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10 HTesIeKTyaJIbHbIH aHAIN3 JAaHHBIX

O HacnepyemMocTu AMarHOCTUYECKUX 3aKJOHYEHUA nNpu
nonosiHeHMn oby4atoulein BbIGOPKN HOBbLIMU IMMUPUHECKUMMU
DaHHbIMU

3abesrcatino Muzraus Hearosur' x zabezhailo@yandex.ru

"Mocksa, Boranciurensusiii nearp um. A. A. JTopomuunsma OUIT 1Y PAH

B unremiexryanbnom ananuze ganubix  (MAJL), mo-BuammoMmy, IIOJABIIAIO-
mee OOJIBITUHCTBO TIOAXO/0B PEATN3yI0T TaK HA3BIBACMYIO UHMEPTOAAUUOHHO-
axempanoasyuonnyto(repmun FO.J. 2KypasiieBa) TeXHUKY HOPOXKIECHHS IMIUDPU-
Jecknx 3apucumocteil (93) mpu aHammse o0ydarolell BEIOOPKA M KJIACCUDUKAIIN
(mmarsocTrKe) HOBBIX mpereeHToB. OHAKO, B Dsijie IPAKTUIECKH 3HAUYNMBIX [PU-
JIoKeHutt (B MeIUIIMHCKON U TEXHUYECKOIT JIMArHOCTHKE, GOPHOE ¢ MOIEHHUYECTBOM B
dunancosoii cdepe, nabDOPMAIMOHHOI GE30IACHOCTH U JIP.) JAONOJHUTEIHHO HEOOX0-
JIIMO 00€ECHIeUUTDb HacAedYyeMocms (Yycmoliuusocms) HOPMUPYEMBIX UHTEPIIOJSIIUIT
[IPU TOMOJIHEHUH 00y JIAIOIIell BBIOOPKY HOBBIMU JIAHHBIMI. BaykKHast IPUYIHHA STOMY
— HEOOXOMMOCTh OPraHU30BaTh, ONUPAsICh HA PE3YJIbTAThl HHTEPIIOJISIIT, 3P dek-
TUBHBIE MepbI IPOTUBOIEACTBHSI TOCJIEICTBUSIM JUArHOCTUPYEMbIX 3 dekToB. Onun
U3 My Teil K ICKOMOi HacjIeyeMoCTH — (hOPMUPOBAHNE MHTEPIIOJISAIINN C BBIICICHIEM
npuwun (HaKTOPOB BIMAHUS), «BbIHYZKIAIOIIMX> BO3SHUKHOBEHUE [UATHOCTHDYEMO-
ro adpdekra. B aToM caydae HEOOXOIUMO MOPOXKIECHNE TAKUX WHTEPITOJISIITMOHHO-
srerpanoasauonabix (119) 3aBucuMocTeit, KOTOpble ONUCHIBAIN Obl IPUUUHHBIE Me-
XaHU3Mbl BOSHUKHOBEHUS 11e1eBOro 3 deKTa Ha Ipere/ieHTax «00ydarorneiis Bhioop-
KU, obecrieunBasl COXpaHeHne KOPPEKTHOCTH [TOCTPOEHHOTO OIHMCAHUS — «HacAedYye-
MOCTMb» ITUX D3, UX CIIOCOOHOCTH ATEKBATHO ONUCHIBATH AHAIUIUPYEMYIO TTPUIIH-
HOCTH — [P PACIIUPEHUN «00ydaromnieil» BHIOOPKHU HOBBIMU JIAHHBIMIU.

DopMupyst pe3yIbTATHBHBIE TIOAXO/IbI 3/IeCh HEOOXO/IMMO HE TOJIBKO YKA3aTh, KaK
UMEHHO WJIEHTH(DUIUPOBATE HH(POPMAIIHIIO 0, COOCTBEHHO, NPUYUHHOCITIY B OIIMCAHN-
SIX TPEIEeJIeHTOB, HO U YYUTBhIBAThH, UTO UCIOJIb3yeMble ID-cxeMbl aHam3a JaHHBIX
JIAJIEKO He BCErJia MO3BOJIAIOT «HACIEI0BAThY yKe CPOPMUPOBAHHYIO WHTEPITOJIAII-
OHHYIO «MOJIeJIby (cucTeMy D3, ... ) IPU PACIIUPEHUN 00y YaloNieii BLIOOPKHI HOBBIMU
JIAHHBIMU.

B [1-3 u ap.] npemioken BapuanT MareMaTndeckoii Texuuku AT, yiosiaeTsopsi-
IOIeil HA3BAHHBIM BBIIIIE YCJIOBHUSIM. Pedb Mier o0 Tak Ha3bIBAEMBIX XapaKTepUCTH-
yeckux dynxiuii (XD), no3BOIAIONMX OMUCLIBATH HAKAILIMBAEGMbIE B 00ydJaomieil
BBIOOPKE pUMephI (IIPENEeHThI, [e UICHTUMDUIMPOBAH AHAJIU3UDYEMbLil 1eJIeBOil
3¢ deKT) 1 KOHTpIpUMEpPSI (IIPereeHTsbl, Tie 1eaeBoro 3bdeKTa Her) JOrnIecKUME
yeaosusimu ChF (), KoTopble 00palnaioTest B UCTUHY Ha BeexX dakTax ¢, OLHUChIBa-
eMbIX MpUMepaMU, U JIOXKHBI Ha BceX (paKTaX (o, OMUCHIBAEMBIX KOHTPIIPUMEPAMU
reyiei 6aspl pakros FB (00yuaroreii BBIGOPKY IIPELEJIEHTOB ):

¥ [(p€FB) > (ChF(FB)|— ¢)|

Maremarmaeckast Texunka X®P mo3BosgeT (GOPMUPOBATH OTKPBITHIE TEOPUH, TJIe

BCe HAKOILJIEHHBIE Ha TeKyIuit MoMeHT hakThl B B MoryT OBITH Onncanbl Kak JIOTH-

Mesx qynapoaaas kougepernnus UOHWU-13. Poccust, r. MockBa, 8—11 nekabpst 2020 r.



VHTenekTyaabHbIil aHAJIN3 JTAHHBIX 11

YeCKUe CJIEJICTBUSI MHOYXKECTBA 0OPA3yIOIIUX TAKYIO0 TEOPUIO YTBepKAeHn. Ajropur-
MuKa nopoxienns X ocHoBaHa Ha aHAIM3E CXO/CTBA ONUCcaHUil IpereeHToB (dak-
tos B FB), dopmanmsyemoro kak ajrebpanteckasi ornepaiysi. 1Ipu 9ToM nocTysm-
PYeTcs, U4To CXOACTBA IPUMEPOB ((haKTOB HAIUYUL 1EIeBOr0 d(PdeKTa) MO3BOJISIOT
BBLJIEJIATh «IPUIMHHDBIE BIUSHUS», TPUBOJSINNE K TOABJICHUIO [eJeBOro adhdekra,
a OIMHUCAHUS KOHTPIPUMEPOB 00sI3aHbI HE COJECPIKATH TAKUX «IPUIUHHBIX BIUSTHUAN»
(Belb pe3ysbTaToOM <«IIPUIUHHOIO BJIUSHULA» JOJZKHO ObITh HAJIMYIME COOTBETCTBYIO-
mero abdexra, onHako, Ha KoHTpnpuMepax n3 Tekyieit FB ero uer). IIposepka
neocnapusaemocmuy, GOPMUPYEMbIX 3ak/rouenuii (B gannom ciaydae — ChF (), 1o-
poxgaembix u3 FB) opranuzoBana B paMKax apryMEHTAIMOHHON CXEMbL: CDABHU-
BAIOTCsl 10BOJABI 3A (IMUIIOTE3bI O «IIPUYUHHBIX BJIMSHUAX», OTPAXKAIOIIUE CXOJCTBA
upumepos B FB) u nosozpr [IPOTUB («BioKUMOCTb» TAKMX THIOTE3 B KOHTPIPU-
mepbl u3 FB).

Hauaroe B [1-3] 06CyzKIeHIEe CIOKHOCTHBIX XapaKTEPUCTUK MePeBGOPHBIX 3a/1ad,
BozuuKaomux upu popmuposarnu X®P (B T.49. - 9KCIOHEHIIUAIBLHO-OBICTPO pACTyIedt
«emroctu» MuoxkecrBa ChF () nopoxgaembix na FB xapakrepucrudeckux byHK-
nuit ChF'; nepedaucanTeIbHON TOTHOTHI Psijia TepebOPHBIX 3a/1a¢; TIOJTMHOMHUAJIBLHO
PA3pENMMOCTH 33/1a491 O Kay3aJbHOU penpeseHTaTuBHOCTH TeKyIeir FB — nemycro-
Te cooTBeTcTBYIONEro Muoxkecrsa ChF (¢ n ap.) MOKET GBITh IIPOJIOJIZKEHO AHAIN30M
nacaedyemocmu, (yemotivueocmu) D3 npu pacmupennn Tekyieil FB onucanusanvu
AFB HOBbIX IPUMEPOB U KOHTPIIPUMEPOB.

PacemarpuBarores fBe akTyaJbHbBIE 38JIa91, BOSHUKAIOIIIE TP TIEPEXOJIE OT Te-
kyteit 6aser pakroB FBy k ee pacmupennio FBy; = FB;UAFB:

1. Muoxkectso 93 (wactuuno-onpenenenabix ChF n3 ChF (FBy), no-onpeessieMbrx
Ha AFB 1pu nepexogie or FB; k FBj), 06mux s FBy u FBy, Beerna He mycro?

2. MoKHO Jin HaJIesiThCsl HA PEIIeHre 3aJa9d O BblaejeHun D3, HACJIEyeMbIX
upu nepexoge or ChF(FBq), no-onpenensembix na FB npu nepexone or FBy x
FB2, meroiiom «rpy6oit cuiibly (HOJIHBIM 11epebOPOM 2JIEMEHTOB COOTBETCTBYIOIIETO
muoxkecTBa ChF (FBq))?

OTpunaTe/IbHBI OTBET B IEPBOM CJiyudae (IIPUBOJAATCA COOTBETCTBYIONIHME KOHTP-
IPUMEpBI) JOIOJHEH [PUMEPAMU CUTYaIuil, KOrja CBOHCTBO kayzaavnol penpe-
senmamuenocmu FB1 npu uepexone k FBa (T.e. Helycrora coOTBETCTBYIOIIUX
muoxkectB X®P) macieiyercd, omHako, upu 3ToM Hacuemyembix u3 ChF (FByp)
B ChF(FB;) sumupnuecknx 3asucumocreii (r.e. ChF, «moctpanBaembix» B
ChF (FB2) us ChF(FB;) Her). [Ijst BTOpoii 3a71a41 Tak»Ke MOJIYIEeH OTPUIIATEN b
HBIIl OTBET: MPUBOJIUTCS ITpuMep MHOXKecTBa XD, 9KCIOHEHINAJIBHO OBICTPO PacTy-
[ero Mpu JUHEHHOM POCTe PasMepoB UCXOJHOI 0a3bl dhakToB. Bmecre ¢ Tem moka-
3aHO, YTO HEIyCcToTa MHOXKecTBa D3, HacaemayeMmbix mpu nepexoje ot FB; k FBg,
[IPOBEPSIETCsl TOJIMHOMHAIBLHO OBICTPO.

Pabora nojiepkana npoekToM «MarT. OCHOBBI MHTEJLI. aHAJM3a OOJIBIINX JIaH-
upix» IIXAB MI'V um. M.B.JIomonocosa u @onjga HTU (Hdorosop Ne 7/1251/2019
or 15.08.2019).

Mesxrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.
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[2] I'pywo A.A., Babesrcatino M.HU., Tumornuna E.E. O Kay3aJbHON pelnpe3eHTaTUBHOCTH
06yJaronmmx BLIOOPOK NPEIENEHTOB B 3aja49ax aAuarsocrndeckoro tuna. // Wudop. n
ee npumenenus., 2020. T. 14. Ne1. C. 80-86.

[3] Babeorcatino M.M. O6 oleHKax pasMepoB CeMeliCTB XapaKTepUCTHYeCKuX yHKIHMIA,

06€eCIIeIMBaONMX KOPPEKTHOE peIIeHrne 3ajad auarnocrudeckoro tuma // 2KBM n
M®., 2020. Ne12.
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To the heritability of diagnostic conclusions at extension of
training sample by new empirical data

Michael Zabezhailo'x m.zabezhailo@yandex.ru
'Moscow, FRCCSC of the Russian Academy of Sciences

Now to design empirical dependencies (ED) characterizing collected empirical data
evidently the majority of modern computer data analysis tools are implementing so-
called interpolation-extrapolation (IE) mathematical models (the term introduced by
academician Yu.l.Zhuravlev) to analyze training sample (TS) and to diagnose new
cases. However, basing on experience of some important applications (e.g. in medi-
cal or technical diagnostics, fraud protection in banking\finance, data security etc.)
it’s quite necessary to provide heritability of the designed interpolations when TS is
extended by new empirical data (case descriptions). This heritability is critically im-
portant to form effective control activities preventing possible negative consequences
of diagnosed effect\phenomenon. To design TS-interpolations basing on reliable de-
scription of causal reasons enforcing the effect under diagnosis\classification may be
one of the resultative solutions.

It’s natural to expect that extracted causal dependencies will be heritable (“sta-
ble”, preserving correct representation of causal reasons) with respect to extensions
of TS by new empirical data. E.g. it’'ll be strange to “treat” the same “disease”
(TS-extension by additional empirical case descriptions) changing the “goals” of the
counteraction\”treatment” every time receiving new empirical data about diagnosed
effect\ phenomenon.

So, exploring mathematical models, methods and algorithms to solve the dis-
cussed problems it’s necessary not only to explicate how (by what type of data
analysis tools) to identify causal reasons describing effect\phenomenon under diag-
nostics, but in addition to take into consideration that many IE-techniques, now
popular in Machine Learning and Artificial Intelligence, aren’t able to provide her-
itability of the designed TS-extrapolation when this TS is extended by new case
descriptions. No less important to be able to avoid artefacts of causality analysis
(e.g. overfitting etc.).

In [1-3] there were proposed one of the possible variants of mathematical tech-
nique providing intelligent data analysis following the above formulated require-
ments. This is a so-called Characteristic Function (ChF) formalism designed to
describe accumulated in TS-cases (combining examples — precedents of diagnosed
effect\phenomenon identification, and counter-examples — precedents where the ab-
sence of diagnosed effect\phenomenon is identified) by special functions of many-
valued logics. Every ChF () has truth-value “true” on every example ¢ from current
training sample FB and truth-value “false” for every counter-example ¢ from FB:

v [(v€FB) S (ChF(FB) - )]

The proposed mathematical ChF-technique is a tool to form open theory, where

collected in current FB facts\cases may be described as logical consequences of true
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14 Data mining

formulas\statements forming this theory. To design ChFs, it’s supposed that an-
alyzed effect\phenomenon is enforced by deterministic “causality”: at least some
enforcing “causality” factors are presented in descriptions of TS-cases (i.e. are rep-
resentable by the used knowledge representation language). There are analyzed
all significant combinations of such enforcing “causality” factors (corresponding to
fix points of the Galois closure formed by the similarity of analyzed cases descrip-
tions that is formalized as a binary algebraic operation). It is postulated that sim-
ilarities of examples represent “causal influences” enforcing existence of diagnosed
effect\phenomenon and, in addition, counter-examples must not “contain” these
“causal influence” factors. (Indeed, causal reasons must “enforce” diagnosed ef-
fect\phenomenon existence, but by definition counter-examples are cases where the
absence of the goal effect is identified). ChF’s (i.e. calculated EDs) falsifiability
checking is implemented by so-called argumentation scheme: arguments PRO (i.e.
hypotheses about “causal influences” represented by similarities of examples) are
compared to arguments CONTRA (“embeddability” of such hypotheses in counter-
examples from current FB). Falsified arguments are rejected.

Starting to discuss (see [1-3]) computational complexity of ChF-related combi-
natorial problems (e.g. exponential speed of growth of the number of ChF (FB)
elements; so-called # P-completeness of some related combinatorial problems; poly-
nomial complexity of the problem of current FB causal representativity — the set
ChF (FB) non-emptiness - checking, etc.), it’s natural to continue analyzing formed
ChFs heritability when initial FB is extended by new data AFB (examples and
counter-examples).

Two actual algorithmic problems characterizing transition from FB; (i.e. current
TS) to its extension FBa = FB1UAFB are under investigation:

1 Let Com_ChF (FB1,FB2) be the set of common (heritable) EDs for FB; and
FB; — partially-defined characteristic functions extended from FB; to FB5 by clari-
fication of their values on new cases from AFB. What about Com_ChF (FB1,FB;)
non-emptiness? Is it always non-empty?

2 Ts it possible to extract heritable (from FB; to FB2) empirical dependencies by
“brute force” method (i.e. by inspection of all “candidates” - characteristic functions
from ChF (FBq))?

Negative solution for the first algorithmic problem (some counter-examples are
demonstrated) may be added by examples of situations where causal representativity
(non-emptiness of the corresponding set of ChFs) is heritable from FB; to FBa2, but
the set Com_ChF (FB1,FB3)=0: there are no any “common” ChFs in ChF(FB;)
and ChF(FBs).

For the second algorithmic problem negative answer is demonstrated too. There
was designed an example of FB where the number of elements in the correspond-
ing set ChF(FB) demonstrates exponential speed of growth with respect to linear
growths of the number of cases in this FB. However, it is proved that non-emptiness
of Com_ChF (FB1,FB,) - the set of heritable ChFs - may be checked effectively

International Conference IDP-13. Russia, Moscow, December 8-11, 2020



Data mining 15

(i.e. there exist algorithm of polynomial complexity to solve this combinatorial

problem).

[1] Zabezhailo M. To the Complexity of Characteristic Function Sets Providing Correct Di-
agnostic Solutions // Proc. 19 All-Russian Conf. “Mathematical Methods for Pattern
Recognition” (MMPR~2019), 2019. Pp. 305-306.

[2] Grusho A., Zabezhailo M., Timonina E. On Causal Representativeness of Training Sam-
ples of Precedents in Diagnostic Type Tasks // Informatics and Applications, 2020.
Vol.14. No1. Pp.80-86.

[3] Zabezhailo M. On the Complexity of Characteristic Function Sets Providing Correct
Solutions for Diagnostic Type Tasks // Computational Mathematics and Mathematical
Physics, 2020. No 12.
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Buibop mogenen n ancambneii

Cmpuotcos Badum Burmoposun'?« strijov@phystech.edu
Adyenro Aaexcadp Aanexcandposur’ aduenko@phystech.edu
Baxrmees Oaee Opvesun' bakhteev@phystech.edu

Hcavenxo Pomar Baadumuposur

isa-ro@yandex.ru
I'paboesoti Andpeti Barepuesur'! grabovoy.av@phystech.edu
"Mocksa, MockoBCKHil (hH3HKO-TEeXHIUECKN HHCTUTYT

2Mocksa, Berauncmuremsusii nentp um. A.A. JTopogammnerma GULL Y PAH

Bajavua BIOOpa MOJIEIN MAIUHHOTO ODOYUYEHUs He sIBJISIeTCs] KOPPEKTHO IOCTABJIEH-
Hoii 3ajadeii o Ajramapy. Her rapanTuu, 4ro ajieKBaTHas MOJE/b IPUCYTCTBYET B
ceMelicTBe, U3 KOTOPOro MPOU3BOINUTCS BHIOOD, BHIOpAHHAA MOJETIL He €INHCTBEHHA,
OoJiee TOTO, TIPEAIIOIATACTCSI, ITO MOJETb NMEET N30OBLITOUHYIO CJIOKHOCTD, W IOJIY-
JaeMoe pelleHre HeyCTONINBO K nm3MeHeHusM. [ pernenust 3a/1a9u BeIOOpa aJIeK-
BATHOW MOJIE/IN, HEOOXOMMO BLICTABUTHL CEMEHCTBO THIIOTE3 TOPAYKEHUS JTAHHBIX:
[IPEJIITIOJIOXKEHNE O CTOXACTUIECKOI MPUPOJIe MOJIEINPYEMOro 00beKTa, U Ha3HATUTH
ceMeiicTBO Moiesieil, 3 KOTOPBIX Mpou3BoaAuTCsi Bbioop. OHO HE JIOJIKHO IIPOTUBOPE-
IUTH JeTEPMUHUPOBAHHON TPUPOIE MOJAEIUPYEMOTo 0bbekTa. Moaenb 3a1aeTcs cy-
reprio3unneit QyHKIUH-MIPUMATABOB. U TOOBI BHIOPATH MOIE/H, HEOOXOINMO YKa3aTh
Ha CTPYKTYPY CYHEPIO3UITUH, TIOJIYIaeMYIO C IIOMOIBIO (DYHKITNH-TTPUMUATHBOB. UTO-
OBbI CIeJaTh MPOTrHO3, HEOOXOAMMO HA3HAYMUTDH OINTUMAJILHBIC ITapaMeTpPhl, COTJIACHO
KPUTEPUIO KadecTBa Mojiesin. Moie/ib MaImuHHOrO 00y YeHus BBIOUPAETCs ONTUMI3a-
el 9eThIpex MEePEeMEeHHBIX. JTO MapaMeTpPhl MOJETN U UX PaclpeieseHne, CTPyK-
Typa MOJEIN U ee pacrupeenaerne. V3aMenenus TanubixX M0Ipa3yMeBaioT N3MEHEHUS
B CTPYKType Mojenn. s caokuoro Habopa JaHHBIX TPUXOIUTCA UMETD JeJI0 C aH-
cambJieM BBIOpAHHBIX Mojiesieit. [Ipeamoaraercs, 9To ancaMOIb 00bLEINHSIET PA3HBIE
MOJIEJIN, KOTOPbhIe aJeKBATHO OIUCHIBAIOT JaHHBbIE. B j10K/Ia/e OyIyT 06CyKIATHCS
MPUHITAIIEI BHIOOPA MOJIEIH M1 OTAEJIHHON MOIETN U /st aHcaMOJIst MOJIeIei.
Pa6ora Beinosinena upu nopiepxke PODU (npoexrer 19-07-01155, 19-07-00875)
u HTU (mpoekr 13/1251/2018).
[1] I'pabosoti A.B., Cmpuotcos B. B. Bpibop anpuopHOro pacupeijieHus JJis CMECH KC-
neproB // 2KypHasl BBIMUCIUTENBHON MaTEMATHKH U MaTeMaTndecKon cdhusukm, 2021.

T. 61. Ne5.
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Selection of models and ensembles

Vadim Strijov'*x strijov@phystech.edu
Alexandr Aduenko’ aduenko@phystech.edu
Oleg Bakhteev' bakhteev@phystech.edu
Roman Isachenko' isa-ro@yandex.ru
Andrey Grabovoy' grabovoy.av@phystech.edu

Moscow, Moscow Institute of Physics and Technology
2Moscow, FRCCSC of the Russian Academy of Sciences

According to Jacques Hadamard, the machine learning model selection is not a
well-posed problem. All tree items hold: there is no guarantee an adequate model
exists, the solution is not unique, the solution is not stable. To solve the model
selection problem, one has to declare a family of data generation hypotheses: as-
sumption about stochastic nature of the modelled object and a family of models:
assumptions of its deterministic nature. A model is declared by a superposition
of some elementary, or primitive, functions. To get a model, one shall point to a
structure of superposition and a set of primitive functions. These two form a class
of selected models. A model is a parametric family of functions. To make a fore-
cast, one has to assign optimal parameters according to a criterion of optimality
and following, a criterion of model quality. Four variables make a machine learning
model selected: the model parameters and their distribution, the model structure
and its distribution. Changes in data implies changes in the model structure. For a
complex data set one has to deal with an ensemble of selected models. An ensemble
is supposed to collect different models, which fit the data holistically. This talk will
discuss principles of model selection for a single model and for an ensemble.

This research was supported by RFBR (projects 19-07-01155, 19-07-00875) and
NTT (project 13/1251/2018).

[1] Grabovoy A. V. Strijov V. V. Prior distribution selection for a mixture of experts //

Computational Mathematics and Mathematical Physics, 2021. Vol. 61. No5.
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O kavecTBeHHOM NOBEAEHUUN KOMMOHEHT pa3siIoXKeHW’
KpuUTepureB KadecTBa peluatomnx pyHKLUMIA

Hedeavko Buxkmop Muxatinosuy nedelko@math.nsc.ru

MNucruryr maremarunku nm. C. JI. CoboseBa

IIpu BBIOOpPE ONTUMAJIBHON CJIOXKHOCTH METOJ@ MOCTPOEHUsI PEIIANnX (DyHK-
Uil BayXKHBIM MHCTPYMEHTOM SIBJISIETCS PA3JIOYKEHME KPUTEPHUs KadecTBa Ha KOM-
nonenTel. Haubosee u3secTHO pasiioxkenue Ha cmerienue u pasbpoc (bias-variance
decomposition).

IpussaTO canTaTh (M Ha IPAKTUKE ITO TAIlEe BCETO BHIOJIHSIETCSI ), UTO € POCTOM
CJIOZKHOCTH METOJIa KOMIIOHEHTa CMEIEHNsI MOHOTOHHO yOBIBAET, 8 KOMIIOHEHTa Pa3-
6poca — pacTér.

IIpoBenénnoe ucciemoBanme MOKA3bIBAECT, YTO B HEKOTOPBIX CJIyUasdX TAKOE I10-
BejieHre Hapylaercd. B pabore 1] moka3aHbl yTBEPKIEHHUSI O TOM, 4TO C POCTOM
CJIOZKHOCTH CMEII[EHIe MOXKET PACTH, a pa30poc — yMEHbIIATHCS.

Ha pucynke npusejieHbl 3aBUCHMOCTH CMEIeHNs 1 pa3bpoca 0T TJIyOUHBI JepeBa
pertenuii (mapamerp cjaoxkuocTn). Menonb3oBana KIacCHIecKas PeaTun3alys MEeTOI
u3 sklearn (DecisionTreeRegressor). B kadecTBe MOme/nn jjis TeHEPAIUU JIAHHBIX
B3dATa OJIHOMEDHAs JIMHEWHAas 3aBUCHUMOCTH, 00béM BbhiOOpKu pasen 300. Ha sesoii
ararpaMme IPUBEJIEH Pe3yIbTAT MPU HYJIEBOM IIIyMe, Ha IPABON — ¢ HOPMAJILHBIM
mymoMm (o = 0,02).

0.0035  — bias | 0-0030 ——- bias

0.0030 variance | 0025 44—t variance |

0.0025 v 0.0020 -3
\

\ .,
0.0020 N 0.0015 s
0.0015 17+ \
XY 0.0010 v
0.0010 v \

0.0005 — 0.0005 LT BT

0.0000 S S m 0.0000 .

max_depth max_depth

Puc. 1. 3aBucumoctu cMmernienns: 1 pa3dpoca oT TyyOUHBI jiepeBa.

Buaum, uTo B ofHOM Citytdae pas3bpOC Be3je yMEeHbIIAeTCs, & B IPYIrOM — BO3-
pacTaeT TOJBKO C HEKOTOPOI'O MOMEHTA.

Jannble GakThl CBUIETEILCTBYIOT O TOM, YTO PA3JIOZKEHUE Ha CMEIEHUE U Pa3-
6poc, IO-BHIUMOMY, HE MOXKET CUHTATHCS BIOJTIHE JOCTATOYHBIM O0bICHECHIEM Kade-
CTBEHHOI'O TIOBEJICHUs KPUBOil 00y9eHns (3aBHCHMOCTI KaIeCTBa OT CJIOXKHOCTH).

Cy1miecTByeT TakKe JIPyroe pas3jioKeHHe: Ha MepPy aJIeKBATHOCTH U Mepy yCTOii-
qusoctu (I. C. JI6os, H.T. Crapuesa, 1989). KOMIIOHEHTBI JAHHOTO PA3JIOXKEHUSI sIB-
JISIFOTCSL 3aBEIOMO MOHOTOHHBIMHU. OJIHAKO, JaHHOE PA3JIOXKEHUE TAKXKe UMeeT HeJ0-
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CTaTKH, B YACTHOCTHU, €CTb CJIOKHOCTH C OIpeJeJIeHneM Mepbl aJ[eKBATHOCTHU JIJIsT
METO/IOB, COJIEPXKAIUX PETYISPUIAIIIO TT0 00bEMY BHIOOPKH.

AKTyaJbHBIM IIPEJICTABIISIETCS MCCIEOBAHNE BOIIPOCA, B KAKOH Mepe U B KaKHUX
CIIy9asx CMeIeHNe MOXKET UCIOJIb30BaThCA B KAYECTBE OICHKHU MEPHI a/[eKBATHOCTH.
B pamrax sroro mamnpasiieHus B paboTe MCCIEIyeTCsl CXOACTBO U PA3IUINE YIIOMsi-
HYTBIX PA3JIOZKCHUMN.

Pabora nmomaepxana rpaarom PODU Ne18-07-00600-a.

[1] Nedel’ko V. M. On Decompositions of Decision Function Quality Measure // N3zBecTust

Wpkyrckoro rocymapcrsennoro yausepcurera. Cepust Maremaruka, 2020. T. 33. C. 64—
79.
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On the Shape of Components of Decompositions of Quality
Criteria for Decision Functions

Victor Nedel’ko nedelko@math.nsc.ru

Sobolev Institute of Mathematics

When choosing the optimal complexity of the method for constructing decision
functions, an important tool is to decompose the quality criterion into components.
The bias-variance decomposition is the most well-known one.

It is generally assumed that with increasing complexity of the method, the bias
component monotonically decreases, and the variance component — increases. The
study shows that in some cases this behavior is violated. In [1] we have proved the
statements that with increasing complexity, the bias can grow, and the variance can
decrease.

These facts indicate that the bias-variance decomposition, apparently, can not
be considered a sufficient explanation for the qualitative behavior of the learning
curve (the dependence of quality on complexity).

Another approach (G.S. Lbov, N.G. Startseva, 1989) is a decomposition into a
measure of adequacy and a measure of statistical stability (robustness). The idea
of the approach is to decompose the prediction error into approximation error and
statistical error.

It is relevant to study the question to what extent and in what cases bias can
be used as an estimate of the adequacy measure. In this direction, we study the
similarity and distinctions of the above-mentioned decompositions.

This research is funded by RFBR, grant 18-07-00600.

[1] Nedel’ko V. On Decompositions of Decision Function Quality Measure // The Bulletin

of Irkutsk State University. Series Mathematics, 2020. Vol. 33. Pp. 64-79.
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MNccnepoBaHne 3aBncnmocTu kadyecrtBa knaccudmkaunmm ot
BbIOOpa 4aCTUYHbIX NOPSIAKOB HAa MHOXXECTBaX 3HAYEHU
NPU3HaKoB

1
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3Mocksa, 000 «dumexcs

PaccmarpuBaercs ojiHa m3 MEHTPAIbHBIX 33J1a9 MAITUHHOTO OOyYeHUsS — 3aj1a-
Ja KJaccuUKAIMN Ha OCHOBE IIPEIe/IeHTOB. [[Jis permreHns 9TOi 3aa49u yCIemHo
MPUMEHSETCST alapaTr JIOTHIeCKOro aHaan3a JaHHbIX. OCHOBHBIM MTPEUMYIIECTBOM
[IOXO/Ia SBJISIETCS BO3MOYKHOCTH IIOJIyYEHHs PE3YJIbTaTa IIPU OTCYTCTBUM JOIIOJTHU-
TEJILHBIX MIPE/IIOIOKEHUI BEPOATHOCTHOI'O XapaKTepa U IPU HeOOJIBIIOM YUCJIe TIPe-
[IEJICHTOB.

[Tpukramuble 3a1a9n He BCEra MOTYT OBITH OIMCAHBI B PAMKAX KJIACCHIECKON
[TOCTAHOBKU JIOTMYIECKOI KJIACCU(DUKAINY, KO OT/IEIbHbIE 3HAYCHHUS [eJI0UNCIEH-
HOTO IPU3HAKA CPABHUBAIOTCSI C UCIIOJIb30BAHNEM OTHOIIIeHNsI paBeHcTBa. B 1] mpes-
JIO’KEHA CXeMa CHHTE3a KOPPEKTHBIX JIOIMYEeCKUX AJIOPUTMOB KJIACCU(MUKAIUN TIPU
YCJIOBHH, ITO HA MHOYKECTBAaX 3HAYEHUIl IPU3HAKOB 3a/[aHbl KOHEUYHDBIE TaCTUTHBIC
opsAIKY; 0OOOIEHBI DA30BbIe MOHSITHS, UCIOJIb3YEeMbIE TIPU MOCTPOEHUN KJIACCHIE-
CKUX MOJIEJIEN JIOTUIeCKUX KIaCCU(PUKATOPOB, U IPUBEIEHBI YCIOBUS KOPPEKTHOCTH
[IOCTPOEHHBIX MOJIeJIeli 0DIIero BHIA.

B macrosimeit pabore ¢ Tesbio YIydIieHns] Ka9eCcTBa KJIACCHMUKAIMA U TTOBbI-
IIIEHNsT CKOPOCTH ODYU€HHsT PACCMOTPEHA 3a/ada [IOCTPOCHUST CTOXACTUIECKIX KOM-
nosunuii Kiaaccudukaropos, npeiokennbix B [1]. Cuemyer ormerurs, 9ro o0yde-
HU€ JIOTMIECKOr0 KJacCU(pUKATOpa HaJl MPOU3BEJICHUEM YACTHUIHBIX MTOPSIKOB II0
cyTu GJIM3KO K 00y YEeHUIO KJIaCCHIeCKOro (KOPPEKTHOIO) PEIIAIONIEro jepesa. B Tom
U JIPYTOM CJIydae MPOMCXOMIUT pa3bueHne IPU3HAKOBOI'O IIPOCTPAHCTBA HA IIPAMO-
YTOJBHBIE 00JIACTH, CofepKaIiue 00bEeKThI TOJIBKO 0JIHOTO Kiacca. I[Ipu arom perrra-
OIIee JIEPEBO CTPOUT CBOE pa3bUeHne «XKaJHBIM» CIIOCODOM, & JIOTUYeCKUil KJIacCu-
duKaTOp I8 MOCTPOCHUs PAa30NEHUS PEMIAeT CJIOKHYIO B BBIUYUCIUTEHLHOM ILTAHE
3a/1a9y JAyasIn3aliui HaJ| IPOU3BEeIeHIeM YaCTHIHBIX TOPAIKOB. [IpoBeeno skcmepn-
MEHTaJIbHOEe CPaBHEHNE MTOCTPOEHHBIX Ha 6a3e OyCcTWHTa M OITMHTA CTOXACTUIECKUX
KOMITO3UITUH JIOTHIECKUX KJIACCH(DUKATOPOB C AHAJOIMYHBIMU KOMIIO3UIIUSAMU Pe-
MIAIOIINX JIEPEBBEB, YCIENTHO UCIOIL3YEMBIMI IIPU PEINEeHUN ITPAKTHIECKUX 3a/1at,
a UMEHHO, O3TTHHTOM HaJI JAePEBbsIMU, CJIyYalHBIM JIECOM 1 OyCTHHIOM HAJI JIePEBbsi-
M.

IIpu mpoBeieHnH KCIIEPUMEHTOB B MCXOIHBIE ONMMCAHNsST O0BEKTOB ObLIN 100aB-
JIEHBI IIPU3HAKHU C OOPATHBIM OTHOIIIEHUEM ITOPsAJIKa. Takoe mpeobpaszoBaHue IpU3HA-
KOBOT'O IIPOCTPAHCTBA TapaHTUPYET KOPPEKTHOCTH PACCMATPUBAEMON MOJIEJIN JIOTH-
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TeCKOTO KJIacCupUKATOpa, Oa3UpYyIONEiicss Ha MMOCTPOEHNN Ha ITAIle O0YIEHU «KOP-
PEKTHBIX 9JIEMEHTAPHBIX KJIACCU(PUKATOPOB». JKCIEPUMEHTHI HA PeasIbHbBIX 3a/1adax
[IOKa3aJ/Ii IPEUMYIIECTBO JAHHON MOJIE/IM JIOTUIEeCKOro Kjaccudukaropa Hall 63r-
TUHTOM HaJ J€PEBbsIMU U CJIyYalHBIM JIECOM B CJIy4dae HeDOJIBIIIOrO YUC/Ia TPEeIeIeH-
TOB OTHOCUTEJIFHO YUCJIa TPU3HAKOB. B 00paTHOil cuTyaruu Jiydinue pe3yibTaThl y
caydaitnoro jeca. BycTunr naj epeBbsiMi HEHAMHOTO IIPEB3O0IIET OyCTHHT HAJL dJIe-
MeHTapHBbIMHI Kiiaccudukaropamu. [logydennbie pe3ysibTaThl IO3BOJISIOT TOBOPHUTH
O TIEePCIIEKTUBHOCTH JIAJIbHENINero yCOBEPIIEHCTBOBAHNS CTOXACTUIECKUX MOJIeJIei
JIOTMIECKUX KJIACCU(PUKATOPOB.

Ha mpakTuke oTHOIIEHWE YaCTUIHOrO TOPSIKA HA MHOXKECTBE 3HAYCHUI ITPU-
3HaKa 9acTo He 337aércs. B paMKkax JTaHHOTO MCCIIEIOBAHUA C IEJIBIO TOBBIMIEHUS
Ka4uecTBa KJIACCHMUKAIINN PACCMOTPEHA 3a/1a1a BIOOpA Ha dTAIle IIPEIBAPUTETHHOTO
aHasu3a 00yJaronieil BBIOOPKU «XOPOIIIEroy» YacTUYHOI'O HOPS/IKA U JIJIs €€ PEIeH s
pa3paboTaHbl JIBe IPOIEIyPhl, IepBas W3 KOTOPBHIX OCHOBAHA HA «HE3ABUCHMOMY»
BBIOOpE YACTUYHBIX MMOPSIKOB, BTOPasi HA «COIJIACOBAHHOM» BBIOODE.

B mepBom ciygae jutst Kaxkoro kimacca K u s KayKI0ro MPU3HAKA T OIEHU-
BaeTcsd MHPOPMATUBHOCTH KaXK/Or0 3HAYEHUs [PU3HAKA X, KOTOPOE BCTPEYACTCH
B onmcanusx mnpereeaToB n3 K. Cuuraercs, 910 nHGOPMATHBHOCTH PACCMATPH-
BaeMOr'0 3HAYEHUsI TEM BBIIIE, YeM Yallle ITO 3HaJYeHHe BCTPEYaeTCsl B OIMHCAHUSIX
IIPETE/ICHTOB Kjacca K U 9eM peKe OHO BCTPEUAETCS B ONMUCAHUIX MPEIEIEHTOB U3
Ipyrux KjaaccoB. Ha MHOXKecTBe 3HAYUEHUI MPU3HAKA T YCTAHABINBACTCS JIMHEHHBII
ITOPSATOK COTVIACHO IOJIYY€HHBIM OlleHKaM. lIpesiaraemast Iporerypa mo3BOJIseT J10-
OUTHCH YIydIIeHns Ka4eCTBa KJACCU(MUKAIUMN 110 CPDABHEHUIO € KJIACCUIECKUM IO
XOJIOM, OJIHAKO MMeeT OYEBUJIHBII HeJ0CTATOK, KOTOPbBI 3aKJ/II0YaeTCs B TOM, UTO
JACTUYHBIN MOPSIJIOK HA MHOXKECTBe 3HAUYEHUl IPU3HAKA IOA0UPAETCs HE3aBUCUMO
OT BBIOOPA YACTUIHBIX MOPSJIKOB JJjIsl JIPYTUX [IPU3HAKOB.

B cityuae cornmacoBaHHOTO yHOPSI0YUBAHAS 33/[a49a [IOUCKA, YACTUIHOTO TTOPSIIKA
CBOIUTCA K ONTHUMHU3ANNU (DYHKIIMOHAIA SMINPAYECKOIO PHUCKA 110 MHOXKECTBY IIe-
PECTAHOBOYHBIX MATPHIL. 3a/1avda MOXKeT OBITh pelreHa MeTOJaMU I'PaMEeHTHOH OIl-
TUMHU3AIUN ¢ TPUMEHEeHeM ycedéHHoro oneparopa Cunxopsa. [Ipu sToMm B cirydae
kJaccudukaropa ¢ auddepeHmpyeMoii peraroreil pyHKIueil OnTUMI3AIS OCY-
IIIECTBJISIETCS OJJHOBPEMEHHO 110 ITapaMeTpaM PeIrarorieil yHKIINA U 110 TTapaMeTPaM
YACTUYIHOIO HOPSAIKA. B yKazaHHOM ciiydae ONMUCAHHBIN IOIXO/T MO3BOJISET ITO/I0N-
paTh ONTUMAJBHBIA C TOYKN 3peHns (YHKINOHAJIA IMIUPUIECKOTO PUCKA YACTHY-
HBIIl IIOPSJIOK COBMECTHO JIjIsi BCeX IPU3HAKOB U, KAK IOKA3BIBAIOT KCIIEPUMEHTHI
Ha peajIbHBIX JAHHBIX, IMEeeT IIPEeUMYIIEeCTBO [TepeJ] HE3aBUCUMBIM BHIOOPOM UaCTHY-
HOro nopsaka. OIHAKO JaHHAS IPOIEIyPa HE MOXKET ObITh HAIPSAMYIO IIPUMEHEHA
K ajroputMaM Kiaccudukanun ¢ neguddepennupyemoii pemaoreit byHKImei, K
KOTOPBIM OTHOCATCH M Jormdeckue Kiaccudukaropsl. [losTomy B sKcrnepumentax
UCIIOJIB30BAJICS YAaCTUYHBINA HOPSIIOK, IPEeIBAPUTEILHO MOy YeHHBIN IpUMEeHeHneM
BBIODAHHOI ONTUMU3AIMOHHON IIPOIEIyPhl K JIMHEHHOW pernatorieii ¢pyHknun. Pe-
3yJIBTATHl TECTUPOBAHUS TI0 KAYEeCTBY JIOTUIECKON KJIACCHMPUKAINNA IBYX PACCMOT-
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PEHHBIX TTPOTIEAYP BHIOOPA TACTHIHOTO MOPSIIKA CBUIETEILCTBYIOT O MIPENMYIIECTBE

HE3aBUCUMOTO BBIOOPA TIepeJ COrIaCOBAHHBIM BBIOOPOM.
Pabora gactuuno dpunancupoana rparrom PODU Ne19-01-00430.

[1] /hoxosa E. B., Macasxos I. O., Ipoxogves I1. A. O noruueckoM aHaJIU3e JAHHBIX C Ua-
CTUYHBIMYU MOPSIKAME B 3aJa4e Kiaaccudukanuu no npenegenram // ZKypnan Bbranc-
JINTEJILHON MareMaTuku u Maremarudeckoil dusukm, 2019. T.59. Ne9. C. 1605-1616.
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Investigation of the dependence of the supervised classification
quality on the choice of partial orders on feature values sets
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We consider one of the central machine learning problems — the supervised
classification problem. Methods of logical data analysis are successfully used to solve
this problem. The main advantage of the approach is the possibility of obtaining
a result without additional probabilistic assumptions and with a small number of
precedents.

Applied problems can’t always be described within the classical statement of log-
ical classification in which integer feature values are compared using simple equality
relation. In [1], a scheme for the synthesis of correct logical classification algorithms
is proposed, provided that finite partial orders are defined on the sets of feature
values; the basic concepts used in the construction of classical models of logical
classifiers are generalized, and the conditions for the correctness of the constructed
general type models are given.

In this paper, in order to improve the quality of classification and decrease the
learning time, we consider the problem of constructing stochastic compositions of
classifiers proposed in [1]. It should be noted that training a logical classifier over a
product of partial orders is essentially close to training a classical (correct) decision
tree. In both cases, the feature space is divided into rectangular areas containing
objects of only one class. The difference is that the decision tree constructs its
partition in a “greedy” way, and the logical classifier for constructing the partition
solves the computationally complex dualization problem over the product of partial
orders. An experimental comparison of stochastic compositions of logical classifiers
built on the basis of boosting and bagging with similar compositions of decision trees
is conducted. We mean such compositions as bagging over trees, random forest and
boosting over trees. They are successfully used for solving practical problems.

During the experiments, features with the reverse orders were added to the orig-
inal descriptions of objects. This transformation of the feature space guarantees
the correctness of the logical classifier model, which is based on the construction of
“correct elementary classifiers” at the training stage. Experiments on real tasks have
shown the advantage of this model of logical classifier over bagging over trees and
random forest in the case of a small number of precedents relative to the number
of features. In the reverse situation, random forest has the best results. Boosting
over trees is a little better than boosting over elementary classifiers. The obtained
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results allow us to speak about the prospects for further improvement of stochastic
models of logical classifiers.

In practice, the partial orders relation on the sets of feature values is often not
specified. In this study, in order to improve the quality of classification, the problem
of choosing a “good” partial order at the stage of preliminary analysis of the training
set is considered. Two procedures are developed for its solution, the first of which is
based on “independent” choice of partial orders, the second on “coordinated” choice.

In the first case, for each feature x the information content of each feature value
that is found in the descriptions of the precedents from class K is estimated. This is
done for each class K. It is considered that the informative content of the examined
value is the higher in K the more often this value is found in the descriptions of
precedents from class K and the less often it is found in the descriptions of precedents
from other classes. Then according to the obtained estimates, the linear order is
defined on the set of values of the feature x. The proposed procedure allows to
improve the quality of classification in comparison with the classical approach, but
it has an obvious drawback, which is that the partial order on the set of attribute
values is chosen independently of the choice of partial orders for other features.

In the case of coordinated ordering, searching for partial orders is reduced to
optimizing the empirical risk functional over the set of permutation matrices. The
problem can be solved by methods of gradient optimization with the use of truncated
Sinkhorn operator. In the case of a classifier with a differentiable decision function,
optimization is performed simultaneously for the parameters of the decision func-
tion and for parameters of the partial order. In this case, the described approach
allows to choice the optimal partial order from the point of view of the empirical
risk functional collectively for all features, and, as experiments on real data show,
it has an advantage over the independent choice of partial orders. However, this
procedure can’t be directly applied to classification algorithms with an undifferen-
tiable decision function, which also include logical classifiers. Therefore, we used
partial orders previously obtained in the experiments by applying the chosen opti-
mization procedure to a linear decision function. The results of testing the quality
of logical classification indicate the advantage of independent selection choice over
the consistent choice.

This research is partially funded by RFBR, grant 19-01-00430.

[1] Djukova E. V., Maslyakov G. O., Prokofyev P. A. On the Logical Analysis of Partially

Ordered Data in the Supervised Classification Problem // Computational Mathematics

and Mathematical Physics, 2019. Vol. 59. No9. Pp. 1542-1552.
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BoccraHosneHue rpacdos cynepno3uunii pyHKUniA B 3aga4de
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Pemaercst 3a71a9a CHMBOJILHOI perpeccuu Jijisi MOCTPOEHUsI MHTEPIPETUPYEMBIX
MoJIlesiel B 3aj1aue 00yUueHHsl ¢ yIuTeseM. B paccMaTpuBaeMoOM TIOJIXOJIE JIEPEBO pe-
IIIEHUs] BOCCTAHABJIUBACTCS U3 MPEJICKA3AHHON MATPHUIIBI CMEYKHOCTH JIJIsi BBIYUC-
JINTEIbHOTO Tpada Mojenn. PaccMaTpuBalOTCd HECKOJBKO METOJIOB BOCCTAHOBJIE-
Hust rpadoB cynepros3unuii hyHKIUH U3 X 3al1yMICHHOTO MATPUIHOTO OMCAHUS.
ITperaraemMblii 110/IX0/; K BOCCTAHOBJIEHHIO JIEPEBA DEIEHUsI OCHOBbIBaeTcs Ha (2 —
— &)-anmpokcuMupyomemM ajaropurme perrerns 3anaan PCST. BerancaurenbHbril
9KCIEPUMEHT M CPABHEHUE PA3JIMIHBIX TIOJIXO0B IIPOU3BOIUTCS Ha CUHTETHIECKUX
JIAHHBIX.

Pabora nognepxana rpanrom PO®U Ne 19-07-01155, Ne 19-07-00875 u HTU mpo-
exr Ne13/1251/2018
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Optimal superposition trees restoration in symbolic regression
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The symbolic regression problem is considered. Solutions to symbolic regression
problems tend to be easier to interpret and more effective. The symbolic regression
problem is solved via restoration of the superposition tree from the predicted adja-
cency matrix. The proposed approach is based on the search of minimum spanning
tree in weighted coloured graph.The restoration procedure is sensitive to noise in the
predicted matrix. This paper presents a novel approach based on Prize-Collecting
Steiner Tree (PCST) algorithm. The proposed algorithm is compared with existing
approaches to superposition trees restoration from noised adjacency matrix. Syn-
thetic data is used in the experimental setup.

This research is funded by RFBR, grants 19-07-01155, 19-07-00875 and NTI
project 13/1251/2018
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Tyua, Tynabcknit rocy1apCTBEHHBIN YHUBEPCUTET

Hawubomee pacmpocTpaHeHHBIM NTPEICTABUTE/SIMA TPDAHUIHBIX METOIOB OJIHO-
KJIaCCOBOII KitaccuduKaImu siBagioTcst MeTos ogHokiaccosoro SVM (anrut. One-class
SVM), npemnoxkennsiit B paborax [[Tonbkonda n Support Vector Data Description
(SVDD, meroz onmcanus JaHHBIX OIIOPHBIMU BEKTOPaMH), TIpeioxkennbiii 1. Takc-
om u P.JIprourom. CyTh EPBOTO COCTOUT B ITOCTPOEHUU IPAHUITBI, 0DECIIeINBAIOIIE
MaKCHMAJIbHBIN 330D MEXK/ 1y 00beKTaMu 00y JaroIeil COBOKYITHOCTH U HYJIEBOI TOY-
KOl TPU3HAKOBOI'O MPOCTPAHCTBA. VCmosb30BaHne MeToa MOTEHIMAIbHBIX (DYHK-
Ui TIO3BOJISET IIPU STOM CTPOUTL I'PAHUILY 3aJaHHOI CJI0KHOCTU. MOesbio omu-
CaHMs JAHHBIX BO BTOPOM METOJIe SABJIsieTcs Tuiiepcdepa, MpeIcTaBIsionas coboii
OJIMKAMIITYI0 BHEITHIOK I'PAHUILY BOKPYT IIEJIE€BOTO HabOpa JIaHHBIX. XOTs MO3/Hee
OBLIO MOKA3aHO, 9TO MPHU HCIOJb30BAHUN DPaJuasibHON OasucHoit dyuknun [aycca
(RBF) meroast SVDD u One-class SVM sksuBasentasr, SVDD nmMeer nHTYHTHBHO
boJtee TIOHATHYIO (DOPMYJIUPOBKY U T€OMETPUIECKYTIO HHTEepIpeTarnuio. Tem ne mMenee,
X0Ts 062 MeTo/1a UCIOJIb3YIOTCS I OOHAPYKEHNs aHOMAJIUI B JJAHHBIX M HETUIINY-
HBIX OOBEKTOB, HAJUYINE TAKUX OOBEKTOB CIOCOOHO CUJIBHO CMEIATh I'PAHUILY ITPH-
HsiTus perneruii. [1aBHOI TpoOIEMOll OIMCHIBAEMBIX BbIIIEe (DOPMYIUPOBOK 331491
OJTHOKJIACCOBON KJTacCU(DUKAIINN sIBJIAETCSI CEPbE3HOE JIOMYIIEHNE B UX MaTeMAaTHIe-
CKOIl ITOCTAHOBKE, CBA3AHHOE CO cTpaTerueil mrpadoBaHns HETHUIIMIHBIX 00HEKTOB.
Wcxonnas mocTaHOBKA 33,1291 HE SIBJISETCS T€OMETPUYECKH BEPHOIl, T.K. BEJINYNHA
mrpada JOIMyCTUMOrO BBIXOJa OOBEKTOB 0OydYarolneil BHIOOPKM 3a IIPEeJIe/ibl OIlH-
ChIBAOIEN rurepcdepsl sIBJISeTCsi HECOM3MEPUMON ¢ PacCTOsIHUEM JI0 €€ IEeHTpa B
ONTUMUBANMOHHON 3a/1a49e. [IpuBenennbie B Haleil paboTe IKCIePUMEHTAJIbHBIE UC-
CJIeZIOBAHUS TIOKA3AJIM, 9TO 9TO He CYIIECTBEHHO BJINAET Ha KAIeCTBO PAOOTHI METO/Ia
B CJIy4ae OTCYTCTBUs aHOMAJInii B 00ydaroiieil BbIOOPKE U IT03BOJIAET CUJIBHO YIIPO-
CTUTH PeIleHne MCXOJHOI 3a/iaur, HO B C/lydyae HAJIMYUS HETUIIUIHBIX OObEKTOB B
obydJaroneil COBOKYITHOCTH KadeCcTBO PpabOThl METO/a CUIIBLHO yXyamaercs. B padore
[1] upemaraercs noBas Bepcust Kpurepusa SVDD, mo3sosisiionas yCTpaHuTh TeoMeT-
pUYeCKHe HeCOOTBETCTBUsS IMTPadOB Ha BBIXOA 00BHEKTOB 00yUAaIoNmell BRIOOPKU 3a
IIpeJIesIbl ONUCHIBAIOIIEi Turepcdepbl U paccTosHue 110 e€ menTpa. IIpeamoxen Kpu-
TepUil ONTUMI3AINHN U er0 SKBUBaJIEHTHasd dpopMma. B pe3yibrare y/1ajao0ch MOIyIUTh
60J1e€ YCTONYINBOE PEITIAIOIIEe TPABHUIIO 110 OTHOIIEHHUIO K HAJMIAIO AaHOMAJIBHBIX 00b-
€KTOB, 9YeM IIPU TPAIUINOHHBIX MIOCTAHOBKAX, UTO MOJTBEPKIAETCSI PE3y/IbTaTaMU
MOJIEJIBHBIX 9KCIIEPUMEHTOB. I KOJITMYIECTBEHHON OIEHKHU YCTONIMBOCTU KJIACCH-
$UKATOPOB K HAJUINIO HETUIMMIHBIX O0HEKTOB B 00yTAIOIIeil BRIOOPKE TPETOXKEH
MeTOJ, OCHOBAHHBIIl Ha BbIYUCIEHNN Mepbl 2KKakKapa MeXKIy O0JIaCTAMM IIPUHATHS
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pelenns B MOJIb3Y TEeJIEBOTO KJIacca NP HAJUYIUH W OTCYTCTBUU HETHUIUIHBIX 00b-

€KTOB.
Pa6ora nmognepxkana rpantamMu PODIT Ne18-07-00942 u Ne 20-07-00441.

[1] JIapuw A. O.,Cepedun O. C.,Konviios A. B. MopnduiupoBaHHbI KpUTEPUH JJIsI OLH-
caHmsi TAHHBIX runepcdepoit ¢ yaerom HermnuaHbx 00bekToB // Ussectus Tynl'V,
Texunueckne nayku, 2020.
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A new version of one-class classification criterion robust to anomalies in the
training dataset is proposed based on support vector data description (SVDD). The
original formulation of the problem is not geometrically correct, since the value of
the penalty for the admissible escape of the training sample objects outside the
describing hypersphere is incommensurable with the distance to its center in the
optimization problem and the presence of outliers can greatly affect the decision
boundary. The proposed criterion is intended to eliminate this in-consistency. The
equivalent form of criterion without constraints lets us use a kernel-based approach
without transition to the dual form to make a flexible de-scription of the training
dataset. The substitution of the non-differentiable objective function by the smooth
one allows us to apply an algorithm of sequential optimizations to solve the problem.
We apply the Jaccard measure for a quantitative assessment of the robustness of
a decision rule to the presence of outliers. A comparative experimental study of
existing one-class methods shows the superiority of the proposed criterion in anomaly
detection.

This research is funded by RFBR, grants 18-07-00942 and 20-07-00441.

[1] Larin A., Seredin O., Kopylov A. Modified criterion for description of data with a hy-

persphere taking into account outliers // Izvestiya TulGU, 2020.
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Ppabora mocssimena 3ajiade 1€KOINPOBAHNS BPEMEHHBIX PsIJIOB B IIPOCTPAHCTBE
BBICOKO# pa3mepHocTu. [Ipobema 3ak/mi0ovaeTcss B U30BITOYHOCTH MCXOTHOTO OTIH-
caHMs JIaHHBIX. KpoMe TOro, paccMaTpuBaeTCss MHOIOMEDHBIN cjIydail, 1ejesas 1e-
peMeHHasl SIBJISIeTCs BEKTOPOM. KOMIIOHEHTHI I1e/IeBOii MepeMEeHHON sIBJISTFOTCS 3a-
BucuMbiMu. J[jisi ycTpaHeHUs W30BITOYHON KOPPEIANU B IIPU3HAKOBOM OIMCAHUII
O00BEKTOB HUCITOIB3YIOTCS METObI CHUYKEHUS PA3MEPHOCTU M BHIOOPA ITPU3HAKOB.

Perpeccust MeTozioM 9acTHBIX HauMeHbIHX KBajaparos (PLS) ucnonbsyerca B ka-
4JecTBe OA30BOI MOJIEIN JIJIsi CHUYKEHUs] PA3MEPHOCTH IIPOCTPaHCTBa. JlaHHas MOJIE/Ib
[IPOENUPYET BXOJHBIE OOBEKTHI U OTBETHI B CKPBITOE TPOCTPAHCTBO M MAKCUMU3UPY-
er KoBapuaruu Mexay mpoekimsvu. Coderanue 3aBUCUMOCTeH BXOJIHBIX 00bEKTOB
7 OTBETOB TO3BOJISET IOCTPOUTH YCTOWIUBYIO MOJIEIIb.

CHmzkenre pa3MepHOCTH He T003BOJISET TOCTPOUTH PA3PEKEHHYI0 MOJIesh. Pas-
DPEKEHHOCTD JIOCTUTAETCS IIyTeM BhIOOpa IIPU3HAKOB. BOJIBIIMHCTBO METOIOB BHIOODA
[IPU3HAKOB He UCIIOJIB3YIOT 3aBUCUMOCTH B IIPOCTPAHCTBe 0TBETOB. B pabore mpeiia-
raeTcsi HOBBIH MOJIXO K BBIOOPY NMPU3HAKOB B CJIydae MHOIOMEpHOI perpeccun. Jljs
ydeTa KOPPEJISIuil B MaTPUIE OTBETOB IpejjiaraeTcs OO0OIUTh UIEI0 AJTOPUTMA
BLIOOpA IIPU3HAKOB € MIOMOINBIO KBajparudHoro uporpamvupoBanus (QPFS). Au-
ropur™m QPFS Boibupaer HekoppenpoBanHble 00bEKTHI, KOTOPBIE PEJIEBAHTEI CTOJIO-
1aM MaTpuIlbl OTBETOB. lIpejjiaraeMble MeTOJbI HAaKJjia- JbIBAIOT Beca Ha CTOJIOIBI
MaTpuibl oTBeTOB. Mjest cocTouT B TOM, 4TOOBI OMITPadOBaTh KOPPEIUPOBAHHBIE
CTOJIOINBI M YMEHBINUTH WX BJIMSHAE HA BHIOOD MPU3HAKOB.

BoraucimresbHbIN 9KCIIEPUMEHT TTPOBOIUTCH HA PEAJHHOM HAOOPE JAHHBIX IJIeK-
rpokoprurorpamMm (KOT). IIpeioxkentbie ajropuTMbl CPABHUBAIOTCS 110 PABIIIY-
HBIM KPHUTEPUsIM, TAKUM KaK CTaOUJIHLHOCTb W TOYHOCTBH MPOrHO3a. AJTOPUTMBI 110-
Ka3bIBaIOT Pe3yJIbTaThl BbIe Da3z0Boro ajropurMa. CpaBHUBaeTCsS MOJIE/Ib JINHE-
HOI1 perpeccuu ¢ ucmosib3oBanneM QPFS ajropurma u Moesb perpeccun 9acTHBIX
HaMMEHBIMUX KBaJAparoB. Hammrydmuil pe3yabrar mocTuraeTcs KOMOWHAIINEH ajro-
purmo QPFS u PLS.

[1] Isachenko R.V. Strijov VV. Quadratic Programming Feature Selection for

Multicorrelated Signal Decoding with Partial Least Squares // Expert Systems

with Applications, 2020.
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The research investigates the problem of decoding for multi-dimensional time-
series. The challenge to build the model is redundancy in initial data description.
The features are highly correlated due to spatial nature of the data. It leads to re-
dundant measurements and instability of the final model. To overcome this problem
dimensionality reduction and feature selection methods are used.

The dimensionality reduction algorithms find the optimal combinations of the
initial features and use these combinations as the model features. Partial least
squares (PLS) is used as a base model. The algorithm projects the features and the
targets onto the joint latent space and maximizes the covariances between projected
vectors. It allows to save information about initial input and target matrices and
find their relations. The dimensionality of latent space is much less than the size of
initial data description. It leads to a stable linear model built on the small number
of features. For this model we obtain the linear model with small latent dimension.
However, the final model use the whole range of the initial features and it does not
allow to remove useless features.

Feature selection is a special case of dimensionality reduction when the latent
representation is a subset of initial data description. Here the model are built on
the subset of the features. One of the approach to feature selection is to maximize
feature relevances and minimize pairwise feature redundancy. Quadratic programmic
feature selection (QPFS) uses this approach to construct the optimization problem.

The experiments were carried out in the ECoG data from the NeuroTycho project
.We compared the proposed methods for multivariate feature selection with the
baseline strategy and with PLS algorithm. The stability of the proposed methods
were investigated. The proposed algorithms outperform the baseline algorithm with
the same number of features. The combination of the feature selection procedure
and the PLS algorithm gives the best performance.

[1] Isachenko R. V. Strijov V' V. Quadratic Programming Feature Selection for Multicorre-
lated Signal Decoding with Partial Least Squares // Expert Systems with Applications,

2020.
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Hu>xHss rpaHuua n n3bbITOYHOCTbL BEPOATHOCTU OLUMOKYN
knaccndukaumnm

Janze Muzaua Muzaiisosus'x lange_mm@ccas.ru
Iapamonos Cemern Baadumuposur' psvpobox@gmail.com

'Mocksa, ®enepanbueblii ncciaenosarensckuii nenrp «Mudopmaruka u ynpasnennes PAH

B pa6ore [1] BBeieHa dyHKIUS «B3auMHast THOOPMAIIUS—~BEPOSTHOCTD OIIHOKI»
R(e) nyist cXeMbl MHOIOKJIACCOBOI Kiaccuduraiuu 00beKTOB, CBA3aHHBIX ¢ MHOZKE-
CTBOM KJIACCOB CTOXACTHYECKNM KAaHAJOM HAOJIOAEeHUs. DTa (DYHKIUS HE 3aBUCUT
OT PEIAIOIIEero ajaropuTMa, MOHOTOHHO yObIBAECT U JIaeT HUKHIOIO I'DAHUILY BEPOSAT-
HOCTH OINIUOKY € NIPU CpejHeil B3anMHON nHpopMarmun R MexK 1y MHOXKECTBOM KJIac-
cudunupyeMbIXx 00bEKTOB M MHOXKECTBOM peleHuii 06 nx kiaccax. st pyHKIImm
R, nonydena HUKHsSIS TDAHUIA

R(e) 2 R(e) = I(X;Q) — h(€ — €min) — (€ — Emin) In(c — 1)

B 06J1aCTU 3HAYCHUT € i < € < Emax, e 1(X; Q) — cpeanss B3aumuas uxdopma-
IHsT MeZK Iy MHOYKECTBOM 00beKTOB X 1 MHOXKecTBOM Kiaccos 2 = {w;,i =1,..., ¢},
c>22 h(z)=—zn(z) — (1 —2)In(1 — 2), R(emin) = I(X;Q) 1 R(emax) = 0. IIpn
sagannoiil surporuu H () muoxecrsa ) ¢ anpuopubiMu BepogTHocTsMu P(w;), § =
=1,...,¢, BeJIUUHA &, OLpeessiercs ycaosHoit surponuein H(QX) = H(Q) —
—I(X;Q), a emax = (¢ — 1)min§_; P(w;).

B Hacrostineit paboTe JIEMOHCTPUPYETCsST BO3MOXKHOCTH TPUMEHEHWUsST I'DAHUIIbI
R(e) mua ouenuBanust U30BITOYHOCTH CPEJIHEH BEPOATHOCTH OMUOKH KJaccudu-
KaIluu 10 3afaHHoMy Habopy paspensaomux dymkumit G = {g,;(x), x € X,j =
=1,...,c}. Takue HyHKIUH JAIOT IPABIONOAO0ONS PEIIeHHIT w; € Q, j=1,...,cmo
IPeIbABISIEMOMY OOBEKTY X, IPUUEM PEIICHUe CIUTACTCA OMMUOOTHBIM, KOTA 1 7 J

Habop G mopoxaer ycJaoBHBIE PACIPEICTICHIA BEPOSTHOCTEH PeIeHuit

Q(wj|z) = ﬂ j=1,....c¥xeX},
{ > i1 9i(%)

KOTOPBIE JIAIOT CPEIHIOI B3AUMHYIO0 HH(MOPMAIIIIO

I6(X;0) = Y P(x ZQ w;|x) In (C(UJL))()

xeX

U CPEIHIOI0 BEPOATHOCTD OITHOKHI

=) Pk ZQ(wjlx) (1 - Plwy]x)),

xeX Jj=1
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rne P(x) = Y7 | P(w;)P(x|w;) u P(x|w;), i = 1,...,¢ — Ge3yCJOBHbIE U yCJIOB-
HbIe 110 KJIACCAM BEPOSITHOCTH 00beKTOB, a P(w;|x), j = 1,...,¢ — anocrepuopHbIe
BEPOSITHOCTU KJIACCOB.

Bemnuunnt I = I(X;Q) u Eq = Eq(X; ) 103B01s10T BBeCTH H3GHITOYHOCTE
rg = Fg — € cpefneil BeposgTHOCTH ONMOKYN F¢g OTHOCUTEIHHO TOTEHITUATBLHO BO3-
MOKHOI'O 3HaUeHHsi £ upu ycjiaouu, 9to R(e) = Ig. Haumenbiiyio u36broaHOCTD
obecreanBator GaitecoBckue pasiessone dbynknun, korga Q(w;|x) = P(w;|x). B
sToM catydae R(emin) = I[(X; Q) u Eg Hanbosee 6JM3KO K 3HAYEHUIO Epipy. Daliecon-
ckue pasjesisitorue MYHKIUYU JJisi OJIOKOB OObEKTOB MO3BOJISIIOT JOCTHYb HYJIEBO
U30BITOTHOCTH.

IIpemraraembrit oaxom gomyckaer ucrnoab3oBanne L > 1 ciaabbix nabopos pas-
nenstionux dbyuxmumit Gy, [ =1,..., L, naa koropeix I, < I(X;€Q) . Takue Habopsr
[IOPOXKIAI0T KOMIIO3UTHBIN HaboOp (pyHKIWMi G B BUje POU3BEIEHUI

L
9;)=][oix), i=1,....c
=1

crerneneil ciabbix pazjesnsiomux Gyuknnit upu s; = 1, 1 =1,..., L. YBenrudenne L
JIOJIZKHO TIPUBECTU K COMMKEHUIO XapakTepuctuk g u Eg xommosutHnoro nabopa c
HIKHEH rpasuieil R(emin) U, CJI60BATEIBHO, K YMEHBIIEHUO N30bITOTHOCTH 7' .

BayesNTCINTC2 CTC

p=1 s; = 1s; = —In Eg,
Is 13.148[2.089/2.015|3.011 3.126
E¢ 10.027|0.265/0.293]0.048 0.029
re 10.011(0.066/0.077|0.016 0.012
LBE|0.016/0.1990.216|0.032 0.017

p =2
1o 13.208(2.531|2.483|3.081 3.182
E¢ 10.004|0.186/0.202(0.030 0.008
re 10.002(0.077/0.084|0.013 0.004
LBE|0.002(0.109/0.118|0.017 0.004

BrImosiHEeHbI 9KCIIEPUMEHTBI ¢ PA3ACIISIONUMA (PYHKIMAMA SKCIOHEHITNATIHLHOTO
BuIa gj;(x) = exp (—v;;dP(x,%;;)) ¢ mapamerpom vj; > 0, rae dP(X,X; ;) — CTEIEHDb
mopaaKa p > 1 paccrogansa MeXK Iy oobekToM X € X 1 mpejicTaBuTesieM X ; € X j-
ro kmacca. Vccmenosansl 1Ba cabbIx HabOpa ¢ 9BPUCTHICCKIMMA OTICHKAMM Vj1, X,
HOCTPOEHHBIMU Ha OimzKaiimux npejacrasuresax kinaccoB NTC (Nearest Template-
based Collection, | = 1) aubo Ha BTOPBIX OIMMKANIINX MPEICTABATEIAX KJIACCOB
NTC2 (I = 2) x upeabapisieMoMy OOBEKTY. YKA3AHHBIE OINEHKHM BBIYUCJCHBI HA
obOydJarorux BeIOOpKax B pexkuMme «leave-one-out». B xommoszutubix mHabopax CTC

Mesx qynapognas kougepernnus UOHU-13. Poccust, r. Mockba, 8—11 nekabpst 2020 r.
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(Composite Template-based Collection) ucrosnb3zoBanbl crenenubie KO3GOUIUEHTDE
s;=1wnm s =—-Inkg, [ =1,2.

Pasnessitoriue pyuknym ¢ mapamerpoMm p = 1 u p = 2 npoTecTUPOBAHBI HA MHO-
JKecTBe m300parkenuit jiuir or ¢ = 25 mepcos, mo 40 n300parkeHnii B Kjraccax ¢ OJu-
HAKOBBIMU AIllPUOPHBIMU BePOATHOCTsIMA. [loTyIeHHbIe YrC/IeHHbIE XapAKTEPUCTHKI
npejcTaBieHbl B Tabauie. SHAYCHUST HUZKHEH TPAHUIBI JJI BEPOSTHOCTH OIMIMOKH
ykazaubl B crpokax LBE.

[TosryuyenHble YKMC/IEHHBIE XaPAKTEPUCTUKU JIEMOHCTPUPYIOT YMEHbIIIeHNe H30bI-
Tounoctu Ha Habopax CTC mo cpasuenuio ¢ nabopamu NTC u NTC2, npudem Jio-
rapudmMuIecKne KodpMUIMEHTH JAl0T XapaKTepUCTUKN, OJIn3KNe K 6aileCOBCKUM.
IIpemroxkenubIit OAXO/ AOIMYCKAET WCIIOIH30BAHUE MMAPAMETPUICCKUX DPA3IIEIIIIO-
X QYHKINH PA3JIMIHOTO BUJA, KOTJa allpPUOPHOE PacIIpe/iesieHne KJIacCoB U YCIOB-
HBIE 10 KJIACCaM PacCIpejieleHnsl 00beKTOB HEN3BECTHBI.

Pabora wactuuno nomiepxkana rpanramu POOU Ne 18-07-01231 u Ne 18-07-
01385.

[1] Lange M., Lange A., Paramonov S. On Data Classification Efficiency Based a Trade-
off Relation between Mutual Information and Error Probability // IEEE Proceedings

of the 6-th International Conference on Information Technology and Nanotechnology,
ITNT-2020, 2020.
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A lower bound and a redundancy of classification error probability

Mikhail Lange'x lange mm@ccas.ru
Semion Paramonov' psvpobox@gmail.com

"Moscow, Federal Research Center ” Computer Science and Control” of RAS

In [1], for a multiclass object classification scheme with a given probabilistic
observation channel, a "mutual information-error probability function” R(e) has
been defined. The function R(¢) is independent on any decision algorithm and due
to monotonic decreasing it yields a lower bound to the error probability e subject
to a given value R of the average mutual information in a set of the objects relative
to a set of the class-label decisions. For the function R(e), we have obtained the
following lower bound

R(e) > R(e) = I(X;Q) — h(e — €min) — (€ = €min) In(c — 1)

in a segment enin < € < Emax- Here, I(X;Q) is the average mutual information
between a set of the objects X and a set of the classes Q = {w;, i =1,...,¢}, ¢ > 2;
hz) = —zln(z) — (1 — 2)In(1 — 2); R(emin) = [(X;Q) and R(emax) = 0. Given
entropy H () of the set  with prior probabilities P(w;), ¢ = 1,...,¢, the value
of emin is determined by the conditional entropy H(Q|X) = H(Q) — I(X; Q) and
€max = (¢ — 1)min{_; P(w;).

The present paper shows a possibility of using the bound R(e) to calculate a
redundancy of the average classification error probability that is yielded by a given
collection of discriminant functions G = {g;(x), x € X,j = 1,...,c}. These func-
tions give the likelihood values for the possible decisions w; € Q, j=1,...,c about
a submitted object x and a decision is false when i # j.

The collection G produces the decision conditional probability distributions

Q(wj|z) = ﬂ j=1,...,c¥xeX}.
{ > ie1 9i(%)

Thus, these distributions yield the average mutual information

Y P ZQ i 2L

xeX

and the average error probability

c

= 3 P00 Y Qs (1~ Ples)).

xeX

Here, P(x) = Y7 ; P(w;)P(x|w;) and P(x|w;), i = 1,...,c are the unconditional
and class-conditional probabilities of the objects, and P(w;|x), j = 1,...,c are the
posterior probabilities of the classes.
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The values I = I5(X;Q) and Eg = Eg(X;Q) allow us to define a redundancy
rq = Eq — ¢ of the average error probability Eq relative to the potentially possible
value ¢ such that R(e) = Ig. For Q(w;|x) = P(w;|x), the Bayes discriminant
functions provide the minimal redundancy. In this case, R(emin) = I(X;Q) and
FE¢ is the most closed on e,;,. Moreover, the Bayes discriminant functions for the
blocks of the objects allow us to achieve the zero redundancy.

The proposed approach permits us to use L > 1 weak collections of the discrim-
inant functions Gy, I = 1,..., L that satisfy the condition I, < I(X;). So, the
weak collections yield a composite collection of the functions as the products

L
g;(x) :Hg;l’(x), j=1,...,¢c
=1

taken with the power weights s; > 1,1 =1,..., L. An increase of L should make the
composite characteristics I and E¢g closer to the lower bound R(eyi,) providing a
decrease of the redundancy rq.

BayesNTCINTC2 CTC

=1 s; =1ls; = —In Eg,
Io 3.1482.0892.0153.011 3.126
FE¢ 10.027(0.265/0.293|0.048 0.029
ra 10.011]0.066/0.077(0.016 0.012
LBE|0.016{0.199/0.216|0.032 0.017

=
I 13.208[2.531]2.483|3.081 3.182
FE¢ 10.004/0.186/0.202(0.030 0.008
ra 10.002(0.077/0.084(0.013 0.004
LBE|0.002{0.109/0.118|0.017 0.004

The simulated experiments with the exponential discriminant functions of the
form g;;(x) = exp (—v;dP(x,x;;)) have been performed. Here, d”(x,x;;) is a p-
power distance between a submitted object x € X and the jth class template x;; €
X, and v > 0 is a parameter. Two weak collections of the functions with the
heuristic estimates ;;, X; have been evaluated. In these collections, the functions
use the first or the second nearest templates in classes. So, these functions give
NTC (Nearest Template-based Collection, | = 1) and NTC2 (I = 2), respectively.
The templates and the appropriate estimates of the parameters are evaluated using
the leave-one-out procedure. The composite collection CTC (Composite Template-
based Collection) consists of the product functions with the power weights s; = 1 or
S| = 7111EG“ = 1,2.

The discriminant functions with the parameters p = 1 and p = 2 have been tested
in the set of face images taken from ¢ = 25 persons by 40 images in the classes of
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the same prior probabilities. The numerical characteristics are given in the following
table. The lower bound values of the error probability are shown in LBE lines.
The obtained numerical characteristics illustrate a decrease of the redundancy
for the composite discriminant functions CTC as against the weak functions NTC
and NTC2. Moreover, the logarithmic power weights yield the characteristics that
are sufficiently closed to the Bayes values. The proposed approach permits us to
use the different parametric discriminant functions when the class prior distribution
and the object class-conditional distributions are unknown.

The research is partially supported by RFBR, grants 18-07-01231 and 18-07-

01385.

[1] Lange M., Lange A., Paramonov S. On Data Classification Efficiency Based a Trade-
off Relation between Mutual Information and Error Probability // IEEE Proceedings
of the 6-th International Conference on Information Technology and Nanotechnology,
ITNT-2020, 2020.
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AHcambneBbIi KnacTepHbId aHaNN3 C UCNOJIb30BaHUEM
pa3HOPOAHOro TpaHcepHoro ody4eHus

Bepuxos Baadumup Bopucosuul'x berikov@math.nsc.ru

"Hosocubupck, Uucruryr maremarukn M. C.JI. Cobomesa CO PAH

B pabore [1] npejioxken MeTo aHCAMOJIEBOTO KJIACTEPHOTO AHAJIN3A, WCIOJb-
gyromuii TpancdepHoe odyuenue. PaccmarpuBaeTcs 3a/aua KJIaCTEPHOTO aHAJN3A,
B KOTOPOH B JIOIIOJTHEHUH K OCHOBHOMY Ha0OODY MaHHBIX MMEETCs JTOTOJHUTEIHHBIN
HabOp pa3MEeUeHHBIX JAHHLIX, B HEKOTOPM CMBICTE TOXOXKui’ Ha ocHOBHOM. [Ipm
9TOM HAOOPBI JIAHHBIX MOTYT UMETh PA3JUIHOE TPU3HAKOBoe onucanue. Metom ocHo-
BaH Ha (POPMUPOBAHUK META-IIPU3HAKOB, OIMCHIBAIOIINX CTPYKTYPHbIE 0OCOOEHHOCTH
JIAHHBIX M UX IIEPEHOCE C JIONOJHUTEJIHHOIO Habopa Ha OCHOBHON. B jamHOil pabo-
Te mpejgiaraeTcs MoanUKaIus aJrOPpUTMa, OCHOBAHHAS HA UCIOJb30BAHIH METO-
Jla CTOXACTUYECKOTO TPAJIMEHTHOrO CITyCKa MPU MOUCKE 3aBUCUMOCTH MEXKIy MeTa-
npusnakamu. VcciegoBanme ajaropurmMa ¢ MOMOIIBIO CTATUCTHIECKOTO MOJIETIHPO-
BaHUs MOATBEPAMIIO ero 3ddekTuBHocTh. [0 CpaBHEHUIO C JPYIUMU TIOJOOHBIME
MEeTOJ[aMHU, TIPEJJIOYKEHHBIN aJI'OPUTM II03BOJISIeT aHAJIU3UPOBATH HADOPHI JAHHBIX C
Pa3IMIHBIMY TPU3HAKOBBIMU OIMUCAHUSIMU U SBJISIETCS MEHEE TPYI0EMKIM.

Pabora nmognepxana rpaarom PODU Ne18-07-00600.

Mesxrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.



40 Machine learning

Ensemble Clustering with Heterogeneous Transfer Learning

Vladimir Berikov'« berikov@math.nsc.ru
"Novosibirsk, Sobolev Institute of Mathematics SB RAS

The work [1] proposes an ensemble clustering method using transfer learning
approach. We consider a clustering problem, in which in addition to data under
consideration, "similar” labeled data are available. The datasets can be described
with different features. The method is based on the constructing meta-features de-
scribing structural characteristics of data, and their transfer from source to target
domain. In the given work, we propose a modification of the method using stochastic
gradient descent to learn the dependence between meta-features. An experimental
study of the method using Monte Carlo modeling has confirmed its efficiency. In
comparison with other similar methods, the proposed one is able to work under ar-
bitrary feature descriptions of source and target domains; it has smaller complexity.

This research is funded by RFBR grant 18-07-00600.
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HenuHeiiHbii meToa, cpegHMX pellatrouwimx nNpasBua C YMHbIMU
noaBbIOOpKaMN ANns pelieHnsi boNbLWKNX ABYXK1ACCOBbIX 3agau
SVM-knaccucpukaynm

Maxaposa Aanexcandpa Hzopesna'x aleksarova@gmail.com

! muwsik@mail.ru

Kypbaxos Muxaun FOpvesuy
Cyaumosa Basenmuna Bauecaasosnal vsulimova@yandex.ru

!Tyna, Tyabckumit TOCYaAPCTBEHHBIH YHIBEPCATET

OJHUM U3 TOIYJISIPHBIX CIIOCOOOB perieHns: OOJIBINX 3a/ad JIBYXKJIACCOBOI
SVM-kjiaccuukaiuy siBjisieTcsi U3BJjeYeHne HeDOJIbIINX OBBIOOPOK M3 ITOJTHOIO
00y 9JaroIIero MHOXKECTBa, J1jist (POPMUPOBAHUS DOJIeE MEJIKMX U, COOTBETCTBEHHO, JIer-
ge permaeMbIX M0J3a/1a9 Ha KayKJIOM Iare HEKOTOPOr'0 MTEPAIMOHHOIO IIPOIECCa.
DTOT NPUHIIAIL JIEZKAT B OCHOBE OOJIBIITON TPYIIIIBI METOAOB CTOXACTUIECKON AITPOK-
CHUMAIIH, METOJIOB JIEKOMIIO3UIINH, TOCJIEI0BATE]IHHON MUHUMAIBHON OITUMUASAIIIN
(SMO) u MHOTUX IpyTHUX.

B ocHoBe jraHHOI pabOTHI JIEXKUT HEJIMHEHHBIN METOJI CPEJIHUX PEeIIaroInX pa-
st (Kernel-based Mean Decision Rules Method, KMDR). On 3akiouaercsi Bo
B3ATHH HEOOJIBIINX CJIyYalHBIX 00yJAIONINX MOABBIOOPOK, OTIETLHOM HE3ABUCHMOM
O0yYeHNN 10 KaXKJI0il M3 HUX U MOCJEIYIONEM YCPEIHEHUH ITOJIYyIeHHBIX TaCTHBIX
PeIIaromux IPaBuiI JIJIs TOJYyIeHNs] OKOHYIATEIBHOTO. DTOT METOJ TaKyKe OCHOBAH
Ha YKa3aHHOM IIPUHIUIE, HO, B OTJIMYKME OT MHOIUX JIPYIUX METOJOB 3TOI I'PYIIIIbI,
o 1) 1O3BOJIET CTPOUTH HEJUHEHHDbIE IPAHUIILI MEXKJY KJaaccaMu U 2) He uMe-
€T 3aBUCUMOCTEI 110 JAHHBIM MEXKJy UTEPAIUsAME U, KAK CJIEJCTBHUE, 00ECIIeInBAET
BO3MOYKHOCTD (M PEKTUBHOTO PACIapaIIe TNBAHNI.

B mammoit crarhe npejaraoTcs ABa HOBBIX [10/IX0a, COBMECTHOE HCIIOJIb30BAHIE
KOTODBIX T103BOJIsieT yuydanmTh Meton KMDR u 6wicrpee Hafitu syqmee (min He
CHJIBHO OTJIMYAOIIEecst OT JIyuInero) perenue 6osbimmx SVM 3a1ad, 110 cpaBHEHHUIO
C JAPYTUMHU CYIIECTBYIOMUME peaym3arusaymu SV M.

ITepBblii 11pe/1I0KEeH DI [IOIXO0/] - 9TO HOBBINA (MHTEUIEKTYaJIbHBIN) c110c06 Gop-
MUDOBAHUS TOJIBBIOOPOK, KOTOPLIiT nctosb3yer ceoiicta SVM u KMDR, Boibupas
TOJIBKO T€ 0OBEKTHI, KOTOPbIE SABJIAIOTCA KaHIUJIATaMU Ha POJIb OIOPHBIX, TO €CTh
Takue 00beKTHI, KOTOPbIE HAXOSTCS HEJIAJIeKO OT Pa3eIsolleil TUIePIJIOCKOCTH 1,
CJIEJIOBATENILHO, MOT'YT MOBJIMATH Ha, PE3Y/ILTUPYIONIEE PEINAIoNIee IPABUIO. A UMEH-
HO, Tpejyraraercs hopMUPOBaTh Takue "yMHbIe"TIOIBBIOOPKYE TOJBKO M3 OMOPHBIX
00BHEKTOB, KOTOPBIE TOYYIAIOTCI B Pe3yabrare o0yUIeHnsT Ha OOBITHBIX HeOOILITIX
CJTyIafiHbIX TOJIBBIOOPKAX 00yJaIoIel COBOKYITHOCTH.

Bricokasi ckopocTh (hopMUPOBaHUsI YMHBIX BBIOOPDOK B 9TOM CJIy4ae OIpeelis-
€TCsi OTHOCUTEJIBHO HEDOJIBIITNM pa3MepOM CJIyIallHBIX TOABBIOOPOK, SV M-00yueHune
JJIsE KOTOPBIX MOYKET BBIIOJIHATHCS OYeHb ObIcTpo. Bostee Toro, Jrydinee KadecTBO
YMHBIX OABLIOOPOK IO CPABHEHUIO CO CIYyYARHBIMU MOJIBHIOOPKAME B IIPOCTOM Me-
tore KMDR, obecrieunBaer 6Gosiee 6BICTPYIO CXOIMMOCTH METO/A, TPeOyeT ropas/io
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MeHbIllee YUCI0 O0ydYeHnil Ha OTHOCUTEJIHHO OOJIBIINX BBIOOPKAX UM, KAK PE3YJIbTAT,
IIO3BOJISIET HOJIYYUTD JIyUIllee Ka4eCTBO C MEHBITUMU BPEMEHHBIMU 3aTPATAMHI.

Kpome Toro, obydeHne 1o yMHBIM IOJIBBIOOPKAM II03BOJISET COKPATUTH BpPEMsI
pacnosnaBanus 1Mo cpapaernio ¢ KMDR. 9o obbsicusiercst rem, aro KMDR umeer
TEHJICHIINIO K YBEJUYIEHUIO UUCJIA OMOPHBIX OOBEKTOB B MTOTOBOM DEIIAIOIIEM IIPa-
BUJIE C POCTOM JHCJIA CJIYIAMHBIX TOABBIOOPOK. PAKTUIECKH, 9UCIIO OIOPHDBIX 00bHEK-
toB B KMDR coorsercTByer pazmepy ymuoii Beibopku. Ho npu oby4denun 1o ymmHoif
BBIOOPKE B OOJIBITMHCTBE IPAKTHIECKAX CJIyYaeB Pe3yJIbTUPYIOIIee YUCI0 OIIOPHBIX
O00'BEKTOB CYIIECTBEHHO COKPAIAETCs. TakuM 00pa3oM, MOCKOJIBKY ITAll PACIIO3HA-
BaHUs TpPeOyeT CPABHEHUsI HOBBIX OOBEKTOB € KAXKJIBIM OITOPHBIM 00bEKTOM, TIPUME-
HEHNEe YMHBIX BHIOOPOK TA€T BO3MOXKHOCTH COKPATHTH BPEMs PACIIO3HABAHUS.

Bropoit npejiaraeMbliii MOIX0/T - 9TO HOBasl CTPATErHs JAHHDBIX JJI YCKOPEHUsI
IIPOM3BOJIBHOIO JIOCTYIIA K OOJIBIINM HAOOpaM JAHHBIX, XPAHANIUMCS B TP IUIINOH-
oM dopmare libsvm. TIpemiaraemas crparerust oCHOBaHa Ha JBYX Hieax: 1) ocy-
HIECTBJICHUE NPEABapUTE/IbHON pasMerku (dailia manubix u 2) pabora ¢ daiiaom,
O0TOOPa’KEHHBIM B IMAMSTDH MIPOIECCA, BMECTO TPAIUIMOHHON PabOTHI ¢ (ailjioM Ha
JIVICKE.

HeobxommmocTh mpeiBApUTENIHHON pa3MeTKN 00YC/IOBIeHa 0COOEHHOCTHIO (hop-
MaTa libsvim, 3aTpyHSONIEro MTPOU3BOJIBHBIN JIOCTYII K 00beKTaM H3-33 HEBO3MOXK-
HOCTHU BBIUNCJIEHUSI HAYAJBHONU MO3UIMH 00beKTOB. llpemBapuresbHast pasMerka
[Ipe/IHA3HAYEHA, JIJI 3AII0JHEHUS JIOTOJHATEIBHON CTPYKTYPBI JAHHBIX B IAMSTH,
KOTOPAas I KaxXKI0r0 00HEKTa COXPAHIET TMTO3UIINIO ero Havda a B (aiiae. XOTs 11
XpaHeHusl Pa3MeTKU TPeOyeTcs JIOMOJHUTEIbHAS HaMATh, 00beM KOTOPO#l 3aBUCUT
OT KOJIMYEeCTBa OOBEKTOB, 9TOT 0O'bEM 3HAUYUTEILHO MEHbIIE 00'beMa, HEOOXOIMMOTro
JIJIsT XPAHEHUsI BCero 00y Jaroliero Habopa.

Peanmzanus BTopoii njen onmpaercs Ha UCIOJb30BAHNE CIIENUAIbHBIX (DYHKIIHI
OLIEPAIMOHHOI CUCTEMBI, TIO3BOJISIONIUX 0TOOPa3uTh Bech (aila (mwin ero 4acrb) B
00J1aCTh JTUHAMIYECKON ITaMATH U BEPHYTH yKa3aTesb Ha 3Ty obJsiacTb. B pesysiabrare
BECh JTAJIbHENIINI JTOCTYII K JIAHHBIM OCYIIECTBIISETCSA Yepe3 yKasaTesd, 9To boJee
Y/I00HO 1 OBICTPO 110 CPABHEHUIO C TPAIUIUMOHHON paboToil ¢ JUCKOBBIM (hailioM.

Takum obpaszom, Ta crparerusi TpedyeT OJHOKPATHOIO MTOC/IEI0BATETLHOTO UTe-
Husi Bcero ailyia JTaHHBIX Iepej HAYAJIOM ODYUIeHUs, HO YCKOPSET MTPOM3BOJILHBIIM
JIOCTYTI K OOBEKTaM.

IIpemraraemplit 110/1X0/ IPUMEHUM J1JIs1 JTIOOBIX METO/I0B, OCHOBAHHBIX HA BBIOOD-
Kax, BKJIOUYAs METO/bl CTOXaCTHUIECKOI0 I'PAJIMEHTA.

Pesynbrupytonumit noaxoz (Smart Sample KMDR) no3Bosister noty9uTh Jrydimnee
(i 6mM3KOoe K JIydineMy) pelieHue GOJIbIINX JIBYXKJIACCOBBIX 3ajad SVM Obict-
pee, deM CyIecTByIomue ONOIMOTEKN, TPAIUIIMOHHO HUCIIOIb3YEeMbIe IJIs PEIeHIs
COOTBETCTBYIONNX 3a/7a4d. Ho, TeM He MeHee, y INPEJIOXKEHHOIO METOJIa €CThb JI0-
[IOJTHUTEJIbHBIN pe3epB JIJIsl TOBBIIIEHUSI KadecTBa W CKOPOCTH BblumcjieHuil. Tax,
HAIPUMeP, KAa4ecTBO, KaK IIPABUJIO, MOXKHO IOBBICUTH IIyTEeM YBEJIUYEHUS KOJIUIe-
CTBa yMHBIX ITOJIBBIOOPOK, & BpeMsi 00ydeHrsT MOXKHO JOMIOJTHUTEIBHO CYIIECTBEHHO
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YMEHBIIUTh, UCII0Jb3Ys Oubiunoreky liblinear (wiu apyroit GbICTPbII HHCTPYMEHT)
I OpPMUPOBaHUsT YMHBIX BBIOOPOK. B €BOIO odYepesh, 9TO TMO3BOJUT OXBATUTD
6OJIbITIEE TUCIIO O0BEKTOB 38 MEHbIIIee BPEMS U IOy InTh OoJsiee cTabujIbHOE U Katie-
CTBEHHOE peIleHue.

Pabora Bemosnena npu dunancosoit nomaepxkke PODU, rparter 18-07-01087,
18-07-00942, 20-07-00055.

WccnenoBanms MpoBeIeHBI ¢ UCIOIBL30BAHIEM 000pyaoBanus [leHTpa KOJLIeKTUB-
HOT'O TI0JIb30BAHUST CBEPXBBICOKOIIPOU3BOIUTEIbHBIMU BBIUNCIUTEIbHBIMEI PECypca-
mu MI'Y umenn M.B. Jlomonocosa.

[1] Makarova A., Kurbakov M., Sulimova V. Mean Decision Rules Method with Smart

Sampling for Fast Large-Scale Binary SVM Classification // International Conference

on Pattern Recognition — IEEE, 2020.
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Smart Sample Kernel-based Mean Decision Rules Method for Big
Binary SVM Classification Problems

Alexandra Makarova'x aleksarova@gmail.com
Mikhail Kurbakov' muwsik@mail.ru
Valentina Sulimova’ vsulimova@yandex.ru

!Tula, Tula State University

One of the popular ways to solve big binary SVM classification problems is to take
small data samples of the entire training set to form a reduced subproblem at each
step of some iteration process. This principle underlies a large group of stochastic
approximation methods, decomposition methods, Sequential Minimal Optimization
(SMO), and others.

This paper relies on the Kernel-based Mean Decision Rule method (KMDR) that
consists in taking small random samples of the full dataset and separate training for
each of them with consecutive averaging the respective particular decision rules to
obtain a final one. This method is also based on sampling, but, unlike many other
methods of this group, it 1) allows us to construct nonlinear boundaries between
classes, and 2) has no data dependencies between iterations and, as a result, can be
effectively parallelized.

This paper proposes two new approaches, which joint using allows to improve
the KMDR and to obtain the best (or near the best) decision of large-scale binary
SVM problems faster, compared to existing SVM solvers.

The first proposed approach is a new intellectual sampling technique, that ex-
ploits SVM and MDR properties to fast form so-called smart samples by selecting
only those objects that are candidates to be the support ones, i.e. such objects that
are near to a separate hyperplane and therefore can affect the resulting decision rule.
Namely, it is proposed to form a “smart” sample only from support objects that are
obtained as a result of training for small simple random samples.

The high speed of forming smart samples in this case is determined by the rela-
tively small size of random samples, the SVM-training for which can be done very
fast. Moreover, the better quality of smart samples, unlike random samples in simple
KMDR, provides faster convergence of the method, requires much less training in
relatively large samples and, as a result, makes it possible to obtain the best quality
in less time.

In addition, training on smart samples allows for faster recognition times com-
pared to KMDR. This is because KMDR tends to increase the number of support
objects in the final decision rule as the number of random subsamples increases. In
fact, the number of support objects in the KMDR corresponds to the smart sample
size. But when training on a smart sample, in most practical cases, the resulting
number of support objects is significantly reduced. Thus, since the recognition stage
requires comparing new objects with each support object, the use of smart samples
makes it possible to reduce the recognition time.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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The second proposed approach is a new data strategy to accelerate random access
to large datasets stored in the traditional libsvm format.

The proposed strategy is based on two ideas: 1) to pre-mark the data file, and
2) to work with the file mapped to the process memory instead of the traditional
working with the file on the disk.

The pre-mark make random access to objects possible, which is difficult due to
the libsvm format the peculiarity, because it does not allow to calculate the objects
positions. The purpose of pre-mark is to store for each object its position in the file.
Although additional memory is required for storage, which depends on the number
of objects, this amount is significantly less than that required to store the entire
training set.

The implementation of this idea relies on the use of special functions of the oper-
ating system that allows to map the entire file (or its part) into the dynamic memory
area and return a pointer to this area. As a result, all further data access is per-
formed through pointers, what is more convenient and fast compared to traditional
working with a disk file.

So, this strategy requires a single sequential reading of the entire data file before
starting the training but accelerates the random access to the objects.

The proposed approach is suitable for any sampling-based methods, including
stochastic gradient methods.

The resulted Smart Sample KMDR, approach allows to obtain the best (or near
the best) decision of large-scale binary SVM problems faster compared to the existing
SVM solvers. But nevertheless it has an additional reserve to increase the quality
and speed of computations in contrast to reported values. So, the quality, as a rule,
can be increased with increasing the number of smart samples and the training time
can be additionally essentially decreased by using liblinear (or another fast tool) to
form smart samples. In its turn, it will allow to cover more objects in less time and
to obtain more stable and qualitative decision.

This research is funded by RFBR, grant 18-07-01087, 18-07-00942, 20-07-00055.

The research is carried out using the equipment of the shared research facilities
of HPC computing resources at Lomonosov Moscow State University.

[1] Makarova A., Kurbakov M., Sulimova V. Mean Decision Rules Method with Smart

Sampling for Fast Large-Scale Binary SVM Classification // International Conference

on Pattern Recognition — IEEE, 2020.
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MporHosuposaHue Ha base peweHus Habopa 3agaud
knaccudmkaummn C y4nuTtesneMm u cteneHen npuHaanexHocTn

JTykanun Apmem Aaexcandposu'x lukanin@phystech.edu
Psasanos Baadumup Bacuavesuw’ rvvccas@mail.ru
"Mocksa, MoCKOBCKHil (PH3UKO-TEXHUIECKIH HHCTHTYT

2Mocksa, ®UII "Nadbopmaruka u ynpasienne" PAH

B mannoit pabore permaercsa 3ajavua BOCCTAHOBJICHNUS 3aBUCUMOCTEH TIO BBIOOD-
KaM mperegenTos. [Ipemaraercsa UCIOIB30BATH CTEIEHH TPUHAJIEZKHOCTH OObHEK-
TOB KayKJIOMY KJIACCy IIPH PACIIO3HABAHUH B MO/JIEJIN BOCCTAHOBJIEHUS 3aBUCHMOCTEIH
«JINHEHHBI KOPPEKTOP», OCHOBAHHOI Ha peIIeHnn Habopa 3a/1ad KJIACCUMDUKAIIN,
cOpPMUPOBAHHBIX IO O0ydaroIieil BHIOOPKE, W MOCIEAYIOMell KOPPEKIUNU B IIPO-
CTPaHCTBE 3HAYEHUN [IEeJIEBOTO Ipu3Haka. B kadecTBe KiraccuuKaToOpOB Ipejarae-
MOl MOJIEJTH UCITOJIB3YIOTCS AJITOPUTMbBI BHIYNCIEHUS OIEHOK C JIBYMS Pa3JIMIHBIMA
dbyuKnuaMu 6m30cTr: MeTpudeckoit pyHkImeil u MyHKIHeR 6JIM30CTH IS IIPOU3-
BOJIBHBIX HOPSIIKOBBIX IIPU3HAKOB. [Ipon3BouTcst cpaBHeHre pabOThI IIPe/JIaraeMoi
MOJIEJIA C MCXOJHBIM METOJOM U C M3BECTHBIMHU METOJaMU aHaJm3a JaHHbIX. Mccre-
JIyeTCs 3aBUCAMOCTDH pabOThI JIMHEHHOIO KOPPEKTOpa OT ero mapamerposn. IIpemia-
raeMas BepCHs JIMHEHHOTO KOPPEKTOPA IPUMEHNMa K PEaIbHBIM IIPUKJIATHBIM 33,12~
YaM, YTO IOJTBEPIK/IAeTCA IKCIEPUMEHTAIBHO Ha IIPUMePEe PEeIeHUs 3a/[a491 OIleHKH
IapaMeTpOB KPUCTAJINYECKON PEIIeTKH MeJINJINTOB.

Pabora nognepxana rparrom PODPU Ne18-01-00557.

[1] Lukanin A., Ryazanov V., Kiselyova N. Prediction Based on the Solution of the Set of

Classification Problems of Supervised Learning and Degrees of Membership // Pattern

Recognition and Image Analysis, 2020. Vol. 30. Pp. 63—69.
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Prediction based on the solution of the set of classification
problems of supervised learning and degrees of membership

Artem Lukanin'x lukanin@phystech.edu
Vladimir Ryazanov rvvccas@mail.ru
'Moscow, Moscow Institute of Physics and Technology

2Moscow, Federal Research Center ”Computer Science and Control” of RAS

The paper solves the problem of restoring dependences from samples of prece-
dents. It is proposed to use the degrees of membership of objects to each class in
the recognition process in the linear corrector model based on the solution of the
set of classification problems generated using the training sample, and subsequent
correction in the space of the target values. The classifiers of the proposed model are
algorithms for calculating estimates with two different proximity functions: the met-
ric function and the proximity function for arbitrary ordinal features. The work of
the proposed model is compared with the original method and with the well-known
data analysis methods. The dependence of the work of the linear corrector on its
parameters is studied. The proposed version of the linear corrector is applicable to
real applied problems, which is confirmed experimentally by the example of solving
the problem of estimating the parameters of a melilite crystal lattice.

This research is funded by RFBR, grant 18-01-00557.

[1] Lukanin A., Ryazanov V., Kiselyova N. Prediction Based on the Solution of the Set of

Classification Problems of Supervised Learning and Degrees of Membership // Pattern
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MakcnmanbHble nornyeckme 3aKOHOMEpPHOCTU A1 MOCTPOeHUs
pelualoLuLmMx nNpaBus pacrno3HaBaHus

Macuw Hzopv Cepzeesun'x i-masich@yandex.ru
Kpaesa Examepura Muxatinosna' em-kraeva@yandex.ru

'Kpacnospek, CubupcKuii rocy1apCTBeH b yHIBEPCUTET HAYKNA U TE€XHOJIOIMHA HMEHN
akajjemuka M.D. Pemernesa

Jlormaeckue aroOpuTMbl KIacCuMUKAINT WA KIACCH(DUKATOPDI, OCHOBAHHBIE HA
[IPABUJIAX, SIBJISTIOTCS MOXOOM K PACIO3HABAHUIO, OCHOBAHHBIM HA WHTE/ICKTYAJb-
HOIt 00paboOTKe JTAHHDBIX U OTJINIAIONINMCS «ITPO3PATHBIMY KJIACCU(PUKATOPOM, TIPE/I-
CTABJIAIONMM c000i HAGOp Jormyecknx Boipaxkenuil |1, 2]. OcHOBHBIME 3a1a9aMU B
paMKax 3TOrO TOXO0JIa SBJISIOTCS HAXOXKJIeHNe WH(MOPMATUBHBIX 3aKOHOMEPHOCTEIH
Ha OCHOBE UMEIOIUXCS JAHHBIX U OTOOD HamboJiee IMOJIE3HBIX U3 HuX. 1pedyercs
HaiiTH Takue IpaBuiia (3aKOHOMEPHOCTHU), KOTOPBIE BBINOJHSIIOTCH JJIsi KAK MOXKHO
OOJIBITIETO THUCIa HAOJIIOIEHH OTHOTO Kitacca. Taknme mpaBmia IMeIoT OOJIBITIee TTO/I-
TBEPKJCHAE HA UMEIOIINXCS MPEIEJIeHTaX U, HPEITOJIOKNTEIbHO, 001a/1a10T 00JIb-
meit obobmaroteil crrocobHocTho. [Ipu 9TOM 2KeytaTeIbHO, YTOOBI 32aKOHOMEPHOCTH
HE BBIMOJTHSINCH [IJIsi HAOJIOACHUI APYTUX KJIACCOB JINOO BBIMOJIHSINCEH I KaK
MOKHO MEHBIIEr0 UX YUCIA, TO €CTh ObLIN HAMOOJIee OHOPOHBIMU.

Cy1recTByeT MHOYKECTBO KPUTEPHUEB JIJIsl ONEHKN TOJIE3HOCTH WU WH(MOPMATHAB-
HOCTH 3aKOHOMepHOcTell. JacTo OHM CBOJSATCS K CBEPTKE JBYX OINUCAHHBIX BBIIIE
nokaszaresiedi (mokpbiTuio u ogHopoaHocTH) [3]. Takske, coracHo [4], cpean 3akoHO-
MEPHOCTEH, SIBJIAIONMXCA TepMaMi (KOHbIOHKIIUEH YCIOBUI WU JINTEPAJIOB) MOXKHO
BBIJICIUTH 3aKOHOMEPHOCTH PA3IUIHBIX TUIOB. JIJIs 9TOr0 Ha MHOXKECTBE 3aKOHO-
MEPHOCTEH BBOJATCST OTHOMIEHUS YACTUIHOTO IPEJIITOPSIIKA — OTHOIIEHUsI TIPOCTOTHI,
n30UPATETLHOCTH U JIOKA3ATEIbHOCTH, KOTOPBIE OCHOBBIBAIOTCSI COOTBETCTBEHHO HA
MHOKECTBAX JINTEPAJoB (ycsoBuii) 3aKOHOMEPHOCTEl, 00beMax COOTBETCTBYOIMIAX
Oy/1eBbIX MOJAKYOOB (MHOMKECTBO COJEPKAINUXCS B HOAKYOE TOYEK) U MHOXKECTBAX
MOKPBIBAEMBIX HADJIIOICHUIA.

3aKoHOMEPHOCTH, (JIOKAJILHO) ONTUMAJILHBIE 110 OTHOIIEHUIO JOKA3aTEeJbHOCTH,
HA3BaHbI CUJILHBIME. [Ipe/iosiaraercst, 9T0 3aKOHOMEPHOCTH € OOJIBIITUM TOKPBITH-
eM 06J1aJIAI0T BBICOKOI 0600ImAroIeil CrrocoGHOCThI0. 3aKOHOMEPHOCTh, (JIOKAIBHO)
ONTUMAJIbHAS 110 OTHOIIEHWIO IPOCTOTHI, HA3BaHa IMepBUYHON. Takue 3aKOHOMEpPHO-
CTH COCTOAT U3 HANMEHEee BO3MOXKHOI'O IHC/IA, JINTEPAJIOB, IIPU KOTOPOM BBITIOJTHSIETCS
YCJIOBHE OJTHOPOTHOCTH.

3aKOHOMEPHOCTH, MaKCUMAJbHBIE OJIHOBPEMEHHO O OTHOIIEHUSIM JTOKA3ATEb-
HOCTH W MPOCTOTBI, HA3BIBAIOTCS CUJBHBIMHU MMEPBUYHBIMU. 3aKOHOMEPHOCTH, MaK-
CUMaJIbHbIE OJIHOBPEMEHHO 10 OTHOIIEHUsIM JOKA3aTEIbHOCTH U M30MPATEeIbHOCTH,
HA3BIBAIOTCsI CUJIBHBIMU OXBATHIBAIOIAMU.

IlepBuunbie 3aKoHOMEpHOCTH DOJIEe «OOBLEMHBIE», UX UCIIOJIH30BAHNE YMEHBIIAET
YUCJI0 HEPACIIO3HAHHBIX HaOmoIeHuit. OXBaThIBaloOme 3aKOHOMEPHOCTH GoJiee n3-
OmpaTenbHbI, M UX WCIOJb30BAHNE CHUXKAET OIMMMNOKY pacro3HaBaHus. bojee Toro,
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C TOYKHU 3PEHHUs] UHTEPIPETUPYEMOCTH PEIIAIOIero IIPaBua, IEPBUYHBIE 3aKOHO-
MEPHOCTH $IBJISIFOTCSI O0JIee IPOCTBIMEU U II09TOMY JIEMKO MHTeplperupyeMbiMu. Ho
OXBaTHIBAIOIIIE 3aKOHOMEPHOCTH SIBJISIFOTCsI DOJiee «yBepeHHbIMUy». TakuM oOpazoM,
€CJIN TIPU TOCTPOEHNN KJiaccuuKaTopa OOpaTUTh BHUMAHWE HA IOJIyJYeHHe U UC-
[I0JIb30BAHUE 3aKOHOMEPHOCTE OIPee/IeHHOIO TUII&, TO MOXKHO JOOUTHCS YJLy dlle-
HUSI HEOOXOMUMBIX JIJIsi KOHKPETHON CUTYyaIluu IIOKa3aTeIeid.

Ho eme 6osbllie MpeuMyIecTs oT TaKOro IOJAX0Ja MOYKHO IIOJIyYHUTb IIPU COB-
MECTHOM HCIIOJIb30BAHWY JIBYX 9TUX BUJIOB 3aKOHOMepHOcTeil. IIpesaraercs BbisB-
JISITh U UCIIOJIB30BaTh JIOTUYECKUE 3aKOHOMEPHOCTHU ITOIIAPHO — CUJIBHYIO IIEPBUYHY IO
U CHJIbHYIO OXBAaTHIBAOILY0. [[apHble 3aKOHOMEPHOCTH UMEIOT OJMHAKOBOE OKPBI-
THEe Ha 00ydJaromeil BEIOOPKE, TO €CTh MOKPBIBAIOT OJHU U Te Ke Hadsoaerus. Ho
[IPU 3TOM OXBaTBIBAIOIIAA 3aKOHOMEPHOCTH COCTOUT U3 OOJIBINEr0 YUC/Ia JIATEPATIOB-
YCJIOBUM.

IIpeamaraemMplii TOAXO, pacCMaTPUBACTCS JJIsi KJIACCH(PUKATOPOB, OCHOBAHHBLIX
Ha TOJIOCOBAHWH JIOTMYECKUX MPaBWi. ljisg mocrpoenns KiaccuduKaTopa PeIaeTcs
cepust 3a7ad IIOUCKa CHJILHON (-3aKOHOMEPHOCTH, TO €CTh Te€pMa, IOKPLIBAIOIIEro
HabmIofenne o kaacca KT 1 He MOKPBIBAIONIEro HABIIOAEHNS APYToro Kiaacca K .
Do 3a7a9a TCeBIO0YIeBON onTUMu3anuu 5]

n

Z ﬁ (1—yi)—>1fn}zfaux7 Z y; = 1 st Beex v € K.

BEKT ; — 1 =1
Bi # ai Vi #
e s — 1, ecnn i-writ npusHak dukcupoBan B P,
ACYi =10, nmave.

OnrumaibHOE peIlleHre JTaHHON 3aJ/iade COOTBETCTBYET CUJIBHON 3aKOHOMEPHO-
CTH, OJIHAKO 3/IeCh IIPUCYTCTBYET HEOIPEIEIeHHOCTh OTHOCUTEJIBHO TOT'O, SIBJISIETCS
JIN OHa TEPBUTHON MM OXBATHIBAIOIIEH. DTN HEOTHOSHATHOCTH MOYKHO MCKIIOIATD
IIyTeM BBEICHUSA JOMOJHATEILHBIX OrpaHuIeHnii. Pemrenne moryaennoi 3a1aqm ocy-
IIECTBJISIETCS C TTOMOIIBIO AJITOPUTMA OITUMU3AIINN, OCHOBAHHOI'O HA CXeMe BeTBell 1
TPAHUIL U 2KaJTHOI'O IBPUCTUYECKOI'O aJI'OPUTMA, PEAJTUIYIONIET0 CBOMCTBA paccMaT-
PHBAEMOro KJIacca 3a/1ad YCJIOBHOI 11ceB100yIeBoit onTumusanuu  [6].

Pabora Bbimosirena B pamikax rocyiapcrBenHoro 3aganus Ne FEFE-2020-0013
Munobpuaykn Poccnm.
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Maximum logical patterns for constructing decision rules for
recognition
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Krasnoyarsk, Reshetnev Siberian State University of Science and Technology

Logical classification algorithms or rule-based classifiers are an intelligent data
processing approach to recognition that features a ”transparent” classifier, which
is a set of logical expressions [1, 2]. The main problems within this approach
are finding informative patterns based on the available data and selecting the most
useful ones. It is required to find such rules (patterns) that are fulfilled for as many
observations of the same class as possible. Such rules have more evidence on the
existing precedents and, presumably, have more generalizing ability. In this case, it
is desirable that the patterns are not fulfilled for observations of other classes, or
they are fulfilled for the smallest possible number of them, that is, the patterns are
the most homogeneous.

There are many criteria for assessing the usefulness or information content of
patterns. They are often reduced to the convolution of the two above indicators
(coverage and homogeneity) [3]. Also, according to [4], we can distinguish patterns
of various types among the patterns that are terms (conjunction of conditions or
literals). For this, partial preorder relations are introduced on a set of patterns:
relations of simplicity, selectivity and evidence, which are based, respectively, on the
sets of literals (conditions) of patterns, the volumes of the corresponding Boolean
subcubes (the set of points contained in the subcube) and the sets of covered obser-
vations.

A pattern that is (locally) optimal with respect to evidence is called strong. It
is assumed that patterns with large coverage have a high generalizing ability. A
pattern that is (locally) optimal with respect to simplicity is called primary. Such
patterns consist of the least possible number of literals for which the homogeneity
condition is satisfied.

A pattern that is maximal at the same time in terms of evidence and simplicity
is called strong primary. A pattern that is maximal at the same time in terms of
evidence and selectivity is called strong spanned. These are the two types of patterns
that are most useful. But at the same time, they have significant differences in terms
of results obtained in the analysis of data and recognition.

Primary patterns are more “voluminous”, their use reduces the number of unrec-
ognized observations. Spanned patterns are more selective, and using them reduces
recognition error. Moreover, in terms of interpretability of a decision rule, the pri-
mary patterns are simpler and therefore easily interpretable. But spanned patterns
are more “confident”. Thus, if we pay attention to obtaining and using patterns
of a certain type when constructing a classifier, then we can improve the indicators
necessary for a specific situation.
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But even more benefits from this approach can be obtained by using these two
types of patterns together. It is proposed to identify and use logical patterns in
pairs: strong primary and strong spanned. Paired patterns have the same coverage
on the training set, that is, they cover the same observations. But at the same time,
the spanned pattern consists of a larger (if these patterns do not coincide) number
of literals (conditions).

The proposed approach is considered for classifiers based on voting of logical
rules. To construct a classifier, a series of problems is solved to reveal a strong a-
pattern, that is, a term covering an observation a of the class K+ and not covering
observations of another class K. This is an optimization problem [5]:

n

Z ﬁ (1—211')—>m}{;xx7 Z yi = 1forallye K.

BEKT ; —1 1=1
Bi # i Vi # Qi
) 1,if it attribute is fixed in P,
where y; = .
0, otherwise.

The optimal solution to this problem corresponds to a strong pattern, but there
is uncertainty as to whether it is primary or spanned. These ambiguities can be
eliminated by introducing additional constraints.

The obtained problem is solved using an optimization algorithm based on a
branch-and-bound scheme and a greedy heuristic that implements the properties of
the considered class of conditional pseudo-Boolean optimization problems [6].

Results were obtained in the framework of the state task FEFE-2020-0013 of the
Ministry of Science and Higher Education of the Russian Federation.

[1] Djukova E. V., Zhuravlev Y.I., Prokofjev P.A. Logical correctors in the problem of
classification by precedents // Computational Mathematics and Mathematical Physics,
2017. Vol.57. No11l. Pp. 1866-1886.

[2] Vorontsov K. V., Ivahnenko A. A. Tight combinatorial generalization bounds for thresh-
old conjunction rules // 4-th Int’l Conf. on Pattern Recognition and Machine Intelli-
gence, 2011. Pp.66-73.

[3] An A., Cercone N. Rule Quality Measures for Rule Induction Systems: Description
and Evaluation // Computational Intelligence, 2001. Vol. 17. No 3. Pp. 409-424.

[4] Hammer P. L., Kogan A., Simeone B., Szedmak S. Pareto-optimal patterns in logical
analysis of data // Discrete Appl. Math., 2004. Vol. 144. Pp. 79-102.

[5] Bonates T. O., Hammer P. L., Kogan A. Maximum patterns in datasets // Discrete
Appl. Math., 2008. Vol. 156. Pp.846-861.

[6] Kazakovtsev L. A., Masich I. S. A branch-and-bound algorithm for a pseudo-boolean

optimization problem with black-box functions // Facta Universitatis, Series Mathe-
matics and Informatics, 2018. Vol. 33. No2. Pp. 337-360.
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MccnepoBaHne meToaoB COKpalleHUsi ONOpPHOW BbIOOPKU
NpU KOJIJIEKTUBHOM BbIBOAE C NMOMOLLbIO HEYETKUX NOrmyeckux
cucrtem

Ioasxosa Anacmacusa Cepzeesna’x polyakova_nasty@mail.ru
JTununcruti Jleonud Bumaavesuy' lipinskiyl@mail.ru
Cemenrxun Eezenutii Cmanucaasosuy' eugenesemenkin@yandex.ru
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akagemuka M.®. Pemernesa

OpHUM W3 TJIABHBIX METOJIOB B IIPOIECCAX COKPAIIEHUsI JAHHBIX SIBJISIETCS Me-
Toj, or6opa sk3emiLiApos (Instance Selection Method). Cokpaenue nabopa man-
HBIX UMEET JiBe OCHOBHBIX IIEJIA: YMEHbIEHNE TPeOOBAHUI K BBIYUC/IUTEIHLHBIM De-
cypcaM, a TakKe BpeMeHU Ha 00paboTKy 3ajadm o0ydeHus. Takmm oOpa3soM, BbI-
60p IIPABUJILHOI'O ITOJIMHOXKECTBA IIPUMEPOB II03BOJIAET YMEHBIIUTE Pa3MepP BHIOOPKH
U MOBBICUTH 3(DPEeKTUBHOCTH 00y4deHusi. Ho B OTHOIIEHUN PErpecCHOHHBIX HAOOPOB
JIAHHBIX 9Ta MpobJieMa n3ydeHa He MMOJTHOCTHIO, B TOM YUC/Ie U3-38, CJIOKHOCTH STOTO
TUa HAbOpa JAHHBIX.

KosmekTuBHbBIT MeTO] IPUHATHS PEIleHnsl HA OCHOBE HEYETKON JIOTUKU IOKa-
3a71 ¢BOIO 3(DPEKTUBHOCTD MPU PEIEHNN 3a/1ad perpeccuu u Kjaccudukannm. [Ipu
dopMUpOBaHUE KOJIJIEKTUBA ¥ O0YYEHUN areHTa MOYKeT HCIIOJIb30BaThCs BCs 00y 1a-
omast BbIOOPKaA. OJIHAKO MCIOIB30BATH BCIO ODOYUAIONYIO BBIOODKY JJIsI OLpPeJiesie-
HUsl CTEIICHN YBEPEHHOCTH Ar€HTA HA TECTOBOIl TOUYKE — SIBJISIETCS BBITUC/IMTEIHHO
sarparHbiM. PopMUpOBaHUE ONOPHOI BBHIGOPKHU (OIIOPHOIO MHOXKECTBA TOYEK) I103-
BOJINT COKPATUTH TU 3aTpaThl. B nannoit pabore ncciemayercs 3a/iada yMEHbIIEHIS
pa3mMepa OIOPHOI'O MHOYKECTBA TOYEK IPY KOJJIEKTHBHOM ITPUHSITHH PEIeHM.

