpEUICHHOMY
KOHTEHTY. A TEKCT IO TOH K€ TeMe, NPEICTaBICHHbII B
WHOM >XKaHpe, MOXKET AWArHOCTHPOBATHCS IPABMIAMH
KaK 3alpelieHHbIH KOHTEHT | T. TI.

DKcIiepTHRIE TPaBMIIa, IOMUMO ITOTHOTHI, 00JIa1at0T
BBICOKOH  OOBSICHUTEIBLHOH  CIIOCOOHOCTBIO,  UTO
SIBIISIETCS CYIIIECTBEHHBIM TS HAIICH 3a1auH.
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OTMeTHM, YTO MpaBHJIa MPUHATHS PEIICHUH MOXHO
O6but0 O copMHpOBaTH  aBTOMATHYECKH  IIpH
JOCTaTOYHOM  oObeMe  oOywaromield  BBIOOPKH.
OKCHEepUMEHT TI0Ka3all, YTO HKCIIEPTHHIC TpaBHia He
MPOTHBOpEYAT MpaBHIaMm, copMUpOBaHHBIM
aBTOMAaTHUECKH MO oOydatomeil BbIOOpKe. Takum
o0pa3oM, MOXHO paccMaTpuBaTh Takod MeTOX
ABTOMAaTHYECKOro (POPMHUPOBAHUS MPABMI KakK CIIOCO0
BepU(HKALNN TIPaBIJI, HAIIUCAHHBIX AKCIIEPTOM.

4 ®WIbTPpalUsA KOHTEHTA

AHanmM3 TEKCTOBOrO KOHTEHTA OCYIIECTBISACTCS B
HECKOJIBKO 3TamoB. K OCHOBHBIM 3TamaM OTHOCSTCS
TeMaTH4YecKass W JKaHpoBas Kiaccu(UKalus TEKCTa,
JKQHPOBBIM aHaJM3 caliTa W TPHUHATHE PEIICHUS O
3arperieHHOCTH KOHTEeHTa.

OOBeM cTaThM HE IMO3BOJSICT B TIOJHOW Mepe
PaCKPBITh KaXXIbIH Tar 00pabOTKH TEKCTA, TIO3TOMY MBI

CKOHLIEHTpHpYEMCS  Ha  OCHOBHBIX  HAEAX WU
UCTIOJIB3YeMBIX MOJXO01aX.
4.1 Knaccupuxanus tekcra

[lpexxne Bcero, HEOOXOIUMO YMETh BBISBISTH
COOTBETCTBHE KOHTEHTa HCCIEIyeMOH TeMaTHKe

(nooospumenvrnocms Texcra). [lpu TPUHIATHA PELICHHS
0 CTCIICHU MOAO3PUTECIIBHOCTH KOHTCHTA HCO6XO}II/IMBIZ

a) CrnoBaps TEeMaTH4YeCKOM JEKCHUKH, NPUCYTCTBHE
KOTOpOﬁ B TEKCTC IMO3BOJSICT IMPEANOIOXUTh TEMY
«Hapkomanus 1 HapkoTHKNY. CII0OBaph COJEPIKUT CII0BA
U CIIOBOCOYETAHUS JAHHOTO JIEKCHKO-CEMaHTHU-YECKOrO
TOJIsI, KaK CIELMaIbHbIC HAYUHBIC U HEUTpPaJIbHBIE, TaK U
JKaproHHble  (CIIEHT HApKOMAaHOB). JTa  JIEKCHKa
BKJIIOUA€T HA3BaHMs HAPKOTHUKOB, HAPKOCOJEPKAaIIUX
JIEKapCTB M PpAacTCHUM, Ha3BaHUS COCTOSHUM IIOX
BO3JICHCTBMEM HapPKOTUKOB U T. II.

6) Kpurepuii nns omnpeneneHusi BO3MOXKHOMN
NPUHAJISKHOCTH K JaHHOM  TeMme  (CTeNeHH
MO/I03PUTENBHOCTH) TEKCTa, COEPHKAIIEr0 TEPMHUHBI U3
ciioBapsl. BeruncieHye KpuTepus onupaeTcs Ha CTENCHb
NPUCYTCTBHS TEMAaTHYECKOH JIEKCMKH C  y4eTOM
JIEKCUYECKOT 0 MpU3HaKa OIHO3HAYHOCTH/
HEOIHO3HAYHOCTH (OMOHHMMHYHASA, T.€. TEMAaTUYECKH
HEO/IHO3HAYHasl JIEKCHKA U3 PAacCMOTPEHUS Ha JaHHOM
1are UCKJIF0YaeTcs).

JUii  TONO3pUTENBHBIX  TEKCTOB  NPHUMEHsETCS
YTOUHSAIOMAs KiIacCH(UKAIMd B COOTBETCTBUH C
3a/laHHBIMH PYyOpPHKaMH C HCIIOJIb30BAHHEM BECOBBIX
XapaKTEPUCTUK  TEPMHHOB,  BBIUHCIIEMBIX  KaK
oxunaemas B3aumnas uapopmarms (EMI) [9]. annas
Mepa IO3BOJSET OLEHUTh, CKOJIBKO HH(OPMALMU O
KJacce — B TEOPETHKO-WH()OPMAIMOHHOM CMBICIE —
comepkut TepMuH. OOydeHre U HaCTPOHKa aIropuTMa
KIaccH()MKauy MPOU3BOAMIACH C yIaCTHEM SKCIIEpTa.

IIpn omeHke peneBaHTHOCTHM TEKCTa  Kiaccy
(TeMaTHKe) TOMIMO Beca TEPMHUHA YIUTHIBAIACH «30HA
TEeKCTa», B KOTOpOW BCTpeTwncs TepMmuH [l]: Tak,
HarpuMep, BeC TEPMUHOB B 3ar0JIOBKAX yABANBAJICH.

Crioco0 B3BEUIMBAaHUS TEPMHHOB, OCHOBAaHHBIN Ha
pacuere EMI, naer ymyumenne Ha 5% 10 cpaBHEHHIO CO
criocoOoM B3BemmBanus Tuna TF*IDF.



4.2 ’KanpoBblii aHaIN3

B ornumume OT OCHOBHOM MacChl MOAXOAOB K
(GuIbTpanuy, KOTOPHIE PEATU3YIOT TOJBKO KOHTEHT-
aHaJIU3 CTPAHUI] PECYPCOB, T. €. TEMAaTHUECKUNA aHAIIN3
TI0 KJIIOYEBHIM CJIOBaM, JIHOO OrpaHNYEHHBIH KaHPOBBIH
aHamu3  (MIPEUMYLIECTBEHHO 10 (opMalbHBIM
NpU3HAKaM, TaKWM, Kak JUIMHA TEKCTa, KOJINYECTBO
OykB, (P W CHEUUATBHBIX IPU3HAKOB, KOJIHMYECTBO
CCBUIOK H T. M. [8]), NMpeayoXeHHBIH HAMU TOAXOJ
OCYILIECTBIIAET MHOT'0ACTIEKTHBIN JKaHPOBO-
TeMaTUYeCKUH aHanu3 u KJ1accupuKanuzo.
Hcnonp3yemble B paMKax AaHHOTO MOJAXOJA MPHU3HAKH
KJaccu(uKayy IBHBIM WU OIIOCPEIOBaHHBIM 00pa3oM
OTpaXalOT HE TOJBKO TEMATUKy aHAJIU3HPYEMBIX
pecypcos, HO M  Takueé  KOMMYHHKATHUBHO-
IparMaTUYecKUe  aclekThl  KaHpa, KaKk  BHJ
JEATEIbHOCTH, OCYIIECTBISIEMOM IIOCPEICTBOM pecypca,
BKIIFOYasl LEMU U 3aa4d JICITEIbHOCTH U LENEBYIO
ayJUTOpUIO KaK €€ YJacTHUKA, MEIUHHBIE CBOMCTBa
pecypcos, CTUIIMCTUYECKUE 0COOEHHOCTH
HCTIONB3yEMBIX SI3BIKOBBIX CPEJCTB.

[Tpu3HaKu >kaHPOBO-TEMATUYECKON Kiacch(uKaimu
JenATcd Ha TPYNNbI, KaXaas M3 KOTOPBIX OTpaykaer
OIpe/IeTICHHBIH aCIEKT KJIAaCCU(UKAIINH:

1. KanpoBo-cTpykTypHasi Kiaccu(HKalus pPecypcoB

Ha OCHOBE JIBYXyPOBHEBOW MOJEIN:

MakpoypoBeHb — pECYpPC B LIEJIOM;

—  MukpoypoBeHb (KOMTIOHEHTBI pecypca:
CTpaHuIIa, pa3zen, OJIoK).
4. KanpoBo-miparmaTHyecKas knaccudukams

pecypcoB (Ha OCHOBE NpParMaTHYECKUX ACIEKTOB
COZIEPIKAaHUS U TIPEACTABICHUS):

[Ipakcuonoruueckue (mesaTeT HOCTHBIE)
acrekTbl  (BUA ~ JEATEIbHOCTH,  KOTOpas
OCYIIECTBIISIETCSI [TOCPEICTBOM pecypca);

ACIIeKTBl ~ cOmepXaHHsi U  HpeICcTaBleHHS,
CBS3aHHBIE C  KAaHAIOM  KOMMYHHKaIUH
(MenuifHBIE CBOWICTBA PECYPCOB).

5. JKaHpoBo-cTHIHICTHYECKAS

pecypcoB:
JIeKCUKO-CTUITUCTHYECKIE ACTIEKTHI
COZIepIKAHUS u MPE/ICTABICHUS
(cTunucTHaecKrue 0COOEHHOCTH HCIIONB3YeMbIX
SI3BIKOBBIX ~ CPEICTB  C  aKIEHTOM  Ha
CTHIINCTUYECKU OKpaIlleHHbIe SI3LIKOBBIE
CpezacTBa).

knaccudukanys

[IpencraBnenue o XaHpe 3aKJIAAbIBACTCA HA ATaIe
¢dbopMupoBanust  oOydarorieil  BBIOOpPKH,  KOTOpas
LIEJICHATIPAaBJIIEHHO ~ OTOMpaeTcss M pa3Medaercs
skcnepramu. Ilpemnaraemass mnpouenypa >KaHpPOBOH
KiIaccu(UKamuyu  COBMEIIAET  CTATHCTHYECKUH |
9KCTIEPTHBIM OAXOABI K aHAIN3Y KaHPa U ONHUPAETCs Ha
METOJl BBIYHCIICHHUS MEphl MPUHAUISKHOCTH TEKCTa K
xkaHpy |[11]. Bmauane mpuMmeHseTcs 3KCIEPTHBINA
MIOAXOM, B paMKax KOTOPOTO OCYIIECTBIISIETCS TIONCK B
TEKCTE€ JKAHPOBBIX MAapKEPOB, T. €. COMOCTABICHUE
TEKCTy IIa0JIOHOB, COCTABICHHBIX dKcrepToM. Ecmu Ha
OCHOBE MapKepoB aHp BeO-TEKCTa ONpPENENHUTh He
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YAaiaoChb, TO NPUMCHACTCA KJ'IaCCI/I(l)I/IKaHI/ISI Ha OCHOBC
METOJ0B MAallIMHHOTI'O 06y‘leHI/I${.

4.3 IlpunsTHE pelIeHUsI HA OCHOBE MPaBHII

Pemrenue (o} SaHpeHIeHHOCTI/I/ HE3aNPCIICHHOCTU
KOHTCHTAa MNPHUHUMACTCA Ha OCHOBC CICAYIOIUX
mapaMeTpoB:

1. P=(p(t), p(t2), .., p(), .., p(tx)) — Bekropa
PEEBAaHTHOCTH TEKCTOBOIO KOHTEHTA TEMAaTHUKaM
pyopukaropa, rme Nt YHACIO TEMAaTHK B
pyopukarope, p(t) — BepOATHOCTb peaTH3aluu
TEeMaTHKH {j B aHATM3UPYEeMOM TeKcTe, | = 1, ..., Nt;
Ypt) =1
I3j =(p(@1), .-, P(nj)) — BekTOpa peneBaHTHOCTH
KOHTEHTa TEKCTa JKaHpaM TeKCTa, 3aJaHHBIM B
JKAHPOBOM pybpukaTope, rae Nj — 4ucio »KaHpoB
TeKcTa B pyOpHKaTope; Zlivzjl () =1,
131-5 =(p(js1), ... ,p(jSns)) — BEKTOpa PEIEBAHTHOCTH
KOHTEHTa BCEro CaiTa )KaHpaM CaiiTa, 3alaHHBIM B
pyopukaTtope, riae NS — 4mciao kaHpPOB caiiTa B
pyopukarope; X% p(is;) = 1;
VL=(v(lexy), ..., v(lex.,)) — BekTopa HamH4HsA
JIEKCHYECKHX TMPU3HAKOB B TEKCTOBOM KOHTCHTE,
rne V(lex))e{0,1} — mokasatens mnpuUCyTCTBUS/
OTCYTCTBHSI B TEKCTE JIEKCHYECKOTrO TpH3HaKa lex;
(Hampumep, crieHTa, 0OCIIEHHON JIeKCHKY | T. 1.);
Pryuie — Habopa pemaromux npaswi Bua ti & jx &
jSm & lexj, TpuUHMUMAOIIKX ~— pemieHHe O
3aIPeICHHOCTH / He3alpenieHHOCTH
aHAIN3UPYEMOTr0 KOHTEHTa B BHJAE OLEHKH MP,
BBIYMCIISIEMOM KaK  BEPOSTHOCTb  COBMECTHOM
peanu3anuu TeMbl tj, ®aHpa TeKCTa jk, JKaHpa caiTa
JSm ¥ IeKCcHYecKoro nmpu3Haka |ex;. B 5ToM KOHTEeHTe.
Ornenka MP Berumcisercs o popmyne p(t;) - p(ji) -
p(sm) - v(lexj), T.€  9TO  MPOHU3BEICHHE
BEPOSITHOCTEH yKa3aHHBIX B IIpaBHJIE IapaMeTpoB,
B3ATHIX M3 BEKTOPOB, ONMMCAHHBIX BBILIE;
M=M",M") JBYXKOMIIOHEHTHBIH ~ BEKTOP
CyMM  OLEHOK  BCEX  OTPHLATENBHBIX |
HOJIOKUTENBHBIX IIPAaBUJI COOTBETCTBEHHO.

OKOHYATeIbHOE pEIICHHE O 3alpelieHHOCTH /
HE3alpelleHHOCTH  KOHTEHTa  NPUHHUMAETCS IO
kpureputo C: eciiu C = (M~ —M™*) > 0, To cunraercs,
YTO KOHTEHT 3ampelieH. Hactpolika JaHHOro KpuTepus
MO3BOJSIET M3MEHSATH PE3YNbTaThl pabOTBI CHUCTEMBI B
CTOPOHY MOBHIIIEHHUS JINOO MOJTHOTHI, JINOO TOYHOCTH
¢unpTpanum.

5 ApxuTeKkTypa cucreMbl PUILTPANMH
3alpelieHHOr0 KOHTEeHTa

Cxema BBISBICHHS  3alpelIeHHOTO  KOHTEHTa
npezncTaBieHa Ha Prc. 2. Ha BXom cucteMbl GUIbTpaIiim
3aMpelIeHHOr0 KOHTEHTa IOCTYMaeT KOHTEHT Ccaiita,
TIPEACTABICHHBI MHOKECTBOM BEO-TEKCTOB (TEKCTOB C
html-pasmeTkoit), 1160 0GHOBIIEHHE CaliTa — MHOKECTBO
HOBBIX JTHOO OTpeNaKTHPOBAHHBIX BEO-TEKCTOB CaiiTa.
BeO-TekcT — 3T0 eIMHMIIA TEKCTOBOTO KOHTEHTA caiiTa,
xpanrsmasics B B/l Ha cepBepe. Beb-cTpanuma, KoTopyro
BUIWNT TIONB30BATENh MPH TIPOCMOTpE Beb-caiita ¢



moMoIpl0  BeO-Opaysepa Ha CTOpOHE  KIJIMEHTa,
dbopMmupyeTcst B 00meM ciiydae W3 MHOXKECTBa BeO-
TEKCTOB C JO0ABJICHHEM HE3HAyallero JJis aHaiu3a
KOHTEHTa JJIEMEHTOB  O(OPMJICHUSI  CTPAHUIIBI,
OaHHEpOB, PEKJIAMBI U T. II., 4 TAKKE METHa-KOHTCHTA.
OOpabGoTka caiiTa HauyMHAeTCI C aHalU3a €ro
CTPYKTYpBI, 3aTeM ()OPMHUPYETCS HAYabHBIH HHICKC
caiita (B ciiydac OOHOBICHHMS calTa  HMHICKC
MOIUMUIUPYETCS), PUKCHUPYIOTCS 3aBHCHMOCTH MEX]TY

BEO-TEKCTaMU. Tloce 3TOro TCKCTBI caiita
NOCICA0BATCIIBHO aHAJIU3UPYIOTCA.
: 3y Amanw cTpyxTYPLI
= CanTa Dopumuposammne
________ ____________________________”_‘ O NACHEHNA
¢ et - - v S
E | Tematuuachl Mtmrauc Taecrni !
! {__ Shosees BHAMMI KONTONTA H
W H
' B ———— v 1 Peyymurar
1B | TemaTueecuan '
13 — KNACCHB@RInN -
g - nol-TexeTon |
- |
: § —— v ' 4
' X Cnosaps Wanponas H
H g PEHEOBBIX — KNACCHDWEAHN |
E a - _Mapeepos oef-rexcron '
! E H Dopumuposssne
! é v H HhaeKca
\ . . ¥roemmiowan ' caNTA
' Anpeac KNACE NN H
| preges '
T . i ,,,,,,,,,, [ p— = 3
Mogm

caRton >

Fewnowne

*  BuNwcneHwe pomennn |
Ze-CTF \

Pucynok 2 Cxema BBISIBIICHHS 3aIIPELICHHOTO
KOHTEHTa

Kaxnpiii Be6-Tekct oummiaercss ot html-pasmerku
(3HayaIye IEMEHThl Pa3METKH, TAKUE, KaK 3arol0BKH,
CCBIJIKH, BBIJIEIEHUE ()parMeHTa CTHIIEM, COXPAHSIOTCS),
OCYLIECTBIISICTCS. JIMHIBUCTUYECKUI aHAIU3 TEKCTa,
00ecreYnBaomuid MOUCK B HEM TEPMHHOB CIOBaps, U
coop CTATHCTUYECKON uHpopMaImu. Jainee
TIPOU3BOJIUTCS OLIEHKA TEMAaTHUECKOM NMPHUHAUIEKHOCTH
TekcTa K 0a3oBoi Teme «HapkoMaHHs U HAPKOTHKI) —
T. H. «OIEHKa IOMO3PUTENBHOCTH» TeKcTa (TEKCT
CUMTaeTCd TOAO3PUTENbHBIM, €CIM €ro KOHTEHT
COOTBETCTBYeT 0a30Boii Teme). B ompenenexun
MIOAO3PUTEIBHOCTH yJacTBYeT TOJBKO OJHO3HAuYHAs
JIEKCUKA, HAJIWYUE  KOTOPOM  MO3BOISIET  CHATH
BO3MOXKHYIO TEMAaTHYECKYI0 HEOJHO3HAaUYHOCTh TEKCTa.
JInsl HemonO3pUTENbHBIX TEKCTOB JalbHEHIIas OLEHKa
3aMpEeIIeHHOCTH HE MPOBOJMTCS, OMPENENseTcs JHIIb
JKaHp TEKCTa, KOTOPbII 3aHOCUTCS B UHAEKC CalTa.

XKanpoBas kiraccu(uKanus MO3BONISET ONPENETHUThH
KaHp TEKCTa Ha OCHOBE CJIOBaps MapKepoB H
CTPYKTYPHOTO aHajln3a TEKCTa B COOTBETCTBHH C
pa3merkoi. Ecin Ha OCHOBE MapKEpOB M KaHPOBBIX
1a0I0HOB JKaHp BEO-TEKCTa ONPEACTUTh He YAalloCh, TO
MIPUMEHSETCS] YTOUHSIONMAs KIacCU(HKAIs Ha OCHOBE
METO/I0B MAIIMHHOTO O0yYIEHUSL.

Yrounstomas kimaccuukamus oOecleunBaeT He
TOJBKO ONPEJENICHHE XAHPA TEKCTa, HO M YTOYHEHHE
(KOHKpETH3alrI0) €ro TEMaTHKH B COOTBETCTBHUU C
TUITAaMU TIPOTUBONPABHBIX M Pa3pENICHHbIX JIEHCTBHUHN B
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pamkax Ttembl «Hapkomanust w Hapkotukm». Ilpm
YTOUYHSIONIEH KJIacCU(pUKAIIH HCTIONIB3YETCS
OOy4eHHBII Ha pa3MEYeHHOM KOpIyCe TEKCTOB
NpeAMETHBIA  clloBapb. Pe3ynpraToM  yTOUHAOLIEH
KIacCU()MKAIMK SIBISIOTCS BEKTOPHI PEJIEBAaHTHOCTH
TEeKCTa TeMaM MW J>KaHpaM, KOTOpBIE COXPAHSIOTCS B
HHJIEKCe calTa.

ITocne mepBUYHON 00pabOTKHM BCEX BEO-TEKCTOB
caifta ocymiecTBiseTcsl aHanu3 ero sxkaHpa. Kaxaprid
JKaHp calTa OIMCBIBAETCS OJHOM WIIM HECKOJIBKUMH
MozensMu. Monenp caiita ¢ukcupyer HabOp >KaHPOB
TEKCTa, KOTOpbIe 0053aTeIbHO JIOJDKHBI BCTPETUTHCS Ha
caiiTe JaHHOTO >kaHpa. J[aHHBIE MOJIENIN COCTaBIISIOTCS
9KCIIEpPTaMH BPYYHYIO Ha OCHOBE aHajHM3a CTPYKTYPHI
BeO-CaliTOB  00ydYaromied KOJJICKIMH. BbIuuciaeHHe
OLIEHKH CTENEeHU COOTBETCTBUS caiita KaKoMy-JTHOO
JKaHPY OCYIIECTBIISIETCSI TI0 MOZEIISIM CAaHTOB M OIICHKaM,

MOJIYYEHHBIM ~ JIUIsL  JKQHPOB ~ BeO-TEKCTOB  caiira.
[TonyyeHHble OLIGHKM JUId KaHpa BeO-caiita W
COCTAaBIIIOLIMX €ro BEO-TEKCTOB COXPAaHAIOTCA B

UHJEKCe caiTa.

[lpunATHe pemeHHs O 3alpelleHHOCTH —caifta
OCYIIECTBISIETCSl HAa OCHOBE pEIIAIOIIUX IPaBHUII,
KOTOPBIEC MNPHUMCHAIOTCA TOJBKO JIs MOAO3PUTCIBHBIX
TekcToB. OCOOEHHOCTBIO MapaMeTpa HOI03PUTENEHOCTH
TEKCTa SIBJIICTCS TO, YTO OH «PaCHpPOCTPAHAETCSD Ha BCE
CBsI3aHHBIC TCKCThBI (CBS[SI/I MEXAy TCKCTaMU
(UKCHPYIOTCS CTPYKTYPOH caiiTa U XpaHATCS B HHAEKCE
caifra). IlosToMy Ha cTaauud NOpenBapUTENbHOU
00paboTKn OCYIIIECTBIISIETCSI MIOUCK BCEX
MOJO3PUTENBHBIX TEKCTOB IO CBA3SM M BBIIIOJIHEHHE
yTOYHSIOmEeH KiIacCUDUKaUUKM Uil TeX W3 HHX, I
KOTOPBIX OHa paHee He IpoBOAWNIACh. PesynbraToM
NPUMEHEHUS NPaBHI K TEKCTy SABIAETCA OLICHKa
3aNpEIEeHHOCTH CTPAHULBL.

O11eHKa 3alpeleHHOCTH BCEro caifTa onpenensercs
KaK MAaKCHMyM M3 OLEHOK 3alpEIIeHHOCTH II0 BCEM
TEKCTaM CaiTa.

6 Pe3yJbTaThl IKCIIEPUMEHTA

Hdus  oumeHku  KkadectBa — QWIBTpALUM  OBLIH
copMupoBaHbl OnHA OO0ywarom@as ¥ JBE TECTOBBIX
KOJUIEKIIUH, CO/Iep KaIlre BeO-TeKCTHIL:

1. OOyuarommas KoJUieKIus, cocrosmias u3 468 BeO-
TEKCTOB Ha PYCCKOM S3bIKE, OTHOCSIIUXCA K TeMe
«Hapkomanuss u  HapkoTuku». Bce  TeKCThI
pasMedeHsl JKcmepraMu. Pa3merka BKITIO4aeT
SKCHEPTHYIO OLIEHKY 3aMpeIeHHOCTH /
He3anpeneHHOCTH KOHTeHTa, TEMaTHKY, XKaHp BeO-
TeKCTa H JKaHp BeO-caliTa, Ha KOTOPOM OBLI
pa3MeILEH TaHHBIA TEKCT.

TecroBasi KoJuTeKIHs BeO-TEKCTOB, BKIIIOYAOLIAS
okoio 123 THIC. PYCCKOS3BIYHBIX BEO-CTpaHMUIL,
4acTb KOTOPBIX OTHOCUTCS K TeMe «HapkomaHus u
HAPKOTUKM», HO HE COJACPKUT 3alpelieHHBII
koHTeHT. Komeknus coOpaHa BpyYHYIO Ha OCHOBE
caiitoB Annexc-karanora (https://yandex.ru/yaca).

TecroBasi KoJUTeKIHs BeO-TEKCTOB, BKIIIOYAFOLIAs
569 BeO-TEKCTOB Ha PYCCKOM SI3BIKE, COIEPIKAIIIX
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3ar[pemeHHf,1ﬁ KOHTCHT IIO TEMC ((HapKOMaHI/ISI u
HApKOTHUKW.

[TomyueHHbIE KOJUIEKIMM BKJIFOYAIOT BEO-TEKCTHI
Pa3TUYHBIX  (PYHKIMOHAJNBHBIX  CTHIICH oT
HOPMATHBHBIX ¥ OQHUIMATBHBEIX JOKYMEHTOB [0
COOOIIEHNH ¥ KOMMEHTapueB Ha QopymMax W B
COLIMAJTIbHBIX ~ CETSIX, YTO TO3BOJSIET aJIeKBaTHO
OLIEHHUTH KauecTBO (DPMIIBTPAIMU Ha BCEM MHOI000pa3uu
HMHTEpHET-)XaHpoB. K cokalleHnIo, B OTKPBITOM JIOCTYIIE
OTCYTCTBYIOT pa3MEUEHHBIE KOJJIEKIUH TEKCTOB IO
JTAHHOHM TeMaTHKe, 4YeM OOBSICHAETCSI HeOObILIOH 00BbeM
NEpBOM M TpeTbel KOJUIEKIHH, KOTOpPhIE CO37aBalIUCh
HaIIMMHU SKCIIepTaMH BpydHY0. OO0beM BeO-TEKCTOB B
KOJUTIEKIUSAX BapbupoBaticst oT 213 o 65655 K6.

Ha ocHoBe oOyuatomiero kopryca TEKCTOB ObUI
MMOCTPOCH CJIOBapb, KOTOPBIA B JaJIbHEHIIEM ObLI
JOTIOJIHEH ~ TEPMHUHAMH M3  CHElHaIM3HPOBAHHBIX
cnoBapeii. CioBapb cofiepxut oosee S0 ThIC. TEPMIHOB
(6e3 yuera crorm-cioB). Ero oOmmii KoJMYeCTBEHHBIN U
Ka4eCTBEHHBIN cocTaB oTpaxkeH B Tabmwie 1.

Tabauna 1 TepmMuHONOrH4eckuil coCTaB cioBaps

Jlekcem | CnoBo- ITomo3pu- | XKaupo- |Cnenr
KOMIIJIICKCOB | TCJIbHBIX BbBIX
24175 26540 5349 1895 3161

Kax BuaHo u3 Tabmuiml 1, KiIrodeBbIe CIOBa IS
NpeNBapUTEIBHOIO  OTOOpa  TEKCTOB IO  TeMe
(«nomo3pUTENbHBIEY, T. €. OJHO3HAYHBIE TEMAaTHUECKHE
TEPMUHBI) COCTABIISIIOT JIECSTYIO 4aCTh 00beMa cIoBapsi.

OueHka kauecTBa kiaccudukalyy Oblia 1aHa B BUE
nokaszateneid moiHoTHl (R), Tounoctu (P) u F-mepsl
PaccmatpuBanace OuHapHas kiaccudukanmst (1) wu
yTOYHSIOIIAsT TeMaThdeckas kiaccupukaims (2). Oda
CpaBHUBAaEMBIX METOJa OCHOBaHbl Ha MAIIMHHOM
o0ydeHnH, HO BO BTOPOM CIIydae HCIIOIb3YyeTCs
pacuIMpeHHbIi Habop TeM, MpUYeM JUIsl KaXKI0H 13 HUX
yKa3aHo, ABJISETCS JIM OHA 3aIPEIIeHHOI WU HeT.

Tabaunua 2 CpaBHeHHE METOI0B KitacCu(UKAIIMU

R P F-mepa | CkopocTh

(1) 52,0% |65,4% 57,9% |~ 0,07 mMmc

(2) 72,6% |69,7% 71,1% |~ 0,10 mc
Kak Bumgmo w3 Tabmunbl 2, HCIONL30BaHHE
YTOYHSIOIIETO TEMATUYECKOT O pyOpuKkaTopa,

IIOCTPOEHHOI'O IO CIIEUUAIbHON OPUEHTHUPOBAHHOW Ha
3a7a4y (HIbTPalUH METONUKE, ITO3BOJIIO YIYYIIUTh
MOKa3aTeIW IMOJHOTHI M TOYHOCTH B CPAaBHEHHH C
OuHapHO# Kiaccudukanueir (Korja KOHTEHT cpasy
KJIacCU(UIMPYeTCcs Ha JABa KJacca — 3alpelleHHbIH U
HE3alpeleHHbI), cooTBeTcTBeHHO, Ha 20% u 10%.
OnHaKo 3TH MOKA3aTeH BCE EIIE SBISIOTCS HU3KUMH.

