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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),

15



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)

16



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)
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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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KOPOTKHX TEKCTOB K 00CYyK/1aeMbIM T€EMaM HA NIpUMepe
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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,
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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
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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).
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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": ">",
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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].
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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,
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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

50

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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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

61

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
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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.

1%
-3
54 |
o “ )
3 I
5 ‘
[
| -
O ‘ | '
‘l\ll‘ I \ "I \ N N oL \J
ol L LAl 1 d ! WALl ¥i '
-2017 -000m =000+ 2.000 S0 2000 00s2 Q0%
Bpems ornocnrensHo cpadarsiBanns, cex
10000
m o0
m
4
3
o
i
M 100
p
” -2.012 -0 000 -0 .00 0,000 0004 0000 Doz DOIs
Bpemsa ornocurensHo cpabarsisamnmns, cex
Pucynok 2 CoOsitHeE, CBSI3aHHOE c
B3amMofieiictBueM  getektopoB SPI ¢ myukom

aneKkTpoHoB MarHuTocepsl 3emmu. To ke, 4To Ha
Puc. 1

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.

Jluteparypa

[1]1 Minaev, P.Yu., Pozanenko, A.S., Molkov, S.V.,
Grebenev, S.A.: Catalog of Short Gamma-ray
Transients Detected in the SPI/INTEGRAL

71

[2]

(3]

[4]

[5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

Experiment. Astronomy Letters, 40, p. 235
(2014)

Gurevich, A.V., Milikh, G.M., Roussel-Dupre,
R.: Runaway Electron Mechanism of Air
Breakdown and Preconditioning During a
Thunderstorm. Physics Letters A, 165, pp. 463-
468 (1992)

Briggs, M.S., Xiong, S., Connaughton, V. et al.:
Terrestrial Gamma-ray Flashes in the Fermi Era:
Improved Observations and Analysis Methods. J.
of Geophysical Research (2013). doi:
10.1002/jgra.50205

Vedrenne, G., Roques, J.-P., Schonfelder, V. et
al.: SPI: The Spectrometer Aboard INTEGRAL.
Astronomy and Astrophysics, 411, L63-L70
(2003)

Winkler, C., Courvoisier, T. J.-L., Di Cocco, G.
et al.: The INTEGRAL Mission. Astronomy and
Astrophysics, 411, L1-L6 (2003)

Vedrenne, G., Roques, J.-P., Schonfelder, V. et
al.: SPI: The Spectrometer Aboard INTEGRAL.
Astronomy and Astrophysics, 411, L63-L70
(2003)

von Kienlin, A., Beckmann, V., Rau, A. et al.:
INTEGRAL Spectrometer SPI's GRB Detection
Capabilities. GRBs Detected Inside SPI's FoV
and with the Anticoincidence System ACS.
Astronomy and Astrophysics, 411, L299-L305
(2003)

Weidenspointner, G., Harris, M.J., Sturner, S. et
al.: MGGPOD: a Monte Carlo Suite for
Modeling Instrumental Line and Continuum
Backgrounds in Gamma-Ray Astronomy.
Astrophys. J. Suppl., 156 (69), astro-ph/0408399
(2005)

Chelovekov, 1.V., Grebenev, S.A.: Hard X-ray
Bursts Recorded by the IBIS Telescope of the
INTEGRAL  Observatory in  2003-2009.
Astronomy Letters. 37, p.597, arXiv:astro-
ph.HE/1108.2421 (2011)
IBAS IBIS/ISGRI triggers:
milano. inaf.it/

Hurley, K.: Masterlist, http://www.ssl.berkeley.
edu/ipn3/chronological.txt

Jean, P., von Ballmoos, P., Vedrenne, G,
Naya, J.E.: Performance of Advanced Ge-
spectrometer for Nuclear Astrophysics. Gamma-
Ray and Cosmic-Ray Detectors, Techniques, and
Missions. Ed. by B.D. Ramsey, T.A. Parnell.
Vol. 2806 of Society of Photo-Optical
Instrumentation Engineers (SPIE) Conference
Series, p. 457 (1996)

Munaes, ILIO., Ilosanenko, A.C., I'pebenes,
C.A., Monbkos, C.B.: Bo3MOXXHOCTH U OLIEHKH
HAOJIIO ICHHIA raMma-BCIUIECKOB 3€MHOI0
TIPOUCXOXKICHHSI (TGF) KOCMHUYECKOH
ob6cepraropueii INTEGRAL. (B meuyat)

Minaev, P.Yu., Grebenev, S.A., Pozanenko, A.S.
et al.. GRB 070912 — A gamma-ray Burst
Recorded from the Direction to the Galactic
Center. Astronomy Letters, 38, pp. 613 (2012)

http://ibas.iasf-


http://ibas.iasf-milano.inaf.it/
http://ibas.iasf-milano.inaf.it/

Pa3paboTka karajora uaeHTugurkanuu 1BoMHbIX 3B€371 |LB

© H.A. CxBop1ioB © JI.A. KanunudyeHko

OUILL «MudopmaTrka u ynpasieaue» PAH
Mocksa, Poccus
© A.B. KapueBckuit © I.A. KoBanesa © O.}0. Masnkos

HNucturyr actponomun PAH
Mocksa, Poccus

nskv@mail.ru leonidandk@gmail.com
geisterkirche@gmail.com dana@inasan.ru malkov@inasan.ru

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  