Ilox omopHOit BBIOOPKOI IMOAPA3YMEBACTCS BBIOOPKA, KOTOpas WCIOJIL3YETCs
B KOJIJIEKTHMBHOM BBIBOJIE € IIOMOIIBIO CUCTEMbI Ha HEYETKOI JIoruKe (T.. OIopHAas Bbi-
Gopka npezcraiger coboil moaBbIGOPKY 00yUalomero Muoxecrsa). Heuerkuii KoH-
TPOJIJIED IPUHUMAET PEIeHre O BhIOOPE areHTa JJjisd KaXKJI0H TOYKH M3 TECTOBOIO
MHOXKecTBa. JJIsI TOYKN U3 TECTOBOIO MHOXKECTBA OIIPEIeIAeTcsd OJIKaiias TO9Ka
U3 ONOPHOiT BBIOOPKHU. B 3aBUCHMOCTH OT TOr0, HACKOJIBKO 9Ta TOYKa OJIM3Ka K 00b-
€KTYy U3 TeCTOBOI'0 MHOXKECTBA, M HACKOJIBKO YCIIEITHO CIIPABJISIeTCs Ha Hell aJIrOPUTM,
OTIPEJIEJIsIeTCS €0 YBEPEHHOCTh Ha JTAHHON TecTOBOM ToYKe. C IIOMOIIBIO HEIETKOTO
KOHTPOJIJIEDA UTOTOBOE DeIeHne MPUHUMAET JINOO areHT ¢ HAMOOJIBbINeH YBEPEHHO-
crbio, ymbo k — syummx arentos (k — mapamerp ajropurMa) MeTOIOM yCPeHEeHHs.

B pamkax 510it paboThl IIpejiaraeTcst IPUMEHITb 0TOOP K3EMILISIPOB B OIIOPHOE
MHOXKECTBO U3 O0yYaloIIero Ipu PereHnn 3a/a9d Perpeccuil Ha OCHOBE TaKUX MeTO-
JIOB KAK N€HETUIECKUI aJrOPUTM, aJITOPUTM KJIACTEPU3AIUU K-CPeIHUX, U CIydaii-
HBII 0TOOP K3EMILIAPOB BHIOOPKH. B GOIBIUHCTBE CYIIECTBYIONUX METO/IaX BHIOOD
9K3EMILJISIPOB IIPUMEHAJICS K 3ajadaM KJaccudukanuu (JIUCKpeTHOe IIPOrHO3UPO-
BaHue), IpeIaraeMblil ¥Ke MOJIX0/| UCIIOJIb3YeTCs Jisl IOJIyYeHUsI MeTO/I0B BbIoopa
9K3EMILISIPOB JIJIsl 338121 PErpecCcui.
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Db deKTUBHOCTh MPUMEHEHUsT METOJ0B 0TOOpa MPUMEPOB TP (HhOPMUPOBAHUN
OIIOPHOI'O MHOXKECTBa B KOJIJIEKTUBHOM BBIBOJIE HA OCHOBE HEYETKOI JIOTUKU ObLiIa
uccjel0BaHa Ha 3 U3BECTHBIX HAOOPaX JIaHHBIX. B KauecTBe KPUTEPUs UCIIOJIb3YEeTCs
KO DUINEHT KOPPEJIAINN COTJIACOBAHHOCTH. B pe3yJsibTare MpOBEIeHHBIX UCCIIEI0-
BaHUIl HA TECTOBBIX 3aJa9aX PErPECCUN MOXKHO CIEJIATH BBIBOIBI O TOM, 9TO COKpa-
IIIEHIE OITOPHOI BRIOOPKU HE MPUBOJINT K CHUYKEHUIO TOIHOCTHA PAOOTHI KOJJIEKTUBA,
a B HEKOTOPBIX CJIydasX IIOBBIIIAET €e.

st bopMUpOBaHUST MaJIBIX OIIOPHBIX BBIOOPOK (KOJIMYECTBO IPUMEPOB MEHEee
500) reHeTHUECKUIT ATTOPUTM OKA3BIBAETCS JIyUIlle JAPYIHX M0X010B. [Ipn arom yia-
€TCsl MOJIY9IUTh TOYHOCTHh pabOThl KOJIJIEKTUBA BBIIIE, Y€M HA MTOJTHON BBIOOPKE. DTO
MOXKHO OOBSICHUTD TE€M, 9TO He Beerga OJmKalline TOYKNA K OIMEHUBAEMOMY IIPUMe-
DY SBJISIOTCS IOKA3aTEIHbHBIMU, HAIIPUMED, U3-3a [1epeo0yIeHns OTAeIHbHBIX areHTOB
I OCOOEHHOCTEN 3aBUCUMOCTHU MEXKIY BXOJHBIMU ITapAMETPAMU U BBIXOIOM.

Aropur™m k-cpeiHEX Ha MaJjIbIX 00'beMax OMOPHOI BBIDOPKU MOXKET MOKA3bIBATH
XOPOIIIEe PEe3yJIbTATHI, OJHAKO IIPU ITOM IKCIIEPUMEHTHI ITOKA3BIBAIOT OOJIBINON pas-
O6pOC TOYHOCTHU PeEIeHNs KOJUIEKTHBA. B mepByI0 odepesb 9TO O0bICHSAETCS BBICO-
KO 3aBUCHIMOCTBHIO 3(PHEKTUBHOCTH AJTOPUTMA, K-CPETHIX OT TeHEPAITNN CTAPTOBBIX
1eHTPOB KyracTepos. IIpu aTom mazke mpocToit MeTos caydaitHoro orbopa 9K3eMILIs-
POB BBIOOPKH MOYKET OKa3aThCsl He XyxKe, 4eM k-cpesanx. C pocToM 06beMa OIIOPHOIi
BBIOODKU CHHM2KAETCsT pa3HuIa B 3 MEeKTUBHOCTH TIPEeICTaBIeHHBIX MeTo0B. Ha 1mo-
crarouno Gosbimx obbemax (8000 u Gosiee) pasHUIa MEXKIY JAHHBIMU METOIAMU
MPaKTUIECKH OTcyTCcTBYyeT. IIpn sroMm, k-cpeannx um reHeTwdecKnii ajropuT™ sBJIs-
10TCs OOJIee 3aTPATHBIMU B BBIYUCIUTEILHOM Itane. Jj1s Takux 0ObeMOB OIOPHOI
BBIOOPKH JIydIlle MCIIOJIb30BATH METOJ, CIyIaifHOro 0TOOpa K3EMILISPOB BBIOOPKHU.

BoruncmureibHbIE 9KCIIEPUMEHTBI TIOKA3BIBAIOT, 9TO 1pu 3P MEKTUBHOM BBIOODE
TOYEK B OIIOPHOE MHOXKECTBO MOXKHO CYIIECTBEHHO CHU3UTH 3ATPATHI BHIUUC/IUTE/ b
HBIX PECYyPCOB IIPU COXPAHEHUH TOYHOCTH PE3YJIbTATA.

Pa6ora BeImotHeHA B paMKax TOCyIapCTBEHHOTO 3a1anns Munncrepersa HayKu u
BBICIIEro obpazoBanus Poccuiickoit Pereparium B paMKax 0a30BOr0 TOCOIOIZKETHOTO
dunancuposanust 1o mpoexkty Ne FEFE-2020-0013.

[1] Polyakova A., Lipinskiy L., Semenkin E. Investigation of Reference Sample Reduction

Methods for Ensemble Output with Fuzzy Logic - Based Systems // 8th International

Congress on Advanced Applied Informatics — IEEE, 2019. Pp. 583-586.
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One of the main methods in data reduction processes is the instance selection
method. Reducing the dataset has two main objectives: reducing the requirements
for computing resources, as well as the time for processing the learning task. Thus,
the choice of the correct subset of examples allows reducing the sample size and
increasing the efficiency of training. But with regards to regression datasets, this
problem is not fully understood, including due to the complexity of this type of
dataset.

The method collective decision making based on fuzzy logic has shown its ef-
fectiveness in solving regression and classification problems. During the ensemble
formation and training of the agent the whole training sample can be used. However,
using the entire training sample to determine the confidence level of the agent on
the test point is computationally expensive. The formation of a reference sample
will reduce these costs. In this paper, we study the problem of reducing the size of
a reference set of points (reference sample) during collective decision making.

In the article, the reference sample refers to the sample that is used in ensemble
output using of fuzzy logic system (i.e. the reference sample is a subsample of the
training set). The fuzzy controller makes a decision on which agent should be used
for each point from the test set. For a point from the test set, the nearest point from
the reference sample is determined. Depending on the distance to the object from
the test set and the successfulness of the algorithm on this object, the confidence of
the algorithm on this test point is determined. With the help of fuzzy controller,
the final decision is made either by the agent with the greatest confidence or by the
k — best agents (k is the parameter of the algorithm) by averaging method.

As part of this work, it is proposed to apply the instance selection to select in-
stances for the reference set from the training set when solving regression problems
based on such methods as genetic algorithms (GA), the k-means clustering algo-
rithm, and the random instance selection (RIS). In most existing methods, instance
selection was applied to classification problem, and the proposed approach is used
to perform instance selection for regression problem.

The effectiveness of the use of instances sample methods in forming a reference
set in ensemble output using of fuzzy logic system has been explored on three known
datasets. The concordance correlation coefficient is used as a criterion. As a result
of the research on the test problems, it can be concluded that the reduction of
the reference sample does not lead to a decrease in the accuracy of the ensemble
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(etc. ensemble output with fuzzy logic-based systems) and in some cases increases
it.

For the formation of small reference samples (the number of instances is less
than 500), GA is better than other approaches. At the same time, it is possible
to obtain the accuracy of the ensemble work higher than in the full sample. This
can be explained by the fact that not always the nearest points to the estimated
in-stance are indicative, for example, due to retraining of individual agents or the
peculiarities of the relationship between the input parameters and the output.

The k-means algorithm can show not bad results on small volumes of the reference
sample, but the experiments show a large spread of the accuracy of the team. This
is primarily due to the high dependence of the k-means algorithm efficiency on the
generation of cluster start centers. At the same time, even a simple RIS can be
no worse than k-means. The difference in the efficiency of the presented methods
decreases with the growth of the reference sample size. On sufficiently large volumes
(8000 and more) the difference between these methods is practically absent. At the
same time, k-means and GA are more computationally expensive. It is better to use
RIS for such reference sample sizes.

Computational experiments show that effective instance selection in the reference
set can significantly reduce the computational costs while maintaining the accuracy
of the result.

Research is performed with the support of the Ministry of Education and Science
of the Russian Federation within State Assignment project, grant #FEFE-2020-
0013.

[1] Polyakova A., Lipinskiy L., Semenkin E. Investigation of Reference Sample Reduction

Methods for Ensemble Output with Fuzzy Logic - Based Systems // 8th International

Congress on Advanced Applied Informatics — IEEE, 2019. Pp. 583-586.
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Paccmarpusaercss Biausinme crmocoba MOCTpoeHnss (PYHKIUN OIMMAOKN Ha BBIOOD
CTPYKTYPBI MOjIe/ i Tiybokoro obydenus. Tpebyercss paspadboTraTh METOJ, MTO3BO-
JISIFOIIUI TIOHU3UTH CJIOZKHOCTb MOJIEJIA [IPU COXpaHeHu: ee TodHOoCcTU. [Ipemiaraer-
Csl COBMECTHUTDH JINTUBHYIO PErYJISIPU3AIUI0 U IPOPEKUBAHNE CETH I'€HETHIECKUM
AJITOPUTMOM J[IJTsi BBIOOPA ONTUMAJIBHON CTPYKTYpbI. Peryispusarust crocoOcTByeT
MTOBBIMIEHUIO 00OOIIAIOIIEH CIIOCOOHOCTH MOJIEIN U CHUZKEHHUIO PUCKA IIePeody IeHus .

Uccnemyercs Bimsinue BeCOB PEryJIsIPU3aTOPOB HA CJIOKHOCTH U TOYHOCTH MOJIE-
Jin. Beca peryisipusaTopoB U3MEHSIFOTCS B XOJI€ POy Phl OIITUMUBAIANA CTPYKTY-
pbl. JIJist 3TOro COCTaBJISIeTCsl PACIIUCAHNE OIITUMU3AIIN MeTalapaMeTpOB a [ InTHB-
HO#1 perynspusaruu. [Ipemaraercs COBMECTUTD IIPOIECC ONTUMU3AINN TAPAMETPOB
HEHPOCETH C UTEPAINUAME T€HETHIECKOTO AJTOPUTMA JJIs ONTHMU3AIANA MeTarapa-
€TPOB PEryJIspU3aIIu.

JIist CHUZKEHUST CTPYKTYPHO CJI0XKHOCTH HEPOCETH MCIOIB30BAJICS TeHeTe N -
KU aJIrOPUTM, KOTOPBIl BBICTYIIAeT Kak IMPOIEypa IIpopexKuBaHusi Helipoceru. B
BBIUHC/IUTETHHOM 9KCIIEPUMEHTE OIPEIEIA0TCS ONTUMAJIbHbIE 3HAUEHNE MeTarapa-
METPOB PErYJISTPU3AINHT, & TAK YKe UCCIIE/LYETCA 3aBUCUMOCTDb TOYHOCTH, CJIOZKHOCTH 1
YCTONYIMBOCTH MOJIEJIH OT MPOIEY Pl PEry/IsTpU3aliii, 3a/IaBaeMOil MeTarnapaMeTpa-
Mu. Pe3ysbrarsl sKCIIepuMenTa MOKA3bIBAIOT, 9TO HEHPOCETD C PEry/Ispu30BaHHbIMA
rapaMerpaMy CXOJIUTCsI K MeHee CTPYKTYPHO CJIOXKHOMY M KadyeCTBEHHO 6oJjiee TOY-
HOMY PEIEHUI0, & TaK Ke nMeer 0oJjiee BBICOKYIO YCTOWYUBOCTH 110 CPABHEHUIO C
MOJIEJIBIO, KOTOPAasi HE UCIOJIb3YeT aINTUBHYIO PEry/IsiPU3AIIUIO.

Pa6ora Beinosnena nupu nogiaepxkke PODU (npoexrsr 19-07-01155, 19-07-00875)
n HTU (npoexr 13/1251/2018).
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The research paper considers the influence of the method of constructing the error
function on the choice of the structure of the deep learning model. It is required
to develop a method to reduce the complexity of the model while maintaining its
accuracy. We propose to combine additive regularization and thinning by genetic
algorithm to obtain optimal structure of neural networks. Regularization promotes
increasing the generalizing ability of the model and reducing the risk of overfitting.

The research paper studies the influence of the weights of regularizes on the com-
plexity and accuracy of the model. The metaparameters are changed in the course
of the structure optimization procedure. This change is called the optimization
schedule. It is proposed to combine the process of optimization of neural network
parameters with iterations of a genetic algorithm to optimize regularization meta-
parameters.

To reduce the structural complexity of the neural network the GA-NAS was
used. The GA-NAS in this case acts as a thinning procedure of a neural network.
The goal of the computational experiment is to determine the optimal values of the
regularization metaparameters, as well as to study the dependence of the accuracy,
complexity and stability of the model on the regularization procedure specified by
the metaparameters. Based on the experiment results, the regularized models work
and are more accurate than the non-regularized models.

This research was supported by RFBR (projects 19-07-01155, 19-07-00875) and
NTT (project 13/1251/2018).
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O nowucke 4acTbIX 3/1IeMEeHTOB B HEOMHAPHbIX AaHHbIX Ha OCHOBE
TexHonornn CUDA

Tenpuxos Hzopv Eszenvesun' x ingvar1485Qrambler.ru
oxosa Enena Bcesonodoena® edjukova®mail.ru
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2Mocksa, BIT ®UII 1Y PAH

Bajada ONCKa 9acThiX HAOOPOB B JAHHBIX aKTYAJIbHA JJIs MHOTHX [TPUKJIATHBIX
obmacreit. OIHUM U3 OCHOBHBIX IIPUJIOKEHUN SIBIISETCS] HAXOXKJIEHNE acCOIMATUBHBIX
npasui B 6asax gaHHbix (Agrawal R., Imielinski T., Swami A., 1993). ITpuseném
KJIACCUYECKYO [TOCTAHOBKY PACcCMATPUBAaEMON 3a/a4u iJisi HanboJjiee UCCJIeI0BAHHO-
ro cjiydasi, a UMEHHO JIJTsl CJIydast OMHAPHBIX JAHHBIX.

JlaHo HEKOTOpOe MHOXKECTBO P, 971eMeHTbI KOTOPOTO HA3BIBAIOTCHA ATPHUOYTAME
n jmana 6a3a JAHHBIX [, cojepzKaliasi HEKOTOpPbIE IOJIMHOYKECTBA MHOXKecTBa P,
He obszaTe/bHO pasymaHbie. [logMHaO)KecTBa MHOXKECTBa P Ha3bIBalOTCA HADOpaMU
aTpubyTOB, & Te U3 HUX, KOTOpbIE CcojepKarcs B [, HA3BIBAIOTCS TPAH3AKIIASIMUA.
Habop arpubyToB Z HA3BIBAETCST S-4ACMBIM, €CJIM OTHOIIEHNE YNC/Ia TPAHIAKITHI,
coflepKaIX Z, K 9UCJIy BCeX TpaH3akKIiuit He MeHee s. Tpebyercda HalTu Bce s-
qacTbie HAOOPHI ATPUOYTOB.

B macrosiee BpeMmsi CyIiecTByeT OOJIBIIOE YHCJIO AJITOPUTMOB MOUCKA TaCTBIX
HabOpOB aTpubyTOB B OMHAPHBIX JAHHBIX, CPEJIM KOTOPBIX OIHUM U3 HamuboJiee u3-
BeCTHBIX siBjisiercs ajiroputM FP-Growth. DToT ajropurm 0CHOBaH Ha MOCTPOEHUM
FP-nepesa, koropoe dhakTUIeCKn sSBJISIETCS CTPYKTYPUPOBAHHBIM [IPECTABICHIEM
UCXOJTHBIX JIAHHDIX.

B 6ostee ob1r1eit mocTaHOBKE KasK/Iblii aTPUOYT MMEET HEKOTOPOE MHOYKECTBO THUC-
JIOBBIX 3HAYEHUIT 1 BMECTO HAOOPOB aTpUOYTOB PACCMATPUBAIOTCS HAOOPHI UX 3HAUE-
Huii. Kak npaBujio, OUCK 9acThiX HAOOPOB 3HAYEHUN aTPpUOYTOB CBOJIUTCS K OMHAD-
HOMY CJIy4alio IyTeM 3aJIaHus Jisd KaxKJI0ro arpubyTa HEKOTOpOro uucia (mopora),
MTO3BOJIATONIETO MEPEKOUPOBATEH UCXOIHBIE JTaHHbIE B OMHAPHBIE.

B 2014 r. K. Dapbaccnonn mocTaBusl 3a/ady ITOUCKA ACCOIMUATUBHBIX TPABUI
B JIAHHBIX, IPEJICTABJIEHHBIX B BUJIE JIEKAPTOBOI'O MPOU3BE/ICHIST TACTUIHBIX TOPSII-
KOB, U BBEJI IOHATHE S-9aCTOTO dJIeMEeHTa Jijis MHOXKecTBa P = P; X ... X P, rue
Py, ..., P, — KOHEYHBbIE YaCTUIHO yIOPSIOUYEHHbIE YUCJIOBbIe MHOXKecTBa. Cunraer-
s, 9T0 yeMeHT y = (y1,...,Yn) € P cuemyer 3a ssementoMm & = (1,...,T,) € P
(x < y), ecan y; caemyer 3a x; upu i = 1,...,n. DieMeHTsl T,y € P Ha3BIBAIOTCI
CPABHUMDILMU, ecJTH JTu00 & < Yy, Tud0 y = x. B MpOTUBHOM cJlydae & U Y HA3bIBAIOTCS
HECPABHUMBLMU.

[Ipeamonaraercs, 9TO KaxKJ10e MHOXKECTBO P; nMeer HauMerbwutl s4emenm, T. e.
TaKOM JEMEHT [;, [jIsI KOTOPOTO BBIMOJIHEHO [; = x; st 11000T0 x; € P;. DieMenT
x; € P; HA3BIBACTCH CYULECTNEEHHBIM SHANEHUEM IIIEMEHTA T = (L1, ..., Lj, ..., Tp) €
P, ecim x; # ;. Ilpeanosiaraercst Takzke, 9T0 6a3a JaHHBIX D IpejcTaB/ieHa B BUJIE
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HEKOTOPOii COBOKYITHOCTHU 3JIEMEHTOB MHOXKecTBa P (He 06543aTe/IbHO PA3JIMIHBIX) U
He cogepxkutT TpaHzakuuio [ = (I, ...,1,).

B ciyuae 6unapHbix ganubix P, = {0,1}, 4 = 1,...,n, u B P, yCTaHOBJIEH 1O~
pajiok 0 =< 1, 0 # 1. 3necw I; = 0 u kaxka0e P; uMeeT BCEro OIUH CyIIECTBEHHBIN
9JIEMEHT, PaBHBIHA 1.

Ilycte « € P, x # [. Hucso tpansaknuit z B D Takux, 970 < z 0003HAYACTCS
Sp(x). Daement x HasbIBaeTCA S-wacmoim, ecin Sp(x)/|D| > s, nnade & HasbIBaeTCH
S-HeUacmoLM. 3aMeTHM, IT0 ecn & < y, 10 Sp(x) = Sp(y). DeMeHT  HAZBIBACTCS
MAKCUMANLHOLM S-4acmuim deMeHToM, ecan Sp(x) > s u Sp(z) < s st moboro z,
TAKOrO 9TO & = 2, & # 2z (T.e. U3 ycJIoBUd T < 2, & # z CJEJyer, 9TO 2z — S-He4acThlil
ssieMeHT B P).

B [1] npemnokena cxema Gunapusanum MHOKecTBa P = P X ... X P,, cormacuo
KOTOpOii st Kaxkaoro arpubyra P;, i € {1,...,n}, cTpouTCsI MHOXKECTBO <«3Ha-
YUMBIX TIOporoB» Q; = P;. Yuciy p, p € P;, mocraBjieH B COOTBETCTBUE IJIEMEHT
o(p) = (z1,...,2,) € P, B KOTOPOM Z; = p u x; = |; mpu j # i. Torma aucio p na-
3BIBAETCH 3HAYUMbIM nopozom, eciin Sp(¢(p)) = s. [Ipeanonaraercs, aro Kaxgoe P;
umeeT x0T Obl o7uH 3HaduMbLil nopor. Habop noporos H = {p1,...,p,}, B KOTOpOM
pi € Q; mpu i = 1,...,n, MIOPOXKJIAET OJUH U3 BO3MOXKHBIX BADUAHTOB MTEPEKOUPOB-
KI FICXO/IHBIX JIAHHBIX B IIPOM3Be IeHNe OHHAPHBIX YacTHIHBIX Tops ko P . YacTeie
snemenTsl MuOKecTBa, PH nassambr nopoeosvimu wacTeivu snementamu. Ilocrasiena
3aJ1a49a ePEeYUC/IeHUsT MAKCUMAJIBHBIX TTOPOTOBBIX $-9ACTHIX 3JIEMEHTOB, MTOPOK A~
MBIX BCEMU BO3MOYKHBIMU BapUaHTaMU OMHAPHOI 1IEPEKOIUPOBKHU (HAXOIUTH YaCThIe
9JIEMEHTBI, He SBJIAIONTHECS MAKCHMATbLHBIME, HEd(DMEKTUBHO KaK 110 BPEMEHHU, TaK 1
1o namsaTH). J[jIst perernst mocTaBIeHHOM 3a/1a41 TIOCTPOEHO TOJIHOe TTIoporosoe FP-
nepeso (FTEFP-uepero).

Koncrpyknust FTFP-nepesa siBisiercst mopuduranmeir Kjaaccmieckoro FP-
nepesa. B FTFP-nepeBe mis xaxkmoro mebmaapHoro arpudyrta P; cTpouTcs moJ-
nag Bepriusaa (P;, Q;). Iloporu B Q); coprupyiorcs 110 yObIBAHUIO 3HAYEHUs BeJIU-
quabl Sp(p(p)), p € Q;. CopTupoBKa BaykHa JJIsl COKPAIEHNsT BPEMEHHBIX 3aTPAT.
[Ipu criycke u3 TIOTHON BEPIIMHBI CTPOUTCS JIUOO CJIEYTOIAs TTOTHAS BEPIIUHA, JIH-
00 KOpHeBasi BepImHa Kiaccuieckoro dbunapuoro FP-nepesa. Bunapuoe FP-nepeso
CTPOUTCSI TOTJIA, KOTJIa B TEKYIEH BETBU BCe 3HAYCHUsI HEOMHAPHBIX aTPUOYTOB Tie-
PEKOIMpPOBaHbl B OUHADHBIE.

B peanbubix 3amagax MoxKeT (pOPMHUPOBATLCS OOJIBINTOE UUCIO HAOOPOB MOPO-
IOB MEPEKOIUPOBKU U JIJIs [MONCKA MAKCUMAJIBHBIX MOPOTOBLIX YACTHIX 3JIEMEHTOB C
ucnonbzoarneM FTFP-nepesa Tpedyiorcst CyecTBEHHBIE BHIYUCIUTEIbHBIE PECY -
col. B Hacrositieit pabore ¢ 1eJIbI0 YCKOPEHUS TPOIEIYPhI MOUCKA UCKOMBIX YaCThIX
9JIEMEHTOB pa3paboTaHbl MapaJulebHble aaropuTMbl Ha ocHoBe Texuosorun CUDA.
VkazaHHasi TEXHOJIOTUsI TIO3BOJISIET BBIIIOJHUTH OMEPAIINN, HEe TPEOYIONUe T Th-
HOT'O BPEMEHMU, Ha IEHTPAJbHOM IIPOIECCOPE, & BCe CIIOXKHBIE Ollepalui Ha rpaduie-
ckoM nporieccope (GPU). Peann3oBaHO HECKOJIBKO CXeM Paclapajlle/IMBaHus: TPU
GJIOUHBIX U OJIHA OJIMHOYHAs. B GJIOUHO cXeMe MHOXKECTBO BCEX «3HAUUMBIX» HAOO-
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poB noporos H p pasdbuBaercs Ha HEIEPECEKAIONNECs [T0IMHOXKECTBA, KayKI0€e U3 KO-
TOPBIX MOJAETCA Ha OTJEIbHBIN BeraucauTe bHbli 070k GPU mis cunresa Makcu-
MAaJIbHBIX ITOPOTOBBIX YaCTBIX 3J1eMEHTOB. [Ipu o IuHOTHOM pacrapasiie/ITUBAHIT JIJIsT
HaXOXK/IEHUsI MAKCUMAJIBHBIX MOPOTOBBIX YaCTBIX 3JIEMEHTOB, MOPOXKIAEMbBIX HADO-
pom moporos u3 Hp, ucnosb3yercst oaun Boraucanteabubiii 0,10k GPU. Ilpuseensr
Pe3yIbTaThl TECTUPOBAHNS [IOCTPOCHHBIX TaPaJIJICIbHBIX AJIIOPUTMOB Ha MO/JIEJIBHBIX
JIAHHBIX U Ha peaJibHbIX 3ajadax u3 penosuropust UCI.
Pabora gactuano dunancuposana rpanrom PODOU Ne19-01-00430-a.
[1] I'empuzos H. E., [rokosa E.B. Ilonck YacTBIX 3J€MEHTOB [IPOU3BEEHUsI IACTUIHBIX
HNOPSAKOB 1 acconmarusabie npasuia // Céopruk Tpymos VI Mex rynapomnoit konde-
PEHIIMU U MOJIOAEXKHOM MIKOJIbI «VHpOpMaINOHHbIE TEXHOJIOIHMM ¥ HAHOTEXHOJIOTUH»

(ITHT-2020), 2020. T. 4. C. 620-629.

Mesxrynapoaaas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.



62 Big data analytics

About searching for frequent elements in nonbinary data based on
CUDA technology

Igor Genrikhov'x ingvar1485@rambler.ru
Elena Djukova® edjukova@mail.ru
'LLC «Mobile Park IT>, Khimki, Russia

2CC FRC CSC RAS, Moscow, Russia

The problem of finding frequent sets in data is actual for many applications.
One of the main applications is finding association rules in databases (Agrawal R.,
Imielinski T., Swami A., 1993). Here is the classical statement of the problem under
consideration for the most studied case, namely for the case of binary data.

Let P be a set the elements of which are called attributes and D be a database
containing some of certain subsets of P (not necessarily different). The subsets of P
are called collections (sets) of attributes, and the subsets included in D are called
transactions. The set of attributes Z is called s-frequent if the ratio of the number
of transactions containing Z to the total number of transactions is not less than s.
It is required to find all s-frequent sets of attributes.

Currently, there are a large number of algorithms for searching for frequent sets
of attributes in binary data, among which one of the most well-known is the FP-
Growth algorithm. This algorithm is based on the construction of an FP-tree which
is actually a structured representation of the original database.

In a more general statement, each attribute can take a set of numerical values,
and instead of sets of attributes, sets of their values are considered. As a rule, the
search for frequent sets of values attributes is reduced to the simple binary case by
specifying for each nonbinary attribute a certain number (threshold) for representing
the original data by binary data.

In 2014 K. Elbassioni formulated the problem of finding association rules in data
presented as a Cartesian product of partial orders, and introduced the concept of a
s-frequent element for a set P = P} X ... X P,, where Py,..., P, — finite partially
ordered number sets. It is considered that the element y = (y1,...,y,) € P followed
by the element x = (z1,...,2,) € P (z < y) if y; succeeds xz; for i = 1,...,n. The
elements x,y € P are said to be comparable if either x < y or y < x. Otherwise, x
and y are called incomparable.

We assume that each set P; has the least element, i.e. an element [; for which
l; = xz; for every x; € P;. The element x; € P; is called a significant value of the
element © = (21,...,%;,...,2,) € P if 2; # I;. We also assume that the database D
is represented by a collection of elements of the set P (not necessarily different) and
does not contain the transaction I = (Iy,...,1,).

In the case of binary data P; = {0,1}, i = 1,...,n, and there is the order 0 < 1,
0 # 1, in each P;. Here [; = 0 and each P; has only one significant element equal to
1.
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Let x € P, x # [. The number of transactions z in D such that z < z is denoted
by Sp(x). The element x is said to be s-frequent if Sp(xz)/|D| > s, otherwise is
called s-infrequent. The element x is said to be the mazimum s-frequent element if
Sp(z) = s and Sp(z) < s for any z such that z < 2, x # 2z (i.e. from the condition
x Xz, x # z it follows that z is an s-infrequent element in P).

In [1], a binarization scheme for the set P = P; x ... x P, is proposed, according
to which a set of "significant thresholds” @; C P; is constructed for each attribute
P, i € {1,...,n}. The number p, p € P;, corresponds to the element ¢(p) =
= (#1,...,2,) € P in which z; = p and x; = [; for j # 4. Then the number p is
called a significant threshold if Sp(¢(p)) = s. We assume that each P; has at least
one significant threshold. A set of thresholds H = {p1,...,pn}, in which p; € Q; for
i=1,...,n, generates one of the possible variants of encoding the original data into
a product of binary partial orders P¥. Frequent elements of the set P are called
threshold frequent elements. The problem is to enumerate the maximum threshold
s-frequent elements generated by all possible variants of binary encoding (finding
frequent elements that are not maximal is inefficient both in time and in memory).
To solve this problem, a full threshold FP-tree (FTFP-tree) is constructed.

The FTFP-tree construction is a modification of the classical FP-tree construc-
tion. In the FTFP-tree, a full vertex (P;, Q;) is constructed for each nonbinary at-
tribute P;. Thresholds in @; are sorted in descending order of the value of Sp(p(p)),
p € Q;. Sorting is important to reduce time spent. When descending from a full
vertex, either the next full vertex or the root vertex of a classical binary FP-tree is
constructed. A binary FP-tree is constructed when all values of nonbinary attributes
in the current branch are recoded to binary values.

In real problems, a large number of sets of encoding thresholds can be formed,
and the search for maximum threshold frequent elements in the FTFP-tree requires
significant computational resources. In this paper, parallel algorithms based on
CUDA technology are developed to speed up the search for sought elements. This
technology allows you to perform operations that do not require a long time on
the central processor, and all complex operations on the graphics processor (GPU).
Several parallelization schemes are implemented: three block and one single. In
a block scheme, the set of all ”significant” sets of thresholds Hp is divided into
disjoint subsets, each of which is fed to a separate GPU computing unit for synthe-
sizing maximum threshold frequent elements. In single parallelization, a single GPU
computing unit is used for synthesizing the maximum threshold frequent elements
generated by a set of thresholds from Hp. The results of testing the constructed
parallel algorithms on model data and on real problems from the UCI repository are
presented.

This research is partial financial supported of RFBR, grant 19-01-00430-a.

[1] Genrikhov I. E., Djukova E. V. Finding frequent elements for a product of partial orders
and association rules // Proceedings of the VI International conference and youth school

“Information technologies and nanotechnologies”, 2020. Vol. 4. Pp. 620-629.
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3apgayva oby4eHuns c aKcnepTom ASsi NOCTpPoeHue
MHTepnpeTupyemMbiX Mogesneii MalwmnHHOro ody4eHus

I'paboeoti Andpeti Barepuesur'x grabovoy .av@phystech.edu
Cmpuotcoe Badum Burmoposur'? strijov@phystech.edu
"Mocksa, MoCKOBCKHiT (PU3UKO-TEXHUIECKIH HHCTHTYT

2Mocksa, Beraucinrensubiii nearp um. A. A. Topogaunpiaa OUIL Y PAH

TlocTpoenmne mHTEPIPETUPYEMBIX MOJEEH SIBIASIETCS OJHONW M3 OCHOBHBIX ITPO-
OJ1eM B MAITTHHOM 00y<aeHuu. JJ1sT TIOBBIMIIEHNsT KAIeCTBa AIMTPOKCUMAIINN TTOBBITA~
€TCsl CJIOKHOCTD MOJIC/TH, U3-3a, IeTr0 CHUYKACTCA €€ HHTEPIPETUPYEMOCTh. /1151 TTOBBI-
[IIEHNsT KAYeCTBa AIIIPOKCUMAIINN 0€3 MOBBIIIEHUsI CJIOYKHOCTH MOJIEJIH ITPe I IaraeTcst
HCITO/Ib30BATH IKCIEPTHYIO NH(MOPMAINIO O JaHHBIX. MeTom MammuHHOro 00y YeHus,
OCHOBAHHBIA HA 9KCIEPTHOI WHPOPMAIINY, HA3BIBACTCI 00YUEHUEM C IKCNEPTOM.

Hammoe ncce1oBaHme MOCBSIIEHO TTOCTPOSHUIO HHTEPIIPETUPYEMBIX MOJEIeH Ha
OCHOBE 9KCIIEPTHOTO AIlPUOPHOTO IPEJICTABICHNS O perraeMoii 3a1atde. Perraercs 3a-
Jiada alIpoKCUMAIMY KPUBBIX BTOPOIO MOPsIJIKa Ha KOHTYPHOM m300pazkenuu. [1pe;i-
[I0JIATaeTCs, ITO KPUBasi BTOPOr'O MOPsJIKA OIMUCHIBAETCS OHONW MOJIEIbI0. JKCIEPT-
Hasg HHGOPMAINA MO3BOJISET 0TOOPA3UTh TOYKHU M300PAKEHUsS B HOBOE IIPOCTPAH-
CTBO, TJIe JaHHasl KPUBasl ONMMUCHIBACTCA JIMHEHHONW Momenbio. [Ipu ammpokcumarim
HECKOJIbKIX KPHUBBIX Ha OJIHOM M300Pa’KEHUU CTPOUTCS MYJIBTHMOJIC/Th Ha, OCHOBE
CMeCH IKCIIEPTOB.

Pemraerca 3amaya anmpokcuManum pajlykKkn riasa. [J1a3 mpejcraBiisgeTcsa Kak
JIBe€ KOHIIEHTPUIECKUE OKPYKHOCTH Ha m3o0paykennn. Karkmas OKpY»KHOCTDL all-
MTPOKCUMUPYETCsT OTHON JTUHEHHOM Mo1e/1b1o. M300paskerne Tyra3a siBasieTcst HabopoM
TOYEK, KOTOpPbIe TPeOyeTCsT allpOKCUMUPOBAThL. B BBITUCINTETHHOM IKCIIEPUMEHTE
AHAJIM3UPYETCA KAIeCTBO AIIPOKCUMAIINN KOHTYPHOIO M300paKeHUsl IPU TTOMOIIN
IIpeJIIOYKEHHOTO MeToa. [IpoBoguTes aHa M3 KavdecTBa AIMIPOKCUMAIINHA DALy KKI
ras3a.

Pa6ora Beinosinena npu nopiepxke PODU (npoexrer 19-07-01155, 19-07-00875)
u HTU (mpoekr 13/1251/2018).

[1] I'pabosoti A.B., Cmpuotcos B. B. Bpibop anpuopHOro pacupeijieHus JJis CMECH KC-

neproB // 2KypHasl BBIMUCIUTENBHON MaTEMATHKH U MaTeMaTndecKon cdhusukm, 2021.

T. 61. Ne5.
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Expert learning for interpretable model selection

Andrey Grabovoy'x grabovoy.av@phystech.edu
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'Moscow, Moscow Institute of Physics and Technology

2Moscow, FRCCSC of the Russian Academy of Sciences

The interpretable model selection is an important problem in machine learning.
To improve the approximation quality one has to increase the number of model
parameters. It results in a less interpretable model. The authors propose to use an
expert prior information to improve the quality without increasing the complexity of
the model. This information is called the expert information. The machine learning
method based on an expert information is called expert learning.

This work analyzes the interpretable model selection. It solves the problem of
approximating second-order curves on a given contour image. It is assumed that the
second-order curve is described by one model, and the expert information maps the
points of an image into a new space, where this curve is described by a linear model.
A mixture of experts approximate to approximate several curves on one image.

A circle is an example of a second-order curve. The iris is represented as two
concentric circles in an image. Each circle is approximated by one linear model.

The computational experiment analyses the proposed method for the contour
image approximation. It uses synthetic and real data to test the proposed method.
The real data is a human eye image from the iris detection problem.

This research was supported by RFBR (projects 19-07-01155, 19-07-00875) and
NTTI (project 13/1251/2018).

[1] Grabovoy A. V. Strijov V. V. Prior distribution selection for a mixture of experts //

Computational Mathematics and Mathematical Physics, 2021. Vol. 61. No5.
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AHanu3 BpeMeHHbIX psifoB C yHeTOM KpUTEepusi CTauMOHAPHOCTU
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2Mocxksa, MockoBckmii rocyapcTennblii yausepcnter mvern M.B.JTomoHOCOBA

IIporaosupoBaHue BpEMEHHBIX DSIJIOB SIBJISIETCS OHON U3 CAMBIX HCCJIELyEeMbIX
3asad. [Ipu ananmse BpeMEeHHOTO psijia BOSHUKAET MHOYKECTBO BOIIPOCOB: KaKWe IIPHU-
YUHHBIE CBSI3U IPUCYTCTBYIOT B JIAHHBIX, IIPUCYTCTBYET JIM ABTOKOPPEJISIIHs, UMeeT
JI MECTO HaJIn4Ine Ce30HHBIX 3(PdEKTOB, TpeHaa U T.11. Takoe 6OJIbITIOE pa3sHOOOpa-
3m€e CBOWCTB psija TpebyeT IIyOOKOW aHAJIUTUIeCKONl PabOThl U HEM30EXKHO BeeT
K WCIOJB30BAHUIO psijia yruporneauii. COOTBETCTBEHHO HEOOXOJAUMO HCIOIH30BAHIE
KPHUTEPHUEB KAYeCTBa, KOTOPBIE TIO3BOJIAT CY/IUTH O MPABIILHOCTH 110I00PAHHOI Ha-
CTPOIKY JIIsi MOJIE/IU ITPOIHO3UPOBAHMS.

TpaaunuoHHO i TTOCTPOEHUST BBIBOJOB O KAYECTBE MPOrHO3a AHAJIU3UPYIOTCS
JIACTIEPCHsT, CpeJIHee 3HAYEHNE U PA3JIMIHbIE OJTHOKOMIIOHEHTHBIE MeTpuKku. B obriem
BU/IE 33/1a9a MPOTHO3UPOBAHNS COCTOUT B BLIOOPE TAKOTO AJrOPUTMAa, KOTOPBI 06ec-
[EIMBACT MAKCHMAJIBLHOE KAYeCTBO IMPOrHO3a OTHOCUTEIHHO BBIODAHHON (QyHKIMN
norepb. B 3aBuCHMOCTH OT OCODEHHOCTEI IPOIHO3UPYEMBIX JIAHHBIX UCCJIeI0BaTE b
OTAEeT MPEIIOYTeHNe TOM Wi UHOW MeTPUKE.

OpHOIT U3 MTPOBEPOK KAYECTBA CHEIM(PUKAIINN MOJIEIN SBJISETCs aHAJM3 CTAI[HO-
HAPHOCTH OCTATKOB. ECJIM OCTATKY HECTAIIMOHAPHBI, TO MOJIEb MEeT HEOIMHAKOBY IO
TOYHOCTH MPOrHO3a B pa3Hble MEPUOJLI BpeMeHHU. Takas CHCTeMATHYECKH pPa3Hast
omunbKa TOBOPUT O TOM, YTO MOJIEJIb HYKJIAeTCsl B KOPPeKTupoeke. [IpoBepka ocrar-
KOB B JIAHHOM CJIydae HCIIOJIb3yeTCsl HAa YPOBHE MPUHSATHUSI M OTKJIOHEHUS TUIIOTE3bI
O CTAIMOHAPHOCTH.

B pabore mpemraraercs crocob yiydimeHusi MPOTHO3a IIyTeM H00aBJICHUs] WH-
dopmaruu 0 CTarMOHAPHOCTH OCTATKOB B (hyHKIMo morepb. Crnocobd OCHOBaH Ha
KOHIIENINN KOMHTerpanuu [ peifazkepa, KOTOPBIA MIMPOKO UCIIOIB3YETCA B TAPHOM
TpeiiJInAre U JIJIsi BBISIBJIEHUS JIOXKHBIX perpeccuii. Vcmosib3o0BaHne KOHIIEIIIUN KO-
MHTErpaliyl MO3BOJISIET JIeJIATh BBIBOJ, O HAJMYUU CTATUCTUYECKU 3HAYMMOU CBSI3W
MEZK/Ty TIPOTHO30M U PEAbHBIMY 3HATECHUSIMU.

Hopas dynxmusa morepns gomostHsgeTcs nHdopMaImeil 0 «CTemenny CTaTHCTUIe-
CKU 3HAMUMOMN CBSI3WM MKy TPOTHO30M U peasibHbIMK 3HadeHusiMu. i1 m3Mepenmst
«CTeleHN» CTAIMOHAPHOCTU PsiJia MCIIOJIb3yeTCsl p-3HAYEHNe TeCTOB Ha CTallnoHAapP-
HOCTB. 1O €CTh UeM BBIIIEe CTATUCTUYECKAS 3HAUYNMOCTD YTBEPXKICHUS O CTAI[HOHAD-
HOCTH OCTATKOB, T€M C OOJIbIIEll yBEPEHHOCTHIO MOXKHO TOBOPUTH O TOM, UTO MOJIE/b
HACTPOEHA BepHO. B KauecTBe TeCTOB HA CTAIMOHAPHOCTD MCIIOJIB3YIOTCS TECTHI €11~
uuuanoro kopus Juku-Pysuiepa, Kparkosckoro-Puinmuica-IlImuara-luna (KIICC)
u TecT 3UBOTA M DHIPIOCA.
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PeneBanTHocTh MCMOMB30BaHNSA CKOHCTPYUPOBAHHON (DYHKIINY ITOTEPH ITPOBEPSI-
JIaCh Ha MOJIEJISIX Perpeccuil U PermaonuX 1epeBbeB. Boioop HaCTpoeK Moje/n mpo-
FHO3UPOBAHUS OCHOBBIBAJICS Ha BHIOOPE HACTPOWKHN ¢ MUHUMAJILHBIM BO3MOXKHBIM P-
3HaYEHUEM TeCTa Ha CTAIlMOHAPHOCTH W MUHUMAJILHON CPeIHEKBAIPATHIHON OMno-
Koit. OcTaTKM IJIOXO CIIENU(PUIIMPOBAHHON MOIEIH MOTYT UMETDh BBICOKYIO «CTEIICHD»
CTAIIMOHAPHOCTH, TIO3TOMY JIJIsT TIOJTYIeHHST XOPOIITEro ITPOTHO3a HEOOXOINMO KOHTPO-
JITPOBATDH U CPEIHEKBAIPATUIHYIO OIMHIOKY.

IIpoBepka IpeIoXKEHHOI0 MeTOo/[a IIPOBeJieHa Ha SKOHOMUYECKUX PSIIaX U Cre-
HEPUPOBAHBIX IICEBJIOBBIOOPKAX C HOPMAJIbHBIM pacipeiejieHneM. Pe3yjibrarbl uc-
CJIEIOBAHUS TIO3BOJISIIOT TOBOPUTH O TOM, UTO HCIIOJIb30BaHHe UH(MOPMAIMH O P-
3HaYEHNN TECTOB Ha CTAIMOHAPHOCTH B (PYHKIIUU MOTEPH IMO3BOJSET YMEHDLIIUTD
OMMMOKY TPOTHO3a B CPABHEHNN C KJIACCUIECKUM IOJIXO/IOM K TIpObIeMe MPOrHO3H-
poBaHud.

[1] Kupumox H. JI., Cenvko O. B. Bbibop Mozmesielt ONTUMAILHONR CJIOKHOCTH METOIAMU

Monre-Kapso (ma mpumepe Mofesneit mpou3BoACTBEeHHBIX (hyHKImi permonos Poccnii-

ckoit @enepanun) // Nndopmaruka u eé npumenenns, 2020. T.14. Ne2. C.111-118.
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Time series analysis with stationarity criterion
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Time-series forecasting is one of the most researched tasks. Analyzing a time
series raises many questions: what causal relationships are present in the data,
whether autocorrelation is present, seasonal effects, trends, etc. Such a wide variety
of properties of a series requires deep analytical work and inevitably leads to many
simplifications. Accordingly, it is necessary to use quality criteria that will make it
possible to conclude the correctness of the selected setting for the forecasting model.

Traditionally, variance, mean, and various one-component metrics are analyzed
to conclude forecast quality. In general, the forecasting problem consists of choosing
an algorithm that provides the maximum forecast quality to the selected loss func-
tion. Depending on the features of the predicted data, the researcher gives preference
to one or another metrics.

One of the quality checks of the model specification is to analyze the stationarity
of the residuals. If the residuals are not stationary, then the model has unequal
forecast accuracy in different periods of time. Such a systematically different error
indicates that the model needs to be adjusted. In this case, checking the residuals
is used at the acceptance and rejection of the stationarity hypothesis.

The work proposes improving the forecast by adding information about the resid-
uals’ stationarity to the loss function. The method is based on the concept of Granger
cointegration, which is widely used in pair trading and to detect false regressions.
Using the cointegration concept makes it possible to conclude a statistically signifi-
cant relationship between the forecast and real values.

The new loss function is complemented by information about the ”degree” of a
statistically significant relationship between the forecast and real values. To measure
the ”degree” of stationarity is the p-value of stationarity tests is used. The higher the
statistical significance of the statement about the residuals’ stationarity, the more
confident we can say that the model is configured correctly. As tests for stationar-
ity, the unit root tests of Dickey-Fuller, Kwiatkowski—Phillips—Schmidt—Shin(KPSS),
and the Zivot-Andrews test are used.

The relevance of using the constructed loss function was tested in regression
models and decision trees. The choice of the prediction model settings was based on
the setting’s choice with the lowest possible stationarity test’s p-value for stationarity
and the lowest root means square error. The residuals of a poorly specified model
can have a high ”"degree” of stationarity. Therefore, to obtain a good forecast, it is
necessary to control the root mean square error.
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The proposed method was tested on economic series and generated pseudo-
samples with a normal distribution. The study results suggest that the use of
information about the p-value of tests for stationarity in the loss function makes
it possible to reduce the forecast error compared to the classical approach to the
forecasting problem.

[1] Kirilyuk I. and Senko O. Selection of optimal complexity models by methods of non-
parametric statistics (on the example of production function models of the regions of

the Russian Federation // Informatics and applications, 2020. Vol. 14. No 2.
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B pabore paccmarpuBaercs 3ajada BBIOOpA MYILTUMOIETICH TPH pEeIeHnn 3a-
J1ad JIBYyXKJIACCOBOW M MHOT'OKJIACCOBOI Kitaccudukanuu. MyIbTUMOIeu T03BOJIAI0T
YUYeCTb HEOHOPOJHOCTb 3aBUCHUMOCTH IEJIEBOI IIEpeMEeHHONl OT IPU3HAKOB 0e3 Io-
Tepu MHTEPIPETUPYEMOCTH OJIMHOYHON MOoesn. B pabore paccMaTpuBarTCsi MHOTO-
YPOBHEBBIE MOJIEJIA ¥ CMECH MOJIEJIEH, TOCTPOEHHBIE U3 000OIIEHHO-IMHEHHBIX MOJIe-
Jstett. MysibTMOIe/ b MOYKET COIEePKATh OOJIBIIOE IICIIO OJTU3KUX MOJIEJIel, YTO BeIeT
K HU3KOMY Ka49eCTBY IIPOrHO3a U OTCYTCTBUIO MHTepHpeTupyemoctu. s perenus
3TOI IIpO6ﬂeI\/II)I npe/jraraeTcda MeTo/l CTaTUCTUIECKOI'O CpaBHEHU A I\/IO,/:[‘e.HeI;,I JLJIel IIPO-
peKUBaHUST MYJIBTUMOJIEN U ITOCTPOEHUsI aJIEKBATHON MYJIBTUMO/IE/IN, BCE MOJIEJIN
B KOTOPOH MMONAPHO CTATUCTUIECKH PA3IUIUMBL. J[JIs CTATUCTUIECKOTO CPABHEHUS
Mojiesteit BBOIUTC (bYHKIINs OJU30CTH MEXK/Iy All0OCTEPUOPHBIMU PACIPEIe/IeHUS MU
napaMerpoB mozeseit. PyHKNuUs [M0/KHA OBITH ONpEeJeeHa Ui [Mapbl PacIpeie-
JIEHN!i, KOTOPble MOI'YT OBITH 33/IaHbl Ha PAa3HBIX IPU3HAKOBBIX IPOCTPAHCTBAX, a
TaK>Ke JIOJIZKHA, He Pa3/indaTh JIBa PACIPEJIEIEHNs], OJIHO U3 KOTOPBIX SIBJISIETCS Ma-
sionadopmaruBHbIM. [Ipemroxkena GyHKIMsA OIM30CTH JJIsI TAPbI PACIPEeIeIeHI,
KOTOpast YIOBJIETBOPSAET STUM TPEOOBAHUSM, [TOJIYI€HBI ACUMITOTUIECKIE CBOMCTBA
ee paclpeiesieHnsi B YCIOBUAX UCTUHHOCTH TUIIOTE3BI O COBIAIEHUN MOJIEIEH.

Boi6opka MOXKeT coiepKarh IIyMOBble 00BbEKTHI (BBIOPOCH), YTO TAKXKe BeieT
K CHUXKEHUIO KadecTBa Iporrosa. CraBurcst 3ajada (UIBTPAIMU BBIOPOCOB. DTa
3ajiadya CBeJIEHA K 3aJlade [MOCTPOEHUs aJIeKBATHON MysibruMomenu. s yorydimre-
HUsI KA9eCTBA MIPOTHO3a, JIJI MAJIBIX KJIACCOB IIPU MHOTOKJIACCOBON KJIaCCU(DUKAIAN
[IpeIoyKeHa MOAUMUKAINS METO/a CTATHCTUIECKOTO CPABHEHMs Mojesieil. Boramc-
JINTETBHBIN SKCHEPUMEHT Ha PEAbHBIX M CHHTETHYECKUX JAHHBIX JIEMOHCTPUDYET
CTATUCTUYECKH 3HAYMMOE YJIydIleHIe KAYeCTBa KJIacCu(MUKAIMN U COKPAIIEHNE TUC-
Jia, MOJIeJieil B OCTPOEHHBIX MYJIBTUMOJIE/ISIX.

[1] Adyenxo A. A., Mompenxo A. II., Cmpustcoé B. B. Ot6op 06beKTOB B KPEJIUTHOM CKO-

PHUHTE C MOMOMIBIO KOBAPUAIMOHHON MATPHUIIBI OIIEHOK NapameTpoB // AHHAJBI ucciie-
noeanus onepanmii, 2020. T.260. Ne1-2. C. 3-21.
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In this article we consider the problem of a multimodel selection for two-class and
multi-class classification problems. Multimodels allow accounting for inhomogeneity
in relation between the target variable and features’ values without losing inter-
pretability inherent to a single model. In this article we consider multilevel models
and mixtures of models consisting of generalized linear models. A multimodel may
contain multiple similar models that leads to a worse classification quality and a
loss of interpretability. A method for statistical models’ comparison is introduced
to prune a multimodel. The pruning leads to a construction of an adequate multi-
model, i.e. the multimodel that has all the constituent models pairwise statistically
distinguishable. A similarity function between the posterior distributions of models’
parameters is used for model comparison. Such a similarity function must be de-
fined for a pair of distributions in different features spaces, and must not distinguish
the non-informative distribution from any other. We propose the similarity func-
tion that satisfies these conditions. The asymptotic properties of its distribution are
obtained in case the models’ true parameters are identical.

Outliers contained in a sample may also decrease the classification quality. The
problem of outlier filtering is considered. This problem is reformulated as a problem
of an adequate multimodel construction. To improve the prognosis quality for small
classes in a multiclass classification, we propose a modification of the statistical mod-
els” comparison method. Computational experiments show statistically significant
improvement in classification quality for real and synthetic datasets and substantial
multimodel size reduction.

[1] Aduenko A., Motrenko A., Strijov V. Object selection in credit scoring using covariance

matrix of parameters estimations // Annals of Operations Research, 2018. Vol. 260.
No1-2. Pp.3-21.
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B pazimaHbIX 9KOHOMHYECKHX WCCJIEIOBAHUSX BO3HUKAET HEOOXOMMOCTH BBI-
SIBUTb CTPYKTYPY MHOXKECTBa MCCJIElyeMbIX O0ObEKTOB, BbIJIEJINB B HUX OObEKTUBHO
CyIIEeCTBYIOIIME IPYIIbl. Pa3sOueHuss MOryT IPOU3BOIUTCS HA OCHOBAHUH KAaKOI'O-TO
0/THOTO HH(MOPMATHBHOT'O 110 MHEHUIO SKCIIEPTa IPU3HAKA C MCIIOJIb30BAHIEM KPUTE-
pHUEB, COOTBETCTBYIONINX BLIJIBUTAEMOI THIIOTE3E.

Ocoboe 3HavueHre UMEIOT CUTYAIInN, KOTJa pa3bueHue MpOu3BOJINTCS B COOTBET-
CTBUE C IIPUHIUAIIOM MaKCHMaJIbBHOI'O CXO/JICTBa O6’beKTOB BHYTpH TI'DyHII C MaKCHU-
MAaJIbHBIMH PA3IMIUsIMU MEXK/Iy TpynmaMu. [Ipu 5ToM Mephl CXOICTBO (pasinyusi)
MeK]1y OObeKTaMU BBIYUCJISIOTCS 10 BCEeil COBOKYITHOCTH HPU3HAKOB. Takoro poja
DYl IPUHATO HA3BIBATH KJIACTEPAMH, & COOTBETCTBYIOIIEE HAIIPABJICHIE MHTEJI-
JIEKTYaJbHOIO aHAJIN3a, JIAHHBIX [IPUHATO HA3BIBATH KJIACTEPHBIM AHAJIU30M.

Knacrepuzarmus MoxkeT ObITh peam30BaHa PA3JIUIHBIMUA CIIOCOOAMU, TTPUBO/IS-
[IIIMU WHOT/IA K CYIIECTBEHHO PAa3/INYAONIUMCsI Pe3ysibraraM. BaskHY0 POJib UI'PAeT
BOIIPOC 00 OOBEKTUBHOCTU BBISIBJIEHHOI KJIACTEPHOU CTPYKTYPBI. 110CKO/IBKY Kita-
CTEPHBIIl aHAJIM3 OTHOCATCS K METOJaM MHOTOMEDHOI'O CTATHCTHYECKOTO aHAJM3A,
OJTHUM W3 CIIOCODOB JTOKA3ATEILCTBA 00BEKTUBHOCTH KJIACTEPHON CTPYKTYPBI SIBJIS-
eTCsl OTEHKA €€ CTATUCTUIECKON 3HAYMMOCTH, KOTOPasi MOXKET ObITh C(hOPMYTHPOBa-
Ha B TEPMUHAX [IPOBEPKU HYJIEBBIX CTATUCTUYECKUX TuiioTe3. HyJieBble rumoressl B
KJIACTEPHOM aHAJIM3€ — 3TO TUIIOTE3bI, COOTBETCTBYIOIINE UHTYUTHBHOMY IIOHUMa~
HUIO 00 «OTCYTCTBHM KJIACTEPHON CTPYKTYPbI», KOTOPBIE MOTYT OBITH 0 PA3HOMY
KOHKPEeTH3npOBaHbl. Hampumep, B 9TOM KadecTBe MOTYT OBITH MCIIOJIB30BAHBI HOD-
MaJIbHO PACIIpeIe/IeHHbIe, MU YK€ PABHOMEPHO PACIIPE/IETICHHBIE CJTY YaiiHbIe BTN~
HbI. B KavgecTBe CTATHCTUK, HA KOTOPBIX OCHOBBIBAETCS IMPOBEPKA HYJIEBBIX TUIIOTE3
[IpU BepupUKAIINY KJIACTEPU3AIUU, MOI'YT OBITh UCIIOIb30BAHbBI U3BECTHBIE WH]IEKCHI
KaJuecTBa KJjacTepu3anuu, BKitodas naaekcel Jana min Curysra.

Samada 0000IeHNs MeTO0B KJIACTEPHOTO aHAIN3a Ha CIydail, KOr/a MCCIIerye-
Mble OOBEKTHI IIPEJICTABICHBI HE OT/IEbHBIMI TOYKAME B TPOCTPAHCTBAX TPU3HAKOB,
a HabopaMu BPEMEHHBIX PsIJIOB, COCTABJIsIS TIAHEJIbHBIE JTaHHbIe, OCBEIIEHa B psijie 00-
30poB. OJIHAKO, HOBBIE OCOOEHHOCTH, KOTOPbIE BOZHUKAIOT IIPH KJIACTEPHOM aHAJIN3e
CJIOYKHBIX HECTAIMOHAPHBIX BPEMEHHBIX DPsJIOB, TPEOYIOT €IIE CyIeCTBEHHOIO aHa-
Jm3a.

B gacrrocTu, st BepudUKAINNT Pe3YIbTATOB KJIACTEPHOTO aHAJN3a IIPU HCCTIe-
JIOBAHUU BPEMEHHBIX DsIJIOB B ITAHEJbHBIX JIAHHBIX BO3MOYKHBIN HAOOpD BapHaHTOB
HYJIEBBIX TUIIOTE3 yBEJIUINBAECTCS M3-33 HEOOXOIMMOCTH PACCMOTPEHUSI TAKYKE TUIIO-

Mesx qynapoaaas kougepernnus UOHWU-13. Poccust, r. MockBa, 8—11 nekabpst 2020 r.



Anayuruka 60JIbIINX JTAHHBIX 73

Te3 O TMOPOXKICHUN BPEMEHHBIX PSAIOB O€JIbIM ITyMOM WM MPOIECCOM CJIYIaifHoOro
Gy aanus. Takue HyJIeBble TUIOTE3bI PACCMATPUBAINCH aBTopamu B pabore 1]
Just Bepudukaruu mojesneit Koobba-/lyriaca. st cucreM, rje BayKHYIO pOJib UI'Pa-
0T W3MEHEHHs BO BPEMEHW, NMPUMEHNM KaK CTATHMYECKUN KJIACTEPHBIN aHAJMU3 110
YCPEIHEHHBIM BO BPEMEHH TAHHBIM, TaK W JIUHAMUIECKHH, OMMCHIBAIONIAI BO3MOXK-
HbIe BPEMEHHbIE M3MEHEHNS KJIACTEPHON CTPYKTYypbl. Kak mokazas mpakTHIecKuit
OIIBIT, 33/1a9a O KA9IeCTBE U JIOCTOBEPHOCTH KJIACTEPUBAIUN MOXKET OBITH (hOpMaJIHU-
30BaHa C IIOMOIIBIO BBEJIEHNUsI HOJIBINON0 HAbOPa NHIEKCOB KAUeCTBa KJIaCTEPU3AIIIH,
COOTBETCTBYOIIUX PA3IUIHBIM aCIIeKTaM HHTYUTUBHOIO TIOHUMAHUS TOT'O, YTO TAKOE
BBIPAYKEHHOCTD KJIACTEPU3AIUN.

Hawvm mpoBenén amaan3 KJIacTepHO CTPYKTYPDHI JAHHBIX POCCHACKNX PErmOHOB,
XapaKTePU3YIOINX X COMNATLHO-9KOHOMIIECKOE PA3BUTHUE C UCIIOJIH30BAHNEM pa3-
HBIX AJIbTEPHATUBHBIX BAPUAHTOB UHICKCOB, IIPEJICTABICHHDIX, HAIIPUMED, B ITaKeTe
NbClust, nanucanaom Ha si3bike R. [lokasaHbl cylecTBeHHbIE PA3/INYUs B IIOBEJIE-
HUU UHJEKCOB JJIs UCCJIelyeMbliX HaHHbIX. OleHeHa JO0CTOBEPHOCTD KJIACTEPU3AIIIHI
C UCIIOJIb30BAHNEM HECKOJIbKUX AJbTEPHATHBHBIX BADUAHTOB HYJIEBBIX TUIIOTE3.

[1] Kirilyuk I. Senko O. Verification of the Returns to Scale of Production Type for the

Russian Federation Regions // EPJ Web of Conferences 224, 2019. Pp. 1-6.
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In various economic studies, it becomes necessary to identify the structure of
the set of objects under study, highlighting objectively existing groups in them.
Partitions can be made on the basis of any one informative, in the opinion of the
expert, index using criteria corresponding to the hypothesis put forward.

Of particular importance are situations when the division is made in accordance
with the principle of maximum similarity of objects within groups and with maxi-
mum differences between groups. In this case, measures of similarity (differences)
between objects are calculated for the entire set of features. Such groups are usu-
ally called clusters, and the corresponding direction of data mining is usually called
cluster analysis.

Clustering can be implemented in a variety of ways, sometimes leading to signif-
icantly different results. An important role is played by the question of the objec-
tivity of the identified cluster structure. Since cluster analysis refers to the methods
of multivariate statistical analysis, one of the ways to prove the objectivity of the
cluster structure is to assess its statistical significance, which can be formulated
in terms of testing null statistical hypotheses. Null hypotheses in cluster analysis
are hypotheses that correspond to the intuitive understanding of the “absence of a
cluster structure”, which can be specified in different ways. For example, normally
distributed or uniformly distributed random variables can be used in this capacity.
Known clustering quality indices, including Dunn or Silhouette indices, can be used
as statistics on which the null hypothesis testing is based in clustering verification.

The problem of generalizing the methods of cluster analysis for the case when the
objects under study are represented not by individual points in the feature spaces,
but by sets of time series, composing panel data, is highlighted in a number of
reviews. However, new features that arise in the cluster analysis of complex non-
stationary time series still require significant analysis.

In particular, in order to verify the results of cluster analysis when studying time
series and panel data, the possible set of variants of null hypotheses increases due
to the need to consider also hypotheses about the generation of time series by white
noise or a random walk process. Such null hypotheses were considered by the authors
in [1] to verify the Cobb-Douglas models. For systems where changes in time play
an important role, we can use both static cluster analysis based on time-averaged
data, and dynamic, describing possible temporal changes in the clusters structure.
As practical experience has shown, the problem of the validity of clustering can be
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formalized by introducing a large set of clustering quality indices that correspond to
various aspects of the intuitive understanding of what the validity of clustering is.
We have analyzed the cluster structure of data from Russian regions that char-
acterize their socio-economic development using different alternative variants of in-
dices, presented, for example, in the NbClust package written in the R language.
Significant differences in the behavior of indices for the data under study are shown.
The validity of clustering was estimated using several alternative variants of null
hypotheses.
[1] Kirilyuk I. Senko O. Verification of the Returns to Scale of Production Type for the
Russian Federation Regions // EPJ Web of Conferences 224, 2019. Pp. 1-6.
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B Hacrosiiiee BpeMsi B pa3/imyHbIX TPUKJIAIHBIX 00JIACTSIX BOCTPEOOBAHHBI METO-
JIbl TIEJICHAIIPABJIEHHOTO [TOWCKA W U3BJIEYEHUsI TI0JIE3HON MH(MOPMAIMH 13 OOJIBITUX
BBIOOPOK JIAHHBIX, & TAKYKE METOJbI €€ JTaIbHEHINero anaan3a B pa3IndHbIX ACleK-
Tax. MBI uccyielyeM U MpeJICTABIISAEM 3/1eCh HOBBIHM TOJXO0/I, KOTOPBIH TTPUHAIJIEIKUT
K KJIACCY METOJIOB MOUCKA CKPBITHIX 3aKOHOMEPHOCTEH, JIOMYCKAIOIIIX TapaMeTpH-
YeCcKoe OIUCAHUE U MHOTOKPATHO IIPOSIBJISIFOIIUXCSI B YUC/IOBBIX JAHHBIX. UCIOBBIE
3aKOHOMEDHOCTH MOT'YT HaOJIFOJIAThCSI DU UCIIOJIb30BAHUY PA3JIMIHBIX TUIIOB I1PE/I-
CTaBJIEHUSI U XPAHEHUs TIEPBUYHBIX JAHHBIX, HE 00S3aTeIbHO YUCIOBBIX. B JaHHOM
cJIydae OCHOBHBIM METOJIOM IEPEBOJIa 3HATUMOIO 3aIlpoca B YUCIOBYIO (hOpMY OBLI
[IOJICYET TMOBTOPEHWH PA3JIMYHBIX MO3UIUN B MEPBUYHBIX 3AIUACAX, TOITOMY TEMON
paboThI SIBJISIETCSI TIOCTPOEHKE U MTPOBEPKA MIapaMeTPUIEeCKUX T'UIIOTEe3 O CYIIECTBO-
BaHUU T10JIE3HBIX 32aKOHOMEPHOCTE NUMEHHO TaKoro Bujia. [leHTpabHbIM STAIIOM J1JIst
[IOJIXOJ[A B IEJIOM SIBJISIETCsI TOCTPOEHUE U@ POBOIl MOJE/IN MOTEHIINAIBHO TPUCYT-
CTBYIOIINX 3aBUCUMOCTEH MEXKJIy KOMIIOHeHTaMu JaHHbIX. J[ng Tounoit dbopmyu-
POBKH THIIOTE3bI O HAJUIUH TOI MM MHOM 3aBUCUMOCTH U €€ YHCJICHHON MpOBepKu
MCIIOJIb30BAHbI 0000IEHHbBIE TPEIE/IEHTh U aHaJIOTH Mpeodpa3oBanns Xada B I0-
BBIIIEHHBIX PA3MEPHOCTSIX B KAUECTBE KAK KOHIIENTYAIbHOI, TAK U BBIYUC/IUTETHHOM
6a3br. Ocoboe BHUMAHUE IIPU ITOM YJIEJIII0Ch 33/ IeHCTBOBAHUIO AlIPUOPHON HHQOP-
MAIUU ¥ SKCIEPTHOTO OIBITa B IMIUMPOBBIX MOJIEJISIX, YIUTHIBAINCH TAKyKe HEKOTOPBIE
ACIIEKTHI [IePeBOJIA UCXOAHOH nH(MOPMAIIUY B YUC/Ia IOBTOPEeHuii (IIpUMeHeHue CyIep-
nozuryn Xad-110106HbIX 1peobpaszoBanuii). Bouim npoanaguznpoBaHbl 0COOEHHOCTH
B3aMMO/IEIICTBYS PA3JIMIHBIX (PAKTOPOB TAKOTO POJIA C IIeJIEBBIMU [TapaMeTpaMy aHa-
JIn3a BBIOOPKU, IIPEJJIOXKEH PsiJi TPUEMOB UCIIOJIb30BaHUs 3TUX ocobennocreii. [lo-
JIYYEHBI TIOJIOKUTEIHHBIE PE3YILTATHl TECTUPOBAHUS MOX0/Ia HA IPUMEPE MACCHBA
1 POBBIX APXUBHBIX 3auceil OOIBITOro 00bEMa B POZHUIHON TOPTOBJIE, T/1e 0OHA~
DPY?KEHBbI HEKOTOPBIE CKPBITHIE 3AKOHOMEPHOCTH B TIOBEJICHUN JIAHHBIX, KOTOPHIE MO-
ryT 6I)ITB IIOJIE3HbI B aHAJIUTUKE U B IIPaAKTUKE pHTefI.Ha. PaHee IMOIXO/I IIPUMEHAJICH

Mesx qynapogaasa kougepernnus UOHWU-13. Poccust, r. MockBa, 8—11 nekabpst 2020 r.
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YCIIENIHO TaK:Ke B JIPYIUX HPUJIOKEHHUAX, UTO [I03BOJIET POBOPUTH O €ro IepPCIEK-
TUBHOCTH W HEOOXONMOCTH JabHeiIeil pa3paboTKu.

Pa6ora BbinoHena mpu 4acTUYHON moiep:kke rpanTos PODI Ne18-01-00557,
18-29-03151, 20-01-00609.
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An approach to using meaningful context to construct and
numerically test hypotheses about hidden regularities in data

Yury Zhouravlev' zhur@ccas.ru
Vladimir Ryazanov' rvvccas@mail.ru
Oleg Senko' senkoov@mail .ru
Aleksandr Dokukin' alex_dok@mail.ru
Aleksandr Vinogradov' vngrccas@mail.ru
Elena Nelyubina® e.nelubina@gmail.com
Dmitry Stefanovskiy® dstefanovskiy@gmail.com

"Moscow, FRC CSC RAS
?Kalinigrad, KSTU
3Moscow, RANEPA

Currently, methods of purposeful search and extraction of useful information
from large samples of data, as well as methods of its further analysis in various
aspects, are in demand in various application areas. We investigate and present
here a new approach that belongs to the class of methods for searching for hidden
regularities that allow a parametric description and are manifested many times in
numerical data.

Numerical regularities can be observed using different types of representation
and storage of primary data, not necessarily numerical. In this case, the main
method of translating a meaningful query into a numerical form was the calculation
of repetitions of various positions in primary records, so the topic of work is the
construction and verification of parametric hypotheses about the existence of useful
dependencies of this kind.

The central step for the approach as a whole is to build a digital model of po-
tentially present dependencies between data components. For the exact formulation
of the hypothesis about the presence of a particular dependence and its numerical
verification, generalized precedents and analogues of the Hough transform in higher
dimensions are used as both a conceptual and computational base. Special atten-
tion was paid to the use of a priori information and expertise in digital models,
some aspects of translating the original information into repetition numbers were
also taken into account (the use of superposition of Hough-type transforms). The
features of the interaction of various factors of this kind with the target parameters
of the sample analysis were analyzed, a set of techniques for using these features
were proposed.

Positive results were obtained from testing the approach using the example of
an array of digital archival records of a large volume in retail, where some hid-
den regularities in the behavior of data were found that can be useful in analytics
and retail practice. Previously, the approach was also successfully applied in other
applications, which approves its promise and the need for further development.
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CnekTpanbHbIii aHCaMONeBbI KNACTEPHbIE aHann3 C
NCNoOJIb30BaHWEM MAJIOPAHIOBbIX NpeaCcTaBAeHUN n
HelipoceTeBOro aBTO3HKoAepa

Bepuxos Baadumup Bopucosuw! berikov@math.nsc.ru

'Hosocubupck, Nucruryr maremarukn um. C.JI. Cobonesa CO PAH

B paGore [1] 6bL1 npeyiozKeH aJropuTM KJIACTEPHOIO aHCamOJisl, UCIIOJIb3YIO-
i KOMOMHAIIUIO ITOJIXO/IOB, OCHOBAHHBIX HA MAJIOPAHTOBOM IIPEJICTABJICHIH MAT-
PHIBI KOACCOTMAIIIN, CIIEKTPAJIBHON KIACTEPU3AIMNA U OTHOCTONHOM aBTOKO/INPYIO-
meM npeobpazosarum. Ilycrs X = {21, ..., z,} - Habop HAGMIOMEHWI, X; € R4 e
anasm3a - pasours X #a K 110IMHOXKECTB (KJIACTEPOB), KOTOPBIE JAI0T HAWJIYYIIEe
3HAYEHNE HEKOTOPOT'O KPUTepHs KadecTBa. B maHHOl paboTe mpejcraBieHa MOIU-
duranus ajgropurMa ¢ ucnosb3oBanueM riybokoro asrokozgepa (Deep Autoencoder,
DA).

B MaIIIMHHOM O6yquI/II/I IINPOKO UCIIOJIB3YIOTCA Ppa3/IMIHbIEe METO/Ibl U3BJICYCHU A
[PU3HAKOB (HAIPUMED, METOJ| IVIABHBIX KOMIIOHEHT) Jijisl [IOJIyUeHHs] HU3KOpa3Mep-
HOIO TIPEJICTABJICHUS JAHHBIX. DA mpuMeHsieTcst JIJisl HeJTMHEHHOro TTpeodpa3oBaHms
JIAHHBIX C TEJIBI0 YMEHBIIEHUsI PA3MEPHOCTH U BBISBJIEHUsI CTPYKTYP JaHHBIX. DA -
9T0 UCKYCCTBEHHAs HelipOHHAs ceTh, Ipeobpa3oBbIBaloNias (KOAUPYIONas) BXOIHbIE
nannble X B HeKoTopoe mpejcrapienne X', Tak 4ToObl obpaTHOe IpeobpasoBanue
(JleKoIMpOBaHHBIE JIAHHBIE) PEKOHCTPYMPOBAJIO BXOJHBIE JAHHBIE ¢ MAKCUMAJBHOM
TOYHOCTHIO. THUNMYHAST apXUTEKTypa aBTOIHKOJEpa MoKasaHa Ha Puc.l.

Puc. 1. [Ipumep DA. Jlesnlii cjioii cooTBeTCTBYeT BX0y X ; IEHTPAIbHBIN CI0# MpeacTas-
JITeT KOaUpOoBaHHLIE Januble X . IIpaBblii 10 BLIBOIUT JEKOAMPOBAHHBIC JaHHbIe X' .

Hawnmyamiyro cTpyKTypy aBTOKOAMPOBIINKA OIMPEIEUTD JOCTATOTHO CJIOZKHO, 110~
aTOMYy Oy/IeM paccMaTpuBaThL HAOOP apXUTEKTYP; Ha OCHOBE KarKJI0TO Habopa Oymem
[OJIyIaTh PA3JIUIHBIE BADUAHTHI KJIACTEPU3AIIH.

B nporiecce reHepanun KJIacTepHOro aHcambiisi, KOHGUrypamnuu (¢ UCroIb30Ba-
HEEM PA3HOIO KOJIMYECTBA CJIOEB WU HEHPOHOB B KaZKJOM CJIO€) IPUBOIAT K PA3/IHU-
HBIM BapuaHTaM IPeoOpa30BaHHBIX JAaHHbIX. Kaxkpiit m-it Bapuanr (m = 1,..., M)
MHOTOKPATHO AHAJU3UPYETCS AJTOPUTMOM KJIACTEPU3AINN, HAIIPUMED k-CPEIHUX C
PA3INIHBIM YHCJIOM KJIACTEPOB; TP ITOM TOJIYyIaroTcsi 6a30Bble pa3OueHus.

AmncambiieBast KJacTepu3alnsi Ha OCHOBE MATPUIHI KOACCOITUAIINN PACCMATPUBa-
ercst KaK JIByX3TalHblii mporecc. CHada/ia BbIMUCISIETCS YCPeHEHHAsT MATPUIIA, KO-
acconuaryu H ¢ sieMeHTaMy, yKa3bIBAIOIMME Ha CBA3L MexXAy x; u x;: H(i,j) =
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= Z%:l O ZZL:’"l Ym,ihm (i, 7), TAE O, ..., Q0 - BeCa BapHAHTOB aBTOIHKOJEDA,
Q= 0, Zm oy = 1, vy = 0 - Beca 6a30BBIX BapHAHTOB KJIACTECPHU3AIUH I
M-TO BapHaHTa apXUTEKTYPBI Ha [-M 3aIlyCKe, » , Y,m = 1. Beca nponoprmonaibHsl
OIIEHKAM KadeCTBa KJIACTEPU3AIIHH.

Ha Bropom srame dopmupyercsi okondareabaoe pasbuenue; mementsl H pac-
CMaTPUBAIOTCS KaK [ONAaPHbIe PACCTOsIHUs (MJIM Mepbl CX07cTBa). B mannoit pabore
UCIIOJIB3YETC MOJMMDUKAIINS aJrOpUTMa aHCAMOJIEBON CIIEKTPAJIBHON KJIacTepr3a-
11U, OCHOBaHHAsl Ha, MAJIOPAHTOBOM IIPEJICTaBJIEHUN MaTPUIIBI Koaccoruanuu. AJro-
puUTM mMeeT OJIM3KOe K JIMHEHHOMY BpeMsi pabOThI U 3aTPATHI TAMSITH.

AjropurMm criekTpasibHoro Kiaacrepuoro anamusa (SC) ussecren coeii adek-
TUBHOCTBIO B ODHAPY’KEHUU CJIOXKHBIX CTPYKTYP JaHHbIX. CyIIecTByeT HECKOJbKO
mosmdukaruii amropurma SC. PaccMarpuM agropuTs cjie Iy Iomero Bujia.

Crauasra soranciaum marpuiy jgaivtacnaia L = D—H, tne D = diag(D1 1, ..., Dpy),
D;; = H (i,7). BareMm HaiijieM COOGCTBEHHBIE BEKTODA U1, ..., U, KOTOPBIE COOT-
BETCTBYIOT IIePBBIM HEHYJIEBBIM HAUMEHbIINM cOOCTBeHHBIM 3HadeHusM L. Hakownerr,
MIPOBEJIEM KJIACTEPUBAIUIO € TIOMOIIBIO aJTOPUTMa k-CPEJIHUX B IPOCTPAHCTBE TIPH-
3HAKOB, OIPEJIEIIeMOM COOCTBEHHBIMU BEKTOPAMI.

Peanuszarus SC 10cTaTOIHO TPYIOEMKA U3-38 CJIOKHOCTH HAXOXKJIEHUsT COOCTBEH-
HbIX BeKTOpPOB. OJIHAKO, Kak OyIeT MOKa3aHO HUXKE, MAJIOPAHIOBOE IIPEJICTABJICHIE
maTpuiibl H 1103B0JIsSIET SKOHOMUTB BpeMs U aMsITh 38 CYET UCIOJIb30BaHus I dheK-
TUBHBIX MATPUYHBIX oreparuil. [I[puMeHnM MeTo1 CTeneHHbIX UTepaIuii 11 BbIauc-
JIeHnsT COOCTBEHHBIX 3Hadenmit L.

B arom merojie, jiist s11060it n X 1 ciMMeTpUYHON MaTpuIlbl G 1 HAYAJIBHOTO 3HA~
gennst v(°), HanGoIbIEe COBCTBEHHOE 3HAUEHNME IO AGCOIIOTHOMY 3HAYEHHIO HTepa-
THBHO BbIumCIstercss Kak v(F) = %, k=1,2,... 10 HOCTUKEHUS CXOIUMOCTH.
WreparoHHbIil IPOTIECC CXOAUTCS TIPU HEKOTOPBIX YCJIOBUSIX PEryJISTPHOCTH.

R

IIpescraBum ycpeHEeHHYIO MaTpuily Koacconmanuu B Bujge H = Y w,.H, tae

r=1
H; - maTpuia Koaccouualuu, orpe/eJentast ijig m-ro pazouenusi, R = M (L +---+
+ L), wy - cooTBETCTBYIOMUI eMy Bec, w, = «.-7.. Uepe3 A, 0603HAYMM MATPHILY
acconmanuu pasmeproctu n X K, gusa r-ro pasouenust: A, (i,k) = Ic(x;) = k], i =
=1,...,n, k =1,...,K,, tne K, - KoIu41ecTBO KJIacTepoB B pasbuenun, [[-] -
npejuKkaTHasi GyHKIWs, ¢(x;) - MeTKa Kjacrepa, Ha3HAYeHHAs T;.

VepeiHeHHAsT MATPUIA KOACCOIMAIINN MOXKET OBITh IIpejcTaBiieHa B Buae: H =
= BBT B =[B.B;...B,], e B - 6iounag Matpuna, B, = VwrA,. Kak mpasmio,
m =) K, < n,dro 1aeT BOSMOXKHOCTb SKOHOMUTH HAMSITH 38 CUET XPAHEHHST 11 X
X M pa3perKEeHHON MATPUIBI BMECTO TOJHON 1 X 1 MaTpuiibl. CJI0KHOCTH Y MHOYKEHU ST
H -z camxkaercs ¢ O(n?) no O(nm).

Kak serko yBuzers, matpunia G = D — H = D — BBT upencrasisercs B
MaJjiopaHroBoii popme. Takzke M3BECTHO, UYTO MOYKHO CBECTH 33J1a9y BBITHCJICHUS
HAMMEHBIUX COOCTBEHHBIX 3HAYCHUI CUMMETPUIHON TTOJIOKUTEHHO OIPEIEJIEHHOM
MaTPHIIB K 3a/1a1e HAXO0XKJICHUST ee HAnbOJIbIIEero COOCTBEHHOIO 3HAUEHUSI.
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AutropuT™M ObLI YUCJIEHHO HCCJIEI0BAH C MCIIOJIL30BAHUEM OMOJIOIMYECKUX IaH-
HBIX. DKCIEPUMEHTHI IOKA3aJIU IIPEUMYIIECTBO IPEIJIOKEHHOI'O OIX0/1a.
Pabora noaueprkana rpanrom PO Ne 19-29-01175.
[1] Berikov V. Autoencoder-based Low-Rank Spectral Ensemble Clustering of Biological
Data // Cognitive Sciences, Genomics and Bioinformatics (CSGB) — IEEE, 2020.
Pp. 43-46.
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Low-Rank Spectral Ensemble Clustering Using Autoencoder
Network

Vladimir Berikov' berikov@math.nsc.ru
'Novosibirsk, Sobolev Institute of Mathematics SB RAS

In the work [1], we have proposed a cluster ensemble algorithm using a combi-
nation of low-rank co-association matrix approach, spectral clustering, and shallow
autoencoder transformation. Let X = {x1,...,z,} be a sample of observations,
r; € R%. The purpose of the analysis is to partition X into K subsets (clusters)
which give the best value for some criterion of clustering quality. In this work, we
present a modification of the algorithm using Deep Autoencoder (DA) structure.

Different feature extraction techniques (such as Principal Components Analysis)
are widely used in machine learning to get low-dimensional data representation. DA
is applied for nonlinear transformation of data aimed at dimensionality reduction
and revealing meaningful data representations. DA is an artificial neural network
trained to transform (encode) input data X into some representation X’ so that
the inverse transformation (decoded data) reconstructs the input as accurately as
possible. Typical autoencoder architecture is shown in Fig. 1.

Figure 2. Example of DA. The left layer corresponds to input X; the central layer presents
encoded data X’. The right layer outputs decoded data X".

Because of the difficulty in finding the best autoencoder network structure, we
generate a series of transformations and produce variants of clustering partitions
based on the transformed data.

In the process of cluster ensemble generation, various configurations of the trans-
formation procedure (using a different number of layers or neurons in each layer)
yield a number of variants of the transformed data. Each mth variant (m =
= 1,...,M) is an input for a clustering algorithm, k-means for example. The
obtained base partitions are fed to a given consensus-finding procedure.

Co-association matrix-based ensemble clustering is considered as a two-stage
process.  Firstly, we calculate the averaged co-association matrix H with
elements indicating the relationship between points z; and z;: H(i,j) =
= Z%:l O ZZL:"E Ymihm(i,7) where a1, ...,y are weights of the autoencoder
variants, a,, > 0, Zm O =1, Y, > 0 are weights of base clustering variants for
mth algorithm in its Ith run, ), v;,,» = 1. The weights are proportional to clustering
quality estimates.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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The final consensus partition is obtained on the second stage. The elements of H
are considered as pairwise distances (or similarity measures) between objects, and it
is possible to use any distance- or similarity-based algorithm to partition the sample
into a given number of clusters. In this work, we use ensemble spectral clustering al-
gorithm based on the low-rank decomposition of the averaged co-association matrix,
which has near-linear time and storage complexity.

Spectral clustering (SC) is known for its efficiency in discovering complex data
structures. There are several modifications of SC algorithm. We consider SC in the
following form.

We firstly calculate graph Laplacian matrix L = D — H, where D =
= diag(D1.1,..., Dnn), Dii = Zj H(i,7). Then we find eigenvectors vy, ..., vk
which correspond to the first nonzero smallest eigenvalues of L. Finally, we per-
form k-means clustering in the feature space defined by the eigenvectors.

The straightforward implementation of SC is rather time-consuming due to the
eigensolver complexity. However, as it will be shown below, the low-rank form
of H allows us to save time and memory by usage of efficient matrix operations.
Namely, we apply power iteration method from numerical linear algebra to calculate
eigenvalues of L.

In this method, given any n x n symmetric matrix G' and initial value v(*), the
largest eigenvalue in absolute value is iterated as v*) = %, k=1,2,... until
convergence. It is known that the iteration process converges under some regularity
assumptions.

Let us present the averaged co-association matrix in the form H = Z wy-H,

where H; is co-association matrix defined for rth partition, R = M (L + .. —|—L M)s
w, is its corresponding weight, w, = «. -~.. By matrix A, of d1mens1onahty
n X K, we denote cluster assignment matrix for rth partition: A,(i,k) = Ife(x;) =
=k, i =1,...,n, k = 1,...,K,, where K, is the number of clusters in the
partition, I[-] is a predicate function, ¢(z;) is a cluster number assigned to x;. The
averaged co-association matrix admits low-rank decomposition in the form: H =
= BBT B = [ByB5...B,], where B is a block matrix, B, = VwrA,.. As a rule,
m =y K, < n, thus it gives one an opportunity of saving memory by storing
n X m sparse matrix instead of full n x n co-association matrix. The complexity of
matrix-vector multiplication H - z is decreased from O(n?) to O(nm).

It is easy to see that matrix G = D — H = D — BB” has a low-rank form that
decreases the cost of matrix-vector multiplication from quadratic to linear. It is also
known that it is possible to reduce the problem of calculating the smallest eigenvalues
of the symmetric PSD matrix to the problem of finding its largest eigenvalue.

The suggested algorithm has been numerically studied using biological datasets.
The experiments have demonstrated the advantage of the proposed combination.

This research is funded by RFBR grant 19-29-01175.
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Mounck rpaHny pagy>xHoii 000/104KM NPU NOMOLLLM CBEPTOYHbIX
HEMPOHHbIX ceTe

Egumos FOpuii Cepeeesur’*x yuri.efimov@phystech.edu
Conomamun Hearn Andpeesur'? ivan.solomatin@phystech.edu
Odunoxux Tne6 Andpeesurs’
! Monronpynuerit, MOTH

2Mocksa, Samsung R&D Institute Russia

g.odinokikh@gmail.com

W nentudukarms mo pajiyKHOit 0607I09Ke TTa3a — U3BECTHAS U MTUPOKO HCIIOJTh-
3yemasi TexHojorusi. OIHAKO ee IPUMEHEHNE B MOOMIBHBIX YCTPOWCTBAX OIPAHIIEHO
BBUJLy AJITOPUTMUYECKON CJIOXKHOCTHU CYIIECTBYIOIINX METOJIOB, & TAKXKe MX MAaJIOi
YHUBEPCAJTHLHOCTH OTHOCUTEIBHO Pa3Hoo0pasmsi ycjoBuii peructpamuu. lIpesiara-
€TCs MEeTOJ, BbIJIeJIeHNs] OOJIACTH PAIYZKKU IIyTEM AIIIPOKCHMAINN €€ T'DAHUIL ABY-
Mg OKPYKHOCTSIMHU, IIPH 3TOM OTHOCUTEJbHAs OIMMOKA OIIPe/IesIeHUs ITapaMeTPOB
OKPY>KHOCTel JI0JIKHa cocTaBiaTh He 6osee 5%. Ilpumenensl cBEpTOUHbIC HEHPOH-
HBbIE CETH, ONITUMU3UPOBAHHBIE 110 KOJIMYECTBY IapaMerpoB. JlaHHbIi c11ocob mo3Bo-
JISIET IPEB30HTHU OIUCAHHBIE B JINTEPATYDPE KIaccudeckue (HeHeHpPOCeTeBbIe) METOIbI
pelenns 9TOi 3a1a9u cerMeHTanuu. Pabora mMeToma mpoBepeHa Ha 6a3ax m3obpa-
2KEHUI PAIy?KKH U3 OTKPBITHIX UCTOIHIKOB.

Pabora noiepkana rpantamu POOU Ne19-31-90171; 19-31-90167.

[1] Edumos 0. C., Coromamun H. A., Odunoxuz I'. A. Tlonck rpanuy, pay>KHOil 0605104-

KU TIPY IOMONIX CBEPTOYHBLIX HeHpoHHbIX cereil // Mzsectus PAH. Teopust u cucrembr
yupassennsi, 2021. Ne6. C. 89-98.
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Finding the borders of the iris using convolutional neural networks

Yuriy Efimovt?x yuri.efimov@phystech.edu
Ivan Solomatin'> ivan.solomatin@phystech.edu
Gleb Odinokikh® g.odinokikh@gmail.com

'Dolgoprudny, MIPT
2Moscow, Samsung R&D Institute Russia

Iris recognition is a well-known and widely used technology. Due to several rea-
sons its application in modern smartphones is limited. The aforementioned reasons
include high computational complexity of existing state of the art approaches and
significant variety of eye image registration conditions. A method of iris area lo-
calization by approximating its borders with circles is proposed, which has relative
circular approximation error less than 5%. The approach is based on applying convo-
lutional neural networks (CNNs) and outperforms modern state of the art solutions,
which do not use neural network backbone. The method is tested on several open
source iris image databases.

This research is funded by RFBR, grants 19-31-90171; 19-31-90167.

[1] Efimov Yu., Solomatin I., Odinokikh G. Finding the borders of the iris using convo-
lutional neural networks // Journal of Computer and Systems Sciences International,

2021. Vol.59. No6.
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OnTMmnsaums perpeccuoHHbIX HelpoceTeBbiX Moaenei npsimoii
OLUEHKWN NapameTpoB O0BbLEKTOB Ha U300parkeHnsx
moaudpunumnposaHHbimn metogamum Adam

Henuc FOpvesuy Hapues'* dennartsev@gmail.com
T'neywes Aaexcandp Huxonraesuw? gneushev@ccas.ru
"Mocksa, MockoBCKHil (hH3HKO-TEXHIUECKUH HHCTUTYT

2Mocksa, QemepabHblii nccaepoBaresekmii nenrp "Madopmaruka u ynpasrerne" PAH

B obmacTn anam3a n306pakeHnit BaXKHON O3 1adeil sIBISeTCS IPeIBAPUTE b
Hast 00paboOTKa, MO/I'OTOBKA, 00/1acTeil n300pakeHnsi 00bEKTa /I yCTONINBOrO BhI-
JlesieHns mpu3HakoB. Ha srame npenobpaboTKu Tak »Ke pernaercs 3aj1a4a, (puibTpa-
UK TeX U300parKeHuii, Ha KOTOPBIX YBEPEHHOE PACIO3HABAHUE HE MOXKET OBbITh J0-
crurayTo. st permennst 5TuX 3aJa4 MpeIaraeTcs MOAX0/] MPAMO OIEHKHU Mapa-
METPOB HEMOCPEJICTBEHHO IyTeM DeNIeHNs] 33191 PErpPecCuu M0 M300pPaskeHuio ¢
IIOMOIIBI0 0OyUYeHUsI HelipoceTeBbIX Mojlesieil. B pabore paccMarpuBajuch 3a/1a49u
OIIEHKHU CTEIeHU Pa3MbITUsI N300pakeHuil 1J1a3 1jist (PUIbTparun n300paskeHuii Hu3-
KOI'0 KAYeCTBa B CUCTEMAaX UICHTU(MDUKAIINN JIMTIHOCTH 110 PALyKHON 000JIOUKE Iy1as3a,
a Tak ke 3aJ1a9a OlpeIe/IeHIs OPUEHTAIINN JINTA Ha n3obpaxkenun. [lyrem oOydenmst
U OIEHKHU TOYHOCTH IpejicKa3aHuil nelipoceresoii mojenun ResNetl8 cpasnuBasinch
PA3JIUIHBIE METO/Ibl ONTUMU3AINHN, TAKAE KAK CTOXaCTHIECKHT MDA IMEHTHBIN CITyCK
¢ momenToM (SGDM), Adam u ero mogudukaruu, AdamW n RAdam. O6yuarorye
BBIOOPKU T€HEPUPOBAJINCH PA3MBITHEM T'ayCCOBCKUM (DUJIBTPOM M300parKeHuii TJ1as3
U TIoBopoTaMu u300parkenuii juna. [Ipemioxkennas B pabore MomuduKaius mpore-
Jyphel peryasipusarun agroputMa RAdam B paccmarpuBaeMbIx 3ajiadax MO3BOJIIA
YMEHBINUTD OIMUOKY O0stee TeM B 1.5 pasa mo CpaBHEHUIO C MOJETIBIO, 00y IeHHOH nc-
XOJHBIM AJIrOpUTMOM. TecToBasi 1 0Oydarolas BEIOOPKa JjIsl 3aJ[a9i OIEHKH ObLIN
copmupoBanbl Ha ocHOBe 0a3 n3obpazkenuii riia3 BATH u CASSIA.

Pabora nognepxana rpanrom POOU Ne 19-07-01231.

[1] Hapues 1. FO., I'neywes A. H. Cpasrenne MOIuUIUPOBAHHBIX METOJIOB O0Y9IeHUs

Adam B 3ajauax OUEHKHM IAPAMETPOB PErPECCHOHHBIX MOe/el 1o m306pakeHuio //

Nudopmanmonnsie Texuonoruu, 2021.
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Optimization of regression neural network models for direct
estimation of object parameters in images by modified Adam
methods

Denis Nartsev' x dennartsev@gmail.com
Alexander Gneushev’ gneushev@ccas.ru
'Moscow, Moscow Institute of Physics and Technology

2Moscow, Federal Research Center ” Computer Science and Control” of RAS

In the field of image analysis, an important subtask is preprocessing, preparation
of image areas of an object for stable feature extraction. The task of filtering those
images on which confident recognition cannot be achieved is also solving at the
stage of preprocessing. To solve these problems, direct estimation of parameters
directly by solving the image regression problem by training neural network models
is proposed. The paper considered the tasks of evaluating the parameter of blurring
of eye images for filtering low quality images in personality identification systems
by the iris of the eye, as well as the task of determining the orientation of a face
in an image. Various optimization methods, such as stochastic gradient descent
with momentum (SGDM), Adam and its modifications, AdamW and RAdam, were
compared by training and evaluating the prediction accuracy of the ResNet18 neural
network model. The training samples were generated by blurring the Gaussian filter
of the eye images and rotating the face images. The modification of the regularization
procedure of the RAdam algorithm proposed in the work reduced the error by more
than 1.5 times in comparison with the model trained by the original algorithm. The
test and training sample for the assessment problem was formed on the basis of the
BATH and CASSIA eye image databases.

This research is funded by RFBR, grant 19-07-01231
[1] Nartsev D. Yu., Gneushev A. N. Adam optimization method modifications comparison

in the regression models parameters evaluation tasks // Information Technology, 2021.
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MocTpoeHune HeilipoceTeBoro knaccudmkaTtopa B NpOCTpaHCTBE
AeckpunTtopoB npeobpa3oBaHuns PagoHa ansa adpdekTuBHOro
NEeTeKTUPOBaHNSA MeLexoa0B

Camcornos Huxuma Andpeesur’« nikita.samsonov@phystech.edu
T'neywes Aaexcandp Huxonraesuw' gneushev@ccas.ru
Mameees Hean Anexceesun' matveev@ccas.ru

"Mocksa, ®@emepasbHerii nccrenoBaTenbckuii nentp «udbopmarika u yrnpasienne»> PAH

SBajada JIeTeKTUPOBAHUS MEIMIEX0/I0B Ha N300DAYKEHNH PEIAeTCsl Ha, OCHOBE TIOCTPO-
€HUs MHTErPaJbHBbIX JECKPUITOPOB 00beKTa U 00y4YeHHs Ha HUX OMHAPHOIO KJIac-
cucdukaropa. B pabore jisi HOCTPOECHUST MHTEIPAJIBHOTO JIECKPUIITOPA 00BEKTA UC-
[IOJTB3YEeTCsI CEMENHCTBO JIOKAJIBHBIX JECKPUIITOPOB N300pakenus: — ['mcrorpamm Ak-
kyMmyssitopaoro npocrpancts Xada (Hough accumulated histograms, HAH, HAH-
AR). JlokasbHbIe JECKPUIITOPHI CTPOATCs € IIOMOIIBI0 OKOHHOIO IPeobpa3oBaHUsI
Xada, MMoIyIeHHOr0 Ha OCHOBE PACCMOTPEHUS MOJIEIN JIy<IeBOr0 IMpPeodpa30BaHMs
Pasona rpamguenTnoro moss nzobparkenus. [Ipeobpazosanme Xada MOXKET OIMHUCHI-
BaTh KOHTYPBI M IIPOCTPAHCTBEHHBIE OCOOEHHOCTH OOBEKTOB Ha M300DarKEHUU, ITO
[TO3BOJISIET YYUTHIBATH JIOKAJIBHOE PACIIPE/ICIEHNE OPUEHTAIINNA U TOJIOXKEHUN KOH-
TYPHBIX IPU3HAKOB. B pabore mperaraercs UCIOJIb30BATH [TOJTHOCBA3HYIO HEHPOH-
HYIO CETb JJIsl yBeJIudeHust pasesionieii cnocoonoctn HAH cemeiicTBa meckpumro-
poB. st eé obyvenHnst NCIoIb3yeTcss HeHPOCETEeBON METOJ, OIIOPHBIX BEKTOPOB. JKC-
[IEPUMEHTHI, IIPOBeIeHHbIe Ha ba3ax m306parkenuii nerexoos INRIA u CityPersons,
[OKa3aJIi, 4TO UCIOJIb30BaHue HellpoceTeBoro Kiaccudukaropa HAH-AR neckpur-
TOPOB TO3BOJIIET yMEHBIIUTH OMNOKNA JIETEKTUPOBAHUS IO CPABHEHUIO C UCIOJIb-
zoeannem SVM kaccudukaropa HAH u HOG jeckpunropos. Pesyiabrarsl TecToB
[IPEJIJIAraeMOr0 MeTO/a MOKa3asIu OJIM3KYI0 K CBEPTOYHBIM HEUPOHHBIM CETSM TOY-
HOCTB, IIPU 3TOM BbIUrpbiBas B ckopoctu Ha CPU B mosropa pasa.

Pabora nmoameprkana rpanrom PO Ne19-07-01231.
[1] Camconos H. A. I'meywes A. H. Mamsees H. A. OGyuenue kiaaccudukaTopa Ha JHC-

KPHIITOPax B NPOCTPAHCTBE IpeobpasoBanus pajona // Vssectus poccuiickoil akase-

Mun Hayk, Teopust u cucremsr ynpasienus, 2020. C. 111-125.
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Neural network classifier in the space of Radon Transform
descriptors for efficient pedestrian detection

Nikita Samsonov'x nikita.samsonov@phystech.edu
Alexzander Gneushev' gneushev@ccas.ru
Tvan Matveev' matveev@ccas.ru

'Moscow, Federal Research Center “Computer Science and Control” of RAS

The problem of detecting pedestrians in the image is solved by constructing integral
descriptors of the object and training a binary classifier on this discriptors. In this
paper, family of local image descriptors — Hough accumulated histograms (HAH,
HAH-AR) is used to construct the integral object descriptor. Local descriptors are
constructed using the Hough window transform by applying Radon ray transform
to the image gradient field. The Hough transform can describe the contours and
spatial features of objects in the image, which allows to take into account the local
distribution of orientations and positions of contour features. In this paper, we
propose to use a fully connected neural network as binary classifier to increase the
separating ability of the HAH descriptor. For its training, a neural support vector
machine is used. Experiments carried out on the INRIA and CityPersons pedestrian
image databases have shown that the use of the neural network classifier with HAH-
AR descriptors reduces detection errors in comparison with the use of the SVM
classifier together with HAH and HOG descriptors. Test results of the proposed
method showed that its accuracy is comparable to the accuracy of convolutional
neural networks, and it is 1.5 times faster on CPU.
This research is funded by RFBR, grant 19-07-01231.
[1] Samsonov N, Gneushev A, Matveev I. Training a Classifier by descriptors in the Space

of the Radon Transform // Journal of Computer and Systems Sciences international,
2020. Vol.59. No3. Pp.415-429.
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ABTOMaTMYeCcKoe NMPOeKTUPOBaAHUE UHTEPNpPEeTUpPyemMbIX
aHcambneii Ha OCHOBE HEeYeTKUX CUCTEM U HEeMPOHHbIX CeTe

Axmedosa Ilaxrnas Azacysap Kui3wvi'x shahnaz@inbox.ru
Cmamnoseos Baadumup Badumosur vladimirstanovov@yandex.ru
Kamusa FOxuxupo® kamiya@ist.aichi-pu.ac.jp

'Kpacnosipck, CubupcKuii TocynapCTBEHHBI YHIUBEPCHTET HAYKN M TEXHOJOTHHA MMEHN
akageMmuka Pemernesa
?Hakaryre, Yuusepcurer npedexTypbl Audn

Texro0rMM MAITMHHOTO OOYYEHUs JIJIsl PEIeHNs 38024 KJIacCU(PUKAIUN U3 Pas3-
JIMIHBIX 00J1acTell MPHOOpETaroT Bee OOJIBIIYI0 BaXKHOCTHb B CBSI3U C HACTYILJICHUEM
spel Uarepuera Bereit. Pazsutne coBpeMeHHBIX ajJrOpuTMOB [IJIsi PEIICHUS 3319
KJaccuUKAIMU IPUBEJIO K IMIMPOKOMY ITPUMEHEHWIO HEHPOHHBIX CeTell, HeYeTKUX
CHCTEM, MallIMH ONOPHBIX BEKTOPOB M T.J. B MHIycTpuu, pUHAHCOBOIl cdepe, me-
JIMIMHE, TEXHUYECKUX W CONMasbHbIX Haykax. OJHAKO KjacchUKATOPhl HA OCHOBE
HEUYETKOU JIOTUKU SABJISIOTCS OJHUMU U3 HAnOOJIee BAKHBIX TEXHOJIOIUI MAITUHHOTO
o0ydenwus, ecan HeOOXOAMMA WHTEPIPETUPYEMOCTb PE3YJIbTATOB, Oy YCHHBIX KJIac-
cucdukaropamu. C Ipyroit CTOPOHBI, HEHPOHHBIE CETH 00JIAIAI0T BHICOKON TOTHOCTHIO
[IPU HU3KON MHTEPIPETUPYEMOCTH, B TO BPEMs KaK 3a4acTyIO TOYHOCTD KJiaccudu-
Kallul HEYEeTKUMU CHCTEMAMU HUXKE.

W nest KoMOMHUPOBaHUS HECKOJIBKIUX METOJIOB aHAJIN3a JAHHBIX JIJIsi PEIIeHNs 3a-
JTad KJIacCU(UKAINT, 329aACTYI0 PEAIM3yeMOe IIyTeM IIPUMEHEHUs CXeMbl IOJI0COBa~
HUsl, He sIBJIeTCd HOBOI. B HacTosIIee BpeMst CyIecTBYIOT PAa3InIHbIE CXEMBI IIPOEK-
TUPOBAHUS aHcaMOJIeit: O3TTUHT, OYCTHHT, CJIydaiiible jeca, CTeKUHT u apyrue. [Ipe-
UMYIIIECTBO CXEMbI I'OJIOCOBAHUSI 3aKJIFOUaETCAd B TOM, YTO OHA OOBIYHO IPUBOIUT K
BBICOKOI TOYHOCTH KJIacCU(MUKAIMU U sIBJETCsT 60see pabOTOCIIOCOOHOMN JIJIsT TIPH-
KJIQIHBIX 331a9. CaMoil IpoCToil cxeMoil TPOEKTUPOBAHNS AHCAMOJIEN [IJTsi PEIeH s
3a1a9 KJIACCU(DUKAIINN SIBJISIETCsI CXeMa ToJIoCoBanust 6osibmuHcTBOM. OMHAKO CTO-
AT OTMETHUTH, 9TO Hanboiee 3(hPEKTUBHBIE AJTOPUTMBI ITPOEKTUPOBAHIST aHCAMOJTeH
OCHOBaHbBI HA CXEMe B3BEIIEHHOI'O I'OJIOCOBAHMSI.

B [1] aBropaMu TIpe/IcTaBIeH HOBBIH CII0COO B3BEIIEHHOTO rosiocoBanus. JlaHHast
cXeMa UCIOJIb3YeT 3HadeHusl (DYyHKIUI MPUHAIE?XKHOCTH, KOTOPhIE BO3BPAIIAIOTCS
BMeCTe ¢ HOMEPOM IIPUCBOEHHOTO KJIaCCa B OOJIBITMHCTBE HEUETKUX KJIACCH(MDUKATO-
pax. YIoMsHyTble 3HAYCHUS (DYHKIII TPUHAIE?KHOCTH UCIOJIb3YIOTCH KaK [TOKa-
3aTesI yBEPEHHOCTH IIPUHAJJIEZKHOCTH 00bEKTa K TOMY HJIM HHOMY KJIACCY, U 3aTeM
rOJIOCOBaHUEM Ha OCHOBE 3THUX IIOKa3aTesieil IPUHUMAETCs PelleHne, UCI0JIb30BaTh
JII HeYeTKuil KIaccuuKaTop Wil APYroif, siBJISIIONMNACS JONOJHATELHBIM (B JaH-
HOM CJIydae 9T0 HefipoHHasd ceTb). [VIaBHOEe HPEUMYIIECTBO IPEJIOKEHHOIO MOIX0IA
3aK/II09A€TCd B KOMOMHMPOBAHUHU JIBYX KJIACCH(UKATOPOB, IJi€ IEPBBIi SBJISETCS
OCHOBHBIM, a BTOPOl — BcromorareabHbiM. [logobHas cxema O3BOJISIET IOJIYYATh
UHTEePHPEeTUPyeMble I TOYHbIC Pe3yIbTaThI.

Mesx qynapoaaas kougepernnus UOHWU-13. Poccust, r. MockBa, 8—11 nekabpst 2020 r.
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Wrak, BoIOpaHHbIe HEHPOHHAS CETh U HEUYeTKAas CUCTEMa BO3BPAIIAIOT HEKOTOPBIN
[I0Ka3aTeJIb YBEPEHHOCTH B IIPUHA/JIE?XKHOCTH 00bEKTa K OIIPejiesIeHHOMY Kiiaccy. B
Gaze NpaBUJI HEYETKOM CUCTEMBI OIIPeJIeJIsIeTCsl IPABUJIO-TI00eIUTE b Iy TEM CpaBHE-
HUsl 3HAYEeHUN (DYHKIWI TPUHAJIEXKHOCTH BCexX TpaBuil. Eciin 3Havenne (OyHKITIH
[IPUHAJIE?KHOCTU TTOOEIUBIIEr0 IIPABUIa PABHO 1, TO JAHHOE MPABUJIO MOJHOCTHIO
OIIMCHIBAET PACCMATPUBAEMBINl OOBEKT, e/ 2Ke 3TO 3HadeHne pasuo 0, TO HU OIHO
[IPaBUJIO HE MOYKET OIPEEINTh KaKOi KJIACC eMy IPUCBOUTDL. Bosiee Toro, eciu Bce
3HavYeHUs] (DYHKIWI IPUHAJIEXKHOCTH PaBHbl 0, TO MIPEJIITIOIaraeTcs, YTo0 OObEKT He
KJIaCCU(DUITIPOBAH.

Jlj1st HEpOHHOI ceTH B JAHHOI CXeMe TaKKe WCIOJIb3yeTcs (MyHKIms softmax
[1], Bo3BpaIaoasg cBOM OKA3ATE/IU YBEPEHHOCTH, KOTOPbIE PACCMATPUBAIOTCS KAK
BEPOSATHOCTH IIPUHAJIEZKHOCTH K HEKOTOpOMY KJjaccy. Eciin HeliponHasi ceTh He MO-
JKeT OLIPeJIeJINTh KJacc, TO Bee 3HadeHus pyHkuuu softmax pasust 1/k, rue k - aro
quciio KjraccoB. Takum oOpa3oM, B OTJIMYUU OT HEYETKON CHCTEMBbl HEPOHHAS CEThb
B JIFOOOM CJIydae MPUCBOUT HEKOTOPBI KJIacC OObEKTY.

CoBMecTHOE UCIIOIb30BAHNE HEYETKON CUCTEMBI M HEHPOHHON CeTH OCYIIECTBIIs-
ercs CJIeIYIOMUM 00Pa30M: TOCIIE MOy YeHns 3HaUeHnl (DYHKINN TPUHA/JIEZKHOCTH
HEYETKOW CHUCTEMBI U IPUCBOEHUs KJIACCA KaXKJIOMy OOBEKTY M3 TeCTOBOH BBIOOD-
Ku orbupaiorcs 25% 00bEeKTOB ¢ Hambojee HU3KUMH 3HAYCHUSIMH. DTH OObEKThbI
KJIaCcCuPUIUPYIOTCS BCIOMOTaTEe/IbHBIM METOIOM (HeiponHoit cerpio). [Ipemioxken-
Has cxema Hassana Confidence-Based Voting (CBV).

Pazpaborannas cxema Oblia TpUMeHEHA IS PEIIeHUsT JBYX 3aa< KJIacCugu-
KaIlUW, CBA3AHHBIX C ABTOMATUYECKUM OIIPEJIeJIEHNEM COCTOSHUS Y€JIOBEKA HJIM €ro
peakiuu B 3aJaHHBIN MOMeHT BpemeHn. B [1] paccMoTpeHbI 3a/iauu omnpeieseHust
COCTOSTHUSI J€JIOBEKa U er0 PeakI[uu BO BPeMsl IIPOC/IYIIUBAHUsT My3bIKU. Takum 00-
pasom, 10 Ye0BeK pa3/IMYHBIX IIOJIOB U BO3PACTOB yYACTBOBAJIN B IKCIEPUMEHTAX.
Nx cocrosnme HabIIOAATOCEH ¢ TTOMOIIBIO OECKOHTAKTHBIX JATINKOB B TPH dTAla: BO
BpeMsI IIPOCIIYINUBAHNS MY3BbIKH, HPABAIIEHCA U He HPABSAIIENCS YIaCTHUKY SKCIIe-
pUMEHTa, a TaKyKe B TO BPeMs, KOTJIa My3bIKa He IIPOCJIyIINBAJIACE.

[Tonyuyennbie gaHHbIE OBLIH MTPE-00pPaOOTAHBI M HOPMUPOBaHbI. B urTore ObLIN
chOpPMyJIMPOBAHBI CJIEIYIONINE 39N KIACCH(DUKAIIUN:

— 3ajada "CIIyInasm JJAHHBIM TIPUCBOEH Kitace "1 ecii yIaCTHUK SKCIIEPUMEHTA CITY-
maJt My3biKy, 1 "0"B IpOTUBHOM cirydae;

— 3agada "HpPABUTCS JAHHBIM MPUCBOEH Kjacc "l eciin y9acTHUKY SKCIIEPUMEHTa
HpaBmwIach My3bika, u "0"B IPOTUBHOM cJIyUae.

Pesynbrarsl skciepumenTos npejcrasiensl B Tabymnax 1 u 2. B aTtux rabaunax
HeYeTKas cucreMa U HeifiporHast ceTh obosznadennl Kak "FS"u "NN"coorsercTBeHHO.

Tabuauna 1. [ToxyyenHble 3HaAYEHUs] TOYHOCTH KJIACCUMDUKAIIAN
3agaya | FS NN (CBV

Hpasurcs0.6160.550/0.600
Curymanu|0.613|0.750[0.688
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Tabmauna 2. [lonydennbie 3nadenus F-mepbl
3agaua FS NN CBV

1 0 1 0 1 0

Hpasurcs0.535(0.4650.4190.482(0.539(0.482

Curymasu|0.220(0.784/0.000(0.857)0.1550.823

Wrak, mjisa 3amgad onpeiesieHus COCTOSHAS 9€/I0BEKa Pa3pabOTaAHHBIN AJIrOPUTM
CBYV mo3BoJisieT JJOCTUTHY T JIydIlie pe3yabTaThl, HO 3TO BO3MOYKHO TOJHKO B TOM
cJIydae, KOTJia BCIIOMOTATEIbHBIN KIaccudukaTop uMmeeT 0oJjiee BHICOKYIO TOYHOCTD,
geM HedeTKas cuctema. [Ipe/yioyKeHHBIN aJroOpuTM sSBJISETCS OOOOIIEHHOW CXeMO
o0beIMHEHUsT JIIOOBIX JIBYX KJIaCCH(MUKATOPOB. B nasibHeiiem OyIyT paccMOTPEHbI
JIpyrue TeXHOJOIUU aHAJmM3a JaHHbX s ajaroputma CBV.

Pabora mommep:kana MunncrepcTBOM HayKW W BBICIIETO obOpasoBannsa Poccuii-
ckoit Peneparuu B pamkax rocygapcrsennoro kourpakra Ne FEFE-2020-0013.

[1] Stanovov V., Akhmedova Sh., Kamiya Y. Confidence-Based Voting for the Design of

Interpretable Ensembles with Fuzzy Systems // Algorithms, 2020. Vol. 13. No 4. Pp. 86—

92.
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Automated design of interpretable ensembles based on fuzzy
systems and neural networks
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'Krasnoyarsk, Reshetnev Siberian State University of Science and Technology
2Nakagute, Aichi Prefectural University

The importance of data analysis and machine learning techniques for solving clas-
sification problems from various areas is increasing due to the coming of the Internet
of Things (IoT) era. To be more specific, the development of modern classification
systems has led to the wide application of the neural networks, fuzzy systems, sup-
port vector machines and so on in industry, financial sphere, medicine, engineering
and social sciences. However, classifiers based on the fuzzy logic are one of the most
important technologies for machine learning in cases where interpretable classifiers
are required. On the other hand, the neural networks have high accuracy and low
interpretability at the same time, while the fuzzy systems are usually characterized
by lower precision.

The idea to combine several data mining methods together to solve the classifica-
tion problems is not new, and it is usually based on some implementation of voting.
Nowadays there are various ensemble design schemes, which include bagging, boost-
ing, random forest, stacking, and others. The advantage of voting scheme is that
it usually leads to higher classification accuracies, and therefore it is more useful
in the real-world scenarios. For classification problems the easiest way to create an
ensemble is to use the voting by majority. It should be noted, that the most efficient
algorithms for ensemble generation use the weighting schemes.

In [1] a novel weighting technique developed by authors is introduced. This
technique uses the membership values, returned together with the class number in
most fuzzy classification systems. These membership values are used as confidence
levels, and the confidence-based voting decides whether the fuzzy classifier should be
used, or the other, supporting classifier (neural network here). The main advantage
of the proposed approach is that it concentrates on combining two classifiers, where
the first one is the main, and the second is the assisting classifier. This inequality
of classifier roles allows receiving more interpretable and accurate results.

Thus, the chosen neural network and the fuzzy logic method return some measure
of confidence of the classifier together with the class number. The fuzzy rule bases
generated by the fuzzy logic method are used to find the winner rule by comparing
the membership values of every rule, so that the membership value of the winner rule
changes in range (0,1). If this value equals one, then the classifier fully describes a
given instance with this rule, and if the membership is zero, than among all the rules
in the base, even the winner rule has low confidence about the true class number.

International Conference IDP-13. Russia, Moscow, December 8—11, 2020
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Furthermore, if all rules have zero confidence in their decision, then the instance is
rejected, namely, considered as misclassified.

The neural network model implemented to classifiers introduced in [1] also has
softmax layer, which has its own set of confidence values returned, these values are
considered as probabilities. If the neural network is completely unaware about the
class number, then all values of the softmax layer are equal to 1/k, where k is the
number of classes. So, the neural network does not have the rejected classification
situation like fuzzy logic classifiers.

To use the fuzzy logic classifier together with other classifier, the following com-
bination algorithm is proposed: after the fuzzy classifier returned the membership
value and class number for all instances of the test set, 25% of instances with lowest
membership values are chosen, and a threshold value is set. These instances are
classified by the assisting method. The resulting method was called the Confidence-
Based Voting (CBV).

Proposed classifiers were applied to two classification problems related to the
automated detection of human condition or reaction to something at a given moment.
In [1], as an example, human condition and reaction while listening and not listening
to music were determined. For this purpose, firstly ten people of different genders
and ages were asked to participate in experiments. Their condition was monitored
by non-contact vital sensing using Doppler sensors over three stages: listening to
music that a participant admitted to like and dislike in three different time periods
each, and not listening to music at all in two different time periods.

Received signals were pre-processed by using and the obtained data were nor-
malized. Thus, the following two classification problems were formulated:

— the problem "listened”, where each instance was labelled as 71" if the participant
listened to the music and ”0” otherwise;

— the problem "liked”, where each instance was labelled as ”1” if the participant
liked the music and 70" otherwise.

The results of the experiments are presented in Tables 1 and 2. In these tables
fuzzy system and neural network are denoted as "FS” and "NN” respectively.

Table 1. Obtained values of the accuracy

Problem| FS |NN (CBV
Liked [0.616/0.550[0.600
Listened 0.613/0.750/0.688

Table 2. Obtained values of the F-measure
Problem, FS NN CBV

1 0 1 0 1 0
Liked [0.535/0.4650.419/0.482(0.539(0.482

Listened [0.220(0.7840.0000.857/0.155/0.823

Thus, for the problems related to human condition detection the CBV allowed to
achieve better results, but that happened only in cases when the assisting classifier
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was better than the fuzzy rule base. The proposed algorithm is a general scheme for

combining any two or more classifiers. Further studies may include experimenting

with different basic learners and their combinations by using the CBV scheme.
This research is funded by the Ministry of Science and Higher Education of the

Russian Federation within limits of state contract FEFE-2020-0013.