Taonuua 3 OrneHka kayecTBa QUIbTpaAIMU

Kon-Bo IpaBunbHBIX
(ctpanum) | orBetoB (%)
Hetitpanpras ~ 123 TeIC. | 99.4%
KOJLTEK M
OtpunarenbHast 569 86.99%
KOJLTEK M

B Tabmurme 3 mpuBeneHbI OIEHKH paOOTHl CHCTEMBI
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(bmIbTpanuy, B KOTOPOH TeMaTHYeCKas KIacCUPUKAIIHS
COYCTACTCSI C KAHPOBOM W TMPUMEHSIOTCS PEIIAOIIHC
npaBuia (OTMETHM, YTO PE3YJbTaThl, IOJIY4EHHBIC
TEMaTHYCCKUM  KJITACCU(PHUKATOPOM, HCIIOIH30BAIUCH
3/1eCh B KQUECTBE MPOMEKYTOUHEIX. )

Takum 00pa3zom, ommOKa MEPBOTO poja COCTaBHIIA
0,6%, ommoka Broporo pona — 13,01%.

Bonbmiag vacte ommOOK 0OOMX THIIOB CBsi3aHA C
HETOJIHOTOHN ciioBaps. Tak, BO3MOXKHBI CYIIECTBCHHBIC
JAKyHBl B TIOACIOBapsX JIATHHHIGI M TPAHCIIHTA
(HampuMep, OTCYTCTBYIOT Ha3BaHHUS HApKOTHUKOB 25i-
nbome, JWH, n6ome, dorcusuaw). He Bceraa B ciioBape

yYT€Ha BO3MOXKHAS JIEKCHMYECKash WM  JIEKCHKO-
Mopdoornyeckasi HEOMHO3HAYHOCTh (HAampuMep, 000.
MOXET TPEACTABIATE B TEKCT€ HAPKOTHK WM

COKpAILICHHE OT 006A60UHbILL).
JIO)KHO-TIONIOKUTENIbHASL OLCHKA XapaKTepHa Uist
CTpPaHHUII, KOTOPbIE HE MPOXOIAT IPEABAPUTENBHBIN ITal

(unbTpaniid  BBHIAY ~ OTCYTCTBHA  OJHO3HAYHOM
TEMaTHYCCKOM  JICKCHKH. Tak, He OJOKUpPYIOTCS
(oTceMBalOTCS KaK HEMOMO3PUTEIBHBIC) CTPAHMUIIBI,
coJiepoKallue MPEITOKEH S WK peknamy

HAapKOTHYECKUX BCLIECTB, 3aByaJIMPOBAHHBIC ITYTEM
UCIIOIb30BaHMsl HEOMHO3HAYHOW JIEKCHKW (HampuMep,
conu Ons 6amH), a TaKkKe HAMEPEHHO MCKa)KEHHBIC
(3ammdpoBaHHbIC) TEKCTHI.

JloxxHO-OTpHULIATENbHASL OLEHKA XapakTepHa JIs
CIIEIYIOLIMX THUIIOB BEO-TEKCTOB: a) MH(OpMAaIMOHHBIE
CTaTbU O HAPKOTHUYCCKUX BCIIECTBAX WUJIM PACTCHUAX (B
YAaCTHOCTH, O BBIPAIIMBAHUU JIEKOPATUBHBIX PACTEHHUI),
JKaHp KOTOPBIX HE OIpe/eNeH KaK SHIMKIIoNequdecKas/
CIIOBapHas CTaThs; 0) HOBOCTHBIE TEMATHYECKHE TEKCTHI
C TO3UTHBHOW OKpackod (¥Ymepennoe nompebnenue
ANKO20JIA U aMPEMamMUHa MOXHCEm YIyuuums namamo y
noxcunvix modetl); B) TEMaTHUECKH HEUTpaIbHbIC
CTpaHUIIbI KOMMEHTapueB Ha (opymax u B Oyorax c
BKpAIUICHHEM LIYTJIMBBIX TEMaTHYECKUX KOMMEHTapHeB
(Hapxomoti mam ne bapuioicume, ciyuatino? — peruinka
npy  OOCY)XZEHHHM  BOIIPOCOB  HH(OPMAaIMOHHOW
0e30MMacHOCTH).

3akiIrouenune

IlpennoxeHHblld MOAXOA peanu30BaH B  BUC
TPIJIOKEHHUsI, HHTErpupoBaHHoro B miatdopmy Plesk.
[lpunoxxeHne TMO3BONSET BBIABIATE U OJOKHPOBATH
CalThI, COAEpIKAIMe 3alpeUICHHYI HH(pOpMANUIo I0
Teme  «Hapkomanus W = HApKOTHKW»  W/HIH
OCYIIECTBIISIIOIME HE3aKOHHYIO JIESITENBHOCTh 10
TOPrOBJ€,  PacHpOCTPAHEHHIO,  TPAHCIIOPTHPOBKE,
M3TOTOBJICHUIO U TIPOIIaraH/ic HApKOTHKOB.

K mnpeumymiectBaM — NpeAnioKEHHOTO — MOAXOAA
OTHOCSTCS, BO-TIEPBBIX, I'TyOOKHMH aHaJU3 TEKCTOBOTO
KOHTEHTa BeO-pecypca ¢ Y4eTOM €ro TEMaTH4YECKUX H
JKaHPOBBIX OCOOEHHOCTEH, BO-BTOPHIX, COBMEIICHHE
CTaTHCTHYECKNX ¥ WHKEHEPHBIX METONIOB aHaIM3a
TEKCTa, B YaCTHOCTH, MPEMIOKEH YHHKAIBbHBIH METOX
NPUHATHS PEIICHWs O 3alpeniéHHOCTH KOHTEHTa Ha
OCHOBE PEIIAIOIINX MTPABWII, YIUTHIBAIOIINX PE3YIbTATHI
ero >XKaHpOBOH W TEMaTHYECKOW KIacCH(PUKAINU, B-
TPETbHX, MAacIITa0UPYeMOCTh M TEXHOJIOTHYIHOCTb
pa3paboTaHHBIX POrPAMMHBIX CPEACTB, YTO TTO3BOJISIET



JIETKO aJanTHPOBaThCsl K PA3UYHBIM [PEIMETHBIM
00J1acTSIM IOCPEICTBOM HACTPONHKH Oa3bl 3HAHUM.

B npeanoxeHHOM MOAXOAE, HA HAIl B3MIAL,
JOCTUTHYT OajlaHC MEXIy py4HOI paboTol sKciepra u
ABTOMATHYECKUM O0YUYCHHUEM, IJIe, BO-TIEPBBIX, CIOBAPH
CO3JAI0TCS U O0YYAIOTCSl aBTOMATHYECKH, & KCIEPTHI
MOMONHAIOT WX HOMEHKJIATYPHBIMH TEPMUHAMH U
CJICHTOM, BO-BTOPBIX,  HEMOJNHOTA  JKAHPOBBIX
(pyHKUMOHANBHBIX) ONHMCAaHWH HWHTEPHET-PECYPCOB
(co3maroTcst SKCIEPTOM) KOMIIEHCHPYETCS TIOAIEPIKKOH
CTaTUCTHUYECKOTO  JKAaHPOBOTO  Kiaccupukaropa, H
HaKOHEll, pelIalolIne TMpaBHia IMOTCHIIUAIBLHO MOTYT
CTPOHUTHCS ABTOMATHYECCKH, & OLCHKA MPUMEHUMOCTH
mpaBwia  JJIsI  KaXIOro  KOHKPETHOro  cirydas
OLIEHUBAETCS 110 BEPOSITHOCTHOM (hopMyIIe.

JlanpHeiiiee pa3BUTHE OINUCAHHOW TEXHOIOTHH
CBSI3aHO C  HEOOXOMUMOCTBIO  aBTOMAaTH3aLUH
MOMJICPXKKKA  CIOBapsi B  aKTyalbHOM  COCTOSTHHH.
ABTOMaTH3aIMs BO3MOXHA Ha 0a3e »KaHPOBOTO aHAJIM3a
CTpaHHMI], OTHOCSAIIUXCI K >xaHpam «HopMaTHBHBIH
CUCOK»  (OTCIEKHMBAHUE CIIOBapel  O(pHUIHATBHBIX
HAMMEHOBAHUI KOHTPOJIUPYEMbIX BEIIECTB M PACTCHHIA)
u «CroBapHast craThsl» (OTCICKUBAHUE CIOBapei
YHUBEPCAJIBHOI'O0 U TEMATUYECKOTrO CJIEHTa, OOCHEHHOM
JieKcukH). OHAKO TIIaBHBIM HCTOYHHUKOM TEMAaTHIECKOM
JICKCHKH TIO-TIPEXKHEMY OCTAIOTCSA JKCIEPTHI, T. K.
HUHTEPHET-CIIOBApH TEMaTUYECKOTr0 CclleHTa
CYIIECTBEHHO OTCTAalOT OT NPOUCXOJSIINX B Cpesie
HApPKOMAaHOB W3MEHEHHI JICKCUKH.

B Ka4dyeCTBEC AKTYaJIbHOI'O HaIlpaBJICHUA
HCCIENOBAaHMA IO  JAHHOM  TEMaTHKE  TaKXkKe
paccMaTpUBaeTCs BO3MOXKHOCTh IPHMEHEHUSI METOLOB
CEHTHMEHT-aHAJIU3a Ul YIy4IIeHHs pPaCIo3HABaHU
TPYAHOYJIOBUMOH TEMBl IIpoONaraHibl HAapKOTHKOB,
MPE/ICTABJICHHOW B HMH(MOPMAIMOHHBIX COOOIICHHSX,
CO3JAIONIMX IPHUBJIEKATENbHBIH 00pa3 HapKOMaHa H
nporiecca ynorpedIeHus: HApPKOTHYECKUX BEIIECTB.
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Abstract.The work outlines an approach to the development of a data curation framework in the
EUDAT Collaborative Data Infrastructure. Practical use cases are described as well as provisional results of
defining granular data curation policies with high potential for their machine-executable implementation.
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1 Introduction

EUDAT Collaborative Data Infrastructure (CDI) [1]
is a European e-infrastructure of data services and
information resources in support of research. This
infrastructure and its services have been developed in
close collaboration with over 50 research communities
spanning across many different scientific disciplines,
with more than 20 major European research
organizations, data centres and computing centres
involved. Researchers, research communities and service
providers can use EUDAT data services to manage
research data according to their own needs.

The EUDAT services offering has emerged as a result
of two consecutive FP7 and Horizon 2020 projects, with
the actual services focused on different aspects of data
management and data use, and supported by a variety of
information technology stacks. The major EUDAT
services [19] are:

B2ACCESS - identity and authorization service;

B2HANDLE - service for assigning and managing
persistent identifiers;

B2DROP - service for secure and trusted data
exchange;

B2SHARE - service for sharing small-scale “long
tail” data;

Proceedings of the XIX International Conference
“Data Analytics and Management in Data Intensive
Domains” (DAMDID/RCDL’2017), Moscow, Russia,
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e B2SAFE - robust, safe and highly available service
for storing large-scale data in community and
departmental repositories;

B2STAGE - service for managing data transfers
between EUDAT storage and high-performance
computing;

B2FIND - service for data discovery across the
EUDAT infrastructure (data catalogue).

Data curation (or digital curation) is the selection,
preservation, maintenance, collection and archiving of
digital assets and hence is the essential part of research
data management. Sensible data curation requires
establishing and developing long-term repositories of
digital assets for their current and future use by
researchers and wider society. Collaborative data
infrastructures like EUDAT that span across the borders
should play a significant role in research data curation.

Historically, EUDAT services have been built with
only a few considerations for conscious data curation,
with secure and controlled access to data being one of the
major initial goals to achieve. Other aspects of data
curation started playing a more prominent role when
services matured to production stage and became a part
of an operational collaborative infrastructure.
Specifically, operational requirements of B2SAFE
service (that currently offers what long-term digital
preservation  projects typically call “bit-level”
preservation), as well as automated data transfers across
interrelated B2DROP, B2SHARE and B2FIND services
have made it essential to systematically explore the topic
of data curation in EUDAT.
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The decision was made to formulate the core
approach to data curation with the involvement of two
prominent unrelated research communities with
substantial amounts of data to manage and then, using
these two use cases as a proof-of-concept for clearly
formulated data curation activities, get other user
communities involved.

Another decision made was to reuse the outputs of the
SCAPE project [2] and Research Data Alliance Practical
Policy Working Group [3] in order to set up a reasonable
data curation framework for EUDAT.

The rest of the paper outlines the core use cases,
characterizes the SCAPE and RDA outputs that are
deemed to be applicable in EUDAT context, describes
mapping of SCAPE policy elements [4] to granular data
policies in EUDAT, and sets directions for further works
on data policies in EUDAT.

2 HERBADROP use case
2.1 Motivations and relation to EUDAT services

The HERBADROP data pilot [12] aims to offer an
archival service for long-term preservation of herbarium
specimen images and to develop innovative processes for
extracting metadata from those images. HERBADROP
follows the global trend towards scalable industrial-style
digitizing of herbaria specimens. It is designed as both an
archival service for long-term preservation of herbarium
specimen images and a tool for analysing and extracting
information written on the image, both supported by
CINES [6], by using Optical Character Recognition
(OCR) analysis.

Making the specimen images and data available
online from different institutes allows cross domain
research and data analysis for botanists and researchers
with diverse interests (e.g. ecology, social and cultural
history, climate change).

Herbaria hold large numbers of collections:
approximately 22 million herbarium specimens exist as
botanical reference objects in Germany, 20 million in
France and about 500 million worldwide. High
resolution images of these specimens require substantial
bandwidth and disk space. New methods of extracting
information from the specimen labels have been
developed using OCR but using this technology for
biological specimens is particularly complex due to the
presence of biological material in the image with the text,
the non-standard vocabularies, and the variable and
ancient fonts. Much of the information is only available
using handwritten text recognition or botanical pattern
recognition which are less mature technologies than
OCR [13].

The proposed platform is expected to support or even
substitute costly manual data input as much as possible.
The platform will also curate and enrich metadata

The partners in the HERBADROP data pilot are: Musée
National d’Histoire Naturelle (MNHN) — Paris, France; Royal
Botanic Garden of Edinburgh (RBGE) — United Kingdom;
Botanic Garden and Botanical Museum (BGBM) — Berlin,
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resulting from image analysis using optical character
recognition (OCR) and pattern matching.

Results are exposed as platform independent Web
services which can be effectively integrated into
herbarium data management systems as well as metadata
capture workflows. Since 2016, five European
community partnerst have been involved. Their
contribution to the pilot represents a business model that
can be potentially replicated by other institutes.

The EUDAT B2SAFE service is used in the first step
of the ingestion process. Existing images of herbarium
specimens along with the associated metadata are
transmitted to the CINES repository using B2SAFE
transfer service. The ingestion into B2SAFE is carried
out in accordance with the centralized persistent
identifiers (PID) management system used in EUDAT. It
is envisaged that discovery and visualization of the data
objects will be performed with the EUDAT B2FIND
service.

The data workflow in HERBADROP is represented
by Figure 1.
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Figure 1 Data workflow of the HERBADROP data
pilot

2.2 Data curation scenarios for HERBADROP

The HERBADROP communities have expressed their
wish to implement specific use cases such as identifying
duplicates amongst specimens from the different
museums. This kind of requirement is very useful to
improve EUDAT services. Another example of policy is
long term preservation that involves a number of controls
including file format verification and metadata quality.
Amongst HERBADROP users, two partners of the
community have proposed practical scenarios for data
curation: Digitarium [14] and the Royal Botanic Garden
of Edinburgh (RGBE).

Scenario proposed by Digitarium (Finland)

Digitarium [14] would like to use Optical Character
Recognition (OCR) data to generate metadata based on
the label information available for the herbarium
specimen. Firstly, a Natural Language Processing based

Germany; Digitarium — Finland; Naturalis Biodiversity Center
— Netherlands



system will be used to do OCR quality check and extract
relevant terms. Then metadata will be either
automatically generated, or manually inserted through
the transcription portal [15] but with the help of OCR
data.

More general for EUDAT infrastructure services,
Digitarium would like to utilize and integrate them into
the whole digitisation process of natural history
biological collections. The data flow goes from the
beginning of the digitisation process i.e. imaging, to
storage, then to transcription and analysis, until
accessing. This involves data storage, high-performance
computing resources, and web services in EUDAT.

Firstly, the images from the imaging station can be
transferred into EUDAT storage for long-term
preservation instantly or in batch. After transferring,
HPC can access the images and do OCR to extract label
information to generate preliminary metadata. This
metadata has to be associated with corresponding
images. The data can be openly accessed. However, the
access rights of data have to be set up for different
purposes, such as endangered species protection.

Secondly, using HTTP APIs, the images and their
metadata can be accessible from EUDAT by data-owner
portals. Therefore, browsing and transcribing are
available. Updated metadata will be transferred back into
the EUDAT B2SAFE service. Different versions of
metadata have to be kept.

Thirdly, the metadata is indexed. Therefore, the data
can be searched or filtered based on different terms for
further scientific usages. HPC resources can be utilized
also on the data for different researches.

Scenario proposed by RBGE (the Royal Botanic
Garden of Edinburgh) in association with MNHN
(Musée National d’Histoire Naturelle) — Paris

The core of the concept of HERBADROP is to harvest
metadata from OCR analysis of the text that is a part of
herbarium images. The choice has been to proceed to a
full text analysis using a Lucene-based engine
Elasticsearch [16]. The objective of this approach is to
provide a powerful interface for further data curation as
part of the preservation process (identifying duplicates,
or inducing new taxonomic relations, etc.), see [12].

Safeguarding long-term data storage is an important
precondition for reliable access to herbarium specimen
information. Thanks to this pilot, it is possible to
envisage long-term storage for herbarium specimen
images. Moreover, the specimens will be discoverable by
the entire scientific community. Thus, undescribed
species stored in herbaria can be examined by experts to
aid identification and discovery of new species.

Distribution information for species over time can be
evaluated and these data could provide evidence of the
point in time when an invasive species first occurred in a
certain area. Historians could analyse herbarium data to
create itineraries for historical characters. The data can

2 Observatories and Research Facilities for European
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be used to calibrate predictive models of the oncoming
changes in biodiversity patterns under global threats.
This diverse information will be useful for a wide user
community including conservationists, policy makers,
and politicians.

3 GEOFON use case

The second use-case concerns GFZ, the German
Research Centre for Geosciences. GFZ provides
valuable seismological services in the form of a
seismological infrastructure named GEOFON [7] to
research and better understand our complex system
Earth.

GFZ is one of the members of the EPOS initiative
(European Plate Observatory System) [5] and, in this
context, collaborates with other two seismological data
centres related to EPOS (KNMI, INGV) in the EUDAT
project.

Besides bheing one of the fastest earthquake
information provider worldwide, GEOFON is also one
of the largest nodes of the European Integrated Data
Archive (EIDA) for seismological data under the
ORFEUS? umbrella, which is a distributed data centre
established to (a) securely archive seismic waveform
data and related metadata, gathered by European
research infrastructures, and (b) provide transparent
access to the archives by the geosciences research
communities.

The internal structure of GEOFON is based on three
pillars:

e A global seismic network operated in close
collaboration with many partner institutions with
focus on EuroMed and Indian Ocean regions. The
network consists of ca. 110 high quality stations,
which acquire data in real time [8].

A global earthquake monitoring system which uses
data from GEOFON and partner networks [9]. It
publishes most timely earthquake information. First
automatic solutions are available few minutes after the
events and mostly manually revised later.

A comprehensive seismological data archive for GFZ
and partner networks, for permanent networks as well
as for temporary deployments.

For some GEOFON partner networks, GEOFON acts
as a data centre saving a replica of the original copy and
at the same time as a data distribution centre.
Additionally, data from many temporary station
deployments are permanently archived at GEOFON, in
particular passive seismological experiments of the GFZ
Geophysical Instrument Pool Potsdam (GIPP) and the
German Task Force Earthquake.

Most data are open for public access, as well as real-
time data feeds when available. However, there is a small
amount of data under an embargo period, usually for a
limited amount of time (3—4 years).

Seismology (http://www.orfeus-eu.org/)


http://www.orfeus-eu.org/

3.1 Data workflow in GEOFON

GEOFON supports two scenarios for the ingestion of
data into its archive: one for permanent networks and one
for temporary (and most probably already finished)
experiments.

Usually, raw data is transmitted to the data centre
with the metadata (technical hardware description) to be
able to operate with it. In the case of permanent networks
raw data is received continuously from the stations
around the world via satellite using a protocol called
SeedLink [17], a real-time data acquisition protocol
which works on TCP. The packets of each individual
station are always transferred in timely (FIFO) order.

In the case of temporary experiments network
operators provide usually, first, the metadata needed to
use the data, and in a second phase the data to be
archived. Data transmission can be done as in the
permanent networks case (SeedLink protocol), or can
also be transmitted to the data centre by the network
operator using some client-server tools provided by
GEOFON, which will do the first quality check of the
data format. In some cases, both methods could be used.

A schematic view of the workflow at GEOFON can
be seen in Fig. 2. 1t should be noted that this workflow is
also valid for many of the seismological data centres
belonging to EIDA/ORFEUS. For instance, the other two
data centres piloting EUDAT services (KNMI and
INGV).
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Figure 2 Data workflow from GEOFON. It also
represents the workflows from a generic seismological
data centre as the ones under the EIDA/ORFEUS
initiative. Boxes in black are generic activities from the
data centre. Blue boxes show activities related to the
EUDAT service B2SAFE, while brown boxes show the
tasks related to B2ZHANDLE

In both cases, permanent and temporary networks,
data go through some quality checks after being received.
When data are sent in real-time there is a first control by
sorting the records before actually ingesting them into
the archive (~1 day after reception). After 46 weeks, for
stations that still have the buffered data, a gap filling
process is started.

When data have been bulk uploaded to the data centre
by the network operator, it is immediately checked to
exclude overlaps. In this case, as all available data is
copied off-line, there is no need to check for problems
related to real-time transmission, like gaps and proper
order of records, as they are checked by the automatic
archiving tools.
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In the case that the data is under an embargo period,
the access control list is created or updated. After
completion of the last steps, data is opened through
standard access protocols.

The internal organization of the archive is based on
an approach called SeisComP3 Data Structure (SDS).
This means that files are stored under a predefined
directory structure, which uses the codes from the
network/station/channel used to record the data as well
as the year. The continuous time series are stored in a
standard seismological format called Mini-SEED. The
time series are split in daily files for each recording
sensor and, therefore, files are closed when the day
finishes. At that moment, “new” data (recently closed
files) can be processed to obtain derived products from
them. For instance, quality metrics on the data or detailed
availability information, which are offered to our users
by means of a Web service.

Once the data is archived users can make use of any
of the services provided by GEOFON to retrieve it.
Considering that there are different services which can
provide the data to the users, the usage statistics is
centralized in one database to be able to analyse the
impact of the data on the community regardless of the
method used to retrieve it.

3.2 Service hosting environment with the inclusion of
EUDAT services

Considering the workflow depicted in the previous
section, GEOFON introduced some EUDAT services in
order to automate and/or improve some of the tasks
related to it.

Many services are being provided at GEOFON (e.g.
interactive web portals, proprietary protocols to get data
or derived products), with two of them (Station-WS and
Dataselect) being particularly important, as they are
international standards and the core services for the
community upon which other services are built. Station-
WS serves the information describing the hardware and
everything related to the deployment, while Dataselect
serves the data.

Two main EUDAT services have been integrated in
the GEOFON workflow; namely, B2SAFE and
B2HANDLE. The former is used to accomplish most of
the Data Management tasks, while the latter is used to
manage/store Persistent Identifiers (PIDs).

As the archive is stored in a directory structure from
a partition, the B2SAFE service “mounts” the archive as
an external resource in read-only mode.

One of the main requirements for the Data Policies at
GEOFON is the capability to trigger processes based on
the inclusion of new data. In the context of B2SAFE, this
can be done by means of automatic rules which are
executed under certain conditions (e.g. new data
ingested).

With the proper rules we can enforce that, after new
data is detected by B2SAFE, a certain set of actions is
executed. For instance, the derived products can be
generated and data can be replicated to a partner data
centre from the EUDAT CDI, the Karlsruhe Institute of
Technology (KIT). Also, as part of this replication



process, persistent identifiers (PIDs) are generated for
each file, so that the PID can be used to globally and
univocally identify the file.

P1Ds are managed and stored by means of the already
mentioned service called B2ZHANDLE, which is based
on a Handle Server and other libraries developed within
the project. GFZ has a broad expertise in this type of
tools and, therefore, we decided to deploy our own
B2HANDLE server and work with our local instance.

Each generated PID is stored with a set of key-value
pairs called “PID Record”. The information in the PID
Record allows, among other things, to track other copies
of the file in different data centres or validate its integrity
by means of pre-calculated checksums.

3.3 Data Policies to apply at GEOFON through
EUDAT services

After the formalization of the internal workflows at
GEOFON, and the inclusion of requirements from the
community and the data centre, we defined a set of Data
Policies to be enforced by means of the tools available
within EUDAT and new developments, which could be
useful for different communities.

Some of them are related to the Replication process.
For instance:
replicate every new file in the archive to our internal
backup server;
if we are the official provider of the data in a file,
replicate it to an off-site partner within the EUDAT
CDI;
seismological data that does not belong to us but
comes from our earthquake early monitoring system
should be kept for 6 months only; data still need to be
replicated to the internal server;
file deletion must not be possible in an automated
way. In case that the system detects that a file should
be deleted, an email should be sent to the appropriate
operator.

Regarding the access control of the files:

e “Restricted data” must be tagged and proper access

control must be applied to them;

access restrictions can be automatically removed after

a period of time (embargo period);

data must be able to be accessed via an HTTP API

respecting the ACL (Access Control List);

Regarding automatic metadata extraction:

e Metrics derived from the data must be automatically

calculated to populate some of our services when new

data is ingested.

Detailed statistics related to the data access should be

available for the data owners/creators.

In case that data are modified (e.g. correcting errors,

filling gaps), this information should be available for

future use (provenance information).

Regarding the integrity of the stored data:

o a weekly process will select ~2% of the folders in our
archive and verify that the synchronization is correct;
the idea is that every file will be checked at least once
in a year;

e check that the data is stored in SDS format;
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e start and end time of network/station operation must
be available and data outside this time span must not
be allowed.

The identified relevant policies are being gradually
implemented using generic EUDAT services and
GEOFON:-specific software.

4 Mapping of EUDAT data policies to
SCAPE and RDA policy curation
frameworks

For the design and implementation of data curation
actions in EUDAT, the relevant outputs of SCAPE
project [2] and Practical Policy Working Group of the
Research Data Alliance [3] have been identified. SCAPE
outputs are perceived of high quality owing to the
advanced thinking that considered long-term digital
preservation policies at a granular level suitable for the
machine-executable implementation. RDA Practical
Policy Working Group outputs are a result of a
substantial international collaborative effort including
experts in iRODS platform [11] that is a technological
foundation of the EUDAT B2SAFE service.

For SCAPE, we used the catalogue of preservation
policy elements [4] that is a systematized compendium
of granular policies with examples of what SCAPE
called “control policies” (granular statements that are
easily translatable to machine-executable functions), and
for the RDA Practical Policy Working Group it was their
practical policy implementations report [9] that compiled
a set of machine-executable functions for iRODS
platform [11].

In addition to this top-down retrospective review of
the SCAPE and RDA outputs, a bottom-up analysis of
control policies applicable to the GEOFON and
HERBADROP use case was performed, with a number
of control policies identified as prime candidates for
implementation in EUDAT B2SAFE. These policies are
presented in Table 1.

Then the gap analysis was performed against SCAPE
policy elements, to see whether these bottom-up
identified control policies allow enough coverage of the
extensively defined data curation policy landscape of
SCAPE project. SCAPE policy elements catalogue [4]
is two-level with Guidance Policies on the top level and
Policy Elements on the granular level. An example of
Guidance Policy is Authenticity Policy that breaks down
to Integrity, Reliability and Provenance as policy
elements. Hence control policies in Data Integrity checks
category from Table 1 correspond to Integrity policy
element of Authenticity Policy in the SCAPE policy
elements catalogue.

One noticeable gap discovered through this mapping
exercise is the Digital Object lifecycle which was paid
due attention to in SCAPE policy landscape but is
missing in the current EUDAT considerations. This gap
may be hard to address as EUDAT is a collaborative
project that accumulates data from a large variety of
research communities with a wide range of digital object
types and lifecycles. However, this discovery should



inform the future operation of EUDAT services so that
they could meet all reasonable (and multi-aspect)
requirements for data curation and long-term digital
preservation.

Table 1 Candidate control policies for implementation

by GEOFON and HERBADROP

Policy Control Policy examples
category policy
Number and Data should be replicated
location of in N locations, including in
replicas locations A and B
Timeframe for | Data should be replicated
replication within the next 24 hours
after the data ingestion in
E;atl?cation any particular location
P Data nodes
roles All data nodes are
equivalent to read data
from, but data can only be
initially ingested in node X
then replicated over all
other nodes
The set of Checksum algorithm
checksum accepted is MD5
algorithms
Data acceptable
::rk:t:gkr;ty Periodicity Calculate checksums for
and scope of 2% of aI_I data assets every
integrity wee_k, with the_ aim of
having the entire data
checks g
collection checked annually
Data formats BMP and PNG accepted
accepted for images
Metadata Upon ingestion, file name
extraction should be extracted as
from data metadata
r?@ig ; ;g Data format
formats check Software package X should
procedures be used for data format
acceptable validation
Minimal
metadata
assigned upon | PID is a mandatory
data release metadata element
Embargo period of N years
Embargo rules is applied to all PDFs and
images
;Ii-gsnzeets()f data CC_—BY license should be
Data ded assigned to all data released
access and | ccommende after the embargo period
data reuse | UPO" data ends
release
Data reuse
iﬁﬁg&fgn Number of file downloads
should be collected
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5 Conclusion and further work

Analysis of data curation requirements of two use
cases: HERBADROP and GEOFON has been
performed, coupled with the retrospective review of the
elaborated data curation policies from a dedicated EU
project (SCAPE) and practical (machine-executable)
policies that were the output of the dedicated RDA
working group.