[1] Stanovov V., Akhmedova Sh., Kamiya Y. Confidence-Based Voting for the Design of In-
terpretable Ensembles with Fuzzy Systems // Algorithms, 2020. Vol. 13. No4. Pp. 86—
92.
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Puc. 1. BuzyanbHoe mpescraBienne mpejioKeHHOr0 B paboTe MoIxo/1a

B pabore mipejjioxkeH 1moixo 1, Ipu KOTOPOM OJTHOMEpPHasl HePOHHAsI CETh BBIIOJI-
HSIET OITepPaIuio (GUIBTPAIMI CHHOTPAMMBI IIEPET 3TAIIOM 00PATHOTO TPOEIINPOBAHIS
B cxeme ajroputma FBP. Helipornast cers BeICTyIaeT He TOJBKO B KA9eCTBE (DUIHTPA
mepe; 00paTHBIM [TPOEIUPOBAHIEM, HO M OJHOBPEMEHHO B KAYECTBE Iy MOIIO/ABJISIO-
mero ajaropurma. Mbl nepeksafbiBaeM orneparuio MGUIbTPAIui Ha HEHPOHHYIO CETh
C IEJIbI0 YMEHbBIIeHNsT KOJIMYeCTBA BBIYUCIEHUI U B IIPEIIOJIOKEHNH, YTO 9TO [TOBbI-
CUT Ka4eCTBO PEKOHCTPYKIIUU, HEZKEJTU TIPU UCIOJIb30BaAHUN HEITPOHHOIT CEeTH TOJIBKO
C TIEJIBIO TIOJIABJIEHUsI IIIyMa Ha cuHOrpamme. [Ipu 3ToM OZHOMEpPHOCTH HEHpPOHHOM
ceTr BBIOUPAETCH B IE/IAX YCKOPEHUS BBIYUCIEHUS PEKOHCTPYKIINA U MIHIMAZAIAN
oTpebJisieMoil mamMsaTH, B IIPOTUBOBEC TEKYIINel TEHIEHIIUN UCIOJb30BAHUS TsZKe-
JIax ceTeit 7Tt 3a/1a9 KOMITbIoTepHOo# Tomorpadun. s obydenus HeitpoHHoit cetu
UCIIOJIB30BaINCh TeHepupyembie danTombl n3 nakera Adler. Or danTomoB crpon-
JINCh CUHOTPAMMBI C IIOMOIIBIO IIpeobpa3oBanus PajioHa B mapasuiesibHOM cxeme
KOJIMIECTBOM TIHKCeseil merekropa paBabiM 183 n 128 yruramun usmepenuns. [Tocau-
TAHHBIE CHHOIPAMMBI 3aITyMJISJIINCh Ha, OCHOBE KBAHTOBBIX CBOWCTB PEHTT€HOBCKOIO
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n3iaydenus. s cpaBHeHNA PEKOHCTPYKIUMU U (HAHTOMA, [0 CHHOIDAMME KOTOPO-
0 CTPOMJIACH PEKOHCTPYKIINSA, MCIOJIH30BaIacCh HeCTAHAApTHAS (DYHKIHS IIOTEPD,
3 HEKTUBHOCTb KOTOPOIl IMOKa3a/IU HAIIN IKCIIEPUMEHTHI,
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Komuuecrso
E— 0 [8,4%1052,6%1072,9 % 1081, 7 % 10°4, 1 % 10°[4, 1 % 10°
Ha OJTHY
CUHOTPAMMY
Mlupuna 0 jod 51 50 50 |50 x 50 (183 x 128]183 x 128
peL[eHTI/IBHOFO
I10JIA
Koumuecrso 0 [5,2%1041,6 % 1034, 6 % 1041, 1 % 1052, 5 % 10°[2, 5 % 10°
obyTaeMbIX
1mapaMeTpoB
Kommuecrso
YMHOXKEHUIT - 16 % 10316 % 10%| 6 % 103 1,5 % 10% 16 % 10® | 16 x 10°
Ha OJIMH
00y JaeMBbIit
mapaMeTp
PSNR 25 245 | 314 | 332 | 340 | 38.7 35.5
SSTM 0.51 061 | 085 | 091 | 092 | 0.96 0.96
Bpewst 44 21 81 90 105 1214 | 1214
PEKOCHTPYKITUN
na CPU (ms)

Loss = — Z SSIM (Phantom;, BP(NN(NoisySin;, W))),

(1)

e NN — dyHKIust HeiipoHHOU cetr, N 0isy.Sin; — 3ai1yM/I€eHHAs] CHHOI'DAMMA,, 1018~
TOTAsiCs Ha, BXOJ, HEHPOHHON CETU U MOJTyvIeHHasd U3 MPOEIUil ¢ MaJbIMI BpeMeHaMI
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skcrio3uimii, W — mapamerpsl u Beca Heiiponnoit ceru, BP — onepariusi 00paTHOro
npoernpoBanus, Phantom; — dbanToM, MOCTYKUBIIUI OCHOBOH IS CO3JIAHUS CH-
Horpammbl NoisySing, SSIM - merpuka crpykryproro mogodust SSIM. Merpuka
SSIM ObLia BEIOpaHa MO MPUYWHE TOTO, YTO HAINK YKCIIEPUMEHTHI TOKA3AIN 3HAUM-
TEJILHOE yBEJUYIEHNE KAYeCTBA PE3y/IbTATOB PADOTHI CETU MOCJe OOYUeHUs 10 ITOi
MeTPHKE, HEyKeJIH IIpu obyueHnu 1o [2 MeTpuke. ApXUTEKTypa IIPeII0¥KEHHON Heli-
POHHOII ceTn IpejcTaBJIsAeT coboil onHoMepHbIil Bapuant apxurekTypbl UNet. B pa-
OoTe nJIeT cpaBHEHNE HAIero MoIXo/1a ¢ HeiipoHHOI ceThio u3 ctarhu Learned Primal
Dual Reconstruction(LPDR), UNet, cBepTouHoii ceTbio, 0HOMEPHOI CBEPTKO U aJl-
ropurmoMm FBP. B pesynbrare cpaBHeHUS OBLIO BBISBICHO, YTO HAII MOIXO, MOXKET
HOJLJIEPKUBATE JOCTATOYHBI ypoBeHb KadecrBa pekoHcrpykimu (SSIM > 0.9 na
PEKOHCTPYKIMY K (haHTOMY) IIPU ITOM $BJIsieCh OUeHb ObIcTpoil cerbio(B 11-14 pas
6eictpee LPDR).
Pabora nmopmeprkana rpantamu PO Ne19-01-00790 un 18-29-26020.
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Lightweight Denoising Filtering Neural Netwrok For FBP
Algorithm.
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Alexey Chulichkov® achulichkov@gmail.com

'Moscow, Smart Engines Service LLC
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Figure 2. Visual representation of the proposed approach

The paper proposes an approach in which a one-dimensional neural network
performs the sinogram filtering operation before the back-projection stage in the
FBP algorithm scheme. The neural network acts not only as a filter before rear
projection but also as a noise-canceling algorithm at the same time. We shift the
filtering operation to a neural network in order to reduce the number of computa-
tions and on the assumption that this will improve the quality of reconstruction,
rather than using a neural network only to suppress noise on the sinogram. In this
case, the one-dimensionality of the neural network is chosen in order to speed up the
reconstruction computation and minimize the consumed memory, as opposed to the
current trend of using heavy networks for computed tomography tasks. Generated
phantoms from the Adler package were used to train the neural network. Sinograms
were constructed from the phantoms using the Radon transform in a parallel circuit
with the number of detector pixels equal to 183 and 128 measurement angles. The
calculated sinograms were noisy based on the quantum properties of X-ray radia-
tion. To compare the reconstruction and the phantom, according to the sinogram
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of which the reconstruction was constructed, a non-standard loss function was used,
the effectiveness of which was shown by our experiments,
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S
=
Number of
multiplications | g 4 108b 641070, 9% 101, 7 10°]4, 1 % 1094, 1 % 109
by one
sinogram
Receptive
field 183 x 128/ 51 50 50 |50 x 50 (183 x 128183 x 128
width
Training
parameters 0 B,2%10%1,6 %1034, 6 1041, 1 % 1092, 5 % 10°|2, 5 % 10°
amount
Number of
multiplications |y 1031165 103] 64108 [1,5 % 10 16 % 10° | 16 % 103
by one training
parameter
PSNR 25 245 | 314 | 332 | 340 | 38.7 35.5
SSIM 0.51 061 | 085 | 091 | 092 | 0.96 0.96
Work time (ms] 44 21 81 90 105 1214 1214
Loss = — Y _ SSIM(Phantom;, BP(NN(NoisySin;,W))), (2)

where NN is neural network function, NoisySin; is noisy sinogram fed to the
neural network input, which obtained from projections with short exposure times, W
are trainable parameters of the neural network NN, BP is Radon back-projection,
Phantom; is a phantom(ground truth reconstruction) and base of created sinogram
NoisySin;, SSIM is a structural similarity metric SSIM. The SSIM metric was
chosen because our experiments showed a significant increase in the quality of neural
network results after training using this metric, rather than when training using the
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L2 metric. The architecture of the proposed neural network is a 1d representation
of UNet architecture. The paper compares our approach with the neural network
from the article Learned Primal-Dual Reconstruction (LPDR), UNet, convolutional
network, one-dimensional convolution, and the FBP algorithm. As a result of the
comparison, it was revealed that our approach can maintain a sufficient level of
reconstruction quality (SSIMy 0.9 for reconstruction to the phantom) while being a
very fast network (11-14 times faster than LPDR).
This research is funded by RFBR, grants 19-01-00790 and 18-29-26020.
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AHanus n NporHo3upoBaHue YPOBHS M1HOKO3bl B KPOBU Ha
OCHOBE HEeWpOHHbIX ceTel U AAaHHbIX CYyTOYHONO MOHUTOPUHTA

ITpusesenues Jeruc Tennadvesun'« dgprivezencev@mail.ru
Kusnaros Apraduti JIveosuw' lvovich1975@mail.ru
Beasaxosa AnHa C'epaeeeua1 asbelyakova@rambler.ru

"Mypom, Mypomckuit micruryT (bummarn) Bal'y

Pabora mampasiera mHa pa3pabOTKy MPOrPaAMMHOIO 0OECICUCHUS JJIsi TPOBEIE-
HUS UCCTCTOBAHUN TI0 (POPMUPOBAHUIO CTPYKTYPHI U 00y IEHUIO MHOTOCJIONHON Heit-
POHHOII ceTu I aHajn3a U IPOrHO3MPOBAHUSA YPOBHS IVIIOKO3BI B KpoBH. B Xome
UCCJIeI0BaHuUsI ObLJI IPOBEJIEH aHAJIM3 [TOCTABJIEHHON 3aJ1a41, PACCMOTPEHBI HHCTPY-
MEHTBI, METO/bI U AJITOPUTMBI PeIlleHus IPobieMbl. Bbiia ucciieioBana MOJIETb UC-
KYCCTBEHHOW HEMPOHHOI ceTn, pa3paboTaHa CTPYKTypa U MPOBEICHO 00yUIeHHE.

B pesymbrare paborst 6bLTa pazpaboTaHa cucTeMa HUCCISIOBAHUS CTPYKTYPDLI U
o0y “IeHnst MHOTOC/TONHON HeHPOHHON CeTH I aHaIn3a U MPOrHO3UPOBAHUS YPOBHS
IJTFOKO3bI B KPOBHU.

Bt nposejieH 0630p HHCTPYMEHTOB PeaIn3aliy [TOCTABIEHHOM 3a/1a91 U BbIOpar-
HBI METObI pelreHusi. PacCMOTPEHBI TeOpHUsl CO3JaHUs] UCKYCCTBEHHBIX HEHPOHHBIX
ceTeill M MCXO/IHBIE MAHHBIE, NCCICIOBAHBI TUIBI U AJITOPUTMBI 00y IeHusi HePOHHOM
CeTn.

Anaju3 pa3paboTaHHON HEPOHHON ceTu Jjisl POrHO3UPOBAHUSI YPOBHS TJIFOKO-
3bl B KPOBHU IIOKA3aJI, YTO TOYHOCTb MPOrHO3a coctajger 78%. OpHako TOYHOCTD
[IPOTHO3UPOBAaHUS YPOBHsI TUIFOKO3bl B KPOBU B IEPUOJIBI 6€3 IIpueMa yIJIeBOJI0B CO-
crapnster 93%, a B mepmoabl norpebaenust yraeosos - 56%. U3 sroro ciemyer, 9To
Heo0XOIMMO pa3pabOTaTh MHANBU/IYAJBHYIO MOJIEb YCBOEHUS YIJIEBOJIOB.

JlanbHeiiee pa3BuTre, COBEPIIEHCTBOBAHNE U MCIIOJIb30BAHIE CUCTEMbBI IIPEIIIO-
JlaraeT paspaboTKy MeTOOB CO3JAaHUsl WHIUBULYAJIbHBIX MOJEJIeil yCBOEHUsI THUIII
U MHCYJIHA.

Pabora Bermosnena mpu dpuraHCOBOI MOMIEepkKe MuHICTEPCTBA HAYKU U BBIC-
mero obpasosanust P® (Toczamanne Bal'y I'B-1187/20)

[1] Privezentsev D. G., Zhiznyakov A. L., Belyakova A. S., Astafiev A. A. Formation of the
structure and training of a multilayer neural network for the analysis and blood glucose

level prediction // Journal of Physics: Conference Series, 2021.
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Analysis and prediction of blood glucose levels based on neural
networks and daily monitoring data

Denis Privezentsev'x dgprivezencev@mail.ru
Arcady Zhiznyakov' lvovich1975@mail.ru
Anna Belyakova' asbelyakova@rambler.ru

"Murom, Murom institute (branch) Vladimir State University

The work aims to develop software for conducting research on the formation
of the structure and training a multilayer neural network for analyzing and blood
glucose level prediction. The paper analyzes the task, considers the tools, methods
and algorithms for solving the problem. A model of an artificial neural network was
investigated, the structure was developed and training was carried out.

As a result of the work, a system was developed for researching the formation of
the structure and training of a multilayer neural network for analyzing and blood
glucose level prediction.

A review of tools for the implementation of the task was carried out and methods
of solution were chosen. The theory of the creation of artificial neural networks and
the initial data are considered, the types and algorithms for learning the neural
network are investigated.

Analysis of the developed neural network for predicting blood glucose levels
showed that the prediction accuracy is 78%. However, the accuracy of predicting
blood glucose levels during periods without carbohydrate intake is 93%, and during
periods of carbohydrate intake is 56%. From this it follows that a new, individualized
pattern of carbohydrate absorption is needed.

Further development, improvement and use of the system suggests the develop-
ment of methods for creating individual models of food and insulin absorption.

This work was financially supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation (State task of VISU GB-1187/20).

[1] Privezentsev D. G., Zhiznyakov A. L., Belyakova A. S., Astafiev A. A. Formation of the
structure and training of a multilayer neural network for the analysis and blood glucose

level prediction // Journal of Physics: Conference Series, 2021.
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padboBble HelpoHHbIE ceTu a1 HecBsA3aHHbIX rpadoB B
XUMUNYECKNX peakusix.

Huxumun @uaunn Aaexcandposusr'x filipp.nikitin@phystech.edu
Cmpuotcoe Badum Burmoposun' ? strijov@phystech.edu

'Mocksa, MocKOBCKHil (PU3UKO-TEXHUIECKIH HHCTHTYT
2Mocksa, BIT um. A. A. JToponuuussaa ®UIL Y PAH

Pazpaborana To4yHasi m MHTEpIpETHPYyEMas MOJEIb IIPEICKA3AHUS TPOyKTOB
n oToOpakeHusi aTOMOB XMMHYeCKnX peakiwii. [Ipeioxkena HOBast apxXuTEKTypa
ueiiponnoii cern, DRACON, juist Kiaccupukainy BepIUH B HECBA3AHHBIX I'padax.
ApxurekTypa 00001maeT rpadgoBble CBEPTOYHbIE HEHPOHHBIE CETH JIJIsT HECBSI3AHHBIX
rpadoB, UCIOIB3YeTCsi MEXAHM3M BHUMAHUS U IIOCTPOCHUE MEPAPXUIECKOrO IIPEl-
CTaBJICHUS UCXOIHBIX TpadoB. Momgensb Takke 0000IMAeT HICI0 BEKTOPHBIX IIPE-
craBieHuil rpadOB UCIOJIBL3YIONNX UJIEI0 [ICEB/IO-BEPIINH, JEMOHCTPUPYIONLYIO HAH-
JIydIree KadecTBO JIjIs MHOYKECTBA 33/1a1 B BBIUNC/IUTEIbHON XUMun. Pe3yabTaTsl HA
USPTO_STEREO mnokassiBaior, uro DRACON mpejicka3piBaeT aTOMbI OCHOBHOT'O
MPOYKTA U MEHTPHI JJIsi XUMUYECKUX PEAKITUI ¢ BHICOKON TOYHOCTBIO.

DRACON wumeer mHTEpHpETUPYEMYIO CTPYKTYDY: UCIOJIB3YeT 3HAHUS O THIIE
XUMUYECKON CBS3M M HMPU3HAKK aTOMOB B HMCXOIHBIX MOJeKysax. lIpencrasiennbie
IICEB/IO-BEPIINHBI XUMUYECKUX PEAKINil HEesIBHO BBIYYHUBAIOT CXOJCTBO XUMUYECKUX
peakiuii. 910 MOXKeT ObITh I0JIE3HO JIjIsi OCHOBAHHBIX Ha IPAaBUJIaX CUCTEMAaX, TaK
KaK Paclo3HAET W KATErOPU3UPYET PEAKITUH.

Asropsl pacemarpusaior npumenerre DRACON k mostekygpHbiM rpadaM B Xu-
MUYeCKUX peakiusax. [IpeicTaBieHHbIil TOAX0/ TPUMEHIM K HECBA3AHHBIM Ipadan
B 00IIEM BHUJIE. DTO PACHIMPSIET TPUMEHIMOCTD I'PadOBBIX CBEPTOUHBIX HEHPOHHBIX
ceTell JIIsT PA3JIMIHBIX 33129 B BBIUUC/IUTEILHON XUMUN TAKUX KAaK KJIACCU(DUKAIIMS
aTOMOB B MOJIEKYJ/ISIDHBIX I'padax, KIaCCU(PUKAIMA MOJIEKYJISPHBIX IPadOB, Ipe-
CKA3aHUU CBOMCTB aTOMOB B PEAKIIUSIX U PACTBOPAX.

Pa6ora Beinosinena upu nopiepxke PODU (npoexrer 19-07-01155, 19-07-00875)
u HTU (umpoekr 13/1251/2018).

[1] Nikitin F., Isayev O., and Strijov V. DRACON: Disconnected Graph Neural Network
for Atom Mapping in Chemical Reactions // Phys. Chem. Chem. Phys., The Royal

Society of Chemistry., 2020
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Graph neural networks for disconnected graphs in chemical
reactions.

Filipp Nikitin'x filipp.nikitin@phystech.edu
Vadim Strijov' ? strijov@phystech.edu
'Moscow, Moscow Institute of Physics and Technology

2Moscow, FRCCSC of the Russian Academy of Sciences

We developed an interpretable and accurate model for outcome prediction and
atom mapping in chemical reactions. A novel neural network architecture, DRACON
were proposed for node classification problem in disconnected graphs. It general-
izes graph convolution neural network for a disconnected graph with self-attention
mechanism and learning hierarchical representations of source graphs. The model
also generalizes the idea of graph representation learning with pseudo-nodes, which
is state-of-the-art for a variety of problems in drug discovery. The model was an-
alyzed on the large-scale USPTO_STEREQO dataset. The results demonstrate that
DRACON predicts atoms of the main product and centers in a chemical reaction
with high accuracy.

DRACON has an interpretable structure: it uses types of chemical bonds and
characteristics of atoms in source molecules. The introduced pseudo-nodes of chem-
ical reactions implicitly learn the similarity of chemical reactions. This feature is
useful for rule-based Named Reaction Identification systems that allow the recogni-
tion and categorization of reactions from their connection tables, error identification,
reaction visualization, and retrieval tasks.

This authors consider the application of DRACON to molecular graphs in chem-
ical reactions. The approach presented can be applied to disconnected graphs in
general. It expands the graph convolution neural networks for various problems in
computational chemistry such as atom classification in molecular graphs, classifica-
tion of molecular graphs, different prediction of atom’s properties in reactions and
solutions.

This research was supported by RFBR (projects 19-07-01155, 19-07-00875) and
NTT (project 13/1251/2018).

[1] Nikitin F., Isayev O., and Strijov V. DRACON: Disconnected Graph Neural Network
for Atom Mapping in Chemical Reactions // Phys. Chem. Chem. Phys., The Royal

Society of Chemistry., 2020
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OueHka ka4decTBa paboTbl HEiPOHHOW cCeTu ANnsl NpeacKa3saHus
3D mogenu obbekTa
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"Mocksa, ®TYII «TocHUMAC»
2Mocksa, MoCKOBCKII (PU3HKO-TEXHIUECKHiT HHCTHTYT

lev.grodzickiy@gosniias.ru

Ha ceropmsimmmii genb ¢oTorpaMMeTpUYecKne CKaHepbl CO CTPYKTYPUPOBaH-
HBIM TIOJICBETOM WHTEHCUBHO HCIOJIB3YIOTCA JJIsl PEIIEHUs] TAaKUX 3a/a9, KaK OITH-
YecKasi MEeTPOJIOTHsI, KOHTPOJIh KA9eCTBa Ha KOHBeHepe U JIOKYMEHTUPOBAHUE O0hEK-
TOB KyJIBTYPHOTO Hacjeusi. AKTUBHBIE (DOTOrPAMMETPUYECKIE CUCTEMbI HA OCHOBE
CTPYKTYPUPOBAHHOIO CBETa JIEMOHCTPUPYIOT BBICOKYIO TOYHOCTH M BBICOKYIO IIPO-
U3BOJIUTE/ILHOCTD JIJIg ITOJIYI€HUsA HECKOJIbKUX TPEeXMEPHbLIX KOOP/IMHAT ITOBEPXHO-
ctu 00bekTa. HecMoTpst Ha BBICOKYIO KOHKYDPEHIIUIO CPEJIU IIpousBoauTeeii (6osee
20 kommaHuit pa3zpabaTbIBAIOT KOMMEDYECKU JIOCTYIIHBIE CKAHEPBI CTPYKTYPUPOBAH-
HOI'O CBETA), TOYHOCTH TEXHOJIOTHMH CTPYKTYPUPOBAHHOIO CBETAa MMEET OrDAHMYCH-
HOe OBICTPOIelicTBIE TIPU paboTe B peaJbHOM BPEMEHHU. 3a9acTyiO Ha MOBEPXHOCTU
BOCCTAHOBJIEHHBIX TPEXMEPHBIX MOJIEJIell BO3HUKAIOT PACXOYKJICHUs, OCOOEHHO eCJin
TEKCTYypa MOJIEJIU UMeeT Cepbe3Hble M3MEeHEeHUs] B SIPDKOCTH WU 00J1aj[aeT BBICOKOI
OTpaXKarIIel CIIoCOOHOCTHIO. BBIIO Mpe JT02KeHO MHOKECTBO METOJIOB KOMITEHCAIIUN
OMUOKU CTEPEOTOXKIECTBICHUS JJIS CUCTEM CO CTPYKTYPUPOBAHHBIM TIOJICBETOM. XO-
TSI 9T METOJIbI YMEHBINAIOT OIMMUOKY PEKOHCTPYKIINN, OHU HE MOTYT YCTPAHUTH Pac-
XOKJICHUSI, BBI3BAHHDBIE HEPABHOMEDHON SPKOCTHIO TEKCTYPHI.

AJiropuT™MBl Ha OCHOBe TJIyOOKHX HEHPOHHBIX ceTeil oKasauch 3(MQeKTUBHbI-
MU JIJIsi BOCCTAHOBJIEHUSI TPEXMEPHBIX Mojesieii. HemaBHO OBLIO MPEJIOZKEHO HOBOE
[OKOJIEHHE HEHPOHHBIX ceTeil, KOTOPOe HAa3bIBAETCs NeHEPATUBHO-COCTAZATEILHBIMU
ceramu (GAN). D1 ceru MOryT GbITH 00YUEHBI DEIIATH CJIOKHBIE 3aJa4u 00pa-
00TKU M300paskeHnii, TakKe Kak yCcTpaHeHne cMasa, ITyMOB Ha M300parkKeHumn; mpe-
obpazoBanme n300pazkKeHusl OJIHOT0 00bEKTa B N300paXKEHHe JIPYTOro; KOJTOPU3AIIUS
JepHO-0eJIbIX N300paKeHuil; yBeIndeHe pa3pelienns: n300parkeHuii 6e3 morepu Ka-
yectBa. Mogens GAN cocrout uz jaByx cereil: reneparopa G u guckpumunaropa D.
JIBe cetn 00ydarOTCs OJHOBPEMEHHO JIJIs PEIeHIs TPOTUBOTIOIOKHDBIX 3a1a4. [lenb
JIICKPUMIHATOPA D cOCTOUT B TOM, YTOOBI OTJIUNIUTDH «PEAJbHBIE» N300ParKEHUST U3
obywarorero Habopa JAHHBIX OT <ITO/AEIbHBIX» ITO/ICTbHBIX N300parkeHuit, reHe-
pupyembix rereparopoM G. Iless rermeparopa G - CHHTE3 <«I10/I€JIBHBIX> BBIOOPOK,
KOTODBIE Oy/IyT HEOTJIHMIUMBI OT CJIydaifHbIX M300pazkeHnit u3 0OyIalonero Habopa
JIAHHDIX.

Jlannasi pabora TOCBSIIEHA OIEHKe KadecTBa paboThl HepoHHOM cetn SSZ
(Single Shot Z-space segmentation) [?| st mpeo6pasoBaHus OIHOTO M300PAKEHUST
B CEMaHTUYECKYI0 BOKCEJbHYIO MOJe/b. [lo/yyeHHble pe3y/IbTaThl CPABHUBAIOTCS C
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pe3y/IbTaTaMi BOCCTAHOBJIEHUS TPEXMEPHON MOJIEIN C IOMOIIBIO CKAHEPa CTPYKTY-
pupoBanHoro csera. OneHuBaeMasi HepOHHAs CeTb SSZ OJHOBPEMEHHO BBIIIOJIHSET
PEKOHCTPYKIINIO TPEXMEPHON BOKCEIBHOM MOJIEN U CEMAHTHUIECKYI) CEIMEHTAIMIO
TPEXMEPHOIl CIIeHbI U3 OJHOrO n3obpaxkeHus. [Ipemomaraercsi, 9T0 CeMaHTUIECKAST
cermeHTaInst KjaaccoB 3D-00beKTOB OyaeT CrocoOCTBOBATH YBEJIMIEHUIO TOUHOCTH
BOCCTAHOBJICHWST TPEXMEPHON CIIeHbI TJIyOOKOH HelponHoit cerbio. C 5TOi TeIbio
ObLIIa IIPEJJIOZKEHA I[BETOBAs CEIMEHTAIlNsl BOKCEJIbHOM MOJEJN KayKJOoro KJIacca B
ciieHe. B kagecTBe 0a30BON apXUTEKTYphl T'eHepaTopa ucmoJibdyercs cerb U-Net,
KOTOpasl COJEPKUT WHBEPTUPOBAHHBIE PEIyIUPOBAHHBIE OJIOKM U MOXKET ITPOEI-
poBaTrh npamoit mepexos u3 2D B 3D, ncnomb3ys KOHTYpHBIE COOTBETCTBHUS MEZKTY
nzobpaxkenneMm u 3D-Mozmensio.

Pabora Boimosaena npu nogaepkke Poccuiickoro nayaroro ¢omga, rpantr PHO
Ne19-11-11008.
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3D Reconstruction Neural Network Quality Evaluation
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2Moscow, Moscow Institute of Physics and Technology

Structured light scanners are intensively exploited in various applications such
as non-destructive quality control at an assembly line, optical metrology, and cul-
tural heritage documentation. While more than 20 companies develop commercially
available structured light scanners, structured light technology accuracy has limita-
tions for fast systems. Model surface discrepancies often present if the texture of
the object has severe changes in brightness or reflective properties of its texture.
The primary source of such discrepancies is errors in the stereo matching caused by
complex surface texture. Many methods were proposed to compensate for the error
in stereo matching for structured light systems. While these methods reduce surface
distance error between reconstructed and the ground truth models, they could not
eliminate the discrepancies caused by uneven texture brightness.

Algorithms based on deep neural networks have proven to be effective tools for
reconstructing three-dimensional models. Recently a new generation of neural net-
works has been proposed that is commonly named Generative Adversarial Networks
(GANSs). These networks could be trained for complex image-to-image translation
tasks such as object transfiguration, image super-resolution and noise reduction. A
GAN model consists of two networks: a generator G and a discriminator D. Two
networks are trained simultaneously for concurrent tasks. The aim of the discrim-
inator D is to distinguish 'real’ samples B from the training dataset from ’fake’
samples B produced by the generator G. The objective of the generator G is the
synthesis of 'fake’ samples B that are indistinguishable from the random samples B
from the training datasets.

This paper is focused on the evaluation of a deep neural network SSZ (Single
Shot Z-space segmentation) [?] for translation a single image into a semantic voxel
model. The results obtained are compared with the results of the reconstruction of
a three-dimensional model using a structured light scanner. The evaluated neural
network SSZ simultaneously performs 3D voxel model reconstruction and semantic
segmentation of a 3D scene from a single image. It is proposed that the semantic
segmentation of classes of 3D objects will increase the accuracy of reconstruction of
a three-dimensional scene by a deep neural network. Semantic labeling of 3D object
classes on 3D scene was proposed. We use a U-net-like generator with inverted
residuals blocks as a starting point. Such 3D representation allows us to design
direct 2D-to-3D skip connections, that leverage contour correspondences between
an image and a 3D model.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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The reported study was funded by the Russian Science Foundation (RSF) ac-
cording to the research project N° 19-11-11008.
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nybokoe obyyeHne ans 3agay oTOOpa>keHUs ynyyLeHHOro
BuaeHuns Ha NJ1C

I'podsuyxuti JIee Baadumuposur'x moshkantsev@gosniias.ru
Hanunos Cepeeti FOpvesuu'> danilov@gosniias.ru
Knasv Bagdumup Baadumuposun'?

"Mocksa, ®TVIT «TocHIMAC»

2Mocksa, MoCKOBCKMii (PU3MKO-TEXHIIECKHIT HHCTATYT

vl.kniaz@gosniias.ru

CuryannonHast OCBEIOMJIEHHOCTD 9KUIIAYKa UMEET Pelaloniee 3HadeHre Jijist 6e3-
onacHocty nojera. Mnnukarop na no6osom crexie (HMJIC) nossossier oro6pazkarh
BCIO HEOOXOMMYIO TOJIETHYIO MHMOPMAIMIO Tepe/| MMjIoToM Ha (doHe 3aKabUHHON
obcranoBku. WJIC cosman mjist pernerns mpodiemMbl HHMOPMAIIMOHHON ITeperpy3Ku
[IPU TUJIOTHPOBAHUHU CAMOJIETA.

B 1o Bpemsa Kak cpejcTBaMu KOMITBIOTEPHON Tpadukn nmudpoBas MOJIETb MECT-
HOCTH U ee MacInTabbl MOI'YT OBITH JierKo crpoerupoBanbl Ha WJIC, omubku B Ka-
JOpoBKe mpoeKImoHHoro juciuiest VIJIC 1jist mpaBUIbHOTO NPEJICTABICHIST JAHHBIX
C OIITUYECKUX JATYUKOB (KaMep BUAMMOIO U MH(MPAKPACHOIO IUAIIA30HA) BBI3bIBA-
10T pobsiembl. OcHOBHasT TpobJIeMa BO3HUKAET M3-3a MAPAJIIAKCA MEXKIy [JIa3aMu
[IJIOTA U IIOJIOYKEHNEM KaMepbl 38 00PTOM.

Januas cTaThbs MOCBsIIEHa pa3paboTKe aJropuTMa KAJTUOPOBKHU MPOEKINN Ha
NJIC B pexkume peaibHOIO BPEMEHU JIJIsi COIJIACOBAHUSI IIPOEKIINN TPEXMEPHOI MO-
nemn mectHoctu u BIIIT wa npoeknmonnom muciiee JIC. Asropurm 6asupyercs
HA METOJAX IPEeJIOKEHHBIX B npeaplrymux uccyaepoBanugx [?]. eas anropurma —
COBMeITeHne 00bEKTOB, BUJIMMBIX U€Pe3 CTEKJIO KAOMHBI, C UX ITPOEKITIHSIMEI Ha IIPOEK-
rmonuoM Juciutee VIJIC. [ljist OBBIIEHUST TOYHOCTHU IPOEIIMPOBAHIS UCIIOTB3YETCs
JIOIIOJIHUTEJIbHBIIT MHOIMOKAHAJIbHBIN ONTUYECKUIl JIATYNK, YCTAHOBJIEHHBIN HA CAMO-
Jiere. B ero cocraB BXOJSIT CEHCOPBI BUIUMOTO U MH(MPAKPACHOI'O JUAIIA30HOB. BbI-
XOJHBIE JIAHHBIE C HErO MPEJCTABJIAIOT CODOI BUIEOIOC/IE0BATEIHHOCTD KOMILIEK-
CHPOBAHHBIX KAJIPOB BUUMOIO U MHMOPAKPACHOTO JTUAITA30HOB.

B paspaborammnom aaroputMe COIETAIOTCS KIaCCHIECKne (pOTOrpaAMMETPUIECKIE
MeTObI C COBPEMEHHBIMH ITO/IXOJaMK K IiiybnHHOMY oOydenmio. B wactHOCTH, HC-
[I0JIB3YeTCsl MOJIe/Ib HEITPOHHOIT ceTu st OOHApYKeHusi 00bEKTOB, YTOOBI HATH 30-
Hy BaJsiéTHO-TI0Ca09HON 1osiockl (BIIIT) u cornacoBars npoeknuio BIII ¢ ee dax-
THYECKUM pacrojiokenneMm. Kpome Toro, mjis ycrpaneHus OMMOOK, BI3BAHHBIX ITa-
pPaJLIAKCOM, HCIIOJIB3YeTCsl MMOBTOPHAA IPOEKINS Ka/ipa 3aKaDMHHOIO JATIMKa Ha
TPEXMEPHYIO MOJEb pesibeda.

Itst oneHKH pabOTOCIIOCOOHOCTH AJIMOPUTMA  PAa3pabOTaH CHUMYJIATOP CPEJIbl
okpykeHus. C MOMOIIBIO CUMYJISITOPA TOJATOTOBJIEH OOJIBIION HAOOP O0YydJaomxX
mauabix. Habop mamubix Briogaer 2000 BUIEOIOC/IEI0BATEIBHOCTE, IIPEICTABIISIIO-
IIUX JIBUPKEHUE CAMOJIETa BO BPEMS B3JIeTa, OCAIKY U PyJieHnsi. Pe3yIbTarTs OIeHKH
KadecTBa PabOTHI aJITOPUTMA ITOKA3BIBAIOT, YTO KAYECTBEHHO U KOJIMYECTBEHHO IIPEJI-
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JIO2KEHHBI aJITOPUTM CIIOCOOEH TOYHO COIJIACOBATH KOHTYPHBI TPEXMEPHBIX MOJIEJIei,
npoerupyembix #Ha VJIC, 1 KOHTYPBI COOTBETCTBYIOMINX UM PEabHBIX 0OHEKTOB.

Pabora BbiosiHeHa nipu nojep:kke Poccuiickoro Hayunoro ¢gpouja, rpanr PHO
Ne19-11-11008.
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Deep Learning for Projection of the Enhanced Vision on the HUD
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Situational awareness of the crew is critical for the safety of the air flight. The
Head-up display allows providing all required flight information in front of the pilot
over the cockpit view visible through the cockpit’s front window. This device has
been created for solving the problem of informational overload during the piloting
of an aircraft.

While computer graphics allows projecting flight information and digital terrain
model on such display, errors in the Head-up display alignment for correct presenting
of sensor data pose challenges. The main problem arises from the parallax between
the pilot’s eyes and the position of the camera.

This paper is focused on the development of an online calibration algorithm for
the conform projection of the 3D terrain and runway models on the pilot’s head-
up display. We use assumptions made by Danilov et. al [?] as the starting point
for our research. The aim of our algorithm is to align the objects visible through
the cockpit glass with their projections on the Head-up display. To improve the
projection accuracy, we use an additional multi-channel optical sensor installed on
the aircraft. It includes visible and infrared sensors. The output data from it is a
video sequence of complexed frames of the visible and infrared ranges.

The developed algorithm combines classical photogrammetric methods with
modern approaches to deep learning. In particular, an object detection neural net-
work model is used to find the runway area and match the runway projection with
its actual location. In addition, the sensor image is re-projected onto the 3D terrain
model to eliminate errors caused by parallax.

An environment simulator was developed to evaluate the performance of the
algorithm. A large training dataset was generated using the simulator. The dataset
includes 2,000 video sequence images representing the movement of an aircraft during
takeoff, landing, and taxi. The results of the algorithm evaluation show that both
qualitatively and quantitatively, the proposed algorithm is able to accurately match
the 3D models projected on a Head-up display.

The reported study was funded by the Russian Science Foundation (RSF) ac-
cording to the research project N° 19-11-11008.
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OnbIT NpUMEHEeHNs1 MHOTOCNIONHbLIX CBEPTOYHbLIX HEAPOHHbIX
ceteii n texHonoruv Big Data Ha npumepe nckyccTtBeHHOro
MeaunumHckoro nHrtennekta ®rtusncbmnoMep,
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"Yucromons, 000 «PruzucBuoMen»
2Mocksa, HIIO «HarmonanbHOe TeJIeMEAUIMHCKOE areHTCTBOY

B mepsbie aBa gecstuiierus 21-BeKa TEXHOJOTUU HWCKYCCTBEHHOIO WHTEJLIEKTA
(1) caenasm orpoMHbIi CKAYOK, COBEPIIUB KAYECTBEHHDII 11€PEX0] OT TeOpeTHIe-
CKUX MoJiesieii u j1abopaTopHBIX KOHCTPYKTOB BHa4dase 2000-X /10 IPOIyKTOB YacT-
HOrO mnorpebiieHnst u orpacieBbix cepBucos B 2020-m. Pacnosnasanne o6pa3os u
aHaju3 OOJIBIINX JAHHBIX TPOYHO BOILIM BO MHOIHE chepbl JIesiTeIbHOCTH Ye/I0Be-
9ecTBa: MapKEeTHHT, YIIPABJIEHNE TPAHCIOPTHBIM JIBUKEHIEM, 0€30I1aCHOCTb, KOMMY-
HUKAINW, CTPOUTEIBCTBO, IU3ANH, HHIYCTPUS PA3BJICUYCHUI, 3IPABOOXPAHEHNE.

000 «PrusncbnoMeny sannmaerca pazsarueM Texnosornit I B obmactn au-
argocruyeckoit meauinabl ¢ 2015 rosa.

B pamrax janHOil paborhl paspaboTaH aHcaMbJ/ib CBEPTOYHBIX HEHPOHHBIX Ce-
reit (CHC) ocylmecTBagomux aHain3 MeIUIuHCKUX T300payKeHuil Opraios rpy/i-
HOIl KytleTKu (peHTreHorpaMM, (GJIH0OpOrpaMM) Ha MpeaMeT OOHADYZKEHUs MaTOJIO-
ruii[1,2]. Vmest ucxomupiii maccus u3 300000 durooporpamM, rpyiia MaTeMaTUKOB
U PEHTTEHOJIOrOB co3jaJia 6a3y JaHHBIX U3 Pa3MEYeHHBIX CHUMKOB, B KOTODPBIX 00-
JIaCTU BepU(MUIMPOBAHHBIX MATOJIOTHI BbIIe/ANCh KOHTYpaMu. ChopMupoBaHHasT
BBIOOpKa BKJIOYAJIa M300parkeHus: ¢ Mackamu 21-it nmarosiorun. Ha nsobpazkeHusix
u3 manHoi 6a3bl 6bL10 TTpoBeseno 10000 smox moobyuenus ancambist CHC, aro mos-
BOJIMJIO TIOJIYIUTh [IPUEMJIEMBIN JIJIs Bpadell MHCTPYMEHT IMO/JIEPYKKU IIPUHATUS Pe-
IIEeHUA.

C despaitst 2020 roja cepsuc, pa3pabOTaHHbBI KOMIIAHUEH, IPUHUMAET yIacTue
B DKCIIEPUMEHTE 110 HMCIIOJIb30BAHNI0 MHHOBAIMOHHBIX TEXHOJIOIHIl B 00JIACTH KOM-
[IBIOTEPHOTO 3PEHMUs JJIsl aHAJIIN3a MEIUIINHCKIX N300paKeHnil U JaIbHEHIIero mpu-
MEHEHUsI B CHCTEeMe 3IPABOOXPaHeHUs Topoa MOCKBBI.

Kamu6posounnie recter U, nposesiennnie 'BY3 «Hayuno-nipaktuaecknii Kiiu-
HAYECKUil IEeHTP JIUATHOCTUKHU M TeJeMEeIUITMHCKIX TexHosoruili /lemapramenra
sapaBooxpanerust ropoga Mockss» (I'BY3 HIIKIT TuT JI3M), nokasanu ysesn-
JeHUe JMArHOCTUIECKONH TOYHOCTH CEPBUCA.

[Tnomans nox ROC-kpusoii cocrasuia 0,9 (0,84 — 0,96) ¢ moBepurebHON BEpO-
araoctbio 0,95. ITo kpuTepnio MakCHMU3AIIE TPOrHOCTUIECKON ITEHHOCTH OTPHIIA-
TEJILHOT'O PE3YJIbTATa B Pe3yJIbTaTe KAJIMOPOBOYHOI'O TECTUPOBAHNUS OIIPEEJIEH TIOPOT
akTUBaIMNU HeiipoHHOM cetn 0,2.
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PesynbraTer TectoB, mpeacrasiennnie B Tabmume 1 m ma Pucynke 1. mokazasm,
YTO CEPBUC TOAXOJUT JIJIsT TOJJIEPKKN KIIMHUIECKUX PEITEeHU, TPUHIMAEMBIX B DAM-
Kax epBUYHON JUArHOCTUKHY.

Tabnuua 1. Pe3ynbrarsl KaTMOpPOBOUHOr0 TECTHPOBAHMS CepBHCA

1-CneunduyHocTs

Ioay4yennoe 3HaYeHHE HA YTATOHHOM
nabope 1aHHBIX
Mertoz onpeaeneHns ONTHMAIBHOTO
3asiBiIeHHOE nopora
Ne HaumenoBauue
3HaYeHHe MakCHMH3allHH
MPOTrHOCTHYECKOH
nnjekce Onena LEHHOCTH
(YT) OTPHIATENBHOTO
pesyabTaTa (max
NPV)
3HaueHHe IO H
1 [ non 0,79 0.9
ROC-kpuBoii (AUC)
2 | sowassm 0,7397 (0,6238- 0,86 0.8
HHOC 0,8355) (0,77-0,92) (0,71-0.87)
3 | 4yBCTBHUTENBLHOCTH 9,213 (0,713 9.8 2,94
y 0,9893) (0.66-0,9) (0,83-0.99)
4 | ersmignicen 0,66 (0.5123- 0,92 0,66
e 0,7879) (0.81-0,98) (0,51-0,79)
V nenbHblii BeC
5 | JOKHOOTPHIATEILHBIX 0.2 0,06
pe3ysbTaToB
VY nenvHelii Bec
6 | JI0KHOMOJIOKHTETLHBIX 0,08 0,34
pe3yIabTaToB
7 | OnrumanbueIi nopor 0,78 0,2
ROC-kpueas FBM ®NI uenesoe NPV: 0.995
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Pucynok 1. Cea ROC — kpuBas, noctpoeHHas Ha ocHoBaHuH 06pabotku HH-cepsucom «FBM
» Habopa u3 100 uccnenoBaunuii s mooporpadun. Cripapa Ha TOM ke rpadHKe OTMEUeHbI
npameie s NPV=0.995 u n1s npe-tectoBbix BeposTHocteii 0.05, 0.1 1 0.2
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Ha ocnoBamum, cobpanmHoii B X0e SKCIEPUMEHTa CTATUCTUKU, MOYKHO Oy/IeT cie-
JIaTh BBIBOJIBI O TOTOBHOCTH TexHosoruit U K pabore B cucteme 31paBOOXPAHEHUST
Poccniickoit Peneparium u 11e71€co000pa3HOCTU MUPOKOH UHTETPAITMN HA HBIHEITHEM
JTalle TEXHUYECKOTO Pa3BUTHS.

B zakmouennn 6yayT 0603HATEHBI IEPCIEKTUBLI U JAJbHEHININE TyTH PA3BUTHI
texunostoruii Il B obnactu 31paBooxpanenusi.

[1] Tozo6epuose FO. T., Kaaccen B. M., Hamenson M. 4., Ipocsupxun U. A., Capun A. A.
OcoBeHHOCTH MMILJIEMEHTAIUN CUCTEM MCKYCCTBEHHOTO MHTEJJIEKTA B 33Jlade aHAIM3a
JIByXMEPHBIX PaMOJIOTMIeCKnX n300parkennit // MareMaTnaeckme METOIBI PACIIO3HA~
Banus obpasos, 2019. C.307-308.

[2] Klassen V. 1., Safin A. A. Maltsev AV, Adrianov N. G, Morozov
S.P.,  Viadzymyrskyy  A.V.,  Ledikhova N. V.,  Sokolina I. A.,  Kulberg N.S.,
Gombolevsky V. A., Kuzmina E. S., Al-based screening of pulmonary tuberculosis:
diagnostic accuracy // Journal of eHealth Technology and Application, 2018. Vol. 16.
No 1. Pp. 28-32.
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Experience of using multilayer convolutional neural networks and
Big Data technologies on the example of artificial medical
intelligence FtisisBioMed
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In the first two decades of the 21st century, artificial intelligence (AI) technolo-
gies made a huge leap, making a qualitative transition from theoretical models and
laboratory constructs in the early 2000s to private consumer products and industry
services in 2020. Pattern recognition and big data analysis have become firmly es-
tablished in many areas of human activity: marketing, traffic management, security,
communications, construction, design, entertainment, healthcare.

FtisisBioMed LLC has been developing Al technologies in the field of diagnostic
medicine since 2015.

Within the boundaries of this work, an ensemble of convolutional neural networks
(CNN) has been developed that analyzes medical images of the chest organs (X-
rays, fluorograms) for the detection of pathologies[1,2]. Having an initial array of
300,000 fluorograms, a group of mathematicians and radiologists created a database
of labeled images, in which areas of verified pathologies were highlighted by contours.
The formed sample included images with masks of the 21st pathology. On the images
from this database, 10,000 epochs of additional training of the CNN ensemble were
carried out, which made it possible to obtain a decision support tool acceptable for
doctors.

Since February 2020, the service developed by the company has been taking part
in the Experiment on the use of innovative technologies in the field of computer
vision for the analysis of medical images and further application in the healthcare
system of the city of Moscow. Al calibration tests carried out by Moscow Radiology
showed an increase in the diagnostic accuracy of the service. The AUC metric value
was 0.9 (0.84 - 0.96) with a confidence level of 0,95. According to the criterion of
maximizing the predictive value of a negative result as a result of calibration testing,
the neural network activation threshold was determined as 0.2.

The test results presented in Table 1 and Figure 1 showed that the service is
suitable to support clinical decisions made in the framework of primary diagnosis.

The report is devoted to the problems of introducing Al technologies into the
diagnostic practice of healthcare institutions in the Russian Federation, as well as
to the practical results and analysis of the experience of using artificial intelligence
systems during the Experiment.
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Table 1. Service calibration test results

The resulting value on the reference
dataset
Method for determining the optimal
threshold
Ne Metric Expected value
Maximization of
Yuden Index Negative Predictive
(YT) Value
(max NPV)
Area under curve
1 (AUC) 0,79 0.9
2 | accurac 0.7397 (0,6238- 0.86 0.8
y 0.8355) (0,77-0,92) (0,71-0,87)
3 | sensitivity 0.913 (0.7196- 0.8 0.94
0,9893) (0,66-0.9) (0,83-0,99)
4 | specifici 0.66 (0,5123- 0,92 0.66
peciioly 0,7879) (0,81-0,98) (0,51-0,79)
False Negative Rate
5 (FNR) 0,2 0,06
False Positive Rate
6 (FPR) 0.08 0.34
7 | Optimal threshold 0.78 0.2
ROC-curve FBM
10 o 10
2
=
Z
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5 ~  YudenIndex 5 v % maxNPV trashold
%0 oz 04 06 08 10 %0 02 04 06 08 10
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Figure 1. Left: Roc-curve, based on Al analysis of 100 images from calibrating sample.

Right; same graph with lines for NPV=0,995

The report will consider the problems of both a technological nature, including
the problems of compatibility and implementation of Al services in an already formed
system for storing and processing diagnostic data, and problems associated with the
human factor. In addition, the issues of legal and legislative regulation, as well as
compliance with medical ethics standards will be discussed.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020



120 Neural networks and deep learning

Based on the statistics collected during the experiment, it will be possible to
draw conclusions about the readiness of AI technologies to work in the healthcare
system of the Russian Federation and the feasibility of widespread integration at the
current stage of technical development.

In conclusion, the prospects and further ways of developing Al technologies in
the field of healthcare will be outlined.

[1] Gogoberidze Y., Klassen V., Natenzon M., Prosvirkin I., Safin A. Features of the im-
plementation of artificial intelligence systems in the task of analysis of two-dimensional
radiological images // Mathematical Methods for Pattern Recognition, 2019. Pp. 309—
310.

[2] Klassen V.I., Safin A.A. Maltsev A.V., Adrianov N.G., Morozov S.P.,
Viadzymyrskyy  A. V.,  Ledikhova N. V.,  Sokolina I. A.,  Kulberg N.S., Gom-
bolevsky V. A., Kuzmina E.S., Al-based screening of pulmonary tuberculosis:
diagnostic accuracy // Journal of eHealth Technology and Application, 2018. Vol. 16.
No1l. Pp.28-32.
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06 ogHOM pobacTHOM nogxode K NOUCKY LLEHTPOB K/acTepoB

IMTub3yxos 3ayp Myzadurosus' >« intellimath@mail.ru
"Mocksa, MOCKOBCKHil (PH3MKO-TEXHUICCKHH HHCTHTYT

2Mocksa, Nncruryr Maremaruky u nadopMaruki MOCKOBCKOIO IeIarornuecKoro
roCyJIapCTBEHHOI'O YHUBEPCUTETA

CrammapTHas MOCTAHOBKa 3aJadu Toucka TeaTpa ¢(X) KOHEeTHOrO MHOXKECTBA
X ={x1,...,xn} C R"™ umeer Buz;

N
c(X) = argmin Y |x5 — c||?.
¢ k=1

q)yHKLLI/IH ||Z||2 TJYBCTBUTEJIbHA K CYIIECTBECHHBIM NCKa>KCHUAM. PaCCMOTpI/IBaH 9KBU-
BaJICHTHYIO TOCTAHOBKY 3313491
1 N 1 L 2
o(X) = argmin & 3 L Y (a0 — ;)
c — b=
k=1 =1
U 3aMeHsisl cpejinee apudmernieckoe Ha auddepeHimpyemMble orepaTopbl yepeHe-
HUsT HEIYBCTBUTEJ/IbHBIC (l\laﬂoquCTBI/ITeﬂbeIe) K BbI6pOCal\/I7 IHoJiydaeM CJIe/1yIomme

IIOCTaHOBKHU 3aJIa4M:
N

[
1) ¢(X) =argmin > ;= 1|nM(zx; — c;)?.
¢ k=1
[ [
2) ¢(X) = argmin k= 1]NM = 1]JnM(zs; — ¢;)%.
C

3) ¢(X)= argmcin /i: 1INM|x; — c||?.
rae M — oneparop ycpejHeHus, He4yBCTBUTEJIbHBINA K BoIOpocam [1, 2].
PaccvaTpuBaroress aaropuTMbl THUIIA UTEPATHBHOTO TEPEB3BENTUBAHUS JIJIsT 10~
UCKa [EHTPOB KJIACTEPOB, OCHOBaHHbIe Ha nocraHoBkax 1)—-3). Ha momesnbHbIxX npu-
Mepax TMOKa3bIBAIOTCS WX BO3MOXKHOCTH TIO TPEOJIOJIEHUIO BIUSHUS BHIOPOCOB B X
Ha IIOWCK IEHTPOB KJacTepoB. Pabora BbINOJHEHA TIPU OiepKKe rpanta PODOU
Ne18-01-00050.
[1] Shibzukhov Z. M. On the principle of empirical risk minimization based on averaging
aggregation functions // Doklady Mathematics, 2017. Vol. 96. No. 3. Pp. 494-497.

[2] Shibzukhov Z. M., Kazakov M. A. Clustering based on the principle of finding centers
and robust averaging functions of aggregation // Journal of Physics: Conference Series,
2019.
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About one robust approach to the search for cluster centers

Zaur Shibzukhov' % intellimath@mail.ru
"Moscow, Moscow Institute of Physics and Technology

2Moscow, Institute of Mathematics and Computer Science of Moscow Pedagogical State
University

The standard formulation of the problem of finding the center ¢(X) of a finite
set X = {x1,...,xn5} C R" has the form:

N
c(X) = argmin Y ||xz — c|*.
¢ k=1

The function ||z||? is sensitive to significant distortions. Because of this, ¢(X)
is also prone to corruption. Considering the equivalent problem statement
N n
¢(X) = arg min % > % S (xri — ¢i)?
© k=1 i=1
and replacing the arithmetic mean by differentiable averaging operators that are
insensitive to outliers, we obtain the following problem statements:

N
1) ¢(X)=argmin > ;= 1|nM(zp; — ¢;)?.
¢ k=1
[ [
2) ¢(X) = argmin k= 1]NM ;= 1]nM(xy; — ¢;)>.

3) ¢X)= arg min k[;: 1JNM|x; — c]|?.
where M is the outlier insensitive averaging operator [?, ?].

Algorithms of the iteratively reweighting type for finding cluster centers based
on statements 1)-3) are considered. Illustrative examples show their capabilities
to overcome the influence of outliers in X on the search for cluster centers. This
work was supported by the RFBR grant No 18-01-00050.

[1] Shibzukhov Z. M. On the principle of empirical risk minimization based on averaging

aggregation functions // Doklady Mathematics, 2017. Vol. 96. No.3. Pp. 494-497.
[2] Shibzukhov Z. M., Kazakov M. A. Clustering based on the principle of finding centers

and robust averaging functions of aggregation // Journal of Physics: Conference Series,
2019.
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Anropntm 6anKanwmx BbINyKbIX 000/104eK HA OCHOBE
NCNON1b30BaHUSA SINHEHOro NPorpaMmMunpoBaHUS

Hemupro Anamoauti ITasaosu'x apn-bs@yandex.ru
Myaa Xoce® jhdula@cba.ua.edu
!Cankr-Ilerep6ypr, CIIGI'ITY "JITU"

2Tackanyca, CIITA, Yuusepcurer AabGambl

B pabore paccMoTpeHbl alropuTMbI KJIACCU(PUKAIINNA, OCHOBAHHBIC HA aHATH3E
OMMKAMIIIIK K UCHBITYEMON TOYKE BBIMYKJIBIX 000049eK. [Ipesmoxken HOBDIN c110c0b
OIIEHKM OJIM30CTU WCIIBITYEMOI TOYKHU K BBIMYKJIOH 000/i0uKe Kjacca. OH OCHOBaH
Ha peIleHn: ONTUMU3BAIMOHHON 3aJadi JIMHEHHOIO MPOIPAMMUPOBAHUSI, KOTOPAsI
[IPUBOIUT K U3MEPHUTEIbHOI IPOIEIype MPUOINKEHHON OIEeHKN OJIM30CTH TECTO-
BOIl TOYKM K BBIIYKJIONH 0DOJIOUKE KJlacca. JTa Ke IMPOIeaypa /1aeT BO3MOXKHOCTD
OTIPEJIC/IATH PACIIOJIOKEHUE TECTOBOW TOYKW: BHYTDPHU UJIM BHE BBIYKJION 000JIOUKN
KJIacca.

Ha ocuoBe 31010 Criocoba o1eHKH OJIM30CTH TOCTPOEH AJITOPUTM KJIACCH(DUKAIIAN
GmKaiiieil BoITyKJ10it 000109k, KitaccudukaTrop TaKOro THIA XOPOIIO MOIXOIAT
JUIs 33729 OMOMETpUN ¢ OOJIBIIUM YHCJIOM KJIACCOB U MAaJjIbIMU O0beMaMu 00ydaro-
X BBIOOPOK IO KJIACCAM, HAIIPUMED, JIJIsl 33/1a9 PACIO3HABAHUS JIO/IEH 110 JINIAM
WK OTHEeYaTKAM I1aJIbIEB.

[TpuBenenHbl pe3yIbTaThl SKCIIEPUMEHTAIBHBIX UCC/IeI0BaHUI Ha peasibHOIl 3a/1a-
ge MeaunuHCKON jguarnoctuku. CpasHerne 3(MEKTUBHOCTH MIPEJJIOZKEHHOTO KJIac-
cuduKaTopa ¢ APYIUMU THIIAMHA KJIACCH(MUKATOPOB, B YACTHOCTHU C KJIACCHMDUKATO-
pom LNCH [1], nokazasio BbICOKY10 3D DEKTUBHOCTD IPEJIOKEHHOTO KJIACCU(DUKATO-
pa, peasu3yIoIiero HOBbI MeTOJI OIeHKH OJIM30CTH HA OCHOBE JIMHEITHOIO IPOTpaM-
MUPOBAHUSI.

Pabora nmommepkana rpartavMu PODIU Ne19-29-01009 u Ne 18-29-02036.

[1] Nemirko A. P. Lightweight nearest convex hull classifier // Pattern Recogn. Image

Anal., 2019. Vol. 29. No 2. Pp. 360-365
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Nearest convex hulls algorithm based on linear programming —
IDP-13

Anatoliy Nemirko'x apn-bs@yandex.ru
Jose Dula® jhdula@cba.ua.edu
1Qaint Petersburg, ETU "LETI”

2Tuscaloosa, University of Alabama

The paper considers classification algorithms based on the analysis of convex
hulls closest to the test point. A new method for estimating the proximity of the
test point to the convex hull of the class is proposed. It is based on solving an
optimization problem of linear programming, which leads to a measuring procedure
for approximate estimation of the proximity of the test point to the convex hull of
the class. The same procedure makes it possible to determine the location of the
test point: inside or outside the convex hull of the class.

Based on this method of proximity estimation, an algorithm for classifying the
nearest convex hull is constructed. This type of classifier is well suited for biometrics
tasks with a large number of classes and small volumes of training samples by class,
for example, for recognizing people by face or fingerprint.

The results of experimental studies on the real problem of medical diagnostics are
presented. Comparison of the efficiency of the proposed classifier with other types
of classifiers, in particular with the LNCH classifier [1], showed the high efficiency
of the proposed classifier, which implements a new method for evaluating proximity
based on linear programming.

This research is funded by RFBR, grants No 19-29-01009 and No 18-29-02036.
[1] Nemirko A. P. Lightweight nearest convex hull classifier // Pattern Recogn. Image

Anal., 2019. Vol. 29. No2. Pp. 360-365
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TpexaTtanHas BblYMCAUTENbHAsS TEXHOIOMUS ONTUMKU3ALUN
aTOMHO-MOJIEKYNsIPHbIX KnacTepoB Mopca ceBepxbonbLimx
pa3mepHocTe

Copoxosuxros Ilasen Cepzeesun'x sorokovikov.p.s@gmail.com
TI'opros Aanexcandp FOpvesu' gornov@icc.ru

Mpxyrck, MHCTHTYT IMHAMIKE CHCTEM U TeOpHH yipasjenns mvenn B.M. Marpocosa

CO PAH

OILHOfI U3 KJIaCCUYIECKUX IIpO6JIeM BBIYUCJINTEABHON XUMUU SIBJISIETCSI 3a/la4va I10-
MCKa HU3KOIOTEHIMAIbHBIX aTOMHO-MOJIEKYJISAPHBIX KiacTepoB. C MaTeMaTuIecKoit
TOYKU 3PEHUs, 3a/1a9a CBOJIUTCS K IMOUCKY IVIODATBHOIO OIMTUMYMa, HEBBITYKJIBIX 110~
TeHNUAJIbHBIX (PYHKINN — CHenuaabHbIX Mojeseil. OCHOBHOI CJIO2KHOCTHIO yKa3aH-
HOTO KJIACCA 3aJ1a9 SBJISETCS aCTPOHOMUYECKUN POCT YUC/IA JIOKATBHBIX SKCTPEMY-
MOB C YBeJITUE€HHEM KOJN9IecTBa aroMOB. HecMOTpst Ha 9T0, COBpEMEHHBIE OIITHMUA3a-
[MOHHBIE AJINOPUTMBbI, 3aIlyIIEHHbIE Ha BBICOKOIIPOU3BOIUTEIbHON BBIYUC/IMTETLHOM
TeXHUKE, CIIOCOOHBI HAXOIUTD «HAWIYUIINE U3 U3BECTHBIX» PEIIeHUs, KOTOPbIe, BO3-
MOXKHO, SBJISIOTCS TI00ATbHBIMEI OITAMYMAMH.

Jlns perenust 3a7a9 ONMTUMU3AINNA ATOMHO-MOJIEKYJISIPHBIX KJIACTEPOB PeaIn30-
BaHa TPEXITAITHAS BHIYUCIUTEIbHAS TEXHOJIOTHsI, KOTOPas HA KaXKJIOM dTare BKJIIIO-
JaeT pas3jindHble MeTOJbl W3 OazoBoro Habopa. B OCHOBe IEpPBOTO 3Talla JIEKUT
CTOXACTUYECKasl AlPOKCUMAIIAsl OKPECTHOCTU U3BECTHOI PEKOPJHON TOYKH C IO-
MOIIBIO KOJUIEKIINN aJrOPUTMOB-T€HEPATOPOB PA3HOXAPAKTEPHBIX HAYAIbHBIX IIPHU-
ommxennit. Ha BTOpoM 3Tame permaercs 3aaada OBICTPOTO CITyCKa W3 TIOJTYIeHHBIX
HA IEPBOM dTale NpUOJINKEHU, JIs PEeIleHnus] KOTOPO#l MPUMEHSIeTCsl OJIMH W3
«aJITOPUTMOB-CTAPTEPOB» — aJrOPUTMOB, TO3BOJISIIOIINX, B JIEHCTBUTE/ILHOCTH, Ha-
XOJUTh YK€ HU3KOIOTEHIMAIbHbIE KJIACTEPbl ¢ MUHUMAJbHBIMUA BBIYUC/IATETHHbI-
MH 3aTpaTaMu. Peajin30BaHbI U€THIPE BAPUAHTA <«AJTOPUTMOB-CTAPTEPOB»: MOJIHU-
dukamua Meroma B.T. Ilomgka 1969 1., HeKOMIIO3UIMOHHBIN TpaINEeHTHBIN METO
(«peitgep-meros» ), MoaubUKAIUs MHOIOMEPHOTO JMXOTOMUYECKOIO METOJIa, IeHe-
TUYECKUIT aaropuTM. JIJist yTOUHSIONMX JIOKAJIBHBIX CIIYCKOB, DEATN3YEMbIX HA TPe-
ThEM 3Talle, IPUMeHsIeTCsl KBa3snHbioTOHOBCKUiT MeTos, L-BFGS.

B pabore paccmarpuBaercs 3ajiavda IMOUCKA HU3KOIOTEHIMAJIBHBIX KJIACTEPOB
Mopca cepxbosbmiux paszmeprocreit. [legeBas GyHKIMS UMeET CIICIYIOMINIA BT

N N
f2)=3 > erl=ra) (eP(1=ris) — 2) e ry; — paccrosnme MexkKIy TACTHIAMY i
i=1j=i+1
n j, N — YUCJIO aTOMOB. BbIIIO.HHeHI)I CHUCTEMHBIE BbIUYUCJIUTEJIbBHbBIE E)KCIIepI/H\leHTbI
I10 TTIOUCKY HU3KOIOTEHITUAIBLHBIX COCTOSTHIH KacTepoB Mopca ¢ pa3sMepHOCTSIMU OT
301 o 330 aromos ¢ marom 1 npu p = 3 (cM. Tabuuiy 1).

CpaBHUTETLHBIA aHAIN3 PE3YIbTATOB SKCIEPUMEHTOB HE BBIABII PE3KUX OTKJIO-
HEHWIl OT HADIIOIAEMO 3aKOHOMEPHOCTH HAlIEHHBIX 3HAYEHUI MOTEHIINAIOB, OITH-
CHIBAIOIIEl UX POCT B 3aBUCUMOCTH OT YuCjIa aroMoB. CpaBHEHUSI C pacdyeTamMu JIpy-
I'MX aBTOPOB IIPOBECTH, K COXKAJIEHUIO, HE Y/IAJI0Ch 110 IPUYUHE OTCYTCTBUS TAKOBBIX.
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Tabimua 1. Hamryumme naiinennsie snadenus (or 301 mo 330 aTomos)

N Suauenne N Snauenne
301F3742.786756500316-3971.398067351
302F3756.943941215[317-3985.575953832
303-3771.562170128318-4000.902271527
3041-3786.863828202319-4016.001113765
305F3803.364623270320-4031.192528437
306F3818.9851479471321+4046.184649397
307-3831.900251012[322-4061.074419771
308F-3848.610152404(323+-4077.757995930
309k3863.643211031(324F4093.396925659
310F3879.968258938325-4109.568207462
311F3894.091767219326+4124.693731294
312F3908.579015736[327-4137.002740071
3131-3926.8253092873281-4155.545778724
3141-3939.0856183901329F4170.595348250
315F3955.606154874{330F-4185.823810024

Pabora noggep:xana rpaarom PODU Ne18-07-00587.

[1] Sorokovikov P., Gornov A., Anikin A. Computational technology for the study of
atomic-molecular Morse clusters of extremely large dimensions // IOP Conference
Series: Materials Science and Engineering, 2020. Vol. 734. No. 1.
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Three-stage computational technology for optimization of
atomic-molecular Morse clusters of extremely large dimensions

Pavel Sorokovikov'x sorokovikov.p.s@gmail.com
Alexzander Gornov' gornov@icc.ru
rkutsk, Matrosov Institute for System Dynamics and Control Theory of SB RAS

One of the classical problems in computational chemistry is the problem of finding
low-potential atomic-molecular clusters. From a mathematical point of view, we
can consider these problems as the problem of searching for a global minimum of
non-convex potential functions — specific models. The main difficulty of this class
of problems is the astronomical increase in the number of local extremums with
increasing dimension. However, modern optimization algorithms running on high-
performance computing techniques can find the “best of known” solutions that may
be global optima.

Table 2. The best-found values (from 301 to 330 atoms)

N Value N Value
301-3742.786756500316-3971.398067351
302-3756.943941215317-3985.575953832
303-3771.562170128318-4000.902271527
304+-3786.863828202[319-4016.001113765
305-3803.364623270320-4031.192528437
3061-3818.985147947321-4046.184649397
307-3831.900251012322-4061.074419771
308-3848.610152404{323-4077.757995930
309-3863.643211031/3241-4093.396925659
310-3879.968258938325-4109.568207462
311-3894.091767219[3261-4124.693731294
312-3908.579015736[327-4137.002740071
313-3926.8253092871328-4155.545778724
314+-3939.0856183901329-4170.595348250
315-3955.606154874330-4185.823810024

To solve the problems of optimizing atomic-molecular clusters, a three-stage com-
putational technology has been implemented, which includes various methods from a
set of basic at each stage. The first stage is focused on the stochastic approximation
of a neighborhood of a known record point and relies on a set of algorithms-generators
of various initial approximations. At the second stage, the problem of fast descent
of the approximations generated at the first stage is solved using one of the “starter
algorithms” — algorithms that allow finding low-potential clusters with minimal com-
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putational costs. Four variants of “starter algorithms” have been implemented: the
modification of B.T. Polyak’s method, the decomposition gradient method (“raider
method”), the variant of the multivariate dichotomy method and genetic algorithm.
For local descents implemented in the third stage, the quasi-Newtonian L-BFGS
method is used.

The paper considers the problem of finding low-potential Morse clusters of
extremely large dimensions. The objective function is as follows: f(z) =

N N

=3 Y erlt=ri) (er(=rii) — 2), where r;; is the distance between particles i and
i=1j=i+1

i, N iJs the number of atoms. System computational experiments were performed

to search for low-potential states of Morse clusters with dimensions from 301 to 330

atoms with a step of 1, p = 3 (see Table 1).

Comparative analysis of the experimental results did not reveal sharp deviations
from the observed regularity of the found values of potentials, which describes their
growth depending on the number of atoms. Unfortunately, it was not possible to
make comparisons with the computations of other authors due to the absence of
such.

This research is funded by RFBR, grant 18-07-00587.

[1] Sorokovikov P., Gornov A., Anikin A. Computational technology for the study of
atomic-molecular Morse clusters of extremely large dimensions // IOP Conference Se-

ries: Materials Science and Engineering, 2020. Vol. 734. No. 1.
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YucneHHoe pelweHne 3agay4 MUHUMU3ALMK NOTEHUMaNa
KuTtunra c pasmepHoctamn go 300 MunnamoHoB nepemMeHHbIX

Anurur Anumon Cepezeesun'x anikin@icc.ru

"Mpxyrek, MHCTUTYT AUHAMEKE CHCTEM 1 Teopun yupasiaenns umenn B.M. Marpocosa

CO PAH

PaccmarpuBaercs 3ajava Munnmuzanun noreHnuata Kutunra, mpeyiozKeHHoro
emg B 1966 [1] g monenuposanus nedbopMaliyii, BOSHUKAIOIMIUX B KBAHTOBBIX TOY-
KaX «KpeMHuil-repmanniis. HecMoTpst Ha BeCbMa «IIOYTEHHBI» BO3PACT ITa MOJIE/IDb
JI0 CUX IIOp HCIOJIB3YeTCs IPUKJIQIHBIMU CIIEIIMAJINCTAaMHI KaK B €€ MCXO/JTHOM BHJIE
[2], Tak 1 B YIPOIEHHOM (UTO, OUEBHTHO, CBSI3AHO C ONIPEIEIEHHBIMU CJIOYKHOCTSIMH,
BOBHUKAIOIIMMH TIPH TOUCKe perennsi) Bapuante [3]. Ilosromy 3asa4da paspaboTku
3 DEKTUBHBIX U HAJIEKHBIX IUCICHHBIX AJITOPUTMOB, CIIOCOOHBIX PabOTATh ¢ 0O
IIIMA U CBEPXOOJIBIITIMI TIOCTAHOBKAMHE IIPOJIOJIZKAET OCTABATHCS aKTyaJbHOI.

B pabore uccnemyercs mpakTudeckas 3(hpHEKTUBHOCTD PA3THIHBIX AJTOPUTMOB
YHUMO/IAJIbHOM ONTUMUBAINY, BKJIHOYasi KBa3MHbIOTOHOBCKMIT Meros, LBFGS u pas-
HbIE BAPUAHTBHI METOJA CONPSKEHHBIX T'PAJIMEHTOB. VI3ydeHO BMsIHUE Pa3IUIHBIX
AJITOPUTMOB OJIHOMEPHOrO (JIMHEHHOI0) IIOUCKA HA CKOPOCTb CXOJAUMOCTH U «Kade-
¢TBO PabOTbI» BLIOPAHHBIX METOJIOB ONTHUMU3anuy. BoliosHeHa napaJuieibaas (Tex-
nostorust OpenMP) nporpamMMHast peasusaliys IPeJIOKEHHBIX aJropuTMoB. IIpes-
CTaBJIEHBI PEe3y/IbTAaThbl UNCIEHHOI'O peIleHns /[l PA3JIMIHBIX KPHUCTAJINIEeCKUX
CTPYKTYD THIIA «KpeMHuii-repmanunii», comepzxanux 10 100 MuImoHos aroMos (3 -
- 108 ONTHMHUZUPYEMbIX TIePEMEHHBIX ).

Pabora nmognepxana rpaarom PODU Ne18-07-00587.

[1] Keating P. N. Effect of Invariance Requirements on the Elastic Strain Energy of Crystals

with Application to the Diamond Structure // Phys. Rev., 1966. Vol. 145. Pp. 637-645.
[2] Yakimov A.I. Bloshkin A.A. Duvurechenskii A.V. Calculating of energy spectrum and

electronic structure of two holes in a pair of coupled Ge/Si quantum dots // Phys.

Rev., 2010. Vol. 81. Pp. 1-11.

[3] Jaswidos C.FO. TIpocToit MOAETBHBIN TOTEHIMA JJIS ONIACAHUS YIPYTHX CBOMCTB OJI-

HocsoliHoro rpadena // ®usuka tBepmoro rema, 2013. T.55. Ned. C.813-815.
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Numerical solution of Keating potential minimization problems
with dimensions up to 300 million variables

Anton Anikin'x anikin@icc.ru
rkutsk, Matrosov Institute for System Dynamics and Control Theory of SB RAS

We consider the problem of minimizing the Keating potential, which was pro-
posed in 1966 [1] for modeling deformations that occur in “silicon-germanium” quan-
tum dots. Despite its very “venerable” age, this model is still used by applied spe-
cialists both in its original form [2] and in a simplified version (which is obviously
due to certain difficulties that arise when searching for a solution) [3]. Therefore,
the task of developing efficient and reliable numerical algorithms that can work with
large and huge-scale problems continues to be relevant.

The paper examines the practical effectiveness of various unimodal optimiza-
tion algorithms, including the quasi-Newtonian LBFGS method and different ver-
sions of the conjugate gradient method. The influence of various line-search (one-
dimensional) algorithms on the convergence rate and “convergence quality” of the se-
lected optimization methods is studied. Parallel software implementation (OpenMP
technology) of the proposed algorithms is performed. The results of a numerical solu-
tion for various “silicon-germanium” crystal structures containing up to 100 million
atoms (3 - 108 optimized variables) are presented.

This research is funded by RFBR, grant 18-07-00587.

[1] Keating P. N. Effect of Invariance Requirements on the Elastic Strain Energy of Crystals

with Application to the Diamond Structure // Phys. Rev., 1966. Vol. 145. Pp. 637-645.
[2] Yakimov A.I. Bloshkin A.A. Dvurechenskii A.V. Calculating of energy spectrum and

electronic structure of two holes in a pair of coupled Ge/Si quantum dots // Phys.

Rev., 2010. Vol.81. Pp.1-11.

[3] Davydov S.Yu. Simple model potential for describing elastic properties of single-layer
graphene // Physics of the Solid State, 2013. Vol.55. No4. Pp.813-815.
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OI'ITI/IMI/I38LI,I/IOHHbIe MeTodbl HNCNEHHOro peweHnsa cuctem
NINHEeNHbIX NMHTEPBAJIbHbIX ypaBHeHvu7|, CBA3adHHbLIX C 3aga4YamMu
noCcTpoeHns JINHelHbIX 3aBUCUMOCTeN npun I/IHTepBaJ'IbHOﬁ
HeonpeneaeHHOCTU AadHHbIX
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! Cankr-Tlerep6ypr, Boermo-kocmmaeckas axagemus umern A.D. Mozxaiickoro

IIycts 3amana cieayrorias COBOKYITHOCTD yCJIOBHit

Az =D, (1)

A<ALA, (2)

b<b<b, (3)

e A, A € R™" — zamamueie marpuns; b,b € R™ — 3ajaHHBIC BEKTODBI, TAKHE

A
auro A < A, b < by A € R™™ g € R*, b € R™ — neussectnble (0j/IeKaIme

OIIPE/ICJICHUIO) MATPUIIA U BEKTODBL. B B
B naubosiee comepkarenbaom ciaydae A # A, b # b, ycnosus (1)-(3) 3amator

UHMEPBANLHYIO cucmemy Aunelinue aneebpavueckur ypasnernud (MCJIAY) obmero
BUJIA U 3aJ1ady [OUCKa €€ caaboezo pewenus (A, xz,b) [1].
Oksusasenrnoe (1)-(3) npeacrasienne NCJIAY MoxkeT GBITH 3aMCAHO € OMO-

b0 cpednett mampuuyvt A. = % (A + fl), mampuupv, paduycos A, = % (121 — A),

2

NCJIAY npeacraBiisiioTcst €CTECTECTBEHHOM MOJIE/IbIO IIOCTPOEHUS JINHEHHBIX 3a-
BUCUMOCTEI 110 JAHHBIM, 00,18/IAI0IUM HHTEPBAILHON HEOUPEIEIEHHOCTHIO (CM., Ha~
upumep [2, 3, 4]).

Yucnennnsie metosnl perennst UCJTAY npescraBiasioT 3HAYUTETBHBI HHTEPEC.
B nokJjaze mpeamnosaraercst 06CyAUTh MOAXOIbI, SIBJISIONMECS PA3BUTUEM METOIOB,
U3JI0KEHHBIX B paborax [5, 6, 7, 8]. Ilycrs mccnemyemast ICJIAY rtakosa, 1ato ee
«leHTpaJjibHasy cucremMa A.r = b, HECOBMECTHA, a MaTpPUIa U BEKTOP PaJIMyCOB
umeroT crienmabHbl B A, = p- 1,10, b, = § - 1,,, tae pu,§ > 0 — HeKoTOpBIE
(Mauibie) KoHCTAHTHI, 1, € R™ 1 1,, € R™ — BeKTODPbI, COCTABJICHHDBIC U3 €MHMUII.

Paccvorpum 3amaay

cpednezo sexmopa b, = % (lg + I_J) 1 6exmopa paduycos b, = (l_) — lg) [1].

Haittu A € R™*™ b € R™, & € R"™ takue, 4T0
Z: [Ac — Al < s [be = bll,, <9,

cucrema Az = b coBmecTHa, ||z||; — min,
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rze |||, |||, — BexTOpHBIE HOpMBI [€1b/1epa ¢ HoKazarenamu 1 u oo, [|A = (ai;)||, = max |a;|
s i

— nopMma [éibjiepa ¢ mokasaresiemM 0O Ha MHOXKECTBE MaTpHIL pazmepa m X n [9].

Bajada Z, ¢ OHOI CTOPOHBI, SIBJISIETCS OJHUM U3 BO3MOXKHBIX CIIOCOOOB (hopMa-
JIM3aIUu IpobJsreMbl Ioncka cyraboro perennst onucannoii Boie UCJIAY cnenmain-
Horo Buja. C JApyroil CrOpoHbI, 3a/iada Z IIPeJICTaB/IsieT cODOl YacTHBIN ciydail u3
KJIacca 3aJ1ad, sIBJISIONINXCsT 0DODIIEHNEM PEryJIsipU30BAHHOTO METO/Ia HAMMEHBITIX
kBajipaTroB A.H. TuxoHoBa, UCIOIB3YIONEr0 €BKJIMJIOBLI BEKTOPHBIE U MATPUIHBIE
uopMbl [10], Ha ciydail HCHOIB30BAHUS OJUIIPAIBHBIX HOPM. DBOJIOIUIO MaTeMa-
TUYECKOTO allapara, IPUMEHIeMOTO JIJIs PEIIeHns YKA3aHHOTO KJIacca 3a/ad, MOXK-
HO IpocsiesuTh 1o paboram [5, 6, 7|. B stBHOM Buze 3amada Z, B Uncie HEKOTOPHIX
JIpyTHUX, paccMoTpera B padore [8]. Crupasemsa cieyonast

Teopema 1. 3agaua Z paspemmma TOLJa H TOJBKO TOIJA, KOIJA Pa3PEIIAMA, 3a-
Jadga
R: b, — Acz||, < pllz|ly + 9, |||, — min.
Ecim © — pemenne 3amaun R, To T, A b,

e A=A, + T be=Aew dlag (sign(z)) -1, b =b. + 0 “nf” be  pemrerme 3amaun Z

(sign(-) — d)yHKL[HH HOS/IEMEHTHOTO BEIMHCIICHHS 3HAKOB JJIEMEHTOB BEKTOpA).

Teopema 1 3akjajplBacT OCHOBY JJisi KOHCTPYHUPOBaHUs (ONTUMUBAIMOHHDIX) YHC-

JIEHHBIX METO/IOB TOYHOI'0O MJIA IPUOJIMZKEHHOTO PEIIeHNs 3a/1a49U Z , KOTOPbIE U IIPE/I-

I10J1araeTcsd O6CYAI/ITB B JOKJIaJIe.

[1] Pudaep M., Hedoma H., Pamux 5., Pon ., Lummepmar K. 3anaun nuneiinoit omu-
MU3AIUH ¢ HETOUHBIME JaHHBIMA // VIHCTHTYT KOMIIBIOTEpHBIX HcciaenoBanuii, 2008.

C. 288.
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T.86. Ne1. C.62-74.
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C.52-62.

[6] Boaxos B. B., Epoxun B. 1., Kaxaes B. B., Onygpeti A. FO. O606meHus peryisipuso-
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or eBkmoBoi // ZKypH. Bbrames. marem. u marem. dus, 2017. T.57. Ne9. C. 1433~
1443.
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[7] Epoxun B. H., Boakos B. B., Xeocmos M. H. Monndukanus meroma A.H. Tuxonosa pe-
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Optimization methods for the numerical solution of systems of
linear interval equations associated with the problems of
constructing linear dependencies with interval data uncertainty
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Andrey Kadochnikov' kado162@mail .ru
Sergey Sotnikovt svsotinkov66@gmail. com
Maria Markina kravshenok@mail .ru

!Saint-Petersburg, A.F. Mozhaysky Military-Space Academy

Let the following set of conditions be given

Az = b, (1)
A< ALA, (2)
b<b<b, (3)

where A, A € R™*" is given matrices; b,b € R™ are given vectors such that A < A,

b<b AcR™" € R" be R™ are unknown (to be determined) matrix and

vectors.
In the most meaningful occasion A # A, b # b, conditions (1)-(3) define interval

system of linear algebraic equation (ISLAE) of general form and the problem of
finding its weak solution (A,x,b) [1].
The equivalent (1)-(3) representation of ISLAE can be written using middle

matric A, = %(/_1—}—[1), radius matrices A, = %(A—A), middle vector b, =
=1 (l_) + E) and radius vector b, = % (5 - l_)) [1].

ISLAE is a natural model for constructing linear dependencies from data with
interval uncertainty (see for example [2, 3, 4]).

Numerical methods for solving ISLAE are of considerable interest. The report
is supposed to discuss the approaches that are the development of the methods
outlined in [5, 6, 7, 8]. Let the investigated ISLAE be such that its ”central” system
A,z = b, is inconsistent, and the matrix and the vector of radii have a special form
Ay =pu-1,1" b, =6-1,,, where 1,6 > 0 are some (small) constants, 1,, € R™ and
1, € R™ are vectors composed of ones.

Let’s consider the problem

To find A € R™*™ b € R"™, x € R™ such that
Z: [Ac = Al < p, [[be = bllo, <6,
system Az = b is compatible, ||z||; — min,

where |[|-||;, ||l — are Holder vector norms with exponents 1 and oo,
|A = (ai;)|l, = max|a;;| s the Holder norm with exponent oo on the set of ma-
e ¥

trices of size m x n [9].

International Conference IDP-13. Russia, Moscow, December 8-11, 2020



Data mining optimization techniques 135

Problem Z, on the one hand, is one of the possible ways to formalize the problem
of finding a weak solution to the above-described ISLAE of a special form. On the
other hand, the problem Z is a special case from the class of problems that are
a generalization of the regularized least squares method of A.N. Tikhonov, using
Euclidean vector and matrix norms [10], to the case of using polyhedral norms. The
evolution of the mathematical apparatus used to solve the specified class of problems
can be traced back to papers [5, 6, 7]. Explicitly, the problem Z, among some others,
is discussed in the paper [8]. The following theorem is true.

Theorem 1. The problem Z is solvable if and only if the problem
R:|be — Acxl| o < pllzfly 46, [[#]]; — min.

is solvable. If & is a solution to problem R, then x, ;1, 3,

where A = A, + e diag(sign(z)) - 1273 = be + 6-4=E=be g the solution
ul[ =]+ =]+

to problem Z (sign(-) is a function of elementwise calculation of signs of vector

elements).

Theorem 1 lays the foundation for constructing numerical (optimization) methods of
exact or approximate solution of the problem 7, which are supposed to be discussed
in the talk.
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[9] Horn R., Johnson Ch. Matrix analysis // Cambridge: Cambridge University Press,
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MeToaunka cTpecc-TecTUpoBaHUSA NPOrpaMMHbIX KOMMJIEKCOB
AN ONTUMM3AUUN HENTMHENHbIX YNPaBAsieMblX AWHAMUYECKUX
cucrtem

3apoorror Tamwvana Cepzeesna tz@icc.ru
TI'opros Aanexcandp FOpvesu' gornov@icc.ru

"Mpkyrek, MICTY CO PAH

OCHOBHBIM METOJIOM IKCIEPUMEHTABLHONW OIEeHKH P DEKTUBHOCTH AJITOPUTMOB
ONTUMU3AIMNA U COOTBETCTBYIOIIUX MPOTPAMMHBIX KOMILJIEKCOB SIBJISIETCSI TECTHPO-
BaHue. TpajIMIINOHHOE CPABHUTEHLHOE TECTUPOBAHME IIO/IPA3yMEBAET IIOUCK Derre-
HUsI 33/1a9U PA3HBIMU METOJIAMU C IEJIbI0 JaJIbHEIero CpaBHEeHUsI [T0JIy YeHHbBIX pe-
3yJIbTaTOB. B paboTe mpejiozkeHa aJibTepHATHBHAST METO/IMKA — CTPECCTECTUPOBAHIE
KOMILJIEKCOB [IPOIPaMM JIJIsl PENIeHNs 3a/1a9 ONTUMAaIHLHOIO YIIPABJICHUS.

Crpecc-TecTpoBaHUE HAIPABJICHO Ha TOJIydYeHHe UHMOPMAIUH O TIPEIETHHBIX
CBOMCTBAX HCCJIEAYEMBIX ajaropuTMoB. OCHOBOW METOIVKN CIIy?KUT CHEeIUaIbHBIA
HabOp TECTOBBIX [IPUMEPOB, ONMUPAIOIIUIICS HA UCIIOJIb30BaHUE ceMeiicTBa (DyHKITHIA
(Neumaier A. Rational functions with prescribed global and local minimizers), mos-
BOJISIFOIIUX MOJIEJIMPOBATH OCOOEHHOCTH, XapaKTePHBIE JIs 3a/1a9 IJI00aIbHOM OI-
TUMU3AIUN — CYIIECTBOBAaHUE GOJIBIIOTO YUCA JIOKAJBHBIX IKCTPEMYMOB, HAJTHINE
IKCTPEMYMOB C Y3KOI 00JACTHIO TMPUTIKEHNA, OJU30CTH JTOKATLHOTO U TJI00ATHHO-
ro sKcrpeMyMoB u jgpyrue. C ero ucrnosb3oBanneM c(OPMUPOBAH Psifl 33,149 OITH-
MaJIbHOTO YIIPABJIEHUSI PA3JIMYHOIO YPOBHSI CJIOXKHOCTU C M3BECTHBIM MHOYKECTBOM
JIOCTUZKAMOCTHU U TJI00AJBHBIM SKCTPEMYMOM.

Pazpaboranibie TeCThI BKJIIOYEHBI B TECTOBYIO KOJIJIEKIMIO HEBBITYKJIIBIX 33181
ONITUMAJILHOTO YIPABJIEHUS, UCHOJb30BAHHYIO JIJIsI TECTUPOBAHUSI CEMENHCTBA IIPO-
rpaMMubIX KomiiekcoB OPTCON, opueHTHpOBaHHBIX HA UCCJIEOBAHIE CJIOXKHBIX
HEBBIMYKJIbIX 3319 OITUMAJILHOTO YIIPABJIEHUS.

Pabora nomepxkana rpaarom PODOU No 18-07-00587.

[1] Gornov A. Yu., Zarodnyuk T.S., Anikin A.S., Finkelstein E. A. Extension technology

and extrema selections in a stochastic multistart algorithm for optimal control
problems // Journal of Global Optimization, 2020, Vol. 76, No 3. Pp. 533-543.
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Stress testing technique of numerical investigating software for
optimization of nonlinear controlled dynamical systems

Tatiana Zarodnyuk'x tz@icc.ru
Alexander Gornov' gornov@icc.ru

Trkutsk, Matrosov Institute for System Dynamics and Control Theory SB RAS

The main method of the experimental evaluation of the effec- tiveness of the opti-
mization algorithms and corresponding software is testing. The traditional compar-
ative testing involves finding the solution of the problem using different methods in
order to further compare the obtained results. The paper proposes an alternative
technique which is the stress testing of the software for solving opti- mal control
problems.

Stress testing is aimed at obtaining information about the limiting properties
of the studied algorithms. The methodology is based on a special set of test ex-
amples based on using the functions family (Neumaier A. Rational functions with
prescribed global and local minimizers: http://solon.cma.univie.ac.at), which allow
simulating the typical features for the global optimization problems, such as, the
existence of a large number of local extrema, the presence of extrema with a narrow
attraction region, the proximity of the local and global extrema, and others. With its
use, a number of optimal control problems of various complexity levels with known
reachable set and global extremum have been constructed.

The developed tests are included in the test collection of nonlinear controlled
dynamical systems, used to numerical investigating the family of OPTCON software
applied for the complex optimal control problems.

This research is funded by RFBR, grant 18-07-00587.

[1] Gornov A. Yu., Zarodnyuk T.S., Anikin A.S., Finkelstein E. A. Extension technology
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JlnHeiiHan cxoaMMOCTb B r1afKoi BbINyKJOW 3agade min-min c
CWIbHO BbINYKJ/IOCTLIO MO OAHOW U3 rpynn nepemMeHHbIX

T'nadun Ezop Jleonudosur' > gladin.el@phystech.edu

'Mocksa, MOCKOBCKHil (DPUSHKO-TEXHUICCKUNA HHCTHTYT
2Mocksa, Ckomrex

PaccmarpuBaercs 3aatua Busia

Iin min F(z,y), (1)
rae dbyuxiua F(x,y) — Bblnykiaag u L-riajgkas 110 COBOKYIHOCTU IIEPEMEHHBIX, &
TaKKe [i-CUJILHO BBINYKJad 10 x. Takasg MoCTaHOBKa BOBHUKAET, HAIIPUMED, [IPH 110
UCKe PABHOBECHIi B TPAHCHOPTHBIX cerdax [1]. B mamuunom obyuenun 3a1a9u Takoro
THIIA COOTBETCTBYIOT CJIYUAI0, KOTJA PEryJIsPU3AIUst OCYINECTBIAETCS 110 OJIHON U3
JIBYX TPYIII [IApAMETPOB MOJIEJH (CUIIbHAST BBIMTYKJIOCTD 1O ). OCOGEHHOCTD TIpeI-
JIATQEMOTO B pabOTe PEIICHUS 3aK/II0UACTCA B TOM, 9TO YIAETCS IOy YUTh JIMHEHHY IO
CKOPOCTh CXOJUMOCTU HECMOTPS Ha OTCYTCTBUE CUJIbHON BBIITYKJIOCTH 110 OJHON u3
IPYII EePEMEHHBIX.

[ycers @Q C R — BHIIyK/I0e KOMIAKTHOE MHOXKECTBO, 1 > d. Beeném dyukimo
f(l‘) :minF(m,y), (2)
yeaQ

KoTopas Takxe Oyier L-riagakoii ([1], yrepxkuenue 2.3.3). Torga MOXKHO meperu-

carb 3aja4y (6) ciemyronmmM ob6pazom:
f(z) — min (3)

TERP
ITpu pemennn (8) HEKOTOPHIM UTEPAIMOHHBIM METOJIOM HEOOXOIMMO Ha KaXKJOM €ro
IIare peraTh BCIOMOTaTeJbHY0 3aady (7). DTo mpeiaraerces JeaaTh ¢ IOMOIIBIO
Mmeroza Baitpl [2], numerorero caoxxuocts O(dlog %), rae r — pajguyc MHOYKECTBa
Q. CTOoMMOCTD MTEpaIy aIrOPUTMa, MOMUMO BBIMUCIECHUS TPAJIUEHTa 10 Y, PABHA
O(d¥), rne xomucTanTa w € (2,3) ONPEIENAETCH CIOKHOCTBIO [IEPEMHOXKEHHS MaT-
putl. IToCKOIbKY 9TOT AJTOPUTM CXOJUTCS 3a JUHEHHOE BPEMsI, TO MOXKHO CUUTATD,
YTO BCIOMOTraTe bHast 3aa4a (7) pelaeTcss CKOJIb YIOJHO TOUHO. B cuity Toro, 4ro
Pa3MEPHOCTH § OTHOCHTEJILHO HEGOJIbINAS, 3aBUCHUMOCTDH 9YUC/Ia urepaimii ot d He
BBI3BIBAET 3aTPY/IHEHNUI.

Brermmmioo 3a/1a49y (8) MOXKHO perarh ObICTPBIM TpajneHTHBIM MeTogoM (BI'M)
Hecreposa. B cuty L-11a/IkoCTH U (i-CHIIBHOM BBIITYKJIOCTH f, 9TOT METOJ 00ecrevn-

2
BaeT BEPXHIOIO OIEHKY Ha 9ucjo ureparuit O (\/%log %), rie R:=||z° — 2*|] —

PACCTOsIHIE OT HAYAIBLHOIO MPUO/INKEHNs JI0 Pellenus 3a1a4n (8).
HNrorosast OLeHKA CIIOZKHOCTH IpeiaracMoro Meroga cocrasister O(dy/L/ ) Bbl-

ancyiermit Vo F u O(y/L/ ) soraucennit V, F, e O(-) osuauaer O(-) ¢ TOIHOCTHIO
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110 orapudMmIdecKoro mo €~ Muoxkurens B crenenn 1 mwim 2. Ilpumeuaressno, 4o

TYT UMEET MECTO JIMHEWHAas CXOJUMOCTb, XOTsI MUCXOJHAsA (DYHKIWS CHIBHO BBIITYK-
Jiasi TOJILKO TI0 OJTHOM I'pyIIie IepeMeHHbIX — 2. [leHa, KOTOpYIo MPUXOUTCS 33 3TO
3aIUIATHTh — MHOXKHUTENh d B ONEHKE YNCJIa BBI30BOB V, F.

Ecmm rmagkocts F' mMeeT MECTO TOJIBKO 1O TIEPEMEHHBIM &, TO HYKHO UCIIOTb30-
BaTh JPYTrOil TOPSIOK B3ATHS Min min:

9(y) = min F(z,y), (4)
9(y) — min (5)

Torma meros Baiijbr Oyier npuMensThes K BHentnedt 3aaa4de (10), u oneHKu u3MeHsT-
cst akmm obpasom: O(d) serauciermit Vo, F u O(dy/L/ ) seraucenuit V., F. Kakoii
BapUAHT JIy4Ille, 3aBUCUAT OT CJIO2KHOCTU OPAKYJIOB. Y auThiBasg, 9ro dimx > dimy,
TO U CTOUMOCTD BbIUncjeHus V  F' 9acTo MOXKET IPEBBIIIATH CTOUMOCTD BBITUCICHIST
V,F. Bupouem, unorga s1o pasmuune se samerno — In(Y ,_, exp((ag, z) — by) +
+ 3= exp({ex, y) — di)).-

Oco0blit uHTEpEC JJIsT TPUJIOKEHUH ¢ MAIIMHHOM OOYUEHHN IIPEJICTABJISIET CJIy-
qaii, korga F(x,y) umeer BuI cyMMbl GOJIBLIIOrO yucsia (pyHKImiE (0603HAYUM ITO
qucso 3a m). Torpa o6branpiit BI'M Tpefyer BbIYmMCIIEHHS T IPAJMEHTOB HA KarK-
JIOM TIare, 9TO MOYKET OBITH TPY/I03aTPATHO TpHU OoJabmuUX m. B Takoit cuTyarun
JIyiiie IpuMeHsTh K (9) yCKOPEHHBIN IpajineHTHBIH MeTOJ ¢ PeyKIueil qucnepenn
[3], KOTOPBIT TaKKe MMeeT ONTUMAJBHYIO (JIMHEHHYI0) CKOPOCTh CXOMMOCTH:

)

L
N=0|mlogm+ m—log—
I €

3
rae Do =2 (f (2°) — f (z*)) + §LR2.
B rakom ClIydae uToragd OIeHKa CJIOZKHOCTHU COCTaBJIACT

mL
Old-|m+4/— obpamenuit K opaxkyiny V,F),
1
o} (dm) obpamienuit Kk opakyity V,F.
HOBTOpI/H\l, 9TO TJVIaJIKOCTD IIO Y JIJId ITOJIyYeHNd 3TUX OIECHOK He Tpe6yeTC5{.

[1] T'acnuros A. B., I'ncnukosa E. B. Mojenn paBHOBECHOTO PACIIPE/IC/ICHNsT TPAHCIIOPTHBIX
IOTOKOB B GoJibIux cersx: yuebuoe mocobue // Mocksa: MOTU, 2020.

[2] Vaidya P. A new algorithm for minimizing convex functions over convex sets //
Mathematical Programming, 1996. Pp. 291-341.

[3] Lan G. First-order and Stochastic Optimization Methods for Machine Learning //
Atlanta: Springer, 2020.
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Linear convergence for smooth convex min-min problem with
strong convexity in one of the groups of variables

Egor Gladin'?x gladin.el@phystech.edu

'Moscow, Moscow Institute of Physics and Technology
2Moscow, Skoltech

Consider the problem of the form

Ioin min F (. 9), (6)
where function F'(z,y) is convex and L-smooth in (z,y), and also p-strongly convex
in z. Such problems arise, for example, in traffic assignment models [1]. In ma-
chine learning problems of this type correspond to the case when regularization is
applied to one of the two groups of model’s parameters (hence strong convexity in
x). Advantage of the approach presented below is that it achieves linear convergence
despite the fact that target function is not strongly convex in one of the variables.

Let @ C R? be convex compact set, n > d. Consider function

f(z) = gggF(:r,y), (7)

which is also L-smooth (see [1], proposition 2.3.3). We can rewrite (6) as follows:

f(z) — min (8)
When using some iterative method to solve (8), we have to find a solution of the
auxiliary problem (7). We propose to use Vaidya’s cutting plane method [2] for
this purpose. The method has complexity O(dlog %), where r is the radius of Q.
The cost of iteration (in addition to the cost of finding a gradient w.r.t. y) is O(d¥),
where w € (2, 3) corresponds to complexity of matrix multiplication. Due to the fact
that this algorithm converges linearly, we can assume that the auxiliary problem (7)
can be solved with arbitrary precision. Since dimension of y is relatively small,
dependence on d doesn’t cause difficulties.
The outer problem (8) can be solved via Nesterov’s Fast Gradient Method
(FGM). As f is L-smooth and p-strongly convex, FGM results in upper bound

on number of iterations O (\/%log %2)7 where R := [|2° —2* |2 is distance between
initial point and solution of (8). .
The final complexity consists of O(d+/L/p) computations of V, F and O(\/L/ 1)

computations of V,F, where 6() means O(-) up to logarithmic in e~! factor to the
power of 1 or 2. It is remarkable that we have linear convergence despite the fact
that target function is strongly convex only in one of the groups of variables — x.
The price we pay for this is factor d in the number of calls to V, F'.
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If F' is smooth only in z, we can use the reverse order of min min:

9(y) = min F(z,y), ()
9(y) — min (10)

This way Vaidya’s method is applied to the outer problem (10), and complexity
estimates are as follows: O(d) computations of V,F and O(d+/L/u) computations of
V. F. Which way is the best, depends on oracles’ complexities. Due to the fact that
dim z > dimy, the cost of computing V., F' may often exceed the cost of computing
V,F. However, sometimes this difference is not significant — In(}",_; exp((ax, z) —
—bg) + 2201, exp({cx, y) — di))-

The case when F(z,y) is a sum of a large number of functions (we denote this
number by m) is of particular interest because of applications in machine learning.
Then, the usual FGM requires computing m gradients at each step, which is tedious
for large m. In this case it’s better to use Variance-Reduced Accelerated Gradient
Descent [3], which also has optimal (linear) convergence rate:

mL_ D
N=0 (mlogm+ n;loggo>,

where Dy := 2 (f (2°) — f (2%)) + gLRQ.

Thus, the final complexity is

O <d~ (m + mL)) calls to V,F oracle,
V I

O (dm) calls to V, F' oracle.

Recall that smoothness in y is not required for these complexity estimates.

[1] Gasnikov A., Gasnikova E. Traffic assignment models. Numerical aspects (in Rus-
sian) // Moscow: MIPT, 2020.

[2] Vaidya P. A new algorithm for minimizing convex functions over convex sets // Math-
ematical Programming, 1996. Pp.291-341.

[3] Lan G. First-order and Stochastic Optimization Methods for Machine Learning // At-
lanta: Springer, 2020.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020



MeTobl ONTUMU3AIUN I NHTEJUIEKTYAJIbHOIO aHAJIN3a JaHHbBIX 143

YckopeHue CToOXaCTUYeCcKux MeTOo[0B Ha npumepe
heueHTpanusoBaHHoro SGD

Tpumban Examepuna Aaexceeena'x trimbach.ea@phystech.edu
Pozoszun Anexcarndp Buxmoposur' aleksandr.rogozin@phystech.edu

'Mocksa, MOCKOBCKHil (PU3HKO-TEXHUIECKIHA HHCTHTYT

Paccemorpum 3amady meneHTpaan30BaHHON ONTUMU3AINN, & UMEHHO OWCKA MUHU-
MYM CyMMBI (DYHKITHIT

v = argmingegs | f(<) 1= 3 fi(x)
=1

rae kaxkpag f; umeer sug fi;(x) .= E¢,op, F (X, ;) u xaknasg u3 Gynkuumit f; xpa-
HUTCA Ha OTACILHOM y3JI¢ HEKOTOPOH BLIYMCJINTEILHON ceTu. B pabore paccmar-
pUBaETCs CI0CO0 YCKOPEHH JIelleHTPAIN30BaAHHOIO IPAJUEeHTHOrO CIIyCcKa, KOTOPLIi
rapaHTHPOBAHHO HAXOJUT MUHHMYM C TOYHOCTBLIO € 3a UUCJIO0 UTepalluii

o n \ET(6£+E) +TL

pne NG pp

L, {t -KOHCTAHTBI BBIMYKJIOCTU U CUJIBHON BBIITYKJ/JIOCTH.
P, T - KOHCTAHTHI Ipada ceTu. p - KOAPPUIMEHT C:KATHs, T.¢ TaK ITO

Ew|[XW - X[E < (1-p)|X - X[

W - marpura rpada, OIICHIBAIONIErO ceTh, X = X - %11—'—. T - 9UCJIO UTEpaInii, 3a
KOTOpBIE TapaHTUPOBAHHO JIAHHOE CXKATHE.

OCHOBHBIM PE3yJILTATOM PADOTHI SIBJISIETCST YCKOPEHIE AJITOPUTMAa [IEIEHTPATN30BaH-
HOT'O CTOXAaCTUIECKOTO I'PAJUEHTHOrO CIIyCKa JJIsi TOYHOCTHU € JI0 YUCJIAa UTEepaIuii

o7, L%(Cr + 6/p7) N VLT
pne nipye VP

[1] Trimbach E., Rogozin A. Acceleration of stochastic methods on the example of
decentralized SGD // https://arxiv.org/abs/2011.07585
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Acceleration of stochastic methods on the example of
decentralized SGD

Ekaterina Trimbach'x trimbach.ea@phystech.edu
Alexzander Rogozin' aleksandr.rogozin@phystech.edu

"Moscow, Moscow Institute of Physics and Technology

Consider the problem of decentralized optimization, namely, finding the mini-
mum sum of functions

2t = argmingcgs lf(x) =y fi<x>]
=1

where each f; has the form

fi(X) = EfiNDiFi (Xv fl)

and each of the functions f; is stored on a separate node of some computer net-
work. The paper considers a way to accelerate decentralized gradient descent, which
is guaranteed to find the minimum with an accuracy of € for the number of iterations

of 2 VLD o
pine /e pH
L, i -constants of convexity, and strong convexity. p,7 - network graph constants.
p - compression ratio, i.e. such that

Ew|XW - X[E < (1 -p)|X - X%

W is a graph matrix describing the network, X := X - %11—'—.

7 - number of iterations for which this compression is guaranteed.

The main result of the work is the acceleration of the decentralized stochastic gra-
dient descent algorithm for accuracy € to the number of iterations

- (5%  Li((r+5yp7)  VIr
ol
(H”E - pipy/e - \/ﬁp>

[1] Trimbach E., Rogozin A. Acceleration of stochastic methods on the example of decen-
tralized SGD // https://arxiv.org/abs/2011.07585
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CamoHacTpaunBatowmincs anroputMm Noucka c Yepeayrowmmncs
OKPEeCTHOCTAMU A1 NOYTU ONTUMAJIbHOIO pelleHust 3a4a4un
knactepusauun k-cpegHux

Kasaxosues Jles Aanexcardposurx levk@bk.ru
Poorcros Hean Ilasaosuy ris2005@mail.ru
ITonos Aanexcetli Muxatinosuy vm_popov@sibsau.ru
Tosebuc Eaena Muxatiiosra sibstu2006@rambler.ru

Kpacnosipck, Cubupckuit Tocy/1apCTBEHHBIN YHUBEPCUTET HAYKU W TEXHOJIOTHUI NUMEHHN

akagemuka M.®. Pemernesa

Bagaua k-cpegHux — 0J[HA U3 CaMbIX IOIYJISPHBIX MOJeJell B MAIllMHHOM 00y 1e-
HuK €3 yIuTe/id, B KOTOPOil MUHUMHU3UPYETCA CyMMa KBaJ[PATOB PACCTOAHuUi (TaK-
JKe Ha3blBaeMag CyMMOii KBajiparos ommbok, SSE — sum of squared errors) or rpyu-
nupyeMbIx 00beKToB A, ..., Ay € R™ 10 HCKOMBIX HEHTPOB KJIACTEPOB (IIEHTPOKJIOB)
Xq,.., X e R™

N

- . o 2 .
SSE(X1,....Xk) = ;Xe{g}?.,Xk} [|4; — X|]* — X min (1)

3iech k N0JIKHO OBITH U3BECTHO 3apaHee.

ITpocrora ajnropuTMuvecKoil peajmsaruu MOOYyXKIAeT UCCIe0BaTe el mpuMe-
HSITh 9Ty MOJEJIb B PA3JIMYHBIX WHXKEHEPHBIX M HAyJIHBIX 00JIacTaX. Tem He MeHee
JoKazaHno, 4to npobsema NP-rtpymmaa, 9ro memaer ToUHBIE AJTOPUTMBI HEITPUMEHU-
MBIMU JIJIsT KPYITHOMACIITAOHBIX 33149, & CAMBIE TIPOCTBIE U TIOIYJISPHbIE AJITOPUTMbI
[IPUBOJIAT K OY€HBb BBICOKUM 3HAYEHUSM CYMMbBI KBaJIPATOB PACCTOSHUN.

[Tponeaypa Jlnoiiia, caMblil IOMYJISPHBINA aJIFOPUTM JJIsl 3a/1a91 K-CpeHuX, J10-
BOJIbHO ObicTpa. Tem He MeHee, Jjisi KOHKPETHBIX HAOOPOB JAHHBIX, BKJIIOUAS T'eO-
rpaduvecKue,/ reOMeTPUIECKHIE JIAHHBIC, STOT AJIFOPUTM IPUBOAUT K DELICHUIO, KO-
TOpOEe OYeHb JAJIEKO OT 3HAYEHMs [VIODAJILHOr0 MUHMMyMa 1esieBoil dyukuuu (1),
U PEXKUM MYJBTUCTAPTA JIUIIH HE3HAUYMEIbHO YIIyUIlaeT pe3ysbrar. bojiee TOUHbIe
MEeTOJIbl KJIACTEPU3AIUU K-CpeHUX HAMHOIO MejjleHHee. TeM He MeHee, HeJIaBHUE
JIOCTUZKEHUST B 00JIACTUA BBICOKOIIPOU3BOUTEIbHBIX BHIUUC/IEHIIT IO3BOJISTFOT HAM 00-
pabaThiBaTh OOJIBIION 00bEM BBIYUC/ICHUII C MCIIOJIB30BAHUEM IIPOTeAyphl JLtoiina,
BCTPOEHHO#1 B 00JIee CJIOKHBIE aJrOPUTMUIECKHAE CXeMbL. TakuM 006pa30M, OUeBUIHA
MOTPEOHOCTH B AJITOPUTMAX KJIACTEPUBAIINH, [IPEJACTABISIONHE CODOI KOMITPOMUCC
MEKJIy BpEMEHEM, 3aTPadnBaeMbIM Ha BBIYUCJIEHUSI, U PE3YJILTUPYIONINM 3HAYCHUE
nesieoit dynkuuu (1). Tem He MeHee, B HEKOTOPBIX CJIydasdxX [PU PEIICHUN 31849
(1) Tpebyerca moyyunTh pedysabrar (3HadeHue 1ejeBoil byHKIMN) 38 OrPAHUICHHOE
bUKCHPOBAHHOE BPEMSs, TAKOE, YTOOBI €10 OBLIO OBl CJIO2KHO YILYUIINTh U3BECTHBIMI
MeTo/IaMu 0e3 3HAYUTEIHHOTO YBEeJIMIeHIs BhIYUCIUTEeIbHBIX 3aTpat. Takue pesyiib-
TaThl TPEOYIOTCS, €CJIN TIEHA ONMMMOKN BBICOKA, & TAKIKe JJIsi OIIEHKHU 00Jiee OBICTPHIX
AJITOPUTMOB B Ka4eCTBE ITAJIOHHBIX PEIIeHUI.
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Ecnu 3aaga nomkHa ObITH pellieHa B TeYeHre OTPAHUICHHOIO BDEMEHU C MAKCH-
MaJIbHO BO3MOXKHON TOYHOCTBIO, KOTOPYIO OBLIO OBl TPY/HO IIOBBICUTH C UCIIOJIb30-
BaHUEM W3BECTHBIX METOJOB 0e3 yBeJMYeHNsI BbIYUC/IUTE/IbHBIX 3aTPAT, aJlOPUTMbI
noncka ¢ depegyrormumucst okpecraoctsivu (VNS - Variable Neighborhood Search),
KOTOPBIE BEIyT MOUCK B PAHIOMU3UPOBAHHBIX OKPECTHOCTSX, 00PA30BAHHBIX ITPUME-
HEHUEM KA HBIX arjIOMEPATUBHBIX HIPOIELYD, ABIAIOTCH KOHKYPEHTOCIIOCOOHBIM.

ArysiomepaTuBHBIE TTPOTIE/YPbI, HECMOTPsI Ha WX OTHOCUTEIBHO BBICOKYIO BBIUUC-
JINTEJIbHYIO CJIOZKHOCTH, MOT'YT OBITH YCIIEIITHO WHTETPUPOBAHBI B O0Jiee CIIOXKHBIE
cxeMbl moncka. MIx MoxkHO ncnosb3oBaTh B cocraBe VNS-anropurmos. Bosee Toro,
TaKWe AJITOPUTMBbI IIPEJICTAB/ISIIOT COOOM KOMIIPOMUCC MEXKJIy TOYHOCTHIO PEITCHIS
U BPEMEHHBIMU 3aTpaTaMu. B HallleM HCCJIeIOBAHUM 110/ TOYHOCTHIO MBI IOHAMA-
eM MCKJIIOUUTEJILHO CIIOCOOHOCTD ajropuTMa (peraresis) I0Jydarb MUHUMAJIbHBIE
snaveHns nesesoit dyuxmuu (1). Takue mporesypbl HAIUHAIOTCST € HEJOIYCTUMOTO
pellierns: ¢ U30BITOYHBIM YHCJIOM IeHTpon10B k + 7. Ha kakoit ureparum taxue
HIPOIEAYPbl YCTPAHSIIOT OJIMH MJIM HECKOJIBKO IEHTPOUJIOB U YJIyUINaloT Pe3yIbTaT
¢ ucnosib3oBanueM mporeaypst JInotina. Vcnonb3oBanme amropurmos VNS, koro-
pbIe UIIYT B OKPECTHOCTAX, C(OOPMUPOBAHHBIX IIyTEM IIPUMEHEHUS KA THBIX arioMe-
PAIMOHHBIX MPOIEIYD K M3BECTHOMY (TEKYIEMY) PEIIeHH0, TO3BOJIsIeT MOy INTh
XOPOIIHE Pe3yJIbTAThI 38 (DPUKCUPOBAHHOE BPEMs, IIPUEMJIEMOE JIJIsi HHTEPAK TUBHBIX
PEKMMOB pabOTHI. BBIOOP TaKmMx HPOIEIYP, UX IOCJIEI0BATEIBHOCTh U MapaMeT-
PBI OCTaBaJINCh OTKPBITHIM BOIIPOCOM. DDMEKTUBHOCTD TAKUX IIPOIEYD ITOKA3AHA
9KCIIEPUMEHTAIbHO Ha HEKOTOPBIX TECTOBBIX U MPAKTUIECKUX 33/a9ax. Pa3amdaHbie
Bepcun VNS-a/ropuT™MOB, OCHOBAHHBIE HA YKAJIHBIX arJIOMEPATHBHBIX IMIPOIEYPaX,
CYNIECTBEHHO PA3IMIAIOTCS 110 CBOMM Pe3yJIbTaTaM, 9TO 3aTPY/IHIET UCIOIb30BAHIE
TaKUX aJlOPUTMOB B MPAKTHIECKUX 3aJ@adax. [[pakTuiaecku HEBO3MOYKHO CIIPOTHO-
3UPOBATH OTHOCHTEJIHHYIO HPOU3BOUTEIHLHOCTh KOHKpEeTHOro ajropurmMa VNS Ha
OCHOBE TaKMX ODOOIIEHHBIX UUCJIOBBIX XAPAKTEPUCTUK 332491, KAK pa3Mep BbIOOD-
KU U KOJIMIECTBO KaacTepoB. [Ipuaem 3 PeKTUBHOCTD TAKUX MPOIEIYP 3aBUCUT OT
ux napamerpoB. OJHAKO BHJL U XapaKTep 3TOH 3aBUCHMOCTU He ObLITH U3YY€HbI.

B mamnoit pabore MBI CHCTEMATH3UPYEM MOIXOJBI K IMOCTPOCHUIO AJITOPUTMOB
[IONCKA B OKPECTHOCTSIX, C(hOPMUPOBAHHBIX C MOMOIIBIO KAJHBIX arJIOMEPATHBHBIX
upouenyp, u oupezensgem okpecraocrs GREEDY,., rue r - ee napamerp (Kosude-
CTBO M30BITOYHBIX [EHTPOUJIOB B IIPOMEXKYTOYHOM perieHun). Mbl ucciemyem Biu-
siHe Hambojiee BayKHOTO MapaMeTpa TakMX OKPeCTHocTefl (mapamerpa 1) Ha BbI-
YUCIATEIBHY0 3(D(hEKTUBHOCTD U IIPeJJIaraeM HOBBIH aaropuTM (BbIYUCINTEIHHOE
cpezerBo) Ha ocuose VNS, peanusoBanmbiii na rpaduueckom mporeccope (GPU),
KOTODBIIl aBTOMATUYECKH MOACTpanmBaer 3ToT napamerp. CpaBHUTE/BHBIN aHAIN3
perenns 3a7a4d Ha HAOOPaX JAHHBIX, COAEPKAIINX 10 HECKOJIbKNX MUJIIHOHOB 00b-
€KTOB, JIEMOHCTPUPYET IIPENMYIIECTBO HOBOI'O AJrOPUTMA 110 CPABHEHUIO C M3BECT-
HBIMU AJTOPUTMAMU JIOKAJTBHOTO TIOMCKa (BKJIIOUYasi TIOMCK B OKpecTHOCTAX SWAP,
Takux Kak j-Means) B Tedenue (hDUKCUPOBAHHOIO BPEMEHH, YTO [O3BOJISIET IIPOBOIUTD
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onJajin-porancsienus, upu yposte suaaumoctu 0,01 (kpurepuii Yuiakokcona-Manna-
Yurun).

Pabora Beimostaena 1pu mojyiep:kke MuHncTepersa HayKu U BBICIIIETO 00pa30Ba-
vust PO, npoekt Ne FEFE-2020-0013.

[1] Kazakovtsev L. Self-Adjusting Variable Neighborhood Search Algorithm for Near-
Optimal k-Means Clustering // Computation, 2020, Vol. 8. No4.
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Self-Adjusting Variable Neighborhood Search Algorithm for
Near-Optimal k-Means Clustering

Lev Kazakovtsev levk@bk.ru
Ivan Rozhnov ris2005@mail .ru
Aleksey Popov vm_popov@sibsau.ru
FElena Tovbis sibstu2006@rambler.ru

Krasnoyarsk, Reshetnev Siberian State University of Science and Technology

The k-means problem is one of the most popular models in the unsupervised
machine learning that minimizes the sum of the squared distances (also called sum
of squared errors, SSE) from clustered objects Aq, ..., Ay € R™ to the sought cluster
centers (centroids) X, ..., X € R™:

N

E(Xy, .., Xp) = i A - X[ o 2
SSE(, - X) =2 jmin A =X > mi @)

Here, £ must be known in advance.

The simplicity of its algorithmic implementation encourages researchers to apply
this model in a variety of engineering and scientific branches. Nevertheless, the
problem is proven to be NP-hard which makes exact algorithms inapplicable for
large scale problems, and the simplest and most popular algorithms result in very
poor values of the squared distances sum.

Lloyd’s procedure, the most popular k-means clustering algorithm, is rather fast.
Nevertheless, for specific datasets including geographic/geometrical data, this algo-
rithm results in a solution which is very far from the global minimum of the objective
function (1), and the multi-start operation mode does not improve the result signif-
icantly. More accurate k-means clustering methods are much slower. Nevertheless,
recent advances in high-performance computing enable us to work through a large
amount of computation using the Lloyd’s procedure embedded into more complex
algorithmic schemes. Thus, the demand for clustering algorithms that compromise
on the time spent for computations and the resulting objective function (1) value is
apparent. Nevertheless, in some cases, when solving problem (1), it is required to
obtain a result (a value of the objective function) within a limited fixed time, which
would be difficult to improve on by known methods without a significant increase in
computational costs. Such results are required if the cost of error is high, as well as
for evaluating faster algorithms, as reference solutions.

If a problem must be solved within a limited time with the maximum accuracy,
which would be difficult to improve using known methods without increasing com-
putational costs, the variable neighborhood search (VNS) algorithms, which search
in randomized neighborhoods formed by the application of greedy agglomerative
procedures, are competitive.
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Agglomerative procedures, despite their relatively high computational complex-
ity, can be successfully integrated in tomore complex search schemes. They can be
used as a part of the VNS algorithms. Moreover, such algorithms are a compromise
between the solution accuracy and time costs. In our research, by accuracy, we mean
exclusively the ability of the algorithm (solver) to obtain the minimum values of the
objective function (1). Such procedures start from an infeasible solution with an
excessive number of centroids k+r. In each iteration, such procedures eliminate one
or more centroids and improve th result with the use of Lloyd’s procedure. The use
of VNS algorithms, that search in the neighborhoods, formed by applying greedy
agglomerative procedures to a known (current) solution, enables us to obtain good
results in a fixed time acceptable for interactive modes of operation. The selection
of such procedures, their sequence and their parameters remained an open question.
The efficiency of such procedures has been experimentally shown on some test and
practical problems. Various versions of VNS algorithms based on greedy agglom-
erative procedures differ significantly in their results which makes such algorithms
difficult to use in practical problems. It is practically impossible to forecast the rel-
ative performance of a specific VNS algorithm based on such generalized numerical
features of the problem as the sample size and the number of clusters. Moreover,
the efficiency of such procedures depends on their parameters. However, the type
and nature of this dependence has not been studied.

In this work,we systematize approaches to the construction of search algorithms
in neighborhoods, formed by the use of greedy agglomerative procedures, and de-
fine the GREEDY, neighborhood where r is its parameter (a number of excessice
centroids in the intermediate solution). We investigate the influence of the most
important parameter of such neighborhoods (parameter r) on the computational
efficiency and propose a new VNS-based algorithm (solver), implemented on the
graphics processing unit (GPU), which adjusts this parameter. Benchmarking on
data sets composed of up to millions of objects demonstrates the advantage of the
new algorithm in comparison with known local search algorithms (including those
seaching in SWAP neighborhoods such as j-Means), within a fixed time, allowing for
online computation, at significance level 0.01 (Wilcoxon-Mann-Whitney test).

This research is funded by the Ministry of Science and Higher Edication of the
Russian Federation, project FEFE-2020-0013.

[1] Kazakovtsev L. Self-Adjusting Variable Neighborhood Search Algorithm for Near-

Optimal k-Means Clustering // Computation, 2020, Vol. 8. No4.
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MNHTepBanbHbIn noaxon B npobneme annpokcumaummn DiiepoBoii
KOHCTAHTbI

Kapauyba Examepuna Anamoavesna'x ekar@ccas.ru

"Mocksa, Borancamrensusiit mentp uM. A. A. JTopoxrumsma OUIT Y PAH

Hwnmepsanvras apudmemura TOSIBILIACHE B OTBET Ha BOIIPOC OO YIIyUIIIEHUN Ha-
JIEZKHOCTH TIOJTy YeHHOT'O BBIYUCIUTE/IHBHOIO PE3YJIbTaTa.

TlosyunTs peasnCcTUIHy0 ONEHKY MOTPEITHOCTH BBIYUCICHUS YACTO HE MEHee
TPYJIHO, YeM HANTH MOJXOJSIINNA BBIYUCTUTEIHHBIA aaroputM. CleicTBreM [ero
SIBJIFIETCS OTCYTCTBHUE OIEHOK IIPOTPEITHOCTH BBIYHUCJIEHUN BO MHOIHX ITaKeTaxX IIPO-
IPpaMM YHUCJIEHHBIX BBIYMUCJIEHUN, OCHOBAHHBIX HA 3aMEHEe TOYHOI'O 3HAYEHUsI OJIHUM
npubmKEHHbIM. [Ipr 9TOM 110/1B30BaTE N TAKUX IPOrPAMM HE MOTYT OBITH YBEPEHBI
B TOYHOCTH ITOJIy9IE€HHOTO PE3YJIbTATA.

Hnmepsanvnoiii nodrod 3aKII09aeTCs B TOM, 9TO BBIUUCISIEMOE 3HAUCHUE 3aMe-
HSETCS He €JMHCTBEHHBIM 3JIEMEHTOM TOT'O 2Ke KJIACCA, & KOHEYHO-IIPEICTABUMbBIM
MHOXKECTBOM 3JIEMEHTOB, COJEPKAIIUM HYYKHBIN 3JIEMEHT — BBIYUC/ISIEMOE 3HAUEHUE.
TepMmuH "uHTEPBAIBHBIN STOT MOIXOJ OJIY UM OJIAr0IAPsT TOMY, 9TO UHTEPBAJI, 3a-
JTaBaeMbIil KaK [IPABUJIO AP0 PAIMOHAIBHBIX 9HUCE/T — I'PAHUI] HHTEPBAJIA, SIBJISI€TCS
[IPOCTEHMINUM BUJIOM KOHEUHO-IIPECTABIMOIO MHOYKECTBA, BKJIIOYAIONIETO IIPOCTETi-
Uil 9JIEMEHT — BeIeCTBeHHOe YHncj0. [Ipu 9ToM mcxo/Hble JaHHBIE U ITPOMEXKY-
TOYHBIE PE3YJIbTATHI IIPEJICTABIAIOTCH IPAHUYHBIMUA 3HAYEHUSAMHU, HAJ[ KOTOPBIMU U
[IPOBO/ISITCST BCe onepanu. [IpenMyImecTBoM uHmepsasbho2o nodroda siBJIsIeTCS aB-
TOMATUIECKUIT yIET MOIPEIIHOCTENl U rapaHTUPOBAHHAST TOYHOCTH BBIYHC/IEHUs. B
HACTOSIITIEe BPEMS UHMEPBANLHBLE METMOJb TIOJYIUIN PACIPOCTPAHEHNE BO MHOTUX
00JIaCTAX MPUKJIAIHON HAYKH: OT MAIUHOCTPOEHUS U METPOJIOIHHU JI0 SKOHOMUIE-
CKOT'O IIJIAHUPOBAHUS U ITPOTHO3UPOBAHUSI.

Hrnmepsaavroil nodrod MOXKHO NPUMEHUTH Tak:Ke B 00JIaCTH YUCTON Marema-
TUKH; OCOOEHHO B TAKOM Da3Jiesie 3TOH HAYKU KAK Gnnpokcumayus (CIeruaaIbHbIX
dyHKIUi 1 KIacCHIecKuX KOHCTAHT).

B macrosmeit pabore paccmarpuBaeTcs mpodsemMa 3hPEKTUBHONO BBIUNCICHUA
KJIACCUIECKOH DIIepOBOil KOHCTAHTHI Y, OIPEJIEJISIEMON BhIPAYKEHUEM:

. 1 1 1
y=lm (1+-+-+4+---+——logn|.
ITocisienoBTeIbHOCTD

1 1 1
D,=14+—-4+—-+---+=—logn; n=1,2,3,...;
2 3 n

CXO/JIUTCA K YUCJY 7Y O9C€Hb MEJIJICHHO. ﬂJISI Pa3HOCTU Dn — 7y CIIpaB€JIJINBbI OIICHKHN

1 1
g Dn - g ’
2(n+a) 7 2(n+0b)
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C TAKUMH JIOKA3aHHBIMA PA3HBIMH ABTOPAMH KOHCTAHTAMU @ ¥ b:
_ _ _ _ _2y—1 1
a=1,b=1 (Tumc u Tupaon), a =1,b=0 (fnr), a = 755, b= 5 (Anbuep).
JeTsMun paccMaTrpuBal CXOAUMOCTb K DHIepOBOi KOHCTAHTE CiIe/Lyomeil mo-

CJIeI0BaTCJIbHOCTHU

I R P T T
n 2 3 n Ogn 2 7n_77""7

U J0Ka3aJI, 9TO JJid JII0O0ro HATYPAJIHHOIO N i pasHocTu R, — vy cIpaBe/JiuBbI
OIEHKU

Ob6o3na9uM

H(n)=n?(R, —7), H(n)=n?h(n).

B konure 90-x rr. M. Byopuren chopmympoBast THIIOTESY:
$yrryua H(n) eospacmaem mornomonno om H(1) = —y+1—1log 3 =0.0173... do
& =0.0416... npun — +oo; n=1,2,3,...

B [1] aBrop mokazas rumnoresy ByopuHena u 1osiydnsi Takue uMmMepsaav, s
pasuocreit D,, —yu R, —yupun=1,2,3,...:

1 1 N 1 L s 1 1 N 1
on 1202 T 120mt  126m6 7 " TS 95 T 1202 T 1200t
1 1 1 1 1 1 23

— — <R,—7< — .
242 ~ 2an® T 120mt 12600 S TS 2002 T 2403 T 96008
1t TOCTpOEHHOr0 aBTOPOM Ha ocHoBe MeToma BBE 6picTporo aaropurma BBIYHC-

JileHusi DiiIepOBOil KOHCTAHTBI, OBICTPAs ANIPOKCUMAINNSA K KOHCTaHTE Ditjlepa y BbI-
YHUCJIAEMBIX CyMM OIIPeJIeIgeTCd CJIeIyIONNM HHTEePBAJIOM:

12k+1

2 B (71)r71k7‘+1
— —2k%e % < v—1+1logk -
(12k)! ¢ v Llog ; r—DI(r+1)
12k+1 (_1)r71k7‘+1 2

— < 2k > 1.
; Cor 1 S ey TARe T k2l

[1] Karatsuba E. A. On the computation of the Euler constant gamma // J. of Numerical
Algorithms, 2000. Vol. 24. Pp. 83-97.
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The interval approach in the problem of approximation of the
Euler constant

Ekaterina Karatsuba'x ekar@ccas.ru
"Moscow, FRCCSC of the Russian Academy of Sciences

Interval arithmetic is a response to the question of improving the reliability of the
computational result.

Get a realistic estimate of the calculation error are often no less difficult than to
find a suitable computational algorithm. As a result, there are no estimates of the
calculational errors in many software packages for numerical computations based
on replacing the exact value with an approximate one. Moreover, users of such
programs cannot be sure in the accuracy of the result obtained.

In interval approach, the value to be calculated is replaced not by a single element
of the same class, but by a finite-representable set of elements containing the desired
element — the value to be calculated. The term ”interval” this approach has got
due to the fact that the interval, defined as a rule by a pair of rational numbers
— the boundaries of the interval, is the simplest form of a finite-representable set,
which includes the simplest element — a real number. In this case, the initial data
and intermediate results are represented by the boundary values, over which all
operations are carried out. The advantage of the interval approach is that errors are
automatically taken into account and the accuracy of the calculation is guaranteed.
At present, interval methods are widely used in many areas of applied science: from
mechanical engineering and metrology to economic planning and forecasting.

The interval approach can also be applied in area of pure mathematics; espe-
cially in such a field of this science as approzimation (special functions and classical
constants).

In the present work, we consider the problem of efficient calculation of the clas-
sical Euler constant 7, defined by the formula:

. 11 1
y=Jim (1454544~ —logn ).

n— 00 2 3

The sequence

1 1 1
D,=14+-+-4---+=—logn; n=1,2,3,...;
2 3 n

converges to 7 very slowly. For the difference
D,, — v the following bounds are valid

1 1
P Y2 g DTL - g YR
2(n+a) 7 2(n+b)
with the constants a and b proved by different authors:

a=1,b=1 (Tims and Tyrell), a =1, b =0 (Young), a = 31—;, b=t (Alzer).
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DeTemple considered the convergence to the Euler constant of the following
sequence

1 1 1 1
and proved that for any natural number n for the difference R, — v the following

bounds are valid

Denote

H(n) =n*(R, —v), H(n)=n>h(n).

In the late 90s. M. Vuorinen formulated a conjecture:
the function H(n) increases monotonically from H(1) = —y+1—log 3 = 0.0173...
to 35 =0.0416... forn — +oo; n=1,2,3,...

In [1], the author proved Vuorinen’s conjecture and obtained such intervals for
the differences D,, —y and R,, —~y forn=1,2,3,...:

1 1 1 1 1 1 1
2 12 T T20nt 12606~ P77 S 20 T 12w T T20mh
1 1 1 1 1 1 23
20n? ~ 2an® T 120nd  126n6 ST TS 2 T 343 T 60nt
For the fast algorithm for computation of Euler’s constant constructed by author on
the basis of the FEE method, the fast approximation to the Euler constant ~ of the
corresponding sums to be calculated is determined by the following interval:

12k+1 r—1gpr+1
2 ) k
- < y—1+1logk
(12F)! ¢ +log Z r—Dir+1)
12k+1 ( )7‘ lerrl 2

+2k%e k> 1.

- Z oD+ 102 S (2R

[1] Karatsuba E. A. On the computation of the Euler constant gamma // J. of Numerical
Algorithms, 2000. Vol.24. Pp.83-97.
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BeposiTHocTHOe MogenupoBaHue npouecca CToXaCTU4eckoro
OLLEHUBAHUA MEXKaApOoBbIX reomeTpuyecknx gedopmauuii
n3obpa>keHui

Tawaunckuti Aaexcandp I'puzopvesun!« tag@ulstu.ru
Caguna Taruna Jleonudoena’ minkinag@mail .ru
LVnbsaroBeK, YiIbSHOBCKI rOCYIAPCTBEHHbINH TEXHIUECKH YHIBEPCHTET

2MOCKBa, Harmumonanbubrit uccienoBarenbcknit MOCKOBCKH TOCYIapPCTBEHHBIH

CTPOUTEIbHBII YHUBEPCUTET

OrleHUBaHuE TIAPAMETPOB IEOMETPUYECKUX J1epOPMAaIlnii [10C/Ie/10BaTeIbHOCTH
u300paKeHUil SABJISIeTCsT OJIHOM U3 aKTYaJbHBIX 33J1a9 U MOHUMAaHUsT 00pabOTKH n300-
paxkennit. OHUM U3 MOAXOJOB K PEIIEHUIO STOHM 3aJadn SBJISIETCS CTOXACTUIE-
ckoe oreHnBanne. VI3BEeCTHBI ACHUMIITOTHIECKNA ONTUMAJIBHBIE 110 CKOPOCTH CXOIH-
MOCTH TIPOTIE/TyPhI CTOXACTUIECKON ATMTPOKCUMAITUHN, OJTHAKO TOYHOCTHBIE BO3MOXK-
HOCTH IIPOIIELyP ITOTO KJACCA HMCCJIEIO0BAHBI TOJBKO B acuMiToTuke. [1ojxoipl K
YIYUIIeHNIO (aKCeJepU3ainm) U aHAJIU3y TOYHOCTU OIEHOK AJITOPUTMOB CTOXACTH-
YeCKOI arpoKCUMAaIIU TPU KOHETHOM YUC/Ie UTE€PAINii OCHOBAHBI, KAK IIPABUJIO, HA
ydere anpuopHoit naHdOpMaIun 00 ONTUMAJIBHOM PEIeHnn, KOTopas 3ajaercd (u-
HUTHOH [JIOTHOCTBIO paciipenesierns Bepostaocreii (IIPB). IIpu orcyrerBun Takoii
ANpUOPHOIT NHMOPMAIIH ONTUMAJbHBIE aAJTOPUTMBI Ha KOHETHBIX UTEPAIUSX MOTYT
[IPUBOUTH K OIEHKAM OYEHb JIAJIEKUM OT OIITHMAJIbHBIX.

B noknane mpejioxkena MeTouKa BEPOSTHOCTHOTO (DUHUTHOTO MOJIE/TUPOBAHIS
CTOXaCTUIECKOTO OINEHUBAHUS MMapaMETPOB MEKKAIPOBBIX NeOMETPUIECKUX J1eop-
Marnuii n3obpazkennii. MojieimpoBanue mporecca CTOXaCTHIeCKOTO ONEHUBAHUS I1a-
paMeTpoB JedopMalinii, TpedyeT yaeTa CJI0XKHOT0 KOMILIEKCa BIUAIONNX (PaKTOPOB.
@akTopaMu, HE 3aBHUCSIIMMHU OT IIapAMETPOB IPOIE/ILYPbl OIEHUBAHUS, SIBJISIOTCS
ITPB u koppessiuonHble (DYyHKIMH M300ParKEHUN U MeIaroliX IIyMOB, a TaKKe
BU/JI 11€JI€BOI (DYHKITMHN KadecTBa oleHuBaHus. K XapaKTepucTUKaM IPOIELyPhl, HA
KOTOPBIE MOYKHO BO3JIEHCTBOBATEH, MOXKHO OTHECTH CIIOCOD pacdeTa CTOXaCTHIECKOrO
rpaJiienTa, MATPUILY YCUJIEHUsI, TUCI0 UTEPAIUN U HAYAJIbHOE MPUOJINIKEHNe BEKTO-
pa OIEHOK [1apaMeTpPOB.

st peasin3yeMoCcTn IPOIEe Iy Pbl MOJEINPOBAHUS 11€JIECO0DPA3HO NCIOIb30BATD
MUHHUMAJIbHBIA HAOOD BEJIMYWH, XapaKTepU3yIOINX He3aBUCUMBbIE (haKTOPBI J0CTa~
TOYHO I HAXOXKJIEHUsI BEPOSTHOCTHBIX OIEHOK HapaMeTpoB gedopMaruii Kak
GYHKIMKM yIpaBIseMbIX XapaKTEePUCTUK MPOIEIypbl. B KadecTBe TakKWX BEJIMIUH
[PUMEHEHBI BEPOSITHOCTH CHOCA OIEHOK (yJIy9INeHUs, YXY/IIeHs] 1 He U3MEeHEeHUst
OIEHOK 110 OTHOIIEHUIO ONTUMAJBbHBIX 3HaYeHUsIM ). JIJIsl 10y IeHNsT PACUETHBIX BbI-
pazkKeHui BEpOSATHOCTEN CHOCA OIEHOK MCIOJIB30BaHA HOPMAJIN3YEMOCTD CTOXACTUIe-
CKOT'O TPAJIMEHTa, [EJIeBOM (DYHKIMN IPU yBEJIUICHIN 00beMa JIOKAJIBHON BBIOOPKH
OTCYETOB M300parKEHUit, 10 KOTOPOil oH HaxoauTcst. [1oyaeHbl BoIpaykeHust JJIst CH-
TyaIuii NCIOJb30BAHUS B KA9eCTBE TeJIeBbIX (DYHKIHIT OoreHuBanusi Ko3hduimenra
MEXKKaJIPOBOI KOPPEJISIIIUU U CPEJIHEr0 KBaJjpara MexKKaJIpoBoil pasHoctu. s 1o-
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cile/ero Ha pucynke 1 npuBejienbl rpadUKH BePOATHOCTH p; yiIyHIIeHust OLeHKH
apaJiyIeJIbHOTO C/IBUTa h M300parkeHuit OT MOTPEITHOCTH OIIEHUBAHUS £, IIPU 00beMe
BoiGOopKu 1 (kpuBast 1), 4 (kpusas 2) u 10 (kpusast 3). Tam Ke MOKA3aHBI IKCIIEPU-
MEHTAJIbHbIE PE3YJILTATHI (KPECTUKH ), MOJIY YCHHBIE CTATUCTHYECKUM MOJIEJIUPOBAHU-
€M Ha UMATHPOBAHHBLIX M300PasKeHUAX C AHAJOTUIHBIME apAMETPAMU.

Fﬁ' Ilf%'— i 0.2
1000 ﬂill’m'ﬁ/; ”g{l”t W’)
@ _‘:—-—-‘jﬂ%ﬂﬁ =0
| =
2 500 pl=—""2
0% G0 5 0 3 10 15 E ®) CA
Pucynor 1 Pucynor 2

Kpowme Toro meronuka npeiiosaraeT JUCKPETU3AIUIO 00JIACTH OLPEJICJICHIS I1a-
pameTrpoB gedopmariuii. OCOOEHHOCTBIO METOIUKH SIBJISIETCS ¥ TO, 9TO B HEll MO/
aHAJIM3UPYeMbIX m300parkeHnuit u mymos 3agaorcs [IPB u aBrokoppensimuonabiMu
dyakmmamu. PaccMoTpeHo HaxoXKaenne ¢ ucrnosb3opannem meroaukn [IPB omenox
rmapamMeTpoB Jedopmalinii n3o0parxkeHuit, GopMUpyeMbIX 0e3bIICHTIMUKAIITNOHHOMN
peJieitHol TIpoIte/Iypoil 3a 3a/laHHoe KoHevunoe ducje ureparuii. Ha pucynke 2 mpu-
BejieHbl rpuMepsl pacdera [IPB w, nmorperntsocTu € onenku ciasura n300pazkeHuil Ha
UTEpalUAX PEJEHHOr0 OIEHUBAHUS IPU U3MEHAIOIEMCH (PUCYHOK 2a) U IIOCTOSHHOM
(pucynok 26) koadduimenTax MaTPUIbI YCUICHUS.

Pabora nmogzep:xana rpantamu PODIU Ne 19-29-09048 u 18-41-730006.

[1] Tashlinskii A. G., Safina G. L., Kovalenko R.O. Probabilistic finite modeling of
stochastic estimation of image inter-frame geometric deformations // Journal of Physics:

Conference Series, 2019. Vol. 1368. No 3.
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Probabilistic modeling of stochastic estimation process of image
inter-frame geometric deformations

Tashlinskii Alexander Grigorievich'x tag@ulstu.ru
Safina Galina Leonidovna® minkinag@mail.ru
! Ulyanovsk, Ulyanovsk State Technical University

2Moscow, National Research Moscow State University of Civil Engineering

Estimation of geometric deformations the parameters of an image sequence is
one of the urgent problems and understanding of image processing. One of the
approaches to solve this problem is stochastic estimation. Stochastic approxima-
tion procedures that are asymptotically optimal in convergence rate are known, but
the accuracy capabilities of procedures of this class have been investigated only in
asymptotics. Approaches to improving (accelerating) and analyzing the accuracy of
estimates of stochastic approximation algorithms for a finite number of iterations
are based, as a rule, on taking into account a priori information about the optimal
solution, which is specified by a finite probability density (PD). In the absence of
such a priori information, optimal algorithms at final iterations can lead to estimates
that are very far from optimal.

In the report a method of probabilistic finite modeling of stochastic estimation
of image inter-frame geometric deformations parameters is proposed. Modeling the
process of stochastic estimation of deformation parameters requires taking into ac-
count a complex set of influencing factors. The factors that do not depend on the
parameters of the estimation procedure are the PD and correlation functions of
images and interfering noise, as well as the form of the objective function of the esti-
mation quality. The characteristics of the procedure that can be influenced include
the method for calculating the stochastic gradient, the gain matrix, the number of
iterations, and the initial approximation of the vector of parameter estimates.

In order to realize the modeling procedure, it is advisable to use the minimum
set of values characterizing the independent factors sufficient to find probabilistic es-
timates of the deformation parameters as a function of the controlled characteristics
of the procedure. As such values, the probabilities of the demolition of estimates
(improvement, deterioration, and no change in estimates in relation to the optimal
values) are used. To obtain the calculated expressions for the probabilities of the
demolition of the estimates, we used the normalizability of the stochastic gradient
of the objective function with an increase in the volume of the local sample of image
samples from which it is found. Expressions are obtained for two objective functions
for estimating: the interframe correlation coefficient and the mean square of the
interframe difference. For the last, Figure 1 shows the dependences of the probabil-
ity PZ of the parallel shift estimate improvement on the estimation error ¢, for a
sample size of 1 (curve 1), 4 (curve 2) and 10 (curve 3). The same figure shows the
experimental results (crosses) obtained by statistical modeling on simulated images
with similar parameters.
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Pucynor 1 PrcyHox 2

In addition, the technique assumes discretization of the domain for determining
the deformation parameters. A feature of the method is that in it the models of the
analyzed images and noise are set by the PD and autocorrelation functions. Finding
the image deformations parameters estimates formed by a non-identification relay
procedure for a given finite number of iterations with usage of the PD method, is
considered. Figure 2 shows examples of calculating the PD w. of the image shift
estimation error ¢ at the relay estimation iterations with changing (Figure 2a) and
constant (Figure 2b) gain matrix coefficients.

When modeling the process of stochastic gradient estimation at each iteration, an
adaptive limitation of the boundaries of the modeling window in the parameter space
is applied. In this case, in order to preserve the accuracy of the simulation, the drift
probabilities are corrected at the nodes of the discretized domain for determining the
parameters near the boundaries of the simulation window. This allowed several times
to reduce the computational costs while maintaining the adequacy of the model.

The proposed method of probabilistic finite modeling can be used to find the
accuracy and probabilistic characteristics of stochastic algorithms for estimating
interframe geometric deformations of images for a given number of iterations.

This research is funded by RFBR, grants 19-29-09048 and 18-41-730006.

[1] Tashlinskii A. G., Safina G. L., Kovalenko R.O. Probabilistic finite modeling of
stochastic estimation of image inter-frame geometric deformations // Journal of

Physics: Conference Series, 2019. Vol. 1368. No 3.
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BoccTaHoBneHue peweHuin ypaBHeHun tuna YpbiCcoHA

Benos3y6 Baadumup Anmonosur’ disstroier@mail.ru
Kosnoea Mapeapuma Tennadvesna art-inf@mail.ru
Jyxvarenxo Baadumup Andpeesus'x art-inf@yandex.ru

L Cumdpeponons, PIAYO BO «Kpbivckuii deepaibHblil yHIBEPCHTET
um. B. 1. Bepnajickoro»

PacecmarpuBaercst 3a7ada  BOCCTAHOBJIGHUsI DPEIICHUN ypaBHEHUs Y PBICOHA B
[IPEJIOJIOKEHIH, 9TO U3BECTHA AIPUOpPHAast UHGMOPMAIMA O PElIeHUH W JIOTOJTHI-
TesibHAs NHGOPMAIUS O PeleHnn OJIM3KUX ypaBHEeHUH. 3/1eCh BOSHUKAIOT JIBE CAMO-
CTOsITe/IbHBIE 33/1a9i 00pabOTKU ¥ MHTEPIIPeTalii KOCBEHHO I10J1yYaeMbIX JaHHBIX.
Ob6paboTKa Oy YeHHBIX IKCIEPUMEHTAIBHBIX JTAHHBIX [IPOBOJIUTCS C IEIbI0 BbIIE-
JIEHUST MAKCUMyMa JOCTOBEPHOM MHMOpMAIMA O PEAJbHBIX XapaKTEPUCTUKAX BOC-
craHaBmBaeMbIix GyHKrnmit. Habmaro1aores ToJbKO HHTerpabHbIe XapaKTePUCTUKH,
T. €. YIUTBIBAIOIIIE CyMMaPHDIit 3hdheKT oT Beex Touek HabJogaeMoro oobexkra. Ta-
KHe XapaKTEePUCTUKN HEIYCTBUTEJBHBI JIazKe K OOJBIINM U3MEHEHUSIM BEJINIUH, Xa-
PAKTEPUIYIONUX OODBEKT, €CJU ITU U3MEHEHUsI KOMIIGHCUPYIOT JAPYr JApyra. Takum
obpa3oM, 3ajiada WHTEPIPETAIN COCTOUT B peleHnn obparTHoil 3ajgaun Az = wu.
[Ipsmas 3aja9a COCTOUT B M3MEDPEHUHM HHTErPAIHHBIX XapaKTEPUCTUK O0beKTa —
[PaBBIX YacTell MHTErpaJbHBIX ypaBHEHHUil Tuma YpbicoHa 1-ro pojia w 1Mo 3aJaH-
HBIM UCXOJHBIM 3aBUCUMOCTSIM Z, XapaKTEPHU3YIOMNUM O0ObHEKT.

Mudopmarysi 0 MOHOTOHHOCTH UCKOMOI'O DellieHust () MO3BOJISIET CBECTH 33/1a-
1y peIlleHnsl HeJIMHEHOTO ypaBHeHusT ¥ PhICOHA 1-TO pojia K JIMHEHHOMY yDPaBHEHUIO
THIIA CBEPTKHU. YdUeT pa3Hoobpas3Hoil madopManmm yxke TpedyeT pa3pabOTKu WH-
TEJUICKTYAJIM3UPOBAHHON CUCTEMbI 00pabOTKN JIaHHBIX. JIaHHBIH TO/X0/T TPUBOJIUT
K Pa3JIMIHBIM CIIEHAPUSIM HAXOYKJCHUsI MCKOMBIX BEJIUYIUH 110 PE3yJIbTaTaM KOCBEH-
HBIX U3MEPEeHUii ¢ y9eTOM pa3HooOpa3Hoil nHdopMaIuu. 3/1eCb eCTECTBEHHO UCIIOJIb-
30BaTh perreHne 6JiM3Koro ypasaenusi. st 000CHOBaHMST BOCCTAHOBJIEHUsI PEIIEHUIT
UCCJIe/lyeMbIX YPABHEHUH € MOMOIIBIO JBYX YPABHEHUN, pACCMATPUBAECTCS CXEMa Pe-
IIeHNs OJTHOTO ypaBHeHHs Az = u Ha OCHOBE DENTeHUs OJM3KOTO eMy ypaBHEHU
AZ = 4. 3amaua cBojmTCS K JBYM OJM3KUM 3SKCTpeMANbHBIM 3ajgadaM M[z] =
= aHzH%/VQl + ||Az — u||%2,Ma[2] = &HZH%V% + |4z — ||7, mmm K SKBEBATEHTHBIM
ypasrenmsM Bz = a(—2" + 2) + A*Az = A*u =g, BZ = a(—3" 4+ 2) + A* Az =
= A" = g C MapaMeTpaMm PeryJsipUsaIu o, .

Ecsm soimonusiercs yeaosue ||B~H(B — B)|| < 1, Torja urepanuonublii mporece
Zn41 = zng_l[an — g] — cxoxuTcst B ng Bcee ssiementnl z,, 001a0a10T CBOACTBOM
2* — 2z, C W4. Crpaseymsa bopMyJIa Jist OTPENTHOCTH:

B~Y(B - B)||*
len — 2| < [|B~1( il

< = = .E_lg 1.
R ATLGE
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Pasnoobpasue ajropuTMoB CIeLyeT U3 NPUMEHAEMBIX METOI0B DEryJisipU3aIyn,
JUIst MeTOJla peryisipusanuu Jlaspentoesa F(z) = Az—u+a(z—2z,,) nTepanyoHHas
[POIE/[yPa IOCTPOEHUST Zp, 41 TPUOJKEHUST Zp41 = Zp+h IPUBOIUT K AJITOPUTMY
HaxoxleHus: h u3 smueiinoro ypasuenusi (o + (A'z,)|h — F(z,) =0 wm

Zni1 = 2n — Yol + (A'2)] Az, —u+ a2z, — 2)].

B kauecTBe GIM3KNX ypaBHEHHIT CJelyeT PacCcMaTPUBATh yDABHEHHS
Kh = [al + (A'z,)|h = Az —u+alzy, — 2m) = g,
Kh = [al + (AZ)|h = A%, — 0+ &z — Zm) = 3,

rre, obecrreuns ||K1(K—K)|| < 1, MoxkeM HaiiTi pelnenue depes perienue GmsKoro
ypaBHeHHsI, 60jIee IIPOCTOrO MO CBOEH CTPYKTYype, NN PeIleHne, KOTopoe yxKe Hafi-
JIEHO JIjIsl Pa3/JMYHbIX ypOBHel mnorpemtnoctu (nperenentas undopmarms). s
MoAuUIMPOBAHHOIO BapuanTa merojia Jlesembepra-MapkBapira penieHus Heu-
HEeMHbIX ypaBHEHUII B 4aCTHOM Cjlydae UMeeT BUJL

Zng1 = 2n — YA (20) A" (zn) + o)A (2)* (Azn — us) + a2 — Z)]-

31ech z,, — HavaJabLHOE NPUOIMXKEHUE JIJI UCKOMOTO PEIIeHUs.
Takum obpazom, Hammane 3HMEKTUBHO PENIaeMbIX OJU3KUX YPABHEHUN MTO3BO-
JISIeT CTPOUTH AJTOPUTMBI JIJIST UCXOHBIX YPABHEHMIA.

[1] Lukyanenko V. A. Some Tasks for Integral Equations of Urison’s Type // Proceedings
of the International Conference «Integral Equations —2010», 2010. Pp. 80-84.
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Reconstruction of solutions of equations of Uryson type

Vladimir Belozub' disstroier@mail.ru
Margarita Kozlova' art-inf@mail.ru
Vladimir Lukianenko®x art-inf@yandex.ru

!Simferopol, V.I. Vernadsky Crimean Federal University

We consider the problem of restoring solutions to the Urysohn equation under
the assumption that we know a priori information about the solution and additional
information about the solution of close equations. Here there are two separate tasks
of processing and interpretation of the data obtained indirectly. Processing of the
obtained experimental data is carried out in order to extract the maximum reliable
information about the real characteristics of the restored functions. Only integral
characteristics are observed, i.e. they take into account the total effect of all points
of the observed object. Such characteristics are not sensitive even to large changes in
the values that characterize the object, if these changes compensate for each other.
Thus, the problem of interpretation consists in solving the inverse problem Az = u.
The direct problem is to measure the integral characteristics of an object — the
right-hand sides of Uryson-type integral equations of the 1st kind u from the given
initial dependencies z that characterize the object.

Information about the monotonicity of the desired solution z(s) allows us to
reduce the problem of solving the nonlinear Uryson equation of the 1st kind to a
linear convolution equation. Accounting for a variety of information already requires
the development of an intelligent data processing system. This approach leads to
different scenarios for finding the desired values based on the results of indirect
measurements, taking into account a variety of information. Here it is natural to
use the solution of a close equation. To justify the recovery of solutions of the studied
equations using two equations, we consider a scheme for solving a single equation
Az = u based on the solution of a close equation Az = w. The problem is reduced
to two close extreme problems

Me[2] = al|z|[fy; + 1Az — ul[f,, M°[2] = &l[2]l, +[|AZ - allZ,
or to equivalent equations Bz = a(—2" + 2) + A*Az = A*u =g,
Bi=a(-3"+2)+ A Az =Au=3

where a, @ — the parameters of regularization.
If the condition ||[B~*(B — B)|| < 1 is met, then the iterative process z,11 =

= 2,B71[Bz, — g] — converges to W4. All elements of z, have the property z* —
— 2zn C W21 The formula for error:

I1B=(B - B)|"

= = Eilg 1.
ST

llzn — 27| <
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The variety of algorithms follows from the regularization methods used, for the
Lavrentiev regularization method

F(z)=Az —u+a(z — zm)

iterative construction procedure z,41 approximations z,1=z,+h leads to an algo-
rithm for finding h from the linear equation [af + (a'zp)]h — F(zp) = 0
or

Znp1 = 2n — ]l + (A)] Az, —u+ a2z, — 2m)].

The equations should be considered as close equations
Kh = [al + (A'zp)|h = Az, —u+ a(zp — 2m) = g,
Kh = [al + (A'Z,)]h = AZ, — i+ a(Zn — Zm) = G,

where, by providing ||K—(K —K)|| < 1, we can find a solution through the solution
of a close equation that is simpler in its structure, or a solution that has already
been found for various error levels (case information). For a modified version of the
Levenberg-Marquardt method, solutions of nonlinear equations in the special case
have the form

Zn4l = Zn — fy[g'(zn)*g'(zn) + aI]_l[g’(zn)*(Azn —ug) + alzn — Zm)],

where Zz,, — initial approximation for the desired solution.
Thus, the presence of effectively solved close equations allows us to build algo-
rithms for the original equations.
[1] Lukyanenko V. A. Some Tasks for Integral Equations of Urison’s Type // Proceedings
of the International Conference jjIntegral Equations — 2010;,, 2010. Pp.80-84.
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Ckener cumBona Kak mogesnb cnega nepa Aasi pacrno3HaBaHuUs
NO BOCCTAHOBJIEHHOW TpaekTopumn

Apcees Cepezeti Ilemposuy'x 9413serg@gmail. com
Mecmeuyxuti Jleonud Mouceesun' mestlm@mail .ru

"Mocksa, MockoBckuii rocysapcrsennsiii yausepcurer umenn M.B. Jlomonocosa

PacnosnaBanune pyKOIUCHOIO TEKCTA SABJISIETCS AKTUBHO HCCJIELYEeMOU 3aJiadei
KOMITBIOTEPHOTO 3PEHMsI, HAXOMAIIECH CBOE MPUMEHEHHE BO MHOIHX MPAKTHICCKIX
obJTacTsIX, HAIpUMeEpP, B aBTOMATHIECKOl 0OpabOTKe MOKYMEHTOB WU B pabore ¢
apxuBamu. CyIecTByeT JiBa OCHOBHBIX TOJIXOJa K PeIreHuto 31oi 3amaqdu: offline- n
online-pacriosHaBaHnue.

Offline-pacnosnaBanue npejcrapyser coOoil 3a/1ady PACIIO3HABAHNUS HAITMCAHHO-
IO TEKCTa 10 ero N300parkKeHno. JTa 3ajada, Jalle BCEro BCTPEIACTCS Ha TPAKTUKE.
Online-pacniozHaBanue peJICTaBIsgeT coOOi 3a/1a9y PACTIO3HABAHUST TEKCTA 110 3AITH-
CAHHOMY B IIPOTIECCE €0 HAIMCAHUS CJiey epa.Takas 3ajada 9acTo aBisgercs bosee
[IPOCTON B pereHnn, deM 3ajada offline-pacrosnaBanusi, HO OCHOBHOII TPOOJIEMOIH
TAKOI'O IOJXOMA SIBJIIETCsI HEOOXOIUMOCTH HCIOJIB30BAHUSI CIEIUAIbHOTO 3aIUCHI-
BAIOIEro OOOPY/IOBAHUS IIPU HAIMCAHUU TEKCTA, UTO CYIIECTBEHHO OIDAHUINBAET
[IPUMEHEHUE STOTO MOJIX0/a Ha TPAKTUKE.

e mamHOil paboThl — MONMBITATHCsT cBecTH 3ajady offline-pacrnosnaBanust py-
KOIIMCHBIX CHMBOJIOB K 3ajiade online-pacrio3naBaHust IIOCPEJCTBOM PEKOHCTDYK-
U BO3MOXKHOI'O CJieJla Iiepa 10 n300paykeHuio. Takoe CBeJleHHe IO3BOJIUT pe-
[IATh IMUPOKUI CIIEKTP 3a8/1a9 PACIIO3HABAHUS PYKOIUCHOIO TeKCTa MeTomamu online-
pacro3HaBaHus, KOTOPbIE YacTO OKAa3bIBAIOTCA Oosiee 3(PpDEKTUBHBIMU U HE CTOJIb
TpeboBATEIbHBI K 00bEMy 00yuaroteil Boibopku. OCHOBHOI mjieeil mpeJJIoyKEHHOrO
IOJTXO/IA SIBJISIETCS TTOCTPOEHNE MOJICJIM CHMBOJIA B BHJIE T€OMETPHIECKOro rpada ¢
BEpIIUHAME B TOYKAX, OJIM3KKUX K IIOJIOYKEHUIO IIEHTPa IIepa [IPU HaYePTaHUU CHMBO-
Jia, 1 pEOpaMu, COOTBETCTBYIOIIUME OTPE3KAM TPaeKTOPHUM JIBUXKeHus repa. locse
MMOCTPOEHUsT TAKOW MOJIEIN BOCCTAHOBJIEHHBINH CJief| Tiepa OyJIeT siBISITbCA MapIipy-
TOM B JaHHoM rpade. s aToro mcrnoin3yercs MeauaabHOe IPEJICTABICHUE WIN
CKeJIeT CUMBOJIA Ha 9TOM M300paKeHWH, TJIe CKEJIETOM HA3BIBACTCS MHOXKECTBO IEH-
TPOB BCEX BIIMCAHHBIX IIyCTHIX KPYTOB (PUTYPHI.

Auropur™m cBenenus 3aaun offline-pacnioznasanus k 3aja4e online-pacrio3nasanust,
[IPEJJIOYKEHHBI B 9TO paboTe, COCTOUT U3 CJIEAYIONUX IMAroB: IMOCTPOEHUE CKeJie-
Ta CUMBOJIA U TIPEJCTABJIEHUE €ro B BHje Tpada; MOCTpoeHne Mo JaHHOMY rpady
BCIIOMOTATETLHOTO Tpada, Ha3bIBaeMOTO MeTarpadoM, /i 0bIerIeHusT Pa3penteHns
HeoTHO3HATHOCTE 00X0/1a; mocTpoeHne obxoa Metarpada; mocTpoeHune 006xo/1a mc-
xoHOTO Tpada 1o 00x0y MeTarpada u reHepamsaus 00xoja rpada mocpejIcTBOM
arperupoBaHusl BEPIIUH U PEGEP.

OCHOBHBIM KPUTEPHUEM MTPUTOJHOCTH BOCCTAHOBJIEHHOIO BO3MOXKHOTO CJieja [epa
JUTsl PACIO3HABAHUST CUMBOJIA aJropuTMaMu online-pacro3naBaHust SBJISIETCS CPaB-
HEHME KauecTBa paboThl AJITOPUTMA PACIIO3HABAHIS HA PEAJBHOI TPAEKTOPHUH TIepa 1
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Ha BOCCTAHOBJIEHHOI 110 3aImcu cuMBOJIa. Kpurepuem ke BO3MOXKHOCTH PACIIO3HABA~
HUsI TOCPEICTBOM cBejieHus 3asaan offline-pacnosznaBanus K online-pacnozaaBanuio
SIBJISIETCsI CDABHEHUE KAYeCTBa PACIO3HABAHUS C UCIOJIB30BAHUEM IIPE/IJIOYKEHHOTO
AJITOPUTMa U PACIIO3HABAHUS TPAIUIIMOHHBIME MeTofamu offline-pacrosnaBanmus.

st pacro3HaBaHusl CUMBOJIOB € HCIIOJIB30BAHUEM IOJIYIUBIIENHCS TPACCHI HC-
MOJIB30BAJICA AJTOPUTM, OCHOBAHHBIN Ha NCIIOJIb30BAHNM PEKYPPEHTHON HEHpPOHHOI
ceTH, cocTodAmeil u3 24 CA0EB yIpaB/ISIeMbIX PEKYPPEHTHBIX OJIOKOB C CHUT'MOVTHOM
dyHKIMel akTuBanuu. B KadecTse ajibrepHaTuBHOrO MeTo1a offline-pacriosnaBanust
ucroJib3oBajach Heiipocerb VGG16, npenodbydennast Ha 6ase ImageNet. Pasouenue
Ha 00yJaroIIy0 1 TECTOBYIO BEIOOPKHU ITPOBOIUIOCH TAKXKe B COOTHOIIeHNH 4:1. DKC-
[IEPUMEHTHI TPOBOUJINCH HA HAOOPE JAHHBIX, COIEPIKAIIEM IOCIEI0BATEIHLHOCTH TO-
Y€K, COOTBETCTBYIONINX IOJIOKEHUAM 1epa. [lociienoBaTesbHOCTH OB 3AIIMCAHDBI C
[IOMOII[BIO CEHCOPHOI'0 KOHTPOJIJIEPA, COXPAHAIONIETO IIOCJIEI0BATEIHHOCTA KOOPIHU-
HAT NpU JIBUXKeHnn 1epa. Habop JaHHBIX COCTOUT M3 CEMH KJIACCOB, JJIsl KayKIO0TrO
kutacca umeercsi 1o 100 npumepos. ist mosryuenust nzobpazkenuit Tekcra st offline-
pacrmo3HaBaHus 3TU CHMBOJIBI OBLIM PACTEPU30BAHBI. BIIOCIeICTBUN AJITOPUTM BOC-
CTAHOBJIEHUsI BO3MOXKHOI'O CJIE/Ia IIepa PADOTAJ C STUMH PACTEPUIOBAHHBIMI CHMBO-
JlaMHU KaK C U300pakKeHUsAME, O0e3 MCIIOJIb30BAHNS UCXOIHBIX JAHHBIX O ITOJIOYKEHHH
repa.

PesynbraThl 5KCIIepUMEHTAIBHOTO UCCJIEI0BAHUSI METOJIOB PACIO3HABAHUS TIPH-
Besenbl B Tabsuie 1. Merompr ob6o3nadensr ciemaytomum oopazom: RNN-True — pe-
KyppeHTHas HefpOHHAs CeThb, OOyYeHHAas] Ha MCTHHHBIX JAHHBIX O ITOJIOYKEHWUH IIe-
pa; RNN-Offline — pexyppenrnas Heitiponnast cerb, 00ydeHHas] HA BOCCTAHOBIEHHON
tpaekropun 1epa; VGG — cséprounas cetb VGG16, npenobydennas na ImageNet
u 1000yYeHHasT Ha W300parKeHUusiX U3 Habopa.

Meroy  [TounocTn
RNN-True 0.93
RNN-Offline] 0.87
VGG 0.60

Tabauma 1. Pe3ynbraThl 9KCIIEPUMEHTATBHOTO UCCJIEIOBAHUSI.

Buiro, 9To mpe/itoyKeHHbII METO/T ITPeICKa3yeMo OTCTaéT OT online-pacro3HaBanust

110 UCTUHHBIM JIAHHBIM, HO IIPU 9TOM OH 3HAMUTEIHLHO OIEPEXKAET 110 CBOUM XapaKTe-
pucturam meros offline-pacnosnaBanusi, Hecmorpst Ha TO, 4To cerb VGGI16 mpeo-
byuasnach Ha Habope maHHbIX ImageNet, a momean online-pacnosnaBanust 661U 00Y-
YEHBI C HyJIs HA JOCTATOYHO MAaJIoi obydarorieit Beroopke. Takum oO6pa3oM, UCIOIb-
30BaHNe PEKYPPEHTHON HEHPOHHON CeTH COBMECTHO C IPEJJIOKEHHBIM aJTrOPUTMOM
s online-pacro3naBaius 06eCIIeInBaET BO3MOKHOCTL OOYIE€HNS U PACIIO3HABAHUS
JlaxKe B yCJIOBHAX MaJioif o0ydJaronieil BLIOOPKHU, Ha KOTOPOil HECITOCOOHBI 00y IUThCS
COBpPEMEHHbIE CBEPTOYHBIE MOJIEJIN.
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JanbHeiime HAIPaBIEHUsT NCCIEIOBAHNS MOTYT BKJIIOYATH B CeOsT COBEPIITEH-
CTBOBaHNeE MeTOJ[a BOCCTAHOBJIEHUSI TPAEKTOPHUH I1epa, PacIliupenne KOAJeKIINN JaH-
HBIX HA BeCh a/I(PaBUT C YBEJUUICHUEM YHUCJIA MTOYECPKOB, SKCIIEPUMEHTHI C PACIIO3HA~
BaHUEM HEIPEPBIBHBIX MOCIIEA0BATEIBHOCTEIl CUMBOJIOB, & TaKzKe 9KCIEPUMEHTHI 334
3aNTyMJIEHHBIX JAHHBIX.

Pabora nmomep:xana rpaarom PODU Ne20-01-00664.

[1] Apcees C.II., Mecmeuxud JI. M. PacnosnaBanue pyKOIUCHOIO TEKCTA IO BOCCTAHOB-

JIEHHOMY CJIeJly Ilepa C IIOMOIIbIO MeMaJbHOro npejcrasienus // VHadopmannonHbie
rexHostoruu u Hanorexuosorun (MTHT-2020), 2020. C. 683-689.
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Symbol skeleton as a pen trace model for recognition using
reconstructed trace
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The task of handwritten text recognition is a major part of computer vision which
has various practical uses such as automatic processing of documents or digitalization
of handwritten text archives. There are two main approaches to that problem: offline
and online recognition.

Offline recognition approach only uses the text image as an input. This approach
is the most widely used in practical applications. Online recognition, on the other
hand, is based on a recorded pen trace. This task can be easier than offline recogni-
tion in some cases, however the main difficulty limiting this approach is the necessity
to use special hardware at the time of recording which limits the practicality of this
approach.

The goal of this paper is to try and reduce the offline handwritten symbol recog-
nition task to online recognition via reconstructing the possible pen trace. This
reduction allows us to apply online recognition methods to a wider group of prac-
tical tasks potentially gaining performance and reducing the necessary training set
size compared to offline methods. The main idea of the proposed approach is to
model the symbol as a geometrical graph with nodes close to pen position at the
time of writing and edges representing the pen movement between the nodes. After
this, a walk in this graph that includes all nodes of the graph will be modelling a
potential pen trace. For this purpose, a skeleton or a medial axis of a sybbol is used
where a skeleton oof a polygonal figure is the locus of the centers of circles that
are tangent to the polygon edge in two or more points, where all such circles are
contained in the figure.

The pen trace reconstruction algorithm presented in this paper consists of the
following steps: medial representation construction and its representation as a graph;
construction of an auxiliary graph called a metagraph of the original graph which
simplifies possible tracing ambiguities; calculation of a walk in the metagraph calcu-
lation of a walk in the initial graph using the metagraph walk and trace generalization
via aggregation of short edges and closely positioned vertices.

The main quality criterion of the reconstructed pen trace for the recognition
task is the comparison between offline recognition, online recognition with true pen
trace and offline-to-online recognition with the reconstructed pen trace. A recurrent
neural network based algorithm was used for online symbol recognition where the
network consisted of 24 gated recurrent units with sigmoidal activation function.
A VGG16 convolutional neural network pre-trained on ImageNet dataset was used
as an offline recognition method. Images were split into training and testing sets
in 4:1 proportion. The experiments were conducted on a dataset containing point
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sequences corresponding to pen positions. The dataset consists of 7 classes with 100
examples for each class. To get training images for offline recognition, these traces
were rasterized. The pen trace reconstruction algorithm then processed them as
images without additional information about the pen position.

The results of the evaluation are shown in Table I. Recognition methods are
marked as follows: RNN-True — recurrent neural network trained on the real pen
trace data; RNN-Offline — same network trained on reconstructed pen trace data
provided by the proposed algorithm; VGG — the VGG16 convolutional network pre-
trained on ImageNet and fine-tuned on the training set.

Method |Accuracy
RNN-True | 0.93
RNN-Offline,  0.87
VGG 0.60

Table 2. Experimental evaluation results.

The proposed method ranks below the online recognition on true data but has a
significant advantage over the offline recognition method despite the VGG16 network
being pre-trainied on the ImageNet dataset and the online recognition models being
trained from scratch on a very small training set. This way, a recurrent neural
network used for online recognition in conjunction with the proposed algorithm
allows successful learning and recognition even for the small training set insufficient
to train modern convolutional models.

Further research is underway and will include improvements in the pen trace re-
construction methods for more accurate reconstruction of continuous strokes and ex-
perimental evaluation of different offline and online recognition algorithms on larger
datasets containing more symbol classes as well as continuous sequences of symbols.

This research is funded by RFBR, grant 20-01-00664.

[1] Arseev S., Mestetskiy L. Handwritten text recognition using reconstructed pen trace
with medial representation // Information Technology and Nanotechnology (ITNT-

2020), 2020. Pp.683-689.
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leneparuBHO-cOCTsI3aTE/IbHBIE HEHPOHHBIE CETHU IIPUMEHEHBI JJIsl ITOBBIIIEHUST
pa3perieHnst CIIy THUKOBBIX M300PayKeHUl OMPEeIeIEHHOIO Kacca 0e3 MPUBJICICHUST

JOTIOTHATEILHBIX JAHHBIX. OTeHKa KaTeCTBa MOy IaeMbIX N300pasKeHnii MOBLIITEH-

HOI'O pa3peIleHUs] IPOBOIUTCS OTHOIIEHUEM CHIHAJI/IIYM M MEpOil CTPYKTYDPHOI'O

cxozcTBa. Ha ocHOBe M3BeCTHBIX (DYHKIINM MOTEPDH, UCIOJIb3YEMbIX B M€HEPATUBHO-

COCTSI3aTeJIbHBIX HEPOHHBIX CeTsIX, [TOJIyueHa (DYHKIMs, CleruuIHas JIJjis pernae-

Moii 3a1aan. OOy deHre u TeCTUPOBAHUE BEIETCs Ha IIPUMePe N300 parkeHnit 00beKTOB

JKEJIe3HOMOPOXKHOM NHMPACTPYKTYPDI, BHIOOPKA, TPEICTABIAECT OKOJIO 78 KM KejIe3-

HbIX J10por. OcobeHHOCTh pa3pabOTAHHOTO IMOJX0/A 3aKJII09aeTCst B O0beINHEHUN

MeTO/Ia Ha OCHOBE T€HEPATUBHO-COCTA3ATE/IHLHBIX HEHPOHHBIX CeTel U KJIACCUIECKUX

MeTo0B. Jjisi cHHTe3a MYJIBTUCIEKTPAJIBHBIX KAHAJIOB MOI'YT UCIIOJIb30BATHCS aJIr0-

PUTMBI CJIUSTHUST W300parKeHUI, OCHOBaHHbIE HA BEPOSITHOCTHOM aHAJIN3e, BelBJIeT-

aHaJIM3e, METO/Ie TJIABHBIX KOMITOHEHT, IIPEOOPA30BAHNN IIBETOBLIX KOMIIOHEHT.
PaGora Bbinosnena upu nojyiepzkke Munobpuayku Poccunu (yHUKaJIbHBIA uieH-

rtucduxarop npoekra RFMEFI60719X0312)

[1] Henamwves B. I0., Mamsees H. A., Mypwnun A. B., Yemanosa A. A., Lyprxos B. H.
HOBI)IHJGHI/IG IPOCTPAHCTBEHHOI'O Pa3pelIeHndA IMaHXPOMATUICCKUX CIIY THUKOBBIX I/I306—
pParkeHMil HA OCHOBE reHepaTuBHBIX Heiipocereii // Ussectns PAH. Teopus n cucremsr
yrupasJerusi, 2021. Nel.
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Application of generative neural networks to increase the spatial
resolution of satellite images

Alexander Murynin', 2« amurynin@bk.ru
Ivan Matveev' matveev@ccas.ru
Viadimir Ignatiev® vladimir.ignatiev.mipt@gmail.com

"Moscow, FRC CSC RAS
2Moscow, AEROCOSMOS Research Institute for Aerospace Monitoring
3Moscow, Skolkovo Institution of Science and Technology

Generative adversarial neural networks are used to increase the resolution of
satellite images of a certain class without involving additional data. The quality of
the obtained high-resolution images is assessed by the signal-to-noise ratio and the
measure of structural similarity. Based on the known loss functions used in genera-
tive adversarial neural networks, a function specific to the problem being solved is
obtained. Training and testing is carried out on the example of images of railway in-
frastructure objects, the sample represents about 78 km of railways. The peculiarity
of the developed approach is to combine the method based on generative adversarial
neural networks and classical methods. To synthesize multispectral channels, image
fusion algorithms based on probabilistic analysis, wavelet analysis, principal com-
ponent analysis, and color component transformation can be used. This research is
supported by Ministry of Education and Science, project ID RFMEFI60719X0312.
[1] Ignatiev V., Matveev I., Murynin A., Usmanova A., Tsurkov V. Increasing the spatial

resolution of panchromatic satellite images based on generative neural networks //

Journal of Computer and Systems Sciences International, 2021. No 1.
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MeTtoa pacno3HaBaHus WPUPTOB HAa OCHOBE MeaAnaibHOro
npeacraBneHus

JTunxuna Anna Jlveosna'x lipkina96@mail.ru
Mecmeuyxuti Jleonud Mouceesu' mestlm@mail .ru

'Mocksa, MockoBckumii rocyapcrseHnbii yausepcurer nmenn M.B. Jlomonocosa

B crarbe ommceiBaercs Meron pacro3HaBaHUs MIPUMOTOB HA OCHOBE MEIUATIHLHOTO
[IPE/ICTABJICHIS, MHTEIPUPOBAHHBIN B CHCTEMY PACIIO3HABAHUA MIPUMTOB 110 1TuPO-
BOMY M300PaKeHUIO TEKCTA. DTa CUCTEMA HINET MOXOKUE MPUPTHI, yIOPSIOIeHHbIE
110 CXOXKECTH, Ha MIPU@T, n300parKeHHbINT Ha BBEJICHHOM ITIOJIH30BaTEIEM N300pazke-
HUM TEKCTA.

Pabora cucrembr ocHOBaHa Ha PENIEHUHU ABYX 33129 MAITUHHOTO OOyYIEHUS: pac-
MTO3HABAHUS TEKCTa Ha M300ParKEHUH W PACIIO3HABAHUS MIPUMTa IO M300PAZKEHUTO
Tekcra. /s penrenust mepBoit 331211 UCIIOIB3YeTCs IIOHATHE MaTeMaTHIeCKON Mo/1e-
s rpadeMbl, OCHOBAHHOW Ha HEIIPEPBIBHOM MeHAJIbHOM IIPEJICTABIEHII CUMBOJIA.
Permmenne 3aa1un pacrosHaBanust mpudra OCHOBAHO Ha MOHATHH MOPQOJIOrTIECcKOi
MIUPUHBI (DUTYPBI, TAKYKE TECHO CBSI3aHHOIN C MeJMasbHBIM IpeacTaBjieHueM. Mbr
[IpeJiyIaraeM MeTOJI, UCIOJIb30BaHus (DYHKINA MOPMOJIOTTIECKON IITHPUHBI JJIsl 110~
MCKa HamboJIee TTOXOKNUX MIPU(TOB U3 U3BECTHON OA3bI.

IIpoBe/ienHbIe SKCIIEPUMEHTHI IIOKA3bIBAIOT BBICOKYIO TOYHOCTDH IIOMCKa Hanbosee
noxoxkux mpudros. st 6a3bl, cocrosieil u3 2543 mpudToB, TOYHOCTb COCTABJISET
0.991 o meTpuke top@5 Jyist TPaBUJIBHO PACIIO3HAHHOTO TEKCTA B pa3Mepe Mpudra
100 nmkceseit na n300pazKeHUN.

Pabora nmognepxana rpaarom PODU Ne20-01-00664.

[1] Jlunxuna A.JI., Mecmeurud JI. M. Meron pacnosHasanus mpudToB Ha OCHOBE MeJIU-
asibHOTO TipezicTayenust // Tpympr 30-it MexkyHApOIHON KOH(MEPEHIMN 10 KOMIIbIO-

TepHOI rpaduke n mamuaHOMY 3pernto GraphiCon, 2020.
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Medial representation based font recognition method

Anna Lipkina'x lipkina96@mail.ru
Leonid Mestetskiy' mestlm@mail .ru

'Moscow, Lomonosov Moscow State University

In this article a method of font recognition based on the medial representation,
integrated into the font recognition system based on a digital image of text is de-
scribed. This system searches for similar fonts, ordered by similarity, to the font
shown in the user-entered text image.

The system is based on solving two machine learning problems: text recognition
on an image and font recognition on a text image. To solve the first problem, we use
the concept of a mathematical model of a grapheme based on a continuous medial
representation of a symbol. The solution of the font recognition problem is based on
the concept of the morphological width of the figure, which is also closely related to
the medial representation. We propose a method for using the morphological width
function to find the most similar fonts from a known database.

The experiments show high accuracy of searching for the most similar fonts. For
a database consisting of 2543 fonts, the accuracy is 0.991 according to the metric
top@5 for correctly recognized text in the font size of 100 pixels in the image.

This research is funded by RFBR, grant 20-01-00664.

[1] Lipkina A., Mestetskiy L. Medial representation based font recognition method // In
proceedings of the 30th international conference on computer graphics and machine

vision GraphiCon, 2020.
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BurapmoHuydeckoe crnakusaHue n3obpa>keHuii

Bacuaenxo Bepa Buxmoposna® t92884876810gmail. com
Cagpporos Aanexceti ITasrosun’ mf . cellan@gmail.com
Cmwicnos Anexcarndp Andpeesur’ sarhanishe@yandex.ru
ITenases Jarnuuna ITasaosuw' xximikk16960gmail . com
Maprosckuti Anexceti Huxonaesun x mrkvsk@yandex.ru

! Kpacuomap, KyGarckuit ToCyJapCTBEHHBIH YHHBEPCATET
2 Kpacnomap, Kpacromapckoe BbICIee BOGHHOE aBHAIMOHHOE yUMININE JTETINKOB M.
Teposa Coserckoro Comosa A. K. Ceposa

PaccmarpuBaercst 3ajada CriiaXKuBaHUS MOHOXPOMHBIX IH(DPOBBIX U300pazke-
unii. [Ipeyraraembrit moIxoq MOXKHO OTHECTH K U DY3NOHHBIM METOIAM CIUIAYKUBa~
uus. Hudposbie nzobpazkenusi Mogeaupyiorces byHKImaMEu 13 npocrpancrsa La(Q),
e () moste 3penusi. PaccMaTpuBaercs paciimpenne KJIacCuIeckoro oreparopa Jla-
IJ1aca C BbIJIeJIEHUEM IIOJIIIPOCTPAHCTBA €10 B3AUMHO OJIHO3HAYHOTI'O JIENCTBUS U, Jla-
Jlee, CTPOUTCsI OOPATHBIN K HEMY — FapMOHUYECKUN ¥ OUTrapMOHUYECKUIl OIepaTop
criaxkuBanus. Takue Oneparopbl €CTh CBEPTKA UCXOJHOrO (YeTKOro) M300parKeHus
u QYHIAMEHTAJBHOIO DEIIeHns] 38 MHUHYCOM IPOEKIINA ITOW CBEPTKH HA TapMO-
HUYIECKOe WMJIM OUTapMOHUYIECKOE TOITPOCTPAHCTBO. PaccMaTpuBaeTcs: pa3ioXKeHne
upocrpascTBa Lo ((Q)) B OPTOrOHAIBHYIO CyMMY FapMOHUYECKOT0, GUrapMOHUIECKOIO
U HOBUKOBCKOI'O IOJIIPOCTPAHCTBa. lIpuBoguTcst ajaropurm Meroja Oa3uCHBIX I10-
TEHINAJIOB BbIJEICHIS OUTapMOHIMIECKON COCTABJISIONIEN TG POBOTO N300PAKEHST;
MEeTOJ| OIUPAETCs Ha IMOJHYIO CHCTeMy OAa3WCHBIX MTOTEHINAJIOB. PaccMmarpuBaercs
JIUCKPETHBIA CIydail MpssMOro n OOpaTHOrO TapMOHUTIECKOTO W OMTapMOHHIECKOTO
OIepaTopa; BBOJMUTCS CIEKTPAJIBHBIN ITapaMeTp, OIpeessieTcsd CyMMa U KOMIIO3H-
sl TaKUX OIMEpPaToOpoB. PaccMarpuBaeTcs IByNapaMETPUIECKOe CeMENCTBO Criia-
JKABAOIIUX U KOHIEHTPUPYIOIINX IPeoOpa30BaHuil, 1jis KOTOPBIX CIEKTPAJIbHbIE
mapaMeTphbl BBICTYNAIOT Mepoil TiiajgkocTu. lIpemcraBiennbl pe3yabTaTbl BBIMHUCTH-
TeJBbHBIX KCIEPUMEHTOB MPHU PA3INIHBIX 3HAUEHUIX CHEKTPAJBHBIX MapaMeTpPOB.
Cutywait rapMOHIYECKOTO CIVIAYKUBAHUS paccMaTrpusascs B [1].

[1] Bacuaenxo B. B., Cagponos A. Il., Cmuvicaos A. A., Lenases /. II., Maproscruii A. H.

Tapmonnveckoe criaxkupanue udpOBbIX n300pakenwii // Dxopormvecknii BecTruk

Hayunpix Henrpos U9C, 2020. T.17. Ne1(2). C.8-15.
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Biharmonic smoothing the images — IDP-13

Vera Vasilenko® £9288487681@gmail . com
Aleksey Safronov' mf . cellan@gmail.com
Aleksander Smyslov' sarhanishe@yandex.ru
Daniil Tsyplyaev' xximikk16960@gmail . com
Aleksey Markovskiy'x mrkvsk@yandex.ru

! Krasnodar, Kuban State University
2 Krasnodar, Krasnodar Higher Military Aviation School Of Pilots. Hero Of The Soviet
Union A. K. Serov

The problem of smoothing monochrome digital images is considered. The pro-
posed approach can be attributed to diffusion smoothing methods. Digital images
are modeled by functions from the space L2(Q), where @ is the field of view. We
consider an extension of the classical Laplace operator with the allocation of a sub-
space of its one-to-one action, and then construct the inverse of it-the harmonic and
biharmonic smoothing operator. Such operators are the convolution of the original
(clear) image and the fundamental solution minus the projection of this convolution
on a harmonic or biharmonic subspace. We consider the decomposition of the space
Ly (Q) into the orthogonal sum of the harmonic, biharmonic, and Novikov subspaces.
The algorithm of the method of basic potentials for selecting the biharmonic com-
ponent of a digital image is presented; the method is based on a complete system of
basic potentials. We consider the discrete case of forward and reverse harmonic and
biharmonic operators; a spectral parameter is entered, and the sum and composition
of such operators are determined. We consider a two-parameter family of smoothing
and concentrating transformations for which the spectral parameters are a measure
of smoothness. The results of computational experiments for various values of spec-
tral parameters are presented. The case of harmonic smoothing was considered in
[1].

[1] Vasilenko V. V., Safronov A. P., Smyslov A. A., Tseplyaev D. P., Markovskiy A. N. Har-
monic smoothing of digital images // Environmental Bulletin of the BSEC Scientific

Centers, 2020. Vol. 17. No1(2). Pp.8-15.
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MudopmaumvoHHas Mogens ans metoga obecnevyeHnst KadecTsa
aBTOMAaTMYECKOW CerMeHTauum nsobpakeHui

Mypawos Jmumputi Muxatinosur' d_murashov@mail.ru

'Mocksa, Borancaurennubiit mentp mM. A. A. Jopomnursma OUIL Y PAH

ITpu cermenTauu n300pakeHit BOSHUKAET IPodJIeMa BHIOOpa IapaMeTpPOB IIPH-
MEeHsIEMBIX AJITOPUTMOB. [lapamMeTpsl HA3HAYAIOTCS, UCXO/ U3 HAMJILYYIIero pa3one-
HUs n300paskeHnst Ha cerMenThl. KpurepneMm KadecTBa pa3doMeHns MOKeT ObITH BU3Y-
aJIbHasl OlEHKA IKCIEPTa WJIM KAKOW-/IMOO KOJMYeCTBEHHBIN 1T0Ka3are/b. PaHee, uc-
XOJI[sI M3 TUIIOTE3bI O MUHUMU3AIUU N30BITOYHOCTH HH(MOPMAIIUN HA PAHHUX CTAJUSIX
00pabOTKM CUTHAJIA B 3PUTEIBHOI CHCTEME YeJIOBEKA, JIJIs ONPEIe/IeHUs HAVJLY dIlle-
ro pa3dumenns M300parKeHWsI HA CEIMEHTHI M3 MHOYKECTBA PA30UEHMil, IOy IeHHBIX
[IPU PA3JUIHBIX 3HAYCHUSIX MAapAMeTpPa aJrOPUTMa CErMEHTAIUH, MPEJJIOKEHO UC-
[I0JIb30BaTh KPUTEPHUIl MUHUMYyMa Mepbl H30bIToTHOCTH nHbopMmaruu. [Ipeicrasiisie-
Mast paboTa IMOCBSIIIEeHa UCCIEOBAHUIO YKA3AHHOIO KPUTEPHUs KAYeCTBA CEIMEH TAIIH
1 POBBIX N300parKEHUIA.

Bagaua obecrieveHns KaIeCTBa CErMEHTAINN (DOPMYIUPYETCs CIELYIOMUM 00pa-
3oMm. IlycTh omepariust cerMEeHTAIINN OMUCHIBAETCST COOTHOIIIEHUEM:

V= F(Uat)a

rne U - Bxommoe msobpaskenme, mpejcrasientoe kak sekrop U € RYN; V - cer-
MeHTHpoBanHoe n3obpaxkenne, V. € RY; F - pexrtop-bynKkimsa (Hemumneitnas B 06-
IeM cirydae), ONUChIBaoNmas aaropuT™ cermentanuy; ¢ € RY - sextop mapamerpos.
Bapbupyst napamerpsbl, IOJIy9YuM MHOXKeCTOBO u3 J pasduenuii nzobpaxkenust U Ha
cermentsl V = {V1,Vy,...,V;, ...,V }. Tpebyerca Bribpars pazbuenue V ;, obec-
meunBaloliee MUHIMYM Kpurepus Kadecrsa M (U, V;):

Vmin = argmin (M (U,V;)),j=1,2,...,J.
J

st mpuMeHeHus TeOPEeTUKO-NH(MOPMAIMOHHOTO IOIX01a HEOOXOINMa BEPOST-
HOCTHAs MOJIEJb CBA3U MEYKJy HMCXOIHBIM U CEIMEHTUPOBAHHBIM H300DaKEHUSIMHU.
IIycTs mcxosHOE U CErMEHTHPOBAHHOE M300parKeHUsl SABJIAIOTCA BXOJIOM U BBIXOJIOM
CTOXAaCTUYEeCKON MH(MOPMAIIMOHHO CUCTeMbl. 3HAYEHHsI YPOBHEl ceporo n3obpazke-
HUI ONUCHIBAIOTCS JIUCKPETHBIMU CJIyIaiiHbIMU iepeMenubivMu U u V' co 3HadeHnaMu
u u v. [lepemennas U nmeer L, a V moxer mmers 1 < | < L rpazamuii ceporo Toxa.

Omnepariust cermMeHTanum OyJIeT IpeJICTaBIeHa MOJIEbI0 HH(OPMAIMOHHOTO KAHA-
Ja:

V =F(U+n,t),

rne U - curnan ma Bxoge, V - BbIxon Kanasa, F' - dynknmsa npeobpasoBanus, t
- mapameTp, 1) - IIyM KaHaJja, IIlepeMeHHble V U 1) He3aBUCHUMBI. PaccMmarpuBaercs
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KPUTEpHil KAIeCTBa CErMEHTAINN M300parKeHnii B BUJE MUHIMYMa Mepbl H30bITOY-
HOCTHU KaHaJla, OlIpeJiesisdeMoil B Bu/jie

_H(V|U)
="y

rjae H (V|U) - yciioBHast SHTPOIMS BBIXOIA KaHa a V IPH YCIOBUH, YTO BXOJ DABEH
U, H (V) - suTponmnst BBIXOJA.

s uccnenoBanus XapakTepa M3MEHeHUsl Mepbl M30BITOYHOCTH IIPeIaraeTCs
VIIPOIIEHHAS MOJE/Ib COBMECTHOI'O JIBYMEPHOIO JINCKPETHOI'O PACIIPE/IEIEHIS YPOB-
Hell 1I0JIyTOHOB BXO/1a ¥ BBIX0/Ia CUCTEMbI CEI'MEHTAIIUN, U3MEHSIFOIIEroCsl IIPU Y MeHb-
meHun Kosimuectsa cermeHToB (cMm. [1]). TIpesmosnoskum, 4To COBMECTHOE pacipe-
JleJieHne ypoBHs ceporo ToHa m3obpaxkenuit U u V' Moxker ObITH mpescraBieHo K
KOMITOHEHTaMM, COOTBETCTBYIOMIMEU cermMerTaM V. JIs TpoCTOTHI Ipe/IoIaraeTes,
YTO BCE KOMIIOHEHTBI OJHOTHIIHBIE U COCTOAT 13 L COCTaBJISIONINX, KOTOPBIE COOT-
BETCTBYIOT YaCTOTE TOSIBJICHUSI TIUKCEJIEH yPOBHs ceporo B obyracTu u3obpazkenust U,
cooTBeTcTBYOIIEl cermenTy k mzobpazkerus V, 1 <[ < L . Kaxias u3 KOMIOHEHT
pacripejiejieHusi UMeeT UK, COOTBETCTBYIONIUI JOMUHUPYIOIMIEMY YPOBHIO CEPOTO.
IMycrs P (ug,v) = P, ecan | = k. CooTHOLIEHNE MEXK/ly 3HAYCHUSIMU BEPOATHOCTE!
ypoBHEil ceporo | B KOMIIOHEHTaxX orpejessercs kodddunumentom «, 0 < a < 1.
Hampumep, B cermente m3o6pazkenus V 3aKOMPOBAHHOM YPOBHEM 01,

P(Ug,’t}l) = P(U37"U1) =...= P(UL,Ul) = aP(ul,vl) = O[P,

e P=1[(L—1)a+1]; a = «a(k) 3aBucur oT KOJUIECTBA CETMEHTOB Ha N300pa-

JKeHnm V: a

a(kz):m

e a, b, c u d — mapamerpnl, d = 1 — a.
TTokazano, 9T0 JJIst MPEJTIOKEHHON MOJIEJI COBMECTHOTO PACIIPEICJICHUS CyIIe-

+d,

CTBYeT MUHUMYM MEPBI U30BITOYHOCTU, KOTOPOMY COOTBETCTBYET HAWJIYUIIEe Pa3-
buenne nzobpazkerus. CoOTBETCTBUE MOJIEIN PeasIbHOI CrCTeMe CerMeHTAIH 101
TBEP2KJIEHO BBIYUC/IMTETbHBIM SKCIIEPUMEHTOM Ha n3o0pakeHusix u3 6a3el Berkeley
Segmentation Dataset (BSDS500). Boigsiieno, 4ro mijig 10CcTaTO9HO GOJIBIION IPyII-
Il TECTOBBIX N300PaKEHUN Pe3yJIbTaThl CErMEHTAIINH, IOy YeHHbIE U3 YCJIOBHUS MU~
HUMYMa, Mepbl H30BITOYHOCTH, OOECIIEIUBAIOT MUHUMYM WH(MDOPMAIMOHHON Mepbl
pazimaust (Bapuaruu nHGOPMAIN) IPU CPABHEHUHU € ITAJOHHBIMU N300parKeHUsIMU
u3 6a3er BSDS500. IIpoBeieHo cpaBHEeHNE pe3yJibTaTOB CErMEHTAIUU U300parKeHuii
u3 6a3er BSDS500 cucremoit EDISON mo xpurepuio MunuMyMa HHOOPMAITMOHHOM
U30BITOYHOCTY U U3BECTHOMY KPUTEPUIO B BUJIE OTHOCUTEILHON CKOPOCTH YOBIBAHMS
SHTPOINU N300pPAKEHWsT IPU yMEHBIIIEHUU KOJTMIecTBa cerMeHToB. CerMeHTnpoBaH-
HOEe M300parkeHne, MoJyIeHHOe U3 YCAOBUsT MUHUMYMa MePbl H30BITOTHOCTH, UMEET
OoJIbIIIee CXOJICTBO C BXOJHBIM M300parKeHWEM, YeM U300parkeHue, IMOJIyUEeHHOEe II0
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SHTPONUNHOMY KPUTEPHUIO, U B OOJILINMUHCTBE CIYyYaeB IIOKA3AJI0 MEHDIEE OTIHINE
OT 3TAJIOHHBIX CEIrMeHTaIlni.

Pa6ora nosep:xkana rpaarom PODOU Ne18-07-01385.

[1] Murashov D. M. An Information Model of Image Segmentation Algorithm Based on
Redundancy Minimization // IEEE Proceedings, 2020.
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Information model for quality assessment method applied to
automatic image segmentation

Dmitry Murashov' d_murashov@mail.ru
"Moscow, FRCCSC of the Russian Academy of Sciences

When segmenting images, the problem of setting the parameters of the applied
algorithms arises. For different tasks of image analysis, various quality criteria should
be selected. The criterion for the quality of the partition can be a visual assessment
of an expert or some quantitative measure. Earlier, based on the hypothesis of
minimizing the redundancy of information at the early stages of signal processing
in the human visual system, to determine the best partitioning from the set of
partitions of the image into segments obtained at different values of the parameter
of the segmentation algorithm, it was proposed to use the criterion of the minimum
information redundancy. The presented work is devoted to the study of the specified
quality criterion for the segmentation of digital images.

The segmentation operation can be described by the following expression:

V =F(U,t),

where U is an input image represented as a vector, U € RY; V € RV is a segmented
image; F' is a vector-function (non-linear in general case) describing segmentation
algorithm, ¢ € R” is a vector of parameters. Varying coordinates of parameter
vector, one will obtain a set of segmented images. V = {V1,V,,...,V,,...,V s}
It is necessary to choose an image V; giving minimum to performance criterion

M (U7 Vj)l

Viin = argmin (M (U,V,)),j=1,2,...,J.
J

To apply information-theoretic approach, a probabilistic model of relationship
between input and segmented images is needed. For simplicity, we will consider the
segmentation process of grayscale images. Let the source and segmented images
be the input and output of the stochastic information system. Discrete random
variables U and V with values u and v describe the grayscale values of the system
input and output, respectively. We assume that the image U has L, and V can
have 1 < I < L gray levels. The segmentation operation will be represented by an
information channel model:

V =F(U +n,t),

where U is an input signal, V' is a channel output, F' is a transformation function,
t is a parameter, and 7 is a channel noise. We assume that variables V' and 7 are
independent.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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As a quality criterion of image segmentation, we consider the minimum of infor-
mation channel redundancy, defined as

H(V|U)

ST

where H (V|U) is a conditional entropy of the output V' under condition that the
input is equal to U, H (V) is an entropy of the output. To study the qualitative
properties of the redundancy measure, we propose a simplified model of a joint
two-dimensional discrete distribution of the gray scale values at the segmentation
system input and output (see [1]). Suppose that the joint grayscale distribution
of the images U and V can be represented by K components corresponding to
the segments of image V. For simplicity, we assume that all components have the
same size. Each component have L elements that correspond to the frequency of
occurrence of pixel’s gray level | in the region of image U corresponding to k-th
segment of V. Each component has a peak corresponding to a dominant gray level.
Let P (u;,v;) = P, if | = k. The relationship between the probabilities of the gray
levels in the components is determined by the coefficient o, 0 < v < 1. For example,
in a segment of image V' encoded with level v,

P (ug,v1) = P(us,v1) =... = P(up,v1) = aP (u1,v1) = aP,

where P = 1[(L —1)a+1]; a = a(k) depends on the number of segments in the
image V:

a(k):( ¢ +d,

where a, b, ¢ and d are the parameters, d = 1 — a.

It is shown that for the proposed model of joint distribution, there exists a mini-
mum of the redundancy measure, which corresponds to the best image partitioning.
The model validity was confirmed by a computational experiment on images from
the Berkeley Segmentation Dataset database. It was revealed that for a sufficiently
large group of test images, the segmentation results obtained from the condition of
the minimum measure of redundancy produce a minimum information measure of
difference (variation of information) when compared with the ground truth images
from the BSDS500 database. A comparison of the results of segmenting images from
the BSDS500 database by the EDISON system was carried out using the criterion
of minimum information redundancy and the well-known criterion in the form of
the relative rate of decrease of the image entropy. The segmented image obtained
from the condition of the minimum of the redundancy measure is more similar to
the input image than the image obtained using the entropy criterion, and in most
cases, it showed less dissimilarity from the ground truth segmentations.

This research is funded by RFBR, grant 18-07-01385.
[1] Murashov D. M. An Information Model of Image Segmentation Algorithm Based on

Redundancy Minimization // IEEE Proceedings, 2020.
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O tHUM 13 BaXKHBIX HAIPABJICHUN UCCIEIOBAHNUN B 00JIACTH CUCTEM TEXHUIECKOrO
3peHusl ABJIAETCA CO3JaHUe CHCTEM aBTOHOMHOW HABUTAIMHM TPAHCIOPTHBIX CPEJICTB
€ UCTIOJIL30BAHMEM ONITUIECKHUX CPENCTB Habmonenns [1]. 3amada onpeneenust 0THO-
CUTEJILHOIO JIBUZKEHMsT (DOPMYJIUPYETCs KaK 3a/ia9a MOCTPOEHUST OIITUIECKOrO TIOTO-
Ka, CO3J[aBAEMOT0 II0CJIe/I0BATEIbHOCTBIO N300PakKeHUi JIMHAMUYECKU MEeHSFOIIeNCst
cuenbl (quHaMudeckuM uzoOpazkenueM). ONTUUECKUil IIOTOK — 9TO BEKTOPHOE I10-
Jie CKOpOCTeil JBUKEHUST TOYeK Win (pparMeHToB n3obpaskenusi. ONTHIeCKUl TTOTOK
BOCCTAHABJIMBAETCS IIyTEM aHAJM3a ¥ CPABHEHUsI, JaIlle BCEro IyTeM COBMEIEHUS,
[OCJIEIOBATEJILHOCTH KAJIPOB JTUMHAMUYIECKOTO M300PaKEeHNUsI.

B mocieanue roapl akTUBHO Pa3BUBAETCH IMOJXOJ K MOCTPOCHUIO aABTOHOMHBIX
CUCTEM ONTUYECKON HABUTAIMM Ha OCHOBE BU3YaJIbHON ojomerpum. B wacTHOCTH,
HCIOJIB3YETCs METOJ], BU3YAJIbHON OJIOMETPHUN, B KOTOPOM OObEKTUB ONTUIECKOIO Pe-
PUCTPUPYIOIIEr0 YCTPORCTBA HAIIPABJIEH BHI3, T.€. HA K&JIPAX PErUCTPUPYETCs TOCTIe-
JIOBATETLHOCTH M300PAYKEHHIT OIMTOPHOH TTOBEPXHOCTH, IO KOTOPOH JIBUYKETCS TPAHC-
LIOPTHOE CPEJICTBO [2].

B HacTosiieit crarbe Ha OCHOBE 9THX JBYX Hjeil (IPUMEHeHUs ONTHIECKOro MO~
TOKA M UCIOJIB30BAHUS [IOCJIEI0BATEIHLHOCTU U300PAKEHUT ONOPHOIl [IOBEPXHOCTH)
MBI [IpPeJTaraeM TEeXHOJIOTHIO ONpEJIeJIEHUs JBUKEHUsI, OCHOBAHHYIO HA METOJE CO-
[JIACOBAHHOTO OIEHUBAHUSI.

B kiaccuaeckoit 3ajia9e BEIMUCICHIST ONTUIECKOTO TOTOKA IIPEJIIOJIATACTCS, ITO
Ha BHJIEOKAJIPaX IIUKCEJb B TOUKe (&, Y, t) ¢ MHTeHCHBHOCTBIO I (, Y, ) 1Iepemeraercst
Mexky AByMsd Kajpamu. [Ipu srom npoucxomur casur (Az, Ay, At) Mexiy srumu
kajpaMu. TakKe TPeJnosaraercs, 9T0 APKOCTb MOCTOSTHHA, T.€. MUKCEJIh MePeXo-
IUT K coepyoeMy Kajapy 6e3 uamenennii: I (x,y,t) = I (z + Az, y+ Ay, t + At).
oo THUTETEHO TIPEIITOIATAIOT, I9TO CMeKHbIe N TTUKceseil B HeKOTOPOit HeDOTHITIOHN
OKPECTHOCTU CMEIAI0TCS Ha OJIMHAKOBOE PACCTOSIHUE U PEIIAIOT MEPEOIPEeIEIeHHY O
CUCTEeMY ypaBHEHUIl:

I;c,yA = Ita (1)

T
rae A = [Az, Ay]", I; — marpuna-cronbern, pasmepuoctu N x 1, I, = [I,1,] —
N x 2 -marpuna, a Iy, Iy, Iy — N x 1 -MaTpHIiel, cocTaBIeHHbIE B COOTBETCTBHU C
COOTHOIIIEHUSIMU:
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T
L= (9. 92" = [0 3] L= [0, . —0In]".

Jlist perienust iepeonpeiesieHHol cucTeMbl ypasHenuii (1) Mbl IpuMeHsieM MeTOJ
COTJIACOBAHHOTO ONIEHMBaHUs, KOTOPBII passuBaercsa asropamu [3]. Kpartko cyrme-
CTBO METOJIa CBOJUTCS K cieiyromeMy. VI3 nexonnoii cucremst (1) dopmupyercs L

IIOACUCTEM 6EPITHE20 YPOBHA PASMEPHOCTU P:
L,OA0)=L)+& (=1L M<P<N.

st Kaykoit [-0ff TOACUCTEMBI TIOJy9YaeM MHOXKECTBO OIEHOK O); st KOTOPBIX
BBOJUTCs (DYHKITUSI COTIACOBAHHOCTH

K
W)= T . INSENE)

)

ABJISIONIASCT Mepoil B3aumMHO#M Oam3ocTu orenok. Jlamee wmimercs [-s mojcucrema
BEPXHEro YPOBHsI, JIjIsi KOTOPOIi

W (l) : W(Z) — min W (I). 2)

I=1,L

Hannydammm cuanraercst perenne, moydeHHoe Ha dTOM (l)—ﬁ IIOJICUCTEME BEPX-

HEro ypoBHsI. DTO peIlleHre MOXKeT ObITh HaiiJIeHO JIFOOBIM M3 M3BECTHBIX CIOCOOOB.
IIpocreitmeit asisgerca MHK-omnenka:

~ A Akttt N A
A(l) = [Iiy (z) I, (z)] 17, (z) 17 (z) (3)

Citetyer 3aMeTUTB, YITO (i -91) MOJICUCTEMA BEPXHETrO YPOBHsI, HA KOTOPOIi BHIUUC-
JieHa oneHKa (3), BooOIIe roBOpsl, BKJIIOYAET Y PABHEHUS [IEPEOIIPEICIEHHON CUCTEMbI,
KOTODPBbIE COOTBETCTBYIOT TOYKAM U300paKeHHsl, UMEIomuM Oju3Kue (CoriaacoBaH-
HbIE) CKOPOCTH OLITUYECKOIo 1oToKa. 1109ToMy MeToJ corsiacOBAaHHOIO OlEHUBAHUSI
MOXKET PACCMATPUBATHCS KaK METOJ CEIMEHTAITUH TOJIsI CKOPOCTEH OIMTUYIECKOTO 110~
TOKA.

OrnmcanHbIil METO/T COTVIACOBAHHOTO OIEHUBAHUSI IPUMEHSIJICS aBTOPAMU IIPH IO~
CTPOEHHMHU TPEXMEPHBIX MOJE/Iell MECTHOCTH 10 PA3HOPAKYPCHBIM 300pazkeHusM [4].
OcobeHHOCTD HACTOSIIIEH 33191 COCTOUT B TOM, U4TO AIIPUOPU U3BECTHO, ITO BCE TOY-
K1 n300pazkeHnil OMOPHO TMOBEPXHOCTU 00sI3aHbI MMETh OJMHAKOBBIE c¢aBUru. llo-
9TOMY B paMKaX HACTOSIIEH TEXHOJIOIMH PEAJU3AIs METO/A COTJIACOBAHHOIO OIle-
HUBaHWUs CBOIUTCH K ciejtytommemy. Ha rociiesoBaTesibHbIX H300parKeHus X OMOPHO
MOBEPXHOCTH HEOOXOAUMO HAWTH MHOYKECTBO HAMOOJIEE COTJIACOBAHHBIX PEIICHU, KO-
TOpBIE B COOTBETCTBUU C KpUTepHeM (2) U sBJAIOTC HAnboJIee TOYHBIMU OIEHKAME
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UCKOMBIX CIBHUI'OB. B JIOK/Ia/ie IPUBOAATCS PA3/IMIHbIE BADUAHTHI PEAJUIAIIHI OIIH-

CAHHOT'O BBIIIIE METO/Ia COIVIACOBAHHOI'O OIIEHUBAHUS, YIUTBHIBAIOIINE CBOMCTBO O/IH-

HAKOBOCTH CJBHUIOB, & TaKKe PE3yJIbTaThl SKCIIEPUMEHTAJIbHBIX UCCICTOBAHUN TEX-

HOJIOTMH Ha TECTOBBIX JIAHHBIX, TOJIYUYEHHBIX TyTeM CHEMKU OITOPHBIX MOBEPXHOCTEH

C PA3JIMIHBIMA TEKCTYPaMHU.

Pabora BbITOIHEHA B paMKax TOCYJapCTBEHHOrO 3ajanus mo teme FSSS-0777-

2020-0017.
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The development of autonomous navigation systems for vehicles using optical
surveillance equipment is one of the major challenges in bulding computer vision
systems [1]. The problem of determining the relative motion is formulated as the
problem of constructing an optical flow created by a sequence of images of a dynam-
ically changing scene (dynamic image). Optical flow is a vector field of velocities of
motion of points or image fragments. The optical flow is restored by analysis and
comparison, most often by combining, a sequence of frames of a dynamic image.

In recent years, an approach to the construction of autonomous optical navigation
systems based on visual odometry has been actively developed. In particular, the
visual odometry method is used, in which the lens of the optical recording device is
directed downward, i.e. on the frames, a sequence of images of the reference surface
is recorded on which the vehicle is moving.

In this article, based on these two ideas (using optical flow and using a sequence
of reference surface images), we propose a motion detection technology based on the
method of consistent estimation [2].

In the classical problem of calculating the optical flow, it is assumed that on video
frames, a pixel at a point (x,y,t) with intensity I(z,y,t) moves between two frames.
In this case, a shift (Axz, Ay, At) occurs between these frames. It is also assumed
that the brightness is constant, i.e. the pixel goes to the next frame unchanged:
I(x,y,t) 2 I(x+ Ax,y+ Ay, t + At). Additionally assumed that adjacent N pix-
els in some small neighborhood are displaced by the same distance and solve the
overdetermined system of equations:

Ix,yA = Itv (1)

where A = [Ax7Ay]T, I, — matrix-column, dimensions N x 1, I, = [I,,I,] —
N x 2 -matrix, and I, I,,Iy — N x 1 -matrices, composed in accordance with the
relations:

T T
L= (9. 92" = [0 3| L= [-om, . —0In]".

To solve the overdetermined system of equations (1) we use the Conformed Es-
timates Method (CEM), which is developed by the authors [3]. Briefly, the essence
of the proposed method is as follows. From the original system (1) L subsystems of
the upper level of dimension P are formed:

L,OA0O=L(0)+&, =1L, M<P<N.
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To characterize sets ©; a conformity function is introduced

2 i A s
w(l) = KE=1) kj=21:j>k HA (L,k) —A(l,))

)

which is a closeness measure of estimates. Next, the [-th subsystems of the upper
level is searched for, for which

W (z) LW (z) = min W (1). 2)

I=1,L

It is considered the best solution obtained in the (Z) subsystems of the upper

level. This solution can be found in any of the known ways. The simplest is a
least-squares estimate:

A= {If’y (z) I, (z)} 711{4} (z) 17 (1) . (3)

It should be noted that the ([ -th) upper level subsystem on which estimate
(3) is calculated, generally speaking, includes the equations of the overdetermined
system, which correspond to image points having close (consistent) optical flow rates.
Therefore, the CEM can be considered as a method of segmentation of the optical
flow velocity field.

The described method of conformed estimation was used by the authors for
digital elevetaion model (DEM) generation from multi-angle satellite images [4].
The peculiarity of this problem is that it is known a priori that all points of the
images of the reference surface must have the same shifts. Therefore, within the
framework of this technology, the implementation of the CEM is reduced to the
following. On successive images of the reference surface, it is necessary to find the
set of the most conformed solutions, which, in accordance with criterion (2), are the
most accurate estimates of the required shifts. The report presents various options
for implementing the above-described method of conformed estimation, taking into
account the property of the same shifts, as well as the results of experimental studies
of the technology on test data obtained by shooting reference surfaces with different
textures.

The research was carried out within the state assignment theme FSSS-0777-2020-
0017.
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"Kypck, FOro-3ana blii rocyIapCTBEHHBIH yHUBEPCHTET

Hecmorpst Ha MOCTOSHHO pacTyIuil ypOBEHb PA3BUTUsI KOMIBIOTEPHONH TEXHIKM,
U BO3MOXKHOCTE, KOTOPBIE C KAYKJIBIM T'OJIOM YBEJIUIUBAIOTCS BCe DOJIBIIE U HOJIBIIIE,
0CTAeTCSI He PEIIEeHHBIMU TEJIbIN Psijl TPAKTUIECKUX 3384, ¢ KOTOPBIMU KOMITBIOTED
U 110 Ceil JIeHb He MOXKeT CIPaBUThCs. K Yuc/ly TaKnuxX 3a/1a9 OTHOCUTCS 33,1298 aBTO-
MaTUIECKOIO PACIO3HABAHUSI U WHTEPIPETAIINA BU3YAJIbHON MHMOPMAIUA. DTO BO
MHOT'OM CBSI32HO CO CJIOZKHOCTBIO (DOPMAJIM3AINN IIPOIECCa BOCIIPUATHUS BUIUMBIX
obpazos. [TosTomy, HECMOTDS HA OYEBHIHYIO JIETKOCTH, C KOTOPOI YEJIOBEK PEITaeT
3aJ1ady paclO3HABAHUS OKPYZKABIINX €ro MPEeJIMETOB, BCE €Ille HeT «yHUBEPCAJIHHO-
ro» MaTeMaTHYECKOTO WJIM TEXHOJOIMYECKOTO IIOJIXO0JIA, MO3BOJISIONIETO KOHCTPYK-
TUBHO pa3pabaThiBaTh METOJIbI, aJIlOPUTMbI I aBTOMATHIECKUE YCTPOHCTBA, b deK-
TUBHO OCYIIECTBJISIIOIINE IPOIece pacrno3uaBanus. OIHAKO, 11 HEKOTOPBIX 9aCTHBIX
CUTyaInii, KOrjJa MaTeMaTHIeCKIe MOJIETH OKA3bIBACTCS ITOIXOSAIIIME JJIst TOW MJIH
UHON MPaKTUIECKON 3a/1a49, YIaeTCsl MOy IUTh PUEMIeMbIe Pe3yJIbTATHI.

Sajada pacro3HaBaHUsl TPOCTEHINNX NeOMETPUIECKIX OOBEKTOB HA JIBYMEPHOM
n300pakeHn uMeeT OOJIbIIoe 3HAYEHNE [1JIsl PA3JINYHBIX OTpac/eil 3HAHWI 1 MHOI'UX
TeXHUYIECKUX MPUIOKeHuil. B HacTosiiee BpeMsi pazpaboTaHo OOJIBIIOE KOJTMIECTBO
PA3JIMIHBIX AJTOPUTMOB M METOOB, MTO3BOJISIONINX OCYIIECTBIATH PACIIO3HABAHIE
00beKTOB Ha rpaduieckux n300parkeHusIx 1 BugeonoTokax. Hambosee pacmpocTpa-
HEHHBIE AJITOPUTMBI, UCIIOJIb3YeMble MPU BBIJICJICHUN JIMHAN Ha M300ParKEHUSIX, Ta-
KIe Kak HadasbHas 06paboTKa (HOpMaJu3alus) n300paykeHus siBJIsieTCsl aJlTOPUTM
npeobpazoBanus Pajona n npeobpaszosanue Xada U UX MOIMMDPUKAIIN.

Ilenbio mannOil PAOOTHI SIBJIIETCS TPOEKTUPOBAHIE U PEAJII3AIUS ITPOIPAMMHOTO
MPOJIYKTa JIJIsI UCCJIEJIOBAHIS AJITOPUTMOB BBIJIEICHUs] JINHUH HA N300DAKEHNMN.

st MOCTHYKEHUsI TOCTABIEHHOMN TIeJI HEOOXO/ MO PEIIUTE CJIEJIYIONTNE 3/ IaN:
paccMOTpeTh U JIaTh OINUCAHUE CYIIECTBYIOIIMM AJITOPUTMAM II0 BBIJIEJIEHUIO Te0-
METPUYECKAX OOBEKTOB Ha M300parKeHWUM; COCTABUTH MATEMATHYECKYIO MOJIE/b W
BBIIIOJTHUTH pa3pabOTKy IMPOrPAMMHOIO MIPOILYKTA JiJisi UCCJIEIOBAHUS aJrOPUTMOB
BBIJIEJIEHUS JIMHUN HA M300PaKEHNN; ITPOBECTH SKCIIEPUMEHTHI HEKOTOPBIX AJITOPUT-
MOB BBIJIEJICHUsI JIMHUN Ha N300PAKEHIN.

B xome paborsr 6bL1a pa3zpaboTana MmMporpamMMma, JIJiss UCCJASTOBAHUS AJTOPUTMOB
BbIJIeJIEHUsI JINHU Ha N300parkeHnsX. B KadecTBe rpumMepa ObLIN paCCMOTPEHBI: aJl-
roputM IpeobpazoBanust Xada u ero MOAMMUKAIINN, & TAK¥XKe IIPOCTOe MPpeodpaso-
panue Pasona.

Boutn poBejieHbl 9KCIIEpUMEHTBI JITst OnpejieieHns 3(DPEeKTUBHOCTH AJITOPUT-
MOB BBIJIEJICHUsT JIMHWI Ha M300pPa’kKeHUN TP PA3JUIHBIX KOJIMIECTBAX JIMHWIA Ha
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HUCXOHOM M300PaXKEHUU W IPHU PA3JIMIHOM DPa3MEPE HCXOIHOTO M300pAKEHUs I10
rokazaresisiM 3MGEKTUBHOCTH U CKOPOCTH. B 3aKcrepuMeHTe MCIOb30BAICEH CJIe-
JIyIOIIUe ajrOPUTMbL: OOBIMHOE IIpeodbpazoBanust Xada, CydaiiHoe IIpeodpa3oBaHust
Xada, amanTuBHOe TpeobpasoBanns Xada, BEpOITHOCTHOE ITpeobpazoBanus Xada,
npocroe mpeobpasosanne Pamgona.

st onpenenenns: 3bdEKTUBHOCTH AJITOPUTMOB BBIJEICHIA JTUHUN Ha n300pa-
JKEHUH [IPU PA3JIMYHBIX KOJIMYECTBAX JIMHUI Ha MCXOIHOM M300parKeHnu ObLIN O/
POTOBJIEHBI TPH PA3IMIHBIX U300paykeHns ojuHakoBoro pasmepa (400x400) u ¢ oxn-
HaKOBBIM (POHOM C KOJIudecTBOM Junumii 5, 10, 15.

st onpenenenns: 3MEKTUBHOCTH AJITOPUTMOB BBIJEICHIS JTUHUN Ha n300pa-
JKEHUU [IPU PA3JIMIHBIX KOJUIECTBAX JIMHAN HA M300PaYKeHUN [IPU PA3JIAIHOM Pa3-
Mepe HCXOJIHOTO M300pazKeHust ObLIN MIO/ITOTOBJIEHBI TPU PASIUYHBIX N300PaKEHUS
pasHoro pasmepa (400x400, 1000x1000, 1500x1500) u ¢ omuHAKOBBIM (DOHOM € KO-
mrdecTBoM simHUi (10).

[Tpu BBIOJIHEHUN SKCIIEPUMEHTOB BBISBJICHO, UTO HAWIYUIIUI CPEIHUI Pe3y/ib-
TaT 10 TIOKA3ATEJIIM CKOPOCTh U 3P (HEKTUBHOCTD IMOKA3AJT aJITOPUTM OOBITHOTO TIpe-
obpazoBanus Xada, MPU Pa3IUIHBIX KOJUIECTBAX JUHNAN 3(PHEKTUBHOCTh HAXOXK-
JIEHUs U BbIJIeJIEHUS JIMHUI OCTaBajiach IPUMEPHO HA OJHOM IIOKa3aTesie, CKOPOCTh
HaXOKJIEHUsI U BbIJEJIEHNs 3HAUYUTE/IbHO HUXKE, 9eM, K IIPUMePY y aJIlOPUTMa IIPO-
croro npeobpaszoBanusi Pasiona mpu Toil ke 3hHEKTUBHOCTI; HAMIY YA CPeTHII
PEe3yJIbTAT 110 TTOKA3ATEISIM CKOPOCTD 1 3(DPEKTUBHOCTD ITOKA3AJ aJTOPUTM ITPOCTO-
ro mpeobpasoBanns PajioHa, Tpyu pa3mudHBIX pa3Mepax m300pakennit 3pPeKTHB-
HOCTDb HAXOXK/IEHUS U BbIJIEJIEHUS JIMHAN OCTABAJACH IPUMEDPHO Ha OJJHOM IIOKa3aTe-
Jle, CKOPOCTh HAXOKJIEHUsI W BbIJIEJIEHIs [IPUMEPHO Ha OJIHOM yPOBHE IIpu 06paboTKe
n3o6pazkenns: 1000x1000 u 1500x1500.

[1] Hecmyros H. A" Puwinos C. A" AJropuTMmbl CIEKTPAIbHO-TEKCTYPHOIl CerMeHTanuu

CILyTHUKOBBIX M300pa’KeHUH BBICOKOTO NPOCTPAHCTBEHHOrO paspemenus // Becrauk

Kemeposckoro rocymapcrsennoro yausepcurera, 2014, Ne4. C. 104-109.
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Determining the effectiveness of line identification algorithms in
an image

Dmitry Primenko' dima-primenko777@yandex.ru
Vladimir Panishchev' gskunk@yandex.ru
Oleg Burtsev' olegon web@mail.ru
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Despite the constantly growing level of computer hardware development, and
the opportunities that are increasing more and more year after year, there are still
a number of practical tasks that the computer can not cope with up to the present
day. Among these tasks is the problem of automatic identification and interpre-
tation of visual information. This is largely due to the complexity of formalizing
the process of visible images perception. Therefore, despite the obvious ease with
which a person solves the problem of recognizing objects around him, there is still no
“universal” mathematical or technological approach that allows us to constructively
develop methods, algorithms and automatic devices, which effectively implement
the identification process. However, for some particular situations, when mathemat-
ical models are suitable for this or that practical problem, it is possible to obtain
acceptable results.

The task of identifying the simplest geometric objects in a two-dimensional image
is of great importance for various branches of knowledge and many engineering
applications. At present, a large number of different algorithms and methods have
been developed that allow carrying out object identification in graphic images and
video streams. The most common algorithms used in identifying lines in images, such
as initial processing (normalization) of an image is the Radon transform algorithm
and the Hough transform algorithm and their modifications.

The goal of the given paper is to design and implement a software product for
studying algorithms to identify lines in an image.

To achieve this goal, it is necessary to solve the following tasks: to consider and
describe existing algorithms for identifying geometric objects in an image; to create a
mathematical model and develop a software product for studying line identification
algorithms in an image; to conduct experiments of some algorithms for identifying
lines in an image.

In the course of the work, a program was developed to study algorithms for
identifying lines in images. The following examples were considered: the Hough
transform algorithm and its modifications, as well as the ordinary Radon transform.

Experiments have been conducted to determine the effectiveness of algorithms
for identifying lines in an image with different numbers of lines in the original image
and with different sizes of the original image in terms of efficiency and speed. The
following algorithms were used in the experiment: ordinary Hough transform,random
Hough transform, adaptive Hough transform, probabilistic Hough transform, and
ordinary Radon transform.
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To determine the effectiveness of algorithms for identifying lines in an image with
different numbers of lines in the original image, three different images of the same
size were prepared (400x400). They had the same background with the number of
lines 5, 10, 15.

To determine the effectiveness of algorithms for identifying lines in an image
with different numbers of lines at different sizes of the original image, three differ-
ent images of different sizes (400x400, 1000x1000, 1500x1500) and with the same
background having the number of lines (10) were prepared.

When performing experiments, it was found that the best average result in terms
of speed and efficiency was shown by the ordinary Hough transform algorithm, with
different numbers of lines, the efficiency of finding and identifying lines remained
approximately at the same level, the speed of finding and identifying lines is signifi-
cantly lower than, for example, for the ordinary Radon transform algorithm with the
same efficiency; the best average result in terms of speed and efficiency was shown
by the ordinary Radon transform algorithm, for different image sizes, the efficiency
of finding and identifying lines remained approximately at the same level, and the
speed of finding and identifying lines remained approximately at the same level when
processing 1000x1000 and 1500x1500 images.

[1] Pestunov I. Rylov S. Algoritmi spektralno teksturnoi segmentacii sputnikovih izo-
brajenii visokogo prostranstvennogo razresheniya // Vestnik Kemerovskogo gosu-
darstvennogo universiteta, 2014, No4. Pp.104-109.
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MeTtoga noBbiweHnsi TOYHOCTU Knaccudmkaumm nsobpakeHuin ¢
Ncnosib30BaHMeM 00y4eHusi C nogkKpenaeHnem
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B nacrosimiee BpeMsi CTpeMUTEIBHO PA3BUBAETCsI TAKOE HAIIPABJIEHUE MAIIUHHO-
ro o0yJeHus, KaKk o0ydeHune ¢ moJKperieaneM. Kak ciaefcrBue MeTombl 00ydIeHus ¢
[IOJIKPEIJIEHUEM AKTUBHO HCIOJIb3YIOTCH IPU PEIIeHNN PA3INIHBIX 33129 KOMIIHIO-
TEPHOI'O 3PEHNsI, B TOM YHCJIe IIPU PEIIeHNH 331291 KJIaCCUPUKAINYT N300PaKeHHi,
KOTOpasl HA CErOJIHSIIHUN JIeHb SIBJISIeTCS OJ[HOM U3 BayKHEUINUX 3aJa9 UCKYCCTBEH-
HOTO MHTEJIJIEKTA.

B pabore npemiozken meron kiaccudukanun n300pakKeHuil ¢ UCIOIb30BAHIEM
[IOJTXO/TOB 00y UeHus ¢ moakperienneM. OCHOBHAs wjiest pazpaboTaHHOrO MeTojia Ha-
3UpyeTcsd Ha IIPEJNOJIOKEHUH 00 yBEJIUYEHUH TOYHOCTH KJIACCU(PUKAIMN 33 CUeT
BBIPpE3aHMs [IPABUJILHOI 00JIaCTH Ha KapTaX HPU3HAKOB M300parKeHusl B IIPOIECcce
KJIaccudukanuu. B kadecTse 6a30B0i MOIEIN Ui KJIACCU(PUKAIINA H300pasKeHuii
UCIIONIb3yeTcs HelipoHHasi ceTh ResNet, mpemoOydennast Ha UCIOJIb3yeMOM HabOpe
JMaHHBIX. TakKe UCIOIb3yeTCs MOIOJHATE/IbHAS HEHPOHHAS CETh, KOTOPYIO HA30BEM
areHTOM. ATeHT moJiydaeT Ha BXOJI BBIXOJ TPYIILI 0cTaToYHBIX O0k0B ResNet n
JIOJIKEH IIPEeJICKa3aTh, KAKyI0 00JIaCTh HY?KHO BBIPE3aTh U3 IIOJIyYEHHBIX KapT IIPU-
3HAKOB U300parKeHusI, YTOOBI B IIPOIECCe KIIACCU(MDUKAIINN YBEJTMINIACh YBEPEHHOCTh
cetu ResNet B npuna yre;kHOCTH 00bEKTa HA HUCXOIHOM H300PaAYKEHWH TPABUIBHO-
My Kiaccy. Takas 3ajada arenra CBOAUTCA K 3aJade O KOHTEKCTHOM MHOTOPYKOM
banauTe, a oOydIeHMe areHTa MPOU3BOINTCS C MOMOIIBIO AJTOPUTMOB OOyUIEHUs C
IIOJIKPEIJIEHUEM U CTPATErHil JOCTHKEHNUsI KOMIIPOMIICCA MEK/Iy IKCIIyaTalueil u
HccJIeJIOBaHUeM IIPU BBIOOPE JIEeHCTBUIA.

IIpoBejieHbI KCIIEPUMEHTHI Ha, TIOAMHOYXKecTBe Habopa maHHbix ImageNet 1o BbI-
O0Opy apXUTEKTYypbl areHTa, aJropuTMa ODYYeHUsl C MOJKPEILUIEHUEM W CTPATETHH
BBIOOpa JMEHCTBUI TP OOYYIEHNHN, a TaKKe aHAJIN3 TI0 BRIOOPY MeCTa PACIIOIOKEHN
arenta B apxurekrype ResNet. Paccmorpensl Takme crpareruun BoiOOpa JI€fCTBHIA,
Kak £-yKajHasi, e-softmax, e-decay-softmax u meron UCBI1, u takue ajropurmbr 00y-
genns ¢ nojkperierneMm, kKak DQN, REINFORCE u A2C.

IIpu tpoBeseHUN IKCIEPUMEHTOB M300parKeHWsl U3 BaJIUIAIMOHHONW BBIOOPKH
areHTa HMCIOJb30BaNCh npu obyuerun cetu ResNet, arobbr onennts 3ddexkTun-
HOCTBH pabOThI areHTa Jjis BXOJ@ M3 BLIXOJOB I'PYIILI OCTATOYHBIX 0/10KOB ResNet
u3 oxHOro pacupejesnenus. [Ipu Takom nomxojie paspaboTanHast MOJENb T0KA3aJIa
TOYHOCTH KJIACCU(DUKAIUN, 3HAYUTEJIBHO IIPEBOCXOJISIIYI0 TOYHOCTh KJiacCuduKar-
uu 6a30BOI MOJIE/IH, ITO JAeT 3a1es1 Jisd OyLyIuX ucciaenoBanmii. Takke mpeio-
2K€H TIO/IXOJ, B KOTOPOM HM300parkeHusl M3 O0yJaromeil 1 BaJUIAINOHHON BHIOOPOK
areHTa He UCIOJIb3yIoTcs npu odydennu ResNet. DTor moaxo Toxke IeMOHCTPUPYET
yBeJITYeHNEe TOYHOCTU KJIACCUMPUKAINN 110 CPABHEHHIO ¢ 6A30BOI MOIEIIBIO.
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[1] Eausapos A. A., Pasunkos E. B. Knaccudukaius n306parkeHuil ¢ MCHOIB30BAHUEM
o0yuenusi ¢ nonkperieareM // Duekrponnble 6ubanorexku, 2020. T.23. Ne6. C. 23.
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Image classification accuracy improvement method using
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Currently, reinforcement learning as a direction of machine learning is rapidly
developing. As a result, reinforcement learning methods are actively used in solving
various problems of computer vision, including the problem of image classification,
which today is one of the most important tasks of artificial intelligence.

In this paper is proposed a method for image classification using reinforcement
learning approaches. The main idea of the developed method is based on the as-
sumption that the classification accuracy will be increased by cutting out the correct
area on the image feature maps during the classification process. As a basic model
for image classification is used the ResNet neural network pre-trained on the used
dataset. Also is used an additional neural network, which we will call an agent.
The agent receives at the input the output of a group of residual ResNet blocks and
must predict which area needs to be cut from the obtained image feature maps, so
that increases the confidence of the ResNet network in the belonging of the object
on the original image to the correct class during the classification process. Such an
agent’s task is reduced to the task of a contextual multi-armed bandit. The agent
is trained using reinforcement learning algorithms and strategies for compromising
exploitation and exploration in the choice of actions.

Experiments have been carried out on a subset of the ImageNet dataset to select
an agent architecture, a reinforcement learning algorithm and a strategy for choosing
actions during training, as well as an analysis on choosing an agent’s location in
the ResNet architecture. Action selection strategies such as e-greedy, e-softmax, e-
decay-softmax, and the UCB1 method, and reinforcement learning algorithms such
as DQN, REINFORCE, and A2C are considered.

In the experiments, images from the agent’s validation set were used to train the
ResNet network to evaluate the agent’s performance for input from the outputs of
a group of residual ResNet blocks from the same distribution. With this approach,
the developed model showed a classification accuracy that significantly exceeds the
classification accuracy of the base model, which provides a groundwork for future
research. Also is proposed an approach, in which images from the training and
validation sets of the agent are not used for training ResNet. This approach also
demonstrates an increase in classification accuracy compared to the base model.

[1] Elizarov A., Razinkov E. Image classification using reinforcement learning // Russian
Digital Libraries Journal, 2020. Vol.23. No6. Pp.23.
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B pamkax mpocreiimeii Mmopdosornun IIbithesa [1] m3obparkenus: TpajuumoHHO
paccMaTpUBAIOTCsT KaK KyCOYHO-ITOCTOsIHHBIE (DYHKIUK BUJIA

f(m>y):ZfFiXFi(x7y) (1)

i=1

e n — 9ucao objacreit pazbmennsa I xkazpa () momany S Ha CBS3HBIE Helepece-
Karorecs: 06,1acTH ocToguHoi apkoctn, F' = {Fy,.... F,}; f = (fr1,-- o, frn)? —
BEKTOP 3HAYEHUI fAPKOCTU. Takne n300parKeHusT HA3bIBAIOTCS MO3AMIHBIMHU.

Mopdosiornyeckoe CpaBHEHHE MO3aUIHBLIX (POPM IO CJIOKHOCTH TPAIUIIMOHHO
OCYIIECTBJISIETCS B TEPMUHAX OTHOIIEHUS] YACTUIHOIO TIOPSIIKA «HE CJI0XKHEe o hop-
Me». MHOXKecTBO MO3amIHBIX (DOPM 00pa3yer 1o JAHHOMY OTHOIIEHUIO ajredpante-
CKYIO CTPYKTYDPY THIIA <«peIeTKay, B KOTOpoil s Jiobbix dopm F u G MOXKHO
ykaszarb dbopmy Gosee cioxuyio F A G u menee cioxuyio F'\/ G. Bosee cioxubie
(OPMBI TIOJIyYaIOTCsl 13 MEHee CJIOXKHBIX pasOreHrneM, a MeHee CJIOXKHbIe u3 0oJjiee
CJIOKHBIX — cJugnueM obsracreii. B TepMunax MHOKECTB (K/IaccoB) uzobpaskenuit, F
«ue ciioxkuee 1o popmes G, ecim F' C G. B tepmunax npoekTopos, F' «He cjioxkHee
o dopmes G, ecim Pg Pp = Pr.

B pa6ore [2| 6b11a BBEIEHO 06OOIIEHHOE OTHOIIEHNE TTOJTHOTO MOPSIIKA, OCHOBAH-
HOe Ha OIpPeJIeJIEHINN MEePhI CJIOXKHOCTU (OPMBbI, KOTOpasi paBHa 0 Jjisl mpocTeiiiei
dopmer O (omHa 061aCTh Ha BeCh KaJp) M MOHOTOHHO YBEJIMIMBAETCS IPU TIOCTIE-
JIOBaTeIbHBIX pa3duennsix obsacreit. s Mozandnoro pasbuenus: F' ¢ mwromaasmu
obnacreit Sp; = Sp;,i = 1,..,n Takoit mepoii sBasgercs OI'O-cioxuoCTH

e (F) = Z pi(1 —pi) (2)
i=1,..,n
CBsI3aHHAsi C METPUKOI oreHKn reomerpudeckux otinuanii (OT'O) [3]:
dy(F,G) = Z Z Sijdu (Fy, Gj) (3)
j=1,..,li=1,..,n

rae dy(F;, Gj) = Spi + Sa; — 25;; — paccrosinune X9oMMUHTa MEKIY 00/IacTAMU
pasbnernns F; n G;; S;; — maomans odbmactu F; N G ;. OI'O-meTprka MoKeT WHTep-
IPETUPOBATHCS KAK METPUKA PeJaKTUPOBaHUS MO3andHbIX (hopM. Ipyras ee maTEp-
NPETAIHST CSI3aHa C PEJISIIIHOHHBIM OTIMCAHMEM MO3amIHbIX (opM [4].

Mesxrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.



192 Ob6paboTka 1 aHaan3 H300parKEHUN U CUTHAJIOOB, KOMIIIOTEPHOE 3PEHUE

OrnpesiesinM pesIsiuoHHY0 (GOPMY MO3AUIHOTO M300parKeHUsT KaK [PeuKaT Ou-
HAPHOTO OTHOIIEHUST «ITHKCEJIbl He TTPUHAJIE’KAT OHON 001acTh» |

0 ecmu Vi : xpi(x,y) = xFi(u,v
(MM)_{ (2,9) = xri(u,v) @
1 B IPOTUBHOM CJIydae

L'-MeTpuKa Mexk Ty pesiaMOHHBIME (BOPMAMHI T U TG B TOYHOCTH KBUBAJEHTHA
OI'O-merpuKe MeXKJy COOTBETCTBYIONNMI MO3andIHbIMU (bopmamu F' u G:

dTr(7TF77TG) = || F(x Y, u, ’U) _7TG<$ Y, u, U)H -
= Z ii(spi + Sgj —28i5) =

- Z Z dy(F;,G4) = dg(F,G) (5)

i=1,..,n
3HaIT, HOPMIPOBAHHOE 3HATMEHHE L!'-HOPMEI PeTANHOHHON (DOPMEI T

pu(mr) = |7 | = llmoll/ll7:ll — 7ol =
=dx(7p,70)/dr (71, 70) = dr(7p,70)/dr (71, T0) =
> Spi(1-Sp)/S= > pi(l—p)=

i=1,..,n i=1,..,n

— d(F,0)/du(I,0) = jiu(F) (6)

ecTh HUYTO HHOe, Kak HopmuposanHasi OI' O-ciioxkuocTs fipr (F) (14).
PaccmorpuM Teneph cpaBHenue nzobpazkenuii mo (popme, KOTOpOe TPaJIuIUOHHO
OCYIIECTBJISETCH [IPH IIOMOIIH MOPMOIOrUIecKOro npoexTopa [1]:

n

(XFi,8)

gr(z,y) = Prg(z,y) = ZgFiXFi(xay)ngi = o e t=LhLesn
— lIxFll
Ecom m3o6pazkenne g(x,y) caMo SBIAETCA MOZAMIHBIM, TOTJA:
gr(z,y) = Prg(x,y) = Pr Z gaixai(T.y) =
j=1..
= 8¢ Prxa;(,y) Z gaixari (€,9), xar; (%, y)
Jj=1,...m Jj=1,.
) XGFinFi(may)vXGFij(xvy) =
1=1,..,n
= (xaj(@,9), xri(,9))/Ixci (=) =
:SWij/SFi,i:1,..,n;j:1,..,m (7)
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Takum 06pa30M, MBI [OJIy9Ia€M JIBa AJIbTEPHATHBHBIX ONUCAHU IPOEKIUU g (T, y):
HA OCHOBE YeTKOW Mogemn (X, gF) U HeueTKo# mopenn (Xap,&a). B cuiay 3to-
ro omneparop Pp MoxKer ObITh PACCMOTPEH y2Ke He KaK OlepaTop B IIPOCTPAHCTBE
n300pazkeHnii, a Kak OIepaTop B IPOCTPAHCTBE Mo3anvIHbIX (dopM. B rakoil cxeme
Heverkas (quddysnas [5]) mozanunas Mojenb Gp aBTOMATHYECKN BO3HUKAET KaK
HPOEKIIUs MO3AMTHOM MOJIEJH HA JAPYTYIO I€TKYIO MO3AMTHYIO MOJIEIIb:

Omupenennm mopdosnornuecknii kKoaddunuent koppensiun dopm (MKK®D):

m(G,F) = PrGII/|G] = lIxgr (@ y9)ll/lxc(z: )l (8)

Toncrasus (19) B (20) moyunm sisHOe Bbipakenue st Ky (G, F):

KJQVI(G F) = llxar(@ I/ lIxe(z,v)II?