A set of granular control policies have been identified
as candidates for implementation in two use cases, and a
gap analysis of these policies has been performed against
the SCAPE catalogue of policy elements. A similar gap
analysis should be performed against the RDA practical
policies catalogue, in order to see what existing iRODS
implementations can be reused for the creation of
machine-executable policies in EUDAT B2SAFE
service.

After the set of identified policies is applied in the
two use cases that have been involved in their
formulation, the same policy framework should be
applied in a larger number of research communities
associated with EUDAT through its pilot programme.

The scope of projects and initiatives in data curation
and long-term digital preservation can be extended
beyond SCAPE and RDA working groups; this
specifically applies to popular functional models of
digital preservation like OAIS [18] that we feel have not
been thoroughly evaluated so far for their potential
application in EUDAT.

The major result of these works is going to be a
conceptually and terminologically consistent catalogue
of machine-executable policies for EUDAT services that
will be explicitly mapped to requirements of the
participating research communities, as well as to mature
data policy frameworks developed by EU projects and
international collaborations dedicated to data curation
and long-term digital preservation.

The EUDAT data policies catalogue will serve then
both as guidance for machine-executable policy
implementations and as a validation tool to ensure the
compliance of EUDAT CDI services to high-level
policies of data curation and long-term digital
preservation. This should allow to promote certain
EUDAT platforms such as B2SAFE from their current
status of “bit-level” data management solutions topolicy-
driven services where the actual set of policies can be
configured according to a particular use case.
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Data policy as activity network
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Abstract. The work suggests using a network of semantically clear interconnected activities for a
formal yet flexible definition of policies in data archives and data infrastructures. The work is inspired by
needs of EUDAT Collaborative Data Infrastructure and the case of long-term digital preservation but the
suggested policy modelling technique is universal and can be considered for all sorts of data management that
require clearly defined policies linked to machine-executable policy implementations.
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1 Introduction

Problematics of advanced long-term digital
preservation [1] has been in focus of many collaborative
projects and popular recommendations. However, it has
been paid a relatively small attention in domain-specific
projects that rely on data archiving, or in projects that
develop scalable e-infrastructures aggregating data that
comes from different user communities.

One of the problems that long-term digital
preservation aims to address is having clear policies for
the entire data lifecycle from data ingestion by archive or
by e-infrastructure service, through years-long data
management with sensible data checks, transformations
and moves, to data access and data dissemination to the
end users.

One can argue that without clear data policies and
means of their validation there is no such a thing as the
long-term digital preservation, even in cases when a
technology foundation used for an archive or an e-
infrastructure is sound and well-supported. At the end of
the day, every technology evolves — and at a brisk pace
compared to relatively long time when many data assets
are going to be useful, so data policies and means of their
expression should be semantically clear and in a way
more permanent than technology that underpins data
management. A strong case for policy-driven digital
preservation, with extensive references to the prominent
projects and popular methodologies was made in [2].

In practice, quite a few data archives and e-
infrastructures end up in a situation when they have got a
sound technology for managing data bits, also acquire a
decent number of users (which is a popular measure used
by funders for their judgement on the e-infrastructure
success) but do not have a reasonable data policy, let
alone any machine-assisted reasoning over it. The users’
trust in the archive or the e-infrastructure may be enough
for their daily use but there can be a substantial
conceptual and technological gap in regards to data
policies formulation, expression and execution.

Some larger projects and e-infrastructures are aware
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of this gap and do make efforts to close it by working on
data policies implementation. An example of such e-
infrastructure is EUDAT [3] that has developed a number
of operational services [4] and data pilots with user
communities, and is now trying to express and apply
policies to these services.

The prime candidate for applying data policies in
EUDAT is B2SAFE service [5] based on iRODS
platform [6]. B2SAFE developers are doing a very good
job on building geographically and organizationally
distributed data storage with data replication, integrity
checks and other routine tasks of data management
guided by iRODS machine-executable rules. B2SAFE
have made their own effort on policies with the
development of Data Policy Manager [7] which is a
software module with policies expressed via XML
templates. There is a perceived need though of having a
more universal solution for policy management across all
EUDAT services. The possible policy modelling
approaches under consideration are using RuleML[8],
SWRL[9] or ProvOne ontology[10] which seems suitable
not only for capturing data provenance after the
execution of certain actions but also for the forward-
looking design of data processing workflows which can
then potentially serve as a means of data policy
modelling.

This work presents an alternative approach to those
mentioned and is based on Research Activity Model [11]
which is in fact quite universal and suitable for the
expression of all sorts of activities, not necessarily related
to research. Research Activity Model is slightly extended
and applied to the case of data policy modelling.

The main advantage of this alternative approach is its
high modularity which allows modeling policy elements
and using them as building blocks for the semantically
clear representation of a whole policy. The modularity of
policy design is especially important in data
infrastructures that commonly aggregate data coming
from different user communities, often having their own
business models, technical requirements, data formats
and data lifecycles which makes it difficult to design and
adequately express the crosswalks between community-
specific data policies and those for the data infrastructure.
Another advantage of the suggested approach is its ability
to address the conceptual gap between policy formulation
and policy implementation, as it may not be easy to



translate a high-level policy (often in a textual form) into
machine-executable policy.

The modularity should allow high levels of
inheritance and reuse of policy elements; it also helps to
solve specific problems of policy formulation and
validation when textually the same policy can be
executed in different ways leading to different states of
data archive, for which situation we provide an example.
The conceptual gap between policy formulation and
policy implementation is addressed by a possibility to
define policy-related Activities as “black boxes” with
(initially) only interfaces defined; this can be hopefully
done by policy makers themselves without entirely
delegating this policy design phase to policy
implementers (software developers).

Implementation of a sensible data policy is a
challenging task even within the boundaries of a
particular organization. In a situation when the
organization is using a collaborative data infrastructure
along with its own organization-specific IT services, the
implementation of a data policy is going to be even more
intricate and is likely to rely on loosely coupled services.
An approach to data policy modelling suggested in this
work is going to address this challenge, along with the
alleviation of the earlier mentioned problems of the
policy elements reusability and the policy application
results predictability.

The work is inspired by needs of EUDAT
Collaborative Data Infrastructure [3] and refers to it for
illustration of certain ideas, also the main incentive for
the work was modelling policies for the case of long-term
digital preservation. However, the suggested modelling
technique is universal and can be considered for all
archives or e-infrastructures that are interested in all sorts
of data management (not only long-term digital
preservation) that require a clearly defined policy linked
to machine-executable policy implementations.

Conceptual challenges of data policy modelling are
discussed first, specifically the problem of policy
decomposition into policy elements, then an example is
given of how Activity Model can be used for policy
modelling. This is followed by suggestions on what IT
architecture for data policy management will be required
to support the suggested modelling techniques.

2 Data policy and a problem of its
decomposition

2.1 Insufficiency of granular policy definition

Data policy is often created as a conventional textual
document that contains certain statements about what
should or should not be done with data, with implied or
sometimes explicit logical “ANDs” and “ORs” that glue
statements together in an aggregated policy. This
composite nature of policies is why it seems natural to
break down the policy document into granular
statements, model each statement using some formalism
and then execute the statements using some IT solution.

One of the most advanced efforts on data policy
decomposition was performed by SCAPE project [12]
that created an extensive catalogue of preservation policy
elements [13] which are in fact granular textual
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statements. These granular statements which can be

converted, in a pretty straightforward way, in machine-

executable statements are called control policies in

SCAPE. Examples of control policies are: “information

on preservation events should use the PREMIS metadata

schema” or “original object creation date must be

captured”. The granular control policies relate to a

higher-level procedural policy (a procedural policy on

Provenance for the current example) which in turn relates

to an even higher-level and most abstract guidance policy

(a policy on Authenticity for the current example). Three-

level structure of guidance policies, procedural policies

and control policies constitute a very well developed

SCAPE digital preservation policy framework.

SCAPE stopped short of the actual implementation of
control policies, so when EUDAT [3] decided to use the
SCAPE framework for policy considerations, it was also
decided to supplement this framework with the catalogue
of practical data policies [14] developed by an RDA
(Research Data Alliance) Practical Policy Working
Group. The practical data policies in this catalogue are
expressed as iRODS [6] functons specifically suitable for
implementation in EUDAT B2SAFE service [5] based on
iRODS platform.

Having well-defined control policies or practical
policies is not enough though for semantically clear
modelling of a data policy as a whole, as the application
(execution) of a policy composed of granular machine-
executable statements may lead to quite different
outcomes depending on the order in which granular
policies are applied.

The problem of policy decomposition is in fact
interrelated with the problem of policy validation. To
illustrate this, let us consider a simple case when there is
a couple of easily identifiable policy statements
contained in the same policy document which we want to
decompose and validate through execution of two
granular policies. Let the statements in a composite
policy (perhaps, but not necessarily so, added one to
another through some policy update by different policy
managers) be:

[1] Image files having size of more than X gigabytes
should be stored in file storage A; otherwise they
should be stored in file storage B.

[2] Image files of type RAW should be converted in JPG
format.

If a certain file of type RAW is more than X gigabytes
in size but becomes less than X when converted in JPG
then, depending on the higher-level guiding policy and
on the order in which these granular policies are applied
in the actual service implementation, the result of the
combined application of the two granular policies can be
any of the following:

1. Fileismoved as RAW in storage A and remains
stored in A as RAW.

2. File is moved as RAW in storage A then
converted in JPG and remains stored in A.

3. File is converted in JPG and stored in B.

4. File ismoved as RAW in storage A and remains

stored in A as RAW; also a copy of it converted
in JPG is stored in B.
This is to illustrate that validation of the data policy



implementation is hard as any of the listed outcomes may
be considered being right or wrong depending on the
validator’s point of view.

Also let us take into account that policy validation can
be based on some statistical selection of samples (so that
problematic boundary cases of RAW data sized only
slightly over X gigabytes threshold may not be selected
in a sample and hence go unnoticed), or that a policy
validation procedure allows some tolerance towards
small amount of failed policy checks (so that even if a
few files have ended up somewhere that a particular
policy interpretation considers to be a wrong place, this
does not trigger a policy violation alert).

So even if the data policy can be, seemingly
successfully, decomposed into granular policies that are
easy to define and validate as machine-executable
statements, the actual result of the policy implementation
does not necessarily match the intentions of policy
designers or policy managers, as the backwards process
of the policy composition — assembling it from the
granular policies (policy elements) — can be performed
with substantial variations.

2.2 Possible responses to the challenge of granular
policies insufficiency

One possible response to the outlined challenge could
be setting up an elaborated policy governance
framework, i.e. well-defined business processes that
allow human agents (policy managers) to look after the
policy implementation, i.e. accumulate and analyse
feedback from the environment where the policy is
applied and supply the result of this analysis as updated
requirements to software developers who work on the
actual software implementation of the policy. This
approach requires a good organizational culture and a
substantial human resource involved in data policy
management and in policy implementation; documented
requirements will serve as an interface between policy
managers and policy implementers. Some “magic”
should happen in between so that high-level policy
definitions translate into actual policies implementation
in software code, this is why policy validation is likely to
demand extensive software testing with specific policy-
related test cases.

Another possible response is having an elaborated
means of expression for the entire data policy (a
sophisticated policy modelling language): both for the
definition of granular policies and for the definition of
logic than binds the granular policies into the whole. An
example of this approach is RuleML [8] that is
considered a candidate for a detailed expression of data
policy in EUDAT e-infrastructure [3]. This approach
requires skilled human resource for policy modelling; the
modeler and a sophisticated model produced by her
becomes then an interface between policy managers and
policy implementers (the role of the latter is less
prominent than in the first approach, in a sense that
software developers should not interpret requirements
but just implement — or adopt — a certain engine that
executes formal rules defined by the savvy policy
modeller).

The third possible response is that a certain formalism
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is used for the expression and, where necessary,
recomposition of granular policies (policy elements) and
for their assembling in the whole, with that formalism
being reasonably friendly to machines as well as to
humans. The humans — policy managers themselves or a
not-so-skilled modeller — can use the formalism for a
flexible policy definition that can be fairly easily
modified depending on the true policy intentions and on
the feedback received from the archive or e-infrastructure
where the policy is implemented. The role of software
developers is then to implement an engine for the
formalism (quite similarly to the second approach). The
machine just executes the policy expressed using that
formalism.

The differences amongst approaches are presented in
Table 1; in essence, they are different “weights”
(different levels of demand) for the skills of policy
managers, policy modellers and policy implementers.

Table 1 Differences amongst policy modelling

approaches
Policy Demands | Demands | Demands
modelling for policy | for policy | for policy
approach manager | modeller | implemen-
skills skills ter skills
Policy Nong
(policy
governance
modeler
framework
+ can be
requirement replaced
. g High by High
business
managemen analvst
t + specific Y
or/and
software
testing software
tester)
Policy
modelling Low High Medium
language
Formalism
for granular
policy
elements Medium Medium Medium
definition
and
composition

The preferable approach could easily be the third one
as it empowers policy modelers themselves with
reasonable means of policy expression and therefore can
reduce overheads and risks of communicating a policy
from policy managers through modelers to implementers.
A remote analogy of the third approach could be the
proliferation of SQL language that, despite its
sophistication, has become a lingua franca of not only
software engineers but is widely used by logistics and
even sales departments is all sorts of business.

The formalism to be used for data policy expression



should not be something as developed as SQL though,
neither should it be purely textual: it can be based on the
idea of “building blocks” with possible graphical
representation of them, hence providing an easy-to-
operate semantic wrapper for machine-executable
statements. On the other hand (unlike SQL which allows
the actual data manipulation), these “building blocks” for
data policy definition are likely to remain only a wrapper
to the actual machine-executable implementations of
granular policies which will be inevitably specific to a
particular service even within the same archive or e-
infrastructure. As an example, for EUDAT B2SAFE [5]
that is based on iRODS platform [6] these granular
implementations can be iRODS functions and for other
EUDAT services based on other software platforms the
policy implementations can be something else. A
common semantic wrapper will be then a reasonable
means of a clear policy modelling and a clear definition
of interfaces between policy “building blocks™ across a
variety of different IT services.

This work strongly prefers the third approach and
suggests  considering  Activity Model [11] for
semantically clear modelling of data policies in all IT
services within the same data archive or e-infrastructure,
as well as for policy interoperability across different data
archives and e-infrastructures.

3 Activity Model as a semantic wrapper for
machine-executable policies

3.1 Activity Model in a nutshell

Activity Model [11] was initially suggested for
modelling granular research activities and combining
them in networks so that, as an example, the output of
one Activity can be the input of another one, e.g. these
combined Activities may represent certain phases in
research data analysis. It has been clear though that
Activity Model can suit all sorts of activities as it is pretty
generic; as an example, it may well suit for modelling
data provenance across different IT services within e-
infrastructure.

The main “building block* of the Activity Model is
an “activity cell” represented by Figure 1 with its aspects
(that can be thought of as incoming and outcoming
relations) explained in Table 2.

) SCOpe

Figure 1 Research activity “cell”; it can be used for
semantic definition of any activity
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The full RDF serialization of the Activity Model is
published in [11]; it is really simple and requires only
RDF Schema and an “inverseOf” OWL statement for its

expression, i.e. what is often referred to as RDFS Plus.

Table 2 Activity Model aspects explained

Examples
Aspect | Description Research per [Research data
se analysis
Something that|Previous Raw data
Input  [iS taken in or [research
operated on by
Activity
Something thatRaw data Derived
Output is intentionally analyzed)
produced by data
Activity
Something that|Sample One or more
Scope A.ct1V1ty is properties experiments
aimed at or
deals with
Something that|Scientific IT
affects or instrument environment
supports
Condition |Activity, or
gives it a
specific
context
Something or [[nvestigator |Data analyst
Actor somebody who
participates in
Activity
Something thatEnvironment [New software
Effect fisa pollution module
consequence
of Activity

Activity “cells” can be combined in chains or

networks, and not necessarily in a way that the Output of
one Activity is the Input to another. Asan example, a data
management policy can be the Output of one Activity
(policy design) and the Condition that affects another
Activity, e.g. data replication in the archive.

The model flexibility when any aspect of one Activity
can be matched with any aspect of another Activity is
supported by the fact that aspects do not have to have
types associated with them.

3.2 Proposed extensions of the Activity Model

In order to use Activity Model for data policy
modelling, we will need to make a profile of the model
by specifying certain types of Activity as subclasses (in



case of an RDF serialization of the model — RDFS
subclasses). Suggested extensions are presented in Table
3. Conceptually, Generic Data Management Activities
should cover the needs of data engineering that are
related to machine-interpretable policy implementations,
Logical Switch Activities should cover the needs of data
analysis and machine-assisted reasoning, and Control
Activities should cover the needs of IT services
deployment and operation.

Compared to modelling data policies with workflows,
the suggested approach based on the definition of policy-
related Activities should allow more loosely coupled
implementations of policy management IT solutions. As
an example, the “data engineering” part of policy
implementation  represented by Generic Data
Management Activity can be performed on a software
platform fully controlled by a specific user community or
organization (e.g. a research institution), the operation
(the actual execution of control statements) represented
by Control Activity can be performed by collaborative
data infrastructure (e.g. by EUDAT CDI [3]) and the
logic of combining policy elements represented by
Logical Switch Activity can be performed by either the
organization or the data infrastructure, or by a third-party
service.

If the policy was modelled by an executable
workflow, it would require the presence of all three
aspects: data engineering, reasoning and execution — in
the same workflow likely operated by a single universal
workflow engine. This would mean not only an
operational limitation but a conceptual / modelling
limitation, too, as all the participants (stakeholders) of
policy implementation would have to adhere to the
conceptual framework and the format required by the
workflow engine. Modeling with interconnected
Activities as semantic wrappers to particular
implementations leaves more freedom to conceptualize
and to operate data policies that are going to be executed
by loosely coupled IT services.

Table 3 Additions to the core Activity Model required
for data policy modelling

Type to add Comment / Description

Generic Data Subclass of Activity for data
Management policy definition. It can be
Activity considered a semantic wrapper

for a variety of data handling
Activities, e.g. Activities for
data characterization or data
transformation.

Logical Switch
Activity

Subclass of Activity for logical
switches of all sorts

Control Activity Subclass of Activity for an
interface  with a particular
software  platform  where
policies are executed. This isa
semantic wrapper for the actual
call to a platform-specific

script or function.

Depending on a particular operational environment
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(software platform where policies are executed), other
parts of the Activity Model, e.g. its Inputs, Outputs, or
Conditions may require additional semantically clear
extensions. However, it is unclear at the moment whether
these potentially required extensions should be a part of
the universal Activity Model profile for data policies, or
it is better to introduce them as necessary, as parts of
policy execution engine implementations on particular
software platforms.

3.3 Examples of the Activity Model data policies
profile application

The role of the suggested model extensions will be
clearer by giving an example of their application to the
modelling of a particular policy. The example will be a
policy with two granular statements about data
movements depending on data size and data format that
were considered in Section 2.1.

We will need to define first a File Characterization
Activity:

@prefix am:
<http://.../stuff/ActivityModel#> .
@prefix ampp:
<http://.../ActivityModel#PolicyProfile> .
GDMA_ FileChar
ampp:GenericDataPolicyActivity
GDMA FileChar am:hasInput File
GDMA FileChar am:hasOutput FileSize
GDMA FileChar am:hasOutput FileFormat
GDMA FileChar am:hasOutput File
GDMA FileChar am:hasScope ImageFiles
GDMA FileChar am:hasCondition
ServicelInstance
GDMA_FileChar
GDMA_FileChar

am
am

:hasActor CertainScript
thasEffect FileCharLog

In short, GDPA FileChar activity takes a file
as an input and produces values for the file
size and file format (which can be semantically
clearly defined as necessary e.g. with
measurement units and format IDs in a file type
registry) as outputs; the initial file is passed
over as another output. To derive the file size
and format, the activity uses CertainScript
(which again can be semantically clearly defined
as necessary — e.g. with references to a software

repository) .

As an additional outcome (better defined not
as Output but as Effect) of the file
characterization activity, we get the

FileCharLog log file. The scope of activity is
defined as ImageFiles (so that other kinds of
files can be handled by differently defined
Characterization Activities; what “ImageFiles”
actually means can be clearly defined with e.g.
a reference to a certain taxonomy entry). The
Condition is defined as ServicelInstance (which
means that Actor:CertainScript operates in some
particular IT service environment) .

Mapping of Activity to a particular software
implementation can be performed using Activity
ID and a reference to a repository with a clear
software identity, e.g. a software versioning
repository.

The graphic representation of this Characterization
Activity (which, in the ideal world, can be designed in a
certain authoring tool with graphical user interface and
producing the above RDF as a serialization) is illustrated
by Figure 2.
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Figure 2 Definition of a Data Policy Activity for image
files characterization

The problem of the policy composition out of two
granular policies outlined in Section 2.1 can be addressed
with the help of other classes of activities that we
introduced earlier: Logical Switch and Control. For the
sake of simplicity (as we are going just to illustrate it how
the policy modelling can be done) we will not be defining
all aspects for these activities, e.g. we can omit Scope or
Effect but they may be required in a real policy modelling
situation.

The Logical Switch activity will take File, FileSize
and FileFormat as Inputs, a particular logic of handling
file moves to either storage A or B, as well as file
conversion, will be Condition. The Activity yields a list
of particular control statements (like “move File to
storage A”, “Convert file in JPG format”) as Output. The
shape of such defined Logical Switch activity is
illustrated by Figure 3.

Input:File = g

M ey LSA_Move-n- Output:
Input:FileFormat LONVErson | (list of
i control

statements)

Condition:
{some logic of
using FileSize and
FileFormat)

Figure 3 Definition of a Logical Switch Activity for
handling image files

The semantically clear definition of a Logical Switch
Activity gives an idea of how we suggest to address the
problem of a policy composition from granular policy
statements. The hope is, if the logic of producing control
statements is made explicit, as well as the control
statements themselves, this will eliminate the ambiguity
of a policy composed of granular policy statements.

A good question is what formalism, if any, will be
adequate for the expression of logic in the Condition of
the Logical Switch. The short answer is: it depends on the
policy engine implementation. In an extreme case, this
Condition can be just a mandatory textual explanation
(commentary) of the logic implemented by the Actor
(which is omitted in the Figure 3), i.e. by an executable
function or a procedure or a script for a particular 1T
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platform. Alternatively, rules modelling language or
workflow templates (and appropriate engines for them)
can be used — yet, in this case, the actual usage of these
modelling languages or workflow templates would be
limited to the policy logic enwrapped in the Logical
Switch  Activity, allowing freedom for different
implementations of other types of Activities involved in
the policy definition.

How to express control statements in the Output is
subject to particular implementations, too. The only
consideration which is important for the moment —
important  both  from  conceptual and from
implementation perspectives — is having the list of
control statements as a clearly defined interface between
Logical Switch Activity and Control Activity.

Control Activity takes the list of control statements as
Input and makes platform-specific function or procedure
or script calls that implement the control statements.
Actors for Control Activity are particular functions /
procedures / scripts and the Effects of it are log and error
files or messages — whatever is used for traceability in a
particular implementation. Condition is, similarly to the
file characterization activity definition, a particular
software platform or IT service where Actors operate.
Figure 4 presents an example of a diagrame for the
Control Policy.

(list of
control f‘l
statements) & &1 3
N & o E
(o) cCm
Y& 284
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A
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Figure 4 Definition of a Control Activity for policy
execution

Generic Data PolicyActivities (such as data
characterization) can be combined with Logical Switch
Activities and Control Activities in a chain or a network
of activities. For our example, the resulted chain is
illustrated by Figure 5. It represents the full model of a
certain data policy expressed as a chain of semantically
clear activities with interfaces between them, as well as
interfaces to activity implementations in particular 1T
services or software platforms.

It is worth mentioning once again that every aspect in
the Figure 5 diagrame (such as File, Size, Format, Script
or Log) should be thought of not as a particular artefact
or a value but as a semantic wrapper of an artefact or a
value. As a particular model serialization, these semantic
wrappers can be RDF statements about artefacts or
values.
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Figure 5 Example of full policy definition

In real data policy modelling situations, it may be
necessary to define more than one instance of each
Activity type; as an example, there could be two Data
Characterization Activities defined (one for the file size
and another for the file format) in place of one in our
example. Nevertheless, even differently defined
Activities could be combined in a semantically clear
network representing the same data policy.

If Activities in Figure 5 are clearly defined and
sensibly combined in the Activity network, this
eliminates any ambiguity in policy definition and
execution exemplified by two interfering granular
policies discussed back in Section 2.1 so that the actual
result of the policy implementation becomes predictable
and can be formally validated.

One of the strengths of the suggested model is a
combination of its reasonable expressivity with its high
flexibility as it is based on the idea of composition of
activities that can be a) modelled differently b)
implemented differently and c) operated (executed)
differently. In the above example, scripts for file
characterization and scripts for policy execution can be
implemented using different software and operated by
different components of the same service, or by different
services, or even by different e-infrastructures.

The actual chain or network of activities, as well as
definition of each of them (i.e. definition of all semantic
wrappers) could be done in a certain authoring tool with
a graphic user interface and RDF as a model serialization
format. Development of such a tool has been beyond
resources available for this conceptual work; however,
such atool is worth mentioning as one of the elements of
an IT architecture that can support data policies
formulation, execution and validation.

4 1T architecture for activity-based data
policy management

The proposed IT architecture is presented by Figure 6
with the most essential components and information
flows (that would constitute a core operational platform
for data policy management) designated as filled-in
boxes and arrows; more advanced components and flows
are designated as dashed boxes and arrows with a blank
background.

As already suggested, having policy Activities
authoring tools with GUI and possibility to serialize
Activity networks in a semantically explicit format such
as RDF is essential for good levels of adoption of the
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suggested approach and therefore such authoring tools
should be a part of a sensible IT architecture for data
policy management. In addition, what is required is a
repository where policy designs can be stored and
retrieved from.

Logical conditions
~= | interpretation engine |

&1 Control statements
= | interpretation engine
:

Paolicy search
interface

Figure 6 IT architecture for activity-based policy
management

Activity network interpretation engine picks up
Activity network from the authoring tools or repository
and executes them. In order to execute activity networks
in a particular IT environment (software platforms and
services), a mapping engine is required that maps
Activities and their aspects (such as Conditions or
Outputs) to configuration files and executable scripts.

In addition to this generic mapping engine, specific
engines for logical conditions and control statements can
be implemented. Effects repository stores Effect aspects
of each Activity; it is a generalization of logging service
and contains semantically clear tracks of Activities
execution. Policy search interface can be designed for
searching and sharing data policies.

For the purposes of data archive or data
infrastructure audit, a policy validation engine is
required that talks to policy search interface and to
Effects repository. The actual validation can be based on
matching graphs of artefacts resulted from policies
execution with graphs of Activities in the policy design.

5 Conclusion

The problem of data policy modelling with
reasonable crosswalks between high-level (read: textual)
policies and their machine-executable implementations
has yet to find a satisfactory solution. The challenges of
policy design and implementation are even bigger when
collaborative data infrastructures are operated in
combination with the in-house software platforms.

The problem of semantically clear crosswalks and the
problem of data policy implementation across
organization-specific and external IT services can be
addressed by adoption of certain policy modelling
techniques and tools. Activity Model [11] can be a
reasonable means for the design of such tools, with the
idea that data policies can be represented as networks of
Activities with interconnected aspects of them.

This work has introduced extensions to the Activity
Model in order to make it fit for the task of data policy



modelling. An example of using the Activity Model for
the definition of a particular data policy has been given,
and a possible IT architecture has been considered that
can support data policy management based on Activity
networks.
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AHHOTAINA.

PaCCMOTpeHH PEKOMCHAATCIIBHBIC CUCTCMBEI,

HCIOJIb3YIOIINE KOJ'IJ'Ia60paTI/IBHy10

¢ubTpanuMio IS pelieHus] TaKuX 3ajad, KaK OMpeJelieHHe CTeNeHH ONN30CTH OOBEKTa IONb30BATEII0
(3a1a4a MPOrHO3UPOBAHMSI) U OIPEIETICHNE TOAMHOXKECTBA 00bEKTOB MOITHOCTH N, OJIM3KHX MOJIB30BATEITIO
(3amaua topN). Takue CHCTEMBI CUUTAIOTCS XOPOLIO U3yYEHHBIMU U YCIIEITHO IPHUMEHSIIOTCSI B KOMMEPIIUH,
OJIHAKO CYIIECTBYIOT OTKPBITBIE IMPOOJIEMBI, CBSI3aHHBIE C UCIIOJIb30BAHUEM TaKUX CHUCTEM. DTH MPOOJIEMBI
OIKcaHbl B HacTosIel padoTe. B kauecTBe MeTO/Ia YCTPaHEHUsI CYLIECTBYIOIIMX HEMOCTATKOB IIPEUIOKEHa
MOJIETIb PEKOMEHIATENbHBIX CHCTEM, KOTOpasi OCHOBaHa Ha TEOPUM HEYETKHMX MHOXKECTB W HCIIOIb3yeT

METOJIBI KOJUTA0OPATUBHOM (DIITHTPAIIHH.

KiloueBble €/10Ba. peKOMEHIATeNbHAs CUCTeMa, Ko/ulabopaTHBHAs (MIbTpalus, Mepa CXOACTBA,
OTHOIIEHHE 0JIM30CTH, SPPEKTUBHOCTD, HEUETKAsI JIOTHKA.