= > > SHsse) = Y. > vi/ve (9)

j=1,..mi=1,..,n j=1,..mi=1,.n

e pij = ij/SapFi = SFi/S~

BamernM, uTo BhIpazkeHue (21) yxke GbUIO paHee MOJIYIEHO HAMH U3 COBEDIIEH-
HO UHBIX, CTATHCTHUYECKNX coobpakeruii [6, 7]. Torjga GbLI0 NPeIOKEHO HA3BIBATH
cpemHeKBaApaTuIHbIM M deKTUBHBIM KO3 dumerToM MOPGOIOrnIecKoil Koppe-
agnuu (CKMK) dopm F' u G KOpeHb U3 OTHOIIEHUS CDPEIHEro KBaJpaTa HOPMbI
npoekIn n3obpazkenus u3 I na dopmy G K cpejiHeMy KBaJIpaTy HOPMBI IIPOEIDY-
emoro n3obpaxkenusi. @opmyiia st CKMK B mipejinosioxkeHnn o0 B3auMHOI He3aBU-
cuMOCTH sipKocTeil obacreit Ha GG, OKa3ajaach B TOTHOCTU TaKOil yKe, KaK [0JIy IeHHOE
Hamu 3j1ech Bhipazkenue st MKK® (21).

Hakomer, cpaBHUBast Ipy ITOMOTITI wa dopmy F' ¢ mpocreitmeit hopmoit O:

= Z sz (10)

i:l,..,n

JIETKO YOeIuThCsl, 9TO:

,UH(F): Z pFi(l_sz - Z Pri — Z sz _K%/[(F7O) (11)

i=1,..,n con 1,..n

Takum o6pazom, Mepa ciaoxuoctu iy (F) okazanach HEIOCPEICTBEHHO CBA3AHA C
mopdomormaeckoit koppensamueit K2, (F,0). Bosee Toro, Temeph MOXKHO 3aIlCaTh:

pu(F) = |7r —moll1/lmr — mollL1 = du(F,0)/du(1,0) =
=1-K3,(F,0) (12)
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UTO SBJISIETCH 3aMEYATEJHLHBIM OATBEPKIEHNEM BHYTPEHHErO eIUHCTBA MOPDOJIO-
rudeckoro anaansa [IbIThbeBa BO Bcex ero ¢popmax — aTpuOyTHOH W PEIANHOHHOI,
METPUYECKOH U OLEPATOPHOl, FeOMETPUIECKON M CTATHCTUYECKOl, 4eTKoi (mpoek-
TuBHOI) u Hederkoi (auddysHoit). DTO BhIpaAKEHNE TAKXKe JIEMOHCTPUPYET CKPbI-
TYIO0 BHYTPEHHIOIO CBA3b MEXKTy MOPOMJIOTHICCHKMI HHCTPYMEHTAMY CDABHEHUSI IO
CXOJICTBY / PA3JIMYUIO U 110 CJIOZKHOCTH. B HEKOTOPOM CMBICJIE Jjisi MOP(OTIOTUIECKOIO
aHaJIn3a 3TO TAKOE 2Ke «00beIMHUTEILHOE» PABEHCTBO, KAK 3HAMEHUTOE TOXKIECTBO
Ditepa ™ + 1 = 0 11 KOMIUIEKCHOI'O aHAJIH3A, IIOCKOJIBKY OHO CBOJUT BOEIMHO,
Ka3aJI0Ch ObI, COBEPIIICHHO Pa3Hble ACIEKThl PACCMaTPUBAEMOTO IpeaMeTa. B gact-
nocru, ToxkaecTBo (12) mokaspiBaer, uro OI'O-merpuka nefiCTBUTENLHO SABJIAETCS
€CTeCTBEHHOI MeTPHKOil (hOpM, KOTOpas HAIPAMYIO CBA3aHA HE TOJBKO C MO3amd-
HBIM U PEJIAIUOHHBIM IIPejicTaBenneM (popM, HO U ¢ MOPAOJIOTUIECKUAM ITPOEKTOPOM
1 MOPGOJIOTUIECKUM KOIDDUITNEHTOM KOPPEIAIIAN.

Pabora nmopneprkana rpantom PH® Ne16-11-00082.
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“Euler Identity” for Morphological Image Analysis

Yury Vizilter'x viz@gosniias.ru
Oleg Vygolov' o.vygolov@gosniias.ru
Sergei Zheltov' zhl@gosniias.ru
Stanislav Brianskiy' sbrianskiy@gosniias.ru

'Moscow, FGUP “GosNIIAS”

In the framework of Pyt’ev morphology [1] we consider images as piecewise-
constant 2D functions

n
T,y) = Z frixri(z,y) (13)
i=1
where n is a number of tessellation F' on frame {2 with area .S into connected regions
of constnt intensity, F = {F1,...,F,};f = (fr1,---, frn)? is an intensity value
vector. Such images we call the mosaic images.

Morphological comparison of mosaic shapes by complexity is traditionally imple-
mented in terms of a partial order relation "not more complex by shape”. The set
of mosaic shapes has an algebraic lattice structure: for any shapes F and G we can
find the more complex shape F' A G and less complex shape F'\/ G. More complex
shapes are obtained by region splitting, and less complex shapes are obtained by
regions merging. In terms of sets (classes) of images, F' is not more complex than
G, if ' C G. In terms of morphological projectors, F' is not more complex than G
if PoPr = Pr.

In [2] we intoduce a generalized full-order relation based on the definition of the
shape complexity measure, which is equal to 0 for the simplest shape O (one region
on a frame) and increases monotonouslly with successive region splitting. For mosaic
tessellation F' with areas of regions Sp; = Sp;, i = 1,..,n we proposed to use the
GDD-complexity:

pa(F) = Z pi(1 —pi) (14)
i=1,..,n

which is connected with Geometric Difference Distance (GDD) between shapes [3]:

dy(F,G) = Z > Sydu(F;,Gy) (15)

LSi=1,..n

where dy (F;,Gj) = Spi+ Saj — QSij is a Hamming distance between regions F; and
Gj; Si; — area of region F; N G; Such GDD metrics can be interpreted as a mosaic
shape editing metrics. The other interpretation of GDD is connected with relational
models of mosaic shapes [4].

We define the relational shape of the mosaic image as a predicate of the binary
relation ”pixels do not belong to the same region”:

(16)

0 if Vi ACT] = AR
oy = [0 R (ED) = xei()
1 otherwise
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L'-distance between relational models 7 and 7g is exactely equal to GDD-distance
between mosaic tesselations I’ and G:
de(mp, ma) = ||Tp (2, y,u,v) — 76 (2, Y, u,v)|| =

= Z ij SFZ + SG] 251]) =

= Z dy(Fi,Gy) = dp(F,G) (17)

i=1,..,nj=1,...m
Therefore, the normalized value of L'-norm for relational model 7p:

pu(rr) = |7 || = [|[moll/lI7:]l — |lTol =
=d(mp,70)/dx(71,70) = drx (7, 70)/dx (71, 70) =
> Spi(1—=Sp)/S= > pi(l—p)=

i=1,..,n i=1,..,n

— d(F,0)/du(I,0) = jiu(F) (18)

is nothing other than the normalized GDD-complexity pg (F) (14).
Let us now consider the image comparison by shape, which is traditionally de-
termined using a morphological projector [1]:

gr(z,y) = Ppg(z,y) = ZgFiXFi(xay)ngi = (”);:;’ﬁgg),l =1..n
K3

i=1

If image g(z,y) is mosaic too, then:
gr(z,y) = Prg(z,y) =Pr Y gaixa;(@,y) =
Jj=1,..,m

= g8ciPrxa(@y) = Y gaixar;(@,y), xar;(x,y)

j=1,..,m j=1,...m

Z XGFinFi(l'ay)7XGFij($7y) =

i=1,..,n
= (XG](xay)aXFl(xvy))/”XGJ(‘xay)”z =
= Swij/Sri,i=1,.,n;j=1,..,m (19)

Thus, we obtain two alternative descriptions of the projection of gp(z,y): based
on a usual mosaic model (xp,gr) and a fuzzy model of (xar,8c). Hence, the
Pr operator can be considered no longer as an operator in image space, but as an
operator in the space of mosaic shapes. In such scheme, the fuzzy (diffusion [5])
model G automatically arises as a projection of the mosic model onto another
mosaic model:

Xar = Prxqg <= Gr = PrG
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Let us define the Morphological Shape Correlation Corefficient (MSCC) as

Ku (G, F) = [|PrG|/IIG]l = Ixar (@ v/ (xa (2, y)ll (20)
Then we substitute (19) into (20) and obtain the evident formula for Ky (G, F):

Kﬂ(G F) = Ixar(@9)1?/IIxe (9l

= > > S%/(SSki) = Z > pi/vFi (21)

j=1,..,)mi=1,...n j=1,..,mi=1,...n

where Pij = Sij/S,pFi = Spi/S.

Note that was previously receive the expression (21) from completely different,
statistical considerations [6, 7]. We determined the mean square effective morpho-
logical correlation coefficient (MSEMCC) as the root of the ration of average square
of the projection norm of the image shape F' to the sape G to the average square
of the projected image norm. The formula for the MSEMCC based on assumption
of the mutual independence of the region intensities on G, turned out to be exactly
the same as the expression we obtained here for the MSCC (21).

Finally, one can use the K32, to compare shape F with simplest shape O:

K3,(F,0) = SFZ— 3 vk (22)

i:l,..m i=1,..,n

and find that
,UH(F): Z szl_sz - Z PFi — Z p%zzl_Kﬁ/[(F7O) (23)
i=1,..,n

i=1,..,n

Thus, we found that the complexity measure pg(F) is directly related to the mor-
phological correlation K2,(F,O). Moreover, now we can outline:

pu(F) = |7r —mol|l1/lmr — mollL1 = du(F,0)/du(1,0) =
=1-K3(F,0) (24)

This is a remarkable confirmation of the internal unity of Pytyev’s morphological
analysis in all of its forms: attribute and relational, metric and operator, geomet-
ric and statistical, mosaic (projective) and fuzzy (diffusion). This expression also
demonstrates the hidden intrinsic relationship between morophlogic comparison by
shape similarity /difference and by shape complexity. In some sense, for morpho-
logical analysis, this ”unifying” equality is analogous to the famous Euler identity
'™ 11 =0 for complex analysis, since it brings together seemingly completely dif-
ferent aspects of the subject under consideration. In particular, the identity (24)
shows that the GDD-distance is a really natural metrics in the shape space, which
is directly related both to the mosaic and relational representation of shapes, and
to the Pyt’ev’s morphological projector and morphological correlation coefficient.
Funded by RSF, project 16-11-00082.
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MpumeHeHne kKBa3nonTUManbHO Knactepusauun nukcenen B
3ajla4e KOMMIEKCUPOBAHUSI Pa3HOPAKYPCHbIX N300parkeHnii

Xanvrkoe Hezopv Teopauesur'x igk@iias.spb.su
Henawes Badum Aanexcarndposus’ nenashev@guap . com
! Cankr-Tlerep6ypr, DerepabHbIi HCCIeIOBATENLCKHIT TieHTD Poccuitckoii akaeMun Hayx
2Cankr-Tlerep6ypr, [0CyIapCTBEHHbIIl YHHBEPCUTET a3POKOCMHYECKOTO TTPUGOPOCTPOCHHU ST

B pabore [1] mpemraraerca MeTomuKa COBMENEHHsT PA3HOPAKYPCHBIX JIOKATIOH-
HBIX M300pakKeHUil B OJIHO TI0 TOYKAM KOHTYpa BbIJEJEeHHBIX obsacteil. Obsactu
BBIJIEJISIOTCS Iy TEM MCIIOIB30BAHNST METOJIa BBICOKOCKOPOCTHON KBa3MOITHMAIBLHON
KJIacTepu3alun muKceseii nzobpazkenusi. Vcnoib3yemblii MeTo | KacTepus3amuu 00-
XOJUT MIPOOJIEMY BBIYUCIUTETBHON CJIOKHOCTH 3a CUET PA3JIEEHUs BCETO IPOIECca
00paboTKN M300pakKeHus Ha TPHU IOCIEI0BATEIbHBIX ITAIA.

Ha Bxojie anropurMa KBa3MONTHMAJBHON KJIACTEPU3AINH, TIOMIMO H300pazke-
HUSsI, 33/1a€TCsl TOYHOCTH BBIYHUCJICHHI, OIIPe/IesIsieMasi TapaMeTPOM YHCIIa CYTIePIUK-
cesneit Ncmr. [Tapamerp Ncir 3aaer (pUKCHPOBAHHOE YUCIIO KJIACTEPOB, JIJIs KOTOPOTO
pecTpyKTypusyercsi uepapxust pasouenuii. Iuamna3on 3naveHunit 3a1aBaeMoro mnapa-
merpa Ncu — or 1 mo N, rme N — ofrree KOJIMYeCTBO HMHUKCEJEH B M300DaYKEHUH.
Bosbmemy 3nadenno mapamerpa N CI COOTBETCTBYET JIydIliee KA9eCTBO PECTPYKTY-
pusaruu, HO u OoJibiiee BpeMsi 06paboTku. Ha BbIXojie ajropuTM reHepupyer ce-
PUIO KYCOYHO-ITIOCTOSIHHBIX pa3buenunii. KojimaecTBO BHIBOUMBIX pa30ueHuil 3a1aeT-
cs1 TIOJIb30BaTesieM B juanasone or 1 o N.

(a) (b)

Puc. 1. Vcxommable jieBoe u IpaBoe Pa3sHOPaKyPCHBIE H300PaXKEHUsT: &) JIEBOE PA3HOPAKYPC-
Hoe n300pakeHue; b) nmpasoe pa3sHOPAKypCHOE N300paKeHue

Ha IIEpBOM 3Talle aJIrOPUTMa KBa3MOITUMAJIbHON KJIaCTepu3allul BbIIIOJIHAECT-

cst OBICTPOE TIOCTPOEHHE I'PYOOil MepapXxuy CEerMeHTOB MPUMEHEHHEM JIHO0 MOJIe/IH
Mamdopupa-ITTaxa, mub0 KjaIaccudeckKoro Meroga Yopja [0 J9acTsM H300pazkKeHusl.

Me>kgynapoarast koudepennust MOH-13. Poccusi, r. Mocksa, 8-11 ngexkabpst 2020 r.
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(a) (b)

Puc. 2. KiacrepuzoBaHHbIE JIEBOE U TIPABOE PA3HOPAKYPCHBIE H300PAXKEHUS: ) JICBOE N300~
pakenne u3 3 Kaacrepos; b) npasoe u3obpazkeHue u3 3 KJIacTepoB

Puc. 3. CoBmernennoe n306parkeHue n3 JABYX MCXOJHBIX PA3HOPAKYPCHBIX

Ha BrOpoM sTare BBIIOTHSAETCS TPOMEKYTOTHOE YIIYUIIeHre KAadecTBa, (pOpMUpy-
ercss Ncn cyneprukceseit. Ha tperbem stane chopMUPOBAHHbBIE CYIEPIMKCENN KJla-
CTEPHU3YIOTCA KIACCUIECKUM METOJIOM YopJa.

Meromuka KOMILIEKCUPOBaHUS Pa3HOPAKYPCHBIX M300parKeHuii cocTout us 4 1ra-
roB. Ha 1 mrare ncxomsaple pasHOpakypCHble M300ParKeHUsi COCTHIKOBBIBAIOT B OIUH
€JIMHBIN CHUMOK, KOTODBIl KJIACTEpU3yeTCsT TPEXITAIHBIM aJTOPUTMOM KBA3UOIITH-
MaJIBHOI KJacTepusanun nukcesei mpu 3agannom ducse Nci. Ha Bbixose ajroput-
Ma [OJIyIaeTCst Ceprst Pa3OUeHNH ¢ YBeJIUINBAIONUMCS IICIOM KiaacTepoB. CoBmecT-
Hast 00pabOTKa N300PaArKEHMH TTO3BOJISET MOT0OHBIM 00PA30M BBIIEIUTH OINHAKOBBIE
110 CTPYKTYpPe 00JIaCcT Ha PA3HOPAKYPCHBIX m300pazkeHusix. Ha 2 mare u3 moJrydeH-
HOI cepuy KJIaCTEPU30BAHHBIX PA30MEHnl BRIOMPAIOT OJIHO, KOTOPOE OOPATHO pasjie-
JITIOT Ha, OT/Ie/TbHbIe n300parkenus. Ha BLIOPAHHBIX W pa3IeIeHHBIX N300PaXKEHITX

Me>xaynapoanas kougepennust OHW-13. Poccust, . Mocksa, 811 nekabpst 2020 r.
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BBIJIEJIAIOT KOHTYPBI XaPAKTEPHBIX 00JIACTEN 1 OIIPE/IEIISIOT TOYKU CXOKIX 10 CTPYK-

Type KOHTYypoB. Ha 3 mare depe3 perrienne KOppessiiiuOHHO-3KCTPEMAIBLHOM 3a/1a91

110 TOYKAM KOHTYPOB, HaMJICHHBIX HA KJIACTEPU30BAHHBIX M300paKeHUsIX, M0/ I0Npa-

ercst (DYHKIMOHAIBLHOE IPeoOpa30BaHue, IPU KOTOPOM 3HadeHue (bYHKIIUU KOppe-

JISIIIAY TIPUHUMAET MaKCHMaJibHOe 3Hadenue. Haiinernnoe dyHKImonaabHoe mpeod-

pa30oBaHme TPUMEHSIIOT K UCXOIHBIM n300parkennsam. Ha 4 mare BBIIOIHIETCS OIEH-

Ka KadecTBa chOPMUPOBAHHOTO COBMEITIEHHOTO n300pazkenus. [Ipu nHeymosaeTBopu-

TeJIbHON cTeneHn CyObEeKTUBHOTO BOCIHPUATHUS TEPEXOIAT K IMPEIbIIYIIIM IITaram

MEeTOJMKHU coBMelneHusi. JInbo Ha 2 mare GepeM mapy KjacTePU30BAHHBIX CHUMKOB

¢ OOJIBIIIUM 9HCJIOM KJIACTEPOB [JIsl ITOCJIEYIONIErO BBIIETEHUST HOBBIX XapaKTep-

HBIX TOYEK KOHTYDPOB M yTOYHEHWs IIOJIOYKEHUs panee Haiigenusix. JIubo, mepeiins

K 1 mary, yBenmunBaem 3HadeHue napamerpa gertanudanun Nci. Ilosbimas cre-

[IeHb JIeTAJIU3ANNN CPOPMUPOBAHHBIX CHUMKOB, YBEJIMYUBAETCH KOJIMIECTBO TOYEK

KOHTYPOB, U KaK CJIEJICTBIE YTOYHSETCsI BIJ HCKOMOTO (DYHKIIMOHAJIBHOIO IIpeobpa-

3oBanus. MeroauKa yToUHeHns (DyHKIMOHAILHOTO IPEOOPA30BAHNUSI C TOBBIIIIEHIEM

CTEIIeHN JIeTaIn3arnn n300paKeHnsl CIeyeT OBTOPTh JI0 TEX 0P, MOKa KAaYeCTBa

COBMEITEHHOI'0 M300parkenus Hu OyaeT npuemseMbiM. JleTanu3anus OcyIecTBsgeT-

Cs KaK 3a CYeT YBEJUUEHUs] INCJa KJIACTepOB (I[BETOB) B cepum pasbueHnmii, Tak n

3a CYET YBeJUUEHUs ITapaMeTpa TOYHOCTH KBAa3UONTUMAJILHON oOpaboTku. JlanHast

MEeTOJIMKA MPUMEHNUMa, JjIsi OOPTOBBIX JIOKAIIMOHHBIX CTAHIIWI MHOTOITO3UITHOHHBIX

CHCTEM B TIEJISIX KOMILIEKCUPOBaHUS WH(MOPMAIUU, B TOM YUCJIE PA3HOPOIHOM.

Ha pucynkax 1.a, 1.b npeicTBajeHbl NCXOIHBIE JIEBOE U IIPABOE PA3HOPAKYPCHBIE
n3obpazkenns. Ha pucynkax 2.a, 2.b mpeacTBajeHbI J€BOE U MPaBOE KJIACTEPU30-
BaHHBIE PA3HOPAKYPCHBIE N300parKeHNsl, COCTOSIINE U3 TpexX KiacTpos (mpetos). Ha
pUCyHKe 3 IIpeJICTaBJIeH Pe3yJibTaT COBMEIEHNS ABYX UCXOIHBIX N300parKeHuil B OJ1-
HO.

HccenenoBanue BBIIOJIHEHO 3a c4eT IpadTa Poccuiickoro mayunoro donma (mpo-
ekt No 19-79-00303).

[1] Khanykov I. G. The Application of the High-Speed Pixel Clustering Method in
Combining Multi-Angle ITmages Obtained from Airborne Optical-Location Systems //
XXIIT International Conference on Wave Electronics and Infocommunication Systems,
2020. Pp.1-7.
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The application of quasi-optimal pixel clustering in the problem of
combining multi-angle images

Igor Khanykov'x igk@iias.spb.su
Vadim Nenashev nenashev@guap. com
!Saint Petersburg, Federal Research Centre of the Russian Academy of Sciences

2Saint Petersburg, State University of Aerospace Instrumentation

The paper [1] proposes a technique for combining multi-angle location images
into one at the points of the contour. Areas are isolated using the method of high-
speed quasi-optimal clustering of image pixels. The used clustering method bypasses
the problem of computational complexity by dividing the entire image processing
process into three sequential stages.

(a) (b)

Figure 4. Initial left and right multi-angle images: a) left multi-angle image; b) right
multi-angle image

At the input of the quasi-optimal clustering algorithm, in addition to the image,
the calculation accuracy is specified, which is determined by the parameter of the
number of superpixels Nsp. The Nsp parameter specifies a fixed number of clusters
for which the hierarchy of partitions is restructured. The range of values of the given
parameter Nsp is from 1 to IV, where N is the total number of pixels in the image.
A larger value of the Nsp parameter corresponds to a better restructuring quality,
but also a longer processing time. At the output, the algorithm generates a series
of piecewise-constant partitions. The number of displayed splits is set by the user
in the range from 1 to N.

At the first stage of the quasi-optimal clustering algorithm, a rapid construction
of a rough hierarchy of segments is performed using either the Mumford-Shah model
or the classical Ward’s method by parts of the image. At the second stage, an
intermediate quality improvement is performed, Nsp superpixels are formed. At
third stage, the formed superpixels are clustered using the classical Ward’s method.
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(a) (b)

Figure 5. Clustered left and right multi-angle images: a) left image of 3 clusters; b) right
image of 3 clusters

Figure 6. Combined image from two original multi-angle images

The technique of combining multi-angle images consists of 4 steps. At the 1
step, the original multi-angle images are docked into one single image, which is clus-
tered by a three-stage quasi-optimal pixel clustering algorithm for a given number
of Nsp. The output of the algorithm is a series of partitions with an increasing
number of clusters. Joint processing of images allows to isolate in a similar way
areas of the same structure in different multi-angle images. At the 2 step, one joint
clustered partition is selected from the obtained series. Then it is divided back into
separate parts. The contours of areas are distinguished and characteristic points
of contours similar in structure are determined on the selected and divided images.
At the 3 step, a functional transformation is selected through the solution of the
correlation-extremal problem by the contours points found on the clustered images.
The correlation function value must take the maximum value. The found functional
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transformation is applied to the original images. At the 4 step, the quality of the
generated combined image is assessed. If the degree of subjective perception takes
on an unsatisfactory value, then we proceed to the previous steps of the combining
technique. Or, at the 2 step, we take a couple of clustered images with a larger
number of clusters for the subsequent selection of new characteristic contour points
and refining the position of previously found. Or, proceeding to the 1 step, we in-
crease the value of the detail parameter Nsp. Increasing the degree of detail of the
formed images, the number of contour points rises, and as a result, the type of the
desired functional transformation is refined. The technique of refining the functional
transformation with increasing the degree of image detail should be repeated until
the degree of quality assessment of the combined image is acceptable. Detailing is
carried out both by increasing the number of clusters (colors) in a series of parti-
tions, and by increasing the accuracy parameter of quasi-optimal processing. This
technique is applicable to onboard radar stations of multi-position systems in order
to integrate information, including heterogeneous information.

Figures 4.a, 4.b show initial left and right multi-angle iamges. Figures 5.a, 5.b
show the left and right clustered multi-angle images, consisting of three clusters
(colors). The figure 6 shows the result of combining two original images into one.

The research was carried out at the expense of a grant from the Russian Science
Foundation (project No 19-79-00303).

[1] Khanykov I. G. The Application of the High-Speed Pixel Clustering Method in Combin-

ing Multi-Angle Images Obtained from Airborne Optical-Location Systems // XXIII

International Conference on Wave Electronics and Infocommunication Systems, 2020.
Pp.1-7.
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O6Hapy»xeHue n conpoBoxaeHue uenein ¢ BMNJIA npu nomowm
HeMpOHHbIX ceTeil

Kaamvixos Huxuma Cepzeesur'>x kalmikov.nik@gmail.com
"Mocksa, UucturyT npobiem yupasiaenns uM. B. A. Tpanesnuxosa PAH
2Kopouses, 000 «AmbbaTpocs

Kowmmekcable TEXHOJIOTUN ONEPATUBHOIO MOHUTOPHWHTA TEPPUTOPUHN, Pa3IId-
HBIX OOBEKTOB C IOMOIIBIO OECITMIIOTHBIX JIETATEILHBIX AIIAPATOB, ABJISIOTCS OJHU-
MU 13 HanboJIee IEPCIEKTUBHBIX U BOCTPEOOBAHHBIX B CUTYAIIUAX, TPEOYIONMNX HE3a-
MeJTUTETLHOTO PearnpoBaHusi, HO, B TO K€ BPEMsI, M BECbMa, CJIOXKHBIX JIJIs TPAKTH-
geckoil peasusaruu. Ocoboe 3HaUEHNEe OllePATUBHBIN MOHUTOPUHT UMEET JIJIsl 3aJ1a4
00CITyKIMBAHUS TPAHCIIOPTHON MHMPACTPYKTYPBI, OXPAHBI 00BEKTOB, MOHUTOPHHIA
TEePPUTOPHIL, HY?KJ CUJIOBBIX BEJIOMCTB W IIPU IPEIYyIPEKICHIN 1 JTUKBUIAIUN T10-
CJIEJICTBUI IPEe3BBIYANHBIX CHTyaIlnii, moucka Jjofeil. B rtakmx 3amadax mambosiee
OPUMEHUMbBIM ABJISAETCA BUJIEO UJIN TEIJIOBU3NOHHBIN MOHUTOPUHI, U3 Y€Tr0 BbIpacC-
TaeT aKTyaJbHOCTb JaHHO# paborsl. Ienbio nannoit HUOKP siBjsiercst moBbieHne
koMdopTa paborsl oneparopa BILJTA 4gepes apromaruzanuio pabounx orepanuii Bo
BpeMs BBIITOJTHEHUS BUJIEO- U TEIJIOBU3NOHHOIO MOHUTOPUHTA C OECIUIOTHOIO JIeTa-
TeJIbHOTO amnmnaparta. JlanHas 1eb peajn3yeTcs depe3 CO3JaHne CIeIYIONNX MOJTy-
Jieit J171st GECIIMIIOTHBIX JIETATEIbHBIX alllapaToB:

1. rupocrabman3upoBannas TpexoceBas maTdopMa OECKOHETHOTO BPAIIEHUS C BH-
JEOKaMepOii;

2. mporpaMmHoe obecriedenue yipasjenus mojgerom BILJTA;

3. cuenmammsuposannoe 110 st onpejiesiennst 06bEKTOB 110 BUJIEOIIOTOKY, IOy Ta-
€MOMY C KAMepbI, 1 ABTOMATUIECKOT0 y/IEPYKAHUS 3aXBAYEHHBIX O0BEKTOB B IOJIE
3peHnsi BUIEOKAMEDDI.

Taxkum obpazom, oneparop BILJIA, BbimosHsas paboThl 10 MOHUTOPUHIY, [TOJIYYaeT
BO3MOXKHOCTH yKa3aTh BILJTA o6bekT maTepeca u AeTaabHO €ro U3y duTh, He OTBJIC-
KasiCh Ha yIpaBJieHre DeCHUIOTHUKOM, B TO BpeMs Kak BIIJIA B aBTomMaTmieckom
pexkuMe Oy/ZeT CJieJoBaTh 32 O0BEKTOM MHTEpeca U JIEPXKATh €ro B II0Jie 3PEHUs
BHleOKaMepbl. KJitoueBble MIPEUMYIECTBa IPOEKTHON TEeXHOJOTUU IT€PE] JIIOOBIME
JIPYTUMU BUJIAMU MOHUTODUHTA!

1. omepaTuBHOCTBH 3axXBaTa IEJIH;

2 aBTOMaTU3allud yIepPzKaHn A 3axXBavyeHHOI oeJin;
3. IUTOIMIAIb HADIIOICHUST;

4. aBTOMAaTH3ANMA HAOJIIOICHUSI.

IIpeBoCX0ICTBOM TPOEKTHON TEXHOJOIHMU TEpel CheMKON GeCIMIOTHBIMUI allla-
paTtamMu 6e3 MOy aBTOMATHIECKOTO CJIEXKEHHUSA 38 IEJIbIO SIBJSETCS MMOBBIIEHNE
KadecTBa U HAJIEKHOCTH JUCTAHITHOHHOTO MOHUTOPUHTA IIyTEM 3aXBaTa W (PUKCAITNN
CpeJICTB MOHUTOPHUHTA Ha HEIOJ/IBUKHON WJIN JBUKYIIENCcs 11e1, UTO, B CBOIO Ove-
pe/ib, CYIIECTBEHHO TTOBBINIAECT TPOU3BOINTETHHOCTD U 3(PHEKTUBHOCTD BBITOTHEHUS
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paboT 10 BUICOMOHUTOPHUHTY. TakzKe, CpeJin MPEenMYIIECTB MOXKHO BBIJEIUTH OoJiee
BBICOKYIO HaJIE’KHOCTD Y/IEPIKAHWS TeJIM B IJIOCKOCTH M300ParKeHUs 110 CPABHEHUIO
¢ GeCMIIOTHBIMU alnapaTaMy, B KOTOPBIX ToJe3Hast Harpyska (ITH) yupasmsiercst
oneparopoM BpyuHy0. [lanHas pabora noaepxana PoHIOM comeiicTBUAs MHHOBA~
nuii, kourpakr Ne 35771'C2/60682 or 13.07.2020 no manpasienuto «Paspaborka u
UCIBITAHNUS OIBITHOIO 0OPa3Ia aBTOHOMHOM CHCTEMBI CJIEXKEHUs 3a O0bEKTaMU II0
BHJIEOIIOTOKY, mojrydaemomy ¢ BITJIA»
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Target detection and tracking using neural networks on UAV

Nikita Kalmykovx kalmikov.nik@gmail.com
Moscow, V. A. Trapeznikov Institute of Control Sciences of the Russian Academy of
Sciences

Korolyov, “Albatros” LTD

Integrated technologies for operational monitoring of territories and various ob-
jects using unmanned aerial vehicles are among the most promising and in demand
in situations that require immediate response, but at the same time are very difficult
to implement. Operational monitoring is of particular importance for the mainte-
nance of transport infrastructure, security, monitoring of territories, the needs of
law enforcement agencies, and in the prevention and elimination of the emergency
situations, search and rescuing. In such problems most applicable are video and
thermal monitoring, from which it grows relevance of this work. The purpose of this
R&D is to improve the comfort of the UAV operator through the automation of work
operations during video and thermal imaging monitoring from an unmanned aerial
vehicle. This goal is realized through the establishment of the following modules for
unmanned aerial vehicles:

1. gyro-stabilized three-axis platform of infinite rotation with a video camera;
2. UAV flight control software;
3. specialised object tracking software;

Thus, the UAV operator, carrying out monitoring work, is able to specify the UAV
object of interest and study it in detail, not being distracted by the UAV control,
while the UAV automatically follows the object of interest and keep it in the cam-
era’s field of view. Key advantages of design technology over any other types of
monitoring:

1. efficiency of target acquisition;

2. automation of holding the captured target;

3. observation area;

4. automation of surveillance.

The superiority of the design technology over capturing without an automatic target
tracking module aims to improve remote monitoring of quality and reliability by
capturing and locking monitoring tools on the stationary or moving targets, which
in turn significantly increases the productivity and efficiency of work. Also among
the advantages we can allocate higher reliability retention purposes in the image
as compared to unmanned vehicles, in which the payload is controlled manually by
the operator. This work was supported by the Foundation to promote innovation,
contract number No 3577GC2/60682 of 13.7.2020 on the subject “Development and
testing of a prototype of autonomous tracking system for objects on a video stream
from UAV”
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Hecatb oTKpbITbIX NPObsieM BEPOSITHOCTHOrO TEMaTUYECKOro
MoaenMpoBaHusi

Boponuos Koncmanmun Bauecaasosun'x k.v.vorontsov@phystech.edu

"Mockosckmit @usuko-Texmuaecknit UncruryT

BepogTHocTHAS TeMaTHYeCKast MOJIEb KOJIEKIIMU TEKCTOBBIX JOKYMEHTOB OIU-
CBIBAET KaKJbIil JIOKYMEeHT d JAUCKpeTHbIM pacupeenenueM p(t|d) ma muoxecTse
TeM t, a KayKiylo Temy ¢ — JUCKPETHBIM pacupezenenueM p(w|t) Ha MHOXKeCTBE
cnoB w. TeMarnueckoe MOJEIMPOBAHNE HA3BIBAIOT «MSITKO» KjacTepusammeii, Tax
KaK KaXK/Iblii JOKYMEHT He OTHOCUTCST «XKECTKO» K OJIHOMY KJIACTEPY-TEME, & MOJIE/IH-
pyercst BeposATHOCTHOI cmechio TeM: p(w|d) = >, p(w|t)p(t|d). B mpocreiimeit mocra-
HOBKE 33J1a9a CBOJAUTCH K IIOCTPOCHUIO HEOTPUIATEIHHONO MATPUYHOTO PA3JIOKEHUST
7 umeeT GECKOHETHOE MHOYKECTBO peleHnii. Bojiee CI0sKHbIE TIOCTAHOBKN BKJIIOTAIOT
Pa3IMIHBIE KPUTEPUN PETYJISTPUBAIAN, TIO3BOJIAIONINE yIATHIBATH JOMOJHATEILHBIE
JIAHHBIE O JIOKYMEHTaX UM OCOOEHHOCTH CTPOEHUsI TEKCTOB HA €CTECTBEHHDBIX sI3bl-
Kax.

B pesysbrare MOJEIMPOBAHNS CTPOSITCS TEMATHIECKHE BEKTOPHBIE IIPEICTABIIEC-
HUsI KaK JIOKYMeHTOB p(t|d), Tak n cyioB p(t|w), npuaéMm He TOJIBKO TI00aIbHBIE JTTst
BCell KOJUIeKIuM, HO U JioKasbhble p(t|d,w), onpeeiseMble KOHTEKCTOM CJIOBA W
B JIOKyMeHTe d.

JlarHOE 06CTOSITEIHCTBO MOTEHIMAIBHO CTABUT TEMATUYECKOE MOJIETMPOBAHUE
B OJMH psAJl C COBPEMEHHBLIMH HEeHpOCETeBBIMU MOJIEIAMHU S3LIKA, KOTOPBIE TaK-
JK€ CTPOLAT JIATEHTHDbIE BEKTOPHBIE MPEJCTABICHUs (IMOCIUHIN) JIIOOBIX TEKCTOBBIX
dparMenToB, Ipyu 3TOM pasanmyas IIOOATBHBIE U JIOKATLHBIE SMOEJMHTH CJIOB.

[IpenMyImecTBOM TEMATHIECKUX SMOEINHTOB SBJISETCS UX PA3PEXKEHHOCTh U WH-
TeprpeTupyeMocTh. Kaxkiast Koop/uHaTa BEKTOPa COOTBETCTBYET HEKOTOPOI TeMe,
KOTOPasl OIUCBIBAETCA CEMAHTHYECKH CBA3AHHLIMU CJIOBAME U (Dpa3aMU €CTECTBEH-
Horo s3bika. O6pa3Ho TOBOpsI, JII0bas TeMa CIIoCOOHA caMa paccKasarhb O cebe, TOra
KaK HeipoceTeBble SMOEINHTN TAKOH BO3ZMOYKHOCTBIO He ODJIAIAIOT.

C Jpyroii CTOPOHBI, TEMATHYECKUE MOJEJU CUJIHHO YCTYHAIOT HEHPOCETEBHIM
(BERT, GPT u ux BapuanTaM) [0 BBIPA3UTEILHBIM CIIOCOOHOCTSM, TOYHOCTH A3BIKO-
BOI'O MOJICIMPOBAHUS U KAYECTBY DEIIEHUs TPYIHBIX 38749 TEKCTOBOH aHAJIUTHKH.
HeiipocereBble MOjIe/ N A3bIKA IIPEJICKAZBIBAIOT CJICAYIONIEE CJIOBO B IIPEIJIOKEHUN
Ha ypOBHE 4eJoBeKa (3HadeHue mepiviekcun okoso 10), Torjga Kak IepILIeKCUs Te-
MATHIECKUX MOJIesIeil OOBIMHO B COTHU pa3 BbINIe. [IpuamHa HE TOIBKO B TOM, YTO
HEHPOHHBIE CETU CJIOZKHEE YCTPOEHbI, MMEIOT GOJIBIIE TAPAMETPOB U KOJUPYIOT B 9M-
feIMHrax HETPUBUAJBHYIO HHAMOPMAIMIO O CeMaHTHKe (IPUPOJLYy KOTOPOH MbI MOKA
HE MIOHUMAEM U HE yMeEeM MOJIEIUPOBATh B SIBHOM Buje). TeMaTudecKue MOJE/U UC-
XOJIHO TIPEJIHABHAYCHBI JIUIIH J1JIsi BEDXHEYPOBHEBOIO MOHUMAHUA OOJILIINX OOLEMOB
TEKCTa W OTBETOB Ha OOINME BOIPOCHI: «KAKME TE€MBI MIPEJICTABICHBI BO BCEH KOJLIEK-
[U», <KAKUE TeMbl 3aTPOHYTHI B JAHHOM TEKCTE» M «9UTO EINE IMOJE3HO 3HATH 00
9TUX TEMAaX».
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B nmoxitasie 06CyKIaI0TCst OTKPBITHIE 33191 BEPOATHOCTHOIO TEMATHIECKOTO MO-
JIeJIMPOBAHMsI, BOZHUKAIOIIHE B IIPUJIOKEHUSIX PA3BEI0IHOT0 HH(MOPMAIIMOHHOTO TI0-
ucka (exploratory search).

1. I'apanmuposarue rauwecmea mem. Ha mnpakTuke MHOTHE TeMbl OKa3bIBAIOT-
€S HEMHTEPIPETUPYEMBIMI, HEBEPHO WHTEPIPETUPYEMBIMU, MYCOPHBIMU, OIMMTUOOYHO
paseaéHHbIMEI Wi 00be uHEHHBIME. OJIHa U3 €CTECTBEHHBIX MPUYINH ITUX SIBJICHUI
KPOEeTCsI B HeCOAJTAHCHPOBAHHOCTH TeM, KOIJIa OObEM OJIHUX TeM B KOJUIEKIUH IIpe-
BBIIIAET 00BEM JIPYTHX B COTHU pa3. Kpurepnit MakcuMyMa [paBIonogobus mMeeT
TEH/ICHIINIO BLIDABHUBATDH TEMBI 110 00BbEMY, & He 10 CEMaHTHIEeCKOI OJIHOPOITHOCTH.
st HechaIaHCHPOBAHHBIX KOJJIEKITHIT HEOOXOMMO MOINGUIINPOBATD OINITUMUABAIN-
OHHBIII KPUTEPUii.

2. Pasdeaenue aekcuku ma memamuseckyro u obwyro. OOImas JIEKCUKa MeIaeT
MHTEPIPETHPOBATH TeMbl. HeoOXOMMMbBI AJITOPUTMBI ABTOMATUYIECKOTO OTCHUBAHUS
TEMAaTUIHOCTH CJIOB U CJOBOCOUETAHUI, KAK B JIOKAJIHHOM KOHTEKCTE, TAK U B KOH-
TEKCTe KOJIJIEKIINH, He TPEOYIOIIHe SKCIePUMEHTAIBHOT0 000pa FUIepIapaMeTPOB.

3. Modeauposanue memamury c6A31020 MekcMa ¢ yI6TOM TOpsika cioB. Mo-
JIeJIn, OCHOBAHHBIE HA TUIIOTE3€ «MEIKA CJIOB», CJUNIKOM Xa0THIHO OTHOCAT OJIM3KO
CTOSIIIIE CJIOBA K Pa3HBIM TeMaM. [[epCHeKTHBHBIM TO/IXO0M IPEICTABISETCS MO-
JIeJIMPOBAaHNE BHUMAHUS 110 AHAJIOTUU C HEHPOCETEBBIMU MOJIEJISIMU SI3BIKA.

4. JTunamuveckoe cozdarue cobbimulinoix mem B TEKCTOBBIX TOTOKax. JIyst BbI/Ie-
JIEHUS TeM ¢ KOPOTKUM BPEMEHU YKU3HU HeOOXOMMa CJIaXKeHHas paboTa HECKOJTbKIX
MEXaHU3MOB: KJIACCH(DUKAIINN TeM Ha COOBITHHHBIE W NEepMaHEHTHBIE, PACIO3HABA~
HUsI HAJIMYIUS] HOBBIX TeM B JIOKYMEHTE, OIPeJIeJICHIs] TOT0, YTO TeMa ycTapesa.

5. Obecneverue Yyemotiuueocmuy memamuieckur modesetl. JKCIePUMEHTHI ITOKa-
3BIBAIOT, UTO JIJIs IIOCTPOEHUS TIOJHOrO HAbOpa CYIIECTBEHHO PA3JIMYHBIX U XOPOIIO
MHTEPHPETUPYEMBIX T€M HEOOXO/IMMBI JECSITKH HJIA JIaZKe COTHU 3aIlyCKOB MOJIEJIH-
poBanus. OTKPBITBIM OCTAETCsI BOIIPOC, BO3MOXKHO JIM TIOCTPOEHHE MTOJTHOTO HAbOpa
TEeM 3a OJINH 3aIlyCK, U KAKHe PEeryJsipU3aToOpbl JIJIsT 3TOI0 HEOOXO/ MBI,

6. Asmomamusayus nodbopa zunepnapamempos. IIpu UCIOIH30BAHNN HECKOJIb-
KUX PEryJsipu3aTopoB U MOJAJIBHOCTEH MX BeCOBBbIE KOI(MDMUIMEHTHI OOBITHO TOJ-
OUparoTCsl BPYUHYIO, 9TO TpeOyeT MHOTOKPATHOIO IEPECTPOEHUSI MOJIETH 110 BCEM
marabiM. HeobxoauM MexaHu3M OBbICTPOl aJanTUBHON MHOTOKPUTEPUATBHON ONTH-
MUBAIIU TUIEPIIapaMeTpOB B PEKUMe MAKeTHOW 0OpabOTKM KOJLIEKITUH.

7. Bepeotcroe cAuAHUuE HECKONDKUL KOALEKUUT C BBIJEJIEHUEM ODIUX U COXpaHe-
HUEeM YHUKaJbHBIX TeM. Oupejiesienne o0Imeil TeMaTukn Ipu 00beIMHEHUH TEKCTO-
BBIX KOJIJICKIIMH CHJIBHO 3aTPY/IHEHO, KOTJIa OHU HECOATAHCHPOBAHBI 110 00BEMY.

8. Asmomamuueckoe umenosanue U ONucCaHUe mem. BoIBITHHCTBO MPUIOKEHU
TEMATHIECKOTO MOJIETUPOBAHUSI CBI3aHO C BU3YaIbHBIM ITPEJICTABICHAEM TEM I10JIb-
3oBaTeso. st 9Toro HeoOX0IMMO MeHepUPOBATE I JIIOOOH TeMbI KPATKOe Ha3Ba-
HIe, peJleBaHTHBIE (bpPa3bl U KPATKOE CBI3HOE OIMCaHne (CyMMAapPU3aIHo), OITUMI-
3UPOBAHHBIE 110/] 33/ IAHHBIN 00'bEM BU3YAJILHOI'O IPOCTPAHCTBA.
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9. Cosdanue npedobyHeHHbr memamuseckur modenet, 0 OOJIBIUM TEKCTOBBIM
KOJITIEKIsAM 00béMa He Menee Bukumnemmu. PaszpaboTka MeTo/10B /1000ytIeHUsT Te-
MaTUIeCKUX IMOEMHIOB 110 HOBBIM JIAHHBIM, B TOM YHCJIE IIYTEM YBEJUYEHUs] UX
Pa3MEepHOCTH.

10. IIpumenenue 2unepepa@o6oir memamuyeckur modeseti, yaKe UMILIEMEHTHPO-
BaHHBIX B Oubsmoreke BigARTM ¢ orkpoiThim kotoM. Kak mnaubosiee mupokoe 0600-
menne ARTM, oxu nMeroT 60JIBINIO TOTEHIINAN B AHAJIN3€ PA3HOPOJHBIX TPaH3aK-
[IUOHHBIX JAHHBIX.

B nokiiae Takzke paccMaTpUBAKOTCsT HOBbIE CIIOCOOBI ITOBBIIIEHUsT KAIeCTBA TeMar
THUIECKUAX MOJIEJIEH: CTATUCTUIECKUE TECTHI JJIsl IIPOBEPKU YCJIOBHOI HE3aBUCUMOCTH,
PeryJsapu3aTophl Jisi OBICTPON BEKTOPHU3AIUN TEKCTA U I HeCOAJAHCHPOBAHHBIX
KOJIJIEKITHIA.

Pabora noepxxana rpantom POOU Ne20-07-00936.

[1] Hpzun U. A., Bysamos B. I, Bopornyos K. B. AjyiuTuBHast peryssipusanysi TeMaTude-

CKUX MOJIeJIeil ¢ OBICTPOil BEKTOPU3AIUEH TEKCTa / / KommbroTepHuble uccieioBanus u

moesmposanue, 2020.
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Ten open problems in probabilistic topic modeling

Konstantin Vorontsov'x k.v.vorontsov@phystech.edu

"Moscow Institute of Physics and Technology

Probabilistic topic model of a text document collection represents each docu-
ment d by a discrete distribution p(t|d) over topics ¢, and describes each topic t
with a discrete distribution p(w|t) over words w. Topic model is a “soft” clustering
technique, which model each document as a probabilistic mixture of topics p(w|d) =
= >, p(w[t)p(t|d) instead of “hard” assigning the document to only one cluster. In
the simplest setting, learning the topic model is done by the likelihood maximiza-
tion for a non-negative matrix factorization. This optimization problem is ill-posed
because of it has an infinite number of solutions. More complex settings include var-
ious regularization criteria, allowing to take into account some external data about
documents or some linguistic observations about natural language structures. Topic
model results in probabilistic embeddings for both documents and words in a form
of probability distributions p(t|d) and p(¢|w) respectively. Moreover, the local con-
text embeddings of words are also available p(t|d,w) for each word position in the
document collection.

This opportunity potentially puts topic modeling on a par with recent neural
networks for language modeling, which also give embeddings for words and phrases,
also distinguishing them in global and local contexts.

The advantage of topical embeddings is their sparseness and interpretability.
Each vector coordinate corresponds to some topic, which is described by semantically
related words and phrases. Figuratively speaking, any topic can tell about itself,
whereas neural embeddings do not have such an opportunity.

On the other hand, topic models are much inferior to neural language models
such as BERT, GPT and their variants in their expressive ability and accuracy in
solving difficult text analysis tasks. Neural language models predict the next word
in a sentence at the human level of perplexity about 10, whereas the perplexity
of topic models is usually hundreds of times higher. The reason is not only that
neural networks are more complex, they have more parameters and encode non-
trivial semantic information (the nature of which we do not yet understand and do
not know how to model in an explicit way). Topic models are originally intended
only for high-level understanding of large amounts of text and answering to general
questions such as “what topics are presented in the whole collection”, “what topics
are covered in this text” and “what else is good to know about these topics”.

In this report we discuss ten open problems of probabilistic topic modeling, which
arise in exploratory search and other topic modeling applications.

1. The automatic quality assurance for topics. In practice, topics can be uninter-
preted, misinterpreted, noisy, mistakenly separated or combined. One of the natural
reasons is the imbalance in topics when the size of some topics in the collection
exceeds the size of others by hundreds of times. The likelihood maximization tends
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to align all topics in their size rather than semantic integrity. The optimization
criterion is to be modified for unbalanced collections.

2. Separation of wvocabulary into topical and common words. Common words
may obstruct the interpretation of topics. Therefore, automatic estimates of the
topicality of words and phrases are to be elaborated for using in both local and
global context. Automatic means that the calculation of these estimates should
require no experimental selection of hyperparameters.

3. Topic modeling of continuous text taking into account the order of words. The
bag-of-words hypothesis results in too chaotic intra-text topic dynamics. Borrowing
ideas from self-attention neural language models seems to be a promising approach.

4. New event topic detection in text streams. The automatic detection of short-
lifetime topics requires a well-coordinated interaction of several mechanisms: (i) clas-
sification of topics into event and permanent, (ii) recognition is there a new topic in
the document, (iii) determining that a topic is out of date and can be removed.

5. Ensuring the completeness of the topic set. Experiments have shown that
dozens or even hundreds of modeling runs are needed in order to find a complete
set of different, well-interpreted topics. The question remains open, is it possible to
build a complete set of topics in one run, and what regularizers are needed for this.

6. Automatic hyperparameters learning. When using multiple regularizers and
modalities, the researcher usually selects their weighting factors manually. It takes
a long time for multiple restarts of the model. An effective multi-criteria optimization
technique is needed, in which the hyperparameters would be adaptively learned from
sufficiently small batches instead of the entire collection.

7. Gently merging heterogeneous collections detecting which topics are common
and which are unique for individual collections. Determining common topics be-
comes a challenging task in the case when collections to be merged are unbalanced
in their size.

8. Automatic topic labeling and topic summarization. Most topic modeling ap-
plications has to do with visualization of topics to the user. Showing a topic title
and/or a brief explanation of topic is very important in most visualization scenarios.
However, little research is known about generating relevant topic summarizations
within a given placement budget.

9. Learning and sharing ready-to-use topic models, pre-trained on large text col-
lections of at least Wikipedia size. Development of techniques for fine tuning topical
word embeddings on additional small data. including a technique for increasing the
dimension. In particular, new techniques are needed to increase the dimension of
embeddings both when new topics are discovered and when the functionality of the
topical model is expanded.

10. Application of hypergraph topic models already implemented in BigARTM open
source software. As the broadest generalization of ARTM, the hypergraph topic
models have a great potential for processing big heterogeneous transactional data.
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In the report, we also discuss new ways to improve the quality of topic models:
statistical tests for checking conditional independence, regularizers for fast vector-
ization of text and for unbalanced collections.

This research is funded by RFBR, grant 20-07-00936.

[1] Irkhin I. A., Bulatov V. G., Vorontsov K. V. Additive Regularizarion of topic models

with fast text vectorizartion // Computer research and modeling, 2020.
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“Mocksa, BeIcmmas MIKoJ1a SKOHOMUIKH (Hayuno-ucciie/10BaTeIbCKUHA HHCTUTYT)
5(I)e,/:Lepam)an?I nccaemoBaTenbekuit menTp «udopmarnka u ynpasiennes Poccuiickoit
akasemun Hayk (PULL Y PAH)

PaccmarpuBaercs 3ajiava ONCKa IMOYTH-/LyDJINKATOB B KOJIJIEKIINN MIKOJIHHBIX COUH-
HEeHUsIX. AKTyaIbHOCTD 381491 0OCYIOBIEHA HATHINEM OOJIBITIX OMOIMOTEK IITKOIb-
HBIX COYMHEHUH, KOTOPbIe MOT'YT MCIOJb30BATHCS IMKOJHLHIKAME B KAYECTBE UCTOY-
HUKa 3aMMCTBOBAHUS TIPU HAITMCAHWH COOCTBEHHOTO coumHenusd. /lamnmas mpobiema
SIBJISIETCS BaYKHOW 1T CUCTEMbl OOpa30BaHUsI, UTO ObLIO 0D03HAYMEHO B Psje pa-
6or [1, 2], HOCBSIEHHBIX AHAJIN3Y HADYIIEHUIl, BBISIBJISIEMBIX IIPH HAINUCAHUU CO-
YUHEHUN W MPOXOXKIEHWM aKaJIeMUIecKuX wuchblranuit. HecMoTpss Ha MaccoBOCTH
poOJIEMbI, HA TEKYIIUi MOMEHT HE CYIIECTBYET aBTOMATHYECCKUX METOJIOB aHAJIH-
3a COYMHEHWH Ha HAJNYINE KOPPEKTHBIX W HEKOPPEKTHBIX IMUTUPOBAHUN, & TaKiKe
3aMMCTBOBaHMNIA.

Bajada MOUCKa MOYTH-yOJIMKATOB PACCMATPUBAETCS KaK 3a/ada HH(MOPMAIMOH-
Horo noucka. IIpesmnonaraercs, 9To aBTOPbI COUNHEHUIT C JIONYIIEHHBIMI 3aUMCTBO-
BaHUSIMU WUCIOJIB3YIOT B KAYECTBE UCTOYHUKA 3aUMCTBOBAHUSI TOJHKO OJUH TEKCT.
Counnenne pecTaBIsgeTcd HAbOPOM N300PaAKEHUN PYKOIIMCHOTO TEKCTa, HAIMCAH-
HOTO aBTOPOM. TpaJMIMOHHBIE CHCTEMBI TTOUCKA TIOYTH-/LyOJUKATOB W 3aMMCTBOBA-
HUIl pacCMATPUBAIOT B KadecTBe 00beKTa nevaTHbiii Tekcet [3]. OcHoBHBIE PaBGOTHI B
00JIACTU aHAJIN3a TEKCTOB PYKOIMCHBIX COYNHEHNN OCHOBAHBI Ha METOJAX PACIIO3HA~
BaHMsA TekcTa. HecMoTps Ha ycuexu B 00/1aCTH PACHO3HABAHUS [I€YATHOTO TEKCTA,
TaKKe PYKOIMCHOIO TEKCTa, HATMCAHHOTO C UCIIOJIBb30BAHIEM CEHCOPHBIX YCTPOHCTB,
[PUMEHEHNE JIAHHBIX METOJOB JIJIsi PACCMOTPEHHOM 3a/1a9u 3aTPY/IHUTEIbHO. B o1-
JIMYIHe OT METOJOB, MPUMEHSIEMbIX JIJIsi PACIIO3HABAHUS IIE€IATHOIO TEKCTa, METO/IbI
pacIo3HaBaHUsI PYKOIIMCHOIO TEKCTa OOJIAJAIOT JIOCTATOYHO HU3KUM KauecTBoM|4],
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He TO3BOJISIONIUM HCIOJIb30BaTh WX JJIs IOUCKa 3aMMCTBOBAHUNI B TEKCTE COUMHE-

Huii. OCHOBHOII 11po6JIeMOii Ipu 06paboTKe MIKOJbHBIX COUYNHEHUN SIBJISIETCS HEBO3-

MOXKHOCTb CHCTEMbI PACIIO3HABAHMS TEKCTa JIAlITUPOBATHCS K OOJIBIIIOMY YHUCJIy Ba-

puanToB nouepka. [1ocKOJIbKY COUMHEHUS TUITYTCSd PA3HBIMU JIIOJLMU, TO BO3MOXK-

HOCTB IIPOBECTHU JTOOOYUIEHUE CHCTEMBI [0 MOYEPKY aBTOPa OTCYTCTBYET, UYTO TAKIKE

yCIOKHSeT 3a7ady. Jpyroit mpobsemMoil MeToI0B MOUCKa TOYTU-Ty0ITNKATOB, OCHO-

BAHHBIX HA PACIIO3HABAHUU TEKCTA, HABJISETCH O0sA3aTe/IbHOE HAJUYNE PA3ZMETKUA —

COOTBETCTBUS MEKJIy PErMOHOM HU300PAXKEHUSI M COOTBETCTBYIONIUM €My TEKCTOM.

Pasmerka 1momgobHOrO poja st PYKOIKMCHBIX TEKCTOB SIBJISIETCS TPY/103aTpPaTHOI,

7 BCTpeYaeTcd B OTKPBITOM JocTyne Kpaiine peako. [Ipemmaraemorii MeTos moncka

OYTH-Ty0IMKATOB He TpeOyeT HAJIMYHNA AETAJbHO PA3MEYEHHOTO TEKCTa, ITO I03-

BOJISIET IPUMEHSATH €ro B OOJIBIIIOM KOJIMYECTBE 3a/1a4, CBA3AHHBIX C M3BJICYCHHEM

nHMOpPMAINN U3 U300PAXKEHNH PYKOIUCHOTO TEKCTA.

JLjist perieHus 33,1491 [IPE/IJIAraeTCsl PACCMATPUBATD TEKCT, HAXOISIIIUICS B 1300~
paxkeHHH, Kak rocsegoparesbHocTh [5]. Tlpesyiaraercss MeTo, 3aKIIOYAIOIMNACS B
BBIJICJIEHUN CJIOB B N300PAKEHUN JIJTsl TAJIbHENINEr0 n3BJIedeHns rpaduaecKux mpu-
3HAKOB. B KadecTBe ayiropurMa n3BJIEYEHUs CJIOB IPUMEHAETCH METO ], OCHOBAHHBII
HA BBIJEJIEHUN KOMIIOHEHT CBsI3HOCTH [6]. TeKeT XapakTepusyercst mocJieoBaTel b
HOCTBIO IIPU3HAKOB, IIOJIyYeHHE KOTOPBIX 3HAYUTEBHO IIPOIIE, YeM PacIO3HABAHUE
CaMOro CJIOBa, YTO MO3BOJisieT 3(dheKkTuBHee padOTATh C Pa3IUIHBIMU BapUAHTA-
MaM¥ nodepka. lIpmmepom Takmx MPU3HAKOB SBJIAIOTCH JJIMHA W BBICOTA CJIOBA B
n300pakKeHnn, HAJIMYINE IS CJIOBA XapaKTEPHBIX JIMTATYP. B paMKax MPOBEIeHHO-
I'0 IKCIIEPIMEHTa TEKCT XapaKTepu3yeTcs HOPMAJIN30BAHHBIMU JITHHAMHI U3BJIEUEH-
HBIX 13 m300parkeHus cjoB. [losy<ueHHbIe CTATUCTUKU SIBJISIOTCS WHBAPUAHTHBIMU
10 OTHOIIEHUIO K IOYEPKY aBTOpa, a TaK»Ke MOI'YT HCIIOJIB30BATbCA KaK JJIsd Py-
KOIMCHBIX, TaK U JJIs MAIMMHOYUTAEMBIX TEKCTOB. B KadecTBe (DYHKIHMHU CXOXKECTH
MTOJTyI€HHBIX MPU3HAKOBBIX OMUCAHUN IMKOJBHBIX COUMHEHUN paccMaTpUBaEeTCd Ha-
GOp MeTOIOB BHIDABHUBAHUSI TIOCTIE0BATEILHOCTEH W BpeMeHHbBIX psiios |7, 8|. s
MTOITBEPKIEHNsT PAOOTOCIIOCOOHOCTH METO/a MTPOBOUTCS SKCIIEPUMEHT Ha BHIOOPKE
M300paKeHN PYKOIMCHBIX TEKCTOB TKOJIHHBIX COUNHEHMUIT.
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The paper is devoted to the problem of near-duplicate detection in collections
of school essays. Due to the large amount of online resources with available school
essays the problem of text reuse detection is actual. This problem is important
for the education system, which was noted in a number of works [1, 2], devoted to
the analysis of cheating in writing essays and passing academic tests. Despite the
importance of the problem, at the moment there are no automatic methods for text
reuse detection available for the school essays analysis.

The task of near-duplicate detection is considered as an information search prob-
lem. It is assumed that authors of essays usually use only one text as a source of
text reuse. The essay is represented as a sequence of scanned images of handwritten
essay text. Traditional search engines for near-duplicate detection consider the text
as an object to analyse [3]. Despite advances in recognition of printed text, as well as
handwritten text written using touch devices, the use of these methods for current
task is a challenge. Unlike the methods used for the recognition of printed text, the
methods of handwritten text recognition have a rather low quality [4], which does
not allow them to be used to search for the near-duplicates in the essays texts. The
major problem in school essays text recognition is the inability of the text recogni-
tion system to adapt to a large variety of handwriting styles. Since the essays are
written by different people, there is no opportunity to fine-tune to the specific author
writing style, which also complicates the task. Another problem of near-duplicate
detection methods based on text recognition is the requirements of the markup —
the correspondence between the image region and the text in it. Such a markup
can rarely be found in the public domain. The proposed method of near-duplicate
detection does not require detailed markup text, which makes it possible to use it
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in a large number of tasks related to the information extraction from the images of

handwritten text.

The paper presents a method based on sequence analysis [5]. The image is
segmented into words for further extraction of graphic features. For the word seg-
mentation we use a method based on the connected components detection [6]. The
text is characterized by a sequence of features, which are invariant to the author
writing style. An example of such features is the length of a word in the image,
the height or the presence of ligatures for a word. These features are invariant with
respect to the author’s handwriting style and can also be used for both handwrit-
ten and machine-readable texts. For the similar text detection we employ different
methods of time series and sequence alignment [7, 8]. The computational experiment
is conducted on the real dataset of the images of handwritten school essays.

This research is funded by RFBR, grant 19-29-14100.
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!'Besukuit Hosropozx, HoBroponckuit rocy1apCTBEeHHbLH YHUBEPCATET

Hacrosimasi pabora mocBsiiena npo0jieMe 9HCJIEHHOTO OIEeHUBAHWS B3aMMHON
CMBICJIOBOIl 3aBUCHMOCTU TEMATHYECKUX TEKCTOB OTHOCHUTEJHHO HAMDOJICE PAIO-
HAJIbHBIX (ITAJOHHBIX) BAPUAHTOB ONUCAHUS IIPEJICTABILAEMBIX UMHU (DPArMEHTOB
sunannii. Januas npobseMa akTyaJbHa IPHU OIPE/IEIEHUN 3HAYUMOCTH UCTOYHUKOB
nH(MOPMAIMN OTHOCUTE/IBHO PEIaeMbIX II0JIb30BaTeIeM 3aad. [IpuMepoM siBjisieT-
Csl TIOUCK ONITUMAJIBHOTO MTOPsi/IKa pabOThI C TIEPBOUCTOYHUKAMU ITpU (DOPMUPOBAHII
UHIUBUIYyAJLHOM 00pasoBaTesibHOll TpaekTopun obydaemoro (cryuenta). B upemia-
raeMoM penienu [1] 0CHOBOIT OLeHKY GJIM30CTH TEKCTa ITAJIOHY SIBJISIETCS pa3bueHue
CJIOB KayKJ10i1 ero ppassl Ha Kjaacchl 1o 3uadenuio Mepbl TF-IDF orHOCcHTEIBHO TEK-
cToB Kopityca D, ipeBaputesibHO (POPMUPYEMOI0 S9KCIIEPTOM. BJIN30CTh TEKCTa ITa-
JIOHY OIleHMBaeTcsi 6e3 moucka nepudpas. B posin aHaIu3upyeMbix TEKCTOB BBICTY-
[Taf0T AHHOTAINY HAYIHBIX CTaTell BMecTe ¢ ux 3arojoBramu. st rpymmsr dppas Ts,
mepBas U3 KOTOPBIX — 3ar0JIOBOK CTATbH, & OCTAJIbHBIE IIPEICTABIAIOT AHHOTAIIUIO,
UCIIOJIB3YIOTCH J[BA IIPE/IJIOKEHHBIX ABTOPAMU PaHee BAPUAHTA OIEHKN OJIM30CTH 3Ta-
JIOHY, B PaBHOII Mepe IpeyCMaTPUBAIOIINE MUHUMYM CPEJIHEKBA/PATHIECKOTO OT-
kionenns (CKO) snauenus 6m30cTu 3TajoHy 110 BCeM (pa3aM Ipyunbl. 11epsbiii
[I0/Ipa3yMeBaeT MAKCUMAJIbHYIO OJIM30CTh STAJIOHY JJIsi 3ar0jI0BKa. BTopoil mpeo-
JlaraeT MaKCHMHU3AINIO0 OJIM30CTU ITAJOHY O BeeM (pas3aM aHAIU3UPYEMOTO TEK-
cra. MakcuMaJIbHBI UTOTOBBI PERTHHT O KOJIJIEKITHH, U3 KOTOPOH ITPOU3BOINTCS
0TOOD, MOJIyYaeT CTaThs C HAMOOJIBIINM 3HAYEHHEM IIEPBOIO BaPUAHTA, JIEXKAIIUM
B OJHOM KJIACTEPE CO 3HAYEHHEeM BTOPOIO BapuaHTa OIEHKW JIJIs TOW Ke CTaTbH.
IIpu sTOM 3HAUEHME [TEPBOrO BApUAHTA OIEHKU JIJIs CTAThbU C MAKCUMAJbHBIM peii-
THHTOM ¥ HAMOOJIbIIIee 3HAYECHUE IEPBOI0 BAPUAHTA OINECHKU 0 KOJUICKITUHU JTOJI2KHBI
OBITH B OJIHOM KJjacrepe. B ciydae OTCyTCTBUS B KOJUIEKIIUU CTATHU, OTBEYAIOIIEH
JIAHHOMY TPeDOBAHUIO, MAKCUMAJIBHBIN UTOTOBBIN PEHTUHT TI0JyYaeT CTaThbs C HaU-
OOJILIINM 3HAYEHNEM TIePBOI0 BapUaHTa OIEHKHU 110 aHAJIU3UPYEMOil KoJuieKimu. Pe-
KYPCUBHBIM [IPUMEHEHHEM JIAHHOTO IPUHIIAIA UCXOJHAS KOJIJIEKIMsS COPTUPYETCS
110 yOBIBAHUIO UTOrOBOrO peiitunra crareit. CMbicioBbIe 00pa3bl HanboJiee OJIU3KIX
9TAJIOHY TEKCTOB OYAYyT OIPENeNIATh CJI0Ba ¢ Hambosbmuvu 3HadeHusMu TE-IDF,
KOTOpBIE IIPU PACIIOJIOKEHUN 110 COCEJICTBY B JIMHEHHOM psy ppasbl ¢ HAHOO/b-
1eil BEPOSITHOCTHIO CBS3aHBI 110 CMBICIY W 00Pa3yIOT KJIIOYEBbIE COYETAHUS BMECTE
CO CJIOBaM¥, OJIM3KUMU CPEJIHEMY 3HAYEHWIO JIAHHOW Mepbl. J[jisi oTHeceHusi cove-
TaHUs CJIOB K KJIIOUEBBIM HUCHOJIB3yeTcs umuTepnperarusa Mepbl THF-IDF, pazaens-
HO YYHUTBHIBAIONIAS CAy9Ial COBMECTHOW BCTPEYAEMOCTHU CJIOB COYETAHUS W BCTPEYa-
€MOCTh 0e3 OIHOBPEMEHHOTO BXOXKIeHus BO ¢pady. IIpm stom szmadenme TF-IDF
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KJIIOYEBOI'0 COYETaHUs He JOJKHO ObITh HIKE MUHUMYMa YKA3aHHOI MEPBI IO ero
OT/IEJIbHBIM CJIOBAM.

Jljisi IoCTpOEHUsI nepapxun JOKYMEHTOB OTCOPTUPOBAHHON KOJUIEKIUH Syeg UC-
[OJTB3YeTCs aHAJIOTHs C 3aJadeil BEPOSITHOCTHOTO TEMATHYECKOTO MOJIEIMPOBAHUS,
rJe mepapxusi TeM MOJEIUPYET CTPATErHIO ITOUCKA C IMOCTEINeHHBIM (DOKYCHPOBAHU-
eM BHUMAaHWs O0JIb30BaTessd Ha moaremax. [Ipumenunrensno k 3uadenusm TEF-IDF
KJIIOYEBBIX TEPMUHOB B PEIIAEMOil aBTOpaMu 3a/1ade 3TO BbIpazkaeTcs B 00Jjiee BHICO-
kux 3Havenuax TF-IDF stux TepMuHOB B POAUTENHCKOM JIOKYMEHTE 110 CPABHEHUIO
¢ JoYepHUM B (popMUPYEMOil nepapxuu.

IIycte X — ymopsimodennast o yOBIBAHWIO IMOCJIEI0BATEIbHOCTD 3HadeHuit TF-
IDF cnoB wmcxommoit ¢dpasbl OTHOCHTEJHHO HEKOTOPOTOo JoKymenta d € D,
H; ... H,. —nocmeaoBaTebHOCTD KJIACTEPOB, Ha KOTOpbie pasbuBaercsa X . [Ipm srom
JUI OIleHKH Osm30cTé (ppa3bl CMBICJIOBOMY ITAJIOHY COJEPXKATEIbHBI HHTEPEC
UPEJICTABJIAIOT CJI0Ba KjaacrepoB Hp (ciioBa-TepMuHBI HCXOMHONW (pasbl, Haubo-
nee ynurasbubie js d), H, o (obmas jexcuka, obecredupaionias mepudpasnl, u
TEePMUHBI-CUHOHUMBI), a Tak:ke H, (cjIoBa-TepMUHbI, IIpeobIaiaionme B KOPILyCce).
Breném obosmavenns: Hy (T's;), H, /o (T's;) u H, (T's;) — MHOXKECTBa CJIOB K/1acTe-
pos Hi, H,/» u H,, coorsercrsenno, jisa gpassl T's; € Ts orHocurebHO JIOKY-
MeHTa d € D, 110 KOTOPOMY IIOJIy9eH MAaKCUMyM Oju3ocTu 3Tajiony, Ts € Sis;
Hi (Ts) = Up,,ers Hi (T'si); Hz (T's;) —vmomectso cios dpaser T's; ¢ Hemy-
seBpiMu 3HadenusMu TF-IDF ormocuTesbHO TOro Ke JOKyMeHTa d H2 (Ts) =

= UTsieTS (HZ (T's;) \ Hy (Tsz)) Ilo ompenenenuio, B cocraBe Spes ITOKYMEHTBI
(rpynmsl dbpas) pacnosiozkeHbl 10 yObiBaHHIO uTorosoro peirtuura. Ilycrs Ts; u
T'sj — TeKCThbl U3 BXOJAMUX B Speg, IPUIEM ¢ > J, TO €CTh PEHTHHI CTATHU, OTBEYA-
tomeil rpyme ¢pas Ts;, soie, gem no Ts;. Boyisuraerca ciefyomas rumoresas
Mepa, B KoTopoit Tekct T's; monomusiercst mo cMblicay TekctoMm T's;, coorBercTByeT
BeJINIHIHE |(H2 (Ts;) \ Hy (Ts;)) N Hy (Ts;)|.

Cawma mononasiemMocThb TekcTa T's; Tekcrom T's; onpenensieTcss Kak

|(FL, (Ts;) \ Hy (Ts;)) N Hy (Ts;)|

Kl (TSj, TSi) =

ITycrs Kw (T's;) — MHOXKeCTBO KJIIOUEBBIX COYETAHNUIT CJIOB, HafileHHbIX Jijis T's;,
Hgkw (Ts;) — MHOXKeCTBO CJIOB B COCTaBe STHX coderanuil. Bsemém B paccmorT-
peane Kw' (Ts;,Ts;) C Kw (Ts;), koTopoe MHOIydaeTcss CIeLyIOMUM 0OpasoM:
no xaxkaon dpase T'sj, € Ts; B Hero BOWIYT coYeTaHMsI CJIOB MHOXKECTBA
H7 (Tsji) \ Hy (Ts;), upuuém Jyuis KaxI0ro COYeTaHHs MHUHHMYM OJHO CJIOBO
nomkao upunaexars Hp (Ts;). Ilpu sTtoM B mesnsix yduéra MCKOMBIX COYeTa-
HUH U3 MHOXKeCTBa B gucnTesie (GopMysnbl (2) HCKIIOYAIOTCH CJIOBa B COCTABE
cogerannit u3 Kw'(Ts;,Ts;), a K caMoMy 3HAa4YeHHIO B YHCIIATeNE IPUGABIIA-
ercst |Kw' (Ts;, Ts;)|. Ananoruuno n3 MHOXKecTBa B 3HAMEHATEJIE HCK/IOUAIOT-
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ca caoBa B cocraBe Hiky (T's;), a camo 3HadeHne B 3HAMEHATENE YBEJIUIUBACTCS
Ha |KW (Tsi)|.

JItst TTOTBEPIAK IEHNST HAJIMYHST CBSA3M CMBICJIOBOrO dTajoHa Tekcra Ts; ¢ sra-
joroMm Tekcra T's; B ponosHenue K (2) BBOAUTCH ONEHKA HPEICTABICHHOCTU CJIOB
B Knacrepax Hy, Hy o n H, nna dpas T'sj, € Ts;, npeanonaraiomas MaKCIMHU3a-
mato |Hy, (T's;i)| /len (T's ;) npr mumavyme CKO ykasaHHON BeNHYIHHBI IO BCEM
m € {1,r/2,r}, rue len (T's;,) — aucio cnos Bo dpase Tsji. IIpu srom Hy (T's;1)
00bEeIMHACTCS ¢ MHOZKECTBOM (HZ (T'sjx) \ Hy (Tsjk)) NH;y (Ts;), a us Hy /o (T'sj)
u H, (T's;)) 9/1eMEHTbI yKa3aHHOIO MHOXKeCTBa yaassaiorcs. Eciaun B mesom o Ts;
3HAYEHWE BBINIEYTIOMSAHYTO ONEHKHN MPU 9TOM He yObIBaeT, TO TekcT T's; momycTum
B KatdecTBe Bblmecrosmero miasd T's; B dopmupyemoil mepapxun. OKOHYIATETbHBIIH
BBIOOD BBIIIECTOSINErO TEKCTa BEJAGTCH 110 MAKCUMYMy OLeHKH (2).

Pabora nmognepxkana rpantom POOU Ne19-01-00006.
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Estimation for the closeness to a semantic pattern without
paraphrasing, and a hierarchy of topical texts

Dmitry Mikhaylovx mdv74@list.ru
Gennady Emelyanov gennady . emelyanov@novsu.ru

Russia, Veliky Novgorod, Yaroslav-the-Wise Novgorod State University

The offered work is devoted to the problem of numerical estimation of mutual se-
mantic dependence of topical texts concerning the most rational linguistic variants
(i. e. semantic patterns or sense standards) of the description of the knowledge frag-
ments their represent. The closeness of a text to its standard is estimated herewith
without revelation of periphrases. This problem is relevant when estimating the
significance of information sources concerning the tasks solved by the user. As an
example of practical application here can be the search of optimal order of how the
trainee (in particular, a student) should work with primary sources at the creation
of its educational trajectory. In the suggested solution [1], the basis of estimation
of the closeness of the text to the semantic pattern is the splitting of the words
of each of its phrases into classes by the TF”=IDF metric value relative to texts
of a corpus D preformed by an expert. Abstracts of scientific papers together with
their titles are analyzed. For a group of phrases T's, first of which is the title of the
article and others represent its abstract, two variants for estimation of the affinity
to the sense standard are used. Both variants are previously proposed by authors
and equally assumed the minimum of root” =mean” =square deviation (RMSD) for
the value of affinity to the standard for all phrases of the group. The first variant as-
sumes the maximal closeness to the standard for the article title. The second variant
assumes maximizing the affinity to the standard for all phrases of the analyzed text.
The maximal final rank in the collection for paper selection will be designated to
the article with a greatest value of the first variant of estimation related to the same
cluster with the value of the second variant for the same paper. Herewith the value
of the first estimation variant for article with a maximal final rank, and a maximal
value of the first estimation variant in the collection must be in the same cluster.
In a case of absence of article meets this requirement, the maximal final rank will
be designated to the article with a greatest value of the first variant of estimation
in analyzed collection. By recursively using of given principle, the initial collection
will be sorted descending the values of the final rank of articles. Here, the semantic
images of the texts closest to the semantic pattern specify the words with the high-
est TF”=IDF values, which, when placed next to each other in the linear series of a
phrase, are, most probably, semantically related and form key combinations with
words whose mentioned metric is close to average. To identify a key combination
of words the interpretation of TF”=IDF metrics which separately takes into account
the cases of co”=occurrence of combination words and occurrence without a simul-
taneous presence in a phrase is used. Herewith the value of TF”=IDF metrics for
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key word combination should not be less than the minimum of values of mentioned
measure for its separate words.

To form a hierarchy of documents from the sorted collection S,.s we use the
analogy with the task of probabilistic topic modeling, where the topical hierarchy
emulates a natural human strategy to focus on subtopics. Concerning TF”=IDF
values of key terms in the problem being solved by authors it is expressed in a
greater TF”=IDF values of these terms in a parent document in comparison with a
child in the formed hierarchy.

Let X be a descent” =ordered sequence of TE” =IDF values for words of the initial
phrase relatively to a document d € D; H;y ... H, be the sequence of clusters as a
result of splitting the initial X. Herewith the most important clusters to estimate
the affinity of some phrase to the semantic pattern will be the cluster H; (the terms
from the source phrase which are the most unique for d); the “median” cluster H, o
which will host general vocabulary that ensures periphrases and synonymous terms;
and the cluster H, to which the terms that prevail in the corpus have corresponded.

Let’s enter the following denotations: Hy (T's;), H, o (T's;), and H, (T's;) are
sets of words of clusters Hy, H,, and H,, respectively, for the phrase T's; € Ts
relative to the document d € D, concerning which the maximum of affinity to the
standard has been achieved, Ts € Syqs; Hy (Ts) = UTSieTS H, (Ts;); Hy; (T's;) is a
set of words of the phrase T's; with nonzero values of TF” =IDF relative to the same
document d; Hi (Ts) = Urs, ers (Hy (T's;) \H; (T's;)). According to the definition,

within S,.s documents (i. e. phrase groups) are ordered descending their final ranks.
Let Ts; and Ts; be texts from S,es and 7 > j, i.e., the rank of the article that
matches a phrase group Ts; is higher than for Ts;. Hypothesize the following:
the measure of how the text Ts; is complemented by a sense of the text T's; has
corresponded to the value |(H2 (Ts;) \ Hy (Ts;)) NH; (Ts;)|.
The sense complementarity of text T's; by text Ts; can be defined as
|(FL, (Ts;) \ Hy (Ts;)) N Hy (Ts,)|

K1 (TS]',TSZ') = |H1 (Tsl)| . (2)

Let Kw (Ts;) be a set of key combinations of words found for Ts;, Hkyw (Ts;)
be the set of words within these combinations. Let’s enter into consideration
Kw' (Ts;, Ts;) C Kw (Ts;), which is formed as follows: for each phrase T's;, € Ts;
it will include a combination of words from the set Hy (T's;;) \ Hy (T's;), and for
each combination, at least one word must belong to Hy (Ts;). Herewith to take
into account the desired combinations, words of combinations from Kw’ (Ts;, T's;)
are excluded from the set in the numerator of formula (2), and to the numer-
ator value, |Kw’ (Tsj,Tsi)| is added. Similarly, from the set in denominator
words of Hkyw (Ts;) will be excluded, and the denominator value is increased
by |[Kw (Ts;)|.
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To confirm the relation of the sense standard for the text Ts; with the
sense standard of Ts; in addition to formula (2) the estimation of representa-
tion of words in clusters Hy, H, 3, and H, for phrases T's;; € Ts; is entered.
This estimation assumes the maximization of |H,, (T's;i)| /len (T'sx) at a mini-
mum of RMSD of the mentioned value for all m € {1,r/2,r}, where len (Ts;x)
is the number of words in the phrase T'sj,. Herewith H; (T's;;) unites with
the set (Hz (Ts;jx) \ Hi (T'sjx)) N Hy (Ts;), and elements of this set will be re-
moved from H,, (T's;r) and H, (T's;). If on the whole for Ts; the value of the
above” =mentioned estimation does not decrease here, then the text Ts; can be as-
sumed as a parent for Ts; in the formed hierarchy. The criterion of the final choice
of parent text is the maximum of estimation (2).

This research is funded by RFBR, grant 19-01-00006.

[1] Mikhaylov D., Emelyanov G. Hierarchization of topical texts based on the estimate

of proximity to the semantic pattern without paraphrasing // Pattern Recognition
and Image Analysis, 2020. Vol. 30. No 3. Pp. 440-449.
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Menepauns SPARQL-3anpocoB ans orBeTa Ha CJ/IOXKHbIE
Bonpocbl ¢ nomowbio BERT n BIiLSTM

Escees JImumputi Andpeesurx dmitrij.euseew@yandex.ru
Apzxunoe Muxauna FOpvesuy arkhipov@yahoo.com

MockBa, MoCKOBCKHIT (PUBUKO-TEXHUIECKUNA UHCTUTYT

Bompocao-orBeTHasi cucremMa — 3TO HH(MOPMAIMOHHAS CUCTEMa, KOTOpas I0-
JIydaeT BOIPOC Ha €CTECTBEHHOM sI3bIKE, 00padaThbiBacT €ro W TeHEPUPYET OTBET.
Bompocro-orBeTHBIE CHCTEMBI AKTUBHO HUCIIOIB3YIOTCS B BUPTYAJbHDBIX aCCUCTEHTAX
(Asnmca, Amazon Alexa, n T. 1.).

BorpocHo-oTBeTHBIE CHCTEMBI MOT'YT KHCIIOJIB30BATh B Ka4eCTBE MCTOYHUKOB Ha-
6Op TEKCTOBBIX JIOKYMEHTOB min 6a3bl 3HaHuil. [IpenmmyiecTBo 6a3 3HaHuii cocront
B CTPYKTYPHUPOBAHHOM IIPEICTABICHUN (PAKTOB IO CPABHEHUIO C TEKCTOM, IIOITOMY
OTBETHI Ha BOIPOCHI TIPK MCIOIBL30BAHNN 0a3 3HAHWI KpPAaTKNe W TOIHDIE.

B mannoit pabote onuchbiBaeTCst BOITPOCHO-OTBETHAST CUCTEMA, TSI OTBETA Ha, CJIOXK-
HbIe BOIIPOCH 110 6a3e 3uannit Wikidata. B oTyimane oT mpocThIX BOITPOCOB, JIJIST OT-
BeTa Ha KOTOpble Tpebyercsi HaiiTu ojuH (hakT B 6a3e 3HAHUMN, CJIOXKHBIE BOIIPOCHI
TpeOyIoT mu3BjeueHus O6ojee 1 TpUILIETA, a TAKXKE JOTUIECKUE WM CPABHUTEIbHBIE
paccyxaenns. [Ipeamoxkennast cucTeMa MEpEBOANT BOIPOC HA €CTECTBEHHOM SI3BIKE
B 3anpoc Ha a3bike SPARQL, BoImosimere KoToporo jgaet oTBeT. B cocraB cucTeMbl
BXO/ISIT MOJIEJIM, KOTOpble olpejesstor mabjaon SPARQL-3amnpoca, coorBercrByio-
IIIEr0 BOIIPOCY, U 3aTeM 3aIlOJIHSIOT IIyCThIe MeCTa B MADJIOHEe CYIIHOCTSIMU, OTHOIIIE-
HUSIMU ¥ IUCJICHHBIMY 3HAYEHUSIMU. [[JIsT M3BJIedeHnst CYITHOCTENH Mbl UCIIOIb30BAJII
MOJIeJIb MAPKUPOBKH mocsenoBaTenbaocTeil Ha ocaose BERT. Pamxkuposanne Bo3-
MOYKHBIX OTHOIIEHUI JJTsT BOIIPOCA TMTPOUCXOINT B JIBA ITAIA C TTOMOIIHIO MOJIEIeH Ha
ocaoBe BiLSTM u BERT. IlpejioxKeHHbIe MOJIE/H - [IEPBOE PEIEHHEe JIJIsl JTaTaceTa
LC-QUADZ2.0. Cucrema criocobHa oTBedaTh Ha BOIIPOCHI, TPEOYIOIIe CpaBHUTE b
HOe WJIA JIOTUIECKOe PACCYKIeHUE.

[1] Evseev D. A., Arkhipov M. Yu. SPARQL query generation for complex question
answering with BERT and BiLSTM-based model // 26th International Conference on

Computational Linguistics and Intellectual Technologies, 2020. Pp 270-282.
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SPARQL query generation for complex question answering with
BERT and BiLSTM-based model

Dmitry Evseevx dmitrij.euseew@yandex.ru
Mikhail Arkhipov arkhipov@yahoo.com

Moscow, Moscow Institute of Physics and Technology

Question answering system is an informational system which recieves a natural
language question, processes it and returns the answer. Question answering systems
are widely used in virtual assistants (Alisa, Amazon Alexa etc.).

Question answering systems can look for an answer in a collection of raw text
documents or in knowledge bases. Knowledge bases are structured sources so they
return short, precise and interpretable answers.

In this work we describe question answering system for answering of complex
questions over Wikidata knowledge base. Unlike simple questions, which require
extraction of single fact from the knowledge base, complex questions are based on
more than one triplet and need logical or comparative reasoning. The proposed
question answering system translates a natural language question into a query in
SPARQL language, execution of which gives an answer. The system includes the
models which define the SPARQL query template corresponding to the question
and then fill the slots in the template with entities, relations and numerical values.
For entity detection we used BERT-based sequence labelling model. Ranking of
candidate relations is performed in two steps with BILSTM and BERT-based models.
The proposed models are the first solution for LC-QUAD2.0 dataset. The system
is capable of answering complex questions which involve comparative or boolean
reasoning.

[1] Ewvseev D. A., Arkhipov M. Yu. SPARQL query generation for complex question an-
swering with BERT and BiLSTM-based model // 26th International Conference on

Computational Linguistics and Intellectual Technologies, 2020. Pp 270-282.
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MeTtoabl Big Math n nHterpaums matemaTuyeckux 3HaHui
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'Kazanp, Kazanckwuit (I[Ipusomkcknii) dbeaepanbHblii yHHBEPCATET

Tepmun “Big Data”, mmpoko HCIOIb3yeMblii B HACTOSIIIEE BPeMsl B pa3J/iid-
HBIX [IPEJIMETHBIX 00JIACTSIX, IPUMEHUTEIFHO K MATEMATHKE TPEOYeT OIpPe e/ IeHHBIX
YTOYHEHUIT: B MAaTEeMaTHKe BCE JAHHBIC CYIIECTBEHHBI, KDOME TOTO, B MaTeMaTHIe-
CKUX JIOKyMEHTaX MHOTHE MX YaCTH, OCOOEHHO (DOPMYIIbI, ABJIAIOTCA CBOEOOPA3HBIM
KOJIOM, TpeOYIOINNM pacimndpPOBKH U CIIENUAJILHOTO TOJKOBaHus. Jlasee, mpu perre-
HUU MaTeMaTHuIeCKUX 3aJa49 sSIBJISIIOTCSI CYIIeCTBEHHO OOJIBIIIMMU OXKUJIAHUS OT UC-
nostb3oBanust KT, 3mech MOXKHO MPOBECTH aHAJIOTHIO C T€M, KAK BBIYUC/IATEIbHBIE
MAIIIIHBI TTOJHOCTHIO YCTPAHWIA PYUHbIE BBIUUCICHUS. BoraucaeHus Bcerma Tpebo-
BaJIM TPUMEHEHHUS OCODOBIX METO/IOB M HECTAHIAPTHBIX OPraHU3AIMOHHBIX PEIIeHMUIT,
LO3BOJILIONIMX CLIPABUTHC ¢ 00beMoM (Volume — oHa u3 XapakTepucTuK GOJIbIINX
JIAHHBIX) ¥ TIPEOJIoJIETh Gapbep BBIUUCIUTENbHBIX BO3MOKHOCTE OT/IEIBHOTO 1eJI0-
Beka. Eciin ropoputs 0 Velocity Kak ojiHOI 13 XapaKTePUCTUK OOJIBIIIX JAHHBIX, TO
JIUTETbHOCTD PYYHBIX BBIYUC/ICHUN MJLIIOCTPUPYET IIPUMEp BhIUuCIeHns anca [lu:
B. Hlenke (William Shanks, 1873 r.) norparmr 15 sier Ha Bbrauciaenne 707 3HAKOB
9TOro yrcsia (OJHAKO TOJIBKO 555 U3 HUX OKa3aich BepHbIMHU ). [ToMumo BbruuciieHuii
U TOJTIOTOBKHU JOKYMEHTOB HEOOXO/IMMbBI HHCTPYMEHTHI NHTEJIEKTYaIbHOTO [TOUCKA,
B TOM YHCJIe, PEKOMEH, [aTe/IbHbIe CUCTEMBI JIJIsi HAXOXKJIEHUsT Hay IHbIX cTaTeil, 0m3-
KUX TI0 COJIEPKAHUIO; CEPBUCHI TEPMUHOJIOTTIECKOI0 AHHOTUPOBAHIIST; [IE€PCOHATBHBIE
nH(MOPMAIMOHHDBIE TOMOITHAKA 1 IUQPOBbIE TLIAT(GOPMBI JIJIsi ABTOMATH3AINH U3~
JTATEJILCKO JIeATEHLHOCTH.

Henasno J. Carette, W.M. Farmer, M. Kohlhase u F. Rabe (arXiv:1904.10405v1
[cs.MS] 23 April 2019) npe1ozKuIM UCIOJIB30BaTh, 110 aHaIorHn ¢ Big Data, Tepyun
Big Math mist o6o3Hadenust 061acTu CO3MAHMS METOIOB U PA3PAbOTKH ITPOrPAMM-
HBIX CHCTEM IOJJIEPYKKU MATEMATHIECKUX UCCIIeI0Banmii. VMU BBIIEIEHBI IsITh OC-
HOBHBIX acmekToB Big Math:

e Inference (BbIBOJ| yTBEPXKIEHUI [IyTE€M JIE/YKIHN),

e Computation (ajropurmMudeckoe mpeobpasoBaHue MPeJICTABIEHUIT MaTeMaTH-
JecKux 00beKTOB B (hOPMBI, Gojiee JierKue Jiisl TIOHMMaHuUsI),

e Tabulation (cozmanue craTn4ecKux, KOHKPETHBIX JAHHBIX, OTHOCAIUXCS K Ma-
TeMATHIeCKUM OOBbEKTaM U CTPYKTYPaM, KOTOPBIE MOXKHO JIETKO XPAHUTD, 3aIPAIII-
BaTb U COBMECTHO HCIIOJIb30BATH),

e Narration (mpusesenue pesysnbTaToB B (hOpMY, KOTOPasi MOXKET OBITh yCBOEHA
JIOIBMU)

e Organization (MomyJibHas OpraHU3anug MATEMATUICCKUX 3HAHUI).

OcHoBHAas 3a/1a9a MATEMATHIECKAX TPOIPAMMHBIX CUCTEM 3aK/II0YAETCS CEOTHS
B MHTErPAIlUN yKA3aHHBIX acleKToB, coctapisionux Big Math. Cucrema mudpoBbix
MaTeMaTHYecKnX OnbIMOTeK, CO3/aBaeMas B HACTOSIIEe BpeMs, IPU3BaHa KOHCOJIHU-
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JINPOBATD U CJIEJIATH JOCTYIHBIMU KAK COBPEMEHHBIE MATEMATHIECKUE 3HAHUS, TAK U
MaTeMaTHIeCcKne 3HAHUS, COJIEPIKAIINECs B JOKYMEHTAX, CO3/AHHBIX B JIOIU(MPOBO
nepuojt. Jljist jjocTuykeHust 3TON €11 B paMKax udpOBbIX Oub/moTek paspabarTbi-
BaIOTCsl METOJIBI yIIPABJIeHUs MM POBOi nH(MOPMAIIHeil, YIUTHIBAIONINE 0COOEHHOCTH
MpEeJICTABICHUST MATEMATHIECKOTO KOHTEHTA.

B obiactu nnTerpanun MaTeMaTHIeCKUX 3HAHUN HAnboJee 3HAYNTEIHbHBIMUI 1B~
ssmorcst nannmarusa Global Digital Mathematics Library (GDML, https://doi.org/10.1007/978-
3-319-62075-6_5) u mpoext World Digital Mathematics Library (WDML, https://arxiv.
org/ftp/arxiv/papers/1404,/1404.1905.pdf). Ero ocnoBhag 3ajada — 00beIuHEHUE
B PAaCIpee/IeHHO CHCTeMe JIEKTPOHHBIX KOJIJICKIWI BCEro KOpIryca I(pPOBBIX
MaTeMaTHIeCKUX JOKYMEeHTOB. Ha mMHTerpamnuo eBporneicKinx MaTeMaTuIecKux pe-
cypcos HanpasieH npoektT The European Digital Mathematics Library (EuDML,
https://initiative.eudml.org/). 9TOT HPOEKT paccMATPUBAETCSI KAK OJMH U3 TAIIOB
rocrpoennss WDML.

B coorBerctBum ¢ ocmoBubiMu npunmunamu WDML B Kazamckom ynusep-
cuTere cozfaercs mudpoBas mMaremarmdeckas OmbOsmoreka Lobachevskii Digital
Mathematics Library (Lobachevskii-DML, https://lobachevskii-dml.ru/). ITocrpo-
eHne 3TOH OMOIMOTEKN TPE/oaraeT paspaboOTKy WHCTPYMEHTOB YIIPABJICHUsT Ma-
TeMaTUIeCKUM KOHTEHTOM, yYUTHIBAIOIINX HE TOJIBKO CIENU(MUKY MaTeMaTHuIeCKIX
TEKCTOB, HO M 0OCOOEHHOCTH 00PAbOTKH PYCCKOSI3BIMHBIX TEKCTOB. Kile 0110 3a/1atei
910l 1UdPOBOIt OUOIMOTEKN SABJISIETCS UHTErPAIs MaTeMaTuIeckux pecypcos Ka-
3aHCKOTO YHUBEPCUTETA U UX BKJIIOYEHHUE B TJIODATBHYIO HAYIHYIO0 HHMPACTPYKTYPY,
B gactaocTu, MathNet.Ru n EuDML.

B ucciteioBanusix, BBIOJHEHHBIX Hammed rpymmoi (em. [1]), paspaGoransr mos-
XOJIbI K YIPaBJIEHUIO OOJIBIIMMU KOJUIEKIIUSIMU ITU(PPOBBIX MaTEMaTUIECKUX TOKY-
MEHTOB, OCHOBAHHbBIE HA CEMAHTHYIECKUX METO/AX U COIVIACYIOIINECS C IPUHITUIIAME
WDML, a rakke oTHOCAIINECH K HAIpaBjIeHUAM, cocraisiommuM Big Math. 9tu
MIOJTXO/TBI PA3BUBAIOTCS W YKE€ YACTUIHO MPAKTHIECKH PEAU30BaHbl B 1udpOBOi
maremaTtudeckoit oudamoreke Lobachevskii-DML. IIpemgnoxkensr MeToibl (hopMUpO-
BaHUsI IU(PPOBBIX KOJUIEKIINI U3 HAOOpa JIOKYMEHTOB — HayJHBIX CTaTeil, MOHOTpa-
dbuil, TOKIAIOB, MPEJICTABICHHBIX B Pa3IndHbIX (opMarax xpaHeHus. Ha ocHoBe
aHaJIM3a CTPYKTYPhI JJOKYMEHTOB U CTUJIEBBIX 0COOEHHOCTEH nX 0hOopMIIEHHUST pa3pa-
60TaH AJITOPUTM IKCTPAKIUH MX MeTaJanubix. Co3/laH MPOrpaMMHBI HHCTPYMEHT
pasjesiennst COOPHUKOB CTaTell Ha OTJ/IEJIbHbBIE JIOKYMEHTHI 1 (DOPMUPOBAHUS UX CE-
MaHTUYECKOro npejcrapienns. Ha npumepe «Tpynos MaremaTndeckoro rneHTpa M.
H.U. JToba1ueBCcKOro», MMEIOIUX pa3/indHbie (bOPMAT U CTPYKTYPY, PEAJN30BAH aJl-
TOPUTM CO3JaHus MudpPOBOil KoJuteKIun u ee BKaodeHus B Lobachevskii-DML.

Pazpaboranbl: aJropuTMbl IOMOTHEHUS JIEKTPOHHBIX KOJUIEKINiT 1 POBOit
oubsmmorexku Lobachevskii-DML n dopMmupoBanms MeTaJaHHBIX JOKYMEHTOB ITHX
KOJLJIEKIINI B BBIOpAHHBIX (DOpMAaTax; CEPBUCHI HOPMAJIU3AIINN ITUX METaJAHHBIX B
coorBercTBun ¢ DTD-npasuiamu u XML-cxemamu NISO JATS u DBLP; ajgropurmsr
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co3/lanust 00513aTe/IbHOrO U (OyHIAMEHTAJIBHOIO HADOPOB MeTa/[aHHbIX KOJJIEKITHI B
coorBercTBHUN C mpasuaamu EuDML.

Pabora BbINOJSIHEHA B paMKax IpOrpaMMbl Pa3BUTHsA PermoHajpHOrO HaydHO-
00pa30BaTEeILHOIO MATEMATHIECKOTO0 1eHTpa IIpuBoskckoro deiepaabHOr0 OKpyTa,
cormarrerne Ne 075-02-2020-1478/1.

[1] Elizarov A. M. and Lipachev E. K. Big Math Methods in Lobachevskii-DML Digital

Library // Data Analytics and Management in Data Intensive Domains, 2019. Pp. 59—
72.
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Big Math Methods and Mathematical Knowledge Integration
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The term “Big Data”, which is currently widely used in various subject areas,
in relation to mathematics requires certain clarifications: in mathematics, all data
is essential, in addition, in mathematical documents, many of their parts, especially
formulas, are a kind of code that requires decoding and special interpretation. Fur-
ther, when solving mathematical problems, expectations from the use of ICT are
significantly higher. An analogy can be drawn here with how computers completely
eliminated manual computation. Computing has always required the use of special
methods and non-standard organizational solutions to cope with volume (Volume is
one of the characteristics of big data) and overcome the barrier of the computational
capabilities of an individual. If we talk about Velocity as one of the characteristics
of big data, then the duration of manual calculations illustrates an example of calcu-
lating the number Pi: W. Shanks (William Shanks, 1873) spent 15 years calculating
707 digits of this number (however, only 555 of them turned out to be correct). In
addition to calculations and preparation of documents, intelligent search tools are
needed, including recommendation systems for finding scientific articles that are sim-
ilar in content; terminological annotation services; personal information assistants
and digital platforms for publishing automation.

J. Carette, W.M. Farmer, M. Kohlhase and F. Rabe (arXiv: 1904.10405v1
[cs.MS] 23 April 2019) proposed to use, by analogy with the term Big Data, the
term Big Math to denote the field of creating methods and developing software sys-
tems to support mathematical research. They highlighted 5 main aspects of Big
Math:

e Inference (output of statements by deduction);

e Computation (algorithmic transformation of representations of mathematical
objects into forms that are easier to understand);

e Tabulation (creating static, specific data related to mathematical objects and
structures that can be easily stored, queried and shared);

e Narration (bringing the results into a form that people can assimilate);

e Organization (modular organization of mathematical knowledge).

The main task of mathematical software systems today is to integrate the aspects
that make up Big Math. The system of digital mathematical libraries currently being
created is intended to consolidate and make accessible both modern mathematical
knowledge and the knowledge contained in articles and books published in the pre-
digital period. To achieve this goal, in the framework of digital libraries, methods for
managing digital information are developed that take into account the characteristics
of the presentation of mathematical content.
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In the area of integrating mathematical knowledge, the most significant are the
Global Digital Mathematics Library initiative (GDML, https://doi.org/10.1007/978-
3-319-62075-6_5) and the World Digital Mathematics Library project (WDML,
https://arxiv. org/ftp/arxiv/papers/1404/1404.1905.pdf). Its main task is to unite
the entire corpus of digital mathematical documents in a distributed system of elec-
tronic collections. The European Digital Mathematics Library project (EuDML,
https://initiative.eudml.org/) aims to integrate European mathematical resources.
This project is considered as one of the stages of building WDML.

In accordance with the basic principles of WDML, a digital library Lobachevskii
Digital Mathematics Library (Lobachevskii-DML, https://lobachevskii-dml.ru/) is
being created at the Kazan University. The construction of this library involves the
development of management tools for mathematical content that take into account
not only the specifics of mathematical texts, but also the peculiarities of processing
Russian-language texts. Another objective of this digital library is the integration
of the mathematical resources of Kazan University and their inclusion in the global
scientific infrastructure, in particular, MathNet.Ru and EuDML.

In the studies carried out by our group (see [1]), approaches to managing large
collections of digital mathematical documents based on semantic methods and con-
sistent with the WDML principles, as well as related to the directions that make up
Big Math, have been developed. These approaches are being developed and already
partially practically implemented in the digital mathematical library Lobachevskii-
DML. Methods for the formation of digital collections from a set of documents —
scientific articles, monographs, reports, presented in various storage formats are pro-
posed. Based on the analysis of the structure of documents and the style features
of their design, an algorithm for extracting their metadata has been developed.
A software tool has been created for dividing collections of articles into separate
documents and forming their semantic representation. On the example of ” Proceed-
ings of the N.I. Lobachevskii Mathematical Center”, which have different formats
and structures, an algorithm for creating a digital collection and its inclusion in
Lobachevskii-DML was implemented.

We have developed: algorithms for replenishing electronic collections of the dig-
ital library Lobachevskii-DML and forming metadata for documents of these col-
lections in selected formats; services for normalizing this metadata in accordance
with DTD rules and NISO JATS and DBLP XML schemas; algorithms for creating
mandatory and fundamental sets of collection metadata in accordance with EuDML
rules.

The work was carried out within the framework of the development program of
the Regional Scientific and Educational Mathematical Center of the Volga Federal
District, agreement No. 075-02-2020-1478/1.

[1] Elizarov A. M. and Lipachev E. K. Big Math Methods in Lobachevskii-DML Digital

Library // Data Analytics and Management in Data Intensive Domains, 2019. Pp. 59—

72.
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BapuauvoHHoe mogenupoBaHue npasaononodus c
TPUNJIETHLIMWU OFpaHNnYeHUsIMN B 3aga4ax UH(OPMaLMOHHOro
nowvcka

Kysneuosa Puma Baaepvesma'x rita.kuznetsova@phystech.edu

'MockoBcKuit PUBHKO-TEXHIYECKUH NHCTUTYT

3ajiaua OCTpOEHNs OTOOPAYKEHUs TAHHBIX, ITPUIIE/ITNX U3 PA3HBIX UCTOTHIKOB
(lOMEHOB), B 0/IHO 0611Iee CKPBITOE IIPOCTPAHCTBO ([IPOCTPAHCTBO OIEHOK) [1], Kpaiine
aKTyasbHa JJIsi MHOIMX 00JIacTell MAaIIuHHOIO 00YYeHNs], TAKUX KaK MH(POPMAIIMOH-
HBI [IOKCK, TIEPEBOJ MEXK/Ty JOMEHAMM U reHepanust o0bekToB [2]. B ganHoi padore
paccMaTpUBAIOTCs JIAHHBIE, KOTOPBIE SIBJISIIOTCS PA3HBIMU MOJIAJIBHOCTSIME OJHOIO
00beKTa U SIBJISTIOTCsT 0O'bEKTaMU OJIMHAKOBOIT cTpyKTYphI. [IpuMepom 3aiaun ¢ maH-
HBIMU OJIMHAKOBOI CTPYKTYPhI MOXKET SBJISTHCI MAIIUHHBIA IepeBo] — J1aHa BbIOOD-
K& COOTBETCTBYIOIIUX IIPEIJIOYKEHUIN Ha PasHbIX A3bIKAX, HY?KHO IIOCTPOUTH OTOO-
parkeHue W3 OJIHOTO SI3bIKa B Jpyroit. Takzke, MO OJHON MMEIOMEHCsS MOJATBLHOCTH
00'beKTa MOXKHO OCYIIECTBJISITh KPOCC-JIOMEHHBIN MTOUCK 1 (DOPMUPOBATH IIOUCKOBY IO
BBIJIATY, COCTOSIIIYIO U3 COOTBETCBYIOIIMX MOJAJBHOCTEN JPyroro jgomena. lIpume-
pPaMK TAKOI'O IIOUCKA MOTYT SIBJISITHCS TEMATUIECKUIT KPOCC-A3bIKOBOI OUCK [3], miu
nouck (ororpaduil 0iHON U TOM Ke MECTHOCTH C PA3HbIX PaKypcos [4].

B mannoit pabote mpesmaraercs 06ydaTh 0ToOparkenune 00bLeKTOB JJOMEHOB B OTHO
o0I1ee IPOCTPAHCTBO MEHbIIIel Pa3MEPHOCTH, YeM MCXOJHOe. B 3TOM IpocTpaHCTBE,
C TIOMOIIBIO TIOJIYYEHHBIX CKPBITHIX I[IPEJICTABICHUN TUX OOBEKTOB, OTParKAaIOIIIX
BCe MOJAJBHOCTHU, C HUMHU MOXKHO Oy/ieT paboTaTh HAIPSMYIO, Pelllast OCTABICHHBIE
3a7a4y U He npuberast K NPOMEXKYTOUHBIM 3TalaM, HAllpUMeD TaKUM KakK HUCIOJIb30-
BaHUe OTIEILHOM CUCTEMBI JJIsI IEPEBOA MKy JoMeHaMu. 1IpoMerKyTodHble 3Ta-
bl 00JIAJIAIOT eIlle OJIHMM HeJIOCTATKOM — IIPU CBEJIEHHWH JIAaHHBIX Pa3HBIX JIOMEHOB
K OIHOMY, MOI'YT TEPSIIOTCsl BaKHBIE XapaKTEPUCTUKU OOBEKTOB JIOMEHOB. [Ipyroii
aKTyaJIbHOI 3a/[aveil sIB/IsIeTCs TeHepaIys JIaHHBIX, B CIydae PaboThl C JIBYMsI JIOMe-
HAMU — PeHeparys yCJIOBHO-TOX0KUX nap. Takum obpazoM, mpejjiaraeMasi MOJIE/Ib
JIOJIZKHA OBITH 2€HEPAMUEHOT — HCCIeI0BaTe/Ib JTOJIKEH UMeTh BO3MOXKHOCTH I'eHe-
PUPOBATH ITaphl U3 OOILEro IIPOCTPAHCTBA, HAIIPUMED, JIJIA 3a/1a9 IIOIOJTHEHIST BHIOO-
POK. YI0GHBIM HHCTPYMEHTOM 17151 O1leHKY p(D) n 00y vIeHnst BHYTPEHHUX TIPeJICTaB-
JIEHUH SIBJIsIeTCsI BADUAIIMOHHBI ABTOKOMPOBIINK, [PEJICTaBIeHHbIH B [5], ¢ moMo-
IO KOTOPOI'O MOYKHO IIPOIIE PEIIUTh BCE BBIMIEIEPEINC/IEHHbIE 3a/1a91, UCIIOJIb3Y s
BapHAIMOHHbIE MeTOBI [6, 5].

[Ipu pernernn pas3IMdIHBIX HTPAKTUYECKUX 3a0a49 aHAIU3a JAHHBIX 9aCTO IIPUXO-
JIATCST CTAJIKUBATHCS ¢ BBIOOPKAMHE, COZIepKAIMu ook pasmerku [9]. Mccieno-
BaHMsI TIOKA3BIBAIOT, UTO MeHepaTHBHBIE MOJIENN [8] JOBOJIBHO YS3BUMBI JJisl TIIyMa B
naHHbIX. OdeHb HEOOJIBIIOE BO3MYIIEHNE B BEIOOPKE MOYKET JIEerKO OOMaHYTh MOJIE/Ib.
Ha npakruke, cobparh BLIOOPKY AP BHICOKOIO KAYECTBa, CJIOYXKHO U JOPOrO ¢ TOUKU
3pEeHuUsl 3aTPaT YeJI0BEUYeCKOro Tpy/1a U BpeMeHu. V3-3a HelpeKkpalaioerocss pocra
JIAHHBIX JIJIS TAKUX 00JacTeil, Kak o0pabOTKa €CTEeCTBEHHOTO d3bIKa, KOMITHIOTEP-
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HOE 3peHwue, pedb U T.J. 9Ta 33/1a9a CTAHOBUTCS TPAKTUIECKH HEBO3MOXKHOU. TakuMm
obpazoM, Tpe/IaraeMblii aJTOPUTM JOJKEH OBITh B COCTOSHUU WCIIOJIB30BATH ITH
OO'BEKTHI J1JIsi O0YJEHUs.

B nannoit pabore, /ijist CO3MaHUST AJITOPUTMa, YCTORNIUBOIO K HEOOIBIIIOMY KOJIH-
4eCcTBY BBHIOPOCOB B BBIOOPKE, MIPEJIATaeTCsl UCIIOIB30BATE MOIXO0/T U3 METPUIECKOIO
obyueHMsl, & MMEHHO TaK Ha3blBaeMbIX “rpuiuieTHbIX orpanudenuii” [10]. Vcmosn-
30BaHHe OTHOCUTEJIbHBIX OIPAHUYEHUN Kak WHMOPMAIME O TOM, 9TO OJUH OOBEKT
Gostee G6IM30K K JIPYTOMY, I€M HEKOTODBIH TPeTHi (TaKzKe PACIPOCTPAHEHO HA3BaHHIE
“1oxHBII cocen”), mo3BoIIsieT (HOPCUPOBATH 00yUEHNe MO B BEPHOM HAIIPABJIe-
HUUW, TIPU STOM OJIHAKO HE HAKJ/IAJBIBAS YKECTKUX IIPABUJI HA COOTBETCTBUE OObEKTOB
Japyr apyry. B ganHoil pabore uies MOAUMDUIUPYETCs JJIst CIydast JIBYX JOMEHOB —
peJrosaraeTcsi, 9To OObEeKTHI B MApe, COCTABICHHON M3 PA3HBIX JIOMEHOB, OJU3KH
JPYT JPYTY, OJIHAKO Ha KaKJION mTeparuu obyueHus BLIOMpAeTCs “JIOKHBIH cocesr’
U3 JpyruX 00bEKTOB JIOMEHOB, He BXOJAANUX B mapy. Takum obpasom, popMupyer-
ca rpuiier. Mogenupys npasaonoobue Takoii Tpoiiku 00beKToB (00BHEKThI B mape
U BBHIOPAHHBINA ‘“JIOXKHBIA coces’) M UCHOJIb3Yysl €r0 B OCHOBHON MOJIEIN IPaBJIOINO-
J100usI, KAK KOMIIOHEHTY ITpada, MOKHO HAy9IUTh MOJEJb PA3HOCUTH OOBEKTHI B
HEKOPPEKTHO COMOCTABIEHHO mape. Kcn BoIOpanHbIil “JI0KHBIN cocer” OKa3biBaeT-
cst Oimzke K OObeKTY B I1ape, 9eM Ha3HAYeHHbIN, HaKJIaIbIBaeMbIil Ha MOJIeJIb mTpad
Pa3HOCUT WX, He IO3BOJIsIs BBIYYNTh HEKOPPEKTHOEe cooTBercrBue. Momudurarius
TPUILJIETHBIX OTPAHUYEHU JJIs CIydas JABYX JIOMEHOB MO3BOJIUT PEIIUTH PACCMAT-
puBaeMbIe B JaHHON paboTe 3aa49m. Tak Kak MOJIETb COIEPKUT MITpad, OCHOBAHHDBIH
HA TPUILIETHBIX ONPAHUYEHUSIX, ITO IMO3BOJISIET CHU3UTD BJIMSIHEE ONUOOK B 00yda-
foIeM HabOpe JIAHHBIX HA UTOIOBOE KAYeCTBO PeIeHusl 3a/1ad.

Boraucimre ibHbIN 9KCIIEPUMEHT IIPOBEJIEH Ha Pa3JIMYHBIX BBIOOPKAX, COJEpIKa-
uxX M300parkKeHnsl U TEKCTOBbIe HaHHbIe. [loKa3aHo, 9TO mpejjiaraeMblii MeTOJ, CO-
[MOCTABUM U TIPEBOCXOJIAT MPEJIBLIYIINE METOIbI HA STUX HAOOpaX JAHHDIX.

Pa6ora BeInmONHEeHa npn dunaHcoBoil nomaep:kke PODPU (mpoekr Ne 18-07-
01441)
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Variational Bi-domain Triplet Modeling in Information Retrieval

Rita Kuznetsova'x rita.kuznetsova@phystech.edu

"Moscow Institute of Physics and Technology

Learning distributed representations from data [1] that comes from different do-
mains is one of the most challenging task in many machine learning problems [2]
like information retrieval, translation and object generation.

Recent advances in probabilistic deep generative models allow us to specify a
model as joint probability distribution over the data and latent variable consider the
representations as samples from the posterior distribution on latent variables given
data. In this work we consider the case when data comes from different domains,
where the domains have a similar structure (e. g. texts [3], images [4]). We want
to construct the common latent space for such kind of data. There we also assume
that we have the correspondence between domains. We work with a paired dataset
(X,Y) = {(x,y)i}}¥,, where X and Y are domains. But this dataset may contain
errors, i.e. pairs with incorrect correspondence. In addition, the correspondence
between domain objects can be many to many. Our main goals in such problem
settings are:

— To learn powerful latent representations of domain data in order to work with
them directly. For example, by using latent representations we can compare texts
in different languages — which is an important task for cross-lingual plagiarism
detection. We could do this without using an intermediate step-like machine
translation. In addition, there are language pairs for which machine translation
produces poor quality owing to insufficient parallel data.

— To use the learned distributed representations for domain adaptation task.

— To extend the model objective for successful work with noisy data and with data
that consists a limited number of labeled examples.

Advances in variational autoencoders (VAEs) [5] that estimate the data using
variational inference [6] with a few assumptions about data distribution and ap-
proximate posterior distribution. They make it possible to use latent variables as
our learned representation. As pairs may be noisy [9], i.e. with irrelevant correspon-
dence, we extend the objective function of our approach by the relative constraints
or learning triplets to help our model capture the domain characteristics and simi-
larity between domain objects. This constraint also penalizes our model in case of
noisy pairs. The key idea of triplets comes from the metric learning approach: point
a should be more similar to point b than to point ¢. We model this information
about object similarity in the latent space like [10], but our main contribution is
completely different: we do this in the shared latent space across domains to deal
with noisy datasets or datasets with a limited number of labels. Thus we use implicit
knowledge about the data and improve performance.

Thus the proposed approach builds the joint probability of domains X, Y with
the help of metric learning constraints. The performance of the proposed model on
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different tasks such as bi-directional image generation, image-to-image translation
and cross-lingual document classification (even on non-parallel data). We show that
our method is comparable to existing methods performed on these datasets. It out-
performs some state-of-the-art methods.

This research is funded by RFBR, grant 18-07-01441.
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MaTemaTuyeckmne n AMHrBUCTUYHECKUE acnekTbl MOAeIMpPoBaHUA
Meaunaaunckypca

Kanavan Bukmop IIemposuy'? vkalyan@mail.ru
"Mocksa, Poccmiickmit Yuusepcurer dpy:x6nr Haponos(PYIH)

2Mocksa, Penepasnbubiii Uccrenoparensekuii Hentp «udopMarnka n YupasiaeHues
Poccniickoit Akamemun Hayk

OmbiT uccnteoBanuii cepbl MeUaUCKyPCa BILIOTHYIO MTOJIBOJIUT HAC K HEOOXO-
JIIMOCTH WCCJIEJIOBAHNIN BJIMSHUA Me/a Ha OOIECTBEHHOEe MHEHUE U BO3MOXKHOCTHU
IIPOTHO3UPOBAHUS JIMTHAMUKHI UX B3anMojeiicTBus. PaboTa moCBsIeHa TTPUMEHEHUIO
TOYHBIX METOJIOB K M3yUYEHUIO MEIUaINCKyPCa, pa3paboTKe CTpaTeruu U HHCTPYMEH-
Tapus €ro MOJIEIUPOBAHMUS.

MNudopmariust 0 cocraBe KOT€PEHTHBIX MHTEHITUOHAJIBHBIX DY U UX OTHOIIE-
HUAU K IPOUCXO/ISAIIIM COOBITUAM U3BJIEKAJIACH U3 TEKCTOB JINCKYCCUN B COIMATIBHBIX
CceTsx, KPUTUIECKUX CTaTell B Ipecce, TeJIEBU3NOHHBIX U PaJIno- 0030poB. meno-
BaHHbBIE CYNTHOCTH BBISIBJISIJIUCH C TIOMOIIBIO METO/Ia BEPOATHOCTHOT'O TEMATUIECKOTO
MopemmpoBarust. OTHOIIEHUST MEKTy HUMU KaK ¥ MOPQOJIOTUs U3y IAeMOIl CUTYAITII
YCTAHABJIUBAJINCH € HOMOIIBLIO MEeTO/Ia pa3MeTKu cemanTudeckoil poseit (SRL).

Cratuka u JUHAMUKA DA3BUTHs CUTYAINU, B3aMMOBJIUSHIE WHTEHIIMOHAIHHBIX
rpynn u o0pasoBaHUe CEMAHTUYECKUX JOMUHAHT MOJEJNPOBAJIACH C IIOMOIIBIO Me-
TOJIOB TEOPUU UI'D, OITUMAJIBHOI'O YIIPABJIEHUsI, IADAMETPUIECKOIO PE30OHAHCA. DTOT
JKe€ WHCTPYMEHTApUil MCIOIb30BaJICAd TPHU MPOTHO3UPOBAHUM JIUHAMUKH PEaAKITU
ay/INTOPUU, OIPENEJICHUN CUJIbl KOAJWINI MHEHWIl W BBISIBJIEHHE HUCTOKOB 3aPOK-
JAIONMIXC KOHMIINKTOB. Pe3yIbTaThl COMOCTABISINCH C TAHHBIMU CTATHCTIIECKAX
OIIPOCOB.

B pabote npemjioxkena cTpaTerus HHTEIPAIMT PE3Y/ILTATOB PADOTHI UCCIEI0BA~
Tesieil B BUJIE CETU B3aUMO-TIOPTUPYEMbBIX MOJIE/ICH TP UCIIOJIBb30BAHUN €IUHOTO Me-
Tas3blKa B CHCTEMAaX UCKYCCTBEHHOI'O MHTEJLIEKTa. DTOT HOIXOJ MOYXKET ObITh IpHU-
MEHEH K MOJEJMPOBAHUIO CUTYAIINN, OIMCAHUIO IIPOIECCOB KAK 110 TEKCTOBBIM, TaK
u rpadudeckuM, (pOTO, BIIEO U ayIN0 TAHHBIM.

[Iy6aukarus BbInosiHeHa TIPH HojepKKe [IporpaMmMer crparernyeckoro axaJe-
mudeckoro Jimgepctsa PY/IH.

[1] Kaavan B.II. Modeling media discourse. Goals, strategies, tools // Curyanus, si3bIK,

peunb. Mogemm u npunozkenusi. [Tosmbie Texcers qoknanos kondepennuii SLS 2018 /2019,

2020.
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Mathematical and linguistic aspects of media discourse modeling

Victor Kaliyan'? vkalyan@mail.ru
'Moscow, Peoples Friendship University of Russia (RUDN University)
2Moscow, Federal Research Center “Computer Science and Control” of RAS.

The experience of research in the sphere of media discourse brings us very close
to the need to research the influence of media on public opinion and the possibility of
predicting the dynamics of their interaction. The work is devoted to the application
of precise methods to the study of media discourse, the development of strategies
and tools for its modeling.

Information about the composition of coherent intentional groups and their atti-
tude to current events was extracted from the texts of discussions on social networks,
critical articles in the press, television and radio reviews. Named entities were iden-
tified using probabilistic topic modeling. The relationship between them, as well as
the morphology of the studied situation, were established using the semantic roles
markup method (SRL).

The statics and dynamics of the situation development, the mutual influence of
intentional groups and the formation of semantic dominants were modeled using
the methods of game theory, optimal control, and parametric resonance. The same
methods were used to predict the dynamics of audience reactions, determine the
coalitions opinions strength and identify the origins of incipient conflicts. The results
were compared with the data of statistical surveys.

The report proposes a strategy for integrating the results of researchers’ work in
the form of a inter-portable models network using a single metalanguage in artificial
intelligence systems. This approach can be applied to modeling situations, describing
processes using both text and graphic, photo, video and audio data.

The work shows that mathematical and linguistic methods of extracting knowl-
edge from data, automatic understanding of texts, modeling situations are urgently
needed and meet the most urgent requirements of the theory and practice of com-
munication.

This paper has been supported by the RUDN University Strategic Academic
Leadership Program.

[1] Kaliyan V. Modeling media discourse. Goals, strategies, tools. // Situation, Language,

Speech. Models and Applications. Full texts of reports of conferences SLS 2018/2019,

2020.
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KB HTUILTATHAT
"Mocksa, A arua
2Mocksa, PenepabHbIi HCCIEI0BATEILCKHI TenTp NHdopMaTuka i yIpaBIeHue

Poccuiickoii akagemun vayx (PUIL MY PAH)

Cucrembl obuapyzxkenus 3anmcrsoBanuii (O3) cranum 3a nociaenaue 15 jer npu-
BLIYHBIM HHCTPYMEHTOM IIperojasareseil B BolcHuX y4ueOHbIX 3aBedenusx [1]. Cu-
cremamu O3 He MeHee AKTUBHO HOJIb3YIOTCs [IPU IPOBEPKE HaydHBIX paboT [2]: cra-
Tel, nucceprannii, MoHorpaduit n T.. IIpernogaBaresn oTMedaoT, ITO BUEPAITHNAE
MIKOJIBHUKH, CTaHOBACH CTYJAEHTaMH, OKa3blBalOTCdA HE I'OTOBBI K TOMY, 9YTO B HUX
[MICbMEHHBIX paboTax HAYMHAKT KOHTPOJUPOBATH KOJMYECTBO W KAYECTBO 3aMM-
crBoBaHuii. B TO ke Bpems obmieobpaszoBaresibHasi CUCTEMa Kak B Poccum, Tak u
3a Py0OeKOM MPAKTUIECKHM He UCIOJIb3yeT WHCTPYMEHTAPU JJIs MOUCKA 3aMMCTBO-
BaHUM.

WsmeneHus, KOTOpble B Hallly »KU3Hb npuHecia naHgemuss COVID-19, mupuso-
JIAT K CepPbe3HOMY YCUJIEHUIO POJIM JUCTAHIIMOHHOIO OOYYEHHUsI BO BCEX CTYIIEHSIX
obpazoBanusi. OUeBUIHO, UTO B JAJIbHEHIIEM J0JIs JUCTAHIIMOHHOTO OOpPa30BaHUST
B CTPYKType 3aHATUI MPOIOJIKHUT yBEIUIUBATHCSI. DTO, B CBOIO OYEPEIb, IIPUBO-
JUT K YBEJIMIEHUIO 10U pabOT, KOTOPbIE YIEHUKHU BBIITOTHIIOT CAMOCTOATEILHO U
Pe3yJIbTaThl KOTOPBIX IPEIOCTABIISIOTCS B BUJE T€X MJIA MHBIX MUCbMEHHBIX (hopMa-
TOB: 9CCe, COYNHEHUIl, npe3eHTanuii, pedpeparop u T.i. To ectb popmMaToB, KOTOpPbLIE
B HaubOJIbIIE]l CTelleHn TO/IBEePyKEHbl PUCKAM KCIIOJIb30BAHUsI HEKOPPEKTHBIX 3aMM-
CTBOBAHUIA.

ITpu sTOM 1TabIOHHBIM TIEPEHOC B IMIKOJY WHCTPYMEHTOB U MPAKTUK, UCIIOIb3Y-
eMBIX B By3axX, obpeveH Ha Heyaady. Bo-TiepBbIX, pabOTHI MIKOJLHUKOB 00/1aa10T
CYIIECTBEHHOH CreruduKOoil, B TOM YHCJIe OHM MMEIOT HeOOJBINON cpeinnii pa3mMep,
MOI'YT COJEPZKATH BBICOKYIO JIOJII0 3aMMCTBOBAHHOI'O TEKCTa. BO-BTOPBIX, MPEIbsIB-
JISTEIOTCsT DOJ1ee BBICOKHE TpeDOBaHMs K OTCYTCTBUIO opdorpadudueckux omubok. Ha-
KOHeIl, TpeDOBAaHWA, TPEIbIBIAEMble K IMKOJIHHBIM DabOTaM, OYEBHUIIHO, JTOJIZKHBI
OBITH TOpa310 Oojee MATKUMH, TI0 CPABHEHUIO ¢ TPEOOBAHUAMUI K CTYICHIECKUM pa-
6oram.

OcHOBHAas1 TIeJib NTPOBEPKU pabOT 3aKJ/IFOYAETCs HE B HAKA3aHWM, & B 3HAKOM-
CTBE MIKOJIbHUKOB C IPUHIMIIAMU TIOJATOTOBKUA CAMOCTOSITE/IbHBIX MUCHBMEHHBIX pa-
60T, HapabOTKe OIMbITA PabOTHI ¢ UCTOUHUKAMU, TPHOOPETEHUN HABLIKOB KOPPEKTHO-
IO YKa3aHUs CCHIJIOK Ha MCIOJb30BAHHBIE MATEPHUAIIBI. DTOH IEJIBIO ONMPEIEISIeTCs 1
OCHOBHO{I HA0OOD JIOIOJIHUTEIBHBIX K IIPOBEPKE Ha 3aMMCTBOBAHUs 3324, KOTOPHIE
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cucrema O3 JI0/2KHA peIIaTh, 9TOObI OBITH PUTOIHON K HCIIOJIB30BAHUIO B CpeEJie
0b11ero 06pa30BaAHUSI.

K rakum 3as1auaM OTHOCHTCSI NPEJJIOKEHHE KOPPEKTHOTO OMOPMJIEHUS IATAT
¢ OOHAPYKEHHBIM 3aMMCTBOBAHHBIM TEKCTOM. KITFOUeBBIMU MpOOIEMaMU 3/1eCh SB-
JISTFOTCS TIOUCK TIEPBOUCTOYHUKA PAOOTHI, JJIs 9€r0 HEOOXOIMMO HAJIMIIE KOPPEKTHOM
U TIOJTHOW JIATMPOBKHU BO3MOYKHBIX UCTOYHUKOB, OIPEJIEJIEHHUE JIOMYCTUMOrO 00beMa
[UTATHI, YIUTHIBAIONIEIO THUIT 33JIAHUsT U [PEJIOIaraeMblii 00beM UTOMOBOTO JIOKY-
MenTa. Jljis perenust 06enx 3aja4 MCIOJIb3YITCS METObl MAIIUHHOIO O0YJYEeHUSs.
Jlj1st HACTPORKHU AJITOPUTMOB II0 JTATUPOBKE MCTOYHUKOB OCYIIECTBJISIETCS TeHEPAIUsT
[IPU3HAKOB KAK OCHOBAHHBIX HA COJIEPYKAHUU JIOKYMEHTA, TAK W HA B3AMMHOM DPac-
[TOJIOXKEHNN OOBEKTOB BEPCTKU. 3a/1a1da OIPEIEJIEHUsT JOIMyCTHMOTO 00beMa IUTATHI
MOKeT OKa3aThCs CYMECTBEHHO OOJIee CJI0XKHOM B CUJTY OTCYTCTBUS TIOATOTOBIEHHBIX
HabOPOB JAHHBIX /It OOy IeHUSI.

Jlpyroii BaykHO# 38 /1a1€eil SIBJISIeTCS TIOUCK TTOIXO/ISIIIIIX UCTOIHIKOB. IHCTpYyMeH-
TOM JIjIsl TIOUCKA MOXKET CTaTh TEMATHIECKOE MOJEINPOBAHUE, C ITOMOIIBI0 KOTOPOIO
st 06pabaTHIBAEMOrO JOKYMEHTA OCYIIECTBISAETCS MOUCK TOIXOIANINX 10 TeME UC-
TOYHUKOB. EcTecTBeHHO, B Ccmiy crenmduku obImero oopa3oBaHus, B IOMOJTHEHNE
K TEMaTHIECKOMY TIOUCKY MOHAIO0UTCS PEIyIMPOBAHIE TIOMCKOBOMN BBIJIAYH, HAIPH-
Mep, 3a CUeT KOJLJIabopaTUBHON (DUILTPAIAN.

Fie omnoit HEoOxommMon (DyHKIMEN siBJIseTCsl KOHTPOJIb CIUCBIBAHUS, TO €CTh
HCITOTb30BAHNUS TIOXO0XKUX TEKCTOB yUeHUKaMu B Oin3koe Bpems. [[jist pernerus Takoit
3aJ1a91 MOTYT HUCIOJIB30BATHCSA OTHOCUTEBHO TPOCTBIE METOJbI TTOUCKA HEYETKUX
nybskaros [3].

Sajiauya aBTOMaTUYIECKOI poBepKu opdorpaduu sBJISIeTCsI, ¢ OIHONW CTOPOHBI,
HUCTOPUYECKH CaMOil TPaUITMOHHOM, C APYTOil CTOPOHBI, HaXo/IsIelicsi HanboJiee j1a-
JIEKO OT ITOJIy9eHUsl PEIeHnil IpueMIeMoro kadectsa. Ha JaHHBI MOMEHT CO3/1aHue
aJITOPUTMOB, 00ECIIEINBAIONINX TPOBEPKY opdorpaduu B IIKOJbHBIX PadOTax, dB-
JISIETCST BBIZOBOM, C KOTOPBIM YIEHBIM B 00/TACTH MAIMMHHOTO 00y UIeHnsT 1 00paboTKM
€CTECTBEHHBIX SI3BIKOB MIPEJICTOUT PAbOTATh B TEUEHHE HECKOJIBKUX JieT [4].

C Touky 3peHust UCHojb30Banus cpegacts O3 B 00iemM 00pa3s0BaHUM, BasKHBIM
BOIIPOCOM OKAa3bIBAETCsI OIIPEIe/IEHNE OCHOBHBIX I0JIb30BaTe el 3TuX cpeicTB. Kem
[IEPEHOCUTH OIBIT BBICIINX YIE€OHBIX U HAYUIHBIX YIPEXKJIECHUI, TO MOIH30BATE/ISAMA
JTOJIZKHBI ObITh yunresisi. OIHAKO onucaHHast Bbiie obeodpasoBaTesbHast crierudu-
Ka [T0JICKA3bIBAET, YTO YICHUKN JOJKHBI, KAK MUHUMYM, 3HAKOMUTCS C PE3yJIbTaTa-
MU IIPOBEPOK. B mjieaie MIKOJIBHUK JIOJI2KEH [10JIy9IaTh IIPOMEXKYTOUHbIE PE3YIIHTATHI
U TOJICKA3KM B IIPOIECCE MONOTOBKYU PAbOTHI. DTO MO3BOJIMIO ObI JJOCTUYD TIOHUMa~
HUS YyICHUKAMU «TDAHUIBI JIO3BOJIEHHOTO» B OTHOCHTEIBHO MATKON (hopMe.

OueBnIHO, YTO MHOTHE U3 OMUCAHHBIX PEIIEHU TIOKa He Pea30BaHbl Ha YPOBHE
Beymux npoMbiieHHEbX cucrem O3. Tem He MeHee, Bce TEpEUUCIEHHBIE 33714~
YU [IPEJICTABJISIIOTCS IPUTOIHBIMU JIJIsI PEIIEHNsT METO/[aMU COBPEMEHHOIO MUPOBOIO
YPOBHSI HJI METOIAMU, KOTOPBIE OY/LyT OIpeJIesIsiTh MUPOBOIl YPOBEHDb B OJizKaiiiiee
BpEMsI.
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Tasks of text reuse detection systems when applied to the text
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Text reuse detection (TRD) systems have become a common tool for professors
and instructors at higher education institutions over the past 15 years [1]. TRD sys-
tems are also actively used to analyze scientific papers, dissertations, monographs,
etc. [2]. Professors note that recent pupils, becoming students, are not ready for their
paperwork to be checked for quantity and quality of text reuse. At the same time
educational systems both in Russia and abroad hardly use tools for text reuse de-
tection.

The changes brought to our lives by the COVID-19 pandemic are leading to
a dramatic increase of distance learning role at all levels of education. It is obvious
that the proportion of distance learning in the structure of classes will continue to
grow in the future. This leads to an increase in the proportion of research that pupils
do by themselves and present the results in written formats: essays, presentations,
abstracts, etc. And these are the formats most prone to incorrect text reuse.

Herewith a simple transfer of the tools and practices used in higher education
to secondary schools will fail. Firstly, school written works possess significant dif-
ferences due to several factors including small average size and high proportion
of reused text. Secondly, less orthographic mistakes are allowed. Finally, the re-
quirements applicable to school written works are obviously should be much more
lenient comparing to student papers.

The main goal of checking of works is not to punish pupils, but to show them
the principles of self-organized preparation of written works, to gain experience
in working with sources, and to acquire the skills of making correct citations
to the used materials. This goal also determines the main set of tasks, additional
to reuse detection, that TRD system must perform in order to be suitable for use
in the general education environment.

Such tasks include proposing correct formatting of the quotations of the detected
reused text. The key problems here are to find the original source of the work, where-
fore all possible sources must have correct and complete publish dates, and to deter-
mine the quotation volume that is allowed taking into account the type of the work
and the estimated volume of the final document. Machine learning methods are
used to solve both problems. Features are generated both based on the content
of the document and on the relative position of the layout objects to fine-tune algo-
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rithms for dating sources. Determination of the acceptable quotation amount may

be much more difficult task due to the lack of prepared training data sets.

Search for suitable sources is another important task. Topic modeling can be
an appropriate tool to find topic-related sources for the processed document. Due
to the specifics of general education, reducing results of the topic search, for example,
through collaborative filtering is required.

Another important feature is control of cheating when pupils are using similar
texts at the same time. Relatively simple methods can be used for searching fuzzy
duplicates to solve this problem [3].

The automatic spell check task, on the one hand, is historically the most tradi-
tional, but on the other hand, lacks solutions with an acceptable quality. At the mo-
ment, development of the algorithms performing spell check in school written works
is a challenge that specialists in machine learning and natural language processing
will work on for several years [4].

It is important to define main users of TRD systems to use these tools in general
education. If we transfer the experience of higher educational and scientific institu-
tions then teachers should be the users. However, the general educational specifics
described above suggest that pupils should at least be familiar with the check results.
Ideally, the pupils should receive intermediate results and tips while preparing their
written work. This would allow pupils to understand ”the boundaries” in a relatively
mild form.

Obviously, many of the described solutions have not yet been implemented
in the leading industrial TRD systems. Nevertheless, all of the above tasks seem to be
solvable by the state-of-the-art methods or methods that will determine the state-
of-the-art in the near future.

This research is funded by RFBR, grant 19-29-14130.
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AHanuns penbeda KpeMHMEBbIX NJAACTUH MeTogamMu
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Anayms pesbeda MOBEepXHOCTH KPEMHUEBBIX IIACTHH W MeMOpaH Ha IIACTHHAX
SIBJISIETCS BAYKHBIM JTATIOM TIPOM3BOJICTBA MUKDPOIIEKTPOMEXAHUIECKUX cucTeM [1].
B gacTHOCTH, TAKOH AHAIN3 MIO3BOJISET U3MePATh nedopMaliio (13rub) 3Tux 00beK-
TOB U PACCUYUTHIBATH BEJINUNHY UX MEXaHUIECKUX Hallpsizkernuii. [Ipu sTom ucmosbay-
1o nudposbie Mogeau pesbeda (IIMP) mwiactun u MeMOpan ¢ CyOMUILIMMETPOBBIM
pa3pereHneM 1 IeperaoM BICOT MUKPOMETPOBOIO IMANAa30Ha, KOTOPBIE ITOJTY Iai0T
CITIOCOOOM ONITHYECKOI TTPOMUIOMETPUN.

IIpu ananuze penbeda MIACTHH U MeMOPaH OOBIMHO OTPAHUYUBAIOTCS OIIPE/IesIe-
HueM mporuba. MHOraa mpuMeHsieTcst anmapar KJacCuieckoil quddepeHnnabHoil
reOMEeTPUN: aHAJM3UPYIOTCS Mojen ['ayccoBoil U IJIaBHBIX KPUBU3H, KOTOPBIE Pac-
cunteiBaiorca mo [IMP stux o6bekToB. Hamu mpuMereHbI MeTOIBI TeoMopdoMeT-
pun, B OCHOBE KOTOPOI JIEYKUT TEOPHs TOIOIPADUIECKOH TIOBEPXHOCTH, CYIIECTBEHHO
pa3BUBaIOIIas KJIACCUYECKNE ITOJIOKEHSI.

AnasmmsupoBaJicst pesibed mwiactud ¢ guamerpamu 100 u 150 MM u mepernajanvu
BeIcOT OT H 70 45 MrM. ITo ux IIMP 6bumm paccamrambl Momgenn 22-X MopdgoMer-
PUYECKUX BEJIMYNH, B YaCTHOCTH, CEPUU KPUBU3H: NOPU30HTAJILHON, BEPTUKAIBHOIM,
Pa3HOCTHOH, JBYX M30OLITOUHBIX, MUHUMAIBLHONW, MAaKCUMAJILHON, cpeameii, [aycco-
Boit, u ap. [lomydenunbie MopdoMeTpriecKre MOIE/H 3HATUTEILHO HHpOPMATHBHEE,
geM ucxoaHast [IMP: oHU TI03BOJISIFOT BBISIBUTH CTPYKTYPY, KOH(MUTYPAIUIO U BEJTHIH-
Hy HEPOBHOCTE! MMOBEPXHOCTH ILIACTUHDBI. AHAJIN3 9TUX CBEJIEHUI J1aeT BO3MOKHOCTD
IIPOBECTU COOTBETCTBUE MEXKJy HUMH M IIPOBEICHHBIMU ONEPAIUSIMUA TEXHOJIOTUIe-
CKOr0 MapIIpyTa [ UX JaJbHeIeil KOppeKTUPOBKH.

UccnemoBanue BoimosHeno ¢ uctoiab3oBanueM obopymoanus [IKIT «MCT u
9KBb» MUIT.

[1] Aedxosa A. A., Twowces H. A., I'yces E. 3., IlImepn M. FO. OneparusHasi Hepaspylua-

OIMIAsi METOIMKA aHAJIN3a TPOrnba MeMOpaH, pacrooKeHHbIX Ha miactuae // ledek-

rockonus, 2020. Ne5. C. 52-59.
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Analysis of topography of silicon wafers by geomorphometric
methods
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Analysis of topography of silicon wafers and membranes on silicon wafers is an
important stage of manufacturing of microelectromechanical systems [1]. In partic-
ular, such an analysis allows one to measure deformation (bending) of these objects
and to estimate a magnitude of their mechanical stresses. In such works, one can
use digital elevation models (DEMs) of wafers and membranes with a submillime-
ter resolution and a micrometer-range elevation difference, which are produced by
optical profilometry.

Analyzing wafer/membrane topography, researchers usually limit themselves to
determining deflection. The apparatus of the classic differential geometry is some-
times used analyzing models of the Gaussian and principal curvatures derived from
wafer/membrane DEMs. We applied methods of geomorphometry, which is based
on a theory of topographic surface essentially developing the classical concepts.

We analyzed topography of wafers with diameters of 100 mm and 150 mm and
elevations ranging from 5 pm to 45 pm. We derived models of 22 morphometric vari-
ables from wafer DEMs, in particular, a series of curvatures: horizontal, vertical,
difference, two excessive, minimal, maximal, mean, Gaussian, etc. The derived mor-
phometric models are much more informative than the original DEM: they allowed
us to reveal a structure, configuration, and value of irregularities of the wafer surface.
Analysis of these data makes it possible to find a correspondence between them and
the operations performed on the technological route for their further correction.

The study was performed with equipment of the R&D Center “MEMSE”
(MIET).

[1] Dedkova A. A., Dyuzhev N. A., Gusev E. E., Shtern M. Yu. Fast nondestructive tech-
nique for analyzing deflection of membranes located on the substrate // Russian Journal

of Nondestructive Testing, 2020. Vol. 56. No.5. Pp. 452-459.
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CyIrecTByiomnme MeTo/bl 00eCIedeHnsT OTKA30yCTONINBOCTH BBIMACIUTETHHBIX
KOMILJIEKCOB, OCHOBAHHbBIE Ha, PErYJISIPHBIX IIPOBEPKAX M PEILIMKAIIUU, HE IIOIXO/ISIT
U3-38 BO3HUKAMOIINX CJIOKHOCTEH MPU SKCILIYATAIIMH W MACIITaOMPOBaHUU 00ODY-
JIoBaHUSA. B CBA3M C 9TUM, YMEHbBIIIEHHE OTPUNATEIbHBIX TOC/IEICTBUN BBI3BAHHBIX
OTKa30M ODOPYIOBAHUS W IIPEOCTABIEHNE TOIHBIX IIPOTHO30B C JIOCTATOYHBIM Bpe-
MEHEeM Ha BOCCTAHOBJIEHHE OCTAETCS CJIOYKHON MCCIIe0BATEHCKON TPObIeMoit. DTo
00yCJIOBINBAET HEOOXOIMMOCTD HAJIMIUS IPOEKTUBHOTO U YIIPEIKIAIONIETO METOIA
obecriedeHnsi OTKA30yCTONYINBOCTH, HAIIPAB/JIEHHOIO Ha, MUHUMU3AIUIO dpdeKTa oT-
Ka30B B CHCTEME.

B mportecce skcmuryaranun BoIMUCIUTEIbHBIX KOMILIEKCOB, OTCICKUBAHUE TEKY-
IIIET0 COCTOSIHUS OCYIIECTBIIAETCS cucTeMoit Mmonnropunra. [losmydyenmbie nanHbie co-
JIep2KaT CTATUCTUYIECKYIO NH(MOPMAIHIO 00 0TKa3ax 000PyI0BaHUS B BHUE BHIOOPKU
[TOJTHBIX HApPabOTOK.

U3BecTHO, 9TO /i1 GOJILIIUHCTBA CJAOXKHBIX TEXHUIECKUX CUCTEM (B T.9. BHIYHC-
JIUTEJbHBIX KOMILIEKCOB) HEBO3MOXKHO OIMCATH BO3HUKAIOIIME B HUX OTKA3bI C II0-
MOIIBIO KOHKPETHOI'O 3aKOHA PACIIPE/IEICHIS CIYyIailHbIX BeJUInH. B 9TuxX ciaydasax
JUTS CTATUCTUYIECKO OIEHKH MCIOJIB3YIOT HellapaMeTPHYeCKUe METO/IbI.

Jlyist pertienust 3a/1a9u 00ECIIeYeHUsI OTKA30yCTONINBOCTH BBIYUCIUTETbHBIX KOM-
ILJIEKCOB, TIPEJJIAraeTCsl METO] Ha, OCHOBE TOYETHOTI'O OIIEHUBAHUSI, HAXOXK IEHUST TLJIOT-
HOCTH pacIpeie/ieHnsi BpEMEHH 110 0TKa3a. Vcrop30BaHne HeltapaMeTPIUIecKoro Me-
rona ITapsena-Pozenbiiarra n103B0JsieT paccuuTaTh IOTHOCTD 110 (opmysie (1):

l
Fy =y KD )
o 4 o
=1
rue K(x) - aapo dyukium, o - mapaMerp JIOKaIbHOCTH.

[IpoBeeHubIl aHAIN3 Ha OCHOBE CMOJICTUPOBAHHON (DYHKIIUU PACIIPEIETICHIST
MOKa3aJ1, ITO UCHONb30BaHNe B KadecTBe sizpa dbyHknun Laycca (2) mossossier 6oee
TOYHO OIKCATH SMIUPUIECKYIO (DYHKIMIO PACIIPE/IEICHUST:

1 22
Kx)=— e 7 (2)

Takyke oTMmetdeHo, 4To HaOJIOMAEMast BEJIMIUHA JJI KOTOPOH CTPOUTCS ILJIOT-
HOCTH PaCIpeesieHus — BpeMs, 3a1aH0 Ha obsiactu onpenesenus [0, +00). Tlockosnb-
Ky BbIOpaHHas B KadecTse giapa Gynkius [aycca sBisiercs HenpepbIBHOii Ha (—o00, +
+00), TO B OKPECTHOCTH TOYKH HOJIb OyJIeT IIPUCYTCTBOBATH CMEIEHUE OIIEHKU U He
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Gyaer BoinojHATbed yejaosue F'(0) = 0, moapasymesaromiee paboTociocoOOHOCTD B
MOMEHT HadaJia dKCIIyaTarnun. MeTos 3epKaabHOro 0ToOpaykeHust s/ipa Mo3BOJISET
KOMITEHCHPOBATD JIAHHOE CMEITEHNE 3aMEHOM CHMMETPUIHOTO SI/Ipa @ B (1), or-
ParKEeHHBIM HOPMAJILHBIM SIJIPOM C YCTAHOBJIEHHO! B HOJIb HUZKHEIl TPAHUIIBI 00J1aCTH
orpejiesieHusi (DYHKIUMH paciipejie/ienusi. B aroM ciydae Jijist e IMHUYIHON HapabOTKM

dyukuua pacupenenenus F(t) npumer suz (3):

K(t—x) +K(t+x)

g g

F(t) = 1] (3)

Ha 6aze mosryvennoil miIOTHOCTH OCYIIECTBJISIETCS PACUeT MOoKa3aTeseil HaIex-
HOCTHU BBIYUCJ/IUTEJIbHBIX KOMIIJIEKCOB: (byHKHHH paclpeziejieHns BpeMeHn JI0 OTKa3a,
BEPOSITHOCTU Ge30TKa3HOH paboThl ((DYHKIMN HAJIEXKHOCTH), HHTEHCUBHOCTH OTKa-
30B, CpejiHell HapabOTKH JI0 OTKa3a, HECTAIMOHAPHOro KoddduineHta roroBHOCTH
(byuxiuu rorosuoctn). Ilosyuennbie mokasaresm HAJIEKHOCTU [IO3BOJIAIOT 06ecIie-
9UBATH OTKA30yCTONYINBOCTD BBIYUC/IUTEIHHBIX KOMILIEKCOB Ha 3aJaHHOM YPOBHE I
UCIIOJIB3YIOTCS JJIsl IPUHATUS YIPABJIAIONINX PEIIeHN.

[1] Hukyaun B. C. Meronuka MOArOTOBKU JAHHBIX [JIsi MHTEJJIEKTYAJIbHOIO aHAIN3a Ha-

JIeXKHOCTH BBIYHUCJIUTENBHBIX KoMIulekcoB // Becrauk Cubl'YTU, 2020. Ne3. C. 26-37.
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Method of maintaining fault tolerance of computing systems
based on the assessment of reliability characteristics

Viadimir Nikulin'x nikulin-94@inbox.ru
Andrey Pestunov' pestunov@gmail.com

'Novosibirsk, Novosibirsk State University of Economics and Management

The existing methods of ensuring the fault tolerance computing systems based
on regular checks and replication are not suitable due to the difficulties arising in the
operation and scaling of equipment. As such, mitigating the negative impacts caused
by equipment failure and providing accurate predictions with sufficient recovery time
remains a challenging research challenge. This necessitates an effective and predicted
method of ensuring fault tolerance aimed at minimizing the effect of failures in the
system.

During the operation of computing systems, the current state is monitored by a
monitoring system. The data obtained contains statistical information on equipment
failures in the form of a sample of complete operating time.

It is known that for the majority of complex technical systems (including com-
puting systems) it is impossible to describe the failures occurring in them using a
specific distribution law of random variables. In these cases, nonparametric methods
are used for statistical evaluation.

To solve the problem of ensuring fault tolerance of computing systems, a method
is proposed based on point estimation, finding the distribution density of the time
to failure. Using the nonparametric Parsen-Rosenblatt method, the density can be
calculated using the formula (4):

l

o
i=1
where K(x) is the kernel function, o is the locality parameter.
The analysis performed on the basis of the simulated distribution function showed
that the use of the Gaussian function (5) as the kernel allows a more accurate
description of the empirical distribution function:

K@) = =% (5)

It is also noted that the observable value for which the distribution density is
constructed - time, is specified on the domain of definition [0, +00). Since the Gaus-
sian function chosen as the kernel is continuous on (—o0, +00), then in the vicinity
of the point zero there will be an estimate bias and the condition F(0) = 0 will not
satisfied, which implies operability at the start exploitation. The kernel mirroring
method allows you to compensate for this bias by replacing the symmetric kernel
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@ in (4), reflected by a normal kernel with the lower boundary of the distri-
bution function definition set to zero. In this case, for a unit operating time, the
distribution function F(t) will take the form (6):

K(t—x) +K(t+x)

F(t) = [ -

-1 (6)

On the basis of the obtained density, the reliability indicators of computing sys-
tems are calculated: the distribution function of the time to failure, the probability of
failure-free operation (the reliability function), the failure rate, the mean time to fail-
ure, the non-stationary availability factor (the availability function). The obtained
reliability indicators make it possible to ensure the fault tolerance of computing
systems at a given level and are used to make control decisions.

[1] Nikulin V. Methods of data preparation data for intelligent analysis of the computer
systems reliability // Vestnik SibGUTI, 2020. No 3. Pp. 26-37.
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KOFHUTUBHOIO MOZAENMpPOBaHUS

Aegdeesa 3unauda Koncmanmurosra avdeeva@ipu.ru
I'peberrox Eaena Anexceesna lngrebenuk12@yandex.ru
Kospuea Csemaana Badumosna' kovriga@ipu.ru

"Mocksa, UucruryT npobaem ynpasiaerus nm. B.A. Tpanesauxosa PAH

B skonomuteckoit n (puHAHCOBOI 00JIACTIX METO/BI AHAIN3A BPEMEHHBIX PsJIOB
SIBJISTFOTCSI BOCTPEOOBAHHBIM [IPOIHOCTUYECKUM WHCTPYMEHTOM paboThl ¢ OOJIbIIN-
MU MACCUBAMU JIAHHBIX, OTPAKAIOIINX 3aKOHOMEPHOCTU ITOBEJIEHUS UCCJIeyeMbIX
mporieccoB. OHAKO UX MOTEHITUAJIA HEJOCTATOTHO Il TPOTHO3UPOBAHNUS PA3BUTHUS
CUTYaIlNU B YCJIOBHUAX HEIPEICKA3YEMOCTH ITOBEICHUS M3y IAEMOr0 IIPOIECCa, HAIIPH-
Mep, B CIydasxX Pe3KOro MePexo/ia U3 OJHOIO COCTOSAHHUS B JIPYroe, 00yCJIOBIEHHOIO
COOBITUEM, BBI3BIBAIOIINM CKAIKOOOPa3HOE M3MEeHEeHe 3HAYeHUIT IIPOIIeCcca Ui Hapy-
IIIEeHNsT CE30HHOCTH B IIPOIECCaX MIPU IEePeX0Ie OT CTAOMILHOTO COCTOSIHUSI K KPUBUCY.

IIpemaraercst moaxo K MOHUTOPHWHTY WM IIPOTHO3UPOBAHUIO HECTAIMOHAPHBIX
IIPOTIECCOB C WUCIOJb30BAHNEM BPEMEHHBIX Dsi/IOB M KOTHUTUBHOI'O MOJIEINPOBAHUS
curyannu. Takoe coueTanne HAIIPABICHO HA y4aeT HHMOPMAINN, OTPAXKEHHON B J1aH-
HBIX (BPEMEHHBIX Psiiax) M WHMOPMAINK O BO3SMOXKHBIX BAPUAHTAX PA3BUTUSI CUTY-
alyy Ha OCHOBe 00PabOTKU HKCIIEPTHBIX 3HAHUI M MUIIOTE3 U PA3HOPOIHBIX UHQOP-
MAIMOHHBIX UCTOYHUKOB, IIOCPEJICTBOM aHAJIM3a U MOJIEIUPOBAHUS Ha KOTHUTHBHOM
kapre curyanuu (KKC) — sxcreprHoit Mojen npudauHHO-CIeCTBEHHBIX BJIUSHUIL
MeZK/Ty 3HAINMBIMU (haKTOpaMu, 00eCIeInBaIoNnieil yriryOJIeHHOe TOHNMAHNE CUTYa~
uu. Mbl BCriob3yeM KOrHUTUBHOE MOJIEJINPOBAHNE JJIs MOHUTOPUHTE NH(MOPMAIH-
OHHOI'O IIPOCTPAHCTBA C IEJIbI0 HAIPABJIEHHOTO [TOMCKA IKCIIEPTHO 3HAYUMBIX COOBI-
Tuii (MH)OIIOBOIOB), CIIOCOOHBIX OKA3aTh CYIIECTBEHHOE BJIUSHHUE HA IIPOrHOZUDPYE-
MBI IIPOIIECC.

[Togxom cocTouT B CJreyIomneM.

OOBeKT MPOrHO3UPOBaHUs. PaccMaTpUBAIOTCS MTPOIIECCHI, ONMCHIBAEMbIE HECTa-
[IMOHAPHBIMU BpeMeHHbIMU psitamu. [Ipu dopMupoBannm porHo30s ucciesyercs He
TOJIBKO CaM IIPOIeCe, HO u (DOH, Ha KOTOPOM OH Pa3BUBAETCsI, MHAYE BHEIIHSIS CPEJIa,
OXBaTBHIBAIOIIAs CBSI3aHHBIE C HUM JPYTU€e IMPOIECChl U 3HAYUMBIE CUCTEMOODPa3yIo-
e (haKTOPhI BIAUSHUS Ha pa3BuTue mporecca. KoMIoHeHTH porecca MOryT OBITh
KaK 3aBHCHUMBIMHU, TaK M HE3ABUCHUMBIMU JIPYT OT JIpyTa, IPUYEM CHJIA CBA3EH U MX
HAIIPABJIEHHOCTb MOT'YT M3MEHATHCS I10JT BO3JeiicTBIeM (haKTOPOB BHEIIHENH CPEIbI.
Hamnpumep, Ha miporiecc u3MeHeHusI [eH MOI'y T OKa3bIBaTh BJIUSIHUE JIPYTUE IPOIECCHI
(u3menenus Tapud 0B, 06HEMOB IPOJIAK, 3AIACOB, CTOMMOCTH 3Hepruu u np. ). Takum
06pa30M, IIPOrHO3UPYEMBbIl [I0KA3aTe/Ib B MOMEHT BpeMeHH t MOKeT 3aBucerh: (1) or
CBOMX HPOIILJIBIX 3HAYEHUH, (2) OT HPONUIBIX 3HAUEHUI IPYIUX KOMIIOHEHT IIPOIECCa,
(3) or m3MepsieMbIX 3HAYEHMIl IIPOIECCOB, KOTOPbIE MOI'YT OKa3bIBATH BO3ieiicTBue
Ha €ro T0BejieHne, (4) oT coObITuii BHEIHE CpeJibl, KOTOPbIe MOT'YT IIPUBOUTE NGO
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K PE3KNM M3MEHEHUsIM CBOWCTB MIPOIECCa, JTNOO BBI3BIBATD MOCTEIIEHHDIE HEABHDBIE U3~
MeHEeHUsI: HaPYIIeHUs B3auMOCBA3€eH, MeJJIEHHbIE M3MEHEHNsT TPEHIOB, YBEeJInTIeHne
WJIN yMEHBINEHNe BOJATHIBHOCTH, (5) OT ciIydaitHbIX (hakTopoB.

Jonarocpovnblit MPOrHO3 3HAYEHUI TPOIecca BKIIIOYAET CJICTYIONINE Iaru:

1) mocrpoeHne HAGOpa KOJMYECTBEHHBIX [TPOTHO3HBIX MOJIEJIEH, ONUCHIBAIONIIX JIH-
HAMUKY M3MEHEHUs [IPOTHO3UPYEMOrO IapaMeTpa ¢ UCIOJIb30BaHueM (haKTOpOB
(1), (2), (3), (5);

2) KOPPEKIUIO Ha OCHOBE CUIHAJIOB O HAJIMYUK U WICHTH(MUKAIME U3MEHEHUTT B IIPO-
FHO3UPYEMOM IlapaMeTpe U CBA3AHHBIX C HUM, IOJIYYEHHBIX B pe3yJIbTaTe MOHU-
TOPHUHTA;

3 KOPPEKIUIO Ha OCHOBE CUI'HAJIOB, IIOJIyYaeMbIX B pe3y/bTaTe KOI'HUTHUBHOI'O MO-
JeJIMPOBAaHUs BHEITHEN CPEJIbl, YIIPEKIAIOMNX U KOPPEKTUPYIONTUX Pe3yJIbTaThl,
TOJIy4EHHBIC C UCIOJIb30BAHNEM KOJNYCCTBEHHOTO aHAIN3a JAHHbBIX.

Koppexkmust 101rocpovHOro mporuo3a 3Ha4YeHUit KOMIIOHEHT IIpoliecca 0OyCIoB-
JIEHa aKTyaJIM3allieil CHTHAJIOB MOHUTOPUHTA ¥ KOTHUTUBHOTO MOJIETUPOBAHUS B Pe-
JKUMe TeKyIuX Habsogennii. /i akTuBammm nporemryp:

1) or6opa KOJUYECTBEHHBIX MOJE/Iel IIPOrHO3UPYEMOr0 IaPAMETPa U CBI3aHHDBIX C
HUM KOMIIOHCHT;

2) KOppeKIuu 3THX MoJeJieil, 00ycJaoBIeHHOl nueHnTuduKameil (B pesyibrare Mo-
HUTOPWHTA) KCIEPTHO-3HAUAMBIX COOBITHIT (MHMOIIOBOMIOB) — MOTEHINAIBHBIX
CUI'HAJIOB BJIMSAHMs Ha HPOTHO3UPYEMBIH MMOKA3ATEb U/UJIA CBA3AHHBIE ¢ HUM
KOMITOHEHTHI,

paspaboTaH psij KpUTEPUEB aKTYAJM3aI[Mi CUTHAJIOB BHEIIHEH Cpejbl 110 pe3yJibTa-
TaM KOIHUTHUBHOI'O MOJIEJIUPOBAHUSI.

KKC, orpazkaloras corjiacoBaHHOE I[EJIOCTHOE IIPEJICTABICHIE O CUTYAIINN Pa3-
HOIPOMUIHHBIX 9KCIIEPTOB U CHEIUAINCTOB IPEIMETHON 00JIACTH, CJIY?KUT OHTOJIO-
rueit, KOTopas sBJISeTCS OCHOBOM /it (buabTpannn nHGOPMAIMOHHOTO IPOCTPAH-
cTBa 1 WeHTU(MUKAIINT TapaMeTPOB HHMOPMAIIMOHHOTO MOUCKA ITPU (DOPMUPOBAHIN
6a3bl JaHHBIX (B BHUJIEe BPEMEHHBIX DSJIOB) U 6a3bl JAHHBIX O COOBITHsIX. PesysbraTs
KOTHUTHBHOTO MO/JIEJIMPOBAHUsI, KAK OIEHKN IOCJIeICTBUAN BO3AeHCTBISA MH(MOIIOBOIA
Ha IIPOTHO3UPYEMBIIl TIPOIECC, CIIYZKAT 00OCHOBAHWEM BHIOOPA COOBITUHHOTO HHOO-
MTOBOJIA, JIJTsl AKTUBAIMU TIPOTIE/LyPhI KOPPEKITUU TPOTHO3HBIX MOJIEJIEH.

B pamkax peanmusarun 1moaxoia paspadoTaHbl aJTOPUTMBIL:

1) nocrpoenust HaGOPa KOJIMIECTBEHHBIX IIPOIHO3HBIX MO/IEJIel, BBIOOPa aKTyaJIbHO
MOJIeJIN Ha TEKYIHi 1mepuo/i 1 (hOPMUPOBAHUS IIPOTHO3A;

2) oOHApYKeHHUsl «HesIBHBIX» M3MEHEHUI TEeHIEeHINIH, CBOCTE U B3aMMOCBSI3eH MexK-
JIy TIPOTHO3UPYEMBIM ITapaMeTPOM M CBSI3aHHBIX C HUM KOMIIOHEHT B PeaJIbHOM
BpPEMEHU, 3aMaCKUPOBAHHBIX HEKOHTPOJIUPYEMBIMH CJIyYalHBIMA BO3MYIIEHUA-
MH;

3) KOPpEeKIUH [OJIYyYEHHBIX IIPOIHO30B 110 Pe3ysbraraM OOHAPYKEHHbIX U3MeHEeHui
u pexomenganusam KKC.

Mesxrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.



252 WNupycrpuanbable TPUIOXKEHUA HAYKU O JAHHBIX

IIpakTudeckas 3HAYMMOCTH TOIXOJA OATBEPIK/I€HA Ha 3ajade (hOPMUPOBAHIS
3aKYIOYHBIX IIeH Ha YEePHBIH METAJJIOJIOM METAJUIyPIUYeCKUMH KOMOMHATaMU Ha
BTOPUYHOM PBIHKE ChIDbS.

[1] Z. K. Avdeeva, E. A. Grebenyuk E, S. V. Kovriga. Forecasting of Key Indicators of the
Manufacturing System in Changing External Environment // IFAC-Papers OnLine,
2020. Vol. 53. No 3.
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Monitoring and forecasting in ill-structured situations based on
time series and cognitive modelling

Zinaida Avdeeva'x zinaida.avdeeva@gmail.com
Elena Grebenyuk' Ingrebenukl12@yandex.ru
Svetlana Kovriga' kovriga@ipu.ru

"Moscow, Trapeznikov V.A. Institute of Control Sciences of RAS

In the economic and financial fields, time series analysis methods are a popular
predictive tool for working with large data sets that reflect the patterns of behaviour
of the studied processes in these areas. However, their potential is not sufficient to
predict the development of the situation in conditions that violate the predictability
of the behaviour of the studied process, for example, in cases of a sharp transition
from one state to another due to an event that causes a jump in the values of the
process or a violation of seasonality in processes during the transition from a stable
state to a crisis.

We propose an approach to long-term forecasting of non-stationary processes
using time series and cognitive modelling of a situation. This combination allows
to take into account both the information contained in the data (time series), and
information about possible scenarios based on the practice expertise and hypotheses
and the information from heterogeneous sources through analysis and simulation on
the cognitive map of the situation (CMS). We consider the CMS as an expert model
of cause-and-effect influences between significant factors, providing an in-depth un-
derstanding of the situation. We use the cognitive modelling of a situation to moni-
tor the information space in order to search for expert-relevant events (information
causes) that can have a significant impact on the predicted process.

The approach is as follows.

Forecasting object. Processes represented by non-stationary time series are con-
sidered. When forming forecasts, we study not only the process itself, but also the
background against which it develops, or the external environment that covers other
processes associated with it and significant system-forming factors of influence on the
development of the process. The components of the process can be both dependent
and independent of each other, and the strength of connections and their direction
can change under the influence of environmental factors. For example, the processes
of changing tariffs, sales volumes, inventory, energy costs, and so on may affect the
process of changing prices. Thus, the predicted indicator at time t may depend on:
(1) its past values, (2) the past values of other components of the process, (3) the
measured values of processes that may affect its behaviour, (4) environmental events
that may lead either to abrupt changes in the properties of the process, or cause
gradual implicit changes: violations of relationships, gradual changes in trends, an
increase or decrease in volatility, (5) random factors.

Long-term forecasting of the values of the process includes the following steps:
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1) building a set of quantitative forecast models describing the dynamics of changes
in the predicted parameter using factors (1), (2), (3), (5);

2) correction based on signals about the presence and identification of changes in
the predicted parameter and related ones obtained as a result of monitoring;

3) correction based on signals obtained as a result of cognitive modelling of the ex-
ternal environment, anticipating and correcting the results obtained using quan-
titative data analysis.

Correction of the long-term forecast of the values of the process components is
due to the updating of monitoring signals and cognitive modelling in the current
observation mode.

We have proposed a number of criteria for updating environmental signals based
on the results of the cognitive modelling to activate procedures:

1) selection of quantitative models of the predicted parameter and related compo-
nents;

2) correction of these models due to identification (as a result of monitoring) of
expert-significant events (information causes) that are potential signals of influ-
ence on the predicted indicator and/or related components.

The built CMS, which reflects a consistent holistic view of the situation of various
specialised experts and subject area specialists, serves as an ontology that is the basis
for filtering the information space and identifying information search parameters
when forming a database (in the form of time series) and a database of events.
The rationale for choosing an event-based information to activate the procedure
for correcting forecasting models is the results of the cognitive modelling as an
assessment of the consequences of the information causes on the predicted process.

As part of the implementation of the approach, we have developed algorithms:

1) building a set of predictive models based on quantitative data, selecting an up-
to-date model for the current period and forming a forecast;

2) detecting ”implicit” changes in trends, properties, and relationships between
the predicted parameter and its associated components in real time, masked by
uncontrolled random disturbances;

3 correcting the obtained forecasts based on the results of detected changes and
recommendations of the CMS.

The practical significance of the approach is confirmed by the problem of form-
ing purchase prices for ferrous scrap by metallurgical plants in the secondary raw
material market.

[1] Z. K. Avdeeva, E. A. Grebenyuk E, S. V. Kovriga. Forecasting of Key Indicators of the

Manufacturing System in Changing External Environment // IFAC-Papers OnLine,
2020. Vol.53. No 3.
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2VibsHOBCK, YiIbsHOBCKHIiA TOCYIAPCTBEHHBIH TEXHIYECKHH YHIBEPCUTET

Pabora mocssmmena agropuTMam KJIaCTEPU3AIIT 3aKa30B CIyKOBI TAKCH 110 HECKO/Tb-
kuM mapamerpaM. [To pesysibraram pabOTHI CIy2KObI 3aKa3a TAKCU ObLIA [T0JI0OTOB-
JteHa BbIOOpKa u3 100 3aKa30B U CBOJIKA XapaKTEPUCTHUK 110 HUM. B XapaKTepuCcTuKu
3aKa3a HOIAJU CJeLyOlue apaMeTpbl: BpeMs 3aKa3a (yTpo, JeHb, Bedep, HOYb),
pPACCTOsSTHUE MEXK/Ty HAYATHLHON U KOHETHON TOYKAMU MapIIpyTa, HOTOHBIE YCIOBUS
(:kapKoO, XOJIOJHO, OCaJKU, KOM(MOPTHBIE YCJIOBHA), KJIACC 0OCIIyKUBAHUS (IKOHOM,
cranmapt, 6usnec). ITo Takum 3aKa3aM TakyKe JI00ABJIEHA WX UTOTOBAsI CTOMMOCTb.
Ha ocHOBe TI0JIy9eHHOrO jaracera IKCIEePTHI CJIYKObI 3aKa3a TakCH (MeHeIKephbl)
BBITIOJTHUIN OMHAPHYIO KJIACCU(MDUKAIIUIO MTPEJJIOKEHHBIX 3aKAa30B, HA BBIXOJI€ KOTO-
POii B HCXOHBIE JIAHHbBIE ObLT T0OABJIEH €IIle OJINH MapaMeTp, HA3BAHHBIA «BBIIOJA OT
3aKazay. JKCIEPTHI CTABUJIN METKH «3aKa3 BBITOJIEH CJIyXKOe» U «3aKa3 He BBITOJECH
ciryx0e». I1o pesynbraram Takoit KiaaccuduKauy OblIa TPUHATA TEPBUTHAST TTOBIT-
K& OOYUYUTHCS OIPEENIATh BITOJHOCTDb U HEBBINOJHOCTH 3aKA30B, YTO BIIOC/IEICTBUM
[OMOYKET HANTU COOTHOIIEHUE BBIMOHBIX /HEBLINOAHBIX 3aKA30B U IPUHAMATL MEPDI
10 ONTHUMU3AIUE TIOJTUTUKU [IEHOOOPA30BAHUST JIJIST HEBBINOAHBIX 3aKA30B C YIETOM
OTOOPAHHBIX KPUTEPUEB.

Jlig KjlacTepu3aIiy JJAHHBIX PA3JIUIHBIM [apaMeTpaM ObLIA COMOCTABJIEHBI 116
JIOUWCJIEHHBIE 3HAYEHUsl. 3aTeM ObLIM 00yYeHbl HEelipOHHBbIE CEeTH C OOPaTHBIM pPac-
pocTpaneHueM OmuOOK. TakrkKe OBbLIM PACCMOTPEHBI AJrOPUTMbI Ha Oa3e OuHApP-
HBIX JIepeBbeB perrenuii. OIHAKO JJIs peain3allui JIAHHBIX AJITOPUTMOB TPEOYIOT-
Csl JIONOJIHATE/IbHBIE 3aTPAThl Ha 00ydenne. UToObI n30€KATh JTAHHBIX 3aTPAT, OBLIT
IpEJJIOKEH AJTOPUTM Ha Oaze Mojesieil rayccoBeix cmeceit. OH MO3BOJISIET KiIacTe-
pPUBHPOBATH JAHHBIE HA OCHOBE MX CTATUCTHIECKUX XAPAKTEPUCTHUK HOPMAJIBLHOTO
pacupejiesieHns: (MaTeMaTHIecKoro OXKMJaHusl U jucnepcnsi). [Ipu smoM Xapakre-
PUCTHKY OIIPEJIEIISIIOTCS JIJIst BCEX PACCMATPUBAEMBbIX ITapaMeTpoB. TakuM obpas3oM,
dopMHEpyeTCcs MHOTOMEPHBIE TPOCTPAHCTBA C IEHTPAMU KJIACTEPOB 110 CPETHUM 3Ha-
YeHUSAM TTapaMeTPOB JIJIs PA3HBIX KJIACCOB. Pe3yibraThl CpaBHEHUS OKA3AJH, ITO
aJITOPUTM Ha Da3e cMecell TayCcCOBBIX MOJIENIe He YCTYIIaeT aJropuTMaM MAITHHHOTO
o0Oyuenust Ha Oa3e HEPOHHBIX ceTeil U JiepeBbeB pernennii. [Ipu 9ToM TOYHOCTH Kila-
CTepU3alMy 10 TAJOHAM OT IKCIEPTOB B TECTOBON BBIDOPKE COCTABJISIET MOPSJIKA
90%. Takum 06pa30M, BBIOJTHEHBI UCCACIOBAHNSA 110 HHTEJLIEKTYAJLHOMY AHAIU3Y
JIAHHBIX PabOTHI CJIy?KObI 3aKa3a Takcu Ha 6aze cMeceil rayccoBbix mojesteit [1].

Pabora nogaep:xana rpanrom PODU Ne19-29-09048.
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[1] Andriyanov N. A., Tashlinsky A. G., Dementiev V. E. Detailed Clustering Based on
Gaussian Mixture Models // Advances in Intelligent Systems and Computing, 2021.
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Application of multi-dimensional models of Gaussian mixtures
models for analysis of taxi service

Nikita Andriyanov'?x nikita-and-nov@mail.ru
Vitaly Dementiev dve@ulntc.ru
Alexandr Tashlinskii’ tag@ulstu.ru

"Moscow, Financial University under the Government of the Russian Federation
2Ulyanovsk, Ulyanovsk State Technical University

The work is devoted to algorithms for clustering taxi service orders by several
parameters. Based on the results of the taxi ordering service, a sample of 100
orders and a summary of their characteristics were prepared. The following pa-
rameters were included in the order characteristics such as order time (morning,
afternoon, evening, night), distance between the starting and ending points of the
route, weather conditions (hot, cold, precipitation, comfortable conditions), service
class (economy, standard, business). For such orders, their total cost has also been
added. On the basis of the obtained dataset, the experts of the taxi ordering service
(taxi service managers) performed a binary classification of the proposed orders, at
the output of which one more parameter was added to the initial data. This column
in the data table was called ’benefit from the order’. Experts put the tags ’order is
beneficial for service’ and ’order is not beneficial for service’. Based on the results of
this classification, an initial attempt was made to learn how to determine the prof-
itability and disadvantage of orders, which will subsequently provide the estimation
of the ratio of profitable / unfavorable orders and take measures to optimize the
pricing policy for disadvantageous orders, taking into account the selected criteria.

To cluster the data, integer values were mapped to various parameters. Then
backpropagation neural networks were trained. Algorithms based on binary decision
trees were also considered. However, the implementation of these algorithms requires
additional training costs. To avoid these costs, an algorithm based on Gaussian
mixture models was proposed. It allows one’s to cluster data based on their statistical
characteristics of the normal distribution (mean and variance). In this case, the
characteristics are determined for all considered parameters. Thus, multidimensional
spaces are formed with cluster centers based on the average values of the parameters
for different classes. The comparison results showed that the algorithm based on
Gaussian mixture models is not inferior to machine learning algorithms based on
neural networks and decision trees. At the same time, the accuracy of clustering
according to standards from experts in the test sample is about 90%. Thus, research
has been carried out on the data mining of a taxi ordering service based on mixtures
of Gaussian models [1].

This research is funded by the Russian Foundation for Basic Research, grant
19-29-09048.
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NaenTtndmkaumsa wraTtHoi paboTbl obopyaoBaHus Ha OCHOBe
NPAMbIX rEOMeTPUYECKUX MeTOo40B

Hexpacos Hearn Bacuavesur' ivannekr@mail .ru

'"Mocksa, ®T'BYH Wncruryr [Ipobrem Yupasmerns umenn B. A. Tpanesnuxosa PAH

SBajada KiaccudUKAIIE COCTOSHIS 000PYIOBaHU SIBJISIETCsS OA30BOI B CHCTe-
MaxX MOHUTOPHUHIA U JIUATHOCTUKH. B miepBoM npubnkennn Jirobasi CHCTEMA JINarHO-
CTHKHM JIOJPKHA KAK MUHAMYM yMETb Pa3/IMdaTh COCTOSHUS 00BEKTA 110 OMHAPHOMY
NpU3HAKY «HOpMaJibHas paboTa» — «HemTaTHoe cocrosgaues. Obast ujes Iuarto-
CTUKU 000PYIOBAHUS MOXKET ObITH MHTEPIPETUPOBAHA B TEPMUHAX TeOpun (ha30BOTO
npocrpascTBa [1] Kak 3a/1a9a 1oCTpoeHnst 00JIACTell IPUTSZKEHNST TOUEK COCTOSHMUS,
re Kaxkjas 00JIaCcTh COOTBETCTBYET OIPEIEICHHOMY PeRKUMY (byHKIIMOHUPOBAHUS
(kak mrarHoro, Tak u HemrarHoro). Ilocrpoenune ykazanubix obJjacreil yuoOHO Be-
CTH Ha OCHOBAHWN PEAJIbHBIX U3MEPEHNN, MHTePIPETUPYS KazKIblil Cpe3 N3MEepPEeHUIt
KaK TOYKY npocrpancTBa cocroguuii State=(X1,X2,Xs, ..., XN ), IpHHAIEKAILYTO
KOHKDETHOIT obstacTi (IpuMep Jijisi TPEXMEPHOTO CJIydasi ¢M.puc.1).

A

x3

0611aKo WTATHbIX
COCTOAHMN

Bbinyknas
obonouka obnaka

x1

x2

Puc. 1. Cocrosinmsi 060py/loBaHust KaK TOUYKHU (ha3soBOro mMpoCcTpaHcTBa (Ha IpUMeEpe TPeX-
MEPHOIO [IPOCTPAHCTBA, COCTOTHUN )

PazBurne panHOrO MOJXO07a OYEBUIHBIM OOPA30M 3a/I€HCTBYET METOJIbI, 3aUM-
CTBOBaHHBbIE U3 PA3/IEJIOB MaTeMaTUKU, CBA3aHHBIX C IIPOCTPAHCTBEHHBIMU I'€OMET-
pudeckuMu ocrpoenusamu [2]. OCHOBOI IPOBOAMMOrO MCCJICIOBAHUS SIBJISETCS M-
[OTe3a IPUHAJJIEXKHOCTH OJIM3KUX JPYT JAPYLY TOYEK COCTOSHUs (HAIPUMED, TOUEK
paboThl 06OPYIOBAHUST HA OJHOM IITATHOM PEKHMMe) OTDAHMYEHHBIM MHOYXKECTBAM
[3] B dasosom npocrparcTBe. Takoil OX0/T O3BOJISET AIIPOKCAMUPOBATH 00JIAKA
U3MEpEeHHBIX TOYEK IITATHOM paboThl 060PYI0BAHUST BBILYKJIBIMUA 000J0UYKaMu [2],
a 3a/1a9y KJIACCU(PUKAINI TEKYIIEro COCTOsIHUsI Ha IITATHOE W HEIITATHOE WHTEP-
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[IPETUPOBATH KaK 33J1ady OIPEJIeJeHUs] HAXOXKIECHUsI TEKYIel TOYKU BHYTPHU WA
CHAPYZKU 0DOJIOYKH, COOTBETCTBEHHO.

Boigenenne 3amMkHyTO 06s1acTi ha30BOrO MPOCTPAHCTBA HA OCHOBE 0OJIAKA TO-
YeK COCTOSIHUSI sIBJISIETCsI CAMOCTOSITE/IbHON HEeTPUBHMAJIBHON 3aaqeil. B mHacrosiee
BpeMs CyIIECTBYIOT 3(hhEKTUBHDBIE AJITOPUTMBI IIOCTPOCHUS BBIILYKJIONH 000JI0YKHU Ha
wiockocTu [4] — manpumep, aaropurmbl Jxxapsuca, ['paxema, Hana — u ux moaudu-
KaIliM U B TPeXMepHOM mpocTpancTse [5]. JlokasaHHAs! CIOKHOCTH AJITOPUTMOB:

C(N =2) = Oln-log(n)] (1)

rJe n — KOJMYECTBO TOYEK Ha IJIOCKOCTH, N — pa3sMEepHOCTb MPOCTPAHCTBA (B
JIAHHOM ciiydae N=2).

TnocKOCTb OTCeqeH s,
npoeefeHHas B Gamxanwein K
BepLINHE TOYKe

BHOBb HalAeHHble
BEPLUMHDbI

-~
~‘. %a' o 7
o I
4 %
/s a5
[0/ ¥, pos
ZA 000 KN
/7 o °R %o %
2 0.2 °
7 o, ¢ °0 38
~ A P, % ® %, "o :
8 i McxosHble BEpIUMHBI
Jd. 8¢ o
i - i MHOTOrpaHHuUKa
o o i

TOMKM NOCTPOEHMS
UCXOAHbBIX rpaHeli kyba

Puc. 2. TTocnenoBaresbHasi anlPOKCUMAIN BBIIYKJIOW O0OJOYKH MHOTOTDAHHUKOM (HA
npuMepe 3-napaMeTPUIecKOro IPOCTPAHCTBA COCTOTHMIA )

O iHaKO pa3MepHOCTH (ha30BOrO IIPOCTPAHCTBA COCTOSIHUS CJIOXKHBIX TEXHIIe-
CKHUX 00'bE€KTOB 3HAIUTEJILHO IPEBOCXOUT N=3 (MOXKeT JIOCTUIATh JIECATKOB U COTEH
[EPEMEHHDIX ), 9TO 3aCTaBJIsIeT UCCIe0BaTes el 00paTuThCd K AJIlOPUTMAM IIPUOIIU-
2KEHHOT'O TIOCTPOEHUS BHEITHEH 0D0JI0YKN M3BECTHOrO obJiaka TOYeK. B Hacrosmeit
pabore paccMOTPEH aJIrOPUTM IOCIEI0BATEHHON AIMTPOKCUMAIIMH BBITYKJIOW 060-
JIOUKHM MHOTOTPAHHUKOM, KOJIMYECTBO T'PAHEll KOTOPOTO YBEJUIUBACTCS Ha KaXKJIOM
ureparuu. Pabora ajaropurMa HAYNHAETCS C MOCTPOEHUs] MAKCUMAJIBHOIO TUITEPKY-
6a, rapaHTHPOBAHHO BKJIIOYAIONIErO BCE TOYKH OOJaka (B KadecTBe IpUMepa s
N=3 cm.puc.2). 3areMm sl KaxK0# BEPIIMHBLI OCYIIECTBIISETC [OUCK HAUMEHee
VJIAJIEHHON TOYKM O0JIaKa, depe3 KOTOPYIO MPOBOJUTCS KacATeIbHAs OTCEKAIOIas
IHIIEPIIOCKOCTD, SIBJIAIONIASCA HOBOW JIONOJIHUTENBHOI rpanbio (cM.puc.2). Hasee
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paboTra aaropuT™Ma aHAJOTUIHBIM 0OPA30M MOBTOPSETCS JJIsT BCEX BHOBD IOJIYUIECH-

HBIX BEPIIUH MHOTOIDAHHUKA.

Ha ocHoBaHuMM 10OJIy9eHHON BBITYKJIOH 0O0JI0UYKNA MOXKHO HACTPOUTH KJIACCU(U-
KaTOop, OIPEJICISIONINI, HAXOAUTCH JIM TOYKA COCTOSIHUS, TTOJIydYeHHasl Ha OCHOBE HO-
BBIX M3MEPEHUH, BHYTPU MM CHAPYXKHU JAHHOI'O MHOTrorpaHHuKa. HaxoxjeHue 3a
€ro TIpeesaMi CBUIETEIHCTBYET O «IIOJO03PEHUN» Ha HEMTATHYIO0 paboTy 0b0pyIo-
BaHWs B TEKYIIUit MOMEHT. BOIIpochl HACTPONKM CAMOT0 aropuTMa KJIacCupUKaIIT,
a TakKyKe OpraHu3aIui paboThl CUCTEMBI JTUATHOCTUKHU B IEJIOM BBIXO/IST 33 paMKH
[IPEJICTABJIEHHOIO UCCJIeIOBaHUS U Oy/IyT OCBEIIeHbI B JIpyrux paboTax aBTopa.

[1] Ilamanos A. C. OrobparkeHue IPOLECCOB YIPABJIEHUS] B IPOCTPAHCTBE COCTOSHUN //
Mocksa: Dueproaromuzaar, 1986. C. 256.

[2] Ipenapama @., Iletimoc M. Boraucnmrenpuas reomerpus: BBenenue: nep. ¢ anrr. //
Mocksa: Mup, 1989. C. 478.

[3] Kopn I, Kopn T. CupaBouHuK 1O MareMaTuKe (/I HayIHBIX PAOOTHUKOB U MHIKEHE-
poB): nep. ¢ anrt. // Mocksa: Hayka, 1974. C.831.

[4] Heanosckuii C. A., Ilpeobpascencrui A. C., Cumornuux C. K. Anropur™Mbl BbIYUC/IH-
TeJBHON reomMerpun. Beimyksbie 060m09Kn: mpoctbie aaroputmbl. // Kommbiorepnbre
uHCTPpYMEHTHI B obpazoBanun, 2007. Nel. C.4-19.

[5] Hsanoscrui C. A., Ipeobpasicencrud A. C., Cumonwur C. K. AnropuTmbl BbrMUCIA-
TeJILHON reoMerpun. Bolmykiibie 060/09KH B TpexMepHoM mpocTpancTse. // Kommbio-
TepHble HHCTPYMeHTHI B o6pasoBanuu, 2007. Vol. 3. C.4-17.
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Direct Geometric Approach for Asset Normal State ldentification

Ivan Nekrasov' ivannekr@mail.ru

"Moscow, V. A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences

The problem of identification of asset state belongs to the ground items that form
theoretical basis of monitoring and diagnostic systems design. As minimal require-
ment any diagnostic system must be able to classify the asset state against a Boolean
criterion “normal functioning” — “abnormal state”. A generalized approach of as-
set diagnostics can be formalized in terms of state-space theory [1] as a problem of
rendering groups of state points where each group corresponds to a definite function-
ing mode. The rendering process of the named groups can be effectively conducted
based on asset real state-points that are composed from the measured values of asset
online parameters State=(X1,X2,X3, ..., Xy ) (an example for three-dimensional
case is depicted in the fig.1).

A
x3
Normal states
cloud
o
Convex cover of
the cloud
o
/ o
x1 S
x2

Figure 3. Asset states represented as state-space points (for an instance of three-
dimensional space)

Development of the named approach obviously comes to an idea to utilize meth-
ods commonly used in geometrical analysis [2]. The conducted research grounds on
the hypothesis that the state points located close enough to each other belong to a
bounded set [?] in the multidimensional space. This assumption gives us ability to
approximate the cloud of measured normal asset states with a convex cover [2] and
to convert the initial “normal — abnormal state” classification problem into an ex-
ercise where we have to define whether the current measured point is located inside
or outside of the defined cover.

Creating a convex cover around a point cloud is a nontrivial mathematical prob-
lem by itself. At present there exist effective algorithms to build a minimal convex
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outline in a two-dimensional plane [4] - for instance “Jarvis march”, “Graham scan”,
“Chan’s algorithm” — and their adoptions for three-dimensional case [5]. The provn
computational complexity of named algorithms is:

C(N =2) = O[n-log(n)] (2)

where n — number of state points in the set on the plane, N — tate-space dimen-
sionality (for this case N=2).

Cutting plane in the node’s
nearest point

New detected nodes

| initial (existing) node
of the polyhedron

Points used to create initial
faces of the hypercube

Figure 4. Consequent approximation of the convex cover with a polyhedral (for an instance
of three-dimensional space)

However the dimensionality of the state-space for real technical plants is far be-
yond N=3 (it can be tens or hundreds of variables). This fact forces researches to
refer towards approximate algorithms of convex covers creation. This paper rep-
resents an algorithm that conducts consequent approximation of the convex cover
with a polyhedral. Each iteration of the algorithm adds new face in the point that
is nearest to a known node of the previously generated polyhedral. The algorithm
starts with construction of a maximal hypercube that covers all points of the cloud
with guarantee (see a three-dimensional example in the fig.2). After that each ex-
isting node of the hypercube is scaned for the nearest point that is used to build
a new face. Orientation of the new face is defined as a tangent hyperplane in the
found nearest point (see fig.2). Further algorithm run is cyclically conducted for all
newly generated nodes with the same operation list.

After the target convex cover is generated we can proceed to the next step of the
diagnostic system development — we should create a classifier, that defines whether
the current measured state point resides inside or outside the polyhedral. Since
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the initial cloud was generated based on the normal state measurements finding the

state point outside the cover testifies the current state as “suspicious” to be abnor-

mal. The questions of classifying algorithm itself and other aspects of diagnostic

system creating are out of scope of this paper and will be / are placed in separate

publications of the author.

[1] Shatalov A. S. Depicting control processes in state-space // Moskva: Energoatomizdat,
1986. Pp. 256.

[2] Preparata F., Shamos M. Computational geometry: an Introduction // New York:
Springer-Verlag, 1985. Pp. 478 p.

[3] Korn G., Korn T. Mathematical handbook (for scientists and engineers) // New York:
McGraw -Hill Book Company, 1968. Pp.831.

[4] Ivanovskij S. A., Preobrazhenskij A. S., Simonchik S. K. Computational geometry algo-
rithms. Convex covers: simple algorithms // Computer tools for education, 2007. No 1.
P.4-19.

[6] Ivanovskij S. A., Preobrazhenskij A.S., Simonchik S. K. Computational geometry algo-
rithms. Convex covers in three-dimensional space // Computer tools for education,
2007. No3. Pp.4-17.
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Ncnonb3oBaHne cucrtembl TeEXHUYECKOro 3peHna B cucrtemMe
npocneXxXmpaHna Npon3BoacTBa XeJs1ie3HOO0POXHbIX KoJieC
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Ha merasuryprudeckux npeanpusiTuax, IIPOU3BOIAIINK KOJIECA IS [TOJIBUKHOTO
2KeJIE3HO/I0POKHOTO TPAHCIIOPTA YACTO UCIOJIB3YETCsI CUCTEeMA ITPOCIEYKUBAHIS [IBU-
skeHust TpoayKiuu. OJHUM U3 3JIEMEHTOB 9TOI CHCTEMBI SIBJISIETCS CUCTEMa TeXHU-
YeCKOI0 3PEHUsl JIjIsi PACIIO3HABAHNS MAPKUPOBKN U3/e/nii. 3a/a1ua pPacliO3HaABAHUS
CHMBOJIOB Ha M300PAaKEHUM MMeeT MHOXKECTBO I'OTOBBIX ajrOPUTMOB pernenus [1].
IIpu sToMm, mmeercs: psist TPOOIIEM, TPEIATCTBYIONINX UX BHEIPEHIE B PACCMATPUBA~
€MYIO CHCTEMY.

OcHOBHOII 1TPOGJIEMOIT SBJISIETCS TEXHOJIOIMYECKHIT IIPOIECC ITPOM3BOJICTBA KOJIEC,
B KOTOPOM MapKHUpyeMasl [IOBEPXHOCTD IOC/Ie MITAMIIOBKH ITOJIUPYETCs JI0 3€PKATbHO-
ro 6itecka. Takasi MIOBEPXHOCTD IPUBOUT K MOSIBJIEHUIO OJIMKOB IIPU TOJTY Y€HUH U300~
pakeHusi, KOTOPbIE IIPU HOMAJAHAN B 00JIACTH MAPKUPOBKHU CYIIECTBEHHO OCJIOYKHSI-
IOT TIPABIIHLHYIO WICHTHMUKANIIO. B paMKax mpesaraeMoil paboThl paccMaTpUBa-
€TCsl TIOCTPOEHUE AJITOPUTMA dTara (hOPpMUPOBAHUS N300parKeHust, OOHAPYKEHUS 1
BBIJIEJIEHUsI CUMBOJIOB TOPSIY€eil ¥ XOJIOHOM MAapKUPOBKH, & TAK¥Ke MOCJIEIYIOIee UX
pacio3HaBaHIe.

[Tocne dbopmupoBanus OMHAPDHOTO M300paKEHNsT IACTh UH(MOPMAINH, MACKUPY-
eMoit bukaMu Tepsiercss 6e3Bo3BpaTHO. [loaTOMY TEepBoit 3aateit sIBasIeTCS BHIOOD
ONTUMAJIFHOTO aJaropuTMa obuHapusauu. Tak Kak 00J1acTh HAHECEHHUS MapKUPOBKH
Ha KOJIeCe M3BECTHA, TO [PEIBAPUTEIBHO JIJIsl YMEHbIIEHUsI BJIMSHUS TEMHBIX yIacT-
KOB CpeJIHEl 1acTu KoJjieca Ha padoTy ajaropuTMa, Ha CaMo N300parkeHue HAKJIIa bl-
BaeTCs OMHApHAS MACKa, YIAJISIONasl JIUITHAE JacTA. B uTore mojydaeM KOJIbIIEBOE
n300pakeHne 9acTu Kojeca, B 00JIaCTH KOTOPOH JTOJIYKHA HAXOINTHCA MAaPKIPOBKA.

B xo/1e sxciepuMenTaIbHBIX UCCIEI0BAHNN HanboIee yCToInBbie K OJimKaM pe-
3yJIbTaThI IIPU OMHAPU3AIINN [TOKa3aJl afanTuBHbI MeTon Kpucrtnana. Tak Kak yros
OPHEHTAINN KOJIeca OTHOCUTEJIbHO KaMephl He 3a/aH, TO MAPKUPOBKA MOXKET UMETh
cJIygaiiHOe PACIIOJIOXKEHIEe B IIpejesiax 3a/IaHHONi KOJIbIIEBON 00IACTH.

[To 6urapHOMY M300pPaXKEHUIO BBHIIOJIHIETCH OOHAPYKEHNE 00JIACTH MAPKUPOBKA
[2], mocTe WeTo BBIAEIAIOTCS OT/IEBHBIE CUMBOJIBI. BBIMUCISETCS WX OPUEHTATIUS 1
[IPOM3BO/IUTCH HOPMUPOBKA UX IOJIO?KEHUS K BEPTUKAJIBLHOMY.

BoisiesieHHBIE CHUMBOJIBI MIOCTYIIAIOT HA BXOJI HEHPOCETH, IPEIBAPUTEIBHO 00Y-
YeHHO Ha 1mab/I0HaX CHMBOJIOB TOPsYeil M XOJIOHOW MAapKUPOBKU, UCIIOIb3yEeMOl B
[IPOTIECC TTPOU3BOJICTBA.

Pabora Bermosnena mpu dunamncoBoit mogaepkke MunncrepcTBa HAYKA U BBIC-

mero obpaszosanus PP (Toczananme Bal'y I'B-1187/20)
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Use of a machine vision system for tracking the production of
railway wheels
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In metallurgical plants that produce wheels for mobile rail vehicles, a product
tracking system is often used. One of the elements of this system is a vision system for
recognizing product markings. The problem of character recognition in an image has
many ready-made algorithms for solving it [1]. At the same time, there are a number
of problems that prevent their introduction into the system under consideration.

The main problem is the technological process of wheel production, in which the
marked surface after stamping is polished to a mirror finish. Such a surface leads to
the appearance of glare during image acquisition, which, when it enters the marking
area, significantly complicates correct identification. Within the framework of the
proposed work, the construction of an algorithm for the stage of image formation,
detection and extraction of hot and cold marking symbols, as well as their subsequent
recognition is considered.

After the formation of a binary image, part of the information masked by glare
is irretrievably lost. Therefore, the first task is to choose the optimal binarization
algorithm. Since the area of marking on the wheel is known, a binary mask is applied
to the image itself, which removes unnecessary parts, to reduce the influence of the
dark areas of the middle part of the wheel on the operation of the algorithm. As a
result, we get an annular image of the part of the wheel, in the area of which the
marking should be located.

In the course of experimental studies, the most resistant to glare results with
binarization was shown by the adaptive method of Christian. Since the angle of
orientation of the wheel relative to the camera is not specified, the marking may be
randomly located within the specified annular area.

By the binary image, the marking area is detected [2], after which individual
characters are selected. Their orientation is calculated and their position is normal-
ized to vertical.

The selected symbols are fed to the input of a neural network, pre-trained on
templates of hot and cold marking symbols used in the production process.

This work was financially supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation (State task of VISU GB-1187/20).

[1] Lee S., Yun J. P., Koo G., Kim S. W. End-to-end recognition of slab identification num-

bers using a deep convolutional neural network // Knowledge-Based Systems, 2017.

No132. C.1-10.
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BbluncneHne koopavHaT TOYKM 3axBaTa MJIOCKOro obbekTa
poboTom
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"Mypom, Mypomckuit micturyT (bumman) Bal'y

Haxoxxmenme KkoopanHaT TOUYKH 3axBaTa 00beKTa POOOTOM MAHUITYIATOPOM IIPH
CJIygIaffHOM pacIoJIOKeHUN 00bheKTa B paboUeil 00/IaCTH SIBJISAETCS OHON M3 OCHOB-
HBIX [IpU Pa3pabOTKU aBTOMATU3UPOBAHHBIX COOPOYHBIX U COPTUPOBOYHBIX KOMILIEK-
coB [1]. Yacro, n3-3a CJIOXKHOH reoMeTpuu O0bEKTa, 3aXBAT B IEHTPAIBHON TOUKe
HE MPEJICTAB/ISIETCsl BO3MOXKHBIM. B TakuxX CIydasx OmepaTopy MPUXOIUTCA BPYU-
HYTO YKa3bIBATh KOOPIMHATHI HAMOOJIEE TTOIXOISIICH JIJIs 3aXBaTa TOYKH, 9TO JICJIAeT
HEBO3MOYKHBIM aBTOMATHU3AIIUIO TTpoItecca. JIjist permerus 3Toit mpobieMbl HEOOXO UM
AJICOPUTM, TO3BOJIATONIII OIPE/IEAThH 3aJaHHYIO JIJIsI KaXKJI0T0 THUIIA, 00bEKTa TOY-
Ky 3aXBaTa BHE 3aBHCUMOCTH OT €I'0 PACIOJIOYKEHUS U OPUEHTAIMH Ha paboveM I10Je
pobora.

[IpenaraeMplit TOAXO, MTO3BOJISIET 33JIaBATH OTHOCHTEIbHBIE KOODUHATHI JIJTsl
KaXKJI0T0 00beKkTa. B Xoje paboThl MOCse dTara paclo3HABAHUA KJacca OObEKTa
[2] cucTema BBITIOSHSIET BCE MIAIM AJITOPUTMA M BBIIAET KOODIMHATHI B IIOOATBbHOM
cuCTeMe KOOPJMHAT podOTa MAHUITYJISITOPA.

UcxoupiM sBiisieTcst n300parkeHue o0beKTa, MOJIYUEeHHOE € KaMePbl CHCTEMbI
rexuudeckoro 3penns (CT3), Bxoggrueil B cocras poborusupoBanuoil cucrembl. Ha
JIAHHOM IIare CYMTaeM, IYTO TOYKa Hadaja OTCUETA JBYMEPHO CHCTEMbI KOODIUHAT
CT3 cosmaaer ¢ TakoBoil cucreMbl kKoopgmHar Maaunyaaropa F = {0, XY} na
pabotuem moste. Ha stare HacTpoiikn poOOTU3UPOBAHHON CHCTEMBI OIIEPATOD 3a/1a€T
KOODJIMHATHI TOUKM 3axBara Pg(x,y).

Ha mepBom 1mare BbITOJIHsIETCS OMHAPU3AINS Oy IEHHOIO U300pakeHus 00b-
ekTa. Vcrmonp3ys MOMEHTBI BTOPOTO TOPSJIKA BBIYUCISIETCS] YTO (v OPUEHTAIINN OCH
00beKTa OTHOCUTETHLHO ocn X TJI00AJIBHON crucTeMbl KoopauHaT .

Jlajiee BBITOJHSIETCST TTOCTPOEHNE OMUCAHHOTO MPSIMOYTOTBHUKA MUHUMAJIBHOM
IJIOIAU JIJIsT HAfJIGHHOrO0 OObEKTa MCIOJIb3Ysl METOJI BPAIIAIONIUXCS KAJUIEPOB,
upejcraB/igs 00beKT KaK MHOXKECTBO T049e¢K P = {p1,pp, ..., Pn}. YIIOBYIO TOUKY
[IOJIYYEHHOTO MPSIMOYTOJIbHUKA, OJIMKANIIYIO K JIEBOW dacTu OObeKTa, OyJIeM CUu-
tars Toukoi (0,0) Havama JoKambHOH cuctembr koopmunar B = {0, X, Y} camoro
00beKTa.

Iosydennas cucreMa KOOpAMHAT E [OBOpadMBACTCS HA YIOJ (v, B Pe3yJIbTaTe
4ero noJioykenne ocu X OyJIeT COBIAIATL C OChIO OpUEHTAINN 00beKTa B cucreme F.

Boraucssiercs npeobpazoBanue KOOPAUHAT TOUYKUA P B KOOPIUHATHI JTOKATHLHON
cucreMmbl Pp,. JlaHnbIe KOOPIUHATHI COXPAHTIOTCS B 6a3€ CHCTEMBI.
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Jtst HaxoXK IeHnsT KOOPAMHAT TOUYKHU 3aXBaTa B paboteil 00JaCTH MAHUITYIATOPA
(robasbHBIE KOOPJMHATHI TOYKN 3aXBaTa), Ha CIyIaliHO PACIOIOKEHHOM O0heKTe
B Iporecce pabOThl CHCTEMbI, BBIIIOJIHSIOTCSI T€ YK€ IIaru: CTPOUTCS MUHUMAJIbHBII
ONMCAHHBIN MPSIMOYTOJIbHUK; BBIYUC/ISIETCsT YTOJI OPUEHTAIINA OCH O0ObEKTa; CTPOUT-
¢Sl JTOKAJIbHAS CHCTeMa KOOPAHHAT 00bekTa. B mosyuennoii cucreme koopaunar E
oJIOKeHne ocu X TakKe OyeT COBIAATh C BHIUUCICHHON OCHI0 OPUEHTAIIH 00 bHEK-
ta. Vcnonb3ys xpanumbie B 0a3e KOOPAUHATHI JIOKAJIBHON TOYKH, IIyTEeM BPAIEHUs
cucTeMbl KoopauHat E Ha YIOJI —Q, IPUBOJISITCS B COOTBETCTBUE C IJI00AJBHON CH-
creMoii koopauHar E pobora. J[aHHBIE KOODAWHATHI [IEPEIAIOTCS B MaHUILYJISITOP,
KOTOPBII UCIOJIb3ys CXBAT WJIN MTHEBMATUYIECKYIO IPUCOCKY 3aXBATHIBAET OOBEKT B
3aJAHHOM TOYKE [IJIsl TIePEMEIIECHUS.

DKCIEPUMEHTAJBHBIE U BBIUYUCTUTEIHHBIE UCCIIEIOBAHUS TIOKA3AIN, ITO TPEJIJIO-
JKEHHBII aJI'OPUTM II03BOJISET OIPEJIEIATh 33/ IaHHYI0 TOYKY 3aXBaTa C IIOI'DEIIHO-
cThi0 He Dosiee 1-2 mumKceseii, 9TO CBS3aHO OIMMOKON OKPYIJIEHWS IIPU BPAaIleHUN
CHUCTEMBI KOODJWHAT B JIMCKPETHOM IIPOCTPAHCTBE m300parkeHusi. Pusmdeckas Jiu-
HeliHas TOTPEITHOCTb 3aBUCUT OT pas3pernenns ucroab3yemoii kamepsl CT3 u pac-
CTOSAHUS OT HEE JI0 CaMOro OObEeKTa.

Pabora BoimostHena mpu punancoBoil mogaepkke MuHucTepcTBa HAYKH U BBIC-
mero obpazosanusa PP (Toczananue Bal'y I'B-1187/20)

[1] Niu L., Saarinen M., Tuokko R., Matti J. Integration of Multi-Camera Vision System

for Automatic Robotic Assembly // Procedia Manufacturing, 2019. No 37. Pp. 380-384.
[2] Cadwxos C. C., Kyavkos 4. FO. UnentTndukanms OTAETLHBIX TECTOBBIX W PEATHHBIX

IIJIOCKHUX O6’])€KTOB II0 6e3p3.3MepHI>IM IIpuU3HakKaM KOHTYPOB HUX ABYXI'DaJalldOHHBIX

H306pa)KeHPII71 // BeCTHI/IK PH3aHCKOFO IroCyIapCTBEHHOI'O Pa/JIUOTEXHUIECCKOTI'O YHUBEP-

curera, 2016. Ne56. C. 136-143.

Mesx qynapogaas kougepernnus UOHU-13. Poccust, r. Mockba, 8—11 nekabpst 2020 r.



Industrial data science applications 271

Calculation of the flat objects gripping point coordinates by a
robot
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"Murom, Murom institute (branch) Vladimir State University

Finding the coordinates of the gripping point of an object by a robotic manipu-
lator with a random object location at the robot workspace, is one of the main ones
in the development of automated assembly and sorting complexes [1]. Often, due
to the complex geometry of the object, it is not possible to capture at the center
point. In such cases, the operator has to manually specify the coordinates of the
most suitable point to capture, which makes it impossible to automate the process.
To solve this problem, an algorithm is needed that allows to determine the gripping
point specified for each type of object, regardless of its location and orientation on
the robot’s working field.

The proposed approach allows to set relative coordinates for each object. During
the work, after the stage of object class recognition [2], the system performs all the
steps of the algorithm and set outputs coordinates in the global coordinate system
of the manipulator robot.

The initial image of the object is obtained from the camera of the technical vision
system (STS), which is part of the robotic system. At this step, we assume that
the origin point of the two-dimensional coordinate system of the STS coincides with
that of the manipulator coordinate system F = O, X,Y on the working field. At
the stage of setting up the robotic system, the operator sets the coordinates of the
capture point Pg(x,y).

At the first step, the resulting image of the object is binarized. Using the mo-
ments of the second order, the angle « of orientation of the object axis relative to
the X axis of the global coordinate system F is calculated.

Next, the described rectangle of the minimum area for the found object is con-
structed using the method of rotating calipers, representing the object as a set of
points Pp = p1,pPn,---,Pn- The corner point of the resulting rectangle, which is
closest to the left side of the object, will be considered the point (0,0) of the origin
of the local coordinate system E= O, X,Y of the object itself.

The resulting coordinate system E is rotated through an angle «, as a result of
which the position of the X axis will coincide with the object’s orientation axis in
the F.

The transformation of the coordinates of the point Pg into the coordinates of
the local system P, is calculated. These coordinates are saved in the system base.

To find the coordinates of the grip point in the working area of the manipulator
(global coordinates of the grip point), on a randomly located object in the process
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of the system operation, the same steps are performed: the minimum bounded
rectangle is constructed; the angle of orientation of the object axis is calculated; the
local coordinate system of the object is built. In the resulting coordinate system E ,
the position of the X axis will also coincide with the calculated orientation axis of
the object. Using the coordinates of the local point stored in the base, by rotating
the coordinate system E by the angle —a, they are brought into line with the
global coordinate system FE of the robot. These coordinates are transferred to the
manipulator, which, using a gripper or pneumatic suction cup, grabs the object at
a given point for movement.

Experimental and computational studies have shown that the proposed algorithm
makes it possible to determine a given capture point with an error of no more than
1-2 pixels, which is associated with a rounding error when the coordinate system
is rotated in the discrete image space. The physical linear error depends on the
resolution of the used STS camera and the distance from it to the object itself.

This work was financially supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation (State task of VISU GB-1187/20).

[1] Niu L., Saarinen M., Tuokko R., Matti J. Integration of Multi-Camera Vision System

for Automatic Robotic Assembly // Procedia Manufacturing, 2019. No 37. Pp. 380-384.
[2] Sadykov S.S., Kulkov Y. Yu. Identification of individual test and real flat objects by di-

mensionless features of the contours of their two-gradation images // Vestnik of Ryazan

state radioengineering university, 2016. No 56. Pp. 136-143.
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Pa3paboTka anroputma no3avumoHnpoBaHust obbekTa no
AaHHbIM C aKTuMBHOW ceHcopHoii cetn Bluetooth Low Energy
MasikoB
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"Mypom, BiaauMupekuii rocyapCTBEHHbBIH YHIBEPCUTET

Hapuranus BHyTpu moOMeInennii crajga OYeHb aKTYaJbHONW HAyIHO-TEXHUIECKOM
oTpaciibio. HecMoTpst Ha J0CTATOYHO BBICOKYIO TOYHOCTH Hapuramuu 1o cetsim 1'J1O-
HACC u GPS Bompoc HaBuramuu BHYTPU MOMEIIEHUN BCE €Ie OCTAETCS HEPEIIeH-
vbiM. Vcxoms m3 9Toro, paspaboTKa HOBBIX aJTOPUTMOB IMO3UIIMOHUPOBAHUS O0b-
€KTa BHYTDPU IOMEIEHUI SBJISIETCH aKTYAJIbHONU HAaydHO-TEXHUYIECKON 3asmadeit. Ha
PBIHKE Pa3BUBAIOTCS MMPOYKTHI JIJIsi HABUTAIMK BHYyTpHu nomernenuit: Google Maps,
Open StreetMap u T.;1. HecmoTpst Ha 970, ajropurMudeckasi MoJiep:KKa HaBUTAIIUN
BHYTPH ITOMEIIEHUI JI0 CUX TIOP OCTAaeTCsd B OCHOBHOM HeTpoHyTOil. llesbio uccie-
JIOBaHUS SIBJIsIETCS pa3pabOTKa aJropuTMa MO3UIMOHUPOBAHNSA 00bEKTA BHYTPH IO~
MEIIEHUI Ha OCHOBE OECIIPOBOIHOI CEHCOPHO CETH ¢ HU3KUM SHEPTrOnOTPeOICHIEeM.
Pabory paspaboTaHHOTO aaropmT™Ma MOYKHO IPEICTABUTL CJEIYIONEH MMOCTIeI0Ba-
TEJIbHOCTBIO 3TAIIOB:

1. Tlosrygenune MHOTOMEPHOTO BPEMEHHOTO psijia ypoBHeil curaanoB RSSI.

2. YmhopsmoamBaHue MHOTOMEPHOTO BPEMEHHOT0 psja 1o yauKaabHbiM UUID mas-

KOB.

PenakrupoBanue BEIOPOCOB U 9KCTPEMAJIbHBIX 3HAUEHUIA.

QubTpalius MOJyIeHHBIX JaHHBIX YIPOIIEHHBIM duabrpoM Kammana.

AnmpokcuMarnyst Oy 9eHHBIX BPEMEHHBIX PSIJIOB JIJIs IOy I€HUsT DACCTOSTHUS.

[Tepesoy yposus curnasa RSSI B paccrosiiue ¢ uCIosib30BaHe MUCKYCCTBEHHON

HEeIPOHHOI ceTu IPAMOro PacIpOCTPaHCHNUs].

KomrutekcupoBaHue 1moJiy9eHHbBIX Ha 9rare 5 u 6 BpeMeHHBIX PsiIOB.

[Tosunmonnposanue 00bEKTA 110 METOJLy MYJILTHJIATEPAIIN.

[TepeBos oTHOCUTETEHBIX KOOPJAMHAT B A0COJIOTHBIE.

10. Tlosyuenue OTHOCHUTEIBHBIX KOODJUHAT IIOJIOXKEHUS O0BHEKTAa Ha KOHTPOIHPYeE-
MOI TEppUTOPUHU.

S U

© oo

Cxema paboThl aJrOpuUTMa MO3UIMOHUPOBAHNUS [TPEJICTaBICHa HA PUCYHKe 1.

DKCIIepUMEHTAJbHDBIE UCCIIEIOBAHUS PAa3pabOTAHHOIO AJTOPUTMA MOKA3AJN, ITO
CpeJiHsIsl OIMOKa MO3UIMOHNpoBaHust coctapuia 0,23 merpa. OmubKa 1MO3UIMOHN-
poBanus He mpesbimaeT 0.7 M B 3aKPLITOM IOMeEIEHN pasmepa 5xH,5 M. Mexogs
13 9TOTO TOYHOCTD MMO3UITMOHUPOBAHUS MOOUJIBHOIO YCTPONUCTBA € UCIOJIb30BAHIEM
IIpeJIJIaraeMoro MeTO/Ia B IPOBEIEHHOM dKcrepumenTe Boimre Ha 40,9% mo cpasrenuio
C aHaJOIaMHU.
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Pa6ora BeImosinena mpu uHaHCOBOM mOAAepKKe MuHncrepcTBa HAYKN W BBIC-
mero obpasosanust P® (Foczamanme Bal'y I'B-1187/20).

[1] Astafiev A. V. Development of a Methodology for Positioning Small Scale
Mechanization Tools at Industrial Enterprises for the Construction of Unmanned
Product Movement Control Systems // 22th International Conference on Digital Signal
Processing and its Applications (DSPA), 2020. Pp. 1-6.
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Development of algorithm for positioning an object according to
data from an active sensor network of Bluetooth Low Energy
beacons
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Indoor navigation has become a very hot science and technology industry. De-
spite the sufficiently high accuracy of navigation on the GLONASS and GPS net-
works, the issue of indoor navigation is still unresolved. Based on this, the develop-
ment of new algorithms for positioning an object indoors is an urgent scientific and
technical task. Indoor navigation products are developing in the market: Google
Maps, Open StreetMap, etc. Regardless, algorithmic support for indoor navigation
is still largely intact. The aim of the study is to develop an indoor object position-
ing algorithm based on a wireless sensor network with low power consumption. The
work of the developed algorithm can be represented by the following sequence of
stages:

Obtaining a multidimensional time series of levels of RSSI signals.

Ordering a multidimensional time series by unique UUIDs of beacons.

Editing outliers and extreme values.

Filtration of the received data with a simplified Kalman filter.

Approximation of the obtained time series to obtain the distance.

Converting the RSSI signal level into distance using a feed forward artificial
neural network.

Integration of the time series obtained at stage 5 and 6.

Positioning of the object using the multilateration method.

Conversion of relative coordinates to absolute.

Conversion of relative coordinates to absolute.

Obtaining the relative coordinates of the position of the object in the controlled
area.

S G @ o=

—
= e © oo

—_

The positioning algorithm is shown in Figure 1.

Experimental studies of the developed algorithm showed that the average po-
sitioning error was 0.23 meters. The positioning error does not exceed 0.7 m in a
closed room with a size of 5x5.5 m. Based on this, the positioning accuracy of a
mobile device using the proposed method in the experiment is 40.9% higher than
that of analogs.

This work was financially supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation (State assignment of VIGU GB-1187/20)

[1] Astafiev A. V. Development of a Methodology for Positioning Small Scale Mechaniza-
tion Tools at Industrial Enterprises for the Construction of Unmanned Product Move-
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Figure 2. Positioning algorithm operation diagram

and its Applications (DSPA), 2020. Pp. 1-6.
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06 ogHOM nogxoae K CTaTUCTUHECKOMY MOAENPOBAHUIO
TpaHcnopTHbIX NnotokoB Ha MKA/1 v ynpaBneHuto Bbe3gamu
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Ha cerogusimamit ieHb MOJIeTMPOBAHNE KPYITHBIX TPAHCIOPTHBIX CeTeil IpeCcTaB-
Jeno B paborax [1, 2| B Buie HpUMEPOB IPUMEHEHHUS CYIIECTBYIOMIUX IPOIDAMM-
HbIX nakeroB Takux Kak SUMO (Simulation of Urban Mobility), iTETRIS (“An
Integrated Wireless and Traffic Platform for Real-Time Road Traffic Management
Solutions”) u gpyrux. JerajbHoe OMUCAHUE IIOAXONA K MOJICJUPOBAHUIO aBTOMATHU-
CTpaJil B JTAHHBIX [TAKETaX 3a9aCTYI0 OTCYTCTBYET.

MogeiupoBanue TPAHCIIOPTHBIX MMOTOKOB HA aABTOMAIUCTPAJIN TECHO CBSI3aHO C
3aJ1aveil onTuMu3aIy ¢BeTo(hOPHOTro YIIPABJIEHUs B TPAHCIOPTHOI cetn. Hanpumep
B pabore [3] ucmoap3yeTcst 00yUeHNE € MOAKPEITIEHNEM JIJIST TIOJTY T€HIe OIITUMAJIBHON
CXeMBbI yIIPaBJIeHUsI [IEPEKPECTKOM. B GOJIbIIIMHCTBE PAbOT, IOCBAIIEHHBIX CBETO(MOP-
HOMY YIIPABJIEHUIO JOPOTU Ha [IEPEKPECTKE, BCE JOPOIM CIUTAIOTCSI PABHO3SHATHBIME
U HE CTABUTHCs 3aJa9a 00eCIedeHns] MaKCUMAaJIbHON POITYCKHON CIIOCOOHOCTH BbI-
JIEJICHHOM aBTOMATUCTPAJIN, KaK 9TO MPOUCXOJUT B JAHHON CTAThe.

Kiraccmaecknii moixos K MOJIEINPOBAHIIO TPAHCIIOPTHBIX MOTOKOB MPEJICTABJICH
MHKDPOCKOIIMIECKUM [4] OIXOIOM, T7Ie MOJIETUPYETCS IBIZKEHUST KAXKIOT0 aBTOMOOH-
JIsl B OTJIEIBHOCTH U MakpockonuaecknM [5], B koropom jsmkerne ATC ymoo6sister-
Cs1 KUJKOCTU W a3y U MOJIEUPOBAHNE CBOIUTCS K PENIEHUIO CUCTEM HEJIMHEHHBIX
ypaBuenuit. Mbl mpejraraeM moaxo , ocHOBaHHBI Ha gasuKkenuu rpymnn ATC, gro
MIPUBOJIUT K CYIIECTBEHHBIM YIIPOIIEHUAM 110 CPABHEHUIO ¢ MAKPOCKOTTIMIECKIM TIO]I-
xomaM. CKOPOCTD Ke TPYII TPAHCIIOPTHBIX CPEJICTB MPEeJIaraeTcsi pacCINThIBATE C
HOMOIIBIO (DYHIAMEHTATBHON IuarpaMMbl OTOK-IIJIOTHOCTD Ha Maructpadn [6]. Ta-
KOIi TIOJIXO0JI, TIO3BOJISIET OBICTPO OOCUMTHIBATH JOCTATOYHO OOJIBIINE TPAHCIIOPTHBIE
ceTu, B TOM 4ucje Takyio Marucrpaib kak MKAJI, 910 HeoOXOAUMO Jijisi perieHust
ONITUMU3AIIMOHHBIX 38129 JIJIsl KOTOPBIX IPOBOJUTC MofeupoBanue. Mojesnb ¢ nuc-
MOJIB30BAHAEM JIAHHOTO TOJIXO/Ia PaspaboTaHa W MpeJICTaBJIeHa B cTaThe [7).

B samnoit paboTe paccMaTpuBaeTcs 3a1a4a MOJIEIMPOBAHUs KPYITHOM TPaHCIIOPT-
HOlt aBTOMarucTpaan — MOCKOBCKOH KouibIeBoil aBroMobuibHoil goporn (MKAT).
Ilesbro MOsIE/TUPOBAHNS SIBJISETCsT TPOBEPKA TUIIOTE3bI O BO3MOXKHOCTHU ITOCPEICTBOM
YIPaBJIEHUS TTOTOKOM BbE3KAIONNX HA MArMCTPAJb ABTOMOOUIHLHO-TPAHCIOPTHBIX
cpeacrs (ATC) ymenbriurs cymmapubie norepu pemenu Ha MKAJ u yBeanaurs
IIPOITYCKHYIO CIIOCODHOCTH ABTOMATMCTPAJIN.

B pabore crpourcst mojsenb ool u3 cropon MKAJL ¢ KpymHbIME Bbe3gaMu 1
cbesnamu ¢ Heé. Ha ocHOBe MMEIOIMXCsl MAHHBIX C JOPOXKHBIX JIATYNKOB HA HEKO-
TOPBIX U3 Bbe310B u craructundeckux gaubix [[O/IJ] renepupyiorcss MojenbHbIe
JIAHHBIE HA Bbe3/[aX HA ABTOMATUCTPAJIb JIBYX THUIIOB — C yTPEHHEH TUKOBON 3arpy3-
KOl W ¢ BedepHeil, 9TO COOTBETCTBYET OOJBIOMY TOTOKY aBTOMOOmIeit B MockBy
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n u3 Mocksbl. [IpoBoguTest MomempoBanue MOBEICHNST aBTOMATUCTPAIA C PA3IATI-

HBIM MOJIEJIbHBIMU JITAaHHBIMU Ha B'be3/laX U CPABHUBAIOTCS Pe3YJIbTAaThl C KOHTPOJIEM

Ha Bbe3jax u 0e3 Hero. [[jist mpoBepku runoressbl 00 3(PhPEKTUBHOCTH yIIPABJICHIS

BbE3/IAMH PACCYUTHIBAIOTCS BpeMeHHble Torepu Ha mpoe3s 1o MKAJL 3a nenb, a

TaK>Ke TUCJI0 aBTOMOOHUIIEI, TPOEXaBINX 0 ABTOMATUCTPAJIH.

Pabora nomyepxkana rpaarom POOU Ne20-07-01057 A.
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About one approach to traffic flows statistical modeling on
Moscow Ring Road and enters control

Vsevolod Starozhilets'x starvsevol@gmail.com
Yury Chekhovich' chehovich@forecsys.ru

"Moscow, Dorodnicyn Computing Centre FRC CSC RAS

At this moment, modeling of large transport networks presented in the works [1,
2] in form of examples of using existing software packages such as SUMO (Simulation
of Urban Mobility), iTETRIS (“An Integrated Wireless and Traffic Platform for
Real-Time Road Traffic Management Solutions”) and others. A detailed description
of the highway modeling approach in these packages is often missing.

Traffic low modeling on a highway is closely related to the task of optimizing
traffic light control in a transport network. For example, in the article [3] reinforce-
ment learning is used to obtain an optimal crossroad control scheme. In most works
devoted to traffic light control at crossroads all roads are considered equivalent and
do not set the task of ensuring the maximum throughput of a dedicated highway, as
it is in this article.

Classic approach to traffic modelling is represented by macroscopic [4], where
movement of each vehicle modelled, and microscopic [5], where we suppose that
traffic is like gas or liquid which lead us to solving system of nonlinear equations.
We propose an approach based on modelling the movement of groups of vehicles,
including dozens of cars, instead of modeling the movement of each individual car
as it is done in microscopic model. Car groups speed is calculated using flow-density
fundamental diagram on a highway [6]. This approach makes possible to quickly
calculate sufficiently large transport networks such as Moscow Ring Road, which is
necessary to solve optimization problems for which modeling is carried out.

This paper is about a problem of modeling a large transport highway — Moscow
Ring Road. Main purpose of modelling is to test that it is possible to reduce to-
tal time loss for driving along Moscow Ring Road and increase the throughput of
highway by controlling traffic flow on its enters.

In this work we create a model of one of sides of the Moscow Ring Road with
major entrances and exits from it. For modelling we create model data for Moscow
Ring Road entrances based on the available information from road traffic detectors
at some of entrances and statistical data from Moscow Traffic management center.
There are two types of modelling data — with morning peak load and with evening
load, which corresponds to a large flow of cars to and from Moscow. Modeling the
behavior of the highway with different model data at the entrances is carried out
and the results are compared with and without control at the entrances. To test
the hypothesis about the efficiency of entry traffic flow control, time losses for travel
along the Moscow Ring Road per day are calculated, as well as the number of cars
that have driven along the highway.

This research is funded by RFBR, grant 20-07-01057 A.
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Pa3pabotka metopa paHHen n andrdpepeHumnanbHoii
AvarHoctukn bonestun MapkuHcoHa n acceHymanbHOro Tpemopa
C NOMOLLLLIO aHaIN3a BCNJIECKOOOPa3HOW aKTUBHOCTU MbILLIL,
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3Mocksa, DI'BHY «Hay4nblii 1[eHTp HEBPOJIOIMI»

WccmemoBanbr ipobsiembl pa3paboTKu MeToma paHHeil n auddepeHnuaabHoi nua-
raocrukn Gosesnn [Tapkuncona (BII) u sccennumasnsnoro rpemopa (97T) ¢ momomnisio
aHaJIN3a, BCILIECKOOOPA3HOi akTUBHOCTH MBIIII. [Ipn ncciemoanun naruentos ¢ BI1
CJIOZKHO HAMTHU MAIMEHTOB, KOTOPble paHee He NMPUHUMAJIA ITPOTUBOIAPKUHCOHUYE-
CKUe TPEenapaThl, TO €CTh, sIBJIAIOTCH HesledeHbIMU. JLjist perenust mpob/ieMbl MaJIbIX
BBIOOPOK OBILIO IPEJIOKEHO UCKYCCTBEHHO YBEJIUIUTH BBIOOPKU UCIBITYEMBIX TP
omoru OyTcerpena. Jst yBenmmdeHnst BHIOOPOK OBLIN CO3JAHBI PA3TUIHBIE MOJIE-
Jin uenbITyeMbiX. [Ipn mocTpoernn Mosiesieil mareHToB BOZHUKAET JIBE HMPOOJIEMBI:
mpobJieMa HeaJIeKBATHOCTH U IIPOOJIeMa HeJIOCTATOYHON 0000IaoIeil CrrocoOHOCTH
mozesn. [loaToMy npu mocTpoeHuE Mojesieil MalMeHTOB HeOOXOJAMMO HAaNTH KOM-
MIPOMUCC MEXKIy TOIHOCTHIO M 0000IIaioneil crrocobHocThio Moaeneit. [Ipeamorkenn
MOJIEJI, KOTOPbIE, TI0 MHEHUIO aBTOPOB, SABJILAIOTC HMEPCIEKTUBHBIMUA JJI PAHHEH 1
muddepenrmanpuoii quaraoctuku BII u 9T. Beuia momydena ToanocTh pacio3naBa-
uus BIT wa panneii craguu okoso 100%, Toanocts quddepeHnuaabHol TMarHOCTHKHA
(pasmmuenusi BIT u 9T) cocrasuna 6osee 90%.

WccteoBanue BoimosiHeHO pu (huHauCcOBOM nouepxkke PODU B pamkax Hayd-
woro npoekTa No. 18-37-20021.
[1] Cywxosa O. C., Moposos A. A., Tabosa A.B., Kapabaros A. B. Paspaborka Mmerona

panneit u jauddepennuaabHOl auarHocTuku 6ose3un [lapkuHCOHA M 3CCEHIUATBLHO-

ro TpeMopa ¢ IOMOIIBIO aHAJIN3a BCIIECKOOOpa3Hoi aktusHocTH Mbimt, // COopHEK
crareit UTHT-2020, 2020. T. 4. C.170-178.
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Development of a method for early and differential diagnosis of
Parkinson’s disease and essential tremor based on analysis of wave
train electrical activity of muscles
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Alexeir Karabanov
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The problems associated with the development of a method for early and differential
diagnosis of Parkinson’s disease (PD) and essential tremor (ET) using the analysis
of wave train muscle activity are investigated. In the study of patients with PD, it
is very difficult to find untreated patients who have not previously taken antiparkin-
sonian drugs. To solve the problem of small samples, it was proposed to increase
artificially the sample of subjects using the bootstrap method. Three artificially
enlarged samples of subjects were created: a sample of patients with PD, a sample
of patients with ET, and a sample of control subjects. When constructing models,
two problems arise: the problem of inadequacy and the problem of insufficient gen-
eralizing ability of the model. Both of these issues must be considered when building
models. The paper proposes models that, according to the authors, are promising
for the early and differential diagnosis of PD and ET. Using these models, a good
accuracy of PD recognition at the early stage was obtained (about 100%); the accu-
racy of differential diagnostics (distinguishing between PD and ET) was more than

90%.

The reported study was funded by RFBR according to the research project No. 18-

37-20021.

[1] Sushkova O.S., Morozov A. A., Gabova A. V., Karabanov A. V. Razrabotka metodov
ranney i differentsial’'noy diagnostiki Parkinsona i essentsial'nogo tremora s po-
moshch’yu analiza vspleskoobraznoy aktivnosti myshts // Sbornik statey I'TNT-2020,
2020. V.4. Pp.170-178.
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Pacwupenne npuknagHoii MHTENIeKTyasIbHOW CUCTEMDI
ONArHOCTUKU KayecTBa >XU3HU NauueHTOB C HEeBPOJ1OrMyeckoii
naToJsiorveii C y4eTomMm Ncuxosornyeckoii besonacHocTu

Anxoscran Anna Efumosna’ ayyankov@gmail.com
O6yzosckas Buxmopus Bopucosna'? diadal9910gmail.com
"Poccust, Tomck, HA TT'Y
2Poccust, Tomck, Cu6I'MY

B macrosiiee Bpems HEBPOJIOIMYECKasl ITATOJIOTUSI SIBJISIETCsl OJTHON 13 Hambo-
Jlee COIMAaIbHO-3HAUNMBIX IIpobseM vesoBedectsa [1]. B paGore ¢ nanmenTamu pac-
CMATPUBAEMON KATEropruu IMPUOPUTETHBIM HAIPABJICHUEM CJIYKUT KaK CBOEBPEMEH-
HOE JIeYEHVEe, TaK W BBISIBJICHIE TAIMEHTOB C HAYAJIbHBIMU (DOPMAMU CHUYKCHUS Ka-
qecTBa Ku3au. KadecrBo Ku3uM sABJIsieTCs (DAKTOPOM, OMPEJIEISTIONINM OIILy IIEHIE
[ICUXOJIOTUIECKON HE30MAaCHOCTH, KOTOPOE MMO3BOJISIET COXPAHSATH TPYIOCIIOCOOHOCTD
HA TPOTSI?KEHWN JIJIUTENBHOTO Teprosia [2]. AKTyaabHOCTh CBOEBDEMEHHON JMArHO-
CTUKHU KavIeCTBA YKU3HU M IICHXOJOTUYIECKON OE30IIaCHOCTH MAIIMEHTOB ¢ HEBPOJIOTH-
YEeCKOIT IIATOJIOrHell He BhI3bIBaeT coMHeHmit. HeoOXomMocTh pacinpeHns IpuKIIai-
Hoit unresutekryasbuoil cucrempl (MC) nuarnocTuku KavecTBa KU3HU HAIUEHTOB C
uespoJiorundeckoit narosiorueil (JIMAKAZK) nyrem obbenunenus ¢ upuksaanoii 11C
JMArHOCTHUKY TIcuxosornyaeckoit 6ezonacuaoctu (JIUTICUB) ouesnnna. Hiske nznara-
I0TCSI TIPOBEIGHHBIE HAME HMCCJIEIOBAHUS 110 CTPYKTYPHU3AIUK IPOOIeMHOI obacTu
U TIOCTPOEHUIO 0a3bl JIAHHBIX U 3HaHUil, pacimupenuio npukiaaanoii MC JTMAKAZK
myrem obbenunenusi ¢ npukiaagunoit 1IC JTUTICUB.

Ha ocHoBe mpoBeIEHHOrO HAMU aHAJM3a TAIMEHTOB € PA3IUIHON HEBPOJIOTH-
1eckoii marosorueii (6osesnb [IapkUHCOHA, PACCESHHBIN CKIEPO3, OCTEOXOHIPO3 MO~
3BOHOYHUKA, [IOCIIEJICTBYSI HHCYJIBTA, TOJIOBOKPYYKEHUsI 11 HAPYIIEHUs yCTOHIMBOCTH )
ObLIM BBISIBJIEHBI [IApAMeTPhI (IIPU3HAKN), OLPEJIEIISIIoIIne KauecTBo KusHu (dbusn-
YEeCKUI KOMIIOHEHT 370POBbsl (4 COCTABIISIONINX ), IICUXUYECKUI KOMIIOHEHT 3/[0POBbS
(4 cocTaBiAOMNX) ¥ ICHXOJIOTHIECKYIO HE30IIACHOCTD (IICHXOTIOMHYECKOe OJIAaromno-
ayure (6 cocraBiAOmux), 6asucHble yOeXKIeHus (3 COCTABISIONINX ), KUIHECTOM-
KOCTh (3 COCTABJIAIONINX)) MAIUEHTOB ¢ HEBPOJOTUIECKON marosorneit. OcymecTs-
JIEHA CTPYKTYPHU3AIHs JIAHHBIX U 3HAHUI HA OCHOBE MaTPHILH! onncanuii Q 06beKToB
(HAIMEHTOB) B IIPOCTPAHCTBE XapAKTEPUCTUUECKUX IIPU3HAKOB U pasjudenuii R, 3a-
JIAIOIIUX PA3INIHbIe MeXaHU3MbI (3aboseBanns) pa3bueHns OObEKTOB Ha KJIACCHI
sxeuBaserTHOCTH [3|. CTpokm maTpumnsr R comocrasnensr crpokam Marpuisr Q, a
CTONOIBI — KTaccnUKAIMOHHBIM TIPU3HAKaM (uarsoctudeckum pernenusiv). Cdhop-
MUPOBAHBI ¥ 3aIOJTHEHBI MATPUIIGI ONMMCAHUN M PA3IUICHNN n3ydaeMblx 3a00JseBa-
HU, CIIyzKalle OCHOBOM JIJIsT TOCTPOEHUsT 0a3bl JIAHHBIX U 3HaHuil npukiaaHoit 11C
JMAKAK, pacmupennoii nmyrem oobequnenus ¢ npukiagunoin VIC JTUTICUB [4].

Pacrmupenne npukiaanoit MC JINMAKAZK, npennaznadennoii 1ijisi CBOEBPEMEH-
Hoit 1 3pHEeKTUBHON IMATHOCTUKN TTAIMEHTOB ¢ HEBPOJOTHIECKON TTaTOMOTHEH, 1TIy-
tem 06beunenust ¢ IC JIUTICUB ocytmecTBiisieTcst Ha OCHOBE KPATKUX OIIPOCHUKOB.
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Maremarudeckuii anmapar npukiaagasx 1C 6azupyercs Ha KOHBEPreHITMA HECKOJIb-

KNX HayK W HayJIHBIX HAIpaBJIeHU [5]; OCHOBAH Ha MATPUIHOM CIIOCOGE TIpeICTaB-

JIeHWsI JIAaHHBIX ¥ 3HAHWH (MATPUIBI ONMCAHUI M Pa3indeHnii); OPUIMHAIBHBIX Te-

CTOBBIX METO/IaX PACIIO3HABAHUS 00PA30B; BHISBICHUN PA3INIHOIO PO 3aKOHOMED-

HOCTEH, BKJIIOUas OTPHUIATEIbHBIE 00Pa3bl; albTePHATUBHDIC, 3aBUCHMbBIE W CUTHAJIb-

Hble TPU3HAKN; OTKA30YCTONINBEIC O€3bI30BITOUHRIC U CMEITAHHBIC THATHOCTUICCKIE

TECTBI U UX BECOBBbIE KOI(DPUITMEHTHI; TPUHATUN PENIeHNsT U UX ODOCHOBAHUS C HC-

nosib30BaHNeM rpaduvecKux, BKIIOUasi KOTHUTUBHbIE, cpecTs |3, 5|. Pacmmupenne

NC INMAKAZK nyrem obbenunenus ¢ npukiaagauoit IC JIUTICUB 6yger ocyriecTs-

JIeHO Ha 6a3e MHTE/UIEKTYAJIbHOr0 HHCTpYMeHTaabHoro cpejacrea (MMIC) IMCJIIOT

[6], npeaHasHaueHHOrO [IJIsl BBHIABJICHUS PA3JIUYHOIO POJIA 3aKOHOMEPHOCTEH, BKJIIO-

Jas OTKA30yCTONINBDIE TUATHOCTHIECKUE TECThI U UX BECOBDBIE KOI(DPUITUEHTH; TPH-

HATHUS PEIIeHus] U UX OOOCHOBAHUS C UCIOJIH30BAHUEM CPEJICTB KOTHUTUBHON TI'pa-

duku. Basa janabIX 1 3HaHWU Oy/1eT CO3/1aHa HA OCHOBE PE3YJIbTATOB UCCJIEI0BAHIS

[aIlMEeHTOB C HEBPOJIOIUYECKOHN aToI0ruei.

BriepBoie mpemraraercss paciimpenue MpUKIaTHON THTEIEKTYATBHON CHCTEMBI
JIMATHOCTUKHU KAIeCTBA YKU3HU MAIMEHTOB ¢ HeBpoJiorndeckoit marosorueit C JIA-
KAZK nyrem oobenunenus ¢ npukiagaoin IC JTUTICUB. Buepsbie nipoBeiéH ana-
JIN3, CTPYKTYPHU3aINs JAHHBIX U 3HAHUI [TAIIMEHTOB C PA3JIMYHON HEBPOJIOIMYECKOM
narosorueit. [lockonbky ckoncrpyupoBanubsie na 6aze UMC MMCJIOL 6omee 30
npukiagabix C mokazaim BEICOKYIO 9D HEKTUBHOCTD, €CTh BCE OCHOBAHMUS, YTO IIPU-
Menenne pacmmpennoit npukiaaaoil 1C JMAKAZK no3BosmT moBeICHTH KAYECTBO
JIMATHOCTHUKU.

Pabora nognep:kana rpanTom PODU Ne 18-013-00937.
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An expansion of applied intelligent system for diagnosing the
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considering psychological safety
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Currently, neurological pathology is one of the most socially significant prob-
lems of humanity [1]. In working with patients of this category, the priority is both
timely treatment and the identification of patients with initial forms of decline in
the quality of life. The quality of life is a factor that determines the feeling of psy-
chological safety, which allows you to maintain ability to work for a long period
[2]. The relevance of timely diagnosis of the quality of life and psychological safety
of patients with neurological pathology is beyond doubt. The need to expand the
applied intelligent system (IS) for diagnosing the quality of life of patients with neu-
rological pathology (DIAQOL) by combining it with the applied IS for the diagnosis
of psychological safety (DIPSYS) is obvious. Below, we briefly outline our studies
on structuring the problem area and construction a data and knowledge base, the
expansion of the applied IS DIAQOL by combining it with the applied IS DIPSYS.

Based on our analysis of patients with various neurological pathologies (Parkin-
son’s disease, multiple sclerosis, spinal osteochondrosis, the effects of stroke, dizzi-
ness and impaired stability), we revealed the parameters (features) that determine
the quality of life (the Physical Health (4 components), the Mental Health (4 com-
ponents) and psychological safety (psychological well-being (6 components), basic
beliefs (3 components), hardiness (3 components)) of patients with neurological dis-
orders. The data and knowledge were structured using the matrix of description
Q of objects (patients) in the space of features and the distinguishing matrix R,
defining various mechanisms of partition of objects into equivalent classes [3]. The
rows of the matrix R correspond to the rows of the matrix Q, and the columns are
compared classification features (diagnostic decision). We have formed and filled in
matrices of descriptions and distinctions of the studied diseases, serving as the basis
for construction of a database and knowledge of the applied IS DTAQOL, expanded
by combining with the applied IS DIPSYS [4].

Expansion of the applied IS DTAQOL, intended for the timely and effective di-
agnosis of patients with neurological pathology, by combining it with IS DIPSYS, is
carried out on the basis of short questionnaires. The mathematical apparatus of the
applied IS is based on the convergence of several sciences and scientific directions
[5]; based on the matrix method of data and knowledge representation (matrices of
descriptions and distinctions); original test methods for pattern recognition; reveal-
ing different kind of regularities, including negative patterns; alternative, dependent
and signal features; fault-tolerant irredundant and mixed diagnostic tests and their
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weight coeflicients; decision making and their justification using graphic, including

cognitive, tools [3, 5]. Expansion of IS DIAQOL by combining with the applied IS

DIPSYS will be carried out on the base of intelligent instrumental software (IIS)

IMSLOG [6], designed to revealing various of regularities, including fault-tolerant

diagnostic tests and their weight coefficients; decision making and justification using

cognitive graphics tools. The data and knowledge base will created using the results
of research of patients with neurological pathology.