The Model of Recommender Systems based on Fuzzy Logic
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Abstract. In this article, we analyze collaborative filtering. We show existing problems connected with
using of collaborative filtering. We propose the recommender system model based on the fuzzy logic theory.
This model is the extension of the collaborative filtering which removes described problems.
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1 TepmuHoI0THSA U 0003HAYEHUSA

Pexomenmarensubie cucremsl (naiee PC) [1] — onHa
3 pasBuBarommxcs obmacreit Computer  Science,
HayaBIIas CBOE CYLIECTBOBAaHHME C KOHIA IIPOLLIOTO
cronerus [2]. PC aBnsA0OTCS MHCTPYMEHTOM, KOTOPBIHA
obneryaer IONb30BATENIO 3aJady IIOWCKa HYKHOH
HH(OPMALUH ITyTEM NPEeJOCTaBICHHUS PEKOMEHAALHH 110
HCIIONB30BAaHHIO COOTBETCTBYIOLICH MH(OPMALUH WA
3a CUET ONpEIEIeHUs CTeIeHH ONN30CTH KOHKPETHOM
uH(OPMAIUK HHTEPECaM IOJIb30BATEI.

PC paboraioTr cO CHemylOUIUMH HUCXOTHBIMHU
JAHHBIMH:

e u €U c N — uneHTHPHUKATOPHI TTOTB30BATEIICH
PC;

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH

«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00/1aCTAX C
HHTEHCHBHBIM HCI0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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e ielcN — wunentudukatopsl  0OBEKTOB
npenmetrHod obnactu PC, Hampumep, ¢unbm B
PC B obnactu kuHemaTorpaduu; Ui IPOCTOTHI
M3JIOKEHUS He OyJeM KaxIblid pa3 ynoTpeOisaTh
BBIPAKCHUSI  «IIOJIb30BATEIb» MM «OOBEKT»,
OyneM 0003HAYATh UX KPATKO «OOBEKTEHDY;

o p:UXI - ][0,1] — dyakuus oueHKH OIU3OCTH U

0o0bekTOB; 3HaueHne pP(uU,i)  TMOKa3bIBaeT,
HACKOJIBKO OOBEKTHI [ M U ONHM3KH; KaK MpaBUIIO,
OLIEHKH OIM30CTH 3a7ar0TCsI caMUMU

MOJTH30BATEISIMU 3a BpeMs pabotsl ¢ PC; Oymem
CUHTATh, YTO YEM MEHBIIIE 3HAYCHHE OLICHKH, TEM
00BEKTHI OMIKe; OyIeM TOBOPUTH, YTO MEXIY
TONTb30BATENIeM U M OOBEKTOM [ BBIOIHACTCS
otHomenne Ommsoctu R, ecmm p(u,i) < g €
£(0); Oymem Ha3piBaTh TaKue OOBEKTHI
ONM3KAMU.

Kax npasuno, PC pemator crnemyromiue aBe 3amaqu
(Tonp30BaTeNb, ISl KOTOPOTO MIPOU3BOMUTCS PEIICHNE,
Ha3BIBAETCS AKMUBHBIM N 0003HATAETCS CHMBOJIOM U,):


mailto:denis.ponizovkin@gmail.com
mailto:denis.ponizovkin@gmail.com

1. 3aoaua npocnosuposanus. cIpOrHO3UPOBATH
HEU3BECTHOE 3HAYCHHUE p(ua, ip) =1 (cumBonOM L
Oynem o00O03Ha4aTh HEU3BECTHOE 3HAYCHHE) ITyTEM
AJITOPUTMUYECKOrO BBIYHCIICHHS 3HAYCHHS IPOrHO3HOM
GbyHKIMH p(uq,iy): U X1 - [0,1], e iy —
MPOTHO3UPYEMBII O0BEKT; TIPH ITOM TPeOYeTCsl, YTOOBI
IPOrHO3 OB COCTaBJIEH TOYHO, TO €CTh |p(Ug,ip) —

(e ip)| < &;

2. 3anaua topN
TIOZIMHOXECTBA 00HEKTOB

ItopN = {l (uajei) A p(ua' l) =J-} A |It0pN| =N.
Tak kak HEU3BECTHO, BBIIIOJIHSAETCSI JIM OTHOLIEHUE U, Ri
B cwiy Toro, 4ro p(uU, i) =1, TO BHINOJIHEHNE
OTHOWIEHHA U,Ri ompepensercas MO 3HAYECHUIO
OPOrHO3HOM  (hyHKIMH: U R © p(u,, i) < &.
Pemenne Ha3BaHHBIX 3amau mpousBomurcs PC 3a cyer
aHanu3a nHpopmanuu 0 XapaKTePUCTHKAX
nons3oBatenei u  o0bekToB. X MHO>KECTBO
XapaKTePUCTHUK I10JIb30BaTeNIeH, HapUMep, COLUATIBHO-
neMorpaduueckie Tokaszarenn OaHkoBckod PC. Y —
MHOXKECTBO ~ XapaKTEPUCTUK OOBEKTOB, HAmpHuMep,
HaMMEHOBaHMS KUHEMaTorpapyeckux YKaHPOB.
3HavYeHHEM XapaKTEPUCTHK TOJb30BaTeNel SBISETCS
3HaueHWe BecoBoW ¢ynkumu wy:U X X — [0,1],
00BekToB — Wyl X Y — [0,1]. 3HaueHHs BECOB MOTYT
3a1aBaThCs TI0JIb30BATEISIMH, JKCIIEPTaMHU,
anroputMuuecku u T. J. CTpyKTypy [HaHHBIX,
NPEICTAaBILIONIYI0 HHPOPMALMIO O MO0Jb30BaTene U U
00beKTe i HA30BEM KOHTEHTOM MOJb30BaTeNs Cy(U) H
KOHTEHTOM 00BeKTa Cy (i) COOTBETCTBEHHO.

(opmupoBanue

Mogens PC — 310 TpOiika

(cx; cy; ID), 1)

rae 11 NpPaBUJIO AJTOPUTMHYECKOIO BBIUMCICHUS
3HAYCHMUsI IPOTHO3HOM HYHKIMH P.

UYroOBl oOmNpenenuTh KadecTBO pelIeHHs 3aladu,
NPOBOJMTCSA TECTHPOBAaHHUE, OIS KOTOPOrO HCXOXHOE
MHOXECTBO JaHHBIX P pa3OuBaercss Ha oOydaroliee U
TecToBOe MHOXecTBa Py, u P, coorBercTBeHHO. Ecimu
p(u,i) € Py, 6ynem 0003Ha4aTh Takue 00ObEKTHI ij. Eciu
p(u,i) € P,, Gynem 0003HA4YaTh TAKHE OOBEKTHI i .

2 Kosus1abopaTuBHbIE MO

PaccmorpuM KommabopatuBHyO GuibTpamnmio [3-7],
KOTOpast SIBJISIETCS OJHWUM W3 HamOojee n3ydeHHBIX [3],
TOMYJSIPHBIX [4] 1 ycnemrHpIX [5] mpaBuil BEIYUCICHUS
[I. PC, KoTopele HCIONB3YIOT KOJUIAOOPATUBHYIO
¢uipTpanuio B KadectBe npasmia [l, OyaeM Ha3bBaTh
komtaboparuBaeiMEA PC (manee KPC). Onn mensarcs na
JIBa TUTIA 110 QUIBTPYEMOMY MHOXKECTBY [6]: MHOXKECTBY
MOJIB30BaTelel Wik 00BeKTOB. byneM Ha3pIBaTh NepBbIe
cyObekTHO-opueHTHpoBaHHEIME  (mamee COK), a
mocjeqHue — OOBEKTHO-OPHEHTHPOBAHHBEIMH (J1ajee
OPC) [7].

OmumieM  TEOpUr0, Ha  KOTOPOH  OCHOBaHBI
kommraboparuBaeie  [I.  Pemenme  crpomtcs 1o
o0y4aronieMy MHOXECTBY, a €r0 KaueCTBO OIPEACIIACTCS
mo tectoBomy. OOydaromiee MHOXECTBO BBICTYIACT B
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ponu nHGOPMAIMK TTPOIIEIIIEr0 BPEMEHH, TECTOBOE — B
ponu uH(popManuK OyIyIIero BpeMeHH.

IIpaBuno Il COK ocHOBaHO Ha YTBEpKIECHUH,
KOTOpOE TJIACHUT, YTO €CIHM B IMPOLUIOM IOJIb30BATEIH
ObUTH OJIM3KM IO TIPENIIOYTEHUSIM, TO U B OyIyIIIeM OHH
OynyT ONM3KM 10 TpemrmoyTeHusM. Bo BBeIeHHOM
TEPMHUHOJIOTUN  JITaHHOE  yTBEPXKACHHE  MPUMET
CIEeTYIOIIUM BUII:

U, R, u BeInoOJHAETCA HA Py =
u, R, u BbINIOJNHAETCSA HA P |,

@

Ry OTHOIIEHWE  OJIM30CTH  TOJNB30BaTENeH.
Bemmonuenne  oTHomeHuss Ommsoctn R,  Mexmy
nonp3oBatensiMu ycraHaBiauBaercs CPC Ha ocHOBaHUU
3HaYEeHUH XapaKTEePUCTUK MOJb30BaTeNeH.
Xapaktepuctukamu s COK  Bcerma BBICTYNarOT
00BEKTHI, a 3HAUSHUSIMH BecoB — 3HaueHus p(u,i) € P,
KOTOpbIe OBUTH BBICTaBJIEHBI CAMUMHU MOJIb30BATENSIMH U
XapaKTepHU3yl0T MPEeANoUTeHHs TMoyb3oBaTenei. Jlns
OIpeIeNIeHUs Om3ocTH o NPEeNOYTEHUSIM
UCTIONB3YIOTCS TaK Ha3bIBaeMbIe MEPHI OJIN30CTH

6, UxU—-[01]: (1—-6,(u,v)) <& © uR,v.

HOHBSOBaTeHH, MEXOy KOTOPBIMHU BBITIOJTHACTCA
OTHOHICHUEC 6J'II/I3OCTI/I, HA3BIBAIOTCS COCEOAMU.

[Mpasuiio I[1 COK 3anaercs ¢hopmysnoit
u €U, (u,Rw = [p(ugiy) — p(ua i) < &, (3)

ﬁ(ua, ip) =f ({p(u, ip)}). ITpaswio [T COK rosopur o
TOM, YTO €CJIH TIOJB30BATENN U SIBILIFOTCS COCSISIMU TSt
noyib3oBateNss U,, TO OLEHKH p(ua,ip), p(u, ip)
KOPPEIHPYIOT, [O3TOMY HEHW3BECTHOE  3HAUYCHHE
p(Uq,ip) MOKHO (DYHKIMOHAILHO —ONPEIETUTL O
3HadenusamM {p(u,i,)}, TO €cTb MporHozHas QyHKIKsA
aBJsieTcss (YHKIMEH OT 3Ha4eHHH OLIEHOK OJHM30CTH
coceJien.

IIpasumo [T OOK ocHOBaHO Ha YTBEP:KICHHUHU: €CIU
TMOJIb30BATEI0 HPABUTCS OOBEKT i, KOTOPBIH OJIM30K 11O
XapaKTePUCTUKaM K OOBEKTY j, TO IIOJB30BATEII0
MOHpaBUTCS 00BEKT j. Bo BBeneHHON TepMUHOIOTHU
JAHHOE YTBEPIKAEHHE IIPUMET BUJ

(w,RD) A (IRif) = u,Rj, (4)

R; OTHOIIEHHE OMM30CTH O00BEKTOB. OTHOIICHHE
omm3octu R; Mexy o0bexTamu ycraHaBiuBaercs PC Ha
OCHOBaHHMH 3HaueHmit mep Ommsoct: 1 — 6;(i,)) <
& © IR;j, 8;:1 X I = [0,1] — Mepa 6G1U30CTH OOBEKTOB.
OOBEKTBI, MKy KOTOPHIMHU BBHINIOJNHIETCS OTHOIICHUE
OJIM30CTH, HA3BIBAFOTCS COCEISIMU.

IIpu pemenus 3amaun topN B OOK mcnomp3yercs
WHPOpPMAaLUs TONBKO O TeX OOBEKTax, M KOTOPBIX
mBectHo, ut0 (U, Riy), (U Ri,), modTOMY Oymem
cuutath, 4to P = {p(u, i): uRi} ans 3agauu topN.

IIpasumo [T OOK 3amaercs popmymoit
(iRiig) = (P(ug D) = 0) = u,Ri. ©)

3uaueHust p(U,, i) 3aMaI0TCS PaBHBIMU HYIIO, TIOTOMY



YTO TOrJMa OOBEKTHl [ OyayT ONM3KH aKTUBHOMY
TIOJTE30BATEIII0 TIPH JTF0OOM ITOPOTOBOM 3HAUCHUH & .

IIpaBuno BeiBoga OOK roBoputr o TOM, 4TO €ClH
CYIIECTBYET OOBEKT i, SIBIISIOIIMICS cOCeloM OObeKTa
iy, TO, CIEeNyd IBPUCTHUECKOMY YTBEPXKIEHHIO, U,RI,
TaK Kak U,Ri, Mo NpUHATOMY A 3agadu topN BuLy
HCXOJHOTO MHOXECTBA.

3 IIpobJieMbl MPpUMeEHEHH S
KOJLU1a00paTUBHBIX MoOjeJei

3.1 BeinoJsiHeHne 3BPUCTHYECKUX YTBEeP:KACHUH

Bynem rosoputs, uto PC s¢ghexmuena, ecnm ee
mpaBWa  BBIBOAA  YAOBICTBOPSIOT  HEKOTOPOMY
KPUTEPUIO  HE3aBHCHMO  OT  JIOTIOJHHUTEIbHBIX
OTpaHUYEHUN WM YCTIOBUH.

PeasibHbIe HCXOHBIE JaHHBIE 00J1aIal0T CBOMCTBAMH
Ounamuxu ¥ Heoonopoonocmu [8]. CBONCTBO AMHAMUKHI
3aKJTFOYAETCS B TOM, YTO MHOXKECTBO MCXOJHBIX TAHHBIX
HU3MEHSIETC BO BPEMEHH, TaK Kak HW3MEHSIOTCS
MPEIMOYTEHHS MONB30BaTENEH, 1 MOIIHOCTH MHOYKECTB
U, I pacrer. Ilycts BbmonHserca u,R,u A4 Py, HO B
CHIy JMHAMHKA BO3MOXXHA CHTyalus, Kkorjal —
6, (ugy , i) > &y nna P, . Torna yreepxaenue COK (2) u,
crnenoBarensHo, npaBwio [1 COK (3) noxHbl B 001iem
CITydae JUist JTFOOBIX UCXOMHBIX JaHHBIX.

CBO¥CTBO HEOTHOPOAHOCTH 3aKITIOYACTCSI B TOM, UTO
MOJIH30BATEH MPEIITOYNTAIOT PA3InYHbIe OOBEKTHI, HE
00s13aTeNnbHO OJIM3KUE 10 XapaKTEPUCTHKAM, TO €CTh UX
BKychl HeomHopoaHbl: (U, Ri) A (uy Rj) # (iR ;).
Torna (WRD AR ) 2 ugRj, TO eCcThb
yiBepxkaenne OOK (4) u, ciemoBaTenbHO, MPaBHIIO
BbiBozia OOK (5) nokHBI B 00IIeM citydae JUist JII0ObIX
ucxoHbIX faHHbIX. Takum obpazom, KPC He siBnsirotcst
3G PEKTUBHBIMU 10 KPUTEPUIO KA4eCTBa PEIICHUS, TaK
KaKk OHO 3aBHCHT OT BBIIOJHEHHSA IBPUCTHUESCKUX
YTBEPKACHUM, UTO, B CBOIO OUEPE/Ib, 3ABUCUT OT CBOICTB
HCXOJHBIX JaHHBIX.

Takum obpazom, KPC He siBnsirorcest 3 pekTHBHBIMU
[0 KPUTEPUIO KaYeCTBA PEIICHHsI, TAK KaK OHO 3aBHCHT
OT BBIMOJIHEHHS YBPUCTUYCCKUX YTBEPIKACHHUMH, 4TO, B
CBOIO OYepE/ib, 3aBHCHUT OT CBOMCTB UCXO/HBIX JAHHBIX.

3.2 I[OCTaTO‘-leIe YciaoBuslt Ka4€CTBEHHOI'0 pellieHUus

OtHomrenne Onm3ocTu  00JamaeT  CIeXyIOLTUMHU
CBOMCTBaMU:  Pe(IIEKCUBHOCTh,  CUMMETPUYHOCTb,
TPaH3UTUBHOCTb. Brimonnenue CBOMCTBaA

MPAH3UMUEHOCMY OTHOWIEHUSI OMU30CTH 3aBUCUT OT
BbIOOpa (DYHKLMH, HCIIONB3YeMOHl B KayecTBE MepHhl
OIM30CTH, ¥ 3HAYCHUSI TIOPOTOBOT'O 3HAUEHHUS & .

IIyctes mpaBmna BeBoma I[I COK (3) m OOK (5)
HUCTUHHBI (TO €CTh BBIMONHSIOTCS 9BPHCTUYECKHUC
yTBepxkKIeH s ). PAacCCMOTpUM yCIIOBUSI, KOTOPBIE BIHSIOT
Ha Ka4eCTBO PEIICHUSI.

HocrarounsiM  ycmoBueMm, mpu koropom COK
rapaHTUPyeT TOJNyYeHHE Ka4eCTBEHHOTO PEIICHUS
3aJa4d MPOTHO3UPOBAHUS, SIBISETCS TPAaH3UTHBHOCTb
OTHOIIEHHWs ONM30CTH Ha Kiactepe cocexped Ny =
{u:u,Ru}, KOTOpBIA CTPOUTCS Al PEUICHHS 3a]auu:
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Yu,,u, € Ny: (U Ryug) A (u,Ru,) = uyRyu,.
HazoBeMm st10 ycnoBue ycrosuem 1.

HoctatounslM ycnoBueM, mpu koropoM OOK
rapaHTHpyeT TWONYYCHHE KAYECTBCHHOTO pPEIICHUS
3amaun topN, SBISACTCA TPAH3UTUBHOCTH OTHOIICHHUS
OmM30CcTH HA OOBETUHEHUH 00YYaroIlero, TECTOBOTO U
PE3YIIBTHPYIOIETO MHOKECTB!

(RJ) A(ARKk) = (Rik), 1 j, ke € Ig U leopy U 1,
I =A{iy, I = {io}.
Hazosewm ero ycroguem 2.

BeironHeHre MOCTaTOYHBIX YCIIOBUH 3aBUCHUT OT
TOr0, KaKoe 3HaueHHe BBIOPAHO B KaYECTBE IIOPOTOBOTO
3HA4YEHUS £y, U QYHKIINHU, UCIONB3YIOLIEHCsl B KAUeCTBE
Mmepsl Onm3octy. K npumepy, ecim §; = cos u g, = 0,49,
TO TPaH3UTHBHOCTH HE TapaHTHPYETCs; KOI(PPHUIMEHT
koppemsiuuu [Tupcona [6], sBastomumiics TpaUIIMOHHON
Mepoir Ommzoctm COK, He oOmamaer CBOHCTBOM
Tpau3uTHBHOCTH [9].

Ecnu »Bpuctryeckrue yTBEp>KICHUS BBIMOIHSIIOTCS,
TO MpaBWia BbIBoja [l TrapaHTUpyIOT MOIy4YeHHE
KaueCTBEHHOIO0  PEIIEHUS,  €CIIM  BBIIOJIHAIOTCA
JIOCTATOYHbIE YCJIOBUS, YTO 3aBUCUT OT pa3paOOTUHMKOB
CUCTEMBL.

[TpoGnembl, omucaHHbie B pasgenax 2.1 wm 2.2,
MO/ATBEPK/ICHbI Ha IMPAKTHKE W IPOAEMOHCTPUPOBAHBI
ke B Pasnene 4, B Tabmunax 1 u 2.

3.3 MacmradupyeMocThb

Cranpaptaeie anroputmsl pemieanit KPC o6magaror
CIEIYIONMME ACHMIITOTHYECKUMH caokHOcTsMu [10]:
O(11*) mna samaum topN, O(|U|) nns 3anaun
MPOrHO3UPOBaHKS. YUUTHIBAasE OrPOMHYIO MOIIHOCTb
MHOXecTB U, I, TakMe aCHMIITOTHUYECKHE CIIOXKHOCTH
TPHUBOJAT K mpobieme Macrabupyemocta KPC [10].

4 HeuyeTKasi KOHTEHTHAS MOJeJb
4.1 Onucanue

B  HeweTkoil  KOHTEHTHOW  Mopenn  Oyaem
MPEJICTABISTH KOHTEHT B BUJIE HEUETKOE MOJIMHOXKECTBA
muoskectsa xapakrepuctuk [11]: {(c|wy, (m, )}, re ¢
— XapaKTepUCTHKA MOJIb30BaTENs WIK 00beKTa, m € M —
MHOXKECTBO TIOJIb30BaTeNeld WM OOBEKTOB, Wy
xXapakTepucTuieckas (QpyHKUus mpuHaIexKHoCcTH. s
COK u OOK KOHTEHT MONB30BaTEeNs MPEICTABISACTCS B
Bujie Hedetkoro MmHokectBa Buaa {(i|1 — p(u,i))}.

Ky TIONb30BATEISIMH | 'BEKTaM  BBEIEM
Me OJIB30BATE. o0beKTa ene

paccTosiHUAS p,, M P; COOTBETCTBEHHO KaK 000OIICHHOE
paccrosHue X3MMHHTa, KOTOpoe obnanaer

METPUICCKUMU CBOMCTBaMHU.

[Ipn mpencTaBneHNM KOHTEHTOB B BHJE HEYETKHX
MHOECTB OIpenennM HedeTkoe otodpaxenue W:U —
I, xapakTtepuctndeckass (YHKIMA KOTOPOTO 3aJaHa
crenyromen hopMyIoii:

Vy (J’) = r}?g{x min{aa (x, 3’)» Wy (u' JC)}, (6)
1 paCCTOAHUEC MCKAY ITOJIb30BATCIIEM U 00BEKTOM
pw, i) = p;(¥(w), D). ()



Oyukuus 6. X XY - [0,1] - o210 PyHKuus
CXOJICTBAa XapaKTEPUCTHK IOJIb30BaTeNel U OOBEKTOB,
3aJaHie KOTOPOH HEOOXOIMMO JUI  TIOCTPOCHHSA
orobpaxkenust V. Ota QyHKIMS MOXKET OBITH OnpeziesieHa
paspaborunkamu PC, skcnepramu, ajJroOpuTMHYECKH U
T. 1. Bynem roBoputb, 4TO OIEHKa CXOACTBA O, 3a/aHa
AKKypaTHO, €CJIH BBINOJHAETCS HEPaBEHCTBO

lp(w, D) —p(w, D] < & ©)

Heuertkoe mpaBuino BouucieHus [y 3akmtovaercs B
3aJJaHUH OLIEHKH CXOZCTBA O, HEYETKOTO OTOOPaKEHUSI
Y (6) v BEIYKMCIIEHUN PACCTOSIHUSI MEXKTY ITOJTb30BATENIEM
U 00BEKTOM, OIpEeIICHHOrO (hopmyItoi (7):

l_[f = {60 (6)' (7)}

Heuemxas xonmenmnasi mooens
KOTOpasi 3a/1aeTcsl CASAYIONIEH TPOMKOM:

(exsep; 11 € {Hf' eoxks HOOK})'

4.2 Heuerkass wmogenb Kak 3(pdexTUBHOE
pacipeHde KoJ1J1a00paTHBHOM MoJeTH

(10)

9TO MOJELIIb,

(11

Ymeepoicoenue 1: Heuetkas koHTeHTHast Monienb (11)
sBisiercss A dexktuBHbiM - pacumpenueM COK  mo
KPHUTEPHIO Ka4eCTBa.

YrBepxnaenue 1 cnenyer u3 toro, uto COK —
yacTHbIN ciydaid Mmoaenu (11) npu ucnons3oBanuu [1 =
Mo Pacmmpenue 3¢¢ekTHBHO 1O  KPUTEPHUIO
KauecTBa, TaK Kak BhIMOMHsETCs ycnoBue 1. ITokaxkem,
YTO 3TO BEPHO: BBEAEM CIIEAYIOIISE INOMOIHUTENbHOE
YCIIOBUE TIPU COCTABJICHUM Kiactepa coceneil — Ny =
{u: p, (ug, ) < gy/2}. Tlokaxkem, 4YTO BBIIOIHACTCS
JocTaToyHoe  ycnoBue.  HamomHuM, 4rO  OHO
3aKJII0YAeTCs B BHIIOIHEHUH CBOMCTBA TPaH3UTHBHOCTH
oTHomeHus Onu3octu R, Ha KJacTepe coceneit: Vu, v €
Ny BepHo, uto (U, R,u) A (U R, V).

Tak xak ¢yHkmus p, oblazaeT METPUYECKUMU
cBoiictBamu, 1O Py (U, v) < py(uyuw) + py(u,, v). o
JIOTIOJTHUTEIILHOMY YCIIOBHUIO pu(u,,u) < gy/2,
pu(uy, v) < gy/2, moatomy p,(u,v) < g5 = uR,Vv.

Ymeeporcoenue 2: neueTkast koHTeHTHAs Mozenb (11)
sBisiercst A ¢exkruBHbM  pacumpenrneM OOK  mo
KPHUTEPUIO KaYeCTBa.

YTBepxnaenue 2 crnemyer u3 Ttoro, uro OOK —
yacTHBIN cirydait mogenu (11) mpu ucons3oBanmu [1 =
Mpox. Pacumpenne 5(GdexkTHBHO 1O  KPUTEPHUIO
KadecTBa, TaK KaK BBIONHACTCA ycioBue 2 mipu &, = 0.
[oxasxem, 4TO BBITIOTHSAETCS ycinoBue 2. HamoMHNM, 9TO
OHO  3aKiIoyaeTcsi B  BBIIOJHEHHH  CBOMCTBa
TPAaH3UTHBHOCTH  OTHOWIEHWs Onm3zoctn R; Ha
muoxectBe IoU Iy U I opy. Tokaxkewm, uto (ipR;i) A
(ipR;i) = i, R;i.

OTHomIeHNEe iRl BBIIOJTHAETCS no
sBpuctrueckoMy yreepxkaeHnto OOK (4), orHomeHne
ipR;l BBINOIHAETCS MO NOCTPOEHUIO pelieHus. Tak Kak
¢byHKIHSA p; 00IamaeT METPUYECKUMH CBOWCTBAMH, TO
pi(, i) < p;(ip, i) +c;(iy,ip). o monmomHHUTENEHOMY
yernoButo p;(iy, i) = 0, Tak Kak BbIIOMHSIETCS iy R;i; , TO
pi(lg, i) < &. THosromy p;(i,i;)<¢g, TO ecTh
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BBINOJIHAETCS OTHOLIEHUE (R .

Takum oOpa3om, mpaBwia BbBoma Ilgok, [lgox B
NPE/ICTaBJICHUH  KOHTEHTOB B  BHJE  HEUYETKHX
MOZIMHOXKECTB ¥ TIPH HCIIONB30BAHUM METPHUYECKHUX
paccrostHuil oOmanaror Oombiel 3¢deKTHBHOCTBIO MO
KPHUTEPHIO KayecTBa PEIICHUs], TaK KaK BBITIOIHSIIOTCS
JIOCTaTOYHBbIE YCNIOBUS 1 M 2, U MOITOMY KOHTEHTHAas
HeyeTKas MOZENb SIBIISIETCS 3¢ PEKTUBHBIM
pacimpeHreM 1Mo KpUTEPHIO KadecTBa. [laHHBIA BBIBOJ
TIO/ITBEPKIIACTCST MPAKTHYECKUMH pe3ylibTaTaMH  (CM.
tabmuns 1 u 2).

4.3 IlpuMeHeHHe HEYETKOro MpaBHJa BbIBOAA IS
peleHus 3aaa4

OmpenenuM pelieHUusT B HEYETKOW KOHTEHTHOM
MOJIENH TIPH UCTIONb30BaHuH [1f.

3agaua topN MoXeT ObITh pelleHa NpH MOMOIIH
JIUHETHO20 NOUCKAa 0O0BEKTOB, TAKUX, 4TO P (Ug, i) < &.
ACHMITOTHYECKAS CIIOKHOCTh TAKOIO aJIrOPUTMA PaBHa
o(1D.

Jnsi perieHust 3a7adyd MPOTHO3UPOBAHUS HYXHO
BCEro JIMIIb PAcCUMTaTh 3HAYCHHE P (Ug,l,), TOITOMY
ACHMIITOTHYECKAsT CIOKHOCTh TAKOIO DEIICHUS paBHA
0(0).

Ecnu ouenka cxoncra 8, 3adana akkypamuo, TO
pelieHuss 3ajad  KOHTGHTHOM HEYETKOM MOJIENH
ahpexmusnbl TO KPUTEPHIO KavyecTBa, UYTO Oyaer
MPOJIEMOHCTPUPOBAHO Ha paszzerne 4. ToYHOCTh 3a1aHus
0, 3aBHCHT TOJIBKO OT pa3pabOTYUKOB, HO HE OT CBOHCTB
MCXOJIHBIX JaHHBIX WM JONOJHHUTEIBHBIX YCIOBUH, KaK
B ciryyae ¢ KPC.