For the first time, it is proposed to expand the applied IS DIAQOL of patients
with neurological pathology by combining it with the applied IS DIPSYS. For the
first time, analysis, structurization of data and knowledge of patients with various
neurological pathologies were carried out. Since more than 30 applied IS designed on
the basis of the ISS IMSLOG have shown high efficiency, there is every reason that
the use of the extended applied IS DTAQOL can improve the quality of diagnostics.

This research is funded by RFBR, grant 18-013-00937.

[1] Neurological disorders: public health challenges. ~WHO Library Cataloguing-in-
Publication Data: World Health Organization, 2006. Pp.232.

[2] Awrov M. V. Quality of life of patients with chronic cerebral ischemia // S.S. Korsakov
Journal of Neurology and Psychiatry, 2017. Vol.4. Pp. 56-58.

[3] Yankovskaya A. E. Logical tests and cognitive graphics // LAP LAMBERT Academic
Publishing, 2011. Pp.92.

[4] Yankovskaya A. E., Obukhovskaya V. B. Basics of creating an applied intelligent system
for diagnosing the psychological safety of patients with neurological pathology // Mate-
rials of the International Conference “Scientific research of the SCO countries: synergy
and integration” — Part 2: Participants’ reports in English, 2019. Pp. 184-190.

[5] Yankovskaya A. E. Analysis of data and knowledge based on the convergence of sev-
eral sciences and scientific areas // Intellectualisation of information processing: 8th
international conference, 2010. Pp. 196-199.

[6] Yankovskaya A. E. IMSLOG-2002 Software Tool for Supporting Information Technolo-
gies of Test Pattern Recognition // Pattern Recognition and Image Analysis, 2003.
Vol. 13,No 3. Pp. 650-657.
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CermenTauus gantensHbix curdanos I3 Ha obnacTn nHtepeca
n cnocob audpcpepeHymaynm aNUIENTUYECKUX MPUCTYNOB OT
aptedakToB >XeBaHus

Kepwmnep Hean Andpeesun' x ivan_kershner@mail.ru

O6yxoe FOputi Baadumuposus'

yuvobukhov@mail.ru
Cunrxurn Muzxauan B./Ladumupoeuu2 mvsinkin@gmail.com
"Mocksa, IPD um. B.A. Korensuuxkosa PAH

2Mocksa, HUU CII um. H.B. CxmmucocoBckoro

JlJ1st aBTOMATHIECKOTO CErMEHTHUPOBAHNUST JINTENBHBIX (HECKOJIBKO CyTOK) CUTHAJIOB
99T Ha 0b6JyiacTu BpeMeHHbIe WHTEPBAJIbI, 3HAYNMBbIE [IPU JIMArHOCTUKE ITOCTTPaBMa-
THYECKOI U IMTOC/IEOIEPAINOHHON SMUJIENCHH, ObLI Pa3padOTaH METOJ, OCHOBAHHBII
Ha aHaJjm3e XpedToB BeiiBieT ciuekTpos. s curuasna 991 paccanTsiBasmacsk BeiiBeT
criekTporpamma. st Togek xpebTa BeiiBJIeT CIEKTPOrpaMMBbl AHAJIU3UPOBAJIACH I'U-
crorpamma CIIM, uarober mHaiitn noporosoe snadenne CIIM, mpm KoTOpoM TOUKH
xpebra pa3iensoTcss Ha (POHOBYK aKTUBHOCTH W Ha 00JIaCTH WHTepeca. Paszpabo-
TAHHBI METOJI TO3BOJISIET YMEHBITUTH HAIPY3KY HA MEJIUITUHCKUN TIEPCOHAJ, COKPa-
THB BPEMsi, 3aTPAIMBAEMOE Ha MAPKUPOBKY CUTHAJIOB CyTOYHOIO MOHUTOpUHTA DI
KOTOPasl IIPOBOJUTCS BPYIHYIO.

[Ipu HAXOXK IEHNH OTJINYNTEIHHBIX XapaKTEPUCTUK SMUJIENTUIeCKON! aKTUBHOCTA
oT apTedaKTOB YKeBaHUs U3ydajach MePUOIUIHOCTH ITUKOB BO BPEMEHHBIX TOYKAX
OTCYETOB XpebTa BeHBJIET CIEKTPOrPAMMBI, COOTBETCTBYIOIINX SMUICITUICCKON aK-
THUBHOCTH U apTedakTy KeBaHus. [[jisi cpe3oB, JieyKalux BBIINIE YaCTOTHI XpedTa,
BhrancsAnch cuekTpol Pypre. [lo mapamerpam crekTpoB apredakThl 2KEBAHUST XO-
POIIO PAa3IUYINMBI OT SMUJIENTUIECKUX IIPUCTYIIOB.

Pabora BoImtoiHeHa B paMKax rocyJIapCTBEHHOrO 33/IaHUs U YACTUIHO TOJIIeprKar-
Ha Poccuiickum GoHI0M QyHIaMEHTAIbHBIX HccieaoBannil, mpoekT PODIT Ne 18-29-
02035 MK.

[1] Kepwmnep U. A., O6yzxos FO. B., Cunkun M. B. Cermentanus obacTeil MHTEpECa B TaH-
HBIX JUINTEJBHOr0 MoHuTOpuHra DI mocseonepanonHbix GOMbHBIX dnuiencueii //
@I/I3I/IK8, n pPaJUOdJIEKTPOHUKA B MEJIUIIMHE U 3KOJIOTUU: I[OKJI&,HI)I 14-ix MEe>KIyHapO/I-
ot HaywHoM Koudepenrun, 2020. C. 253-256.
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Segmentation of long-term EEG signals on the area of interest
and a method for differentiating epileptic seizures from chewing
artifacts

Ivan Kershner' « ivan kershner@mail.ru
Yury Obukhov* yuvobukhov@mail.ru
Mikhail Sinkin® mvsinkin@gmail.com

'Moscow, Kotel'nikov IRE RAS
2Moscow, N.V.Sklifosovsky Research Institute of Emergency Medicine

For automatic segmentation of long-term (several days) EEG signals on the regions

of interest, which are significant in the diagnosis of post-traumatic and postopera-

tive epilepsy, a method based on the analysis of the ridges of wavelet spectra was
developed. The wavelet spectrogram with a complex Morlet basis function was cal-
culated. For the points of the ridge of the wavelet spectrogram, the histogram of the

PSD was analyzed to find the threshold value of the PSD at which the ridge points

are divided into background activity and regions of interest. The developed method

makes it possible to reduce the burden on medical personnel, reducing the time
spent on marking the signals of daily EEG monitoring, which is currently carried
out manually.

When solving the problem of identifying the distinctive characteristics of epileptic
activity from chewing artifacts, the frequency of peaks at the time points of the
wavelet spectrogram ridge corresponding to the peak-wave epileptic activity and
chewing artefacts was studied. The sections of the wavelet spectra (vector of PSD
values) at frequencies above the maximum value of the frequency of the ridge of
the wavelet spectrogram were considered. The Fourier spectrum was calculated for
these areas. By the parameters of Fourier spectra of the slices, it was possible to
distinguish these activities.

This work was carried out within the framework of a state assignment and par-
tially supported by the Russian Foundation for Basic Research, project RFBR grant
18-29-02035 MK.

[1] Kershner I. A., Obukhov Yu. V., Sinkin M. V. Segmentation of areas of interest in long-
term EEG monitoring data for postoperative patients with epilepsy // Physics and
Radioelectronics in medicine and ecology: Reports of the 14-th international scientific
conference, 2020. Pp. 253-256.
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PekoHcTpykumsa dpyHKUMOHANLHOM CTPYKTYpPblI MO3ra 4esioBeka
Nno gaHHbIM 3nekTpo3Huedanorpacdpumn

Puxyrnoe Cmanucaae Jmumpuesur'« rykunov@impb.ru
Botixo Anna Heanosna’ a.boyko@list.ru
Macaosa Oavea Aanewxcandposa > olga-a-m@mail.ru
Yemunun Muzaua Huxoraesun' u_m_n@mail.ru

Mymuro, UMIIB PAH — dumman UIIM uv. M.B. Kemgsimra PAH
2Mocksa, UTIM um. M.B. Keanerma PAH

ITpeyiokeH HOBBII MeTOJ| aHAJIN3a JIAHHBIX, TIO3BOJISIONINIA ITPeobpa30BaTh MHO-
rOKaHAJIbHBbIE BDEMEHHBIE PsiJIbl B IIPOCTPAHCTBEHHYIO CTPYKTYPY U3ydaeMOil cucTe-
MbI. MeTos yCIeHo UCIO0Ib30BaJICs JIJTst U3y IeHNsT OMOJIOTHIECKUX U (PU3NIECKUX
00BEKTOB C IIOMOIIBIO U3MEPEHUI MArHUTHOIO 0JId. B mammoil paboTe BLIOJIHEHO
0000I1IeHe PA3BUTOrO IIOIX0/IA I AHAJIN3a JAHHBIX IKCIEPUMEHTOB, B KOTOPBIX
n3MepseTcs dekTputdeckoe mosie. [Ipu momoru ssrekrposuredasorpada ¢ 19 kana-
Jlamu, paccraBjieHHbIME 110 cxeme 10-20, perucTpupoBaiach aKTHBHOCTH MO3Ta 9eJI0-
BEKa B COCTOSIHUU C 3aKPBITHIMU Iyia3aMu. V3mepsich 31eKTposniedasorpaMMbl B
COCTOSTHUY TIOKOSI, & TAKZK€ IPU IPOU3BOJIBHBIX IBUKEHUAX PYK. DBLIO BBIIOJIHEHO
npeobpaszoBanre Pypbe MOTHBIX BPEMEHHBIX PAIOB, UTO IIO3BOJIMIO IIOJYIUTH JI€-
TaJbHbIE MHOIOKaHAJbHBIE CIIEKTPHI. Ha Bcex criekTpax BujieH MUPOKUil UK aabda-
purma B nojioce yactor 9-12 I'u. JIjist Bcex crieKTpaibHbIX KOMIIOHEHT B 3TOM 110JI0Ce
ObLTa perreHa obpaTHas 3ajada U ObLIa MOCTPOEHA TPEeXMEepHAasi KApTa aKTHBHOCTH
Mo3ra — (QYHKIMOHAIbHAS CTPYKTYyPa UCTOYHUKOB ajbda-purma. Obparnas 3ama-
9a pemrajgach B MPHUOJNYKEHNN SKBHBAJEHTHOINO TOKOBOI'O JIWTIOJS B OJIHOCJIONHOM
ceputeckoM TPOBOJTHUKE, 0663 KAKUX-THO0 OTPAHUIEHHUIN MOJI0KEHNUsT UCTOTHUKA.
CoBMecTHOe pacCMOTPEeHHe MarHUTHO-PE30HAHCHONW TOMOIPAMMBI U (DYHKITHOHAJIb-
HOl CTPYKTYPBI IIO3BOJISIET CJI€JIATH BBIBOJ O PA3yMHOM COIJIACUHU ITOM CTPYKTYPHI
C CYIIECTBYIONINMU MIPEJCTABICHUAME 00 aJibda-puTMe JeaoBeKa. Takke ObLIa MO~
CTPOEHA TPeXMepHas KapTa BEKTOPHOI'O MOJIs JOMUHUPYIONNX HAIIPABIEHUN NCTOY-
HUKOB afjbda purma. MeToa MOXKeT OBIThL MCIOMb30BAH I M3YUIEHUs TPOCTPAH-
CTBEHHOI'O PACIIPEJIeJIEHNs] aKTHBHOCTH MO3Ta B JIIOOOM CIEKTPAJIbHOM JHAlla30He
JIAHHBIX 3JIEKTpO3HIIedaorpadun.

HcenenoBanue BBIIOJIHEHO 3a ¢4eT IpadTa Poccuiickoro mayunoro donga (mpo-
ext Ne 18-11-00178).

[1] Yemunun M. H., Puwxynos C. /1., Botixo A. H., Macaosa O. A. Pekoucrpykims pyHK-

[MOHAJILHOIN CTPYKTYPBI MO3ra 9eJI0BeKa [0 JaHHBIM dj1ekTposunedanorpadpun // Ma-

TemMaTuvIeckasi bnosorust u 6nomndopmaruka, 2020. T. 15 Nel. C. 106-117.
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Reconstruction of the Human Brain Functional Structure Based
on the Electroencephalography Data

Stanislav Rykunov'x rykunov@impb.ru
Anna Boyko' a.boyko@list.ru
Olga Maslova® olga-a-m@mail.ru
Mikhail Ustinin' umn@mail.ru

!Pushchino, IMPB RAS - Branch of KIAM RAS
2Moscow, Keldysh Institute of Applied Mathematics RAS

New method for the data analysis was proposed, making it possible to transform
multichannel time series into the spatial structure of the system under study. The
method was successfully used to investigate biological and physical objects based
on the magnetic field measurements. In this paper we further develop this method
to analyze the data of the experiments where the electric field is measured. The
brain activity in the state of subject “eyes closed” was registered by the 19-channel
electric encephalograph, using the 10-20 scheme. The electroencephalograms were
obtained in resting state and with arbitrary hands motions. Detailed multichannel
spectra were obtained by the Fourier transform of the whole time series. All spectral
data revealed the broad alpha rhythm peak in the frequency band 9-12 Hz. For all
spectral components in this band the inverse problem was solved, and the 3D map
of the brain activity was calculated. The inverse problem was solved in elementary
current dipole model for one-layer spherical conductor without any restrictions for
the source position. The combined analysis of the magnetic resonance image and
the brain functional structure leads to the conclusion that this structure generally
corresponds to the modern knowledge about the alpha rhythm. The 3D map of
the vector field of the dominating directions of the alpha rhythm sources was also
generated. The proposed method can be used to study the spatial distribution of
the brain activity in any spectral band of the electroencephalography data.

This work was supported by the Russian Science Foundation (grant 18-11-00178).
[1] Ustinin M. N.,Rykunov S. D., Boyko A. 1., Maslova O. A. Reconstruction of the Human

Brain Functional Structure Based on the Electroencephalography Mathematical Biology

and Bioinformatics, 2020. Vol.15. No1. Pp.106-117.
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PekoHCTpyKuUMs NpOCTPAHCTBEHHOW CTPYKTYpPbl HEPBHOR 1
MbILLIEYHOW CUCTEMbI Tena YesioBeKa No ero MarHUTHOMY MoJito

Yemunun Muzaua Huxoaaesurw' x u_m_nG@mail.ru
Pukyrnoe Cmanucaae JImumpuesur’ rykunov@impb.ru

Botiko Anwna Heanosena'

Mymuno, UMIIB PAH — dunuan UIIM um. M.B. Kesgpima PAH

a.boyko@list.ru

DJIeKTpUIeCKast AKTUBHOCTH YEJIOBEUECKOTO TeJia ObLa HEMHBA3UBHO PEKOHCTPY-
MPOBaHA IO 3AIUCAM MArHUTHOT'O [IOJIsl, U3MEPEHHOI'O MACCHBOM BHEITHUX JATINKOB.
DKCHEepUMEHTAJIbHBIE JIAHHBIE OBLIN IMOJIYUEHBI C MOMOIIBIO 275-KaHAJIHHOIO Mar-
rurHOrO suIEedanorpada Hoo-Topkekoro yausepentera. JIjist aHa m3a JaHHBIX HC-
[TOJTb30BAJICS HOBBII METOJI, OCHOBaHHBII Ha IpeobpasoBaHnu Pypbe MOJTHOIO Bpe-
MEHHOT'O PsJia W aHaJu3€e MaTTEPHOB MATHUTHOTO TOJIS JIECATKOB THICAY YaCTOTHBIX
KOMIOHEHT. JIj1s1 KazK/10#1 9acTOTHI BOCCTAHABJINBAETCS MHOTOKAHAJIBHBIN BPEMEHHOH
PsJ1, METOIOM aHAIN3a HE3aBUCUMBIX KOMIIOHEHT BBIJIEJISIOTCSI KOT€PEHTHBIE COCTaB-
JIATOTINE, KaXKJasd U3 KOTOPBIX MMEET MOCTOSHHDLIN TmarTepH mosd. J[ms Kaxkoro
rmaTTepHa METOJIOM IIOJIHOTO Iepebopa pernaercs obpaTHas 3aja4a B MOJIEIN TOKO-
BOTO JIATIONSA. 3aJaeTCd CeTKA C MPOCTPAHCTBEHHBIM pasperrenueM oT 1 10 6 MM, B
3aBUCUMOCTH OT U3y9aeMOro 00beKTa, B KaXKJ/IOM y3Jie CETKH Pa3MEIIaeTcs OT 8 J10
12 pasnonarnpaB/ieHHBIX MPOOHBIX JAUIOJEH. [[jIs HECKOIBKNX MUJIMOHOB ITPOOHBIX
JAIIOJIEH BBIMUCIISIOTCS ATTEPHBI MAarHUTHOI'O II0JISI U BBIIIOJIHAETCS UX CPABHEHHE
C 9KCIIEPUMEHTAIBHBIM TTATTEPHOM. PertennemM oOpaTHOM 33841 CIUTACTCS JTUTONb,
TOPOXK AU MaTTepH, Hanbojiee OJIM3KUIT K SKCIIepUMEHTaIbHOMY. Pacipeierie-
HU€ CIEKTPAJBHONW MOIIHOCTU TI0 KOOD/WHATAM HAMIEHHBIX MCTOYHUKOB 00pa3yer
GYHKIMOHAIBHYIO TOMOTPAMMY M3y9IaeMOI 9aCTh 9eJI0BEIECKOTo Tesa. Meros Obit
BepuUIIPOBAH HA CUMYIMPOBAHHBIX JJAHHBIX U Ha (pusndecKoM haHTOMe, IIOCTIe Ye-
I'0 UCIIOJIB30BAJICS JIJIsl BOCCTAHOBJIEHUsT (DYHKIIMOHAJIBHON CTPYKTYPhI MO3Ta, CepJl-
114 U CKEJIETHBIX MBI, TakzKe MoJIyYeHbl JaHHbIE O JIOKAJIU3AIMA 00U B MBIIIIAX
crimabl. [Tomydennble pe3yabTaTbl pa3yMHO WHTEPIPETUPYIOTCS AHATOMUIECKHU, UTO
IIO3BOJISIET TOBOPUTH O MIPUMEHUMOCTH METO/Ia B 33/1a9daX JTUAarHOCTUKM.

HVccnenoBanue BBIIOIHEHO 3a cdeT IpaHTa Poccuiickoro mayunoro dgouja (mpo-
ekt Nel18-11-00178).

[1] Llinds RR., Ustinin M., Rykunov S., Walton K. D., Rabello G. M., Garcia J.,

Boyko A., Sychev V. Noninvasive muscle activity imaging using magnetography //

Proceedings of the National Academy of Sciences, 2020. Vol, 117. No 9. Pp. 4942-4947.
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Reconstruction of the spatial structure of the human body
nervous and muscular systems based on its magnetic field

Mikhail Ustinin'x umn@mail .ru
Stanislav Rykunov' rykunov@impb.ru
Anna Boyko' a.boyko@list.ru

!Pushchino, IMPB RAS - Branch of KIAM RAS

The electrical activity of the human body was noninvasively reconstructed from
the magnetic fields registered by the array of outer sensors. The experimental data
were obtained by the 275-channel magnetic encephalograph of the New York Uni-
versity. For the data analysis we used a new method based on the Fourier transform
of the full time series and analysis of the magnetic field patterns of the tens of thou-
sands of frequency components. For each frequency, the multichannel time series
is reconstructed. The Independent Component Analysis method is used to extract
coherent component, having constant pattern of the field. For each pattern, the
inverse problem in the current dipole model is solved by the exhaustive search. The
spatial grid is constructed with resolution from 1 to 6 mm depending on the object
under study. Every node of the grid contains 8-12 directions of the trial dipoles.
For several millions of trial dipoles the magnetic field patterns are calculated and
compared with experimental pattern. The dipole producing the pattern, closest to
experimental pattern, is supposed to be the inverse problem solution. Distribution
of the spectral power between the coordinates of sources is the functional tomogram
of the part of human body under study. The method was verified on simulated data
and on physical phantom. Then it was used to reconstruct the functional struc-
ture of the brain, heart and skeletal muscles. Also the localization of the pain in
the back muscles was performed. The results obtained can be reasonably inter-
preted anatomically, leading to the conclusion about good prospects of the proposed
method in diagnostics.

The research was supported by the Russian Science Foundation (grant 18-11-
00178).

[1] Llinds RR., Ustinin M., Rykunov S., Walton K.D., Rabello G. M., Garcia J.,

Boyko A., Sychev V. Noninvasive muscle activity imaging using magnetography // Pro-

ceedings of the National Academy of Sciences, 2020. Vol, 117. No 9. Pp. 4942-4947.
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MoHUTOpUHI MeXxKaHanbHOW pa3oBoii cuHxpoHmnsaumumn I3 y
nauneHToB C YepenHo-MO3roBOoil TpaBMOI 40 N nocne
peabunutauun
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2Kasoponxosa JIrodmuna Anexceesna’ lzhavoronkova@hotmail.com
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>Mockpa, UBHJI u HO PAH

VuurhiBas HapyIlleHue CBsi3eil MeXK1y Pas3/IMIHBIMEU 00JIACTSIMHU T'OJIOBHOIO MO3-
ra IanueHToB ¢ yepento-mo3rosoit Tpasmoit (IMT), HeoOX0MMbI METOBI AHAJIH-
3a asekrposuiedanorpavMm (1), MO3BOJISIONME OUPEAETUTD CTEIEHb CBA3AHHO-
crr OMOTIOTEHIINAJIOB MO3Ta MEXK/Iy Pa3/IMIHbIMEU KaHagsaMmMu. Mbl mpeiokmim Ho-
BBIII MeTOJ JIJIsi OLIEHKM MeyKKaHaJIbHO# (ha30oBoil cuHxpoHmzarmu DI, ocHOBaH-
HBIl HA BBIYMCJIEHUM U CPaBHEHWU (Pa3 CUIHAJIOB B TOYKaX XpeOTOB MX BelBJeT-
CIIeKTporpaMM. Bbiin BbIeeHbl (Da30BO-CBsI3aHHbBIE Tapbl 0TBeleHnil DI, myrem
[TOCTPOEHUsI TUCTOIPAMM J0Jieil pazHocTH (a3 B 1Byx orBejieHusx I laiee 6bL1a
[TOCTPOEHA 3aBUCHMOCTh MAaKCHMAJbHOIO 3HAYEHWs 0Jieil pa3zHocTH (a3 OT HOME-
pa mapbl orBeseHuit i 3ammcn DI 6e3 Tecta W BO BpeMs KOTHUTHBHOIO TECTA.
PaccmarpuBas pasHocTh MaKCHMaJILHBIX 3HAYEHUIT JTos1ell pa3HocTy a3 Ipu KOrHU-
THUBHOM TecTe U 0Oe3 TecTa, COPTUPOBAHHYIO 10 MapaM orBejierunii 99 B mopsijike
BO3pACTaHUS W €e MPOU3BOIHYIO, IeJeCO0Dpa3HO CUYUTATh HAapbl OTBEJEHUN C HO-
MepaMu OOJIBITUMEI, €M B TOUYKE PE3KOr0 BO3PACTAHUS ITPOU3BOHON, Kak (ha30BO-
cBs3annbie. CpaBHuBasi (HhaszoBo-CBA3aHHBIE MApbl OTBeeHut DI y manueHTon ¢
YMT no u mociie peadbuimranyn ¢ (hazoBO-CBA3AHHBIME MTapaMu oTBeJeHnit DI y
KOHTPOJIBHBIX MCIIBITYEMBIX, MOYKHO OIIPEJIE/ISITh [TOJIOKUTEIbHYIO W OTPHUIATE b
HYIO JUHAMUKY PeabuInTaIun.

Pabora nmognepxana rpaarom PODU Ne18-07-00609.

[1] Toamawuesa P. A., Obyxos FO.B., XKasoponkosa JI. A. MOHUTOPUHT MeKKaHATBHOM

dazoBoii cunxponnzanun I y nanmueHToB ¢ YepenHo-MO3roBoil TPaBMOil /10 U 1ocJie
peabumuranmu // Coopuuk crareit UTHT-2020, 2020. T. 4. C. 561-567.
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Monitoring of inter-channel EEG phase synchronization in patients
with traumatic brain injury before and after rehabilitation

Renata Tolmacheva'x tolmatcheva@ya.ru
Yury Obukhov yuvobukhov@mail.ru
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"Moscow, Kotel’'nikov IRE RAS
*Moscow, IHNA&NPh RAS

Taking into consideration the impaired connections between different areas of
the brain of patients with traumatic brain injury (TBI), methods of analysis of
electroencephalograms (EEG) are needed to determine the degree of connectivity
of brain biopotentials between different channels. We proposed a new method for
estimating the inter-channel phase synchronization of EEG based on calculating
and comparing the phases of signals at the points of the ridges of their wavelet
spectrograms. Phase-coupled pairs of EEG channels were determined by plotting
histograms of the portions of the phase difference in two EEG channels. Then,
the graph of the maximum values of portions for the phase difference for two EEG
channels versus the number of pairs of channels for EEG record in cognitive tests,
and without test was plotted. Considering the difference of the maximum values
of the portions of the phase difference in the cognitive test and without the test,
sorted by pairs of EEG channels in increasing order and its derivative, it is advisable
to consider pairs of channels with numbers greater than at the point of the sharp
increase of the derivative as phase-coupled. Comparing phase-coupled pairs of EEG
channels in patients with TBI before and after rehabilitation with phase- coupled
pairs of EEG channels in control subjects, it is possible to determine the positive or
negative dynamics of rehabilitation.

This research is funded by RFBR, grant 18-07-00609.

[1] Tolmacheva R. A., Obukhov Y. V., Zhavoronkova L.A. Monitoring mezhkanalnoi fa-

zovoi sinkhronizatsii EEG u patsientov s cherepno-mozgovoi travmoi do i posle reabili-
tatsii // Sbornik statey ITNT-2020, 2020. V.4. Pp.561-567.
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Cy1recTByIoIIe MeTO/Ibl MAITUHHOTO 00yYeHNsT BO MHOI'OM OCHOBBIBAIOTCS HA TTPHUH-
[UIe KOMIIAKTHOCTH, [IPEJIIojaraionue OJIn3Koe PaciooyKeHne OMUCaHuil 00 beKTOB
CO CXOIHBIMHU 3HAYEHUSIMU I1ej1eBoil mepemennoit Y. Cpeau pa3jindHBIX CIOCODOB
peam3aIuu IPUHIIAIA KOMIIAKTHOCTH MOXKET OBITH BBIJIEJIEH ITO/IXOJ, OCHOBAHHBIH
HA WCIIOJIb30BAHUN METPUK 3aJI[AHHBIX Ha MHOYKECTBE MPU3HAKOBBIX ONucaHuii. B
KavyecTBe IPUMEpPa MOYKHO MPUBECTH MeTOJ| K-OIMzKalImX cocejieit 1 MeTOJI OIOp-
HBIX BEKTOPOB. B mepBoM cirydae mporao3 Y B TOYKE T BBIUYHCJISIETCS 110 3HAYEHU-
sMm Y Ha k Onmkaiflmmx K TOYKe & 0ObeKTOB O0ydarolieil BeIOOpKU. B Hambosee
MIOTLYJITPHOM BapUAHTE METOJA OMOPHBIX BEKTOPOB IPOTHO3 3HAUEHUsI Y BBIUUCIIs-
ercs 110 JINHEHHOW KOMOWHAINN #A/IePHBIX (DYHKIINN, KaXKIas M3 KOTOPBIX 3aBUCUAT
OT PACCTOSIHUS MEKJy € W OTHUM U3 OMOPHBIX O0BHEKTOB 00yUaoIeil BHIOOPKU.
Bricokas apdekTUBHOCTS METOI0B MAIMMHHOTO O0YYeHUs, OCHOBAHHDBIX HA MCIIO/Ib-
30BAHUU IIPHU PEIIEHUN 33/1a9 PACIIO3HABAHUSI PACCTOSIHUI JI0 STAJIOHHBIX OObEKTOB,
[TO/ITBEPK JeHA MHOTOUYHC/IEHHBIMI SKcriepuMenTamu. Crieyer TakKe OTMETUTh, YTO
METO/IbI, OCHOBAHHBIE HA OIEHKE ODIIEil MOXOXKECTH PACCMATPUBAECMOrO O00bHEKTa C
paHee BCTPEYABIITUMUCS CJIYIasiMU, YaCTO MCIOJIb3YIOTCSA MPU PUHATUHH PEIeHUI,
narpuMep, B Mejuiinie. CrocoObl TPUMEHEHUST PACCTOSTHUI JI0 3TAJIOHHBIX 0OHEKTOB
HE MOI'YT CBOJUTCSI TOJIBKO JIUIIb K KCIIOJIb30BAHUIO JIMHEHHBIX KOMOWHAIMI MOHO-
TOHHO TPaHC(HOPMUPOBAHHBIX PACCTOAHUN. AJIbTEPHATUBHBIM ITOJIXOJIOM SIBJISIETCS
UCIIOJIb30BaHNE HADOPA PACCTOSTHUN MEXKJIy IPOM3BOJIBHBIM OOBEKTOM & U STAJIOH-
HBIMU 0O'bEKTAMU B KAYECTBE HOBOI'O BEKTOPHOI'O OLMCAHUs Z(T), 10 KOTOPOMY Jla-
Jiee TTPOU3BOINTCS TIPOTHO3 3HAYEHUsT Y € ITOMOIIBIO aJITOPUTMA, KOTOPBIH ObLIT 00y-
JeH Ha BBIOOPKE, COCTOsIIIEl U3 MOy YeHHBIX TAKUM Ke 00pa30M HOBBIX BEKTOPHBIX
ommcaHuii 00bEKTOB MCXOJHON oOydaromieit BoibopKu. Ilpu sroM 0o0ydeHme MoxKeT
MIPOM3BOJIUTHCS C IMIOMOIIBIO CAMBIX PA3HBIX TEXHOJIOTHIl, BKJIIOYAs CJIYyIailHbII Jiec
u rpajaueHTHBIN Oycruar. Vlcnonb3oBanne ancaMmOJieil Pemaiomnx J1epeBbeB M03BO-
JIsieT He TOJIbKO OIHCHIBATEH CJIOYKHBIE HEeJIMHEHHbIE 3aBUCUMOCTH, HO W JIOOUBATHCS
MpUCyIIei aHcaMOJIeBBIM MeTo/IaM 60Jiee BHICOKOH YyCTOMIMBOCTH 00y IEHUSI.
Vkas3aHHBI 110/1X0/1, OBLT UCIIOJIB30BaH JIJIsl PEIIeHUsT 331491 JUATHOCTUKY T30~
dbpennn Mo xapakTepy TpPOMOOJIMHAMUKHU, TO €CTh [0 JUHAMUKE 00PA30BAHUs CIIOH-
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TaHHBIX (PUOPUHOBBIX CrycTKOB. HEoOXOIMMOCTD MCITOIB30BAHNS PACCMATPUBACMOI
TEXHOJIOITUH IIPU PEIIeHNN MMEHHO dTOH 3a/a4i CBs3aHa C T€M, UTO JUATHOCTHUKY
[IPEJIIIOIAraeTCst IPOU3BO/IUTD 110 KPUBBIM, TIOKA3BIBAIOINIEH BDEMEHHYIO 3aBUCHMOCTD
MHTEHCUBHOCTH OTPayKEHHOIO CBeTa Ha (PUOPUHOBBIX CI'yCTKaX.

Cpeu CyIecTBYIONIX TOIX0I0B PADOTHI ¢ TAKUMU KPUBBLIMU MOYKHO BBIJICJIATH
c1toco0, OCHOBAHHBIN Ha MOJICYETE /I KaYKI0 KPUBOI HECKOJIBKIX XapaKTePU3yIio-
mux e€ mapamerpos. HeocraTkoM JaHHOTO 1I0/IX0/1a SBJIAETCS OIIPE/IeIEHHAs yTpa-
Ta wHbOpMaInu. AJTBTePHATUBHBIM CIIOCOOOM SIBJISIETCS UCIIOIB30BAHNE TPU3HAKOB,
COOTBETCTBYIOIINX OT/ICJIbHBIM BDEMEHHBIM TOUYKaM OTCcuéTa. Kark plii 13 TaKuX IPH-
3HAKOB IIPUHUMAET 3HAYEHUS NHTEHCHBHOCTU OTPAXKEHHOI'O CBETa COOTBETCTBYIONIEH
touke. HefocraTkaMu moaxo/ia ABJISIOTCA BBICOKAsT PA3MEPHOCTD IIPU OOJIHIIIOM IUC-
Jie TOYeK OTCYETA U BBICOKAsl KOPPEJTMPOBAHHOCTH IMPU3HAKOB. B HAIUX HCCIen0-
BaHUAX CpaBHUBAIACH 3PPEKTUBHOCTH METOJ0B, OCHOBAHHOI'O HA PACCTOSHUSAX JI0
STAJOHHBIX OOBEKTOB, U METOJIA, OCHOBAHHOI'O HA HCIIOJIH30BAHUS B KAMECTBE IPH-
3HAKOB U3MEPEHHI Ha BCEBO3MOXKHBIX TOUYKAX OTCUYETA, [IPH PACIO3HABAHUH I'DYIIILY
13 MAIMEHTOB ¢ N30 PEeHneil 1 KOHTPOJIHHON IPYIIIIbI U3 UCHBITyeMbIX. B paMkax
I10/IX0/[a, OCHOBAHHOT'O HA, PACCTOSHUSAX [0 STAJIOHOB UCCIIeI0BAIACH 3P DHEKTUBHOCTD
UCIIOJIB30BaHUS TPEX METPUK: IBKJINIOBOM METPUKHU, KOCUHYCHOII METPUKU U METPH-
ku Munkosckoro (p=1). Hcnosb3osanucs asa ciocoba 0r6opa TAIOHHLIX 00HEKTOB:

1. orbupasuch onopHble BeKTopa u3 Becex 00bekTos Ha ocHose Merosa SVC (Support
Vector Classifier);
2. B KadecTBe TAJOHOB UCIIOJIB30BAJINCH BCE O0BEKTHI 00yUaonieil BHIOOPKH.

Metoi Kpocc-BaaWjialin ¢ TECTUPOBAHMEM Ha KaXKJOM Iare Ha OJHOM OOBbEKTe
(Leave One Out) 6bur ucnosb3oBaH Jyist cpaBHeHUsI 3(DdOEKTUBHOCTH JIOTUCTUYIE-
ckoii erpeccun (JIP), cayuaitnoro pemaiomniero jieca (CPJI) u rpajuentHoro Sycrunra
(T'B) man perraomumu gepeBbsaMu. OLEHKA T0BEPUTEILHOIO HHTEPBAJIA PE3YJIbTaTa
kinaccudukanuun ROC AUC ma ocnoBe GyTcTpalia mokasasa, 9To MOJIy9YeHHbIE pe-
3ybTaTHl CTAOMILHBL. JIj1s1 0becievueHnst HATJISIHOCTU PE3Y/IbTaTOB U BO3MOXKHOCTH
UX WHTEPIPETAIIAA HAPSILY ¢ MHOTOMAKTOPHBIMU METOIAMUI PACIIO3ZHABAHUS HCIIOJIb-
30BaJICS TAKKE METOJI, MHTEJJIEKTYaJIbHOIO aHAJIN3a JIAHHBIX, OCHOBAHHBIN HA OITH-
MAaJIbHbBIX JOCTOBEPHBIX pa3bueHusax pusHakoBoro npocrpancrsa (merox OIP), B
paMKax II0JIX0JIa, IIPEJICTABJICHHOrO B padore [1].

Buadenus ROC AUC jyrs nokasaBiieil HamIydime pesyabraTbl Merpukn Mur-
KoBCKOro (p=1) npencrasiensl B tabaune. B KauecTBe ITAJIOHOB HCIOJIB30BAIICH
BCe 00BEKTHI 00yUaroIeil BEIOOPKU U 00beKThI, 0ToOparHbix SVC:

JIP  |CJI ['b
c 0TO0POM OOBLEKTOB 0.737 0.778 10.706
6e3 orbopa 0.723 0.778 10.762
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[IpoBeénmble nccaen0BaHns BBISBUIN CYIIIECTBOBAHNE BLIPAXKEHHO BHY TPEHHEN
CTPYKTYPHI B JIAHHBIX, T€eHEPUPYEMBIX C UCIOIb30BAHUEM PACCTOSHUN /10 STAJIOHHBIX
00beKTOB. BHyTpeHHsis CTPYKTYpa IIPU 9TOM XapaKTepU3yeT TaKKe Pa3/IMIUsMU
MeK/Iy TPYIIIOH MAIMEeHTOB ¢ Mu30(g peHneil 1 KOHTPOJIbHOI IPYyIIIIOii.

Pabora Bemosinena npu nogiaepxke POOU, npoext 20-01-00609.

[1] Aoposcrux U.B., Cenvro O.B., Yyuynan B.4., Joxyxun A.A., Kysneyosa A.B. Vccne-

JIOBaHUE BO3MOXKHOCTH JUATHOCTHKY JIEMEHIUH 110 curHaszaM DI ¢ moMoIbio MeToios

MammHHOro 00y4denus. // Maremaruaeckas 6Guosorust u Gmonndopmaruka, 2019. T. 14.
Ne2. C. 543-553.
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The feature descriptions generating method based on distances to
standards in biomedical research
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The existing machine learning techniques are largely based on the principle of
compactness, that assumes proximity of descriptions of objects with similar Y. An
approach based on the use of metrics that are given on a set of feature descriptions
can be distinguished among the various ways of implementation compactness prin-
ciple. As example k-nearest neighbors and support vector machines algorithms can
be given. In the first case, the prediction Y at the point x is calculated from the
values of Y on the k objects of the training sample closest to the point . In the
most popular version of the support vector machine, the forecast of the value of Y
is calculated from a linear combination of kernel functions, each of which depends
on the distance between & and one of the support objects of the training sample.
The high efficiency of machine learning methods based on the use of distance to
reference objects in pattern recognition problems has been confirmed by numerous
experiments. It should also be noted that methods based on assessing the general
similarity of the object under consideration with previously encountered cases are
often used in decision-making, for example, in medicine. The methods of using dis-
tances to reference objects cannot be reduced only to the use of linear combinations
of monotonically transformed distances. An alternative approach is to use a set
of distances between an arbitrary object & and reference objects as a new vector
description z(z), which is then used to predict thevalue of Y using an algorithm
that was trained on a sample consisting of new vector descriptions of objects ob-
tained in the same way the original training sample. At the same time, training can
be performed using a variety of techniques, including random forest and gradient
boosting. Using ensembles of decision trees allows not only to describe complex non-
linear dependencies, but also to achieve higher learning stability inherent in ensemble
methods.
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This approach was used to solve the problem of diagnostics by the characteristics
of thrombodynamics, that is, by the dynamics of the formation of spontaneous fibrin
clots.

Among the existing approaches to working with such curves, one can single out
a method based on calculating several parameters characterizing it for each curve.
The disadvantage of this approach is a certain loss of information. An alternative
way is to use features corresponding to individual time points of reference. Each
of these features takes on the values of the intensity of the reflected light at the
corresponding point. The disadvantages of the approach are high dimensionality
with a large number of reference points and high correlation of features. Our studies
compared the effectiveness of methods based on distances to reference objects and
a method based on the use of measurements at all possible reference points as signs
when recognizing a group of patients with schizophrenia and a control group of
subjects. Within the framework of the approach based on distances to standards,
the efficiency of using three metrics was investigated: the Euclidean metric, the
cosine metric, and the Minkowski metric (p=1). The two methods for selecting
reference objects were used:

1. support vectors were selected from all objects based on the SVC method (Support
Vector Classifier),
2. all objects of the training sample were used as reference objects.

The cross-validation method with testing at each step on one object (Leave One Out)
was used to compare the effectiveness of logistic regression (LR), random decision
forest (RDF) and gradient boosting over decision trees (GB). The estimation of the
confidence interval of the classification result ROC AUC based on the bootstrap
showed that the results obtained are stable. To ensure the clarity of the results and
the possibility of their interpretation, along with multifactorial recognition methods,
the data mining method was also used, based on the optimal valid partitioning of
the feature space (OVP method), within the framework of the approach presented
in [1].

The ROC AUC values for the best-performing Minkowski metric (p = 1) are
presented in the table. All objects of the training sample and objects selected by
SVC were used as reference objects:

LR RDF GB
with objects(0.737 0.778 0.706
selection
without 0.723 0.778 0.762
objects
selection
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The conducted research revealed the existence of a pronounced internal struc-
ture in the data generated using the distances to the reference objects. The inter-
nal structure also characterizes the differences between the group of patients with
schizophrenia and the control group.

This research is funded by RFBR, grant 20-01-00609
[1] Dorovskih 1.V., Senko O.V., Chuchupal V.Ya., Dokukin A.A., Kuznetsova A.V. On

Possibility of Machine Learning Application for Diagnosing Dementia by Eeg Signals. //

Mathematical biology and bioinformatics, 2019. Vol. 14. No2. Pp. 543-553
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[Manxemust koponasupyca (naaee CV19) npogeMOHCTPUPOBaia HErOTOBHOCTD KAK
MHOIUX CTpaH (BKJIIOYasi PA3BUTbIE), TaK ¥ PA3IMYHBIX KPYIIHBIX MEXK/[yHAPOIHBIX
opraamsaimit (OOH, BO3 u jp.) IpOTHBOCTOSITH HOBBIM yTPO3aM, a TakKe (hopMy-
JINPOBATh U OIEHUBATH HOBbIE TUIIBI PUCKOB. B paboTe IpejjioyKeH HOBBI U yCOBEP-
IIEHCTBOBAH UMeIolIeiica MaTeMaTHIeCKUl NHCTPYMEHTapUl, OPUEHTUPOBAHHDBINA Ha
pellieHne pa3IngIHbIX 3329 aHAJIIM3a PUCKOB 1 mporao3upoanns. Ocoboe BHUMaHTE
TpebyeT pa3zpaboTKa HOBBIX METOIOB OIMEHKN (D (PEKTUBHOCTH IPU BBEICHUN PA3IITI-
HBIX COIMAIBHBIX OIPAHWYEHUl IS YCHENTHOro MpoTuBocTosinus nangemun CV19
(caMOU30/IA1IMsA, MOHUTOPHUHT IIACCAZKUPOIIOTOKOB, MEPEBOJ Ha yIAJCHHYIO (DOopMy
paboret u ap.). CoBpeMenubie peajnu TPeOYIOT, HAPSILY ¢ KJIACCHIECKUMEU METOJIa~
MM, UCIIOJIb30BAHUS JIJIsl PEIIEHUs TOCTABIECHHBIX 33/1a9 TEXHOJIOI Ul NCKYCCTBEHHOTO
unreiekTa (manee 1IT).

Meroap! ananusa puckos (pasee MAP) MOXKHO yCJIOBHO Da3jiefuTh HA YeTbIpe
Goabme TpymIbl. [lepBas Tpynma — BEPOSTHOCTHBIE (WJIN MHYKEHEPHbIE) METOJIBL.
B pamrax JaHHOrO ImoJxoja OCHOBHBIE YCHUJIMsSI HAIIPaBJIEHbI Ha COOpD CTATUCTUYE-
CKUX JIAaHHBIX O IMOJIOMKAX, aBapusX U T.I. VHXKeHepHbIe METO/Bl OPUEHTUPOBAHBI
Ha KOJIMIECTBEHHBIN PACcYeT BePOATHOCTH IOJIOMOK, OTKA30B U APYTHUX HEZKEIATE/Ib-
HBIX coObITuil. Bropast rpymma MAP — nocrpoenue mojeneii Ha OCHOBE HaHHBIX
(data driven modeling). JlaHHBIN [T0AXO0/] IPE/IIOJIAIAT MOIEIMPOBAHIE [IPOIECCOB,
KOTOPBIE OIIPEJIEJISIIOT JIMHAMUKY CHUCTEMBbI, KOTOpasl MOXKET IOMAaCTh B Pa3JINIHbIE
HEXKeJIaTe/IbHbIEe COCTOAHUS (ABAPUU, SMUJAEMUN U T.IL.). [IpU 9TOM BAyKHBIM 3TAIIOM
SIBJISIETCST BBIOOD MOJIEJIN COOTBETCTBYIONIEH KOJIMIECTBY U KAIECTBY MCXOIHON WH-
dopmanun (nudpoBbIM JAHHBIM U 3HAHUAM O (QYHKIMOHUPOBAHUK MOJICJIUPYEMOIO
o6bexTa). JJIst 9TOro Tpe/raraeTest NCIoIb30BaTh METOJ COATAHCHPOBAHHOMN W/IeH-
THMDUKAINY, KOTOPBIi IT03BOJISIET JJIOCTUTHY Th KOMIIPOMUCCA MEXKJIy CJIOXKHOCTBIO Ma-
TeMaTHIECKOUW MOJIE/IA U TIOMPEITHOCTHIO OMUCAHNUS] UCIIOIb3yEeMOI0 MaCCUBA JAHHBIX.
i ucnosib3oBanus MeToa HeoOX0quMO: 1) onpeae/auTs (HapaMeTpuiecKkoe) ceMeii-
CTBO MOJIEJIEl, IPUTOHBIX /1Tl YIOBIETBOPUTEIHHOTO BOCIIPOU3BE/IEHNST N3MEPEHMIA;
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2) dbopMasn30BaTh MOHATHS CJIOKHOCTH MOZeN (JjIs BEIOPAHHOIO ceMeicTBa); 3)
3a/laTh Mepy OJIM30CTH TPAEKTOPUH MOJIEJHM K MCXOJIHBIM JIAHHBIM; 4) OLpPeIeInTh
[POIE/YPY OIEHKH TIOIPENTHOCTH MOJIEJINPOBaHuUs (HAIPUMED, HCIOJIb30BATh IIPO-
He/lypy IEePEKPECTHON MPOBEPKH); 5) MPOBECTH HOUCK ONTUMAJIBLHOIO KOMIPOMUCCA
MEZK/Ty CJIO2KHOCTBIO MOJIEIN U OJIM30CTHIO K U3MEPEHUSIM Ha OCHOBE MUHUMUBAIAN
[IOTPEITHOCTH MOJenpoBanus m3Mmepennii. Kpome Toro, aBropamu paboTsl HaA MIPO-
TPKEHUU JIJINTEIHLHOTO TePUoJia PA3BUBAETCS OPUTHMHAIBHBIN MOJXO0JT TJI00aI5HOIO
MOJIEJINPOBAHMUsT, OCHOBAHHBIH Ha MCIIOJIB30BAHIN CPa3y HECKOJIBKIX MOjeseil (MyiIh-
TUMOJEJIBbHBIN MOX0/), IPUMEHEHHE KOTOPOro JIJIs PEIICHUsI IOCTABJICHHON 3a1a4u
[IPEJICTABJISETCS BECbMAa MEPCIEKTUBHBIM. MyJIbTUMO/IEIBHBIN [TO/IXO] UCIIOIb30BAH
UPU PElIeHUU PA3JIMYHBIX KPYINHOMACIITAOHBIX IIPAKTUYECKUX 3ajad (Hampumep,
OLIEHKM 9KOHOMUYECKUX U JeMorpadudecKux IMOTEHIMAIOB cTpaH). Tperbs rpym-
na MAP — skcneprable. [Ipu npuMeHeHUN MHXKEHEPHOIO U MOJIEJIBHOIO II0IXO/0B
JIOCTATOYHO YaCTO BO3HUKAIOT CUTYAINH, KOTJIa HADJIIOMAeTCs JIeDUITUT CTaTuCTIYge-
CKUX JIAHHBIX (MJIM eCTh COMHEHUs B uX jnocroseprocru). Kpome Toro, mpu mocrpo-
€HUU MOJIEJIEll B psijie CIydaeB 3aTPYIHUTEIbHO BLISIBUTH PA3JIMIHBIE 3aBUCHMOCTH
(cnabocTpykTypupoBaHHbIe 331241 ). B Takoil curyanun pakTuIecKu eMHCTBEHHBIM
HUCTOYHUKOM CBEJIEHUI SIBJISIIOTCST KCIEPTHI. B paMKax 9KCIIEPTHOTO TOX0JIA XOPO-
110 ce0s1 3aPEKOMEHJIOBAJIN METO/IbI BEPOAILHOIO aHAJN3a PEIIEHUl, OpUEHTUPOBAH-
Hble Ha CJIA0OCTPYKTYPUPOBAHHBIE 3349l MHOTOKPUTEPUAJIBHOTO CTPATETMIECKO-
o BBIOOpA. DKCIEPTHBIE METO/IbI MOTYT OBITH HEIIOCPEICTBEHHO HCIIOJIB30BAHBI KaK
JIUTsT OTIEHKY PUCKOB, TaK U JJIsT ONEHKN 3(DMDEKTUBHOCTH OT BBEICHUS JTOTIOTHUTETh-
HBIX OIPAHHYUTENBHBIX MEpP, YTO MPeJIoaraeT pa3paboTKy CIEIUATbHBIX CHCTEM
KPUTEPUEB, IO KOTOPBIM MOXKHO OYIeT CyJUTh O CTEIEeHU JIOCTUYKEHUS IOCTABJIEH-
HbIX 3a7a4 (neseii). [Ipu 9T0M KpuTepunu MOryT ObITh YCJIOBHO Pa3fie/eHbl HA TPU
6ostbire rpynnbl. [lepBylo rpyniy o0pa3yioT KPUTEPHH, [MO3BOJIAIONINE JIJIs IIPO-
rusozeiictug namgemun CV19 onenusarsh uMeomuiica pecype (KoamdecTBo 60Jib-
HUYHBIX KOeK, npubopos VIBJI, meaurnunckoro nepconasia, MeJIUKaMEHTOB M T.II.).
Bropast rpytimma KpuTrepues 1mMo3BoJIseT OIEHIBATH CKOPOCTh PACXOIOBAHUS M IIPUPO-
CTa pecypca Bo BpeMeHH (BO3MOYKHOCTD MCIIOJIB30BAHNST MEUITMHCKIX CIIEIHAIICTOR
CMEYKHBIX CIEIUAJTbHOCTEN, YCKOPEHHBI BBOJ] B 9KCILIYATAIINIO OObEKTOB MeUIIH-
CKOil chepbl, BO3MOKHOCTH 3aKyIKU JIEKAPCTB U 000PYI0BaHUd 38 PyOexKoM U Jp.)
HeobxomumMoro Jijist 6oprobl ¢ mangemueit CV19. Hakorerr, TpeTbst rpymnmna KpuTe-
PHEB MO3BOJISIET CJIENIATh BBIBOJ O CTEIEHN JIOCTHKEHUS TOCTABJIEHHBIX Teseil (Ha-
[PUMED, MPEJIIOIAraeTCs, YTO B TE€UEHHe OIPEJIEJIEHHOTO CpoKa (HAIpUMep, roja)
BUPYCOM 3apa3uThcs He OoJjiee 2 MPOIEHTOB HACEIEHNsI, WIN pOoIeHT majerns BBIT
u T.11.). Takum 06pa3oM, OIEHKU 110 YKAZAHHBIM COCTABHBIM KPUTEPUIM, TO3BOJIAT
ClIeJIaTh BBIBOJI HACKOJIBKO IIPUHSATHIE MEPbI, U IOy YeHHbIE PE3YIbTATHI, ABJISIOTCS
s dexTuBabIMEA. Kpome TOro, BaxKHEHIITNM HAITPpABIEHIEM UCIIOIb30BAHNST IKCIIEPT-
HOTO TIOJIXO/Ia JIJISI AHAJIM3a PUCKA SIBJISIETCST BO3MOYKHOCTD MCCJIEIOBAHUST BOIIPOCOB
6e301acHOCTH KPUTUIECKNX HH(PPACTPYKTYP B ycioBusx nangemun CV19. Asro-
pamu paboThl pa3pabOTaHbl TEOPUS W METOIbI YIIPABJIEHUs] PUCKAMY HAPYIICHUS
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6e30IaCHOCTH KPUTUIECKUX MHMPACTPYKTYD U UX KPUTUIECKH BAaXKHBIX OOHLEKTOB.
Yerseprsiii mojaxox MAP — conmosiornyeckmii. B pamMkax jjaHHOrO 1101X0/1a IIPEJIIo-
JIATAETCSI N3MEPHUTH BOCIPUSITHE HACEJEHUEM U €r0 OT/IEIbLHBIME TPYIIIAMI TOTO HJIN
nHOTO prucka. B pamkax paboThl IIperoaraeTcst IPOBECTU JIOMOJTHATEIbHbBIE HCCIIe-
JIOBaHUS BJIMSIHUST 9€JIOBEYECKOTO (haKTOpa Ha 0OEe30MacHOCTh KPUTHIECKN BAXKHBIX
00beKTOB U cHOPMYIMPOBATH PEKOMEH/IAINH 110 €r0 YIeTy [P pacdeTe U aHaIu3e
puckoB B ycioBusx nanjgemun CV19. Pabora nomuep:xkana rpantavu POOU Nel19-
07-00522 u Ne19-010-00423.
[1] Chereshkin D., Royzenson G., Britkov V. Multidimensional classifier of risk analysis
methods // 11th World Conference «Intelligent Systems for Industrial Automations,
2021.
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Covid19 pandemic and artificial intelligence methods for risk
analysis
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Viktor Golubkov' golvic@mail.ru
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"Moscow, ISA FRCCSC of RAS

2Moscow, Moscow Institute of Physics and Technology
3Moscow, MPEI

4Moscow, IITP of RAS

5Laxenburg, ITASA

The coronavirus pandemic (hereinafter CV19) has demonstrated the unwilling-
ness of both many countries (including developed) and various large international
organizations (UN, WHO, etc.) to confront new threats, as well as to formulate and
assess new types of risks. The paper proposes a new and improved existing mathe-
matical toolkit, focused on solving various problems of risk analysis and forecasting.
Particular attention is required to develop new methods for assessing the effective-
ness of the introduction of various social constraints for a successful response to the
pandemic CV19 (self-isolation, monitoring of passenger traffic, transfer to a remote
form of work, etc.). Modern realities require, along with classical methods, the use
of artificial intelligence technologies (hereinafter AI) for solving the assigned tasks.

Risk analysis methods (hereinafter RAM) can be roughly divided into four large
directions. The first direction is probabilistic (or engineering) methods. The main
efforts are focused in this direction on collecting statistical data on failures and acci-
dents that involve leakage of harmful substances into environment. The engineering
direction concentrates on quantitative calculation of the probability of failures, mal-
functions, and other undesirable events. The second direction of RAM is data driven
modeling. This approach involves modeling the processes that determine the dynam-
ics of the system, which can get into various undesirable states (accidents, epidemics,
etc.). In this case, an important stage is the choice of a model corresponding to the
quantity and quality of the initial information (digital data and knowledge about
the functioning of the modeled object). For this, it is proposed to use the balanced
identification method, which allows reaching a compromise between the complexity
of the mathematical model and the error in describing the data array used. To use
the method, it is necessary to: 1) define a (parametric) family of models suitable
for satisfactory reproduction of measurements; 2) formalize the concept of model
complexity (for the selected family); 3) set a measure of the proximity of the model
trajectory to the original data; 4) define a procedure for estimating the modeling
error (for example, use a cross-validation procedure); 5) to search for the optimal
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compromise between the complexity of the model and the proximity to measurements
based on minimizing the measurement modeling error. In addition, over a long pe-
riod of time, the authors of the work have been developing an original approach
to global modeling based on the use of several models (multi-model approach), the
use of which for solving the problem is very promising. The multi-model approach
is used in solving various large-scale practical problems (for example, assessing the
economic and demographic potentials of countries). The third direction of RAM
is expert. When applying the engineering and model approaches, situations often
arise when there is a shortage of statistical data (or there are doubts about their
reliability). In addition, when constructing models, in some cases it is difficult to
identify various dependencies (semi-structured problems). In such a situation, in
fact, the only source of information is experts. Within the framework of the expert
approach, methods of verbal decision analysis focused on semi-structured problems
of multi-criteria strategic choice, have proven themselves well. Expert methods can
be directly used both for assessing risks and for assessing the effectiveness of the
introduction of additional restrictive measures, which implies the development of
special systems of criteria by which it will be possible to judge the degree of achieve-
ment of the tasks (goals). In this case, the criteria can be conditionally divided into
three large groups. The first group is formed by the criteria that make it possible
to assess the available resource (the number of hospital beds, ventilators, medical
personnel, medicines, etc.) to counter the CV19 pandemic. The second group of cri-
teria makes it possible to assess the rate of expenditure and increase in the resource
over time (the possibility of using medical specialists of related specialties, accel-
erated commissioning of medical facilities, the possibility of purchasing drugs and
equipment abroad, etc.) necessary to combat the CV19 pandemic. Finally, the third
group of criteria allows us to conclude about the degree of achievement of the set
goals (for example, it is assumed that within a certain period (for example, a year)
no more than 2 percent of the population will become infected with the virus, or
the percentage of GDP decline, etc.). Thus, the assessments according to the spec-
ified complex criteria will make it possible to conclude how effective the measures
taken and the results obtained are. In addition, the most important area of using
the expert approach for risk analysis is the ability to study the security of critical
infrastructures in the context of the CV19 pandemic. The authors of the work have
developed the theory and methods of risk management of security breaches of critical
infrastructures and their critical facilities. The fourth RAM direction is sociological.
Within the framework of this approach, it is supposed to measure the perception of
the population and its individual groups of a particular risk. As part of the work, it
is planned to conduct additional studies of the influence of the human factor on the
safety of critical facilities and formulate recommendations for taking it into account
when calculating and analyzing risks in the context of the CV19 pandemic. This
research is funded by RFBR, grants 19-07-00522 and 19-010-00423.
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[1] Chereshkin D., Royzenson G., Britkov V. Multidimensional classifier of risk analysis
methods // 11th World Conference jjIntelligent Systems for Industrial Automationy;,
2021.
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TexHonorus cbanaHcmpoBaHHoW naeHTudukauumn: ssidbop
moaenu anHamuku COVID-19 no nmerowmmca gaHHbIM

Coxonoe Aaexcandp Bumanvesun'x alexander.v.sokolov@gmail.com
Coxonoea JT10606b Anexcarndposna’ las.sokolova@gmail.com
'Mocksa, UucturyT npobiaem nepemaun nadopmannn PAH

*Mocksa, Pesiepasbhblii nccieoBaTenbCKni nentp «Mndopmaruka u yrpasieHues
Poccuiickoit akagemun sayk Vucrtutyr Cucremuoro Ananusa

PaznesnTs citoykHOE siBJIEHHE Ha COCTABJISIONINE; PACCMOTPETH MPOIECCHI, OIPe/ie-
JISIFOIIUE €ero JIMHAMUKY; (DOpMaJin30BaTh IPUHSATHIE TUIIOTE3bI B BHJIE MaTeMaTHve-
CKUX yPaBHEHUIA; 10100paTh COOTBETCTBY IO SKCIIEPUMEHTAIBHBII U CTATUCTUIE-
CKUIT MATEPHUAJI U, B UTOTE, TOCTPOUTH MATEMATHIECKYIO MOJIEIb — TUITHIHBIE 33/ TaTH
€CTEeCTBEeHHO-HAYIHOI'O WMCCJIe0Banns. B mannoit pabore cjaoxkHOoe OHO-CONMMaIbHOE
apirerne srugemun COVID-19 uccietyercst Ha OCHOBE TEXHOJIOIHH COAJTAHCHPOBAH-
HO#1 nyeHTHUKAIMUA. DTO MO3BOJNJIO PACCMOTPETH Psii MOJIEJIEH, OIIpeeIuTh O1Oo-
JIOPUYIECKUE 3aKOHOMEPHOCTH B3aUMOJICHCTBHSI BUPYCa ¢ 9eIOBEKOM (0BIIue Jijis Beex
HOIYJISUT) U COIMAIbHBIE OCOGEHHOCTH YIPABJIEHUS SMUAEMUEl B paccMaTpuBa-
eMbIX CTPaHaX M peruoHax (pas/judHble B Pa3/MYHbIX IOIYJNugx). B Kadecrse
UCXOJIHBIX JAHHBIX MCIOJIb3YIOTCs HOBBIE (€XKecyTOUHBbIE) cilydan 3apakeHus (new
cases) — oduIEaIbHbIe CTATUCTHYECKHE JIAHHbIE JIs PsJia cTpaH u peruonos. [To-
JIyYEHHBIE OIEHKHU YUCJIa HEBBISBJIEHHBIX 3aPaKEHHbBIX sIBJIAIOTCS OIEHKAMU CHU3Y.
Ipusieuenne HONOMHUTEIbHON nHGOpPMAIUU (MUCIO0 HOCUTEIEH AaHTUTE) TO3BOJId-
€T MoJIydnuTh OoJiee PeaTNCTUIHBIE OIEHKH.

Hunamuka passurug suugemun (B T.94. 1 COVID-19) onpenensiercs Kax 61oJ10-
TUYECKUMU OCODEHHOCTSIMY B3aMMOJIEHCTBUST IE€JIOBEYECKOTO OPTaHU3Ma U BUPYCA,
TaK W COIMAIBbHBIMU ACIEKTAME B3aUMOJIECTBHS YeJIOBeKa U ODIIEeCTBA.

Buosorudeckue 0co6EHHOCTH OLPEJIEISIOT:

1) TOTEHIMAIBHOE KOJMIECTBO 3aPArKEHHbBIX OJHUM OOJILHBIM,

2) BEpPOSITHOCTBH CAMOCTOSITEJILHOTO BBI3I0POBIIEHNUs (€3 BBISBIIEHNs 1 M30JISIIN ),

3) BumumocThb (crernenb ManudECTAIMU) CUMITOMOB (Jisl BHIABJICHUS U OCJIEILYIO-
I M30JISATHN ).

OO611eCcTBO MOXKET yIPABJIATH SMUJEMAEH TpeMs CrocobaMu:

1) orpaHmYMBATH KOHTAKTHI (CAMOU3OJISIMS U KAPAHTUH JJIsi NMEBIIUX KOHTAKT C
3aparKEHHBIME) WK Je/IaTh uX 0ojiee Ge30MACHBIMU (JIUCTAHINS, MACKU U T.J.),

2) BBIABJIATH U U30JIUPOBATH UH(MDUIMPOBAHHDIX,

3) UpPOBOAUTH BAKIMHAIMIO HACEJEHU: U CTUMYJIUPOBATH LPUEM HPODUIAKTHIC-
CKUX JIEKAPCTB (B JIAHHOM KCCJICIOBAHUM HE PACCMATPUBAIOTCS ).

B pabotre ucrob3yoTes momyIsaiuoHHbIE MOJIE/IA PACIIPOCTPAHEHU ST BUPYCA B IO~
LJISIAN YeJI0BeKa, (TUIla «[1apa3UT-XO3sMH» MU «XUIHUK-2KepTBay ). Ocoboe BHU-
MaHUe yJIeJIsIeTCs Pa3/IeJIEHNI0 ONOIOrNYECKIX IIPOIIECCOB B3ANMO/IEHCTBIS XUIITHIKA
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(Bupyca) u :KepTBbl (UeI0BeKA) U COIHUAJbHBIX MEXAHU3MOB [IPOTHBOICHCTBHS 001IIe-
cTBa 3umgeMun. B ucnosb3yemoii (AuHaMIIECKON) MOJeJIn BHYTPEHHSIS CTPYKTYPa
COOTBETCTBYET COBPEMEHHBIM IIPEJICTABICHUSIM O OMOJIOIHIECKOI TpUpojie 00beKTa,
a BHEITHNE YIPABJICHUS OTPAXKAIOT CHeNN@UKY TPOTUBOIIHIEMUIECKAX MEPOIIPHUSI-
TU PA3MIHBIX CTPAH.

JusamMuKky smmeMun onpeiessior HeBblapienubie 3apaxennnie (HB3). Ipuun-
Ha B TOM, YUTO BBISBJIEHHBbIE 3aparKeHHbIE, B TOW MJIM HHOW CTEIEHH, H30JINPYIOTCA
OOIIECTBOM, & HEBBIABJIEHHBIE TPOJOIKAIOT “PAa3MHOKATHCA — 3aparKaTh JIPYTHX.
Takum obpa3oM, paccMaTpuBaeTcs TOJIbKO nomysius HB3 — rex, kTo He monajaer
B CTATUCTUKY 0 HOBLIM CJIydasiM 3apazKeHus.

CKOPOCTD 3MUIEMUTIECKOTO IIPOIECCa B 3HATUTEIHHON CTEIIEHN OPEIEISIeTC 3a-
PA3HOCTBIO HOCHUTEJIS BIPYCA, KOTOPAsl CYIECTBEHHO 3aBUCHT OT JINTEHHOCTH 3a-
paxennst. Tak, Hanpumep, Goapaoit COVID-19 cranoBuTcst 3apasHbIM (JIaTEHTHBIH
neprom) B cpejHeM uepes3 4-5 nHeil ¢ momeHrta 3apaxkenust. CiiesloBaTeIbHO, JJIst
onmcanus Jqunamuku HB3 nesecoobpasuo pazours nomysrsanuio HB3 na rpynmsr o
BpPEMEHH, TMPOIIEINEMY ¢ MOMEHTa 3apazkKeHnst, KOTOpoe Oy/IeM HA3BIBATH JIJIATE/Tb-
Hocrbio 3apaxkenusd (/13). Momesnn Takoro Tuna JaBHO U3BECTHBI U IIUPOKO UCIIOJIb-
3yI0TCS B JieMOrpadun, IKOJIOTUN U SIIHIEMUOIOIHH.

st mocrpoernst (upeHTUdUKAITN) MOJeNIell UCHONb3YeTCsT TOJBKO OJUH BUJL
CTATUCTUYIECKON MHMOPMAIINT — CTAaHIaPTHBIE ODHUIUAIBHBIE JTAHHBIE 110 KOJTHIECTBY
HOBBIX (BBISIBJICHHBIX 3a CYTKH) CIydaeB 3apaykeHus (new cases). JlaHHbBIe MCIIOIb-
3ytoTcs “Kak ecTh’, 6e3 mpenBapuTebHoil 00paborku. CTpaHbl ¢ HECTAHIAPTHBIME
nanabivy (Hanpumep, Kurait) me paccMarpusarorcd. 1ucsio BbIODAHHBIX CTPaH U
pernoHoB (BCero 7) ONpeJessiiioch HATJISIHOCTBIO 0TOOparKeH!sl PE3YJIbTATOB MOJIE-
JINPOBaHUSI HA OJIHOM pucyHke. Vcrop3yemMast TeXHOJIOrns cOaIaHCHPOBAHHON 1JI€H-
TUUKAINN [T03BOJIAET YBEJUIUTH UX KOJUIECTBO B HECKOJILKO pa3. B mocrpoentoit
MOJIEJIM PACCMATPUBAIOTCs 7 MOIYJISIUil — HACEJIeHHs] CTPaH /Peruonos: Beaukoopu-
tannst (Gbr), lepmanns (Deu), Uramms (Ita), Vcnanus (Esp), @panua (Fra), Poc-
cust 6e3 Mocksbl 1 Mockosekoit obmactu (Rus-) u ropoga Mockser ¢ MockoBekoit
obmacteio (Mos+). Pasbuenne Pocenn Ha jiBe 4acTu BBI3BAHO CYIIECTBEHHO PA3JIN-
qarolieicsd IMHAMUKON JacTel.

[Ipuuaras B urore Mozmensb OblTa BHIOpaHa M3 HECKOJIBKUX BO3MOXKHBIX KaK Ta,
ITO HAWIYIIIAM 00Pa30M COOTBETCTBYET 00BbEMY M KAIECTBY CTATHCTUIECKUX JTAH-
HbIX. JIjs1 9TOTO MCIOMB30BaJICs MeTo, chaancupoBanHol uaenTudukarun [1],(2],
KOTODBI MO3BOJIMJI KOJUIECTBEHHO OIEHUTH, HACKOJIBKO IPUHSITHI HAOOD TUIIOTE3
0 dbyHKIOHUpOBaHUU 00beKTa (OUO-COUANBHON CUCTEMbI) COOTBETCTBYET JIOCTYII-
HoMy (baKTUIECKOMY MaTepHaJly (CTATUCTUIECKUM JAHHBIM).

Pabora nomep:xkana rpaarom PODU Ne20-07-00701.

[1] Coxonos A. B., Boaowunoé B.B. Bpibop mareMaTndecKoi Mojesn: Gasanc MexKy

CIIOXKHOCTBIO 1 61130CThIO K n3MepenusiM // International Journal of Open Information

Technologies, 2018. T.6. Ne9. C. 33-41.
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[2] Sokolov A. V., Voloshinov V.V. Model Selection by Balanced Identification: the
Interplay of Optimization and Distributed Computing // Open Computer Science, 2020.
T.10. C.283-295.
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Balanced Identification Technology: Choosing COVID-19
Dynamics Model for Available Data
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Lyubov Sokolova® las.sokolova@gmail.com
"Moscow, Institute for Information Transmission Problem RAS

2Moscow, Federal Research Center “Computer Science and Control” of RAS Institute for
Systems Analysis

Typical tasks of scientific research include breaking down a complex phenomenon
into its components, considering the processes that determine its dynamics, for-
malizing the accepted hypotheses in mathematical equations, selecting appropriate
experimental and statistical material, and ultimately, constructing a mathematical
model. This paper explores a complex bio-social phenomenon (COVID-19) using
a specific data processing method - balanced identification. The method combined
with appropriate information technology made it possible to consider a number of
models, determine the general biological laws of the virus vs. human interaction
(common to all populations), and the country specific social epidemic management
in the populations under consideration. As the initial data, only new cases were
used. Data from different countries was taken from official sources and processed
in a uniform way. The obtained estimates of the number of undetected infected
are lower estimates. Further information (antibody carriers estimation) accounts for
more realistic estimates.

The dynamics of epidemics (including COVID-19) is determined both by biolog-
ical characteristics of the human body vs. virus interaction, and by social aspects
of the interaction of man and society.

Biological characteristics determine:

1) “potential” number of people infected by one person,

2) the probability of recovery (without detection and isolation),

3) “visibility” (manifestation) of symptoms (for identification and subsequent iso-
lation).

Society can manage an epidemic in three ways:

1) limit contacts (self-isolate and quarantine those who had contacts with infected)
or make them safer (distancing, masks, etc.)

2) identify and isolate those infected,

3) vaccination and/or prophylactic of population (out of scope of the paper).

The paper uses population-based models of the virus spreading in human popula-
tion (such as “host-parasite” or “predator-prey”). Particular attention is paid to the
separation of the biological processes of interaction between the predator (virus) and
the prey (human) and the social mechanisms of society counteracting an epidemic.
In the (dynamic) model used, the internal structure corresponds to modern ideas
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about the biological nature of the object, and external controls reflect the specifics

of anti-epidemic measures in different countries.

The epidemic dynamics is determined by undetected infected people (UDI) —
those identified are isolated (more or less carefully) by the society, and those not
identified continue to “multiply”, i.e. infect others. So, only the population of UDI
(overlooked by daily new cases statistics) is considered.

Epidemics spreading speed is largely defined by the contagiousness of the in-
fected, which substantially depends on the duration of infection. The typical time
from infection to the moment when the host becomes contagious (latent period) is
about 4-5 days for COVID-19. Therefore, to describe the dynamics of UDI pop-
ulation it should be divided into groups according to the time elapsed since the
infection, which we will call the duration of infection (DI). Models of this type have
long been known and are widely used in demography, ecology and epidemiology.

A singe type of statistical information is used to build (identify) the models — the
standard official data on the number of new (detected per day) cases of infection.
Data is used “as is” without pre-processing. Countries with abnormal data (for
example, China) are ignored. The number of countries present (7 populations) was
determined by visual restrictions of showing the simulation results in one figure.
Meanwhile the technology of balanced identification allows to increase the number
several times. The constructed model considers 7 populations — the populations of
Great Britain (Gbr), Germany (Deu), Italy (Ita), Spain (Esp), France (Fra), Russia
excluding the city of Moscow and the Moscow Region (Rus-) and the city of Moscow
including the Moscow Region (Mos+). The division of Russia into two parts is
caused by the significant difference in the dynamics.

The model under consideration was selected as the one that best fits the quantity
and quality of the selected statistics. The balanced identification method used [1],[2]
allowed us to quantify how much the accepted set of hypotheses about the function-
ing of an object (bio-social system) corresponds to the available factual material
(statistics).

This research is funded by RFBR, grant 20-07-00701.

[1] Sokolov A. V., Voloshinov V. V. Choice of mathematical model: balance between com-
plexity and proximity to measurements. // International Journal of Open Information
Technologies, 2018. Vol.6 No9. Pp. 33-41.

[2] Sokolov A. V., Voloshinov V. V. Model Selection by Balanced Identification: the In-
terplay of Optimization and Distributed Computing // Open Computer Science, 2020.
Vol. 10. Pp. 283-295.
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OpexoBuya

Hammas paboTa MOCBsAIIEHa CO3MAHUI0 06a3bl JAHHBIX CTPYKTYPHBIX MOTHBOB O€JI-
KOBBIX MOJIEKYJI, COCTOSIIIIUX U3 JBYX 3JIEMEHTOB BTOPUYHON CTPYKTYPbI, HMEOIIIX
VHUKAJIbHBIE YKJIAJKA TOJUIEIITHIHON [IeNn B IpocTpancTie. VccemyeMbie MOTHBBI
MIPEJICTABJISIOT COOOI mMaphl JIFOOOTO THITA CIUPAJIE, COeTUHEHHBIMU MEXKTy CODOit
Pa3INTHON HEHYIEBOI JTMHBI U PA3TIMIHON KoHMopMaImn nepetsakkoit. [ITpocTpan-
CTBEHHAsI OPUEHTAIINs JIBYX CIUPAJIell ONpeJIeideT TUIl CIIUPAIbHOI mapbl: o — ¢ —
yroyiok, V — crpykrypa, L — crpykrypa, @ — @ — mmmiibka u ap. Jjist Kaxkioit
CTPYKTYPBI pacCUMTAHbI reoMeTpudecKue napamerpbl. OmucsiBaeMast B padbore 6aza
maHHBbIX «Structural Elements Database» o0benunsier cepBUChl XpaHEHUS TAHHBIX 1
BBIYUCJIUTE/IbHBIE aJITOPUTMBI JIJIs X aHaau3a. Strucural Elements DB na ceromms
coziepkuT cBbirre 45000 aHHOTUPOBAHHBIX OEJIKOBBIX MOTHBOB — CIIMPAJIBHBIX Iap.
Brout cosman HOBBIN unTepdeiic 6a3bl ganHbx «Structural Elements DB», koTopsrii
JIOIIOJTHEH BO3MOYKHOCTSIMU IPaPUIECKOrO IIPEJICTAB/IEHNs JTAHHBIX OTHE/IbHON CIIU-
pPaJIbHOI Taphbl, & TaKYKe CTATUCTUIECKOW 0OpabOTKU BBIOOPKU OTCOPTHUPOBAHHBIX
crmpaabHBIX map. MaTepdeiic mo3Bossger:

— CTPOUTDH BBIOOPKU CTPYKTYPHLIX MOTHUBOB IO MHTEPECYIONIUM I€OMETPUICCKUM
mapamMeTpaM;

— HCCJIEJI0BaTh B3aNMOCBA3b I'€OMETPHUHN IIPOCTPAHCTBEHHBIX CTPYKTYP ¢ aMUHOKHC-
JIOTHOM ITOCJIE/IOBATEIHHOCTHIO C IOMOIIBIO Pa3pabOTAHHBIX HHCTPYMEHTOB;

— BBIIIOJIHATD OIIEPAINH ITOMCKA, COPTUPOBKH, (DUIIBTPAIINN 110 BCEM IIapaMeTPaM;

— MOJIyYaTh BBIOOPKHU CTPYKTYP C 33JAaHHBIMUA T€OMETPUIECKIMHU XapaKTEePUCTIKA~
MU;

— HOPOBOJUTH CTATUCTUYECKUI aHAJIU3 U CTPOUTH T'MCTOIPAMMBI PACIIPEICIEHUST
Pa3/IMIHBIX XaPAKTEPUCTUK CTPYKTYD B BBIOOPKE;

— mpocMarpuBarh 3D Mozenn AByXCIUPATBHBIX MOTHUBOB.
[Ipemycmorpena BO3MOXKHOCTD 3arpy3KH Pe3yJIbTATOB IPOCTPAHCTBEHHOI'O W MaTe-
MaTHIeCKOrO aHAJN3a OTIEIbHBIX CIUPAJIBHBIX IIap, & TAKyKe BBIOOPKHU CIIUPAJIHHBIX
nap.

Pabora nmognep:xkana rpantom PODI Ne18-07-01031-a.
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[1] Rudnev V.R., Tikhonov D. A., Kulikova L. 1., Gubin M. Yu., Efimov A. V. Database
of two-helical motifs of protein molecules and computer services for their analysis. //
Journal of Bioinformatics and Genomics, 2019. Vol. 3, No 12.
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Creation and development of a database of two helical motifs of
protein molecules and computational services for their analysis
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This work devoted to the development of structural motifs database of protein
molecules consisting of two elements of a secondary structure that have unique spa-
tial stacking of a polypeptide chain. The motives investigated are pairs of any type
of helix, connected by a different non-zero length and different conformation of the
connection. The spatial orientation of the two o — helices determines the type of
helical pair: o — o — corner, V — structure, L — structure, &« — o — hairpin et al.
For each structure, geometric parameters are calculated. The Structural Elements
Database combines data storage services and computational algorithms for their
analysis. Structural Elements DB currently contains over 45000 annotated protein
motifs — helical pairs. A new interface for the ”Structural Elements DB” database
was created, which was supplemented with the capabilities of graphical presentation
of data for an individual helical pair, as well as statistical processing of a sample of
sorted helical pairs. The interface allows:

— to build a selection of structural motives according to the geometric parameters
of interest;

— to investigate the relationship of the geometry of spatial structures with the
amino acid sequence using the developed tools;

— perform operations of search, sorting, filtering by all parameters;

— to receive samples of structures with specified geometric characteristics;

— conduct statistical analysis and build histograms of the distribution of various
characteristics of structures in the sample;

— View 3D models of two helical motifs.

It is possible to download the results of spatial and mathematical analysis of indi-

vidual helical pairs, as well as a sample of helical pairs.
This research is funded by RFBR, grant 18-07-01031-a.

[1] Rudnev V.R., Tikhonov D. A., Kulikova L. I., Gubin M. Yu., Efimov A. V. Database
of two-helical motifs of protein molecules and computer services for their analysis. //
Journal of Bioinformatics and Genomics, 2019. Vol. 3, No 12.
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Heitpoxkomibrorepasie narepdeiicst (HKI) n3HauaabHO NPUMEHSIINCH TOJIBKO ISt
MTAIMEHTOB C OTPAHMYEHHBIMIA BO3MOYKHOCTsIMI. Ha ceromHsiniauii 1eHb CyIecTByer
MHOKECTBO IONBITOK UCI0/Ib30BaTh HKI Ha HEMHBA3UBHBIX JIEKTPOJIAX IS 3710~
POBBIX JIIOJIeil, K IPUMEPY, B UTPaX.

Mpr nybsimkyem aBTOpcKuit jaracer mnorenruaios P300, momydeHHBIX Ha BU3Y-
AJIHBIX CTUMYJIaX B UI'Pe B BUPTYyaJbHOI peasibHOCTH. B pabore mpuBOgsaTCS Ou-
CaHWs CTPYKTYPBI JAHHBIX JIATACETA, UTPOBOTO MIPOIECCa, YIaCTHUKOB U 000pyI0Ba-
nust. TakyKe ommcaH MPENpONECCUHT JAHHBIX U YKA3aHbI ONTUMAJbHBIE MTapaMeTPh
JJTsT BCEX ITaroB 00pabOTKM JIAHHBIX, HAWJECHHBIE B PE3Y/ILTATE BBITUCIUTETLHBIX
9KCIIEPUMEHTOB.

OcHoBHas 3aja4a JTaHHONW paboThl — 3aJiava OIpejle/IeHus] 0O0bEeKTa BHUMAHUSI
4eJioBeKa 1o 3exrposuiedanorpamme (DIT). IMo gannbiM, nocie ux nperodpabor-
KU, TIPOBOJUTCS MYJIBTUKJIACCOBAS KJIACCU(DUKAIIS JJTsi OMPEIEICHIS 1I€JIEBOTO BU-
3yaJbHOro cTuMysIa. B ciaydae padorsr co crumysnavu P300 mo ‘oddball‘-napamgurve,
MYJIBTHKJIACCOBAsT KJIACCU(UKAIUS OCHOBBIBAETCS Ha Pe3yJibrarax OMHAPHON Kiac-
cudukarnun. Bunapusii kiraccndukaTop obydaercs Ha Kazk/IoM desoseke. [Ipu sTom
3ajiada omnpejenenus Hajguaust P300 B orpeske 991 mmeer mgucbajiaHC KJIaCCOB
(TOJIKO OJIMH CTUMYJI U3 CEMH MOYKET ObITh LEJIEBBIM ).

B cBa3u ¢ aruMm, K craHgapTHbIM miaram lpernporeccuara 99T (nenumanus,
dusbrparys, pecaMIIMAL, KJIUIIUHT 1 HOPMUPOBKA) Ipejiaraercs 100aBuTh ayr-
MEHTAITUIO JIAHHBIX. JIAHHBIN ITar Mo3BoJIseT ¢HATaHCHPOBATH KJIACCHI JIJIsI 00y IeHUsT
OMHAPHOTO KJiacCu(pUKATOPa M, COOTBETCTBEHHO, MOBBICUTH KA4eCTBO MYJIBTHKJIAC-
COBOI Kjaccudurarymu. B jjaHHON paboTe MPUBOIUTCS J(Ba CIIOCODA ayTrMEHTAIH.
Hazosém smoxoit oTpe3ok BpeMeHu, rje Mbl IpearnoaraeM Hajmmane crumysia P300,
OTCUMATBIBAEMBINA OT MOMEHTA IIPEIbABJIEHUs] BU3YAJbHOIO CTUMYJIa. Toraa mepBbii
BapHAHT ayTMEHTAIINH JIAHHBIX — CMEIeHIe TOYKN OTCIETa cTapTa 31ox. Bropoit —
n3MeHenne HaHabX I B srnoxe ¢ momonbio agropurma SMOTE. Mcenonb3osanne
ayrMeHTAIINN TI03BOJIsSIeT TIOBBICUTH KAYeCTBO MYJIBTHKJIACCOBOI KiIacCupuKanum Ha
Bemmanny 10 6%.

Takzke Jjiy1si ONpeJiesIeHNsT TTOTEHITUATBLHO HEBEPHBIX OTBETOB UTOTOBOIO KJIACCH-
dukaropa BBojuTcs nousirue "ysepennocT" (YpoBeHb YBEPEHHOCTU MOJIEJIN B OTBe-
re). Ilpeamosaraercst, 9To eciin pacipe/ieJieHie BePOsATHOCTEl CTUMYJIOB HE MMeer
SIBHO BBIPAKEHHOI'0 MAaKCHMyMa, TO OTBET KJacCupUuKaTopa ormumbounsiii. Torga mo

Me>xrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.
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IIpeJICKa3aHusIM OMHAPHOI'O Kiaccu@uKaTropa MOXKHO IIOCTPOUTb KPUTEPHUil yBepeH-
HOCTH MOJIeJIM B oTBeTe. 113 pa3/imuHbIX pacCMOTDEHHBIX IBPUCTUK Hambosiee yiad-
HBIM OIIpeJieJIeHNeM KPUTePUsl YBEPEHHOCTH $IBJISETCS PA3HOCTh MaKCHUMyMa U Me-
JIMaHBI BEPOSATHOCTEH, TOJIYYEeHHBIX I BCeX CTHMYJIOB. Ecianm 3HaYeHMe yBEepeHHO-
ctu HuzKe 11oporoBoro (~ 20%), To orBer KiaaccuduKaTOpa He IPUHUMAECTCI CPEIOil
(K mpuMepy, B UIPOBOM IPOIECCE BMECTO BBICTPEJA MPOUCXOAUT ocedka). K masib-
HeflIeMy PacCMOTPEHHUIO IIPeJjIaraeTcs NCII0Ib30BaHNE OT/IEILHON MOJIEN Ha BEPO-
ATHOCTAX OMHAPHBIX KJIaCCU(PUKATOPOB IS IIPEJICKA3aHNUs YPOBHA YBEPEHHOCTH B
KOHEYHOM OTBETE.

[1] Goncharenko V., Grigoryan R., Samokhina A. Raccoons vs Demons: multiclass labeled

P300 dataset // https://arxiv.org/abs/2005.02251

Mesxqynapoanasa kougepernnus UOHU-13. Poccust, r. Mockba, 8—11 nekabpst 2020 r.
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Approaches to multiclass classification of the P300 dataset

Vladislav Goncharenko"> vladislav.goncharenko@phystech.edu
Rafael Grigoryan'? grraph.bio@gmail.com
Alina Samokhina*x alina.samokhina@phystech.edu

'Moscow, Neiry
2Moscow, Moscow Institute of Physics and Technology
3Moscow, MSU

Firstly Brain-Computer Interfaces (BCI) were developed mostly for disabled pa-
tients. Nowadays there are numerous attempts to employ BCI solutions for healthy
people using noninvasive electrodes, for example, in games.

We publish dataset of P300 potentials, recorded on visual stimuli of the game
in virtual reality (VR). In this work we describe the data structure of the dataset,
gameplay, equipment and consolidated information on the participants. Also, we
provide information on the data preprocessing and its optimal parameters found
during computational experiments.

The main purpose of this paper is to identify the object of a person’s attention by
electroencephalogram (EEG). We do multiclass classification on preprocessed data to
identify the target stimuli. In case of the oddball paradigm, multiclass classification
is based on the results of a binary one. Binary classifier is trained for each person
independently and the task of determining the P300 presence in EEG is unbalanced
(only one stimulus out of seven can be the target one).

To solve this problem we suggest to add data augmentation to the standard
preprocessing (decimation, filtering, resampling, clipping, normalization). The aug-
mentation allows us to balance classes for the training of binary classifier and to
improve the multiclass classification accuracy up to 6%. In this paper we propose
two methods of augmentation. We call the EEG segment, where we expect to see
P300, counted from the moment of visual stimulus appearance — epoch. So the
first type of augmentation is shifting the epoch start. The second type is altering
the epoch with SMOTE algorithm.

To separate wrongly classified answers we introduce the confidence level. Sup-
posedly, if the distribution of stimuli probabilities doesn’t have explicit maximum,
the given answer is likely to be wrong. So we can define a criterion of model’s con-
fidence level. We looked at different heuristics and the most informative was the
difference between maximum and median of stimuli probabilities. If the value of
confidence is less than some threshold (~ 20%), then the answer of classifier won’t
be accepted by the system (e.g. in the game there will be a misfire instead of a
shot). For further discussion we propose the usage of a separate model on binary
classifiers’ probabilities for confidence prediction.

[1] Goncharenko V., Grigoryan R., Samokhina A. Raccoons vs Demons: multiclass labeled

P300 dataset // https://arxiv.org/abs/2005.02251

International Conference IDP-13. Russia, Moscow, December 8—11, 2020
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B pabore nokazaHo HCIIOIb30BaHNE MEXaHM3Ma CPABHEHHUS CEMAHTUYECKUX Ce-
Teil TEKCTOB B 3ajlade JIMArHOCTUKHU 3a00JIEBAHMI C MCIOJb30BAHUEM CUI'HAJIBHBIX
cereil. BrpIsiBileHNe CTelleHN IlepecevdeHns] CEMaHTHUYECKUX CeTell TEKCTOB I103BOJIs-
€T FOBOPUTD O CTEIIEHU UX CMBICJIOBOIO 10100us. OIHOPO/IHAS CEMAHTUIECKASA CETh
KaK MHOYKECTBO y3JI0B, CBI3aHHBIX JlyIaMU, UMEET YNUCJIEHHbIE XapPAKTEePUCTUKH — Ya-
CTOTBI IIOABJICHUSI CJIOB, & TaKXKe IIap CJIOB B TEKCTe, KOTOPbIE IIePEHOPMUPYIOTCH C
HCIOJIB30BaHUEM N-TPAMMHOI MOfIe/n TeKcTa. Taknme ceTH KaK CMBICOBBIE IIOPTPETEI
TEKCTOB MOT'YT CJLy?KUTh JIJIsl CPaBHEHUsI (U, CJIe0BATEIIbHO, 1yist Kiaaccuddukalmm)
TeKCTOB. ['eHeTHYeCKMil KBA3UTEKCT MOKeT OBbIThb IIPEJICTABJIEH, B TOM YHUCJIE, B BHU-
Jie CUTHAJIbHOW Wyn TeHHoi cern. CUTHAJIBHBIE CETU PA3HBIX KJIACCOB IMEHETHIECKUX
cOOBITUIT MOT'YT OBITH HCIOJIB30BAHBI JIJIsl KJIacCU(UKAINN TUX TEKCTOB. B aTOM
cIydae KOHIEHTpAIUu 0eJIKOB, BBISIBJIEHHBIE B IIPOIECCE IKCIIEPUMEHTA, NCIOJIb3Y-
I0TCSI JIJIsI BBIYHC/IEHIS TUCJIOBBIX XapaKTEPUCTHUK y3JI0B ceTr. [IpnBejieHb! npumepsbl
CpaBHEHHSA CeTelf TeHeTHIeCKNX KBa3UTEKCTOB, COOTBETCTBYIONINX HOPME H IIaTaJIo-
IUN.

Pabora nojyiepkana rpanrom @oHa MOJIEPKKNA MAJIOr0 U CpejiHero OusHeca
Ne 550 PHTUICH /49492 ot 26.09.2019.

[1] Kulikov A. M., Kharlamov A. A. Using a Homogeneous Semantic Network to Classify
the Results of Genetic Analysis // Neuroinformatics and Semantic Representations.

Theory and Applications. Collective Monography. Chapter Eleven, 2020. Pp. 244-254.
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Using a homogeneous semantic network to classify the result of
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The paper describes the use of a mechanism for comparing semantic networks of
texts in the problem of diagnosing diseases using signaling networks. The identifi-
cation of the degree of intersection for semantic networks of texts makes it possible
to state the degree of their semantic similarity. A homogeneous semantic network
as a set of nodes connected by arcs has numerical characteristics: the frequency of
occurrence of words, as well as word pairs in the text that are renormalized using
the n-gram model of the text. Networks such as semantic portraits of texts can
be used to compare (and, therefore, to classify) texts. A genetic quasi-text can be
represented, in particular, in the form of a signaling or gene network. Signaling net-
works of various classes of genetic events can be used to classify these texts. In this
case, the protein concentrations detected during the experiment are used to calculate
the numerical characteristics of the network nodes. Examples of networks compari-
son for genetic quasi-texts corresponding to normal and pathological conditions are
provided.

This research is funded by FASIE, grant 550GRNTIS5/49492 26.09.2019.

[1] Kulikov A. M., Kharlamov A. A. Using a Homogeneous Semantic Network to Classify
the Results of Genetic Analysis // Neuroinformatics and Semantic Representations.

Theory and Applications. Collective Monography. Chapter Eleven, 2020. Pp. 244-254.
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Bosbmast yacTh COBpeMEHHBIX HEHPOCETEBBIX apPaUIM MaHUILYJIUPyeT HeHpo-
110/IOOHBIMU 3JIEMEHTAMH C IIPOCTPAHCTBEHHON cyMMalyeil curHajos. B HacTosIee
BpeMsI HCKYCCTBEHHBbIE HEPOHHBIE CETH YCJIOXKHUJINCH BBEJEHIEM B MOJIEJIb HefipoHa
CBOIICTB HAKOILJICHUS 3HAYEHUsI [TOTEHINAJIA B CHHAIICE, 3aJePXKEK IIPU IIPOBEICHUN
CHI'HAJIa 110 AKCOHY — UMILyJIbcHbIe cetu [1]. nrepecuble cBOHCTBA UCKYCCTBEHHAST
HeffpOHHAs CeTh NMPUOOPETAET B CJIyUae UCIIOJb30BAHNS HEHPOIIOI0OHBIX SJIEMEHTOB
C BPEMEHHO! cyMMalueidl CUI'HAJIOB — BKJIIOYEHHEM B MOJEJb HEepOHa 3a/1epKeK B
JIEHJIpUTE — HA BXOJIe B HElipoH. BiinsiHMe 3/1eKTPOHEKOMIIAKTHOCTH HEPpOHA Ha IIPO-
[IECChI B3ANMOJENCTBHUsI MIOCTCUHAIITHIECKAX TOTEHIIUAJIOB IIPUBOIUAT K (DOPMUPOBa~
HUIO TIPUHIUANAAIBHO WHOTO, YeM B OOJIBIITMHCTBE CYIIECTBYIOMINX HCKYCCTBEHHBIX
HEeWPOHHBIX CeTel, Moaxoaa K 00paboTke nHdopMaImn TaKuMu Hefiponamu. Bo3nm-
KaIoIas B Pe3y/IbTaTe YIOMAHYTOH 9JIeKTPOHEKOMIIAKTHOCTH 3aBUCHMOCTD PEAKITNN
HefipOHa Ha BPEMEHHYIO CTPYKTYPY IOC/IEI0BATE/IbHOCTA BXOJHBIX CUTHAJIOB JA€T
BO3MOXKHOCTH M30MPATE/IbHO a[PecOBATh OJMH KOHKPETHBIN HEHPOH U3 MHOYXKECTBA
mono6ubIx. Takasi m3duparebHas aIpecanus IPUBOAUT K IIPUHIUINAILHO WHOMY
TTOHNMAHNIO CTPYKTYPBI 00paboTkn mHMoOpMaImn B Heifpore. Pasmmambie pacmpe-
JiesieHnsi BO30Y2KTAIONUX M TOPMO3HBIX CHHAIICOB HA TONH MOJENN JIEHJIPUATA KaK
aJipeca KOHKPETHBIX HEHPOHOB MOJEJIMPYIOTCS BEPIIMHAMU N-MEPHOTO €IUHUIHOIO
rurepkyba B MHOromMepHoM mpoctpanctBe R™. Torma jobast BXOJHAs ITOCTIET0BA-
TEJIBHOCTh MOYKET OBITH IIPEJICTABJIEHA KAK [TOC/IEI0BATEIbHOCTD CPADOTABIIIX Heli-
POHOB — TPAaeKTOPHA B MHOTOMEPHOM CUT'HAJIHHOM IIPOCTPAHCTBE.

[1] Kharlamov A. A. On a Type of Artificial Neural Network Based on Neurons with

Temporal Summation of Signals //Neuroinformatics and Semantic Representations,

2020. Pp. 47-56.
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Most modern neural network paradigms manipulate neural-like elements with
spatial summation of signals. At present, artificial neural networks have become
complicated by the introduction of the properties of synaptic potential value accu-
mulation into the neuron model, and delays in conducting the signal along the axon
— so called impulse networks [1]. An artificial neural network acquires interesting
properties when using neural-like elements with a temporal summation of signals —
inclusion of dendritic delays into the neuron model, at the neuron input. The effect of
electric non-compactness of the neuron on the interaction processes of postsynaptic
potentials leads to the formation of a fundamentally different approach to infor-
mation processing by such neurons than in most existing artificial neural networks.
The dependence of the neuron reaction on the temporal structure of the sequence of
input signals arising as a result of the mentioned electric non-compactness makes it
possible to selectively address one particular neuron from many similar ones. Such
selective addressing leads to a fundamentally different understanding of the struc-
ture of information processing in a neuron. Different distributions of excitatory and
inhibitory synapses of this dendrite model as an address of specific neurons are mod-
elled by nodes of an n-dimensional unit hypercube in a multidimensional space R".
Then, any input sequence can be represented as a sequence of triggered neurons — a
trajectory in a multidimensional signal space, provided that there will be a complete
set of these addresses (neurons with corresponding distributions of excitatory and
inhibitory synapses).

[1] Kharlamov A. A. On a Type of Artificial Neural Network Based on Neurons with Tem-

poral Summation of Signals //Neuroinformatics and Semantic Representations, 2020.
Pp. 47-56.
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CoryiacoBaHHOE PaHKHUPOBAHUE KAK MHEHUE SKCIIEPTHONU T'PYIIbI MOXKET ObITh
[IpeJICTaBIeHO Menanoit Kemenu B m3BeCcTHOI 3a/ate arpernpoBaHus paHros. Takoe
pellleHre B HAUMEHbIIel CTEeIeHN OTJIMYIAeTCH OT APYTUX PAHXKUPOBAHUI U CBOOOIHO
OT HEKOTOPBLIX MPOTUBOpEUNii mpobeMbl TIpaBma OoJsbimuHcTBa. Kak maremarn-
JecKuil npuHIUIl, MeaunaHa KeMeHU jlaer pereHue B JIFOOOM Cllydae, B 4aCTHOCTH,
Jtst KOH(IUKTYIONUX IKCIePTOB ujn rpymi. Ha nmpakTuke OOBIYHO BBISIBJISIIOTCS
KOHKYPHUPYIOIIe MHEHUS, T/Ie JIJIs JTOCTUKEHIS TPeOYeMOro YPOBHsT KOHCEHCYCa UC-
MOJIB3YIOTCS CHeNuabHble Tporeaypbl. OUH 13 U3BECTHBIX MOJXOJI0B 3aK/II0YAeT-
CsI B IPUCBOEGHUH BECOB IKCIIEPTHBIM MHEHUsIM. B mammoit pabore cchopMympoBana
KOppEeKTHasl MareMaThdecKasl OCHOBa JIJIsl HOBBIX THUIIOB MeJuaHbl KeMmeHM, Takux
KaK MeTPUYECKasi U B3BeIlleHHAs MeIUAaHbl. 3a/1ada [MOCTPOEHUsI MEeIUAHBI JIJIs JI-
HEHOI KOMOWHAINN SKCIIEPTHBIX PAHKUPOBAHUN MCCJIEyeTCsl HA OCHOBE M3BECTHO-
r'0 JIOKAJIBHO-ONTHMaJIbHOTO ajropurma Kemenu. [lpenoxkeno ncciemoBars 3amady
arperupoBaHus PAHIOB HA OCHOBE HOBBIX THUIIOB MEIUAHBDI.

Pabora noiep:xana rpantamu POOU Ne 20-07-00055, 18-07-01087, 18-07-00942.
[1] Dwoenko S.D., Pshenichny D.O. Rank Aggregation Based on New Types of the

Kemeny’s Median // Pattern Recognition and Image Analysis, 2021. Vol. 31. Ne1.

Mesxqynapoaaas kougepernnus UOHWU-13. Poccust, r. Mockba, 8—11 nekabpst 2020 r.
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On New Types of the Kemeny’s Median

Sergey Dvoenko'x sergedv@yandex.ru
Denis Pshenichny' denispshenichny@yandex.ru

!Tula, Tula State University

A coordinated ranking as an opinion of an expert group can be represented by
the Kemeny’s median in a well-known rank aggregation problem. Such a decision
is a least different from other rankings, and is free of some contradictions of the
majority rule problem. As a mathematical principle, the Kemeny’s median gives
a decision in any case, in particular, for conflicting experts or groups. In practice,
competing opinions are usually identified, and special procedures are used to achieve
the required level of consensus. One known approach consists in assigning weights
to experts’ opinions. In this paper, the correct mathematical basis is formulated for
new types on the Kemeny’s median, like metric and weighted ones. The problem to
find the median for a linear combination of experts’ rankings is investigated based
on the well-known locally optimal Kemeny’s algorithm. It is proposed to investigate
the rank aggregation problem based on new types of the median.

This research is funded by RFBR, grants 20-07-00055, 18-07-01087, 18-07-00942.
[1] Dwoenko S.D., Pshenichny D. O. Rank Aggregation Based on New Types of the Ke-

meny’s Median // Pattern Recognition and Image Analysis, Pleiades Publishing, 2021.

Vol. 31. No. 1.
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BeiiBnet-mogenb Bapuauuii reomarHUTHOro nonas

Mandpurosa Oxcarna Burxmoposna oksanam1@mail.ru
Podomarncras Anacmacusa Hezopeera'x pantina_anastasia@mail.ru
Hlerponasnosek-Kamgarckuit, HCTHTYT KOCMODU3MICCKIX MCCIICIOBAHAN 1
pacnpocrpanenus: paguososia JIBO PAH

B paGore mpeioKeHa BeHBJIET-MOIEIb BAPHAIMN I'€OMAHUTHOTO IIOJIS, OIHU-
CBIBAIOIIASL €r0 PEry/IApHbIE U3MEHEHUs U UPPEryJIAPHBIE OCOOCHHOCTU B MECTE Pe-
rUCTpaluy JaHHbIX. PaccMoTpeHa MoaudUKays MOJEIN IS 30HbI aBPOPAJIbHBIX
mmpor. Ha npumepe panubix mMarautHoit cranmuun Abucko (IIIsenus, KoopauHaTh
68°21.7'N 18°43.4'E) onmcan upoiiecc uaeHTuUKAIMT MOJEIN U II0KA3aHO ee IPU-
MEHEHHE B 3aJa9¢ OIPEJIEICHAs MepUuoIoB CyOOyph W OUEHKH WX HHTEHCHBHOCTH.
Yucennas peaju3alisa MOJEIN 06eCIIeIMBACT BO3MOKHOCTD €6 IIPUMEHEHUS B Pe-
JKuMe, OJIM3KOM K peajbHOMY BPEMEHN.
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PesyabraTsr paboThl MPEJACTABIAIOT UHTEPEC B 33/1a9aX OIEHKH COCTOSIHUS OKO-
JIO3€MHOI'0 KOCMHY€ECKOI'0 IIPOCTPAHCTBA U IIPOI'HO38 KOCMUYECKOH I10T0/IbI.
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Wavelet model of geomagnetic field variations

Oksana Mandrikova' oksanami@mail.ru
Anastasia Rodomanskay'« pantina_anastasia@mail.ru
IPetropavlovsk-Kamchatskiy, Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

The paper proposes a wavelet model of variations in the geomagnetic field, which
describes its regular changes and irregular features at the place of data registration.A
modification of the model for the auroral zone is considered. On the basis of the
data from Abisko station (Sweden, coordinates 68°21.7’N 18°43.4'E), the process
of model identification is described and its application is shown in the problem of
determining the periods of substorms and assessing their intensity. The numerical
implementation of the model provides the possibility of its application in a mode
close to real time.
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Figure 2. Results of applying the method during the substorm period on January 5, 2016

The results of the work are of interest in the problems of assessing the state of
near-earth space and forecasting space weather.
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MeTtoa obGHapy>xeHusi aHoMasibHbIX 3P (PEKTOB B CAOXKHOM
curHane

T'ennenep Baadumup Baadumuposur' geppener@mail.ru
Mandpurosa Bozdana Cepzeesra’« 555bs5@mail . ru
! Canxr-Tlerep6ypr, Cankr-IlerepGypreKuii rocy1apCTBEHHbIIH 9JIeKTPOTEX HIIECKHil
yausepcurer «JI9TU» um. B.M. Yapsaxosa (Jlenuna)

2Tlaparynka, MTHCTUTYT KOCMOMDUIMUECKIX UCCICIOBAHMI 1 PACIPOCTPAHEHIS PAIIOBOIIH

JIBO PAH

IIpemjioxken Meros OOHApYXKeHUsI W HIACHTU(PUKAIME aHOMAaJbHBIX 3(DQEKTOB
B CHUIHaJIC CJIOXKHOI CTPYKTYPbI, OCHOBAHHBLIA Ha CYINEPIO3ULIUNA KOHCTPYKIUI
BeiiBeT-ipeobpaszoBanus. llokazaHo, 9TO MeTOJ MO3BOJISET HIACHTU(DUINPOBATD

2 X 10* A ‘ Muysm(‘ (CWA, |‘(oopA: 6‘8.36, -1‘33.72)

2000

-2000

><10s o HOCTb aHOManbHbIX BQQ os

0 I I I L I
08.03.14 06:00 12:00 18:00 09.03.14 06:00 12:00 18:00 10.03.14

1.3 x10* A Tyne (CLUA, Kooppa: 76.5, -68.7)
THUL T T T T T
1.2
1.1 I I I I I I I
x104 o] i curnan
T T T

1.25

1.15

500
1000

O6Hapy)XeHne aHOManbHbIX 3$peKToB
1500
2000

— Hmo
2500 -2000
2 MU HOCTb aHOMa/IbHbIX 3! EKTOB

0
08.03.14 06:00 12:00 18:00 09.03.14 06:00 12:00 18:00 10.03.14

Puc. 1. Pesynbrar npuvenenust merona

aHoMaJIbHbIe 3 dDeKTH pasHoit (POPMBI U JJTUTEIbHOCTHU. VccieayoTcst BOIPOCHI BbI-
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06opa ammpoOKCHMHUPYIONIEro BeiBIeT-0asnca n myTn uxX onTuMmu3anuu. Ha mpumepe
JIAHHBIX MUPOBOIl C€TU HEHTPOHHBIX MOHHUTOPOB Jl0Ka3aHa 3 dEeKTUBHOCTH METOIA
JUTsL 3871891 OOHAPY?KEHUs! CIIOPaJNnIecKux (AaHOMAJBbHBIX) 3hQEKTOB B JAUHAMUAKE
KOCMHUYecKuX Jiydeii. VccseioBanne KOCMUYECKUX Jiydeil 1 OOHapyzKeHne CIIopaJii-
qeckux 3 MHEKTOB MPEICTABIIET HHTEPEC B U3YICHUN ACTPOMUINIECKUX ITPOIIECCOB,
a TaKXKe B PEIeHNN MHOTUX IMPAKTUIECKUX 3aJa9, B UUCJE KOTOPHIX MOHHTOPHWHT
U IIPOrHO3 KOCMUYECKOH [IOT0/IbI, OOecIIeueHne PaHaInOHHON O€3011aCHOCTH KOCMO-
HaBTOB U JIp. BeiieJicTBre CII0KHOM HECTAIIMOHAPHON CTPYKTYPhI JIAHHBIX HEATPOH-
HBIX MOHHTOPOB, BBICOKOI'O YPOBHsI IIIyMa U OTCYTCTBHUSI 3JIEKBATHBIX MaTeMaTHYe-
cKUX Mojiesieil 3a7ada 3MPEeKTUBHOrO OOHAPYKEHUsT U UIEHTU(MOUKAINN CIIOPa -
deckux 3D@PEKTOB B KOCMUYECKUX JIydax B HACTOsdIllee BpeMms He permreHa. lIpes-
JIO’KEHHBINT B paboTe TOIXOJI, MCIOIL3YIONHil HabOphI ciaoBapeil BelBIeT-0a31McoB,
paccMaTpuBaeTCs B KadecTBe OIHOIO M3 BO3MOXKHBIX PEIIeHUN JaHHOM IIPOOJIEMBI.
IIpumep npuMeHeHUsT METOJIa MIPEJICTABIEH Ha pUCYHKe 1.

Pabora Beimosinena B pamrax ['3 mo teme «/[uHamuka (hU3MIECKUX MIPOIECCOB
B aKTHBHBIX 30HaX OJmKHero kocMoca u reocdep» (2018-2020) N AAAA-A17-
117080110043-4. ABTOpBI BBIpAXKAOT GJATOJAPHOCTH WHCTUTYTAM, BBITTOJTHSIOIIM
[IOJIJIEPXKKY CTAHITNI HEHTPOHHBIX MOHHUTOPOB, KOTOPBIE HCIIOJIH30BAINCH B PaboTe.

[1] Geppener V. V., Mandrikova B. S. An automated method for detecting sporadic effects
in cosmic rays // E3S Web of Conferences, 2020.

Me>xrynapoanas koageperanus MOHW-13. Poccust, r. MockBa, 8—11 gekabpst 2020 r.
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Method for detecting anomalous effects in a complex signal

Viadimir Geppener geppener@mail .ru
Bogdana Mandrikova®* 555bs5@mail . ru
!Saint-Petersburg , Saint Petersburg Electrotechnical University ” LETI”

2Paratunka, Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS

A method for detecting and identifying anomalous effects in a signal of a complex
structure, based on the superposition of wavelet transform structures, is proposed.
It is shown that the method allows one to identify anomalous effects of various forms
and duration. The questions of the choice of the approximating wavelet basis and
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Figure 2. Method result

the ways of their optimization are investigated. Using the data of the world network
of neutron monitors as an example, the effectiveness of the method is proved for
the problem of detecting sporadic (anomalous) effects in the dynamics of cosmic

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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rays. The study of cosmic rays and the detection of sporadic effects is of interest in
the study of astrophysical processes, as well as in solving many practical problems,
including monitoring and forecasting space weather, ensuring the radiation safety
of astronauts, etc. In the absence of adequate mathematical models, the problem
of effective detection and identification of sporadic effects in cosmic rays has not
yet been solved. The proposed approach, using sets of dictionaries of wavelet bases,
is considered as one of the possible solutions to this problem. An example of the
application of the method is presented in Figure 1.

The work was carried out in the framework of the State Task on the topic “Dy-
namics of physical processes in the active zones of near space and geospheres” (2018-
2020) No. Registration AAAA-A17-117080110043-4. The authors are grateful to the
institutions that support the neutron monitor stations that were used in the work.
[1] Geppener V. V., Mandrikova B. S. An automated method for detecting sporadic effects

in cosmic rays // E3S Web of Conferences, 2020.

International Conference IDP-13. Russia, Moscow, December 8—11, 2020
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Boccranosnevune 3D-mogenn obbekToB MHPaACTPYyKTYypbl Ha
OCHOBE NCMNO0JIb30BaHUS HelpoceTeBbiX MeToA0B 00paboTku
CNYTHUKOBbLIX N300pa>keHunin

Kowenesa Hamanva Baadumuposra®* antipova@phystech.edu
TI'sozdes Onee Tennadvesuu'? gvozdevlmiigaik.ru
Ko3y6 Baadumup Aaexcandposur’ postbox-kozub@yandex.ru
Mypovirun Aaexcandp Bopucosuu'? amurynin@bk.ru
Puxmep Andpeti Aaexcandposur’ urfinl7@yandex.ru

'Mocksa, Hay4mo-nccie0BaTe IbCKuit HHCTHTYT ad9POKOCMIYECKOTO MOHHTOPHHTA
“ADPOKOCMOC”

2Mocksa, DeepabHbIi HCCTe[0BaTebCKI enTp “UrdopMaTtuka u yupasitenne’ PAH
3Mocksa, PI'BOY BO “MoCKOBCKHMit TOCYIAPCTBEHHDIH YHHBEPCHTET TEOMC3UH 1
Kaprorpadun’

PaccmarpuBaercs 3ajada BOCCTAHOBJIEHUsI TPEXMEPHOI MOjie/in 0OObEKTOB WH-
dpacTpyKTypBI TI0 OIHOMY CIIy THUKOBOMY M300parKeHWio 6e3 MCIOIb30BAHUS MeTa-
JaHHbIX. [IpemmaraeMbriii METO/T 3aKII0YAETCA B TIOCJIEI0OBATEILHON 00paboTKe N300~
parkeHusl: BBIABICHNE U KJIACCU(MUKAIIS 00HEKTOB XO3IHCTBEHHON NHMPACTPYKTY-
PBI 1 COOCTBEHHO BOCCTAHOBJIEHHE MOJIesieit 00beKTOB. Mosen 06beKTOB BOCCTAHAB-
JIMBAIOTCS 110 PACTPOBBIM O0JIACTSIM U300PaKeHMsl, OJIyIeHHOIO B Pe3yJibTare pa-
OOTBI JIOKAJIHLHOTO aHAIN3a, OCHOBAHHOTO Ha PErPECCHOHHOM AHAJIM3€E, METO/IE SKBU-
BAJICHTHBIX (DUTYD, JUHEAPUIAINN U TTOJIIPU3aInn KOHTypa. VHTerpaabHbIi aHa ms
HareaeH Ha JOKAJU3AIIIO 00bEeKTOB, JTOKAJIBHBIN — Ha U3BJICUYEHNE JAHHBIX, HEOOXO0-
JIIMBIX JIJISI OIIPEJICJICHISI TeOMETPUN O0bEKTa U UX WHTEPITPETAITHIO.

B pabore paccmarpuBaroTcsi yeTbipe Kjacca 00JIacTeil: KPBIIIM, CTEHbI, PEJIbChI,
omopHBbIe CcTOJI0bI. Momesib 00beKTa CKJIAIBIBAETCS M3 KOHTYPOB KPBIIIH O0bEKTA,
KPBITII €ro MPUCTPOEK W HAJICTPOEK, OPTOTOHATBHBIX OTPE3KOB BBICOT M IIPEBBIIIIE-
uuii (upu Hasmuuu cred). B pabore npuBeseHbl IPUMEPHI TPEXMEPHBIX MOjeJIeil
TPEX 37aHuil, BOCCTAHOBJEHHBIX 1O pacTpaMm obJacTell KJIacCOB CTE€H W KpbIl. B
pesysbraTe hOPMHUPYETCs MPOJIYKT, MPUTOTHBIN I JTajbHEeAIefi MarmuHHoi nin
PYYHOI 00pabOTKMU.

Pabora BrimostaeHa mpu moaaepkke MuHICTEpCTBa HAYKH U BBICIIIETO 00pa3oBa-
nus PO (yuukanbublii upenrudukarop npoekra RFMEFI60719X0312).

[1] I'sosdes O.I., Kosy6 B. A., Kowenesa H. B., Mypvwnun A. 5., Puzmep A. A. ITocTpo-
€HHue TPeXMEepHBbIX Nloﬂeﬂeﬁ PUrnIHbIxX O6’beKTOB 110 CIIyTHUKOBBIM I/I306pa}KeHI/I${M BbI-

COKOTO TIPOCTPAHCTBEHHOTO Pa3peNIeHus ¢ UCIOIb30BAHUEM CBEPTOYHBIX HEHPOHHBIX
cereit // Ussectuss PAH. @usuka armocdepst n okeana, 2020. T.56. Ne12.
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Reconstruction of a 3D model of infrastructure objects based on
the usage of neural network methods for processing satellite
images

Natalia Kosheleva'?? antipova@phystech.edu
Oleg Gvozdev'? gvozdev@miigaik.ru
Vladimir Kozub' postbox-kozub@yandex.ru
Aleksander Murynin'? amurynin@bk.ru
Andrey Richter' urfin17@yandex.ru

"Moscow, AEROCOSMOS Research Institute for Aerospace Monitoring

2Moscow, Federal Research Center “Computer Science and Control” of the Russian
Academy of Sciences

3Moscow, State University of Geodesy and Cartography

The problem of reconstructing a three-dimensional model of infrastructure objects
from one satellite image without using metadata is considered. The proposed method
consists in sequential image processing: identification and classification of the eco-
nomic infrastructure objects and the actual restoration of the objects’ models. Ob-
ject models are reconstructed from raster areas of the image obtained as a result
of local analysis based on regression analysis, the method of equivalent figures, lin-
earization and polarization of the contour. Integral analysis is aimed at localizing
objects, while local analysis is aimed at extracting data necessary to determine the
geometry of an object and interpret it.

The work considers four classes of areas: roofs, walls, rails, support pillars. The
object model consists of the contours of the object roof, roofs of its extensions
and superstructures, orthogonal segments of heights and elevations (if there are
walls). The paper provides examples of three-dimensional models of three buildings,
reconstructed from raster areas of class walls and roofs. As a result, a product is
formed, suitable for further machine or manual processing.

This work was supported by the Ministry of Science and Higher Education of
the Russian Federation (unique project identifier REMEFI60719X0312).

[1] Guozdev O. G., Kozub V. A., Kosheleva N. V., Murynin A. B, Richter A. A. Construc-
tion of Three-Dimensional Models of Rigid Objects from Satellite Images of High Spa-
tial Resolution Using Convolutional Neural Networks // Izvestiya, Atmospheric and
Oceanic Physics, 2020. Vol. 56. No 12.
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CoBmMecTHas oueHKka KapTbl paccenBaHus n atmocdepHoi
ocBeweHHOCTn C ncnosib3oBaHmnem BepOﬂTHOCTHOFI
ramma—Hopmaanoﬁ Mogenn Ana 3agaqdm yCctpaHeHust TymMmaHa Ha
n3obpa>keHun

Duaun Andpeti Heopesun' « andrewifilin@gmail.com
TI'pavesa Hnecca Anexcardposnal
Konwirose Andpeti Banrepuesuy' andkopylov@gmail.com

gial509@mail.ru

1TyJIa, Tynbckuit rocy1apCTBEHHBIH YHUBEPCUTET

Pacmpocrpanennoit mpobJiemoit B cucTeMax TEXHUYIECKOTO 3PEHusi, pabOTAIONTIX
B [IIUPOKOM JIMAIIa30He ITOTO/IHBIX YCJIOBUI 1 OCBEIIEHUS SIBJISIETCSI ODIIee yXy/IIIeHe
BUIMMOCTH OO'bEKTOB CIIEHBI. Y IajIeHIe TYMAaHA U MEJIKOIUCIEPCHON BTN SBJISIeTCS
AKTyaJbHOM 3a/1adeil TEXHUIECKOTO 3PEHNs], IIOCKOIbKY, BO-IIEPBBIX, JTaHHAs 3aa1a
UTPAET 3HAYUTEIHHYIO POJIb B CUCTEMAX YJIYUIIEHHOTO 3PEHUS, & BO-BTOPBIX, B 00JIb-
IIUHCTBE aJrOPUTMOB aHAJIIN3a U300PaKeHMl, HE3aBUCUMO OT TOI'O BBIIOIHSIIOT JIH
oHU 00pabOTKY, OOHApYyKEHNE WM PACIO3HaBaHNE OOBEKTOB, HA BXOJ TPAIUITHOH-
HO IIOCTYIIAIOT 3HAYEHNs MHTEHCUBHOCTH ITUKCesell n300parkenns. VcKaykeHHOe Win
CJIADOKOHTPACTHOE BXOHOE M300parKeHre HAIPSIMYIO BJIUSET HA TOYHOCTD U b deK-
THUBHOCTH AJITOPUTMOB 00pabOTKHU 1 aHaan3a. BBy BaykKHOCTH 9TOH ITPOOIEMBI /11
CUCTEM TEXHUYIECKOTO 3PEHNs], HHTEPEC K Hell He ocabeBaeT, HeCMOTPS Ha ITOSBJICHIE
B IIOCJIEIHEE BPEMs JTOCTATOTHO OOJIBINOrO KOJMIecTBa 3D HEKTUBHBIX METOIOB. B
TO 2Ke BpeMsi PacTyIuil pasMep obpabaTbiBaeMbIX N300PaKeHMl U epexo/r OT CTa-
TUYECKOI0 aHajm3a n300pazkKeHuii K 00paboTKe BHUJIEO MPEIbIABJISIOT OBBIIECHHBIE
TpeDOBaHNS K BBIYUCIUTEHHON CJI0KHOCTH AJITOPUTMOB.