ACHMITOTHYECKHE CIIO)KHOCTH QJITOPUTMOB
peleHuil IPY MCIONb30BaHKMK TIpaBuia BeiBoza I1y Ha
MOPSIIOK MEHBIIIE TT0 CPAaBHEHHIO cO ciiokHOCTAMU KPC,
MO3TOMY IIpEJCTaBJIEHHAs] MOJelb Oolsiee A peKTuBHA
o kpureputo Macimradbupyemoctu, yeM KPC. Kaxpiit
pas3, Koraa MpOU3BOAUTCS BBIYHCIICHUE C, IPOU3BOLATCS
orobpaxenne W u pacuer §,. CIOKHOCTH BBIYUCICHUIN
orobpaxennss ¥ u 6. 3aBHUCAT OT MOIIHOCTH KOHTEHTA
(koTOpoe, Kak TPaBWIO, 3HAYUTEIBFHO MEHBILE
MOIIIHOCTA MHOECTB TOJIb30BaTeNNel 1 00BEKTOB) M OT
TOro, Kak Obuia 3amaHa §, pa3pabOTUYUKAMHM, TTOITOMY
9TH CIIO)KHOCTH HE YYTEHBI B pacueTax, IPeACTABICHHBIX
HIDKE.

[puBenenHsIe 3HAYCHUS ACHMIITOTHYECKUX
CIIO)KHOCTEH TMOKa3bIBAIOT, YTO KOHTEHTHAs HedyeTKas
Mozens sBisiercs dhdextuBHBIM pacmmpenuem KPC no
KPUTEPHIO MaCIITaOUPYEeMOCTH.

5 IIpakTHyeckue pe3yabTaThl

Jns monydeHus NMpPaKTHYECKUX Pe3yibTaToB OBUIO
pazpaboraHo TmporpaMMHOE OOecIieueHHe, KOTOpOoe
peammzyer OOK, COK u Hedetkyro koHTeHTHYIO PC. C
nomompio OOK pemanace 3amaga topN, ¢ IOMOIIBIO
COK 3amaya mporHo3upoBaHua. C  TOMOIIBIO
HeueTkoi PC pemanuce obe 3amadn.

TectupoBaHue MPOBOIMIOCH HA MHOXKECTBE TaHHBIX,
chopmupoBaHHBIX KoMmaHuel MovieLens. MHOXecTBO



JAaHHBIX UMECT CICAYIOIINEC XaPAKTCPUCTHUKU!

[[]=10000 — oOBexkTaMH MHOKECTBA SIBJISIFOTCS
(UITBMBI, YUCIICHHOCTH KOTOpBIX paBHa 10000;

Y| = 18 — MHOXECTBO XapakKTEPUCTHK OOBLEKTOB
cocTouT u3 18 KknHEMaTorpaduuecknx KaHpoB;

Ul =670 YHCIIO MOJIB30BAaTENed  JAaHHOTO
MHOXECTBa paBHO 671; monb3oBaTeNnu SBISIOTCA
PpeaTbEHBIMH JIIOIEMHE, KOTOPEIE IPOCTABIIAIN OLEHKH
OJNIM30CTH Pa3IMYHEIM OOBEKTAM.

Hns pemienust 3amad topN W NpPOrHO3UPOBAHUS B
OOK u COK cOOTBETCTBEHHO OBUIM HCIIOJIB30BaHBI
CTaHJAapTHBIE aNropuTMbel M moxaxoasl [6, 12]. Ilpu
pemennu 3agaun topN B OOK wucnons3oBanach Mepa
CXOZCTBA  KOCHHYC, NpU  pelieHuH  3aJauu
nporaozupoBanus B COK — xoadduipeHT Koppensuuu
[Mupcona. Te ke anroputmbl ObLTM MPUMEHEHBI MPU
peleHny 3a/a4 B HEUETKOW KOHTEHTHOM MOJENH, HO
NPU 3TOM HCHOJIB30BATMCh PACCTOSIHUSA p; U Py
[oporoBoe 3HaueHue &, ObUT0 MPUHATO paBHBIM 0, 1.

Yro6er npumenuts Il;, Obia 3an1ana GyHkuus 5. Ha
OCHOBaHHH IBPUCTUYECKOT0 IPEITONOKEHHS O TOM, YTO
MEXAY OIEHKOW IOJb30BaTeNsl U YKaHpPaMH OOBEKTOB
CYIIECTBYET KOPPEISAIH:

8.1, y) = (|like, | — |dislike,[)/|P,].
Ecmu 6.(i,y) < 0,10 8.(i,y) = 0,0001;
like, = {i: (p(u, D) < &) Awy(i,y) # 0},
dislike, = {i: (p(u,1) > &) Awy(i,y) # 0},
Ry = {i: (p(w, §) # L)}.

Taxoe BpUCTHYECKOE IPEAIONIOKEHHE BEPHO HE IS
BCEX II0JIb30BATENEH, TaKk Kak MX BKYCHI MOTYT OBITH
HEOTHOPOAHBIMH. IMostomy  mns HEKOTOPBIX
nonb3oBareneil GyHKuUs 6, 3ajaHa aKKypaTHO, a Jyis
HEKOTOPBIX — HeT.

CraHmapTHO TIIpU  NPOBENCHUM  TECTUPOBAHUS
JaHHBIE O IMIOJNB30BaTeNe CIydalHO pa30MBanmuCh B
cienyromieM — otHomeHuun:  80% o0y4atoriee
MHOXxecTBO, 20% tectoBoe. (O003HAUMM Takoe
paszouenne 1mdpoit 1. ITloMumMo cTaHAapTHOTO
pa3OMeHHsT HCIONB30BAINCH W JpPYTHe CHEHHaIbHO
copmupoBanHbie pazbuenus 2 u 3. Pa3zOuenue 2
COCTaBJICHO TaK, YTO O0y4arollee MHOKECTBO COCTOUT
U3 TakuX OOBEKTOB I, U1 KOTOPBIX BBIOJHACTCS
oTHomeHue R;, TECTOBOE MHOKECTBO COCTOUT U3 TAKUX
00BEKTOB j, Ui KOTOPBIX OTHOIIEHWE [ R;j He
BHITIONTHsAETCS. Takoe pa3OueHue co3MaHo I TOro,
9TOOBl TOATBEPIUTh WIA ONPOBEPTHYTH BIHSHUE
CBOMCTBAa HEOTHOPOIAHOCTH JAHHBIX Ha 3((PEKTHBHOCTD
o KpUTepuio kKadectBa. Pa3Omenne 3 cocTaBIeHO Tak
XKe, KaK M CTaHIapTHOe pa30OHeHue, HO B HEM y4acTBYIOT
TOJIBKO T€ TOJB30BATENH, Al KOTOPBIX (GYyHKIWMs O,
3aJ[aHa aKKypaTHo.

O¢ddextuBHOCTS pemieHWt 3ama4 MO KPHUTEPHUIO
KauyecTBa ONPEACNSeTCS YCPEIHEHHBIMH 10 YHUCITY
TectoB (paBHOMY 1000 mtst KaXKIo# 3ama4n, pa3OueHNIO
W MONENH) 3HAYCHUSIMHU OQYHKIHH. DPPEeKTHBHOCTH
peureHust 3agaun  topN TO KpUTEpHIO KayecTBa
OICHUBAJIACh 3HAYCHWAMH (QYHKIHMHA TouHoCcTh (P),
TOYHOCTH II0 CIIUCKY IIHMHBI L, cpemHsss TOYHOCTB,

NDCG. B pesynbTare TECTHpOBaHHUS CpeTHEE 3HAUCHHE
3TUX (QYHKIUI MaJlo OTJIMYANIOCh, TI03ToMY B Tabmuie 1
NPUBEJCHBl TOJBKO 3HAYEHMs TOYHOCTH. bombiee
3Ha4eHHE TOYHOCTH CBHJCTENBCTBYET O TO, HYTO
petenue 6omnee 3pPeKTUBHO. DPPEKTUBHOCTD PEIICHUS
3a/laud TPOTHO3MPOBAHUS MO KPUTEPHUIO KauecTBa
onennBanach 3HaueHwsMu ¢ynknuii MAE, NMAE,
RMSE, Menbiiee 3HaueHHE KOTOPBIX TOBOPUT O Oojice
3(h(HEeKTHBHOM pEIICHHH.

Taoaunma 1
Mognens/[IpaBuio Pazoucuue | P
Ne | BbIUMCIICHHS
1 | OOK/ Mk 1 0.32
2 | OOK/ i 2 0,24
3 | Heuerkas KOHTeHTHas | 1 0,55
Mok
4 | Heuerkas KOHTEHTHas | 2 0,53
Mok
5 | Heuerkas xourtentHas/ I p 1 0.39
6 | Heuerkas koutentHas/ I, | 2 0,36
7 Heuerkas xourentHas/ I1 f 3 0,81
[TlpokommenTupyem nannple Tabmung 1 wu 2.
Pesynmbratel 1 oaddexTrBHEE pe3ynbTaToB 2 U
pesynbTatel 3 3ddekTuBHEE pe3ynbTaToB 4, UTO

MOATBEPKAACT TCOPCTUYCCKHUEC BBIBOABI O BJIWAHWUU
CBOIMCTBAa HEOJHOPOTHOCTH Ha AP(PEKTHBHOCTH 10
Kputepuio kadectBa npu npumeneann OOK. Pazouenue
2 3aJ]aHO TaK, YTO CBOHCTBA HEOAHOPOJHOCTH BIHAIOT Ha
3¢ PEKTUBHOCTh PELICHHUS, TaK KaK MEXIy O00bEeKTaMu
00y4arolero U TECTOBOIO MHOKECTB HE BBINOIHACTCS
OTHOLICHHE CXOACTBA, B PE3YJbTaTe YEro HapyIIAeTCs
yrBepxkaenne OOK (4). Pazbuenue 2 yBenuuuBaer
BEpOSTHOCTH TOro, uto yreepxkaeHue COK (5) moxer

OBITh HEBEpPHBIM, MOITOMY pe3ynbTaTel 1 u 3
a¢pexruBHelt pe3ynbrato 2 u 4 Tadmuis 2.
Ta6auna 2
Mopnens/ Paz | MAE | NMA | RMSE
Ne | IMpasuio oue E
BEIUNCIICHHS HHE
1 | OOK/ ¢pk 1 0.14 0.23 0.19
2 | OOK/ ¢ox 2 0.16 0.26 0.21
3 | Heuerkas 1 0.08 0.19 0.13
KOHTEHTHas
Mok
4 | Heuerkast 2 0.10 0.17 0.18
KOHTEHTHas
Mok
5 | Heuerkas 1 0.14 0.23 0.21
KOHTeHTHast/
Y
6 | Heuerkas 2 0.16 0.26 0.22
KOHTeHTHast/
Y
7 | Heuerkas 3 0.05 0.04 0.1
KOHTeHTHast/
Y
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Pesynbratet 3 u 4 sdpdexrrBHee pe3ynpTaToB | u 2,
YTO TOATBEP)KAAET BBIBOA O TOM, YTO HEYeTKas
KOHTEHTHass  Mozenb  sBiIsgercs  3(GQPEKTUBHBIM
pacmMpeHreM, TaKk Kak B HEH  BBINOJHSIOTCS
JIoOCTaTOYHble YCioBUA 1 ©U 2. DTH K€ pe3ylabTaThbl
TIOATBEPKIAIOT BHIBOJBI O BIMSHUM MEPHI CXOJCTBA Ha
spdexruBaocts OOK 1 COK 1o kpurepuio kauecTna.

Pesyneratel 7 3ddextuBHEee pe3ynbTaToB 3—6, Tak
Kak st pazouenust 7 QyHKuus 6, 3amaHa aKKypaTHO.
Pesynerathl 7 a¢eKTHBHEE pE3yNIBTATOB 5 U 6, TaK Kak
st 5 1 6 B oOmem ciaydae §, He 3a/laHa aKKypaTHO, H
mosToMY ke 5 u 6 He apdekTuBHee 3 u 4. PesynmbTath! 5
s¢pdektuBHee 6, Tak Kak (QyHKIMS O, 3a7aBanach Ha
OCHOBaHHH JaHHBIX 00y4aromero MHO)KECTBa, IOATOMY
CBOMCTBO HEOJHOPOJHOCTH BJIMSET HAa aKKypaTHOCTb
¢byHKIMU Tak ke, kak u Ha 3ddexruBHOCTE KPC 1o
Kkputepuro Kadecta. Mcmonbsosanue Il Moxker ObITh
Hed((EeKTUBHBIM, €CIM O TIOJNb30BaTENsIX M3BECTHA
TOJBKO Ta uHQoOpMauus, KOTOpas TMPHHAJICKUT
HUCXONHOMY MHOXecTBo P. B Takoil curyauun
s peKTUBHEE HCIIONB30BaTh HEYETKYyr0 Mozenb [l,ox
wi  [leop. Hna 3amanus  ¢yHKumu 6, MOXKHO
UCII0JIb30BaTh HHPOPMAIIHIO, KOTOPAst HUKAK HE 3aBHCUT
OT MOIIHOCTH M CBOMCTB MCXOIHBIX JaHHBIX, U TOI/A
peuieHus 3aad B HEYETKOM KOHTEHTHOM MOIENM HE
OyIyT 3aBHCETh OT CBOMCTB MCXOMHBIX MaHHBIX. Takoif
uHopMalMed MOXET BBICTYyNaTh, K IpUMEpY,
KoHTeKcTHast uHpopmanus [13].

6 3ak/arouyenune

Heuetkas konTentHast monens PC, mpeacraBieHHas
B Hacrosimiell pabore, sBusiercss  A(GQHEKTHBHBIM
pacmupenrem KPC o kpurepusm KadecTBa perieHuii u
MAacIITa0HPYEMOCTH.
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MoaeaupoBaHue 3aJiepKeK nepeaayd uHpopmanuu
B BbIYMCJIUTEJIbHOM KJacTepe JAJs1 MOHUTOPUHIA
KOMMYHHUKAIMOHHON Cpeabl

© A.U. Maiicypanze © B.J1. Ko3znos

MockoBCKHY rOCy1apCTBEHHBIM yHUBEpCUTET MMeHn M.B. JIomoHOCOBa,
Mocksa, Poccns

maysuradze@cs.msu.ru kozlov2.volodia2 @gmail.com

AnHoTanus. D(PPEeKTUBHOE HCIIONB30BAHNE COBPEMEHHBIX BBIYMCIHTEIBHBIX KIACTEPOB OIMHMPAETCS
HE TOJIbKO Ha XapaKTEPUCTHUKH COCTABIISIONINX MX Y3JIOB, HO M Ha XapaKTEPUCTUKW KOMM YHHKAaIMOHHOM
cpensl. UToOBI poBepsATh pabOTOCIIOCOOHOCTh KOMMYHHUKAIIMOHHOW Cpellbl U ANHAMUYECKH TUIAHHUPOBATh
pacricaHue 3aJaHuid, CYIIECTBYIOT pa3JIMuHble MOAXOAbl. B nmaHHOI paboTe paccMOTpeH moaxof,
ONMPAIONIMHCS Ha IpeABAPHUTENbHBIA cOOp HMHGpOpPMamMu O 3ajJep)KKax Mepenadd COOOIIEHHH M HX
nocreayonMi aHanu3. Takod cOOp 3aHMMaeT MHOIO BpPEMEHH W TOpOXKIAaeT OOJbIIoe KOJIUYECTBO
nepBUYHOI nH(GopManuu. TpedyroTcst MoJIeH 3a/IePXKEK, KOTOPbIE TIO3BOJISIIOT CYIIECTBEHHO YCKOPHUTH cOOp
JIAHHBIX ¥ COKPaTHTh 00beM XpaHUMOK MH(popMalwu. B pabore mpeanoxeHsl Takas MOJENb U METO/BI €€
HACTPOIMKH, KOTOPBIE COUETAIOT BHICOKOE KaYECTBO U CKOPOCTb.

KnroueBble cioBa: BBIYUCIUTENBHBIM KIacTep, 3ajepkKa Ieperadu
KOMM YHHKAIIMOHHOM Cpeibl, COOp JaHHBIX, HACTPONKA MOJIEIIH.

COOOIIECHHUH, aHamu3

Modeling Message Passing Delays in a Computer Cluster
to Monitor its Network

© A. Maysuradze © V. Kozlov

Lomonosov Moscow State University
Moscow, Russia

kozlov2.volodia2@gmail.com maysuradze@cs.msu.ru

Abstract. The effective use of a modern computer cluster relies not only on the characteristics of its
nodes, but its communication environment as well. There are different approaches to monitor communication
environment and dynamically schedule tasks. In the paper, we consider an approach based on the preliminary
collection of data on delays of the message passing and their subsequent analysis. This collection takes a lot
of time and generates a large amount of raw data. Delay models are required that can significantly speed up
data collection and reduce the amount of stored information. We proposes and study such a model and

methods of its learning, which combine high quality and speed.
Keywords: computer cluster, message passing delay, network analysis, data collection, model learning.

1 BBenenue

CoBpeMeHHBIE paCIpPENCIEHHBIE BBIUYUCIUTEIbHbIC
CHCTEMBI COCTOSIT W3 THICSY M JECSITKOB ThICAY
MIPOLIECCOPOB. Y BEIMYEHHUE YK CIIA TPOLIECCOPOB BEAET K
YCIOXKHEHHIO KOMMYHHKAIMOHHOM Cpeabl M POCTY
HAKJIaJHBIX PacXoIoB Ha oOMeH WHQpopManueil MexIy
BBIYHCIIUTEIBHBIMA  yCTpOHCTBaMU. D ((HEKTHBHOCTD
COBPEMEHHBIX MHOTOITPOIIECCOPHBIX CHCTEM 3aBHCHT HE
TOJBKO OT XapaKTEPUCTHK OT/IEIbHBIX BBIYNCIUTEIBHBIX
YCTPOMCTB, HO Y OT XapaKTEPUCTHK KOMM YHUKAL[MOHHOM
Cperbl.

Tpynst  XIX  MexkaynapoaHoid  KoH(pepeHIHH
«AHATMTHKA U yIPaBJeHHe JAHHBIMHM B 00J1aCTAX C
HHTEHCUBHBIM HCIO0JIb30BAHHEM AAHHBIX»
(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13
okTa0ps 2017 rona
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OmHMM W3 KITIOYEBBIX HHCTPYMEHTOB pa3paboTKu
TapaJUIENbHBIX MPUIOKEHUH [UIT MHOTOIIPOIIECCOPHBIX
CHCTEM SIBJISICTCS] OMOMMOTEYHAS pean3alys cTaHaapTa
MPI (Message Passing Interface). Ilpu ucronp3oBanmm
texnonorun MPI mporpamma pazaensiercs Ha MPOIEcCHl,
B3aMMOJIEHCTBYIOIINE MTOCPEICTBOM obMmeHa
COOOIIEHUSIMH. Wudopmanms 0 3a[IepKKaXx,
BO3HHKAIOIINX TIPH TIepenavye cOOOIIECHIH, MOXKET OBITh
WCIIOJIb30BaHA JUTA MOBBITICHUS 3 EKTHBHOCTH paOOTHI
BBIUHMCINTEIBHON CHCTEMBI, B YAaCTHOCTH, PEIICHUS
3a1ad JTUHAMHYECKOTO IUTAHMPOBAHMS BBITTOIHEHUS
MapaJuIeNbHBIX TPOTPaMM, a TaKKe Al ANArHOCTHUKH
KOMMYHHKAIIHOHHOW  cpemsl.  Takum  oOpasom,
BO3HMKAET MOTPEOHOCTh B MOJENMPOBAHUM 3aJEPKEK.
Ilpu »TOM MoOzEnbs AOIKHA HE TOJBKO IIONTHOW, HO
JIOCTaTOYHO KOMITAKTHOM, YTOOBI 00eCHeYnTh XpaHeHNe
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" UCIIOJIb30BAHUEC B pCaJIbHOM BPEMCHU I/IH(I)OpMaIII/II/I (6]
3aJCPIKKaXx IMpH nepeaavuc COO6HI€HPII>1 JIIsL Ka)K)lOﬁ Tnapbl
BBIYHCIIUTCIIbHBIX Y3JIOB.

250

200

150

yacTtoTa

100

50

0
20.0 20.2 20.4 20.6 20.8 21.0 21.2 21.4
BENNYNHA 3a[4EPXKUN, MKC

Pucynok 1 [IpumMep kapTUHBI 3a7iepKeK IIpU Nepeade
coobmennii. Cynepkommbiorep BlueGene/P

BenuuuHbl  3aziep)kek  3aBHCAT OT MHOXECTBA
(axTOpOB, cie(UYHBIX IS Pa3HBIX BEIYUCIUTEIBHBIX
CUCTEM U MCHAIOHUIUXCA CO BPEMCHEM, yqu KOTOPBIX
Opyd  MOJCIMPOBAHUM 3aJiepXKeK TpeOyeT aHaiu3a
NpOrpaMMHOTO U amlapaTHOro OOECIeYeHUsl Ha BCeX
YPOBHSIX CETEBOr0 MPOTOKOJIA, YTO BO3MOXKHO JIUIIb JUIs
CaMBbIX TIPOCTBIX APXUTEKTYP. B cBs3u ¢ »THM Hayaimu
aKTMBHO pa3BuBatbcs cucteMbl MPI-TectupoBanus
KOMMYHHMKanlMoHHOM cpensl  [13]. Ilockompky Ha
MpaKTUKE pasMEpPbl BbIYUCIUTCIIBHBIX KJIACTCPOB HE
MO3BOJIAIIOT XPAHUTh BBIOOPKH 3alleprKeK I BceX Iap
BBIYMCIIUTEIBHBIX Y3JIOB, AJISI ONMCAHUS UCITIONb3YIOTCS
HEKOTOpPbIE 3MITUPHUUYECKUE CTATUCTUKU, BBIYUCIICHHBIE
10 BBIOOpKaM BEJNWYMH 3aJEpXKEK, KOTOpble MOTYT He
OoTpaxkaTb B IIOJHOM Mepe CTPYKTYphbl 3alepikek. B
Ka4yecTBE aJIbTEPHATUBBI NIPEJIAraeTCsl CTOXacTU4ecKast
MOZENb, B KOTOPOH HEKOHTpOIUpyeMble (haKkTopbl
paccMaTpuBalOTCd  KaK  CKPbITbIE  IapaMeTphl, a
3a[Iep>KKU — KaK ClIydaifHbIe BEJIMYMHBI C HEKOTOPBIMHU
pacmpezneneHuAMHU. Takash MOJENb OJHOBPEMEHHO
OIMCBIBAET KapTHHY 3aJlepikeK Oosiee MoIHo, YeM Habop
CTaTHCTUK, M TO3BOJAET XpaHUTh HHPOPMALUIO B
CHJIBHO CXaTOM BHUJE€ — BCErO0 HECKOJIBKO YHCET —
[apaMeTpoB MOJEIH BMECTO BEIOOPKH.

IIpoBeneHHbIE paHEe HCCIENOBAHUS 3aJEPKEK B
JIOKaIIBHBIX ceTsX u uaTepHete [5, 10, 11] mokasanm, aro
BEJINYMHBI 3aJepIKeK XOpOIIIO OITHCBHIBAIOTCS
TpEXmapaMeTpuIecKUM TraMMa- WIH JIOTHOPMAaJbHbIM
pactipeneneHreM. B KOMMYHHMKAIMOHHBIX — Cpenax
BBIYHCIIMTEIBHBIX KJIACTEPOB, OJHAKO, HAOIIOIAIOTCS
CITeyroIe 0cobeHHOCTH [6]:
® pacmpefencHue 3a7epIKeK

MHOTOMOJIaJIbHBIM;
® B JaHHBIX MHOTO IIOBTOPOB M MajO YHHKAJIBHBIX

3HA4YEHUM.

Ha Puc. 1 npuBemeHa KkapTHHa 3a7epiKeK B
KOMMYHHUKAIIHOHHOH cpene CyHEepKOMIbIOTEpa
BlueGene/P, Ha KOTOpOif SIBHO BHIHBI YKa3aHHBIE
ocobenHoctr. Mcxoms u3 aToro, B pabore [6] B kauecTBe
MOJIETH 3a/IepKEK TPEITIOKEHO HCIONB30BaTh CMECh
TpEXTapaMeTPHIECKIX JIOTHOPMAaJIBHBIX

SABJIIACTCA
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pacnpenenernuii. OmHAKO MPOOJIEMBI BO3HHUKAIOT JTAXKE
IpyU  TApaMEeTPUYEeCKOM  BOCCTAHOBJICHHUHM  OJHOTO
KOMITOHeHTa Takoi cmecu. [logpobOHee 00 3THX
npobieMax ckazaHO HUKE.

Pabora mocesimeHa pa3padOTKe M HCCIIEIOBAHHIO
CIEIMAJIN3UPOBAHHBIX ~ METOJOB  BOCCTaHOBJICHUS
TpEXmapaMeTpUIEeCKUX JIOTHOPMaJIbHBIX
pacripesielieHHii 10 KOHEYHBIM BBIOOpKaM  3ajiepiKeK
nepenadl MHQGOpManMM B KOMMYHHUKAIlMOHHOW cpene
cynepkomnbiotepa. CrTaThs YCTpOEHA  CIEIYIOIIUM
obpazoM. B pazmene 2 BBEIACHBI UCHOJIB3YEMbIE
OCHOBHBIE ompenenenus Paznenst 3, 4 u 5 mocBAIIEHBI
0030py CyIIECTBYIOIIMX METOIOB OIEHKH IapaMeTpOB
TpEXmapaMeTpHIecKoro JIOTHOPMAJIbHOTO
pacnpeneneHus (meron MaKCHMaJIbHOTO
MpaBAONO00Ms, METOJl MOMEHTOB, MeTofl L-MoMeHTOB
W METOIbl MUHHMH3AIMK paccTosHus). B pazmene 6
OITMCaHbl IAHHBIE, UCTIOJIb30BAHHbIE B BBIYHUCIUTEIIEHOM
JKCriepuMeHTe (MOJENbHBIE W peanbHble). Pazmen 7
MOCBSMIEH  CPAaBHEHHUIO  METOAOB  OIICHHBAHUS
napaMeTpoB, PaCCMOTPEHHBIX B pazzienax 3, 4 u 5, Ha
CHHTETHYCCKUX U PCATbHBIX JTaHHBIX.

2 OcHOBHBIE 0003HAYEHHS U ONpe/ieJIeHUs!

Tpéxnapamerpuueckoe JIOTHOpMAJIBHOE
pacnpenenenue (3LN pacnpeznencHue) — 3TO aOCOIOTHO
HETPEPBIBHOE OJHOMEPHOE pacrpeeieHne, (yHKIUs

TUIOTHOCTH ~ BEPOSITHOCTH  KOTOPOTO  BBIPayKaeTcst
(hopmynoi
p(x; v, 1, 0)
1 (G = )
=V2ma(x - y) P 20?2 X =V
0, x <.
Oynkuust  pacrpenenenuss 3LN  moxer  ObITh

3anucaHa B Bupe F(x;y,u,0) = @(%), rue

®d(x) — o¢yHkuMs pacnpesieneHHs —CTaHJAPTHOTO
HOpManbHOTO 3akoHa [4]. OCHOBHBIE MOMEHTHEIE
XapaKTePHCTUKH pacIipe/leNieHust yka3aHbl B Tabmuie 1.

HaGop mapamerpoB y,u,0 Oyaem o0o3HauaTh 6.
Bynem 0603HauaTh ciaydaiiHyto BBIOOPKY JUIHHBI n X" =
Xy, -, Xy), €€ peanmmzamuio — x™ = (X4, ..., X,), k-0
HOPSIAKOBYIO CTATUCTHKY M €€ PeaM3aiuio — X ) M X(y)
COOTBETCTBEHHO.

3 Meroa MakcMMyMa NPaBI0NoOA00Hs U ero
MOoAu(PUKAIINA

HawubGonee MONYJISIPHBIM MOAX0I0M K
MapaMeTPUUECKOil OLIEHKE IUIOTHOCTH pacIpeieieHus
SBISIETCS.  METOJl MAKCHMAJIbHOTO  MPaBIOMOA00US
(MMII). B KadecTBe  MeEpHI aJIeKBaTHOCTH
pacnpenenenus F(+,0) nmamHeIM X"  HCHONB3yeTCS
byukuus  mpasmonogobus  L(6) = p(x™; ) -
COBMECTHasE  IUIOTHOCTb  BEPOSTHOCTH  OOBEKTOB
BeIOOpKku. [lomaraercs, uto dWem Oomblie 3HadYCHHE
(GyHKIMM  TPaBIOMONOOMS, TEeM JydIle MOIETh
omuchiBaeT  gaHHble.  ONEHKH  MAaKCHMAIbHOTO
NpaBAOMONO0Ms sl MHOIHMX 3a/a4  OKa3bIBAIOTCS
COCTOSITENIbHBIMH, ACHMIITOTUYECKH HOPMAJbHBIMU U
ACHMIITOTUYECKH YPPEKTUBHBIMU.



Hns cemetictBa 3LN pacnpenenenuit norapupm
(hYHKIIUU TIPaBAOIOA00HS UMEET BUJT

n
n
InL(6) = —Eln 2n —nlno —Zln(xi -y)

i=1
n

B <(ln(xi -7 —u)2>
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i=1
HpI/I‘IéM BBIPAXKECHUEC UMEET CMBICIT TOJIBKO IIPH Y < X(l).
Z[J'IH HeE MOXHO BBIUCATH HeO6XO)II/IMI>Ie YycCJ10BUA

OKCTpEMyMaA:

n
dinL 1 In(x; —y) —
_ (1+(1)’) Y
dy xXi =V o?
i=1
n
) dnL In(x; —y)—u 0
on o2 o
i=1
n
dlnL 1 (In(x; —y) — w)?
—(-1 = 0.
do 0( * 2 ) 0

i=1

Meroa MakCHMaNbHOTO MPAaBAOIOI00HS C YCIIEXOM
HCTIOJIB3YCTCA BO MHOI'UMX 3aJadax CTaTUCTUKU, OJHAKO
€ro MPUMEHUMOCTb JUIsd OIEeHKH mapameTpoB 3LN
pacrmpeneneHus OKa3pIBaeTes o BormpocoM. ITokazano
[8], uro nans  aroboit  BeIOOpKM X" yHKIMA
npaspononooust L(6) He orpaHuyeHa, ¥ CyIIECTBYIOT
TPaeKTOPUU B TPOCTPAHCTBE mapameTrpoB (Y, U, ),
cxonsmmecs K (X(qy, —00,+00), NpH JBWKECHUH BJIOIb
KoTopelx L(6) cxomurcs K oo, IPHU 3TOM B TOYKE
(X(1), =%, +o0) L(0) npunumaer sunauenue 0. Takum

00pa3oM, BO3HHMKAET MOTPEOHOCTh B HCIOJIb30BAHUH

HHBIX METOZIOB OLICHKU rapaMeTpoB 3LN
pacnpeneneHus.

Hecmortpst Ha 00lIyI0 HEOrPaHHMYEHHOCTh (DYHKIIUH
npasaomnonobus L(6), ecnu dieMeHThl  BBIOOPKH

NPUHAMAIOT JOCTATOYHO MHOT'O PAa3IMYHBIX 3HAUCHUH,
«BOJIN3W» WMCTUHHBIX 3HAYEHHWH MapameTpoB (GYHKIHS
MPaBJIONOI00Hs UMEET JIOKaJIbHbIH MakcumyMm [8]. Do
NPUBOIUT K HIEe MCIOJIB30BaHUSA TaK HA3bIBAEMBIX
JIOKaJIbHBIX OLEHOK MaKCUMAaJIFHOTO MpaBaononobus. B
pabore [7] mokazaHo, uto Takue oueHku A 3LN
pacnpeneneHus obnagaroT XOPOIIUMHU
ACHMIITOTUYECKUMH CBOHCTBAMH.

Jns moncka OLEHOK JIOKAJIBHOTO MAaKCHMyMa
npeyIaraeTcss HMCIoIb30BaTh HEOOXOOUMBIE YCIOBHS
JKCTpeMyMa sorapuh)MHYECKOU byHKIHH
npasaononoous [3]. TlapaMeTpsl {4 U 02 BBIPasKAOTCA
Kak (DYHKIIMU TTapaMerpa y:

( 1\

) = ) e -n),
1 n

) = =) (nGq—y) - ),

1oCJIe Yero OIeHKa IapamMerpa ) TMolydaerca U3
YpaBHEHUS
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A(r) =

i=1

1
1+
Xi —VY

4 O0uumii MeToJ MOMEHTOB

In(x; —y) — M(V)) _o
o2(y) '

[pu orieHKe MapaMeTpoB ¢ HCTIOIb30BAHHEM METO/Ia
MOMEHTOB Ha pacnpenenenue F(-; 0) HakmaapBaeTcs
MOCTIEZI0BATEIIBHOCT OTPAaHMYCHHUH THIIA PABEHCTBA,
oOpasyromas cucTeMy ypaBHeHud Buma g;(0) =
h;(X™),i =1,k, tne ¢yakuun g;(0) XapakTepu3yrOT
TeopeTH4ecKoe pacrperenenue, a h;(X™) sBiastorcs ux

BEIOOPOYHBIMH OLICHKaMH, Kak TIPaBUIIO,
HECMEIEHHBIMU WM XOTA Obl aCHUMIITOTHYECKH
HECMENIEHHBIMH.

Ta6auna 1 OcuoBHble MoMeHTHI 3LN pacnipenenenus
c mapametpaMiuy, U u o (B = expu,w = exp %)
MaremaTnueckoe

oxunanue E Y+ Vo

Hucnepcus D Bro(o— 1)

Koapdpumment —
ACMMMETDHH (3 o— 1o+ 2)
Koappument

o*+ 20+ 30%—- 6
3KCIIecea o,

OO1Mii METOJ; MOMEHTOB MIPUMEHSIICS UIS OLICHKU
napameTpoB 3LN pacnpeneneHus B CBs3U ¢ yKa3aHHbIMU
BBIIIIE npobieMamy, BO3HUKAIOIUMU pu
HCIIONIB30BAHUM METOJa MaKCHMyMa IPaBIomoq00ust
[4]. B kawectBe  ¢ynkumit  g;(0),i =1,2,3,
HCIIONTB30BAITUCH MaTeMaTHIECKOe OKH/IaHUE,
Jqucnepcrs U kodhdunreHt acummerpun (Tadnuuna 1), B
kauectse h;(X™),i = 1,2,3, — ux BbIOOPOYHBIE OLIEHKU
[4]. Utorom siBisieTcst cucTeMa ypaBHEHH

n

1
BB =2 x,
i=1

| pew-1-= n%l;(xi -,

n n —
T D= 2= O
Ge1p., (i—D

Tperbe ypaBHEHHE HE CONEPIKHUT NIEPEMEHHBIX Y U 8
1 uMeet Bui w> + 3w? — (4 + a?) = 0. Ecmm a? > 0,
ypaBHEHHE IMEET SANHCTBEHHOE pelieHue, oompmee 1,
KOTOpPOE BBIYHCIIAETCS 10 popMyIe

Vo —1(w +2) =

2

3 (a3+4’)2+a3 3 (a3+4)2_a3
2 2

w=1

Ornenku i ¢ = VInw, g = Inf u y nony4artorcs
QHAITUTHICCKIL

B pabore [2] mna omenku mapamerpoB 3LN
pacmpeneneHns IPEMAIoKEHO HCIONb30BaTh Merox L-
MoMeHTOB. Teopermdecknm L-MoMeHTOM mopsiaka 1 aist
pacnpenenenns F(x) Ha3bIBaeTCA BENMYKMHA



1
lr:;

k=0
TO ecTb L-mMoMmeHT mpexncraBisier co0Ol JMHEHHYIO
KOMOHMHAIMIO MaTEMaTHIECKUX OKUIAAHUNA MOPSIKOBBIX
CTaTUCTHK  paclpeleNeHusl  CIENUaJbHOrO  BUJA.
Bei6opounslii L-MoMeHT nopsiaka 1 < n onpenensiercs

Kak
r—1
1 K1
DI Gt
=n k=0

x r—1
GO (] >

n -1
L=(,)
T r
1<iq Sip<--<iy

OTH CTATHCTHUKH SIBJISIOTCS HECMEIIEHHBIMU OLEHKAMHU
Teopernyeckux L-momenToB. Merox L-MomeHTOB
HUMeEET Psifl IPEUMYIIECTB 110 CPABHEHHIO C «OOBIYHBIM)
METOJIOM  MOMEHTOB:  L-MOMeHTBI  OJHO3Ha4YHO
OIPEJIeIIAIOT MapaMeTpbl, YCTOWYMBBI K BbIOpOcaM B
JaHHBIX, a MPU MaJlbIX pa3Mepax BBIOOPKH 3a4acTyIO
JaroT Ooyee KAaueCTBEHHBIE OICHKH, YeM METO[
MaKCUMAaJIBHOTO TIpaBaonoaoous [9].

Hns  3LN  pacnpenencHus MOXHO
CIIEYIOUIYIO CHCTEMY ypaBHeHuit [9]:

2

BBITINCATh

o
y + exp y+7 =1,

2

exp|u +% erf(%) =1,

ag

2 x
erf (—) exp(—x?) dx
B fo Vg p(—x?) L
g L
v erf (2) 2
rae erf — ¢pynkims omrbok. st 3Tol CHCTEMbI MOXKHO
HalTi npubmmkéHHoe pemenue [2]:

1+1/1
z = (8/3)07" (—23/ 2),
o ~ 0999281z — 0,00611823 + 0,000127z°,
| L a?
— n —— —_— _’
K erf(%) 2
0.2
y = hi—explu+—

5 MeToa MUHMMU3AIMUA PACCTOSTHUS

B wMerome MMHUMUH3AIMH ~PACCTOSIHUM  Mepou
COOTBETCTBHSI MOJEIHM [aHHBIM CIY)KHT HEKOTOPHIM
obpazoM  BbIOpaHHOe paccrostHue d[-,-] Mexnay
TEOPETUYECKUM U OMITUPHICCKHM PaCHPEACICHUSIMHE
naHHBIX. [Tomaraercs, 9T0 YeM MEHBILE PACCTOSHUE, TEM
JIydIiie MOJEJIb OMKMCHIBACT AaHHbBIC. J[Isl HEempephIBHBIX
pacmpeneeHiii paccTosTHHE OOBIYHO OepETCS MEXIY
Obynkiued  pacnpemenenus  momenu  F(x;60) n
SMOMpUYecKoi (QyHkuuel pacnpenenenus F,(x) =
% 2i-1I[x > x(] [1]. Crexyer orMeTnts, 9TO TEPMHUH

«paCCTOSIHUE» HCIIONB3YETCsl YCIOBHO: (DYHKIMOHAN d
MOXET OBITh JMake HECHMMETPUYEH, OOBIYHO OT HETO
TpeOYIOTCS TOJNBKO HEOTPHUIATEIBHOCTh M PABEHCTBO
HYJII0O TOJMBKO B CIIydae PAaBEHCTBA pacCIpE/ICIICHHN.
OrneHKkol MUHHMAIBHOTO PAcCTOSHUA 6, Ha3bIBaeTcs
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0, = argmin d[F(x;0),F,(x)]. Onaum u3 HamGoiee
60

TIPUBJICKATENEHBIX CBOMCTB OLIEHOK MHHHMAJIEHOTO
paccrostHusL  sIBIIsieTCSl HMX  po0acTHOCTb, TO €CTh
YCTOMYMBOCTDH K BO3MYILIEHUSAM B JaHHBIX [1].

[IpumenuTensHO K 3a1aue oneHky napamerpos 3LN
pacnpeneneHus B pabote [6] 0TMEYanoch, YTO METOIBI
MHUHHUMH3ALUH PACCTOSIHUS, KaK IPAaBUIIO, OKAa3bIBAIOTCS
TpeIOYTUTENbHEE APYTUX METO/IOB: OHHU JaloT Oonee
TOYHBIE OLIEHKH IapaMeTpoB, YeM JpYyrue METOJbI, B
YaCTHOCTH, METOJ] MaKCUMAaJIbHOIO INPaBIONOAO00Us, U
OHH HE CTPaJaloT OT MpPOOJIeM CO CXOJUMOCTHIO
ONTHMHU3AIMOHHON Tpouenypsl. Hecmorps Ha 3TH
TIOJIOKUTENBHBIE CBOMCTBA, IO HAC HUKTO MOJPOOHO HE
WCCIENOBAJl TNPUMEHEHHE METOJOB MHUHUMH3aIUH
paccTosiHMsl K 3ajade oueHku mapamerpoB  3LN
pacrnpeieneHus..

B pabote paccMmaTpuBaroTCs paccrosiHus
Konmoropoa — CmupHoBa, Kpamepa — pon Museca u
Anpnepcona — Jlapaunra [14].

6 MoaeabHble U Pe€aJIbHbIC JaHHbIC

Hmkxe Ham MNpeACTOUT HaCTpauBaTb U CpPAaBHUBATH
OTOOpaHHBIE METO/bI OICHMBAHHS MapaMeTpoB. I
9TOro Mbl HCHOJIB30BaJIM MOJCIBbHBIE W PCAIbHbIC
JTaHHbIE U3 pacCMaTpUBAEMOI IPeIMETHOM 00IacTH.

Taoauua 2 [TapameTpbl MOJICNIBHBIX pacrpeeIeHHUi
0, 0, 0, 0, 0s O 0,
y |3 10 16 10 10 10 |10

U 3 3 3 2 4 3 3

0 1023]023]023]023|023]0.1 |0.35

B kauecTBe MOIENBHBIX JAaHHBIX HCIONB30BAJIHChH
BoIOOpkH u3 3LN pacmpeneneHust ¢ H3BECTHBIMU
napamerpamu 6. Ilo pesynmpTaTaM aHaim3a 3aAepikeK
npyu Tepefade COOOIMICHWH B JIOKAJIBHOH CeTH H
unrepHere [10] mMbl BbIOpanu 7 HaOOpOB MapamerpoB
Y, U, 0, Ui KaXAO0T0 U3 HUX TEHEPHUPOBAIH HECKOJIBKO
BBIOOpPOK. 3HAYEHHUS] MapaMeTpPOB MOAETHHBIX TaHHBIX
npuBeneHsl B Tabmuie 2. [lockonbKy It MOAETBHBIX
JAHHBIX TIapaMeTpbl HM3BECTHBI, MOXHO CpPaBHHUBATH
MOTY4YEHHBIE OLEHKH C HCTHHHBIM  3HAYCHHUEM
mapamerpa Y HCCIENIOBaTh WX  CTATHCTHYECKUE
cBoiictBa. CremyeT OTMETHUTh, ONHAKO, YTO TaKue
MOJIENTbHBIE JAHHBIE OTHOCATCS K MHOM, XOTS ¥ CMEKHON
MpeAMETHONH 00NacTH M He 00JamaloT OCOOCHHOCTSIMHU
paccMaTprBaeMoii 3aJa49u (CM. BBEJCHHUE).

Taxoke MBI MIPOAHATHU3UPOBATH PaOOTy METOIOB Ha
PeaIbHBIX JAHHBIX O 3aJIepKKaX B KOMMYHHUKAIIMOHHON
CeTH BBIUMCIMTEIBHON cucTeMsl BlueGene/P. Dtu
JAaHHBIC OTBEYAIOT MPEAMETHOH O0O0NacTH M HUMEIOT
oco0eHHOCTH, yKazaHHble B paszmene 1. Jlms cOopa
JaHHBIX HCIIOJIB30BaJIaCh YTHINTA networkitestZ
n3 makera PARUS [12]. B cuiy MHOroMoAajgbHOCTH
JNaHHBIC [UISI aHajh3a BBIACISUINCH W3  BBIOOPKH

BpPYYHYIO.
7 CpaBHeHHE METO0B OLICHKH IIapaMeTpPOB

C menpio CpaBHEHWS ONHMCAHHBIX BBIIIE METONOB
OLEHKH TIapaMeTpPOB PpAaCIpPEACIECHUs MBI IIPOBEIH



TECTUPOBaHHE Ha MONENBHBIX JaHHBIX. [ Kaxmoro
HaOopa IapameTpoB, yKa3aHHBIX B Tabmmie 2, ObUIO
creepupoBato 1o 100 Ber6opok mmmHo# 10000 Kaxmast.
Jnst kaxmod BBIOOPKH TNPOM3BOIMIOCH OICHUBAHUE
MapaMeTpoB BCEMH OIMCAHHBIMU BBIIIE METOJAMH.
Takum o0pa3zoM, WIS KaXIOro MOJEIbHOr0 Habopa
MapamMeTpoB M KaXJIOro METOAa OLEHHBAHUS MBI
nonyunian o 100 oueHok 3Tux napamerpoB. Jis
CpPaBHEHHUsI METOJOB MBI HCIOJIB30BAIH CJEIYIOIINE
XapaKTEePUCTUKH:

® CpCAHCKBaApaTHUIHAA omroKa JUIA  KaXJa0ro Hu3

mapamerpoB y, | U O. %Z?zl(ﬁi —0), tnen —

yucino oneHok (n = 100), ; — orieHka mapameTpa y,
U WJTU 0 TI0 BEIOOpKE, 8 — MICTHHHOE 3HAYCHHE ITOTO

napamerpa;

e cpemHee BpeMs paOOThl MeTOna Ha BBIOOpKax (B

CeKyH/1ax).

Pe3ysnbTaThl TECTUPOBAaHUSI METOJIOB HA MOJEIBHBIX
JAHHBIX TPUBOIATCS B Tabmuiax 3—6. Mcnonb3yembie
cokpamenus: K-C, K-bpom M, A-J — paccrosHus
Konmmoroposa — CmupHoBa, Kpamepa — pon Muzeca u

Amnpepcona — Jlapiuxra.

A 0.0084 0.0177 0.0103
6, 0.0020 0.0018 0.0010
Tabauna 5 CpegHexBagpaTudHast OMIMOKA OLIEHOK
napamerpa @

MMIT MOMEHTBI L-MOoMeHTHI
0, 6.80-1075 | 11.19-10°% | 9.19-107°
0, 6.43-1075 | 11.12-10°% | 7.96-107°
0, 5.22-107% | 9.12-1075 | 6.65-107°
0, 6.55-1075 | 13.33-10°% | 9.07-107°
0; 7.06-1075 | 16.73-107% | 10.47 - 10~°
O 6.80-105 | 8.10-10°5 7.42-1075
6, 6.18-1075 | 23.30-10°5 | 10.54-1075

MMP | K-C K-dpon M A-J1

0, 10.85-1075 | 19.81-1075 | 11.23-107°
0, 10.84-1075 | 18.51-1075 | 10.50-107°
0, 9.09-1075 | 19.50-10°% | 9.23-107°
0, 12.79-1075 | 22.43-1075 | 11.61-107°
0 16.18-1075 | 17.52-1075 | 10.50-107°
A 7.87-1075 | 15.63-107> | 9.46-107°
6, 26.08-107° | 22.64-107% | 12.05-107°

Ta6auuna 6 Cpennee BpeMst pabOThl METOIOB (B

Tab6auma 3 CpenHekBaapaTHYHast ONTHOKA OLIEHOK CEeKYHJIax)
napamerpa y MMII MOMEHTHI L-MOMeHTBI
MMII MOMEHTHI L-MOMEHTBI 0, 0.032 0.002 0.002
6, 0.47 0.83 0.66 0, 0.032 0.002 0.002
6, 0.48 0.86 0.63 04 0.031 0.002 0.002
6, 0.37 0.69 0.51 0, 0.031 0.002 0.002
6, 0.61 0.13 0.09 6< 0.035 0.002 0.002
6 3.89 9.10 6.00 A 0.036 0.002 0.002
6, 2.99 3.58 3.46 0, 0.031 0.002 0.002
6, 0.17 0.76 0.32 MMP | K-C K-don M A-1
MMP | K-C K-bou M A-J1 0, 0.416 0.211 0.200
6, 0.85 1.44 0.78 6, 0.375 0.225 0.234
6, 0.88 1.45 0.80 04 0.359 0.229 0.224
6, 0.70 1.58 0.70 A 0.411 0.221 0.206
6, 0.13 0.22 0.11 0- 0.392 0.275 0.282
6 9.33 10.11 6.10 A 0.422 0.269 0.270
6, 3.58 8.70 4.56 6 0.426 0.175 0.175
6, 0.78 0.68 0.35
[lo pe3ynbTaTaM TECTHPOBAHUS METO/IOB OLICHKH

Tabonuua 4 CpeqHexBaipaTUuHast ONIMOKA OLEHOK

napamerpa g
MMII MOMEHTBI L-MOMEHTHI
6, 0.0012 0.0021 0.0017
6, 0.0012 0.0022 0.0016
6, 0.0009 0.0018 0.0013
6, 0.0012 0.0026 0.0017
6 0.0013 0.0032 0.0020
6, 0.0071 0.0084 0.0080
6, 0.0005 0.0021 0.0009
MMP | K-C K-bou M A-J
6, 0.0022 0.0036 0.0020
6, 0.0022 0.0036 0.0020
0 0.0018 0.0038 0.0018
6, 0.0026 0.0042 0.0021
6 0.0032 0.0035 0.0021
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mapaMeTpoB Ha MOJENBHBIX JAaHHBIX MOKHO CIENaTh
CIIEAYIOIINE BBIBOJBI:

1.

JUii  KaxJgoro Meroga KadecTBO — OLEHKH
OTHOCHTENIFHO JPYTUX METOZOB B IIEIOM
OIIMHAKOBO UL BceX MapaMmeTpoB. Her merona,
KOTOPBII jaBajl Obl 3HAUUTENBHO JIYUIITYIO0, YeEM
y APYroro MeToja, OLEHKY OIHOrO IapaMeTpa
Y TIPH 3TOM CEPbE3HO MPOUTPHIBAII TIO IPYTrOMY
napaMeTpy. JTO 3HA4UT, YTO MOJKHO IIPOBECTH
pamXHpPOBaHKUE METOIOB, OIMHAKOBOE JJISI BCEX
apaMeTpoB.

C TOYKHM 3pEHHS TOYHOCTU OIEHKUA CaMbIM
JY4IIAM MOYKHO MPU3HATH METOT
MaKCHMAaIJIHOTO MPaBIOMON00us. 32 HUM UAET
MeToJ L-MOMEHTOB, Jajiee — METO MOMEHTOB
u METOT MMHHMH3AIAN paccrostHust
Anpepcona-/lapnmara, 3ateMm — MMP



Konmoroposa—CmupnoBa u, Hakoneu, MMP
Kpamepa—pon Muzeca.

3. Cremyer OTMETHTB, YTO, XOTSI METOJ MOMEHTOB
u Metof L-MoMeHnTOB ycrynator MMII, onu Bcé
)K€ AT OLEHKU OYEHb BBICOKOH TOYHOCTU U
Ipu 3TOM paboTaloT Ha MOPSIOK OBICTpee
MMII. TIlockonbKy Ui  MOJAEIMPOBAHUS
3a/lepKeK IIpeJUlaraeTcsl UCMOoNb30BaTh CMECh
3LN pacnpenenenuii, wmeton L-MOMeEHTOB
MOXeT OBITb HCIONB30BaH B  KayecTBE
MIPOMEKYTOUHOTrO IIara B 3ajaye pa3feieHus
CMECH C LIEJIBI0 YCKOPEHUs! paboTHI.

8 3anmyck Ha peajbHBIX JAHHBIX

MBI pOBENTM HECKOIBKO 3aITyCKOB PacCMOTPEHHBIX
BBIIIC METOMOB OIICHKMA IapaMeTPOB Ha PeaibHBIX
JAHHBIX O 3aJCPKKaX B KOMMYHHKAIIMOHHOW cpele
cynepkommbiorepa  BlueGene/P.  Tlockonmbky st
peasbHBIX JaHHBIX Ha JaHHOM JTane paboThl HE
MPEJCTABISACTCS BO3MOXXHBIM BBECTH OOBEKTHUBHBII
YUCIIEHHBIM KPUTEPU KayecTBa, Halled OCHOBHOM
HEIbI0 OBUIO BU3yalbHOE HAOIIO/IEHHE TOJNYYeHHBIX
(GyHKIMH TIIOTHOCTH. Pe3ynbTaT MOXKHO BUIIETH Ha PHC.
2. BumHO, 9TO pacCMOTPEHHBIE METOJbI IPUMEHHMBI B

YCIOBUSAX  pEaJbHBIX  JaHHBIX, W  MOJYy4YEHHbBIE
pacmpenenieHust  XOpOIIO  OMNHCHIBAIOT — KapTHUHY
3a/iepiKeK.

9 Jak/0uenue

B pabore obocHOBaHa MOTPEOHOCTH B MOCTPOCHUU
CTOXaCTMYECKOM Mozenu 3anepxkek. Ha ocHoBanun
aHaJM3a CMEXHOW NpEeIMETHOW o0NacTH (JOKallbHbBIC
CeTH U WHTEPHET), a TaKKe OCOOCHHOCTEH, MPHUCYIIHX
KOMM yHHKAIIHOHHBIM cpenam, MIPEIOKEHA
cTOXacTHUecKass Mojenb 3ajgepxkek — cmech 3LN
pacnpenenenuil. IlockonbKy 3aqada nmapaMeTpu4ecKoro
BOCCTAHOBJICHHS JaXe OJHOI'0 KOMIIOHCHTAa CMECH
OKa3ajllach HETPUBHAIBHOH, MBI MpPOBEIU  0030p
CYIIECTBYIOIIUX METOIOB, a TaKXKe MPEIOKUIN paHee
HE TIPUMEHSBIINNCS METOIbI MHUHUMHU3AIUN
paccrosHus. [IpoBenéHHBIM HaMM aHAIU3 METOJLOB Ha
MOJCIBHBIX JHaHHBIX Moka3an, uro MMII maér oneHku
HanOONbIIEH TOYHOCTH, OJHAKO MeTox L-MOMEHTOB
JaéT XOpOIINE OLIEHKH ¥ TIPH 3TOM paboTaeT Ha OPSI0K
OrpICTpee.

B nanpHelimem pe3ynbTaThl paboThl IpeAIoaraeTcs
WCTIONB30BaTh IS PEIICHHs 3aaud pa3feieHnus] CMeCH
3LN pacmpezenenuii ¢ 1eIbpl0 MOCTPOCHUSI TOYHOH U
IpU OSTOM KOMIIAKTHOH MOZETH 3aJepKeK s
HCIIOIb30BaHMS B 3a7adax JMHAMHYECKOTO
IUTAHUPOBAHUS BEITIOTHEHNS U TUAaTHOCTUKH KJIacTepa.

buaarogapuocru

PabGora BBITOMTHEHAa TP YACTHYHON MOIIEPIKKE
PODU, mnpoexrsr 15-07-09214, 16-57-45054, 16-01-
00196.
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Pucynok 2 PaGota MeTOZOB OIIEHKH ITapaMeTpoB Ha
peabHBIX JaHHBIX O 3a/IePXKKaxX [UIs CY[IEPKOMITbIOTEpa
BlueGene/P. JInnusmMu moka3aHbl BOCCTAHOBIEHHEBIE
TUIOTHOCTH paciipeieIeH i, CBeTJIasi CToN0uaTast

JuarpamMmMa Ha (hOHe TTOKa3bIBaeT peajbHble JaHHBIE
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OﬁpaTHbIe 3adaYH M())]e.]II/lpOBaH]/IH HA OCHOBE
peryJsipu3anuy U pacrpe/e/ieHHbIX BBIYUCJICHUN B cpe/e
Everest

© A.Il. AdanacreB © B.B. BonommzoB © A.B. CokonoB

Wuctutyt npobaem nepenaun nadopmarun um. A.A. Xapkesnuya PAH,
Mocksa, Poccns
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AHHOTanus. l3noxkeHa MeTOAWKA OIEHKM MaTeMaTHYeCKMX Mojeneil (QHU3MYecKuX SBJICHHH,
MIPOUCXOJISIIUX B HEKOTOPOH MPOCTPAHCTBEHHOW Cpesie, Ha OCHOBE PSJ/IOB DKCIEPUMEHTAIbHBIX JIaHHBIX.
LeneBas GpyHKIUs B 00paTHOW ONTUMH3ALMOHHON 3a/laue WICHTH(UKAIIMY TapaMeTPOB MOJIENTN BKIIIOYAET
PETYISIpU3UPYIOIEE CllaraeMoe ¢ HEU3BECTHBIMHU BECOBBIMU KOI(Q(UIIMEHTaMH TPH BTOPBIX MPOU3BOIHBIX
(yHKIMH, ONMCHIBAIOIIMMU HCCIIeTyeMoe sBIeHue. J{ist BBIOOpa 3THX BECOBBIX KOA((HUIMEHTOB MpUMeHeHa
TIpolLe/iypa NnepeKpecTHol (B3auMHOI) Bepr(UKaIiy, KOTAa YacTh UCXOHBIX SKCIIEPUMEHTAIBHBIX JTAHHBIX
UCTIONB3YeTCsl JJISl «BOCCTAHOBJICHHS» OCTAIBHBIX. YeM TOouHee pe3yabTaThl «B3aWMOIPOBEPKU» IS
JIOCTATOYHO LIMPOKOr0 Habopa MPOBEPOYHBIX TECTOB, TEM «ITy4Ile» HaOOp BeCOBHIX Kod(duiuenTos. [Ipu
BHIOOpE HAINpPAaBIICHUsI MX YIY4IIEHHUs TPeOyeTcsl peldTh OOJIBIIOH HAOOp BCIOMOTAaTENbHBIX MMOJ3aay
MaTeMaTUYECKOr0 MPOrpaMMHUPOBAHHMS, VIS Yero MpEIOKEHO HCIONb30BaTh PACIPEICICHHYI0 CHCTEMY
CEepBHCOB ONTHMHU3aIMKU Ha Tatdopme Everest.

KnroueBblie cjioBa: oOpaTHbIC 3amaud, pPEryjisapu3alys, pacrnpencieHHble BbruuciaeHus, REST-
cepBuchl, miatdopma Everest.

Inverse Problem in the Modeling on the Basis of
Regularization and Distributed Computing in the Everest
Environment

© A.P. Afanasiev © V.V. Voloshinov © A.V. Sokolov

Institute for Information Transmission Problems RAS (Kharkevich institute),
Moscow, Russia

alexander.afanasyev@gmail.com vladimir.voloshinov@gmail.com
alexander.v.sokolov@gmail.com

Abstract. A method for estimating mathematical models of physical spatial phenomena is presented.
Estimating is based on the series of experimental data. The objective function in the inverse optimization
problem of identification of model parameters includes a regularizing term with unknown weight coefficients
for the 2nd derivatives of the spatial function describing the phenomenon. Successive cross-validation
procedure is used to choose values of weight coefficients. This cross-validation consists in approximation of
one subset of experimental data by processing of a complementary subset. The better accuracy of the “cross-
approximation”, the better set of weight coefficients. Choosing direction of the possible improvement requires
solving a number of subsidiary optimization problems. For that it is proposed to use distributed computing
environment of optimization services deployed via Everest toolKkit.

Keywords: inverse problems, regularized (ridge) approximation, distributed computing, Everest
platform.

Beenenue MOAXOA K TIOCHENOBATENbHOMY  YTOYHEHHIO
5 _ MAaTeMaTHYeCKHX MOJENCH, ONUCHIBAIONIMX (QH3HICCKHe

B macrosimeii pabote mpesioKeH HECTAHIAPTHBIA  gppepyg B HeKOTOPOH IPOCTPAHCTBEHHOI CPeie, TIE A
VICKOMBIX ~ 3aBHCHMOCTEH HMEET CMBIC  TIOHATHE
«TIAJKOCTH»  TI0  TEPEMEHHBIM,  OMHCHIBAKOIIMM
COCTOSIHME MOJIETH. Pedb MOXET MATH O (DM3MYECKHX
MHTEHCHBHBIM HCIO/Ib30BAHHEM AAHHBIXY [ooneccax,  KOTODBE  MOJSTHDYIOTCS — JBAKIbI

(DAMDID/ RCDL’2017), MockBa, Poccusi, 10-13 mubdepeHIMpyeMbIMH  DYHKIMAMH ~ Ha  TIPAMOi,
okTa0ps 2017 rona

Tpynst  XIX  MexkayHnapoaHoid  KoH(pepeHIHH
«AHATUTUKA W yOpaBjieHHe JaHHBIMH B 00JIacTAX €
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TUTOCKOCTH WJIN B TPEXMEPHOM IIPOCTPAHCTBE.

JlaHHBI TOAXOX SIBISETCS Pa3BHTHEM METO0B
ONTHUMHU3AIIOHHON TapaMeTPHYECKO HICHTU(DHUKAIIUH
Ha OCHOBE OKCIIEPHMEHTAJBHBIX JAHHBIX C Y4ETOM
BO3MOXKHBIX (M HEHM3BECTHBIX) HETOYHOCTEH B OITHX
JaHHBIX. YeM ImmMpe JOCTYNHBIH HaOOp H3MEpeHUH
(9KCHepUMEHTABHBIX JaHHBIX) M BBIIIE WX TOYHOCTS,
TeM OoJiee TOYHYIO W TIOAPOOHYIO MOJICTh MOXKHO

NOCTPOUTD. I/IHOF}Ia HEAOCTAaTOK KOJIMYECTBEHHOU
I/IH(l)OpMaHI/II/I MOXHO KOMIICHCUPOBATh
JOMOJHUTCIBHBIMA  3HAHHUAMU O 3aKOHOMEPHOCTAX
nuccieayemoro mpouecca, ypaBHeHI/Iﬁ €ro

OIMCBIBAIOIIUX U T. II.
AmnayioroM sBJSIeTCS 00paOOTKa CTaTUCTHYCCKHX

JTAHHBIX Ha OCHOBE CIUTafH-aIPOKCHUMAITUH
(«CrmaxeHHBIX»  KYOMYECKHUX  CILUIAiHOB), rie
ko3dunument mrpada 3a UHTErpay KBajgpaTa 2-i
MPOM3BOJHON  ANMIPOKCHUMHUPYIONICH  3aBHCHMOCTH

Urpaet poiib mapaMmerpa peryaspusauuu 3, 4, 9, 12, 13].
Oco0eHHOCTh TpeIaraeMoro mojaxo1a — MUHUMHU3AITHS
CYMMBI OTKJIOHEHHSI OT IKCIIEPUMEHTAIIBHBIX TaHHBIX U
mrpada 3a «HETJIAAKOCTHY» TMPH JIOMOJHUTEILHBIX
OrpaHMYEHUSIX (COOTHOLICHHSIX UCCIIEIYEMOI MOJIEIIH).

I[To cyru mpemymaraercsi cxemMa IOCTENEHHOIo
YTOYHEHHST MAaTeMaTHYECKOW MOJeNH HaOI0AaeMoro
(U3NIECKOro SBJICHUS C KOJIWYECTBECHHOH OILICHKOM
KayecTBa Takoro yrouHeHus. Ecnmu mpenckasaTenbHas
TOYHOCTh HOBOW MOJIENN TOBBICHJIACH, MBI Ha BEPHOM

IIyTH.
1 Onucanmne Mmeroaa

OmumeMm o0mIyl0 cXeMy MeToja Ha IpHMepe
MIOCTPOEHHs MOJIENY, OIKCBIBAIOIIEH HccieayeMoe
SIBICHUE C IIOMOIIbIO TEPEMEHHBIX X, Y, Z. 3mech Z
SIBISIETCSL U3MEPSIEMON XapaKTEPUCTUKOM, 3aBUCSILEN OT
X uy. TpebGyercst mocTpouTh Moaeib B (hopMe sIBHOW U
HESIBHOMN 3aBUCUMOCTEN MEXAY YKa3aHHbIMU
MIepEMEHHbBIMH:

z=f(xy), xeX,yeY; M(xVy,2)=0. ()

3mece  f(X,y) HemsBecTHas (QYHKIHUS, KOTOPYIO W
TpeOyercss «BOCCTAHOBHUTH» IIPH  JOMOJTHHTEIBHBIX
MIPEANOIOKEHHUSX O «(UUKE» HAOIIOAAEMOTrO SIBJICHUS,
X, Y — MHOXecTBa (MHTEpPBaJIbl) JOYCTUMBIX 3HAUEHHHA
COOTBETCTBYIOIMX IIepeMeHHBIX. [Ipenmonaraemas, u
nojjekKamas BepupHUKalUK, QU3NIECKas MOJECNb
mpencTaBieHa BTOpbIM ypaBHeHmeM (1). HesBras
3aBUCUMOCTh M ompezenser NOMOIHUTENBHBIC CBS3H
MEXTy IIepeMEHHBIMH. VX MOXKeT OBITh HECKOJIBKO, T. €.
M — Bekrop-¢yakuus. Bynem nckate ¢yakmuo f(X,y)
00 B BUJE 3HAUECHHUI HA JOCTATOYHO «MEIKON» CETKE
IO TMepeMeHHBIM Xy, Jmbo B Kiacce QyHKIMIA,
3aBUCAIIUX OT IAPAMETPOB, 3HAYCHHSI KOTOPBIX U HY)KHO
OIPeNIeNNTh, PEIIHB OOPATHYIO 33/1a4y.

Ilycte y  wuccmemoBaTenss  umeercss — HaOop
SKCIEPUMEHTATBHBIX JTAHHBIX (m3mepenmin)
CIIeYIOIIETO BHAA!

{Zk7xk7yk}’k€K'K:1""kWﬁXv (2)
rae  3HAa4eHHMs Zxk  M3MEPeHBl C  HEKOTOPBIMH
HEHU3BECTHBIMHU TIOTPEITHOCTSIMH. 3amaua
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BoccTaHoBieHHss  ¢yHkimu f  wacto  sBusercs
HEKOPPEKTHOH U TpeOyeT perynspuzauun. bynem rckatb

3apucumocth  f(X,y) (B mapaMeTpu3OBaHHOM WU
«CETOYHOM»  BHUJIE) METOIOM  PEryIsApHU30BaHHOM
HUICHTU(QHUKANT SvF, Smoothness-vs-Fitting,

COCTOSIIEM B MOMCKE KOMIIPOMHCCA MEKIY TOYHOCTBIO
COBMAJICHUSI C OKCIHCPUMCHTANBHBIMH JAHHBIMUA U
IIaIKOCThEO UCKOMOH (yHKImH f(X,Y).

J1st popManm3aniy Takoro HOIXoAa BBEIEM:
- XapaKTEePUCTHKY COBIAJICHHS C U3MEPEHUIMU

A (f ), K)=ﬁ2(zk ~foevdfi @

keK

- XapaKTCPUCTUKY HEIIaJIKOCTHU

AS(f ('xy)quuBy):

2 2
0% f 0% f
2
Z | dxdy+2 Z | dxdy + 4
Bx JIY P y+25B, !IY ooy y 4

,Byﬂ Y dxdy
XY

(m1s  cerouHOM (YHKIMHM BTOpbIE TPOU3BOIHBIC
3aMEHSIOTCS PA3HOCTHBIMH BBIPAKCHUSIMH);

- KOMIIPOMHCCHBINH Kputepuii (pyHkumonan TuxoHoBa
[10]), 3aBucsammii or mapameTpoB [, [} U MHOXECTBa
M3MepeHuii, XapakTepusyemoro Habopom unzuekcos K

AF o) B B, K)= A (F () K)+Ag(F (). B0 8,) (B)

Bbynem uckate ¢ynkuuro f(X,y) B Kimacce aBampl
HerpepblBHO-IU( G epeHInpyeMbix  QyHKIMIA, perast
CIEYIONIYIO 3329y MUHUMH3AIMH, TJe TIEPEMEHHBIMH
SBJISAIOTCS MO0 3HA4YCHHWS (QYHKIMH «HA CETKE» TI0
nepeMeHHbIM X,Y, Tnbo mapametpsi f(X,y):

A(F () B, B K):
£°(,,) = Argmin{M(x,, f (x, y))=0, Q)
”Ixe X,yeY.

Pemenue 3amauu (6) 1uist pa3nuyHbIX 3HAYCHUH Ly, fy
naer ¢yukinun f(X,y), cooTBeTCTBYyIONmME PA3THYHBIM
COOTHOIICHHSAM MEXIY «TIaIKOCTBIO» M «TOYHOCTHIOM
(BOCCTAaHOBIICHHUSI DKCIIEPUMEHTAIBHBIX JAHHBIX). st
MOMCKA «pPa3yMHOTO» OajaHca, BBIPAKEHHOTO B
3HadeHusx L, [, BOCIOJIB3YeMCsl  TMPOLEAYypOid
nepexpecTHO Bepudukanuu [3, 4]. g sToro pazodsem
MHOYECTBO HHIEKCOB SKCIIEPUMEHTAIBHBIX JaHHBIX Ha
HabOp HelepeceKaroNuXCs MOAMHOKECTB

K:UiEIKi,KiﬂKJ—:Q,i:&j. (7

Yo6epem 3 mHOKecTBa K omgHO 13 mogMHOXKecTB K.
Pemmv 3amauy mumHmMMBZammm (6) Ha OCTaBIIEMCS

Habope nannabix K\K;. ITycts ee peleHne f;i (x,y):

A(f (‘xy)lﬂx'ﬂ aK\Ki):
fe () = Argmin< M(x,y, f(x,y))=0, (8)
o) xeX,yeY.



* (v
Onpenennm otkinonenne f (X,y) or msmepenmit

o keK; mo dopmyne Z(Zk — f;i (Xk,yk))2 .
keK;

IToBTOpHUB 3Ty mponeaypy i Beex noaMHoxkecTs Kj,

i€l, HOTy4NM «IIEPEKPECTHYIO» OLEHKY TOYHOCTH

MOZENH IS 3aJaHHBIX S, By

1 N
o(B,, 8, )= (0wl 8, :\?Z > (- fo ) f ©)
iel keK;
Z[J'IH HOJ'Iy‘IeHI/IH MI/IHI/IM&J’ILHOﬁ HOFpeIHHOCTI/I
MOZ[eJ'II/IpOBaHI/II/I )41 BI)I60pa «OIITUMAJIBHOI'O»

COOTHOUIEHHS OJIM30CTh—CIOKHOCTh OyleM HCKaTh [k,
[, KOTOpbIE MUHHMH3HUPYIOT BETHYUHY GSVF(ﬂX, ﬁy).
Jnist HAliIeHHBIX B pe3y/bTaTe MUHUMH3AINK 3HAYSHUH
P B wckomas ¢ynxums f'(Xy) onpenenserca B
pe3yabpTaTe pelieHus OCHOBHOW 3amaun (6). Mtorosas
MOTPENIHOCT ANNPOKCHUMAIMK (HEBS3KA) OMpeesseTcs
o opmyie

(O_*)Z :iZ(Zk - f*(xk' yk))z' (10)

|K keK

Data

-05

-1.0

L) i} 10 15 20 25 i0 3% 40

PucyHnok 1a VMcxonHble 1aHHbIE U PE3YAbTAT METOAA
HAUMEHBIINX KBAJAPATOB [f—>0

Taxum obpazom, Tporeaypa pacueToB
COOTBETCTBYET JBYXYPOBHEBOH 3a/1a4€ ONTHMH3AIIHN:

q)(ﬁx'ﬂy):ﬁz Z(Zk - ff; (an)’k))2 —>ﬂxf'nin ,

iel keK; $,=0
(11)

134

rae QyHKIUH f;i (X,y) ompenensfiorcs Kak peleHus

HE3aBHCHMBIX 3aJ1ad ONTUMH3ALNH ().

PesynpraTr Meroma SVF HaxomuTcs, B HEKOTOpOM
CMBICTIE, «MEKAY» pe3ylibTaTaMH MPUMEHEHHUS] XOPOIIO
W3BECTHBIX METOJOB HAaWMEHBIIMX KBAJApPaToB M
KyOmueckoil cruaiiH-unTepniosiiuu. Ha Puc. 1 meron
SVF mponeMoHCTpUpOBaH Ha MpUMepPe BOCCTAHOBIICHHS
(YHKIIMM OIHOTO TIEPEMEHHOr0 MO HAa0Opy MCXOIHBIX
nmaHHbIX (Puc. 1a) mpu OTCYTCTBHMHM JOMOIHHUTENBHBIX
MOZIENBHBIX ~ COOTHOWIEHWH  (popmMasbHO  MOXKHO
nonoxuTh M(X,Y,Z) ToXIeCTBeHHO paBHOM Hymr0). st
(yHKIIMM OHOM repeMeHHON X TpeOyeTcs JHIIb OIUH
ckaispHbii  mapamerp f. Ilpu S—0 3amaga (6)
CTaHOBUTCS 33/1a4€i CIUTaiH-MHTEPIOJISINN, PEIICHUEM
KOTOpPOH sIBJIsIETCS T. H. KyOWYecKWil CIUaiiH, T. e.
(hyHKIMSA, UMEroIasi MUHUMAIBHBIN (CcM. (4)) uHTErpas
KBaJipaTa 2-oi MPOM3BOJHON M MPOXOIsIias yepe3 Bce
«KCTIeprUMeHTaJbHBIe» TOUKH (2), Puc. 1D).

13

* Data
’ Spline ‘
v

*« Data
Balance
v

0o 10 15 b X 2.9 3.0 1% 40

Pucynoxk 1b Ky6uuecknii crumaiin, f—0, 1 3HaUCHHE
/', nonydennoe merogom SvF

[Ipu f—oo0 MBI TOTYyYMM JHHEHHYIO (DYHKIHIO,
MUHUMH3HPYIOIIYI0 CYMMY KBaIpaTOB OTKIOHEHHS OT
WUCXONHBIX NaHHBIX, Puc. la. «KommpomuccHsI»
pe3ynpTaT CIUTafH-almpoOKCUManui co mTpadoM (3a
HETJIaJKOCTB), orpeeeHHBIM METOIOM SvF,
npencrasieH Ha Puc. 1b camsy.

OnwmieM TpPONENypy peIIeHUs 3aJadd BEpXHEro
ypoBus (11). Bsemem o6o3nauenne P(a,f) mis
MPOM3BOIBHOTO MHOTOWICHA 2-TO TOpPSIKa BEKTOpa



HepeMeHHBIX  fB,
K03(UIEHTOB a

P(a1 B) = a’xxlBX2 + axyﬂxﬂy +ayyﬂy2 + axﬂx + ayﬂy +a0’ (12)

rae a:(axx,axy,ayy,ax,ao)ﬁz(ﬂxvﬁy)-

3aBHUCALICTO oT BCKTOpa

Jlagee airoputr™M CTpPOUT IOCIEIOBATEIbHOCTD
3HaueHnd BY, v=1,2,... Ilyctb, Ha N-oM 1mare
nocrpoeHsl 3HaueHus P¥, v=L:N, mm1 xoropsix

BhIYHCICHbI 3HaYeHHss @ = ®|B" ). Be3 orpaHudeHus
00IIHOCTH (BO3MOXHO, TOCIIE TIEPEHYMEpaIi) MOXKHO
cuntath, uto ®" — MHUHEMANIBHOE H3 TONYYEHHBIX

3HAUEHWH. BymeM TpakroBath {<DV,[3" }VN:1 Kak Habop
touek B R®. PaccMOTpuMM 3ajauy anmpoKCHMAIU 3THX
TOYeK TrpaukoM MHorowieHa 2-ro mnopsaka (12),
npudeM 4eM BekTop B Ommke K «Hammydmemy» BN, Tem
¢ OonbIIMM BecoM OH OyneT yuurtsiBaThesi. Kpome Toro,
Oynem mrpadoBaTth 32 KpUBU3HY IOCTPOSHHON (DYHKIHN
¢ ko3¢ ¢urenToM | (TIOIJIeKAIINAM BBIOODY):

Y o -plap)f + ulad +ad +a) > min.
v=LN

(13)

[ycts  a’(i) omTuMmanbHOE
IIEPEMEHHBIX B 3TOM
POrPaMMHUPOBAHHUSL.
BoibepeM 3HaueHHE 4, MUHUMH3UPYS OTKIOHCHHE
3HAUCHUS  AMNPOKCHMHUPYIOIIET0  MOJMHOMA  OT
Hamnydmero  3Hadenms @ . Tem cambiM, uIA

annpoKCUMAalMy TIOJIydaeM BHOBb JBYXYPOBHEBYIO
3ajgauy:

Pla* (1) BN )-@N| > min | (14)
120

rae a"(u) — pelieHne 3a1a49u «HUkKHEro ypoBHs» (13).
31eck B 3aa4e BEPXHErO YPOBHSI HY)XKHO BBIOpaTh
SOUHCTBEHHYIO I[IEPEMEHHYIO /4, a 3amada HIDKHEro
ypoBHS 3G QEKTUBHO paspemnma Ojarojaps —ee
BBIIYKIOCTH. 1l03TOMY /il HOHMCKa ONTUMAIIBHOIO
mrpadHOro kodhpuiMenTa L* NpUMEHUM TOT WA WHOM

3HAUYCHHUC
3aJa4uc

BEKTOpa
BBIITYKJIOT'O

AITOPUTM MUHUMH3ALIUU byHKIMN OJTHOT'O
TIEPEMEHHOT 0.
Ilocne  anmpokcuManuu — 3aBHCHMOCTH CD(B)
o o * *
KBaJpaTHIHON (PyHKIIUEH P(a (u ),B), HOBOE 3HAYCHUE
BeKTOpa [} HaxomuTcs B  pe3yNbTare  pELICHUs
clenylole  BCIOMOraTeNnbHOM — 3aJadyd, KoTopas

HAIOMUHAET METON JuHeapu3anuu [limeHndaHOro—
Hanwmnaa [11], H;)I/nwe}meMLIﬁ K MHUHUMH3AIUH

yHKIHK P(a*(,u*),[i o B:
(VBP(a*(u*),BN ))T(ﬁ—BN )F%“li—ﬁ'““z - rp;lg

rIe VB P(. . ) o003HavaeT rpaanueHT MHorowieHa (12) mo

MepeMeHHbIM [y, [y. 3amMeruMm, YTO pelIieHHe 3TOH
BBINTYKJION 3a7a4i KBAJIPATUYHOTO IPOrpaMMHPOBAHUS
CYIIECTBYeT M eIMHCTBEHHO. BpIYMCINM 3HaueHHe

oM = CD([SNH), pemmB HabOp 3a7ad HIDKHETO YPOBHS

135

(8). Ecmm BenmmumHa ‘(I)([iNJrl)—(D(BNl MEHbIIIE

HCKOTOPOro moporoBoro 3Ha4cHus, pa60Ta ajropurMma
MpCKpamacTcs. Ecau »to He TaK, TO CXEeMa pacyeToB
N +1

TIOBTOPSIETCS JUTS PACIIMPEHHOr0 Habopa {QJV B }v:l .
3 leMoHCTpanus MeTOa MPU MOIeTHU-
POBAaHUM PACIIPOCTPAHEHHUS TeIIa B BbICO-
KOTeMIIepaTypHO# I1a3me

®uznyeckue SABICHUA B ropsyed  miasme,
YAEPKUBAEMOW CHUJIBHBIM MAarHUTHBIM TIOJIEM B
TOpPOMJIANBHBIX ~ BaKyyMHBIX  KaMepax  YCTaHOBOK

TEPMOSIJIEPHOr0 cuHTe3a, Takux, kak TOKAMAKwu u
CTeNJIapaTophbl, BaXKHBI JUIS MEPCIIEKTHB TEPMOsAEPHON
sHepreTuku. Hanpumep, B akcriepuMeHTax HaOII0IaeTCst
«OBICTPBII ~ HENOKaJbHBIH  MEpeHoC  Temia»y  —
NpPaKTHYECKH  MTHOBEHHOe (10 CpaBHEHHIO C
«KITAaCCUYECKOI» TeruioBod anudQy3neil) NOoBbIIIEHHE
TeMIiepaTypsl B IIEHTpPE IUIa3MEHHOrO IIHYypa IOcie
OXJIQXKJIEHHS ero nepudeprn Wik o0paTHbI mporecc —
MTHOBEHHOE IMOHW)XEHHE TEeMIIepaTypbl B IIEHTpE IMpH
OBICTPOM Harpese rnepudepuu mia3mol.

3nece Mbl He OyneM 00CYXIaTh HESICHYIO (H3HKY
sToro  sBieHusa.  OrpaHuuuMCs  JE€MOHCTpaluei
NPUMEHEHUs] MeTolla K Mpe/BapUTeNbHONH 00paboTke
OKCIEPUMEHTAIBHBIX JTaHHBIX W3 cTathu [8], rTae

oOcyknaeTcss  siBIIeHHE  «OBICTPOrO»  OXJIAXKACHHS
TUIA3MBI B cTeniaparope LHD,
http://www.lhd.nifs.ac.jp/en

WcXOmHBIMH ~ JQHHBIMH  SIBISAIOTCS  rpaduxu

3aBUCHMOCTEHN TEMIIEPATYPHI TIa3MbI OT PACCTOSHHESA (0)
IO IEHTpa TOPOWAAIBHOW KaMepsl B pasIHIHBIC
MoMeHThI BpemenH (1), Puc. 2.

a5

Ro=0.02
Ro=0.19
«Ro=0.28
+ *RO=0.36
¢ *R0=0.43
R Ro=058
of e mit 8 v + RO=0.64
P e w8 © . «RO=0.7

1‘-‘-

10— T T ~ T
2800 2.805 2810 2.815 2.820

Pucynok 2 TemmepaTypa Ha pa3HbIX PACCTOSHUSIX OT
[IEHTpa TOpOMaaIbHON Kamepsl T(pot), [8]

MuoxxecTBoM K 9KCIICPUMCHTAILHBIX JAaHHBIX O

TeMmepatype, cM. (2), sBisieTcss Habop map MHIEKCOB ip,
i, 3HAYCHMH pACCTOSHHMSA H MOMCHTOB BpPEMCHH.
PazmennM MHOXECTBO M3MEpEHHI TeMIepaTypsl Ha 8
YacTew, OIpeIeIIIEMBbIX 3HAYCHUAMHU p
(ropm3oHTamBHEIE TPYNIBl TOuek Ha Puc. 2). s
MepeKpecTHON BepupHUKay OyHeM HCIOIb30BaTh 6
MHOXecTB (cM. (7)):

Ki=1ii.):i el )i, =2:7. (15)

i p



Kpaitnme 3nauenns (01=0.02 wu po=1) B
MIEPEeKPECTHOM OLICHWBAaHWM HE YUYUTHIBAIHCH, T. K. B
9TOW  3ajade BaKHA  HMHTEPIOSIIMS  3HAYECHUH

TEMIIEpaTypHI IUIa3MBI.
Hwxe mnpuBeneH psx Mopeneil HaOIIOIaeMoro
sprieans Buma (1). OHM omiHMYarOTCA Jpyr OT Apyra
MIPENONIOKEHUSIMH O IIPOLIECCE PACIPOCTPAHEHHUSI TeIlIa
B IUIa3Me B opMe BTOpOH Ipynmbl cooTHomeHui (1).
Hens — BBIOpaTh MOJENb, KOTOpass Obl MaKCUMAaJbHO
TOYHO omuchiBaita QyHKIMIO T(pt) — 3aBHCHMOCTb
TeMIepaTyphl IUIa3MEHHOro Iydka oT p u t. MoxHo
OXKHIaTh, YTO TPH IPABUIBHBIX»  yTOYHEHHMSX
npeockazamenvids MOYHOCMb MOIEIUPOBaHUA (110
otkioHenno ¢yHkimu T(pt) oT 3HaueHuii Ha Puc. 2)
JIOJDKHA YAy4IIUThCS. Pe3ynpTaTel pacyeToB MO BCEM
MoOJesIM TnpuBeneHbl Hike B Tabmuue 1. ['padukn,
WJUTIOCTPUPYIOIIUE PACUEThl 110 MOJEIAM, JOCTYIHBI Ha
crpanutie http://distcomp.ru/~vladimirv/damdid2017.

3.1 Moaeas 1 (cniaiin-unrepnoasiuus 6e3 SvF)

[lycth y Hac HeT HHUKAaKHX TPEIIONIOKEHUH O
(u3MYEeCKNX MPUYMHAX HAOII0AaeMOoro siBjieHus. bynem
uckath GpyHkuuio T(p,t), MpoXomsIyro yepe3 Bce TOUKH
UCIIOJIb3yeMOro Habopa W3MEpEeHHH H  UMEIOIIYI0
MHUHUMAaJIbHYIO KPUBU3HY B cMbiciie Qopmynbl (4), a
TOYHOCTb  OIpPENENATh IHPOLEAYPOH IMEPEKPECTHOU
BepuduKanyu Ha noaMHokectBax (15). dopmanbHO
9TOT HPHEM COOTBETCTBYET ciy4ato, —0, Puc. 1b.

Ilonyunnu 3ajmady craiH-uHTepnomsuuu. Ilpu
JOCTaTOYHO «HEOOPEMEHHUTETbHBIX) IIPEAIOIOKEHHAX O
pacIlONOXKEHUN  Y3]I0B HMHTEPHONSALMU €€ pelIeHUe
CyIIECTBYET U €AUHCTBEHHO [13].

3.2 Moaeas 2 (CniaiiH-annpokcuManus)

He umes, xak u Bblllle, HUKAKUX MPEAIIONOKEHUN O
«pusuke» sBiaeHus, npuMeHuM Meron SVF, koraa
byaxnus M(X,y,z) ToxmecTBeHHO paBHa Hyto (cM. (1) u
Puc. 1b, cau3y). Dta 3aqa4a sBIsIeTCS 3a0a4eil CIuTaiH-
anMpoKCUMAIIMHU ¢ BBIOOpOM IHiTpada 3a HerJIaAKOCTh Ha
OCHOBE IIEPEKPECTHOro oneHnBanus. Kak u mis Mopenu
1, e€ pemenue cymecTByeT H eaWHCTBeHHO [13].
Hecmorps Ha TO, 4TO MOCTpOEHHas (YHKLUS
TEeMIIEpaTyphl yXKe He NPOXOAUT 4epe3 Y3JIbl, OLEeHKa
TOYHOCTH 3aMETHO yaydummiack (cMm. Taoum. 1).

33 Mopeas 3 (Merox SvF wu mpocroe
nuddepeHuaIbLHOE YPABHEHHE)
[Ipeamonoxxum,  9TO  TpoOIECC  OMKCHIBAETCA

MpoCTeUIUM AU PepeHIIaTbHBIM YpaBHEHHEM:

)=o) 1s)
ot

31mech HEM3BECTHBIMH SIBISIIOTCS Be GyHKIMH T(ot) u
(pt) or nByx mepemeHHbIX. ITosTOMy B cxeme SVF
TPOBOJIMTCS ONTUMHU3ALIMS 110 YeThIpeM K03 PHIIeHTaM
mrpada «3a HETJIAOKOCTh» 00enX QYHKIWHA: frp, fri H
P, Prr. TIOCKONBKY JUTS HEM3BECTHOM QyHKIMH /(o)1)
mpaBoii wactu auddepenmumansHoro ypasHenus (16),
HET DOKCIEPHUMEHTAJBHBIX JaHHBIX, TO OCHOBHOM
KOMITPOMHUCCHBIN «KpHUTEpHID» (5) HMeeT BU
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AT C o) 7 )} Bros Bris Bops B K) =
Ae (T () K+ A (TC ), By Bre )+ 17)
As (7). B )

CpaBHeHHE ¢ Tpenpiayne moaenbo (cMm. Tabm. 1)
HE BBIIBWJIO MPUHITUNIHATHHBIX U3MCHCHUH.

3.4 Moaean 4 (Meton SvF u temuiopasi nuddysus)

3neck MperonaraeTcs, YTo pacupocTpaHeHHe Teria
OIMUCHIBACTCS  KJIACCHUECKUM  TU(QepeHINATHHBIM
YpaBHCHHEM TEIUIOBOH TUPQPY3UN B IUWIHHIAPHYCCKH
CUMMETPHYIHOM cpene (kak TIPUOITVKECHIH
TOPOUIANFHON KaMephl) C 3apaHee HEU3BECTHBIM
K03 (PUIIMEHTOM «TETIONPOBOTHOCTID .

V=2 p D) Tlo)| 9

rae To(p) — byHKIHS TeMIepaTypsl IydKa B HAuaabHBIH
MOMEHT BpEMEHH MpeAronaraeTcs U3BecTHO. B Takoi
nocraHoBke kpurepuii (5) nmeer Buxa (17), HO, Kpome
ko3hpuumentoB LFrp , P, Prp U Pu, MUHAMHU3ALU
IIPOBOAMTCS €lle 110 IEPEMEHHOM . PesynbTarhl

MOJCIIUPOBAHUA IMOKa3bIBaIoT, qTO yY4eT TOJIBKO
muddy3nonHoro  uieHa  (0e3  JIONMOJIHUTEIBHOTO
((HCTO‘IHHK&») HE SIBJISACTCA ylla‘-IHLIM : TOYHOCTbH

MOJCIIUPOBAHNA MAaAacT.

3.5 Moaeas 5 (Meton SvF, TtemuoBass nugpdys3us un
«HEU3BECTHbI HCTOYHHMKY)

[IpenmonoxxuM, d4YTO Hapsny C  «MEIJICHHOW»
TerIoBoM nuddysueil B mia3me ACHCTBYET HEKOTOPBIH
JIOTIOJIHUTENbHBIA MEXaHU3M IIEpEHOCa TeIlla, KOTOPBIN
B crexayroteit hopmyne obo3naueH S(p,t):

6;(p,t)=zpgp(p;(T(p,t)—To(p))j+S(p,t). (19)

3neck GyHKIMS KpuTepus (5) UMeeT B, aHAJIOTHYHBIH
(17), HO 3aBUCHT OT 4YeThipeX F-KO3(D(DULHMEHTOB IS

byuxumii T(po,t) u S(pt):
AT 0 SC0 Brps Bros Bops Bo K )=
“AL(T () K)+ AT B B )+ (20)
+Ag(SC0), Bsps B)

B wutore onpenensrorest kodpduitueHts frp, fry, fsp H
Sst, 1 KO3 UIHMEHT «Ter1onpoBogHOCTHY . TOYHOCTH
MOJIETUPOBaHMUA 3aMeTHO Bo3pocna (Tabm. 1).

3.6 CpaBHeHMe pe3y1bTATOB PacueTOB

Kak yxe Obuto OOBSBIEHO, PE3YyIbTaThl PacdeTOB
ceenensl B Tabmumy 1. ['paduueckme wu3o0paskeHUS
MIOCTPOCHHBIX 3aBHUCUMOCTEHl OT p W t mpuBeneHH! Ha
pucynkax B http://distcomp.ru/~vladimirv/damdid2017.

3aMeTHM, 4TO TEpexo]l OT IMPOCTHIX» CIIAWHOB K
Oonee cofiepKaTeIbHBIM MOIEIAM 24 man
HE3HAYNTEIbHOE YITYYIIEHHE TOYHOCTH IIEPEKPECTHOH
npoBepku. Ho pacuer no Mozgenu 5 aan MHOrokpaTtHoe
yIydqlIeHWe TOoKa3aTeldeld TOYHOCTH, T. €. BBIICICHHUE
HEN3BECTHOTO «HCTOYHHMKa» (TIEPEHOCYMKA TEIIOBOH



SHEPTHHN) SBIJISETCS, TI0-BUANMOMY, BEPHBIM YTOUHEHHUEM
Monenu. llpuBeneHHBII mpuMep  JEMOHCTPUPYET
MIPUMEHEHHE METOAA JUIsl KOJIMYECTBEHHOW IPOBEPKH
«KauecTBa» PA3IMYHBIX MaTEMAaTUYECKUX MOJAENEH Ha
nMeronieMcst Habope SKCIIEPUMEHTAIBHBIX TaHHBIX.

Tabauna 1 Pe3ynbTaTel MOIEIUPOBAHUS

ITorpemHocTb
Monens Kpocc- AnnpoxcuManum,
Banupanuu, % CKO?, %
14 11.94 0
2 9.25 3.55
3 9.19 3.55
4 10.00 8.53
5 (=0.21) 1.85 0.59

4 B03MOKHOCTH MPOrPaAMMHOI peau3anuu
B cpene Everest

[Ipennaraemas MeTOAMKa OCHOBaHAa Ha pELICHUU
3aa4 MaTeMaTH4YeCKOro nporpaMmupoBanus. [ns ee
MIPaKTHYECKOTO MIPUMEHEHHUS HYXeH Habop
MPOrPaMMHBIX ~HWHCTPYMEHTOB Juisl: 1)  onumcaHus
yKa3aHHbBIX 33/1a4; 2) GOpMHUPOBAHHS CTPYKTYp JIaHHBIX,
COOTBETCTBYIOIIUX OTACIBHBIM OJOK3EMIUIApaAM TaKUX
3a7a4; 3) OTIPaBKU ATHX JAHHBIX MaKeTaM YHCJIEHHBIX
METONOB (pemiarensiM), ISl TOUCKA pelieHus;, 4)
00paboTKHU pe3ysIbTaToB paboThHI perareneii, Harpumep,
JUI M3MEHEHWH Merozna pacueroB. CloxuBIIAsCS
IMpakThuKa MPUMEHCHUA OINTUMU3AINOHHBIX MO)Ie.TICﬁ
npeiycMaTpUBaeT JBa Crocoda opraHu3aluy pacueToB.

IIepBrlii, «<HU3KOYPOBHEBBIN», HA OCHOBE OTKPBITOI'O
nporpammuoro uHrepdeiica (APl) pemarens s
HEKOTOporo si3pika mporpammupoBanus (C/C++, CH#,
Java, Python u 1. 1.). I[ToaroroBka AaHHBIX IS OTIIPABKH
pemarento U 00pabOTKa pe3yJIbTaTOB MPOM3BOASATCS
00b14HO Ha s13b1ke API peratens. Takoii moaxomn, XoTs u

MOXET IIPUBECTH K CO3/IaHHIO
BBICOKOIIPOU3BOUTENBLHOM CHCTEMBI pacyeros,
SBJIAETCS  JOCTATOYHO TPYNOEMKHM W TpedyeT
MIPUBJICUYEHUS BBICOKOKBAJTU(DUIIMPOBAHHBIX

nporpaMmucToB. Kpome TOro, M3MeHEHUs] B CXeMe
pacyeToB WIN CTPYKTYpE MPUMEHSEMOH
ONTHMH3ALOHHOW MOZENN TPeOYIOT MepenHChIBAHUS
3HAYUTENbHBIX ()ParMEeHTOB IIPOrPaMMHOIO KOAA.

Bropoii, «BBICOKOYpOBHEBBIN», IOAXOM UCIONb3YET
anrebpanyeckre (mexapaTHBHEIE) SI3BIKA
ONTHUMHU3AIIOHHOIO MOJAEJNUPOBAHUA, YTO TOPa3io
ymoOHee, 0COOEHHO UISI MOWCKOBBIX HCCIICIOBAHUM.
Passutre Takux s3eikoB (AML, Algebraic Modelling
Language — B aHTTIOA3BIYHON JTUTEPATYPE) BEACTCS YiKe
6omee 30 mer. Jlo Hacrosmiero BpeMEHH HamOoiee
nonyispasiMu siBisitotess AMPL, GAMS. OcHoBHBIME
cocraBistromuvu AML-cucteM sBisroTCS: COOCTBEHHO
SI3BIK  JUIA  OMHCAHUS ONTHMH3AIMOHHBIX MOJETEH,
CpeIcTBa aBTOMATHYECKOro IU(PQPEepeHINPOBAHUS H
YHU(DUIIUPOBAHHEIA HWHTEp(ENC B3aUMOICHUCTBHUS C
MTaKEeTaMH.

AML-s3bIKH  TIO3BOJISIFOT  3aIFICATh COOTHOIICHHUS
ONTHUMHM3AIMOHHBIX 3a7a4 (MapaMeTpsl, TEepPEeMEHHbIE,

CpeaHeKBa)]paTHque OTKJIOHCHHEC
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EJIEBYIO GbyHKIMIO, OrpaHHYCHHUS, HHJICKCHI
napaMeTpoB, MEPEMEHHBIX M OIPaHUYCHUH U T. IL.),
pasienuB «CHMBOJIBHOE ONMHCaHHe» 3afadyd  (T. H.
MoOenvbHoe npedcmaeieHue) U «KOHKPETHBIC JTaHHBICH
(HaOOpPBI MH/ICKCOB, 3HAYEHHUS YHCIIOBBIX [TAPAMETPOB H
T. .). CUMBOJIBHAas MOIETIb U KOHKPETHbIC JaHHBIC,
NpEJCTaBICHHbIE OOBIYHO TEKCTOBBIMH  (hailnamu,
00pabaThIBarOTCS  CHEIHMalIbHBIM TpaHcisITopoM. Ha
BBIXOJIC — CIICNUAJIbHAS CTPYKTYpa AaHHBIX B BHIC T. H.
cra0-¢aitna (Stub, B Tepmunomoruun AMPL), roroBoro
JUIsL TIepellaull PelIaTensiM, COBMECTHMBIM C SI3BIKOM
MozenupoBanus. JlIs HeJTMHEHHBIX 3aqa4 cTal TaKKe
COJICP)KUT TMpAaBHJIA BBIMUCICHHS MEPBBIX M BTOPBIX
MPOM3BOMHBIX BCeX (DYHKIHMHA 3a1a4l MATEMAaTHIECKOTO
OporpaMMHpoBaHus. ECITH YKMCICHHBIH METOI HAXOMUT

peleHue, TO AML-coBmecTUMBII pemaTenb
Bo3Bpamaer (aifn, comepkamuii 3HaYEHHSA BCeX
«IpSMBIX» W JIBOWCTBEHHBIX IEPEMEHHBIX 3aJauu

(muOXwMTene# Jlarpamka mpu orpaHudeHusx). Popmar
9TOro (haiia COOTBETCTBYIOT CTAaHIAPTY NPUMEHSIEMOTr0
AML, u AML-TpaHCciaTop MOXKET €ro HIMIOPTHPOBATh.

Taxke 9TH  SA3BIKM  TO3BOJIIIOT  ONHMCHIBATH
CII0KHOCOCTaBHBIE ClIeHapUH pacueroB 1o
ONTUMU3AIMOHHBIM MOJCIIAM: COACPKAIINUE YCIOBHBIC
MepeXoMbl, IMKIBI, TUHAMHAYECKOEC (OPMHUPOBAHHE
HOBBIX 3aJlad Ha OCHOBE pPE3YJIbTATOB PCHICHUA
NpeibIayIInX, Co3anine HabopoB 3aay JUIsl Pa3In4HBIX
HaOOpOB 3HAUEHWI MapaMeTpoB W T. M. SIBISAACH TIO
Ha3HAYCHUIO A3bIKAMU MPOrpaMMHUpPOBAaHUSA BbICOKOI'O
ypoHsi, AMPL u GAMS He oTBewaroT TpeOOBaHHSM,
HpeNbsIBISEMbIM Jla)Ke K MPOLEAYPHBIM s3bIKaM (Hazxo
HMMETh BBHUILY «IIOYTEHHBIN Bo3pacT» s3b1koB, AMPL u
GAMS nosiBunucsk B koHie 1970-x rogor). Hanpumep, B
HHX HET IIOHATUS  MNpoUenypbl-QyHKINH,  BCe
nepeMeHHble (KpoMe BHYTPEHHHUX WHJIEKCOB LIUKJIOB HIIH
OIIEPaTOPOB KUTEPHPOBAHMD)) ABIAIOTCS IT00ATBHBIMH
UT. IL

B cBs131 ¢ 3THM GONBIIION HHTEPEC BHI3BIBACT CUCTEMA
ONTHMH3AIMOHHOT0 Mozenuposanus Pyomo (PYthon
Optimization Modeling Objects) [2] http://pyomo.org,
OCHOBaHHas Ha MIOYJIIPHOM 00BEKTHO-
OPHEHTHPOBAHHOM S3bIKE MporpammupoBanust Python
(Pyomo mpezacrasiser co0oii  CrENHATH3MPOBAHHBIN
Python-maker). Yersipe roma et Hasamg Pyomo cran
COBMECTHMEBIM co ctanaapTomM AMPL. Oto npowusomnio
Omaromapst Tomy, uto aBropel AMPL 12 ner Hazan
«packpsuiny» BHyTpeHHIH popmaT AMPL-cTaba.

[Ipuanun pacdyeroB B cucreme Pyomo moBTOpsieT
cxemy npumeneHus szpika AMPL: momens (B dopme
Habopa Python-o6bekTOB) BMecTe C  HMCXOIHBIMH
manaeiME  (mubo B Bume Python-o6bexroB, 1160 B
dopmare daitnoB ¢ ganaeiMu  AMPL-¢opmarte)
npeobpasytorcst B AMPL-cTab, nepenaBaemsiii AMPL-
pewarento. Paiin ¢ pelIEHMEM MOXHO CUYUTATh
CIeNMaNbHOW  Tporenypod makera Pyomo, mis
o(hopMIIeHNS pe3ynbTaTa W/WiIH MOATOTOBKH MCXOMHBIX
JTAHHBIX HOBBIX 3a7a4 MaTEeMaTHIeCcKOro
MpOrpaMMHPOBAHUSL.

CruraifH-MHTEPIIOISIIHS



4.1 Ceenenus o miaatpopme Everest

Pa3paboTka TporpaMMHOro  oOOecreueHus s
cozfaHus cucteM Ha ocHoBe REST-cepBucoB BemyTcs B
HalleM KOJUIEKTHUBE OKOJIO IecTH JeT. [lepBoHavanbHas
W mocienywomas crabmwibHas Bepcuun [10  wMenu
na3sanue MathCloud, mathcloud.org. Tlocnennue tpu
roga BeJach aKTHBHas paboTra IO Mmepexony Ha HOBYIO
BEPCHIO TIPOrPaMMHOI0 MHCTpYMEHTapusl, T. H. Everest
[6, 7], http://everest.distcomp.org.

[Iporpammublid HHCTpyMeHTapuii Everest seisiercs
CHCTEMOM C OTKPBITHIM KOJIOM, CBOOOTHO JIOCTYITHBIM Ha
nomyssipaoM moprane gitlab.com. Cemantuka Everest
0azupyercs Ha CIEAYIOUeH HepapXUH MOHSITHI:

o [Ipunoocenue Everest — REST-cepuc c¢ REST-
unrepdeiicom B ¢opmare JSON; npuoxenue
Everest, BooO11ie roBOpsi, ABISCTCS aOCTPaKIMEH, IS
KOTOpPOW HE BBIJICNICHO HHKAKOTO PEabHOro
BBIUMCIIUTEIFHOIO — pecypca (ero  BBIOOp |
MOMAKJTIOYECHHE TIPOUCXO/ISIT HEMOCPEACTBEHHO Mepe
BBI30BOM);

o  Buiuucaumenvuwiti  pecypc Everest — peanbHOe
BBIYHCIIUTENBHOE YCTPOHCTBO MM HHPPACTPYKTYpa
(cepBep, Kiactep, rpui, 00JaKo), TIe MPOU3BOIUTCS
00paboTka naHHbIX Everest-npuinoxeHusMu;

e Acenm Oocmyna K 6bIMUCIUMENbHLIM PeCcypcam
Everest — mporpammusiii momyns (Ha Python),
obecrieyrBaOIIHi OIKIIOUEHHE pecypca K CucTeMe
Everest (HekoTOpbIe OCHOBHBIC THIIBI PECYPCOB
npesictaBieHsl Ha Puc. 3);

e cepgep Everest (xoHTeiHep NPUIOKEHUH) —
LEHTPAJIbHBIH cepBep JUTS: COXPaHEHUs
JECKPUIITOPOB BCEX NPUIIOKEHUH; pErucTpanuu
NONb30BaTelNell; yNpaBiIeHUs NpaBaMH JAOCTyHa K
CO3JJAHHBIM TIPUJIOKEHUSIM; YIIPABICHUE OYepEIsIMU
3aJJaHNM;

e BeO-uHTepdeiic paboTel ¢ cepBepom Everest,
BKJIIOYAIOIIMN CPENCTBA CO3LAHUSI IPUIIOKEHHH,
3aIrycKa U KOHTPOJIA 32 XOJIOM BBIIIOJTHEHHMS 3aJaHUi.

T ™ 5-NgIab. comieverestipython-ap!
N\ i TIPS » 250N
e o M

https:ligitlab.comieverast/server &

https:/igitlab.com/everestiagent -
il x
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PucyHnok 3 ApXUTeKTypa IpOrpaMMHOTO
uHCTpyMeHTapus Everest

[epeuncamm psg ocoberHOCTElH EVerest, BaxHBIX C
TOYKM 3PEHUs] TPAKTUYECKOrO pa3BEPTHIBAHUS U
MIPUMEHEHHS CHCTEM ONTHMH3AINOHHOT O
MOJETUPOBAHUS B PaCHpEAEICHHOW BBIYUCIUTENBHON

nHppacTpykType.
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1. ABTOp TNPWIOKEHUS MOXET «HE3aMETHO» IS
TI0JIB30BATENEH MOBHIIATE/ TIOHMKATH BEIYUCIUTENBHYIO
«MOIITHOCTB» TIPHIIOKEHHH (CEPBHUCOB), N3MEHUB CIHCOK
pecypcoB ((pakTHUYECKH areHTOB JOCTyIa K pecypcam),
ACCOLIMMPOBAHHBIX  C  JIaHHBIM  TIPHJIOKEHHEM.
Hampumep, ecnm  koMmruiekT — pemareneil  Oyner
YCTaHOBJICH HAa HOBOM BBIYHCIIUTEIHHOM CEpBEPE BMECTE
c areHtom Everest, To mpousBomurensHOCTH Everest-

OPWIOKSHUsT JUIA  pelIeHHs 3aqady  ONTUMHU3AIUH
TIOBBICUTCSL.
2. [Mnatdopma Everest npearaer

YHU(ULIMPOBAaHHEIN MporpaMMHBIN uHTEpdetic (Everest
Python  API), gitlab.com/everest/python-api. On
MO3BOJIACT ~ KIMEHTCKMM ~ MoAyidsM Ha  Python
B3aMMOJICHCTBOBAaTh ¢ cepBuUcamu Everest mo monenu
ACHMHXPOHHBIX  BBI30BOB  YJAJIEHHBIX OOBEKTOB W
MPOrpaMMHPOBATh BBIUHCITUTENbHbIE CIICHapHH
KOOPAMHUPOBAHHOW 00pa0OTKM JaHHBIX HECKOJIBKUMHU
npwioxenusiMu  Everest.  Tlpm >ToM He3aBHCUMBIE

3aJlaHuA 6y]1yT BBITIOJIHATBHCA OTHOBPEMECHHO
HCCKOJIbBKUMH MPUITOKECHUAMU (I/IJ'II/I OJJHUM
MNpUI0KEHUEM, HO Ha Pas3sHbIX BbIYUCIUTCIIbHBIX

pecypcax, MOAKIIOYEHHBIX K JTOMY TPHIOXKEHHUIO).
3ajaua OaJaHCHPOBKM  BBIYMCIHUTENBHONW HAarpy3Ku
MEXAy pecypcaMu BO3JIoXeHa Ha cepBep Everest.

3. Tloacucrema OaaHCHPOBKH BBIYHACIUTEILHON
Harpysku YIpaBJIIET BBINOJTHEHUEM 3aJaHUH,
pacnpeneias uxX MEXAy BbIYUCIUTCIBHBIMU peCypCaMu,
HNOAKIIFOYCHHBIMHU K OAHOMY TMPUII0KCHUIO.
[Tonb3oBartens MOXKET HE 3HATh, KAKHE MIMEHHO PECYpPCHI
0o0pabaTpIBalOT €ro JaHHBIE. OJTa  IOACHUCTEMa
IOCTOSHHO  COBEPIIEHCTBYETCS  pa3pabOTYMKaMH
Everest, B vacTHOCTH, O’KMIaeTCs BO3MOKHOCTb BBIOOpa
pa3NNYHBIX TOJNUTUK PAacIpeAciICHUs 3aJaHuil MEXay
pecypcami.

4. Cucrtema KOHTPOJNS JOCTYMa K HPUWIOKEHHSIM H
3alUTHI JaHHBIX B EVerest ucrosnb3yer 1Be TEXHONOTUH:
3aIlMIIEHHbII O0OMeH MJaHHBIMH Mexny Everest-
cepBepoM W areHTamu mo mportokony HTTPS/SSH;
CrelaIbHble «BPEMEHHBIE» KIFOYM, T.H. TOKEHBI,
BBIJABAEMbIC  3aPETUCTPUPOBAHHBIM  I10JIL30BATEISIM
Everest ¢ orpannueHHBIM CpOKOM neicTBUS (7 HHEH).
[IpenbsBienne TOKEHOB 00sA3aTeNbHO M AT pabOTHI C
BeO-MHTEepQericoM cepBepa, U IPH BHI30BE NPHIIOKEHHIA
yepe3 Everest API.

4.2 CepBHC ONTUMHU3ALUHA

BazoBEIM cepBHCOM pelleHus 3a1ad ONTUMHU3AINH B
Everest sBmsiercst cepsuc solve-ampl-stub pemrerns
3a1aq MaTeMaTHYeCKOro pOrpaMMHUPOBAHU,
npenctaBneHHbix B Buge AMPL-cra0-gaitna [1],
MIAKETOM YHCIICHHBIX METOJOB (perraTeneM), yka3aHHbIM
npu obpamennn K  cepBucy. Ceiiuac  cepBuC
obecrieunBaeT YHUPUIMPOBAHHBIN JOCTYT K
CHENYIOIMM  TIakeTaM,  HO3BOJIIONIMM  pellaTh
OCHOBHBIE THITBI 3a1aq MaTEMaTHYECKOro
nporpammuposanust (LP/MILP/NLP/MINLP):

e Ipopt (Coin-OR Interior Point Optimizer, NLP),
https://projects.coin-or.org/Ipopt;

e CBC (Coin-OR Branch-and-Cut,
https://projects.coin-or.org/Chc;

LP, MILP),



e SCIP (Solving Constraint Integer Programs, LP,
MILP, MINLP (OGunuHeliHble HEBBIMYKIIBIE)),
http://scip.zib.de

e Bonmin (COIN-OR Basic Open-source Nonlinear
(convex) Mixed Integer programming, MINLP),
https://projects.coin-or.org/Bonmin

JlaHHBIM TIPUJIOKEHHEM MOYKHO IOJIb30BaTHCS Kak
yepe3 ero BeO-uHTep(eiic, Tak U 4epe3 MporpaMMHBIHI
unrepdeiic Everest Python API.

4.3 CpeneHnus 0 IporpaMMHoOii apxutektype Pyomo-
Everest

OcCHOBHBIM  TpeOOBaHHMEM K  CHCTEME  OBLIO:
00€CeYnTh  BO3MOXKHOCTH  BBIMIOMHEHHS  JIFOOBIX
nporpamm (CIieHapueB pacuyetoB) Ha s3bike Python c
ucrionbp3oBaHueM nakera Pyomo u AMPL-coBMecTHMBIX
pemareneii B cpene CEpBUCOB onTuMmu3anuu Everest,
BO3MOXKHO, IIOCJIE€ HEKOTOpOW MOAM(UKALNH CaMOM
IPOrpaMMBI COIVIACHO OINPEASICHHOMY Ha0Opy IpaBHIL.
OOmmmit TIPUHIUI padoTsI PyomoEverest
(https://github.com/ distcomp/pyomo-everest)
aHaJOrMueH pa3pabOTaHHOW HaMU paHee CUCTeMe
AMPLXx [5].

PyomoEverest cocrouT u3 1Byx 31eMeHTOB: 1) MOTYIIst
Ha Python, xotopsiit mocpeacteom Everest Python API
obecreunBaeT B3auMoieiictere ¢ cepercom solve-ampl-
Stub (cM. BeIme); 2) mynna BBIYMCIMTENBHBIX PECYPCOB,
MOAKITFOUEHHBIX K CepBHUCY solve-ampl-stub

HOCPEACTBOM areHToB JocTyma Everest.

from pyomo snviren import *
opt « Sohverfactery(popt) ¥ mebop peustens. .

' Javiena Python for [...]
| mo “mafisony™

FOr p o rangaF): F Poumenn woIIBASHRIE JNGYY |
o | PyomoEverest

¥ Fyomo enepamopsl noaroTonsa asas SubProbip)
reavopt sohve(ScbProb{pi)

¥ ONIPATONM, MENSNK TYHime Pl |
3 A

n wmain paficnis ;:}.
from PyomeEverest import * ¥ nogprecesmn PyomoE verest

opt = SohverFactery(popt)
oploptions waem_shart_inil_point’je'yes’

¥ anbGop peustens. ..

wiiteipopOptions Flelopt optons)) £ 2anedh 0NU U e [UTE 0TI CONDEDoN
[_peots, symbMags) = {[1{} 2 GOy CNoNs ROLIAGIY H « CANDINOU
for p 0 angoiPl ¥ Nugrurvass AL cxalon 0 mx. Dassiewn
.. @ Pyomo onepatoged. NOOIOTOOKD aamix SubProbip]
pName = 'sp’ + stip) ¥ YN0 MR NORIANIW
_ smap_i = SubProbip] write| pName + “.n7, format=ProblomFormat nij; # sanucy ANPLcTalla
smap * SubProblp] sclutions symbel_mag{smap_s] A coxpannem TAteMLLY CoMRonOn
_probs agpend|pName) _symbMape append(smag)

poSaivel mtOIStubs|_p! ) LI
for (B n range{P}) { ¥ Ofpwioran prymasTon
with Readef actory{ResuttaF ormat.sal] 35 reader - res = meader] _probs[p]+” ssé” |
s _smap » _symbMape(p]
'

00 POUIHIG 3201 WS ORMONA

# NTOM BOTYNLTITON

SubPreb(p)

paTeR Y

e e e ew peleriu

Pucynok 4 Momuduxarus Python/Pyomo koma mo
«mabnony» PyomoEverest

TunoBoi#t mpuem «pacnapauienuBaHusy (parmenra
aJTOPUTMA  pacyeToB, 3amHMCaHHOrO Ha Pyomo,
npencraBieH Ha Puc. 4. BBepxy, B paMke, IIPHUBEICHBI
(bparMeHTHl Kona Ui BBIOOpa peliaTens W LUKIa for,
rae pemraercss HabOp HE3aBUCHUMBIX MOA3anad. BHu3y
HaXoJuTCsl  (PparMeHT MOAU(PHUIMPOBAHHOTO  KOJA.
[IpaBumo MOTU(HUKAIIMK B TOM, YTOOBI KAXNCOBIU YUK
for WM while HYXHO 3aMEHHTHb TpeMs TIpyINIaMu
OIepaTopoB:

1. muxn ¢opmupoBaHus Habopa mom3amad B Qopme
AMPL-cTabo0B;

2. TapajUleNnbHOE peIleHHe 3a1ad, IPEACTABICHHBIX
cBoMMHU  crab-¢aitnamu, npuiokeHneM —Everest
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(ceituac — solve-ampl-stub) ¢ moakTOYEHHBIM K HEMY
myrniom AMPL-coBMecTHMBIX perareneii;

3. UK 00pabOTKU Pe3yNbTATOB, TOCTABICHHBIX B BUJIC
Habopa (aitoB *.s0l ¢ pereHusMY Mo/3a1a4.

MonndunnpoBaHHbIi GpparMeHT IPUBEACH B HIDKHEH
paMke. 371ech BaKHO HCMonb3oBaHHe Python-kmacca
pyomo.core.base.SymbolMap. Dx3emruisip aToro kiacca
(ctpykTypa symbol_map) cosmaercst mpu 3amucu crab-
(haiina mon3azayn B NEpBOM IMKIIE, COXpaHseTcs (311ech
— B MaccuBe _SymbMaps) u mpuMeHseTcss BO BTOPOM
[MKJIE TPH YTEHUH pelieHuid w3 *.Sol-paitmoB s

KOPPEKTHOTO  COMOCTaBJEHUS  UX  COJEPKUMOTO
CTPYKTYpE€  COOTBETCTBYIOLIEH  ONTUMHU3ALMOHHOMN
noJ13a1ayumu.

3akJiloueHue

[IpuBeneHnHbIe PE3YNbTATHI MOJIEITUPOBAHUS
JUHAMUKYA ~ TeMIepaTypbl IUIa3Mbl  MOATBEPKAAIOT

3(h(HEeKTHBHOCTh TPEATIOKCHHOTO METOJa  «TJIAJIKON»
peryispusanuu s 00paObOTKH IKCIEPUMEHTATBHBIX
JTAaHHBIX.

[IpakTHyeckoe MpPUMEHEHHE METOAa OCHOBAHO Ha

«TepeKpecTHOW»  (B3aMMHOM)  BepudHKauum  —
IpOLEeAype ONpefereHus «IPOMYyLIEHHOW»  4acTH
OKCIICPUMECHTAJIbHBIX JaHHBIX o OCTaJIbHbIM

HU3MEPEHUsIM. DTO M3BECTHBIN OaleCOBCKUI MOAXOI K
«HACTpOWKe» MapaMeTPOB HEKOTOPOW perpeccuu Io
cratuctuyeckuM JaHHbIM [3, 4]. Ilockombky 371€ch
TpeOyercst pemiath HaOOpbl HE3aBUCHMBIX  3ajady
MaTeMaTUYeCKOro MNpOrpaMMHpPOBaHUs, TO paboTa
aqroputMa  MOXKET OBbITh  YCKOpEHa 3a  CueT
OTHOBPEMEHHOTO PELICHHS YKa3aHHBIX 3a7ad ITyJIOM
pemiarenei, YCTaHOBJEHHBIX B  paclpeAciICHHOU
BBIYMCIIUTEIBHOU Cpezie.

OTa BBIUMCITUTENbHAs CXEMa XapaKTepusyercs
MEPUOJIYECKUM PEIIEHHEM OTHOCHTENBHO HEOONBIIOr0
Habopa (HECATKH) HE3aBHUCUMBIX U OTHOCHUTEIHHO
CIIOKHBIX 3a7]ad MaTeMaTHYECKOTO MPOrpaMMHUPOBAHUA
(Bpems perieHHs KaXI0H COBPEMEHHBIM pelaTeleM Ha
COBPEMEHHOM cepBepe — He MeHee mapbl MUHYT). J[ist ee
peanu3aiii B PEXHME paclpeaeSeHHbIX BBIYHCICHUI
mpeiaraeTcss UCIOoNb30BaTh cucTteMy Pyomo-Everest.

Pemenne BCECX 3aga4 BBITIOJIHACTCA CEPBHUCOM
OIITUMH3alINH Everest, Ipu4yemM HE3aBHCHUMBIC
noazagayu  MOryr  pemiaTbCsa TIapauICJIbHO moa

yIpaBiIeHHEM CITyObI 0aTaHCHPOBKH BBIYHCIUTEIHHOMN
Harpy3ku Everest Ha pecypchl, MOAKIIOYEHHBIX K
CEepBUCY.

IIpennoxeHHpI MOAXOM YKa3bIBA€T NEPCHEKTUBHOE
HaTpaBJICHNE IPUMEHEHUS pacIpeeNieHHbIX CUCTEM Ha
OCHOBE BBICOKOYPOBHEBBIX CPEICTB ONTHMHU3ALHOHHOTO
MOJICITUPOBAHMSL.

DuUHAHCOBAA MOAAEPIKKA

Pabora monnep:kana Poccuiickum HaydHBIM (HOHIIOM
(rpanT Ne 16-11-10352).
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