B mammoit pabote mpetaraeTcss HOBBIM BBLITHCIUTEIHHO d(MMEKTUBHBI METO,
yIaJeHus TyMaHa Ha n300pakKeHn, OCHOBAHHBIN HA COBMECTHOII OIleHKe KapThl Pac-
cenmBaHUs U aTMOC(EPHON OCBEIEHHOCTH, C UCIIO/Ib30BAHIEM BEPOSITHOCTHON raMMar-
HOpMaJIbHO# Mojiesn [1].

VeroitunBast oneHKa aTMOC(HEPHOI OCBEIIEHHOCTH ABJISIETCST OTHON M3 OCHOBHBIX
CJOXKHOCTEl B paccMaTpUBaeMOi 3a/iade, BOZHUKAIONICH HPpU HAJWYAU JIOKAJIU30-
BaHHBIX UCTOYHUKOB cBera (dapbl MaiuH, J0poxHble Gonapu). [Ipucyrcrsue Jo-
KaJIN30BAHHBIX UCTOYHUKOB CBETa YACTO HAPYIIAET allpUOPHbBIE JIOIMYINEeHUs, 00bIY-
HO IPUHUMAEMBbIe JJIsi OIEHKU aTMOC(EpPHOI0 CBeTa, 4TO MPUBOJIUT K I[IEPEIKCIIO-
HUPOBAHUIO yYACTKOB W IOTEpe JeTajiell Ha Pe3yJbTupyomeM n3obpaxkernn. s
BbIZIeJIEHUsT aTMOCGhEPHOTO cBeTa OBbLI Pa3padOTaH YHUBEPCAJIbHBIA METO Ha OCHO-
Be OJIHOKJIACCOBON KJtacCUDUKAIII. DTOT METOJ] MO3BOJISET CO3/aTh MACKY, CKOP-
PEKTUPOBAHHYIO METO/IAMHU MOPMOJIOIHYeCKOil (DUIBTPAIUHN, U UCKJIIOYNTH 00JIACTH,
COOTBETCTBYIOIIUE JIOKAJTM30BAHHBIM HMCTOYHUKAM, M3 OIEHKH aTMOCHEPHOrO CBe-
ta. OCHOBHBIM HEJIOCTATKOM 3TOIO METOA SIBJISIETCS HE3ABUCHMAsi KJIACCU(DUKAIIMS
KaKJIOTO 3JIEMEHTA M300parKeHNs U MOCTPOeHNEe OMHAPHOI MACKU, He TO3BOJISIONICH
YUI€eCcTb OPeoJIbl BOKPYT MCTOYHUKOB CBeTa. B JanHoil padbore mpejiaraeTcs yCoBep-
IIIEHCTBOBAHHAS BEPCUsI YHUBEPCAJIHHOIO METO/Ia BBIJEJIEHIST aTMOC(EPHOIO CBETA.
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CreneHb IPUHAIJIEXKHOCTU ITUKCE/Isd K JIOKAJIU30BAHHOMY MCTOYHUKY CBETa OIpele-
JISIETCS PACCTOSTHUEM OT IIBETa IMUKCEJIs JI0 TIeHTPa rutepcdepbl, TOCTPOSHHOM B TIPO-
1ecce 00ydeHus B THILOEPTOBOM IIPOCTPAHCTBE. B3anMHOe coriiacoBaHme JOKAJTbHBIX
PeIleHniT TIpeIaraeTcs BBIIOJHATE ¢ MOMOIIBIO MPOIELYPhl (DUIBTPAIUN CO CBOIi-
CTBAMHU TIEPEHOCA CTPYKTYPBI, OCHOBAHHON Ha BEPOATHOCTHON TraMMa-HOPMAaIbHOMN
Mozenn. Pe3ymbTaToM mpeiIosKeHHO M MpoIie 1y phl OYIeT COrIacOBaHHAasT BEPOSITHOCT-
Hasl ONEHKa MMPUHAIEIKHOCTH IJIEMEHTOB M300PAXKEHNS K UCTOTHUKAM CBETA.

ITockombKy oIeHKa KapThl PACCEUBAHUST M aTMOC(EPHOTO OCBelIeHusT (paKTIHIe-
CKU BBITOJIHSIETCS. HA OCHOBE OJIHOM U TOW 2Ke MPOIEYPbl, & UCXOJHOE N300pakeHne
UCITOJIB3YETCS B KAYECTBE HOCUTEJIsT HH(MOPMAIMHE O CTPYKTYPE JAHHBIX, ITH ITAIIbI
MOYKHO OOBLEINHUTD, OIEHUB BEPOATHOCTHBIE OTHOIICHUS MEXKIY IJIeMEHTAMU JaH-
HBIX TOJILKO OJIMH pa3. B codeTannu ¢ MUHEHHON BHITUCIUTETHHON CJI0KHOCTHIO TTPO-
T1e/Iy PhI OTIEHKU CKPBITOI0 KOMIIOHEHTa B FraMMa-HOPMAJILHO MOJIE/IN TT0 OTHOIIEHUTO
K KOJIMYECTBY MHUKCEJEeH M300ParKeHUsT 3TO MO3BOJISIET IMIOCTPOUTH HOBBIN aJTrOPUTM
yIajaeHus TyMaHa Ha N300PayKeHUHN ¢ BBICOKOW CKOPOCTHIO BBHIYUC/ICHIUI.

g mpoBeeHnst SKCIEePUMEHTAILHOTO MNCCIEIOBAHNST pa3pabOTAHHOIO METOIA
yAaJleHnsa TyMaHa Ha n300parkKeHun OBLIN UCIOIH30BAHBI TPU TPYIIILI 06a3 TaHHBIX:
0a3bl JJAHHBIX C €CTECCTBEHHBIM TYMAHOM, 03Bl JIAHHBIX C UCKYCCTBEHHBIM TYMAHOM
1 6a3bl JAHHBIX C JIOMOJTHUTETHLHBIME JIOKAJTU30BAHHBIMUA UCTOYHUKAMU OCBEIEHUSI.
PesynbraTer 06pabokTh 3THX 623 TaHHBIX TPEIIaraeMbIM METOIOM OBbLIH CPABHEHBI
C APYTUMU U3BECTHBIMU METOJAMU yIAJICHUsS TyMaHa Ha M300ParKeHUN 110 KaIeCTBY
obpabokTu, ¢ ucnojb3oBannem merpuk PSNR, SSIM, aBromaTnvaeckoil OeHKHU Ka-
gyectBa n3obpakenuii (Neural Image Assessment, NIMA), u no Bpemenu paborbl
AJTOPUTMOB. Pe3yIbTaThbl 9KCIEePUMEHTOB TOKA3BIBAIOT, UTO IIPeIaraeMbIil MeTO/T
UMEET COIMOCTABUMbBIE PE3YJIbTATHI KAUeCTBA U MEHbLIICe BPEMs BBIUUC/ICHUM, UeM
JPYTHE METOJBI yIAJIEHUs TYMaHA.

Pabora nmogmep:xana rpartavu PODIT Ne 18-07-00942, Ne20-07-00441.

[1] Filin A. 1., GrachevaI. A., Kopylov A. V. Haze removal method based on joint
transmission map estimation and atmospheric-light extraction // ACM International

Conference Proceedings Series, 2020.
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Combined transmission map estimation and atmospheric-light
extraction using the probabilistic gamma-normal model for haze
removal problem

Andrei Filin'x andrewifilin@gmail.com
Inessa Gracheva' gial509@mail.ru
Andrei Kopylov' andkopylov@gmail.com

!Tula, Tula State University

A common problem in outdoor technical vision systems worked in a wide range of
weather and lighting conditions is a general visibility degradation of objects on scene.
Haze and fine dust removal is an actual task in technical vision systems, since, firstly,
this task plays a significant role in improved vision systems, and secondly, most
image analysis algorithms, regardless of whether they perform processing, detection
or object recognition traditionally use values of pixels intensity on input image. A
distorted or low-contrast input image directly affects the accuracy and efficiency of
image processing and analysis algorithms. In view of the importance of this problem
for technical vision systems, interest in it does not wane, despite the appearance of a
fairly large number of effective methods recently. At the same time, the growing size
of processed images and the transition from static image analysis to video processing
place high demands on the computational complexity of algorithms.

In this paper, a new computationally efficient method of image haze removal
based on a joint transmission map estimation and atmospheric light extraction using
a probabilistic gamma-normal model is proposed [1].

Stable estimation of atmospheric light is one of the main difficulties in the prob-
lem under consideration, which arises in presence of localized light sources (car head-
lights, lanterns). Presence of localized light sources often violates a priori assump-
tions commonly made for atmospheric light estimation that allows to overexposure
of areas and loss of detail in resulting image. The universal method of atmospheric
light extraction has been developed and based on the one-class classification. This
method creates a mask, corrected by morphological filtering methods, exclude ar-
eas corresponding to localized sources from atmospheric light estimation. The main
disadvantage of this method is independent classification of each image element and
construction of binary mask, which take account of halos around light sources. This
paper proposes the improved version of the universal method for atmospheric light
extraction. Belonging degree of pixel to localized light source is determined by dis-
tance from pixel color to center of hypersphere, built in training process in Hilbert
space. Mutual adjustment of local solutions is proposed to be performed using the
filtering procedure with structure-transferring properties based on the probabilistic
gamma-normal model. Similarly, you can find the transmission map estimation. Re-
sult of the proposed procedure will be an agreed probabilistic assessment of image
elements belonging to light sources.
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Since the transmission map and atmospheric light are actually evaluated using
the same procedure, and original image is used as a carrier of information about
the objects structure, these steps can be combined by evaluating the probabilistic
relationships between data items only once. This procedure in combination with
the linear computational complexity of the procedure for estimating the latent com-
ponent in the gamma-normal model in relation to number of image pixels allows
constructing a new algorithm for image haze removal with a high computational
speed.

Three groups of databases were used to conduct the experimental research of
the proposed image haze removal method: databases with natural haze, databases
with artificial haze and databases with additional localized light sources. Process-
ing results of these databases by the proposed method were compared with other
well-known image haze removal methods in processing quality, using PSNR, SSIM
metrics, automatic image quality assessment (Neural Image Assessment, NIMA),
and computation time of algorithms. Experimental results show that the proposed
method has comparable quality results and less computation time than other haze
removal methods.

This research is funded by RFBR, grant 18-07-00942 and grant 20-07-00441.

[1] Filin A. 1., Gracheva I. A., Kopylov A. V. Haze removal method based on joint trans-
mission map estimation and atmospheric-light extraction // ACM International Con-

ference Proceedings Series, 2020.
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Bo3MOXHOCTY McCnonb30BaHUs AepeBbeB pelueHuin B 3agade
aTpubyumnn nydnuumctudeckux tekctos XIX Beka
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erposasozck, IleTpo3aBoacKuil TOCYIAPCTBEHHBIH YHIBEPCHTET
2Canxt-Ilerep6ypr, Hanmonamsuerit nccaenosarensckuii yansepcurer TTMO

B crarbe paccmarpuBaercss MaTeMaTHdecKas W IPOrpaMMHasl ITOJJIEPYKKa 3a-
Jlaan arpubyimn (yCTaHOBJIEHNSI aBTOPCTBA) aHOHMMHBIX TekcToB [1]. Mccienosa-
HIE MIPOBOJIMJIOCH HA IIyOJIUITUCTUIECKUX cTaTsX XIX Beka u3 KypHAJIOB «Bpems»
(1861-1863), «Dmoxa» (1864-1865) u exenepenpuuka «['paxknannms (1873-1874).
Ussecrro, uro ®. M. Jocroesckuit (BMecre co ceoum 6parom M. M. JTocroeBckum)
PEIAKTUPOBAJ W BO3IVIABJISI 9TU KYPHAJIBI, IOITOMY YrKe JIABHO BEJYTCs HCCIIe-
JIOBaHUS Ha IPeJIMeT IMPUHAJJIEKHOCTH ero Iepy JaHHBIX [IPOou3BejieHnii. Bosbinoe
KOJIMYECTBO ITUX CTATEl OILyOJMKOBAHO AHOHUMHO, T. €. Jinbo 6e3 mojmucu, o
II0/T TICEBIOHMMAMU. BIpodemMm, 3TO OTHOCHTCS U K CTAThsIM, KOTOPBIE UCCJIEI0BATE-
Jm mpaBHO upunuckiBasu JlocroeBckoMy, Gojiee MM MeHee OCHOBBIBAACH HA, JOKY-
MEHTAJIbHBIX JIAHHBIX. TeKCT M3y4YaloT Ha Pa3HBIX YPOBHAX: IYHKTYAI[MOHHOM, Op-
dorpaduaeckoM, CHHTAKCUIECKOM, JIEKCUKO-(DPA3e0JIOrMIeCKOM U CTUJIUCTHIECKOM
(oTMeTHM, UTO HOJ «aBTOPCKUM CTUJIEM» OOBIYHO MOHUMAIOT IIOC/IEHAE TPU yPOB-
us). Vcejenosanue MpoBOAMIIOCH ¢ MOMOIIBIO nHbOpMauonHoii cucrembl «Cmannrs
(«Crarucruyeckue MeTOJbI aHAJIN3A JIUTEPATYDPHBIX TEKCTOB» ), paspabOTaHHO! B
[TeTpo3aBoCKOM TOCYIApCTBEHHOM yHUBepcuTeTe [2].

B nHacrosiiee Bpemsi 1151 pellieHust 3a/1a9u aTpUOYIUKU UCIIOIB3YI0T METO/IbI Ma-
IIUHHOIO OOyueHusi. B cTarhe OCHOBHOE BHUMAHWE VJIEJIEHO IIOUCKY IPU3HAKOB aT-
pubyIUU ¢ UCIOJIB30BAHUEM TEXHOJIOTHI «I€PEBbsI PEIIEHU» U «CJIyJIalHbIN JIecs.
Kak wu3zBecTHO, OHUM U3 JOCTOMHCTB JAHHBIX TEXHOJIOIUI SIBJIAETCS XOPOIIAs MH-
TepIIpeTaIys MOy YeHHBIX PE3YIbTATOB, YTO SBJISETCHA KJIIOUYEBBIM IIPU UX IIPU3HA-
HUU clienuajmcTaMu B obsractu dusosiorun. Beur uccienoBan MeTos, OCHOBAHHBIM
Ha JiepeBe pellleHuii, Jijisi Kjaaccuduranuu crareil Ha asa kiacca: «@. M. Jlocroes-
cKuit» u «apyrues. B KadecTBe IPU3HAKOB OBLIN B3SThI CTATUCTUKHU N-IPAMM JaCTeil
peun (II0CIEJ0BATEILHOCTEN U3 N 3aKOAMPOBAHHLIX yacTeil peun). g onpemese-
HUsI 9ACTOTHBIX XaPAKTEPUCTUK TEKCTOB MPUMEHSJIACh NH(MOPMAIMOHHAS CUCTEMA
CMAUJIT, a st oCTpOEHUSI JIEPEBbEB PEIlleHni UCII0JIb30Bajiach cpea Python 3.6.
Vcnob3ys JIMIb OJIHY II0CIE0BATEIbHOCTD, YAAJI0Ch JIOCTHYb pesyabrara 89% Tou-
HocTH Kjaccuduramnun TeKCToB. C MOMOIIBIO MOy YeHHBIX PE3Y/IbTATOB OBLIO IIPO-
aHAJN3UPOBAHO BJINsIHUE BHIOODA TUIyOWHBI JIepEBa, JINHBI N-TPAMMbI, PA3MeEPa TEK-
CTa U OCTAJbHBIX [TAPAMETPOB HA KOHEYHYIO TOYHOCTDH ajiroputMa. Kpome toro, ObI-
JIM BBIABJIEHBI Hanbosiee nH(MOPMATHBHBIE YACTH PEYN U UX KOMOMHAIINN /Il JTAHHO
3aJ1a90.
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®. M. JlocTroeBcKuit XOpPOIIO MOHUMAJ BaYKHOCTH BIWAHUS CUILHBIX TO3UITHI
TEKCTa Ha YUTATEJIHA, TIO3TOMY MOT YJIeJsATh OOJIbIlle BHUMAHNUS BHECEHUIO IIPABOK B
HavaJbHbIE U B KOHEYHbIE aD3allbl TEKCTOB 4y2KuX crareil. [fosToMy periasi BOpocsl,
CBsI3aHHbBIE C ATPHUOyIMel TEKCTOB B XKypHajax «Bpemsy» m «Jmoxar, B KadecTBe
OJIHOH M3 3aJav BBIJEJICH CICIUAIbHBIN aHAJIN3 JAHHBIX JIEMEHTOB TEKCTa. DbLra
paccmoTpena coBokynHocThb crareit @. M. JTocroesckoro u apyrux asropos (M. M.
Hocroesckuit, H. H. Crpaxos, A. A. TosioBaues, 1. H. [lluns, A. I'puropnes, A.
V. THopenkwuit, f. II. TlosoHcKuit), OmyGJMKOBAHHBIX B 9TUX JKyPHAJIaX B IIEPUOJ
1861-1865 rr. B Tekcrax 6bLIM BblaeseHbl dpparmedTsl pasmepom 500, 700 u 1000
cioB. Ilpu aToMm jytst yBemvaeHnst 00 beMa BEIOOPKU MCIIOJIb30BAJICS TIIAr It OTCIeTa
nagana ciaemyiomero dparmenta: 100, 200 ciaoB u 1. 1. Ha ocmnoBe wacrepednoro
pacnpenesienns GpparMeHTOB TEKCTOB ObLIN MTOCTPOEHBI JePEBbsl PEIIeHM, B y3/1ax
KOTOPBIX HAXOJATCH yCJIOBUsSI BETBJIEHHUS, OCHOBAHHBIE HA YaCTOTE BCTPEYAEMOCTH
TON WJIM WHON N-TpaMMbl. AHAJIN3 CUJIBHBIX O3UIUN JAHHBIX TEKCTOB C ITOMOIIBIO
JIEPEBBEB PEIIEHUIl MMOKA3BIBAET BO3MOXKHOCTH CTHJIMCTHYECKON IPABKHU, KOTOPYIO
saocu @. M. JlocroeBckuii B TEKCTHI M3HAYAIBHBIX aBTOPOB.

JIekcuueckuii ClIeKTp ABJISIETCS 3HAYUMON XapaKTEPUCTUKON JJIs PENIEHUS 3a/1a-
1 OTIPEIEIEHNsT aBTOPCTBA TEKCTOB (HAIPUMED, ero uenosb3osal I. Xerco npu uc-
caienoarnu rekeros . M. Tocroesckoro). OJHAKO IPUMEHEHNUE JI€PEBhEB PEIeHIH
TpedyeT MpeICTaBIeHUs] CIIEKTPa B BUJIE OHOIO YUC/Ia, KOTOPOe aJIeKBATHO OTparKa-
JIo OBI €ro CTPYKTYpy. Bblaa paccMoTpeHa ammpoKCUMaIis JeKCUIeCKIX CIIEKTPOB
(Ha ypoBHE cJI0Bapsl U Ha yPOBHE TEKCTa) TUIEPOOTMIECKUMUI U YKCIIOHEHI[UAIbHBIMI
KPUBBIMH, B Pe3yJIbTaTe Yero IMOJIydaloTCs JBE XapaKTEePUCTUKHU JJIsd KaXKJI0f KpH-
Boit. Ha marepuasie crareil u3 g0peBOJIIOIMOHHONO KypHaa «Bpewms» (1861-1863)
[TOKA3aHO, 9TO KO3(DPUIMEHTHI THIIEPOOJINIECKON PErPecCu alipoOKCUMUPYIOT JTaH-
HBIE TOPA3I0 JIydIle, YeM KO(hDUIMEeHThI IKCIOHEHITnAIBHON KpuBoii. [locrpoenune
CHEKTPOB OCYIIECTBIIAIOCH ¢ MTOMOIIBI0 nHbopMarmonuoit cucremb CMAJIT.

IIpu pemenun 3amadu aTpubyInu TEKCTOB BO3HUKAET TPOO/EMa OIpE/Ie/IeHUS
ABTOPCKOI'0 CTUJIS IHCATEJIs, KOTOPBI CO3/1aJl MEHbIIee KOJIMIeCTBO TEKCTOB (Kak
KOJIMYECTBEHHO, TaK U 10 O0IeMy 00beMy CJIOB) B CDABHEHHH C JIDYTUMU aBTOPa-
MU U3 9UC/Ia AHAJIU3UPYEMBIX. BB pacCMOTPEHBI BO3MOXKHBIE BADUAHTHI PEICHUS
9TO¥ TPOOJIEMBI Ha ITpUMepe olpejiesienuns ctuiist Amosutona ['puropnesa. B kadecTse
METO/Ia TTIOCTPOEHUST aHcaMOJIsI KIacCu(PUKATOPOB B pabOTe MCIOIB30BAJICT OITTUHT
(bootsrtap aggregating). B pesysbrare pacueToB BBISICHHIOCH, UTO OTHOCUTEJIbHAST
qacTOTa OUIPAMMBI «9aCTUIA-TIPUIAraTebHOe» 60sbIe 6,5 IBJISIETCS OTIMIUTE b
HO#1 0COOEHHOCTBIO MO UITICTHYeCKOTO cTuiist Atnojtora ['puropbesa. Takzke 66110
nposejieHo uccaenoBanue crarbi «Cruxorsoperus A. C. XoMsaKoBay, KOTOPOe MO/~
TBEPKIAET PaHee C/IeJTAHHBII BBIBOM, O TOM, YTO HET OCHOBAHUII CINTATDH €€ IPUHAJI-
sexkareii Anojutony I'puropbesy.

ITpumeHeHne IPYrUX METOJ0B MAIIMHHOTO 00yUYeHnst (DEeKypPPEeHTHBIE CEeTH U Ta-
paJLIeJIbHBIE PEKYPPETHBIE CETH ) MOKAZAIN PE3Y/IbTAThI, CDABHUMBIE C JICPEBbAMU Pe-
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mennit. YdekTuBHEe OKa3aIach MOJIEIb TpancdopMepa, OJHAKO OHa TpedyeT 60Jib-

IIIOTO 00beMa JTAHHDBIX JJIsI 00y IeHUS.
Pabora nopueprkana rpanrom PO Ne 18-012-90026.

[1] A6pamos P. B. Tlpumenenue nepesa pertennii jyuisi arpubynuu rtexcros // ITporeccs
yupasjenus u ycroiunsocts, 2020. T. 7. Nel. C. 183-187.

[2] Kyaaxos K. A., Poeos A. A., Mockun H. /[. TlporpaMMuas IOAep:KKa B PEMICHUN 3a-
nagu arpubynun rekcros // Ilporpammuas nmxenepus, 2019. T.10. Ne5. C. 234-240.
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Possibilities of using decision trees in the problem of attribution of
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The article discusses the mathematical and software support for the problem of
attribution (establishing authorship) of anonymous texts [1]. The research was car-
ried out on publicistic articles of the 19th century from the magazines «Times (1861-
1863), «Epoch> (1864-1865) and the weekly «Citizen> (1873-1874). It is known
that F. M. Dostoevsky (together with his brother M. M. Dostoevsky) edited and
headed these magazines, so research has long been conducted on the subject of be-
longing to his pen of these works. A large number of these articles were published
anonymously, i.e. either without a signature or under pseudonyms. However, it also
applies to articles that researchers have long attributed to Dostoevsky, more or less
based on documentary data. The text is studied at different levels: punctuation,
orthographic, syntactic, lexical-phraseological and stylistic (note that the last three
levels are usually understood as <author’s styles). The research was carried out
using the information system <«Smalts> («Statistical Methods for the Analysis of
Literary Texts>), developed at the Petrozavodsk State University [2].

Currently, machine learning methods are used to solve the attribution prob-
lem. The article focuses on the search for attribution features using the <decision
trees> and <random forest> technologies. It is known that one of the advantages of
this technologies is a good interpretation of the obtained results, that is key for their
acceptance by philologists. A method based on a decision tree was investigated for
classifying articles into two classes: <F. M. Dostoevsky> and <others>. Statistics
of n-grams of parts of speech (sequences of n encoded parts of speech) were taken
as features. The SMALT information system was used to determine the frequency
characteristics of texts, and the Python 3.6 environment was used to build decision
trees. Using only one sequence, it was possible to achieve the result of 89% accuracy
of text classification. Using the obtained results, the influence of the choice of tree
depth, n-gram length, text size and other parameters on the final accuracy of the
algorithm was analyzed. In addition, the most informative parts of speech and their
combinations for this task were identified.

F. M. Dostoevsky well understood the importance of the influence of strong
positions of the text on the reader, so he could pay more attention to making cor-
rections in the initial and final paragraphs of the texts of other people’s articles.
Therefore, when solving issues related to the text attribution in the <Times and
<Epoch> magazines, a special analysis of these text elements is highlighted as one
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of the tasks. The authors reviewed a set of articles by F. M. Dostoevsky and other
authors (M. M. Dostoevsky, N. N. Strakhov, A. A. Golovachev, I. N. Shill, A. Grig-
oriev, A. U. Poretsky, Ya. P. Polonsky) published in these journals in the period
1861-1865. Fragments of 500, 700 and 1000 words were highlighted in the texts. At
the same time to increase the sample size a step was used to count the beginning of
the next fragment: 100, 200 words, etc. On the basis of the part-of-speech distri-
bution of text fragments decision trees were built, at the nodes of which there are
branching conditions based on the frequency of occurrence of a particular n-gram.
The analysis of the strong positions of these texts using decision trees shows the
possibility of stylistic corrections made by F. M. Dostoevsky into the texts of the
original authors.

The lexical spectrum is a significant characteristic for solving the problem of
determining the authorship of texts (for example, it was used by G. Kjetsaa in the
study of texts by F. M. Dostoevsky). However, the application of decision trees
requires representing the spectrum as a single number that would adequately reflect
its structure. The approximation of lexical spectrum (at the dictionary level and at
the text level) by hyperbolic and exponential curves was considered, as a result of
which two characteristics are obtained for each curve. Based on the articles from the
pre-revolutionary journal <Time> (1861-1863), it is shown that the coefficients of
hyperbolic regression approximate the data much better than the coefficients of the
exponential curve. The spectrums were constructed using the SMALT information
system.

When solving the attribution problem, the question of determining the author’s
style of a writer who created a smaller number of texts (both quantitatively and in
terms of the total number of words) in comparison with other analyzed authors arises.
We consider possible solutions to this problem by the example of determining the
style of Apollon Grigoriev. As a method for constructing an ensemble of classifiers
we use Bagging (Bootstrap aggregating). As a result of calculations we can assume
that the relative frequency of the <particle-adjective> bigram more than 6.5 is a
distinctive feature of the journalistic style of Apollon Grigoriev. There also was a
study of the article «Poems by A. S. Khomyakovs, which confirms the previously
conclusion that there is no reason to consider it as belonging to Apollon Grigoriev.

Application of other machine learning methods (recurrent networks and parallel
recurrent networks) has shown results comparable to decision trees. The transformer
model turned out to be more effective, but it requires a large amount of data for
training.

This research is funded by RFBR, grant 18-012-90026.

[1] Abramov R. V. Decision tree application for text attribution // Control Processes and

Stability, 2020. Vol.7. No 1. Pp. 183-187.

[2] Kulakov K., Rogov A., Moskin N. Software support in solving the problem of text at-

tribution // Software engineering, 2019. Vol. 10. No5. Pp. 234-240.
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3a mocienHue JecaTUIeTHs ObLIO TPEIJIOXKEHO HECKOJIbKO (PEKTUBHBIX Me-
TOZOB ydeTa OrpaHWYCHWII B OOJIACTH IBOJIOIUOHHBIX BBIUUCICHUI, U METOH &-
OTPAHUYEHUIl CINTACTCA COBPEMEHHBIM METOIOM KaK IS OIHOKPUTEPUAIHHON, TaK
U [Tl MHOTOKPUTepUaIbHOM onTuMu3anuu. Tem He MeHee, ObLIO IPEIIPUHATO MAJIO
IIOIBITOK YJYYHINTDH 3TOT METO/[ B IPDUMEHEHUUN K aJITOPUTMY IZLI/I(I)(I)epeHL[I/Ia.HbHOI‘/JI
sposironiuu. B 9T0ii pabore [1] npemmaraeTcsi HECKOJIBKO HOBBIX METOJIOB ydeTa orpa-
HUYEHUN, IJle YPOBHU £ yCTAHABJUBAIOTCS I KAXKJOIO OTPAHUYEHUSI, TIPU ITOM
KOMOUHAINMS TPUTOIHOCTH U HAPYIIEHUs] OIPAHUYIEHUIN HMCIIOIB3YeTCs NI OIpPeIe-
JIEHUsI HEJIOIYCTUMBIX perrenunii. [Ipesjioykennbie momaxoabl JeMOHCTPUPYIOT Kate-
CTBO PabOTHI, IPEBOCXOJIAINEE TAKOBOE B CDABHEHUH C JPYTUMHU ITOJIXOJAMI B CMbIC-
Jie JIOJIA JIOIYCTUMBIX PEIIeHUil B MHONOMEPHBIX IIPOCTPAHCTBAaX IIOMCKA, a TaK¥Ke
B CMBICJIE€ CXOAUMOCTH K IJIO0AJBHOMY OINTHUMYMY. DKCIEPUMEHTHI IPOBEJIEHBI C UC-
[I0JIb30BaHEM TeCTOBbIX (yHKInit KoHrpecca mo DBOIIOMUOHHBIM Bbrauciennsm
2017 (Congress on Evolutionary Computation, CEC), a rakke nabopa 3aja4 pac-
[IpEe/IEJIEHUST HATPY3KU B SJIEKTPOCETHX.

Ha6op sanaua pacupenesernss Harpyskn (Economic Load Dispatch, ELD) 6bu1
M3HAYAJIBHO IPEJJIOYKEH B PAMKAX COPEBHOBAHMUSI 10 TECTUPOBAHUIO IBOJIFOIIUOHHBIX
AJITOPUTMOB J[JIsi PEaJIbHBIX 339 ONTHMHU3AInN B pamMkax KoHrpecca 1o DBOJIONN-
OHHBIM BBIYHCJIEHUsIM. B pamMKax COpDEBHOBAaHUs, TU 3aJa4YU OBLIU IIPEICTABICHBI
KaK 3a/a9u 0e3yCJIOBHON ONTUMU3AINK, B TO BPeMs KaK UX (POPMYJIUPOBKA COJEP-
JKaJia OT 2 10 7 orpaHuveHuil, KoTopble ObLIN 100aBIeHbl B (PYHKIINIO IPUTOJHOCTH
co crarudeckuMu Kodddurmentamu. B 3roit pabore 3TH 3a/a91 paccMaTPUBAJIUCH
KaK 3aJ[a91 YCJIOBHON ONTUMM3AINN, UX XaPAKTEePUCTUKU IIPeICTaB/eHbl B Tabure
1.

Heunbio 3agau pacupeesnenus aarpysku (ELD  6-ELD  140) 6puio MunrMusu-
pPOBATH 3aTPATHI TOIINBA HA F€HEPAIUIO SJIEKTPOIHEPIUN B TEUECHUH OIIPE/IEIEHHOTO
nepuozia paboThl, B IMHAMIYECKNX 3a1auax pacupeenenusi (DED 5 and DED _10)
[IeJIb COCTOsIJIa B MUHUMU3AINK 3aTPAT B T€UEHUN 24-9acOBOTO MEPHUOJA C U3MEHs-
OIUMUCS TPEOOBAHUSIMU TI0 MOIIHOCTH, a JJIs 3a/a9 FUIPOTEPMUIECKOTO ILIaHU-
posanug (HS 1 to HS 3), koropble Takzke OTHOCATCS K JMHAMUYECKUM 3a/1a49aM,
[IeJIb COCTOSAJIa B MUHMMHU3AIUN T'€HEPAINH SJIEKTPOIHEPIUH TEIJIOBBIMU SJIEKTPO-
crarmusaMu. Habop orpaHumdeHuil cojepskall OrpaHuYeHus 10 OaJlaHCy MOIHOCTH,
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Tabsma 1. CeoiicTBa 3329 pacrpejieieHnsi Harpy3Ku

Sagada [PazmeprocTsUuciio orpaHndeHuii
DED 5 120 4
DED 10| 216 4
ELD 6 6 4
ELD 13 13 2
ELD 15 15 4
ELD 40 40 2
ELD 140 140 4
HS 1 96 6
HS 2 96 7
HS 3 96 6

OFpaHI/IquI/IH FeHepaTOpOB, OFpaHI/I“IeHI/IH yrﬂa pal\IHbI, a TaK>Ke 30HbI SaHpeHleHHO—
ro (byHKIIMOHUPOBaHMS, T.€. 0COObIe HAOOPHI APAMETPOB, Ijle (DyHKIIMOHUPOBAHIE
3AIPEIIEHO B CUJLy OlPaHuIeHnit 00beKkTa (HaupuMep, HeCcTabuIbHOCTH KOMIIOHEHTOB
i Bubpanun) g 3aga1 ELD u DED, u ayia 3agaa HS orpanuvenus BKJoUa/mn
HeJIMHEHHbIE COOTHOIIEHNUsI, TAKIE KAK KaCKa [Hasl IIPUPOJLY THIPOCUCTEMBI, 33JI€PXK-
KU [EPEHOCA BOJbI, U BPEMEHHBIE CBSI3M MEXK/Iy MOCJIEIYIONNMI [IJIAHAMEI, TEM Ca-
MBIM YCJIOXKHSIsI 3a/[a4N.

DKCIIEPUMEHTBI 10 YIeTY UHINBUIYAJIbHBIX MITPadOB HE3ABUCUMO JIPYT OT JIPY-
ra B OTJINYHE OT UX KOMOWMHUPOBAHUS B OJIHO 3HAYCHUS [TOKA3AJIN, YTO TAKON MOIXOT,
MOKET CYIECTBEHHO YIIyUIINTh KadecTBO pabOThl. BoJsiee TOro, BayKHO, UTO TOJ-
JiepyKaHne HECKOJIbKUX yPOBHEH € He NPUBOJUT K CYIIECTBEHHOMY YBEJINYEHUIO BbI-
YUCJIUTE/IBHON CJIOXKHOCTU WJIM TPeOOBAHUSIM K IHAMSTH, €CJIU YUCI0 OrPDAHMIEeHUI
COXPAaHsSIeTCsI B IIpejiesiaX pasyMHOTO. 110/1Xo/ ¢ MCIOoJIb30BaHUeM JIJIMHBI BEKTOPA,
EC, noxox 1o KadectBy paborel Ha FCp, Tak Kak IpeacTaBsieT cOOOM Ipyroii
c1roco0 KOMOWHAITNN HECKOJLKIX OTPAHMICHMUIA.

PazpaboTka HOBBIX YHUBEPCAJIBLHBIX METOIOB yUeTa OrpaHUIeHU nMeeT 0coOyIo
BaKHOCTH HE TOJIHKO JIJIsi OOJIACTU IBOJIIOIUMOHHDBIX BBIMUCIICHUI, KaK JJIsT OJHOKDH-
TepUajbHBIX, TAK ¥ MHOTOKPUTEPUAJIBHBIX 33189, HO U JIJIs PeabHbBIX ITPUJIOKEHMI.
OTa paboTa He TOJIPKO IMPeJjaraeT HeCKOJbKO METOJIOB ydeTa £-OrPDAHUYeHuil, cpe-
mu Kotopeix ECrpp oxaspiBaeTcs caMbiM 3MD@EKTUBHBIM, HO TAaKXKe ITOKA3bIBAECT
HEKOTOPbIE BayKHbIE CBOWCTBA HBOJIIOIMOHHBIX AJTOPUTMOB B IMPUMEHEHUH K 3314~
YaM YCJIOBHON OITHMU3AINHN, BKJOYAs TOT (DAKT, 9TO CHOCOD pas3/eeHusl TOIy-
JIAIAN CYIIECTBEHHO BJIMSIET HA KadecTBO paboThl. PaspaboTaHHbIE TOIXO/bI MOI'YT
OBITH TPUMEHEHBI K JIE000# Jpyroit Moaudukanmu 1uddepeHuajIbHOl SBOIIONUN
WM SBOJIIOIMOHHOMY AJITOPUTMY, KOTODPBI CIIOCOOEH HMCIIOIB30BATH IPWHITUIL IIPe-
BOCXOJICTBA £-O0IYCTUMBIX DEITeHnil, 3aMeHsisi KJIACCUIECKYIO CEJIEKIINIO WA 3aMe-
IIeHNsI U BBOJIS JIeKCUKOrpaduaecKnii mopsiiok. JlaapHeiinne uccaeoBanmst B 9TOM
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HaIPABJICHUH MOTYT BKJIIOYATh, HO HE OTPAHUYIEHBI: aBTOMATHICCKUM MACIITAOU-
pOBaHUeM OTPAHMYEHUIT W MPUTOIHOCTEN I OMpeeseHns JeKCHKOrpadpuiIecKoro
[TOPSIJIKA, OIpeJIeJIeHIeM OIITUMAJIBHOIO 3HAYEHUsI CKOPOCTH CHUKEHUs WHJEeKca 6,
MOJJIEPYKAHUEM JIBYX YPOBHEH € JJIsT KaXKJ0r0 OTPAHUYCHUS-PABEHCTBA IIyTEM pPa3-
rpaHUYIeHIS MEXKIY HAPYIIECHUSIMI B KayKI0M HAIIPABICHUN U BKIIOYEHIEM METOIOB
EC B coBpeMeHHDbIE MHOTOKPHUTEPUATBLHBIE IBOJIOTNOHHDBIE aJTOPUTMEI.

Pabora 6nuta mogmepzkana MunncTepcTBOM HAyKN U BBICITIEro obpa3oBanus Poc-
cmiickoit PDesieparuu B pamMkax rocygapcrsennoro konrpakra Ne FEFE-2020-0013.

[1] Stanovov V., Akhmedova S., Semenkin E. Combined fitness—violation epsilon constraint
handling for differential evolution // Soft Computing, 2020. Vol. 24. Pp. 7063-7079.
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Over recent decades, several efficient constraint-handling methods have been pro-
posed in the area of evolutionary computation, and the & constraint method is con-
sidered as a state-of-the-art method for both single and multiobjective optimization.
Still, very few attempts have been made to improve this method when applied to
the differential evolution algorithm. This study [1] proposes several novel constraint-
handling methods following similar ideas, where the ¢ level is defined based on the
current violation in the population, individual ¢ levels are maintained for every con-
straint, and a combination of fitness and constraint violation is used for determining
infeasible solutions. The proposed approaches demonstrates superior performance
compared to other approaches in terms of the feasibility rate in high-dimensional
search spaces, as well as convergence to global optima. The experiments are per-
formed using the Congress on Evolutionary Computation (CEC) 2017 constrained
suite benchmark functions and a set of Economic Load Dispatch problems in power
grids.

The set of Economic Load Dispatch (ELD) problems was originally proposed
within the Congress on Evolutionary Computation Competition on Testing Evo-
lutionary Algorithms on Real World Optimization Problems. In the competition,
these problems were presented as bound constraint problems, while their formulation
contained from 2 to 7 constraints, which were included in fitness function with static
coefficients. In this study these problems are considered as constraint optimization
problems, having the properties described in Table 1.

The goal of static Economic Load Dispatch problems (ELD_6-ELD_140) was to
minimize the fuel cost for power generation for a specific period of operation, for Dy-
namic Economic Dispatch (DED_5 and DED_10) problems the goal was to minimize
cost during 24 hours of operation with varying power demands, and for Hydrother-
mal Scheduling problems (HS_1 to HS_3), which were also dynamic problems, the
goal was to minimize the power generation by thermal units. The set of constraints
includes power balance constraints, generator constraints, ramp rate limits and also
prohibited operating zones, i.e. specific certain parameter sets where the operation
is prohibited due to limitations of the units (for example, components instability or
vibrations) for ELD and DED, and for HS the constraints included nonlinear rela-
tionships, including the cascaded nature of the hydraulic system, water carry delays
and the time link between consecutive schedules, adding to the complexity of the
problems.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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Table 2. Properties of ELD problems

Problem [DimensionNumber of constraints
DED_5 120 4
DED_10 216 4
ELD_6 6 4
ELD_13 13 2
ELD_15 15 4
ELD_40 40 2
ELD_140, 140 4
HS_1 96 6
HS_2 96 7
HS_3 96 6

The experiments with handling individual penalties independently rather than
combining them into a single value have shown that such approach can significantly
improve the performance. Moreover, it is important that maintaining several € levels
does not introduce significant computational overheads in terms of computational
complexity or memory consumption, if the number of constraints is limited by a
reasonable value. The vector length approach, ECp, is similar in performance to
ECp, because it represents another way of combining several constraints.

The development of novel universal constraint handling techniques has major im-
portance not only for the area of evolutionary computation, for both single-objective
and multi-objective optimization, but also for real-world applications. This study
not only proposes several e-constraint methods, with ECjpy being the most effi-
cient, but also reveals important properties of evolutionary algorithms when applied
to constrained optimization problems, such as the fact that the population division
method significantly influences the performance. The developed approaches could
be applied to any other modification of differential evolution, or evolutionary algo-
rithms which is capable of utilizing the superiority of e-feasible solutions, replacing
the classical selection or replacement step, and introducing the novel lexicographic
ordering procedure. Further studies in this direction may include but are not limited
to: automatic scaling of constraints and fitness value to define lexicographic order-
ing, identifying the optimal # index decrease rate, maintaining two ¢ levels for each
equality constraint by distinguishing between violation in every direction, and in-
corporation of EC methods into modern Multi-Objective Evolutionary Algorithms.

This work was supported by the Ministry of Science and Higher Education of
the Russian Federation within limits of state contract No. FEFE-2020-0013.

[1] Stanovov V., Akhmedova S., Semenkin E. Combined fitness—violation epsilon constraint

handling for differential evolution // Soft Computing, 2020. Vol. 24. Pp. 7063-7079.
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OrneparuBHOE TJIAHUPOBAHWE MIPOM3BOJICTBA SABJISETCS YIPABICHUEM CHCTEMON
[OYTH B PEAJILHOM BPEMEHH, [IO9TOMY BPEMs, 3aTPATHBAEMOE HA BBHIUUCJIECHUS, TMe-
er Gosipinoe 3HadeHne. DHHEKTUBHOCTD TPUHATHS PEIIEHUN 3aBUCUT OT CKOPOCTH
BBIYUCJIEHU, & 3HAYUT M OT MHOI'MX (DAKTOPOB, TAKUX KaK BPEMEHHOW T'OPH30HT,
KOJIMYECTBO €JIMHUL 0DOPYIOBAHUSI, KOJIMIECTBO COTPY/IHUKOB, PAazHOOOpa3ue Tex-
HOJIOTUYIECKUX TPOIECCOB U Tak najiee. CyImecTByeT HECKOJIBKO CIOCODOB PEOJIo-
JIeTh TTpobJieMy KOMOMHATOPHOTO B3PbIBa, HAIPUMED, MCIIOJIb30BAHUE ITPOOIEMHO-
OPUEHTHUPOBAHHBIX 9BpucTHK. OHAKO ropas3/io 60Jsee NHTEPECHDIN MOIXOJ, - TPUMe-
HEHHE CYNECTBYIOINX aJrOPUTMOB IVI00AIHHON ONTUMA3AINT. 3a/1a9a COCTABICHIS
pACHHUCAHUs, a TaKyKe JPYIHe XOPOINO U3BECTHbIE KOMOMHATOPHBIE HMPOOJIEMBI, Ta-
Kue Kak 3ajada kommuposzkepa (TSP), moryT 6biTh chopMyIMpoBanbl Kak 3a1aua
coCTaBJIeHUs PACIIUCAHUS IIPOEKTa ¢ ycjioBueM orpanudenus ua pecypcesl (RCPSP).

ABTODBI IIPE/IATAIOT YIUTHIBATH BCE JETAJIN TPOU3BOICTBEHHOIO IIPOIIECCa, C TI0-
MOIIBI0O UMHUTAIIMOHHON MOJIEJIH, & TaKKe MCIOJb30BATh AJTOPUTMbI ONTHMU3AINN
JUIsl 33/1a9K BEPXHEI'O YPOBHSI, UTO IMO3BOJISIET ONTHMH3MPOBATL HEKOTOPbIE I1apa-
MeTpbl cucreMbl. [logobnast mepapxudeckas CTPYKTypa 3aJadi FapaHnTUpPyeT, 9To
BCE peIIeHns] B IPOCTPAHCTBE TIOMCKA B JIIOOOM CJIydae JIOMyCTUMBI, 1, B TO YK€ Bpe-
Msl, 3HAYUTEIBHO CHUYKAET Pa3MEPHOCTH MPOOJIEMBbl U KOJIMYECTBO OorpanudeHuii. B
9TOI CTATHE MBI PACCMATPHUBAEM 33/1a49y ILIAHUPOBAHUS, IPEOOPA30BAHHYIO B 3314~
1y MePapXUIecKOil ONTUMU3AIIH, COJIEPKAILYI0O KOMOMHATOPHYIO 3a/ady yIOPSsI0-
vyennst (TSP) u Bnoxenuyo RCPSP, koropas 6blia 3amenena Mozenbio. [Togobuast
MO UKAIIS TIO3BOJISIET YIPOCTUTH 3aJlady, 00JIerdasi IPUMEHEHNEe METOJIOB OIITH-
MU3AIUH [IPU OTIEPATUBHOM TIJIAHUPOBAHUU IIPOM3BOJICTBA.

B kauecTBe BXOJHBIX JAHHBIX MOJIETN MBI PACCMATPUBAEM CIUCOK OHEPAIil 1JIst
BCEX MAPTHIl B OIPEIEJIEHHOM IIOPsiJIKe, KOTOPble He0OXOMMMO obpaborars. Moy
IJIAHUPOBAHMS BBIIIOJIHAET OIEPAINN B 3a/[aHHOM IIOPsi/IKe, IIOMeIas X B OJmKaii-
Y10 CBOOOJHYIO TOYKY C JOCTYIHBIMU pecypcamu. Takol MOIX0J] TapAHTHPYET CO-
6Jt0/IeHre BCEX OTpAaHUYeHU Ha pecypchbl. MoJIy/Ib MIAaHUPOBAHUS PEATU3YeT BCIO
OU3HEC-JIOTUKY U MOXKET OCTPOUTH JIOIYCTUMOE PACIIHCAHIE B COOTBETCTBUU C OTPa-
HUYEHUSIMU [TPOU3BOJICTBEHHOIO TIpOIiecca. B 3To0il ctarbe MbI cpaBHUBAEM JBa TIOJI-
XOJ/la, & UMEHHO IIePECTAHOBKY IIPUOPUTETOB OllEPAIHil U IePECTAHOBKY CaMUX Iap-
THI, 9TO COOTBETCTBYIONUM 0Opa3oM (hopMUPYeT BXOJHDIE JAHHBIE MOJICJIH.

Buonunyeckue ajnropurmbl, Takue Kak remerudeckuii ajgropurm (GA), agropurm
ymubIx Kanesab (IWDs) u amropurm mypasbunbix kosonuit (ACO), mokasbiBaior
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KOHKYPEHTOCIIOCOOHBIE pe3ysibraThl ipu pertennn TSP, mosToMy MbI TakKe HCIIOJIb-
30Baj WX B 9TOH pabore. B jomosiHeHme K HUM UCIOJIbL3YeTCs IBpUCTUKA JIwH-
Kepuurana (LKH). Bce GnoHntueckre ajropuTMbl HMEIOT MHOYKECTBO I1aPAMETPOB,
KOTOpbIE HEOOXO/IMMO BbIOUpATh, U 9TO UX OOJIBINOI HepocTtaTok. Kpome Toro, Jryd-
e HACTPOWKM [0/ KOHKPETHYIO 3aJady MOLYT OTJIUYATHCS, U UX HEBO3MOXKHO
CIIPOTHO3WPOBATHL 3apanee. [Ipu perennn mpakTUIecKuxX 3a7a9 OOBIYHO HET BO3-
MOXKHOCTU TPATUTh PECYPCHI HA ONPEJIEIeHNEe HAUIYUIINX HACTPOEK AJropuTMa. A
UCIIPABUTH 3TOT HEJOCTATOK MOYKHO C IIOMOIIBIO METOJIa CAMOKOH(MDUI'YPUPOBAHUSI
JIJIsT yIIPaBJIeHUs [TApaMETPAMU «Ha JIETY .

Db DEKTUBHOCTD AITOPUTMOB OIEHUBAJIACH IIPU PEIIEHUN IMeCTH 3aa49, KOTO-
pble OBLIN CTeHEePUPOBAHBI C UCIIOJIH30BAHUEM IICEBAOCTYIaiiHbIX uncesi. CpaBHeHme
AJITOPUTMOB U IPEJICTABJIEHNN PEIeHnit TPOM3BOIUIIOCH JIJI OJIHOTO U TOTO K€ KO-
JINYECTBA BBIYUCJIEHUIT 11e1eBOi (DYHKINH, a TaKKe Pe3yJIbTaThl ObLIN YCPETHEHbI 110
50 zamyckam. Pe3ysibraThl, ycpeHeHHbIE 110 BceM 6 3ajiadaM, TOKa3aHbl Ha PUCYHKE
1, e GoJtee TEMHBIM IIBETOM OOO3HAYEHO MIPEJICTABJICHIE B BUJIE IEPECTAHOBKU IIPU-
opuTeTOB omeparuii. Pe3yaprarsl caMOKOH(MUTYPUPYEMBIX aJrOPUTMOB, & UMEHHO
camokoudurypupyemmoro GA (ScGA) u camokondurypupyemmoro ACO (ScACO),
BBIJI€JIEHBI OT/IEJIBHO CUHUM IIBETOM.

ScGA IWDs IWDs C C ScACO
(best) (avg) (best) (avg) (best) (avg)
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Puc. 1. Yepennennoe mo 6 3amagaM cpaBHEHNUE aJITOPUTMOB

Kak Buamo na pucyHke, mpejacTaBIeHne PEIIeHnsT B BUIE MOPSIKA MTPHOPUTETOB
omeparuii jaer Jiydmie pe3ysbrarbl. CKopee BCero, 3To CBsSI3aHO C T€M, 4YTO IIO-
cie BBIOOPA MOPsIJIKA JIsl TapThh (B cilydae MPEJICTABJIEHUs C MOPSIKOM HapTuii)
JIST KaXKJIOW M3 HUX PACIUCAHUE CTPOUTCS KAJHBIM 00Pa30M, TO €CTh BBIOMPAIOT-
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Cs1 [IepPBbIE JOCTYIIHbIE PECYDPCHI. DTa CTPATErUs MOXKET IIPUBECTU K IIPEPBHIBUCTOMY
PACIIMCAHUIO JIJIsT HEKOTOPOI'O PECYpPCa, KOIjia B €10 PACIIUCAHUY IOsIBJISETCS IICTOe
[IPOCTPAHCTBO MEXKLy JIBYMsI IIPOCTABJIEHHBIME OIEPAIUSIMU, XOTsI PACIUCAHUE JIJIsT
KOHKPETHOI nmaptuu Oyer mioTHbIM. [locTaHOBKa 3a/1a9ul ¢ YIIOPsIIOYEHUEM ITPUO-
PUTETOB 3HAYUTEIHHO YBEININBAECT PA3MEPHOCTD 3aIa1H, YCIOXKHSIS €€ PeIleHne, Ho
B TO K€ BpEMsl PaCIIIpPseT IPOCTPAHCTBO IOUCKA, He OTPAHNYIUBAST €r0 CIEIIEHHBIMU
LEII0OYKAMU Ollepaluii.

PesysibraThl ucciieoBaHns IOKA3bIBAIOT, YTO METO] CAMOKOHMUTY DUPOBAHUSI B~
Jistercsi 9 MEeKTUBHON MOIuMUKAIel U UMeeT CyIIeCTBeHHOe MPEUMYIIECTBO, TaK
KaK I0JIb30BATEII0 He HY?KHO BBIOUPATH APAMETPHI AJITOPUTMA, HO OH TO-TTPEXKHEMY
MOYKET TIOJIyIaTh XOPOIINEe Pe3yabTaThl. boJsiee TOTO, I PENIeHns CI0KHBIX TPO-
0J1eM HCII0JIb30BaHNE PAa3HBIX HACTPOEK Ha PA3HBIX Talax MPOIECCa TOMCKA MOXKET
OBITH XOPOIIEit cTpaTerueii.

Pa6ora BeimosiHeHa pu mojiIepKKe MuHMCTEPCTBA HAYKHU U BBICIIErO 0Opa30Ba-
uust P®, mpoexkt Ne FEFE-2020-0013
[1] Semenkina O. Popov E. Nature-inspired algorithms for a scheduling problem

inoperational planning // IOP Conf. Series: Materials Science and Engineering, 2020.
Vol. 734.
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Nature-inspired algorithms for scheduling optimization in industry

Olga Semenkina'x semenkinaolga@gmail.com
Eugene Popov' epopov@bmail.ru
Eugene Semenkin’ eugenesemenkin@yandex.ru

'Krasnoyarsk, Siberian State University of Science and Technologies

Operational planning in manufacturing systems is a kind of near real-time con-
trol where simulation runtime is an important aspect. The efficiency of short-term
decision-making hangs on the speed of online simulation, which in turn depends on
many factors such as time horizon, amount of equipment, number of employees, va-
riety of technological processes, and so on. There are several ways to overcome the
problem of combinatorial explosion, for example, the use of problem-oriented heuris-
tics. However, a much more interesting approach is to find how to apply different
existing global optimization algorithms to the problem. The scheduling problem
as well as other well-known combinatorial problems such as the travelling salesman
problem (TSP) can be formulated as resource-constrained project scheduling prob-
lems (RCPSP). The problem consists in finding a schedule with minimal makespan
by assigning a machine tool, an employee, and a start time for all activities of a
project.

The authors propose to consider all the details of a production process using a
simulation model and also use optimization algorithms for a top-level problem that
allows some system parameters to be found that are optimal in some sense. An
earlier investigation shows that the hierarchical structure of the problem makes it
possible to be sure that all solutions in a search space are feasible in any case and at
the same time significantly reduces the problem dimension as well as the number of
constraints. In this paper, we consider scheduling problem transformed into a hierar-
chical optimization problem containing a combinatorial ordering problem (regarded
as TSP) and nested RCPSP replaced by a model with some rules. Modification of
this kind makes it possible to simplify the problem in the case of an existing pro-
duction model and allows the dimension and number of constraints to be reduced
making the application of optimization methods in operational production planning
easier.

As an input of the model, we consider a list of operations (activities) for all lots in
a certain order that needs to be processed. The scheduler module takes operations
in the given order and puts them at the first accessible point when resources are
available. This approach guarantees that all restrictions on the resources are met. A
start point of operation is selected as the nearest free point with an available resource
that uses a greedy strategy. The scheduler module realized all the business logic and
can construct a valid schedule according to the constraints of the production process.
In this paper, we compare two approaches, namely permutation of activity priorities
and permutation of lots which form the model input accordingly.
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Nature-inspired algorithms such as genetic algorithms (GA), intelligent water
drops algorithm (IWDs), and ant colony optimization (ACO) show competitive re-
sults on the TSP which is why we also used them in this work. In addition to
them, Lin-Kernighan Heuristics (LKH) is used. All bionic algorithms have many
parameters that must be chosen, and this is their great disadvantage. Besides, the
best settings on a particular task may differ, and it is impossible to forecast them
in advance. Real-world problems do not usually allow resources to be spent on de-
termining the best algorithm settings. The way to fix this disadvantage is through
a self-configuring method for the parameter control “on a fly”.

Algorithm performance was compared by solving six tasks that were generated
using pseudo-random numbers. A comparison of the algorithms as well as a compar-
ison of the solution representations were performed on the same objective function
calculation amount and were also averaged over 50 runs. The results of the exper-
iments are shown in Figure 1, where the darker color indicates the solution repre-
sentation as a permutation of activity priorities. Figure 1 shows the result for all
algorithm averaged by 6 tasks. The results of the self-configuring algorithms, namely
Self-Configuring GA (ScGA) and Self-Configuring ACO (ScACO), are highlighted
separately in blue.

6
59
58
5,7
5,6
55
54
53
52
5,1
5
ScGA  IWDs IWDs ACO CO  ScACO
(best) (avg) (best) (avg) (best) (avg)

Figure 2. Algorithm comparison averaged on 6 tasks

As can be seen from the figure, the statement of the problem through the search
of the activity priority order shows better results. Most likely this is because after
choosing the lot order (in the case of the lot order problem) for each of them the
schedule is built in a greedy manner that is, the first available resources are selected.
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This strategy can lead to a discontinuous schedule for the current resource, where
a blank space appears in the schedule of this resource between two already set
activities, which no other activity can fit into, although the schedule of a specific lot
is dense. The problem statement with priority ordering significantly increases the
dimension of the problem, complicating its solution, but at the same time expands
the search space without limiting it to concatenated chains of activities.

The results of the investigation show that the self-configuring method is an ef-
fective standard one modification and has a significant advantage in that the user
does not need to select the algorithm settings, but is still able to receive competitive
results. Moreover, for solving complex problems, using different settings at different
stages of the search process can be a good strategy.

This work was supported by the Ministry of Science and Higher Education of
the Russian Federation within limits of state contract FEFE-2020-0013.

[1] Semenkina O. Popov E. Nature-inspired algorithms for a scheduling problem inopera-

tional planning // IOP Conf. Series: Materials Science and Engineering, 2020. Vol. 734.
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3HaHNEeopNEeHTUPOBAHHbIE MOAEIN MapLUIPYTU3aunumMm MHOrMUX
KOMMMUBOSI>KEpPOB

Tepmanuyx Mapus Cepzeesna’ m. germanduk@ya.ru
Kosnoea Mapeapuma Tennadvesna art-inf@mail.ru
Jyxwvanenko Bacdumup Andpeesun'x art-inf@ya.ru

L Cumdeponons, Kpbivcknii denepanbusiii yausepcurer um. B. V1. Bepuaickoro

PaccemarpuBarorcst 3HaHNEOPUEHTHPOBAHHBIE MOJIEIN, 330a9N U AJITOPUTMBI 110~
CTPOEHUSI MApPIIPYTOB B CJIOKHBIX CETAX MHOTUMHU areHTaMU-KOMMUBOSIYKEDAMIU.
Dopmasn3arus TPUBOIUT K MOJIESM TICEBIOOYIEBON JTNCKPETHOM OINTUMUBAINN C
OrpaHUYEHUSIMU, YIUTHIBAIOIIMME CHEIU(UKY TOCTPOEHUs] MapIiipyToB. Paszpabor-
Ka NPUOJIMZKEHHBIX AJIFOPUTMOB BBIOOpDA MApPIIPYTOB B CJIOYKHBIX CETIX CBI3aHA C
YIeTOM 3HAHUIl O CBOHCTBAX CTPYKTYDPBI CETHU, €€ CJIOXKHOCTU, HAJUYINE OrDAHUYIE-
HU, IPEIUCAHNA, YCIOBUN JTOCTHKUMOCTH, IUCIA areHTOB-KOMMUBOsAKEPOB. [o-
Ka3aHO, 9TO pPEIIeHne 3a/[ad MapIIpy TU3AIIA MOKET 0a3upoBaThCs HA MIPUMEHEHUN
MHOT'0AT€HTHOTO TOJXO/Ia B COUYETAHNU C KJIaCTepu3alineil MCXOTHON 3a/1atu U Me-
Ta’dBpUCTUKaX. Paznoobpasue ajropuTMOB TAKKe CBA3AHO C HAJMIMEM AllPUOPHBIX
3HAHUI O PENIEHNN WIN CTPYKTYPE CeTH, IPEIE/IEHTHBIM XapaKTepOM 3HAHUIT U Tpe-
OOBaHUSAMHI K TOYHOCTH pelrennsi. PAlMoOHaAJIBHO HCITOIH30BaHNE, KAK TOUHDBIX, TAK 1
IPUOJINKEHHBIX aJTOPUTMOB U WX KOMITO3UITHIL. 3aMETUM, 9TO 3aJIa9i TPUKJIATHON
MapIIPYTH3ANUA BO3HUKAIOT B COUYETAHUU C JPYTHMH M3BECTHBIME 33/Ia9aMU: 3a-
Jlada O PaHIE, PACIpeesIEHUEe PECYPCOB, KIACTEPU3AINN, MAKCUMAIHLHOTO Pa3pesa,
mokpbiTus U T. 1. Crenuduka 3a/a9 MapIIpyTH3aIlui B CJIOKHBIX CETSIX, B OT/IHIME
OT KJIACCUYIECKON Teopun rpadoB, CBI3aHA C PIIOM YHUKAJIBHBIX 331aT: O HAXOXKIIEe-
HUU METPUYECKUX XAPAKTEPUCTUK CJIOXKHBIX CeTel; NOMCK MUHUMAJBLHOIO (MaKcu-
MAJIbHOTO) CPEJTHETO MyTH B ceTn; Ko3(MMUIMEHTOB KIaCTepU3AINT; U3y IeH sl WH-
dOpPMAIMOHHBIX IIOTOKOB B CETH; BbIsIBJIEHHE KPUTUYIHBIX MECT B CETU; OlIPEJIEICHIS
KJIACTEPOB; BbIsIBJICHUE OJIOKOB, KOMIIOHEHT, MOCTOB, TOYEK COYJICHEeHUs (IIepeMbl-
4ek ). MHOroareHTHbIE CUCTEMBI ¢ POEBBIM MHTEJICKTOM UCIIOJIL3YIOTCS JIJIsE PEIICHUST
CJIOXKHBIX 3aJa9 JIUCKPETHON ONTUMU3AINT, KOTOPbIe HeIb3st 3(DMEKTUBHO PeraTh
KJIACCHIECKIME aJTOPUTMAaMU. ATeHTHAsT MOJIEJb JIJIs CJIOYKHON CEeTH 3aJIadu TUIIA
MHOTUX KOMMHUBOSI?)KEPOB CTAHOBUTCS MHTEJIEKTYATH3UPOBAHHON CHCTEMOM, OIpe-
JIEJISTIOTIE 9BPUCTUYIECKIE AJITOPUTMBI IONCKA ONTUMAJILHOTO PEIeHNs] PEaKTHBHDI-
MU areHTaMu (CJIe/LyIoNMX 3aJI02KeHHBIM B HUX IpaBuiaM). B pabore npuMeHaoTes
KOMIIO3UITUHU AJITOPUTMOB: MOIUMUKAINS T€HETHIECKOTO AJTOPUTMA, MYyPaBbUHBIH,
poeBoii (IUeIMHOIl KOJIOHNH ), UMUTAIMKA OTXKUra. Ipeyioxken u peainu3oBal 0606-
IIIEHHBI AJITOPUTM, B KOTOPOM HCXOJIHOI CETH CTaBUTCS B COOTBETCTBHE HOJIEe IpPO-
crast ceTh (ceTh obsieTa). AJITOPUTM MHCIMPHUPOBAH PSJIOM aKTYaJbHBIX NPHUKJIA/I-
HBIX 3aJa4: 3a/a9eil IJIaHUPOBAHNS MHOTOIHEBHBIX TYPUCTHIECKUX MAPIIPYTOB HA
naPaACTPYKTYPHOI ceTu gocronpuMedaresbaocreit Kppiva u 3a1adeit jocraBgu pe-
CYpPCOB areHTaMU-KOMMUBOSIZKEPAME 110 TEPPUTOPUN ZJITHI B yCJIOBUAX Upe3BbIUaii-
ubix curyarmit (HC).
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B muoroarenTtnoii cucreme (MAC) coderaiorcs 3aa4uu BbIOOpa PEIICHUST; YIIPAB-
JICHUSI; DACIIPE/IeJIeHNs PeCYyPCOB; CHHTe3a CeTH (BepIIMH-UCTOYHHKOB DECYpPCOB);
YCTOWYMBOCTH CETU B 3aBUCUMOCTHU OT yJIAJIeHWUs] BEPIIUHBI, JIyI'U WM HEKOTOPOIO
MapIIpyTa; KJIaCTEPU3AINN CETU B 3aBUCHMOCTH OT U3MEHSFOIINXCsl YCJIOBUIT; 0OMeHa
nadopMaImeil MeXKIy areHTaMu; TIOTOKOBBIE 3aJadn; 3a/a91 TPOKJIAJIKE Kpardaii-
IUX MyTeil 1 3aMKHYTHIX MapripyTos. Meromosorus pa3paboTkn ajaropurMa perre-
HUSI 38/1a9 MapPIIPYTH3AIUNA MOXKET OBIThH OCHOBaHA Ha (POPMUPOBAHUU 10 MCXOIHON
CJIOKHOM ceTn 6oJjiee MPOCTON (OTHOCUTENBHO Pean3aui aarOPUTMOB MapIIpy TH-
3aIUu) 10 CBOEH CTPYKTYPE CETH.

Yuc/teHHBII 9KCIIEPUMEHT TTPOBEJIEH [1JTst 3a1aan MapinpyTudanuu 1mo kapre ['T1C
JJIE TOPOJICKON MHPPACTPYKTYPBI. Peam30Bannl aJirOpUTMBI KJIACTEPU3AINN, B KO-
TOPBIX TIEPBOHAYATILHO MTPONHJICHHBIE MAPIIPYTHI YTOYHAIOTCS ¢ TOMOIIBIO aJTOPUT-
MOB 2-0pt, UMUTAIINN OTKHUTa U JIPYTUX MeTadBpucTuk. [locrpoenne pannonabHbIX
pelteHuit Ha ceTsiX OOJIBIION Pa3MEPHOCTH PeaIn3yercs 10 CXeMe:

1) pemaercst 3a7a9a PACTIPEIENICHAST CETH MEXKJIy KOMMUBOSI?KEDAME C MOMOIIBIO
KJIaCTEPU3AIIN;

2) pemaioTcd 3aJ@uM  KOMMHBOSZKEDA HA KAXKJOM KJacTepe ¢ HOMOIIbIO Me-
TadBPUCTUK;

3) B 3aBUCUMOCTHU OT IIOJIyYE€HHOI'O DE3YJIbTaTa YTOYHIIOTCI TPAHMILI MCIIOJIb3Ye-
MBIX KJIACTE€POB.

JlaspHeitmme ucce0BaHus CBI3aHbI ¢ 00y IeHNEM areHTOB-KOMMUBOSZKEPOB, X aB-
TOHOMHOCTBIO W OpraHm3aIeil oOMeHa MPereeHTHON uHdOpMaImeil MeXK Iy areH-
TamMu (CHCTEMAMNI YIIPABJIEHHUS ).
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Knowledgeoriented routing models for many traveling salesmen
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Knowledge-oriented models, tasks, and algorithms for constructing routes in com-
plex networks by many traveling salesmen are considered. Formalization leads to
models of pseudo-Boolean discrete optimization with restrictions that take into ac-
count the specifics of route construction. The development of approximate algo-
rithms for selecting routes in complex networks involves taking into account knowl-
edge about the properties of the network structure, its complexity, restrictions, re-
quirements, reachability conditions, and the number of sales agents. It is shown that
the solution of routing problems can be based on the application of a multi-agent
approach in combination with clustering of the original problem and metaheuris-
tics. The variety of algorithms is also related to the presence of a priori knowledge
about the solution or network structure, the case-based nature of knowledge, and
the requirements for the accuracy of the solution. Rational use of both exact and
approximate algorithms and their compositions. Note that applied routing prob-
lems occur in combination with other well-known problems: the knapsack problem,
resource allocation, clustering, maximum cut, coverage, and so on. The specifics of
routing problems in complex networks, in contrast to classical graph theory, are asso-
ciated with a number of unique problems: finding metric characteristics of complex
networks; finding the minimum (maximum) average path in the network; clustering
coefficients; studying information flows in the network; identifying critical places
in the network; determining clusters; identifying blocks, components, bridges, and
junction points (jumpers).

Multi-agent systems with swarm intelligence are used to solve complex discrete
optimization problems that cannot be effectively solved by classical algorithms. The
agent model for a complex network of problems like many traveling salesmen be-
comes an intellectualized system that defines heuristic algorithms for finding the
optimal solution by reactive agents (following the rules laid down in them). The
paper uses several algorithms: modification of the genetic algorithm, ant, swarm
(bee colony), simulated annealing. A generalized algorithm is proposed and imple-
mented, in which a simpler network (a flyover network) is matched to the source
network. The algorithm is inspired by a number of actual applied tasks: the task
of planning multi-day tourist routes on the infrastructure network of attractions in
the Crimea and the task of delivering resources by traveling salesmen on the ter-
ritory of Yalta in emergency situations. A multi-agent system (MAC) combines
the tasks of solution selection; management; resource allocation; network synthesis
(vertexes-resource sources); network stability depending on the removal of a vertex,
arc, or some route; network clustering depending on changing conditions; informa-
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tion exchange between agents; streaming tasks; tasks of laying shortest paths and
closed routes. The methodology for developing an algorithm for solving routing
problems can be based on the formation of a simpler network structure (relative to
the implementation of routing algorithms) based on the original complex network.

A numerical experiment was performed for the problem of routing on a GIS
map for urban infrastructure. Clustering algorithms are implemented, in which the
initially traversed routes are refined using 2-opt algorithms, simulated annealing, and
other metaheuristics. The construction of rational solutions on large-dimensional
networks is implemented according to the scheme:

1) the problem of network distribution between salesmen is solved using clustering;

2) traveling salesman problems are solved on each cluster using metaheuristics;

3) depending on the result obtained, the boundaries of the clusters used are speci-
fied.

Further research is related to the training of sales agents, their autonomy, and the
organization of the exchange of case information between agents (management sys-
tems).
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Knaccudumkayms acummeTpuryHbiX 3a4a4 KOMMUBOsI>XXEpa No

KBAHTUNAM pacnpegeneHunst CZIOKHOCTU MHOANBMAYyaAJibHbIX 3a4a4
Kyroea Taauna Huxoraeena' gzhukova@hse.ru
Yavanos Muzraua Bacuavesuw®*x muljanov@mail.ru

"Mocksa, HanponaibHbI# HCCIeI0BaTEILCKIH yHIBEpCcHTET «Bhicmast mKoa
SKOHOMMKU»

2Mocksa, UTTY PAH um. B. A. Tpanesunkosa

3Mocksa, MI'Y um. M. B. Jlomonocosa

B acmekre mpobsieMbl TPOrHO3UPOBAHMS BPEMEHHBIX XaPAKTEPUCTHK JJIs 33189
OOJIBITON BBIYUCIUTEIHHON CI0KHOCTH B JIOKJIAJE PACCMATPUBAETCS BAPUAHT KJIAC-
cuduKa ACMMMETPUIHBIX 33189 KOMMUBOsIZKEpa 110 KBAHTUJISIM JIOTHOPMAJILHOTO
pacipejiesieHns CJI0XKHOCTH WHINBUTyaIbHBIX 3a/0a4d. Jlajee Mo/t CJI0KHOCTBIO WHJTH-
BUJIyAJIBHON 33189l KOMMUBOsI?Kepa, IOHUMAETCsI YUCJI0 BEPIIUH [IOUCKOBOTO JIEPEBa
PeIleHnil, TOPOKICHHBIX KJIACCHIECKON peasm3aliueil MeTo/la BeTBell U TPaHuIl, KO-
ropas npeggiozkena Jluriaom, Mepru, Cyunu u Ksposom B [1]. B pa6ore [2] na oc-
HOBAHUY CTATUCTUIECKON 00PabOTKY IKCIEPUMEHTAIBHBIX JIAHHBIX — PE3YJIbTATOB
U3MepEHuil CJI0KHOCTU UHIUBU/IYATBHBIX 33181 — OBLIO ITOKA3aHO, ITO JIOTHOPMAJIb-
HO€ pacIpejiesieHre yJI0BJIeTBOPUTEIBHO allllPOKCUMUPYET paciipejieieHre 3HaTeHni
CJIO’KHOCTH IIpU (DUKCUPOBAHHOII pasMepHOCTH 3a1a4u. VcciemoBanue IpoBOIuIOCh
g myna B 100 000 cremepupoBaHHBIX MATPUIL ACUMMETPUIHON 331891 KOMMHUBO-
szKepa Iyid Kaxko#t pasmeprnoctu ot 20 10 49. Temeparnus ocyimecTBisiach CTaH-
JIAPTHBIM TEHEPATOPOM TCEBJIOCTYYafHbIX IUCEJT ¢ PABHOMEDHBIM DACIIPEICICHIEM.

Iycrs C(A) - c/10:KHOCTH MHMBUIYATBHON 381441, 3aIaHHON MaTpunei A pas-
MepHOCTH 7. (OUEBHIHO, YTO CJIOKHOCTH KOPPEJIUPOBAHA C BPEMEHEM DEIICHUs 3a-
naan). [ycrs Cy, - CI02KHOCTD, KaK Ciydaiinas BeJuduHa 1pu (PUKCUPOBAHHON pas-
meprocTH 1, T.e. C(A) aBasiercs peannzarueii Cy,. B [2] Ha ocHOBE cTaTncTHndeckoro
aHaJIM3a IKCIEPUMEHTATBHBIX JTAHHBIX MOKA3aHO, UTO CJIydaiiHasl BeJUIUHA, [PEJi-
craBisionias coboil JmHeiiHoe npeobpazoBanue jorapudma ciaoxuocru L(lnC),) =
= W uMeeT HOpMaJIbHOE pacipesesenue (u, caegosareabno Cy, UMeeT JJOrHOp-
MAJIbHOE PACHPEIEICHNE), U HapaMeTpbl HopMajbHoro pacupexaeeaus L(InCy,) ne
3aBHUCAT OT Pa3MEPHOCTH 3aJa4u B Juanasone 20-49.

[Tosryaennbrit pe3yabTaT MO3BOIIET YHU(MUIITPOBAHO BBECTH KIACCH(PUKAIIIIO 3a-
Jlad KOMMEBOSIZKEPA 110 CJIOYKHOCTSAM WHJIMBIJIYAJIbHBIX 3889, TPU TPUHATHH TUIIO-
Te3bl 06 yHubuKanum, cocrosimeil B Tom, uro pacnpesenerne L(InC,) He meHs-
€T CBOEro TUIA W BUJA 3aBUCUMOCTU MAPAMETPOB OT Pa3MEPHOCTH 3aJadu W I[IPU
JAJbHENINEM YBeJIMIeHNN PA3MEPHOCTH 3aJadu. TaKkyo KIacCU(PUKAIIMIO MbI IIPE/I-
JlaraeM BBECTH HA OCHOBAHWM KBAHTHJIEH HOPMAJILHOIO PACIIPE/IETICHUsI, OMUPAICD
Ha dopmasbublii moaxoxn 80/20 aus pacupenenenus L(ln Cy,). Ilpu sTom nepexos B
peanbHblil Juanazon kKpanTuieil 10% u 90% crioxHocTell MHIMBULYaIbHBIX 3a/ad
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OCYIIECTBIIAECTCA TI0 (bOpMyIe

N(0,1) _
g s elam e T N O = g1 (p), M)

rie p = 10%,90%, ®~'(p) — obparnas bynknus K HyHKIAN pacIpe/ie/IleHus CTaH-
JIAPTHOTO HOPMAJILHOTO 3aKOHA.

Borauciss npu dukcuposanaoM n 3uadenns 10% n 90% xpanTuieil, noaydaem
KJIACCHDUKAIIIIO 3829 110 CJIOZKHOCTH:

— TIPOCTBIE 3aJa9n — 3aJa9d, nonaaaomue B maTepsat ot 0 10 10%-ro keanTnst
HOpMaJibHOrO pacupesenenus L(lnC,,);

— CpejHue 33JIa91 — 3441, ONaJIaloNue B quana3on ot keanruisa 10% no ksan-
g 90% nopmasbroro pacnpegenenus L(In C,,)

— CJIOXKHBIE 3aJ1a491 — 3aJIa491, UMEIOIIue CJI0XKHOCTh 6ostee 90%-ro0 KBaHTUIIS HOD-
mastbHOrO pactpeaesenns L(ln Cy,)

OTMmeTnM, 9TO MpeIJTOKEHHAs KlaccuUKaIs THBAPUAHTHA 110 PA3MEPHOCTH 3318~
9M TP MPUHSITHH TUTOTE36I 00 YHU(DUKATIAN.

Ipusesem unciennslii npumep s pazmeproctu 40. Ksantum 10% u 90% cran-
JApPTHOTO HOPMAaJIBHOT'O paclipejiesieHusi paBHbl —1.28 u 1.28 coOTBETCTBEHHO; JIjId
PaBHOMEDPHOI'O PACIIPEIE/IEHUS] JIEMEHTOB MATPHIBI CTOUMOCTEN SKCIIEPUMEHTAIBHO
HOJIy YeHbl OleHKH napamerpos dopmyint (2): ¢ = 0.018,d = 0.77, f = 0.7, h = 0.77.
ITo dopmyue (2) upu n = 40 nosyuaem 3uadenus kauruieir 10% u 90% cioxuoctu
3amaan 453 u 7216 coOTBETCTBEHHO, CJIEI0BATEJILHO

— IPOCTBIE 33J1a91 — 3aJIa91 C WHIUBUIYATbHON CJI0KHOCTBIO He Oojiee ueM B 453
MTOPOKIEHHBIX BEPITUH TTONCKOBOTO JIEPEBa PEIeHNIt;

— CcpemHHue 33JIaun — 3aJa91 ¢ UHINBUIYAJILHON CIOXKHOCTBIO Mexkay 453 u 7216
IIOpO)KILeHHbIX BepIIII/IH IIOCKOBOI'O ;LepeBa peIHeHI/IfI;

— CJIOYXKHBIE 33JIa9U — 3aJIa9K C WHIUBU/YaJbHOI CJI0XKHOCTBIO Oojiee yem B 7216
ITOPOKJIEHHBIX BEPIIUH TOUCKOBOTO JilepeBa PEeIeHuit.

SamernmM, 9TO MakcuMaJbHO B sKcrepumente co 100 000 marpui HabJIHOIAI0CH

598893 1TOPOXKIEHHBIX BEPIITUH.
Pabora nmognepxana rparrom PODU Ne 20-58-S52006.

[1] Lattle J., Murty K., Sweeney D., Karel C. An algorithm for the traveling salesman
problem // Operations Research, 1963. Vol. 11. Pp. 972-989.

[2] Tosaosewrun B. A., XKyxoea I. H., Vavanos M.B., @omuues M. . BeposaTHOCTHbI
IIPOT'HO3 CJIOZKHOCTU UHAUBUJYaJIbHBIX 3a/la9 KOMMUBOA2KEPa Ha OCHOBE I/I,HeHTI/I(I)I/IKa-
O paclpege/IeHud CJIO?KHOCTH I10 SKCIHEPUMCEHTAJIbHBIM JTaHHBIM // ABTOMaTI/IKa n

resieMexannka, 2018. Ne7. C. 149-166.
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Classification of asymmetric traveling salesman problems by
quantiles of the distribution of the complexity of individual
problems

Galina Zhukova' gzhukova@hse.ru
Mikhail Ulyanov®>x muljanov@mail.ru
"Moscow, National Research University Higher School of Economics

2Moscow, I.P. V. A. Trapeznikova

3Moscow, Moscow State University M. V. Lomonosov

In the aspect of the problem of forecasting working time characteristics for problems
of high computational complexity, the report considers a variant of the classification
of asymmetric traveling salesman problems by quantiles of the lognormal distribution
of the complexity of individual problems. In what follows, the complexity of an
individual traveling salesman problem is understood as the number of vertices of
the search decision tree generated by the classical implementation of the branch
and bound method proposed by Little, Murty, Sweeney, and Carol in [?]. In the
work [2], on the basis of statistical processing of experimental data — the results of
measuring the complexity of individual problems — it was shown that the lognormal
distribution satisfactorily approximates the distribution of complexity values for a
fixed dimension of the problem. The study was conducted for a pool of 100,000
generated matrices of the asymmetric traveling salesman problem for each dimension
from 20 to 49. The generation was carried out by a standard pseudo-random number
generator with a uniform distribution.

Let C(A) be the complexity of an individual problem, given by a matrix A
of dimension n (it is obvious that the complexity is correlated with the time of
solving the problem). Let C,, be the complexity as a random variable for a fixed
dimension n, i.e. C(A) is an implementation of C,,. In [2], based on the statistical
analysis of experimental data, it is shown that a random variable representing a
linear transformation of the logarithm of complexity L(InC,,) = W has a normal
distribution (and, therefore, C), has a lognormal distribution), and the parameters
of the normal distribution L(In C,,) do not depend on the dimension of the problem
in the range 20-49.

The result obtained allows us to unify the classification of traveling salesman
problems according to the complexity of individual problems, when accepting the
hypothesis of unification, which is that the distribution L(In C,,) does not change its
type and the form of the dependence of parameters on the dimension of the problem
and with further increase in the dimension of the problem. We propose to introduce
such a classification on the basis of the quantiles of the normal distribution, relying on
the formal 80/20 approach for the distribution L(In C,,). In this case, the transition
to the real range of quantiles 10 % and 90 % of the complexity of individual tasks
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is carried out according to the formula

N(0,1) _
g s elam e T G NOD — g1 (), 2)

where p = 10%,90%, ®~1(p) is the inverse function to the distribution function of
the standard normal law.

Calculating for a fixed n the values of 10 % and 90 % quantiles, we obtain a
classification of problems by complexity:

— simple problems - problems that fall into the interval from 0 to 10 % - quantile
of the normal distribution L(InC),);

— medium problems - problems that fall in the range from quantile 10 % to quantile
90 % of the normal distribution L(InC,,)

— complex problems - problems with complexity over 90 % - quantile of the normal
distribution L(In C),)

Note that the proposed classification is invariant with respect to the dimension of
the problem when the unification hypothesis is accepted.

Let’s give a numerical example for dimension 40. Quantiles 10 % and 90 % of
the standard normal distribution are equal to —1.28 and 1.28, respectively; for the
uniform distribution of the elements of the cost matrix, estimates of the parameters
of the formula (2) were obtained experimentally: a = 0.018, d = 0.77, f = 0.7,
h = 0.77. By formula (2) for n = 40 we obtain the values of the quantiles 10 % and
90 % of the complexity of the problem 453 and 7216, respectively, hence

— simple problems - problems with an individual complexity of no more than 453
generated vertices of the search decision tree;

— medium problems - problems with individual complexity between 453 and 7216
generated vertices of the search decision tree;

— complex problems - problems with an individual complexity of more than 7216
generated vertices of the search decision tree.

Note that the maximum in the experiment with 100,000 matrices was 598893 gen-
erated vertices.
This research is funded by RFBR, grant 20-58-S52006.

[1] Little J., Murty K., Sweeney D., Karel C. An algorithm for the traveling salesman prob-
lem // Operations Research, 1963. Vol.11. Pp.972-989.

[2] Goloveshkin V. A., Zhukova G. N., Ulyanov M. V., Fomichev M. I. Probabilistic Predic-
tion of the Complexity of Traveling Salesman Problems Based on Approximating the
Complexity Distribution from Experimental Data // Autom. Remote Control, 2018.
Vol.79. No7. Pp.1296-1310.
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dBpucTuyeckas pebanaHcMpoBka Ha OCHOBE MPUOPUTETOB B
3apadve ynpaBfieHMs! JaHHbIMU C BEPOSITHOCTHbIMU
orpaHny4eHnsiMun

Toxapesa Buxmopus Andpeesna’ victoria.tokareva@kit.edu

'Kapuepys, Texuonornueckuit uncruryr Kapicpys

B macrosimmee Bpemsi xpamenne m 0o6pabOTKa OONBIMNX 00BEMOB PA3HOPOIHBIX
JIAHHBIX BBI3BIBACT OOJIBINON MHTEPEC CO CTOPOHBI bu3Heca u mcciemoBareseit. Haun-
GoJiee aKTyaJIbHBIM OTBETOM HA STOT BBI3OB sBJAIOTCS T.H. 036pa JAHHBIX (AHIVL.
data lakes) [1], KoTOpBIE TIO3BOMISIIOT HATAIUTH OOPABOTKY TOTOKOB JAHHBIX JJIsT OT-
JICTBHBIX TIPOEKTOB, BHYTPHU OPTaHU3AINNi MJIM MEK/IyHAPOIHBIX HAYYIHBIX SKCIIECPHU-
MeHTOB [2, 3]. OJ(HaKO B CHTYyaAI[MU IPOEKTUPOBAHUS TIAT(OOPM, TIO/IEPXKUBAIOIIAX
MeTa- 1 MEeXKIUCIUILINHAPHBIE UCCIIEIOBAHNS, 8 TAK YKe IIPYU ITPOEKTUPOBAHUH ILJIAT-
dopm g cBoboguoro Jgocryna K gaHubiM [4], Tpebyercs Gojiee BBICOKHI yPOBEHD
abcrpakim. ObciyKuBaHne n OAJAHCHPOBKA MOTOKOB JIAHHBIX B CHCTEMAX TaKO-
r'O THUIIA SIBJETCS aKTyaJbHOM Tpob/IeMOoil, TpedyIoleil aKTUBHBIX UCCACTOBAHUI CO
CTOPOHBI HAYYIHOI'O COOTINECTBA. B JaHHOM JIOKJIajie MOJIEJIb TAKONH CUCTEMBI UCCIe-
JyeTcst Ha IIpUMepe pa3pabOTKU CUCTEMBI arTPErMPOBAHHOTO COOPA JTAHHBIX JJIsT IKC-
nepumenToB acrpodusuku dacrut [5]. [Ipousseneno ucciaenosanue npeamerHoit 06-
JIACTH M COCTaBJIEHA MATEeMATHIECKas MOJEIb ITPOUCXOIAIINX B Heil KOHKYPETHBIX
[IPOIECCOB. ArTperanusi JAHHBIX B CHCTEME OIMCAHA KaK 3aJ/1a9a CMEIIaHHOIO 1[eXa C
BEPOSITHOCTHBIMU Or'paHndeHusiMu. [locraBiiena 3a/a4a IMHAMIYIECKOHN H6a1aHCHPOB-
KHI TI0JTb30BATE/ILCKUX 3aIBOK K CHUCTEME C IEIbI0 ONTUMU3AINN BPEMEHHBIX 3aTPAT.
[Ipemraraercs SBpUCTHYECKUN TOIXOM K PACIPE/IETEHUI0 TPUOPUTETOB 3aJaHNN B
odYepe/id, yINTHIBAIONINI BEPOSTHOCTHBIE 3aBUCUMOCTA U OTHAHUYEHUS, MMEIOIIIe
MeCTO OBITH B pacCMaTpPUBAEMOIl CHCTEME.

Pa6ora nomep:xana rpanrom O0beIMHEHNsI HEMEIIKUX HAY YHO-UCCJIE0BATE/IBCKIX
nentpos um. Legpmrosbia (Helmholtz Society) Ne HRSF-0027.

[1] Beheshti A., et al. Intelligent Knowledge Lakes: The Age of Artificial Intelligence and

Big Data // Web Information Systems Engineering, 2020. Pp. 24-34.

[2] Barberis D., et al. The ATLAS Eventlndex: data flow and inclusion of other metadata //

J. Phys. Conf. Ser., 2016. Vol. 762. No 1.

[3] Ambroz, L. Performance studies of CMS workflows using Big Data technologies //

Bologna: Bologne University, 2016.

[4] Mons B., et al. Cloudy, Increasingly FAIR; Revisiting the FAIR Data Guiding Principles

for the European Open Science Cloud. // Information Services & Use, 2017. Pp. 49-56.
[5] Tokareva V., et al. Data aggregation platform for experiments of astroparticle physics //

Proceedings of the 4th International Workshop on Data Life Cycle in Physics,2020.
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Priority-based rebalancing heuristic for a mixed shop problem with
probabilistic constraints

Victoria Tokareva' victoria.tokareva@kit.edu

'Karlsruhe, Karlsruhe Institute of Technology

At the present time, storing and processing large amounts of heterogeneous data
evokes strong interest among business representatives and researchers. The most
relevant approach to this challenge employs data lakes [1] that allow to set up data-
flow processing within individual projects, organizations or scientific experiments [2,
3]. However, thinking at a higher level of abstraction is required when designing
platforms that support meta-analysis and interdisciplinary research, as well as free
access to data within the open-science [4] paradigm. Data stream maintenance and
balancing in systems of this type is a topical issue that requires active research from
the scientific community.

In this talk, modeling of such a system is investigated via an example of a data-
aggregation system for astroparticle physics experiments [5]. A study of the subject
area was carried out and a mathematical model of the competitive processes taking
place in it was designed. Data aggregation in the system is described in a form
of a mixed-shop problem with probabilistic constraints. The problem of dynamic
balancing of user requests for the system is set in order to optimize time costs. A
heuristic approach to the task priority distribution in the queue is proposed, that
takes into account the relevant probabilistic dependencies and constraints.

This research is funded by the Helmholtz Society, grant HRSF-0027.
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Mopgenn koopanHauun 3a8a4 NAAHUPOBAHUST 3aKYNKU CbIpbst U
BbINYCKA KOHEYHOW NPOAYKLUUN NPOMbILLJIEHHOrO NpeanpusaTust

Hexpacoe Hean Bacuavesuy' ivannekr@mail .ru
ITpasdusey, Hukonati Anexandposus'x pravdivets@ipu.ru

"Mocksa, ®TBYH Uucruryr Ipobuem Ynpasienus nmenn B. A. Tpanesunkosa PAH

CoBpeMeHHbIE TOJIXObl K YIPABICHUIO IPEIPUIATHEM TPEOYIOT CKBO3HOW WH-
Terpanyuu Beex OU3HEC-IIPONECCOB B eIMHYI0 HHMOPMAIMOHHYIO Moeb [1]. Tlpume-
JaTebHO, YTO caMa 10 cebe mHMOPMAIMOHHAS COCTAB/IAONIAS B JAHHOM BOIIPO-
ce UrpaeT BTOPOCTEIIEHHYIO POJIb — OCHOBHOI 3KOHOMUYecKuii 3hdeKT jrocTuraercs
3a cUeT (PYHKITMOHAJBHHON COrVIACOBAHHOCTHU JIEATEILHOCTU CIYKO TPEINPUATUST HA
BCEX YPOBHSIX [2] — B 9aCTHOCTH, 32 CUET KOOD/MHAIMHN TIEJIEBBIX TIOKA3aTes el CMexK-
HBIX CJTIy2KO0, MOJIesIeil uX pacdera u MeTOJOB ux noctukenns. C TOYKU 3peHUs ILIaHU-
POBaHMs MTPOU3BOACTBEHHOTO MIPOIECCa, YKA3AHHOE B3aNMO/IEHCTBIE 1EIeCO00PA3HO
dopMmaII30BaTh B BU/IE TPEX B3ANMOCBA3AHHBIX KOHTYPOB yIIPABJIEHNs, N300PaKeH-
HBIX Ha puc. 1.

3aKa3bl Ha 3aKyNKy CbipoR 3akaabl Ha NPOU3BOACTEO NPOAYKLMH

MnannpoBaHue MnannpoBaHne MnannpoBanue
3aKynoK n XpaHeHue n npowsBoacTBa NocTaBoOK U XPaHeHHue
CbIpbA KOHeYHOW npoayKuun
TpeGoane TpeGoamue
H3 OCTaHOB Ha npoBeaeHne
npouaBoAcTEa pemonTa
MnanupoBaHune
pPemMoHTOB

Puc. 1. HOILS&,I[&‘H/I IJTAHUPOBaAHUA Ha NPEANPUATUA U KOHTYPBI UX B3aHNIO,HeﬁCTBH9I

MnaHupoBaHue

HapexHocTb
pPeMOHTOB

CobnroaeHue
AnpeKTUBHOrO rpadmka

MnaHupoBaHue
MocTaBoOK NPOAYKLUM
MnaHupoBaHue
npousBoAcTBa

OpraHusauus
npousBoAcCTB.NpoLecca

lMoHunxeHue npuoputeta

B3aumonencteue
C BHEWHUM PbIHKOM

MnaHupoBaHune
3aKynok

Puc. 2. Ilpumep Ha3HAYEHUs MPUOPUTETOB 33749 IJIAHUPOBAaHUA (HA IIPUMEPE OIIACHOTO
MPOM3BOCTBA C TOC. 3aKA30M )
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[Tosmast Momess IaHUPOBAHNS TTPOU3BOJCTBA JIOKHA BKIIOYUATH OIPAHNICHUS
110 BCEM TEPEINCTEHHBIM TT0/33/Ia9aM, ITO 3HAYUTETHHO YBEJIUIHBACT PA3MEPHOCTD
ONTUMUBAIMOHHOM 33,1491 U YCJIOXKHSIET aJI'OPUTM ee pellleHusi. B HacTosiIee BpeMst
GYHKIMOHUPOBAHNE CUCTEM ILJIAHNPOBAHUSI HA MIPEIIIPUSITHAX, KAK IPABUIIO, Pa3/Ie-
JICHO 110 HAIIPABJIEHUAM [3] U Belercsd He3aBUCUMO Jid Kazkjoro 6joka puc. 1. Co-
TJIACOBAHHOCTD 3308 IJIAHNPOBAHNSA 00CCTICINBACTCS « TUPEKTUBHBIM CIIOCOOOM» 32
CUeT KECTKUX OrpaHNIeHn, HAKJIaIbIBAEMbBIX Ha TIePeMEHHbIe MeHee MPUOPUTETHBIX
3aJ1a9 1[I0 Pe3yJibTaTaM BBIYHCJIEHUs] Ha 00Jiee KPUTHIHBIX ydacTKax. [Ipuopurers
3a1ad crerudUIHbL I KaxkK10il orpacyu. B gacTHOM citydae, 1jis 0CO60 OIaCHOTO
IPOU3BOJICTBA [4] ¢ KECTKUM HPOU3BOACTBEHHBIM ILIAHOM (KaK [PUMED — aTOMHAS
[POMBIIIJIEHHOCTb € IOCYJAPCTBEHHBIM 3aKa30M), HepapXus IPUOPUTETOB M 3aad
IJTAHUPOBAHUS UMeeT BU/I:

IIpu paccMoTpeHun mpeanpuaTUil APYyTrux OoTpacseil pacipe/ie/lenue MpUOpuTe-
TOB MOKET KapIMHAJILHO OTanYaThcsA. C TOYKU 3pEHUsT TEOPUM ONTUMUBAIIHI IIPE]I-
CTaBJICHHBII ITOIX0/I, SKBUBAJIEHTEH pa3OMeHnio oOIeil 3a1a49n MOncKa riobaIbHOro
ONTUMAJIBLHOTO IIJTAHA BCETO MPEINPUATHS HA COBOKYIHOCTD JIOKAJTHHBIX TOI3aTaTT
ONTUMU3AINY 5] TEATENTEHOCTH OTIENTBHBIX YIACTKOB (HATIPABJIEHNIT ) TIPOM3BOICTBA,
9TO HE TAPAHTUPYET HAXOXKJIEHUE TJI00ATHLHOTO ONTUMYMA.

Hacrosimasi pabora sIBIsIeTCST YaCThIO IPOEKTa 110 pa3paboTKe TOCTAHOBOK
COBMECTHOTO COTJIACOBAHHOT'O DpEIeHUsT 3aJ1a9 IIJIAHUPOBAHUS CMEXKHBIX ydIacT-
KOB/CJLy2k0 TpenpusTis. B3auMublil yder me/ieil 1 orpaHudeHuii 3a/1a4 ILIAHUPO-
BaHWs MPHUOJIMKAET MOCTAHOBKY 3aJadM K TOJHONW MOIe n puc. 1 m obecredmBaeT
JIydiinee TpUOIMKEHNe ONTUMAILHOrO TI0OAJIBHOTO ITaHa mpeanpustud. Hampu-
Mep, 3P PEKT COrIacoBaHHOIO IJIAHUPOBAHUsI OCHOBHOI'O IPOM3BOJICTBA U IIPOIEC-
COB 00CJIy?KHBaHHUs M PEMOHTa 000py/OBaHUs MIOKas3aH B padore [6]. B Hacrosmei
CTaThe MPEJICTABIEH AHAJOTUIHBIN [TOIXO/I JIJIsl B3AUMHOTO yYeTa ILIAHOB OCHOBHOT'O
MMPOM3BOJICTBA M TOCTYILICHUsT 3aKYIJIEHHOTO CHIphda. [Ipoanaam3mpoBaHbl METOIbI
pacIupennsl CTAHIaPTHBIX MOJIENIeH TJIAHTPOBAHUS MTPOU3BOJACTBEHHOTO IPOIECCA
JIOTIOJTHATEILHBIMI OTPAHUYIEHUSAMHI HA OCHOBE IPEIONPEICTEHHBIX YKECTKUX Tpa-
(UKOB MOCTYILJIEHUsT ChIPbsi. B pa3BUTHE TOXO0Ja IIPEJJIOYKEHO BBECTH B yKa3aH-
HbIE YKECTKIE OrPAHUYIEHNS JOMOJTHATEIbHBIC TIEPEMEHHBIE, TO3BOJISIONINE CBOOOTHO
MOINPUINPOBATH TPaAPUK 3aKyIIOK COBMECTHO C PACIIHCAHIEM OCHOBHOTO TTPOU3BOJI-
crBa. [IpakTuiaecknm 3(HeKTOM MIPEIOKEHHBIX PEIIEHN ABASIETCS JOTOJTHUTE/THHAST
9KOHOMHUS 32 CUeT THOKOM TOJCTPONKHU TPOU3BOICTBEHHOTO W JIOTUCTUYIECKOTO TIPO-
[I€CCOB TPEINPUATHS TI0JI, TaKUE MEHSIONMeCs BHeIHNe (PakKToOpPhbl, KAK CTOMMOCTD
CBIPbs, €0 JIOCTYITHOCTh Ha BHEITHEM PBIHKE, IEPEMEHHOe BPeMsl JOCTABKU W T.II.

Pabora gactuano nomuep:kana rpaarom PODU Ne18-07-00656 A.
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Coordination Models for Purchasing and Production Scheduling
Processes of an Industrial Enterprise

Ivan Nekrasov' ivannekr@mail.ru
Nikolay Pravdivets'« pravdivets@ipu.ru

'Moscow, V. A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences

Modern approaches to enterprise management require end-to-end integration of
all business processes into a single information model [1]. The information compo-
nent in this matter plays a secondary role. The main economic effect is achieved due
to the functional coherence of of the enterprise services at all levels [2], in particular
through the coordination of target indicators of related services, models for their
calculation and methods of achieving them. From the point of view of planning the
production process, it is advisable to formalize this interaction in the form of three
interconnected control loops shown in Fig. 1.

Raw materials purchase orders Final product production orders

Purchase scheduling Production Final product supply
and raw materials scheduling scheduling and
warehousing warehousing
Production Repair and

shutdown maintenance
requests requests

Maintenance and
repair scheduling

Figure 3. Subtasks of planning in the enterprise and the contours of their interaction

The complete production planning model should include constraints on all of
the listed subtasks, which significantly increases the dimension of the optimization
problem and complicates the algorithm for its solution. At present, the functioning of
planning systems at enterprises is usually divided into directions [3] and is conducted
independently for each block of Fig. 1. The coherence of planning tasks is ensured
in a “directive way” with strict constraints on the variables of lower priority tasks
based on the results of calculations in more critical tasks. Task priorities are specific
to each industry. In a particular case, for especially hazardous production [4] with
a rigid production plan (as an example, the state demand nuclear industry), the
hierarchy of priorities and planning tasks are presented in fig. 4.

When considering enterprises in other industries, the priorities can be radically
different. From the point of view of optimization theory, the presented approach
is equivalent to splitting the general problem of finding a global optimal plan for
the entire enterprise into a set of local optimization subtasks [5] of the activities of
individual production areas (directions), which does not guarantee finding the global
optimum.
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Repairs

Reliability scheduling

Meeting
prescriptive deadlines

Final product
supply scheduling

Production
process management

Production
scheduling

|
'
Priority decrease
]
|

External market
communication

Purchase
scheduling

Figure 4. An example of the assignment of priorities for planning tasks (on the example
of a state demand hazardous production)

This work is a part of a project for the development of a coordinated solution
of planning problems for adjacent areas/services of the enterprise. Relative consid-
eration of the goals and limitations of planning tasks brings the problem statement
closer to the complete model of Fig. 1 and provides a better approximation of the
optimal global enterprise plan. For example, the effect of coordinated planning of
main production and equipment maintenance and repair processes is shown in the
work [6]. This article presents a similar approach for the mutual accounting of plans
for the main production and the receipt of purchased raw materials. Methods for
extending the standard models for planning the production process with additional
restrictions based on predefined rigid schedules of arriving raw materials are ana-
lyzed. In the development of the approach, it is proposed to introduce additional
variables into the specified rigid restrictions, which make it possible to freely modify
the procurement plan together with the schedule of the main production. The prac-
tical effect of the proposed solutions appears as additional savings due to flexible
adjustment of the production and logistics processes of the enterprise according to
changing external factors, such as the cost of raw materials, their availability in the
external market, variable delivery times, etc.

This work was partially supported by the RFBR (project 18-07-00656 A).
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3agayva o GuHa3HaveHUsIX B NpUAOXKeHUn K npobreme
BOAHOTPAHCMOPTHOro 00CNY>KMBaHUA OCTPOBHbIX U FOPOACKMUX
arnomepauuni

Dedocenro FOputi Cemernosur’ fds1707@mail.ru
Xandypun Jmumputi Koncmarnmunosu' kaf_isuit@vsuwt.ru
Ilesnoe Anamoauti Baadumuposun'x asheyanov@ya.ru

'"Hizkanit Hosropos, Boskckmii rocyiapcTBeHHEL yHUBEPCHTET BOIHOIO TPAHCIOPTA

VIMeroTcsi COBOKYITHOCTh CKOPOCTHBIX Taccakupekux cynos I = {1,2,...,n} u
JBa, MHOXKecTBa MapmpyToB P = {p1,pa,...,pn} 1 Q = {q1,42,-..,qn}. Kaxmoe
CYJIHO JIOJIZKHO ObITh HAZHAYEHO JJI [EPEBO30K IACCAXKUPOB HA OJUH U3 MAPIIPY-
TOB MHOXKECTBa P W Ha OJMH W3 MapIIpyTOB MHOMKECTBa (Q; Ha KaXKJIbIi MapIipyT
JIOJIZKHO OBITH HA3HAYEHO TOJBKO OJHO CYIIHO.

IMonaratorcst 3amannabivu (n X n)-marpuisl A = {a;;} u B = {b;;} unciennbix
OIIEHOK, IJIe @;; — OIEHKA BBIIOHEHNUs IIEPEBO30K CY/IHOM % II0 MApIIPYTy pj, bij —
OIIEHKA BBIIOJIHEHUs T€M 2Ke CYJ/IHOM IIePEeBO30K 110 MapuIpyTy ¢;, i = 1,n, j = 1,n.

Beenem crenyrormue o6osnadennst: II; = {m (i), I} — COBOKyIHOCTH Ha3HAYEHUI
CylloB Ha MappyThl u3 MuoxkecrBa P, Iy = {my(i), I} — coBokynHocTh Ha3HAUE-
HUil cy/10B Ha MapripyThl u3 MHOXKecTBa (). Kak nasnauenue I1;, Tak n HazHaueHue
I npescrasiasger cobOl B3aMMHO OJHO3HAYHOE OTOOpasKeHHe MHOKeCTBa I B cebs:
paseHcTso 71(i) = j o3HaYaeT Ha3HAYCHUE CYAHA § Ha MAPIIPYT P;; AHAJIOIHTIHO
paBeHcTBo 7o (i) = j o3HataeT Ha3HAUEHHE CyAHa i Ha MAPIIPYT ¢j.

Bunaznauenusvu [1] umenyem napet Buga (1 (i), wo(4)); cunraercs, 4To upu pea-
JIN3AIAN TAKOTO OMHAZHAYEHUST KayKJI0€ CYIHO | N3 MHOXKECTBA, [, HAUMHAS OT MOMEH-
Ta BpeMenu ), BBIIOJIHAET CHAYAJIA TIEPEBO3KY MACCAZKUPOB 110 MAPIIPYTY ¢ HOMEPOM
71(2), mOC/Ie 9ero HeMeJICHHO MPHUCTYNAET K BBIIOJHEHUIO MapIIpyTa ¢ HOMEPOM
Uy (Z)

B ofmem Buze 3amaua o 6unasnadenuax (3BH) ¢ munumakcHbiM Kpurepuem,
060bmaoIas KJIaCCHIecKylo 3aja4y O Ha3HAYeHUsX [2|, 3anuchiBaeTcs B BUJE

7?11’17% (mo?x[aam(a) + bam(oz)]) (1)

Ecim marpunamu A m B ycraHOBJIEHBI JJIUTEBHOCTU BBIIOJHEHUS T€PEBO-
30K II0 COOTBETCTBYIOIIAM MAPIIPyTaM CyJaMH, TO B PE3yJIbTaTe PEIIeHus 3a-
naun (1), ompenesurcs GuHaszHaueHue, 0OECIEUUBAIONIEE MUHUMAJILHOCTD OOIIEil
MIPOJIOJIZKUTEIHbHOCTH  BBITIOJTHEHNUST BCETO KOMILIEKCA TIEPEBO30K 110 MapIipyTaM
{p1,p2, .- D0 @1, G2, -+ G0}

IlycTh ¢ — He mpeBBIIAONIAS N HATYpaJibHast KoHCTaHTa, Wi, Ws — npousBoJib-
HBIE {-3JIEMEHTHBIE [TOJIMHOXKECTBA I .

Yepes Z (i, Wy, Wa) obozuauum noazagady 3agauu (1), B KoTopoil Mexk 1y cygamu
MHOXKecTBa [ ciiejryer pacupeiie/uTb MapIipyThl ¢ HHUXKHUMEU HHJIEKCaMu (HOMepa-
mu) u3 nogmuozkecrB Wi u Waj ipu 9T0M KazK/[0e CyIHO JIOJKHO ObITh HA3HAYEHO
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TOJIBKO H& OJIMH MAPIIPYT M3 MHOKECTBA P ¢ HU2KHUM WHJIEKCOM, BXOJSIIIUM B IO/
MHOXKeCTBO W1, 1 TOJIBKO OJIMH MapIIPYT U3 MHOXKECTBa () ¢ MHJIEKCOM, BXOJAIIMM B
noaMHuOKecTBO Wo. OnTuMmasbHoe 3HadeHne Kpurepust 3agadu (1) obosuatum Hoy,.

CorylacHO KOHIIEIIMH JIMHAMUYECKOTO TPOrPAMMUPOBAHUST COCTOSTHUE TIPOTIECCa
MApHOTO PACHPEIETeHIsT MAapIIPYTOB MHOXKECTE P 1 () MeXKJly CyJaMu MHOYKECTBA
I Ha mare ¢ OJHO3HAYHO olpelesigercs Tpoiikoii (i, Wi, Ws), e ¢ — He npesblina-
fOIIasl N HATypaJbHAsl KOHCTAHTA, [TO3BOJISIIONIAs BBIIOJHUTH HA3HAYEHHUE CYJ0B C
nomepamu j, k = 1,2,...,4, u Wi, Wy Ipou3BoJIbHBIE (-3JIEMEHTHBIE TIOJIMHOYKECTBA
MHOKECTB MHJIEKCOB MapIipyToB P, () COOTBETCTBEHHO, JIOCTYIIHBIE /IS PACIIPEIE-
JICHUS.

OurumasnbHoe 3Hadenue kpurepus B 3agade Z (i, Wi, Wa) obosunauum H (i, Wi, Ws).
Kak ouesugno, H (i, W1, Ws) — dyukuua Besumvana s 3anaan (1), npudem

H(l,{j},{k‘}) :alj—&—blk; j.k € N. (2)

s perienus 3agaqu (1) 3amumimem cJieyonume COOTHOIICHNs] TUHAMUIIECKOTO
TPOTrPaAMMUPOBAHUST

H(i, Wy, W) = min(rg%x[(aia + big),
H(i =1, Wi\ {a}, W2 \ {B})]);
Hopt(n, I, 1) = min(n;%x[(ana + bng),
H(n=1,1\ {a}, I\ {B})]),

rie (o, 3) — NpOU3BOJIBHBIE TIAPBI HHIEKCOB U3 MHOXKecTBa Wi X Wi,

BeInotHeHE peaTn3yonero mo STUM COOTHOIIEHUSIM aJITOPUTMa, 0003HATAEMO-
ro jasee DP, naunnaercs ¢ onpenenenus seawann H (1, {j}, {k}) nas Beex omHoste-
MEHTHBIX MHOXKecTB Wi u Wa.

Jlasee mocsiesioBaTEBLHO B MOPSJIKE BO3PACTAHUS TIapamerpa i JJIs BCEX BO3-
MOXKHBIX Habopo Wi u Wa no dopmyse (3) onpemessiiorest 3HavMeHusT (QYHKIMN
Bemnvana H (i, Wi, W), i =1, n.

Oupenensiemoe 1o coornomtennio (4) suavenue H(n, I, T) upencrasiger coboit
onTuMasbhoe B 3azade (1) smauenue Kpurepus Hopy.

B npomecce Boinosnenus aaropurma DP g kaxkioit Tpoiiku (i, Wq, Wa) 3Ha-
venuit aprymentos dhyakimn Besvana ciegyer dbukcuposars napy (a, (), Ha KO-
TOPOIi peanu3yercss MUHUMYM IPaBoil uacTu cooTHommenui (3), (4). Dro nossoant
HOC/I€ OTBICKAHUS OUTHMAJILHOTO 3HadeHUs: KpuTepust Hopy OAHO3HAYHO OLPEJEINTD
COOTBETCTBYIONEE eMy OMHA3HATCHHE.

Coornomtenns (2)—(4) IpearosaraloT PeajTn3aiio CXeMbl IPSIMOro CYeTa JINHa-

(3)

(4)

MHUYECKOr0 IIPOrPAMMHUPOBaHNs, 6€3 y4ueTa COCTOsHUN, HEJIOCTHKUMBIX U3 HAYAJIb-
HOTO.

Croxuocrh ajsropurma DP  omnpepensiercst 9ucjioM BBIYUC/ISEMbBIX 3HAYEHUI
dyukuun Bejuivana u, Kak odeBuHO, onpejuesgercd seauannoii O(4").
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Ilonyaenmnie B pe3ynbraTe SKCIEPUMEHTOB JAHHDBIE IO OIEHKE OBICTPOICHCTBHST
ajgropurma DP Ha npakTuuecku 3HaUMMBIX 3HadeHusX pasdmepHoctu (n =10-13)
JEMOHCTPUPYIOT €r0 PaKTUYEeCKYI0 3HAYUMOCTD JIJISI PACCMATPUBAEMOI'0 THUIIA TTPU-
KJIaQTHBIX 3a/1a4.

IlepcmeKTUBBI TaILHEHIIINX UCCIETOBAHNI COCTOAT B TOM, YTOOBI MOIU(DUIIAPO-
BATh MPEIOKEHHYI0 MOJETb Ha Oojiee MUPOKWit HaOOp MPUKJIAIHBIX 384T, B TOM
qncsie TpedyIomnX MHOTOKPUTEPHAIHHBIE TTIOCTAHOBKH.

[1] @edocenxo FO. C., Xandypuwn /I. K. Monenb n anropuTMmbl cuHTe3a GMHA3HAUYeHUit |/

Cucrembl yrpasiienus 1 wHGopMarmonabie Texuogorun, 2020. T. 4. Ne82.

[2] Votaw D. F., Orden A. The personnel assignment problem // In Symposium on Linear

Inequalities and Programming. Scientific Computation of Optimum Programs. Project

SCOOP, 1952. No 10. Pp. 155-163.
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Bi-assignment problem application to the problem of water
transport services for island and urban agglomerations

Yuriy Fedosenko' fds1707@mail .ru
Dmitriy Khandurin' kaf_isuit@vsuwt.ru
Anatoliy Sheyanov'x asheyanov@ya.ru

INizhny Novgorod, Volga State University of Water Transport

There are a set of high-speed passenger ships I = {1,2,...,n} and two sets of
routes P = {p1,p2,...,pn} and Q = {q1, 42, ..., qn}. Each ship must be assigned to
carry passengers on one of the routes from the set P and one of the routes from the
set ; only one ship must be assigned to each one of the routes.

The (nxn)-matrices A = {a;;} and B = {b;; } of numerical estimates are assumed
to be given, where a;; is the evaluation of the transportation by ship 7 along the
route p;, while b;; is the same along the route ¢, i = 1,n, j = 1,n.

Let us introduce the following notation: IT; = {m (i), I} is the set of assignments
of ships to routes from P, IIs = {m3(i), I} is the set of assignments of ships to routes
from @. Both the assignment II; and the assignment I, are a bijection of the set
I to itself. The equality m1(i) = j means the appointment of ship ¢ to route pj;;
similarly, the equality m2(¢) = j means the appointment of ship i to route g;.

We denote pairs of the form (m(i),m2(i)) as bi-assignment [1]; it is supposed
that when implementing such bi-assignment, each ship ¢ from I, first starting from
time 0, carries out the transportation of passengers along the route number 7y (i),
and then immediately proceeds to route number 7o (7).

In a general form, Bi-assignment Problem (BAP) with a minimax criterion, which
is is a generalization of Assignment Problem (AP) [2], is written as follows:

min (mgx[aam(a) + bar, ()]) (5)

1,72

If the transportation duration by ships along corresponding routes is determined
by matrices A and B, then result of solving problem(1) will be bi-assignment, en-
suring the minimum total duration of the entire complex of transportation along the
routes {p1,p2; - Pnsq1,G2; - qn }-

Let ¢ be a natural constant not exceeding n, Wi, W5 be arbitrary i-element
subsets of I.

By Z(i, W1, W3) we denote the subproblem of the problem (1), in which among
the ships of the set I one should distribute routes with lower indices (numbers) from
the subsets W7 and Ws; in this case, each ship should be assigned to only one route
from the set P with a subscript included in the subset W7, and to only one route
from the set () with the index included in the subset W5. The optimal value of the
criterion of the problem (1) is denoted by Hop;.

According to the concept of dynamic programming, the state of the process of
the pair distribution of the routes from the sets P, @ between the ships of the set I at
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step ¢ is uniquely determined by the triple (i, Wy, Wa), where 4 is a natural constant
not exceeding n, restricting the assignment to ships with numbers j,k = 1,2,...,4
and Wy, Wy arbitrary i-element subsets of the sets of indices of the routes P, @
respectively, available for distribution.

The optimal criterion value in the problem Z(i, Wi, W5) is denoted by
H{(i, W1, Wa).

H (i, Wy, Ws) is the Bellman function for problem (1), and

H(l,{j},{k})zalj—l—blk; j,k‘EN. (6)

For solving problem (1), we write the following recurrent relations of dynamic
programming

H(i, Wy, W) = min(rg%x[(am +big),
H(i =1, Wi\ {a}, Wa \ {B})));
Hop(n,I,I) = min(rgfaﬁx[(ana + bug),
H(n— 11\ {a}, T\ {B})),

where (a, §) are arbitrary pairs of indices from the set Wy x Wh.

The implementation of the computational algorithm along these relations, de-
noted below by DP, begins with the determination of the quantities H(1,{j}, {k})
for all singleton sets Wy and Ws.

Next, sequentially in increasing order of parameter ¢ for all possible sets W and
Wy the values of the Bellman function H (i, Wi, Ws), i = 1,n are determined by
formula (3).

The value H(n,I,I) determined by relation (4) is the optimal criterion value
H,,: in problem (1).

In the process of executing the DP algorithm for each triple (i, Wy, Wa) of the
values of the arguments of the Bellman function, we should fix the pair (o, ), on
which the minimum of the right-hand side of relations (3), (4) is realized. This will
allow, after finding the optimal value of the H,,; criterion, to uniquely determine
the corresponding bi-assignment.

Relations (2)—(4) suppose implementation of the direct calculation scheme,
without taking into account the state, unattainable from the initial one.

The complexity of the DP algorithm is determined by the number of calculated
values of the Bellman function and is estimated as O(4™).

The results of experiments on performance evaluating of the DP algorithm for
practically significant values of the dimension (n =10-13) demonstrate its practical
importance for the type of applied problems under consideration.

Prospects for further research are to modify the proposed model for a wider range
of applied problems, including those requiring multi-criteria formulation.

(7)

(®)
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PeweHne 3agayun MmuHumMmnsayum BpeMeHu BbINOJIHEHUS 3aKa3a
ONSA peKypCuBHOro KoHseiepa
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Ja3zapes Anexcandp Anexceesur’ jobmath@mail.ru

"Mocksa, IITY PAH

B noknaze paccmarpuBaercss Merof pemtennss RCPSP [2] 3ajzaun, mMunnMunsamn
BPEMEHU BBITIOJIHEHUST MHOXKECTBA 3aKA30B KOHBEHEPOM OIHMCHIBAEMBIM KOHETHBIM
nabopom pekypcuBubix dyukiuit. RCPSP 3ajaun, kak npaBusio, siBJISIIOTCS TTOJIH-
HomuaJsibHO wiiu NP rtpymubivMu. B nannom ciiydae pelreHne OCyIIeCTBIISETCH CBe-
nenneM k 3azade Ymosaersoperust Orpanudenuit (3YO), siBistrormeiicst cOCTaBHOM
qacteio Constraint Programming. Mojenb kouBeiiepa mpejcraBisier cob0il CBI3HBIIM
AMMK/IMIECKAN OPUEHTUPOBAHHBIN rpad ¢ €IMHCTBEHHON KOHEYHOM BepIiuHOoil. Bep-
MUHBI Tpada ToMeTeHbl HoMepaMu 3 MuoxkectBa I = 1,2, -+, n. MHoKkecTBO AyT
rpada ynopsigodennsie napsl Buja (i,7), rae i,j € 1.

Bepmunbr rpada momedeHs ¢ momorpbio otobpakenus type 1 [ — F, rne B =
= {bop,op,and, mul, red, getl, get2, put} — KoOHEUHOe IEpPEUNCINMOE MHONKE-
ctBo TunoB BepmnH. C KayKJIBIM THUIIOM BEPIIUHBI CBSI3aHA OIPEE/ICHHAS WHTEP-
[peTanys W COOTBETCTBYIOIAs PEeKypcuBHas (GyHKIUs. Pacrmcanne BBITOTHEHUS
oTIepaIiii CTPOUTCS C ITOMOIIBIO BBIUHCJIEHUST CYIIEPIIO3UIINN PEKYPCUBHBIX (DYHKITHI
t(i, k), onpenenennnix Ha MuOXKecTBe I X K| riie K C Ny KOHETHOE MHOYKECTBO U BbI-
YUCJISIIONIIX BPeMsl 3aBepIlleHnsi 00paboTKu i-it omeparueii k-ro 3akasa npu k € K.
MHOXKeCTBO peKypCUBHBIX (DYHKIMI 1 MX MHTEPIPETaIyst I0POOHO onucaHsl B [1].
Kaxkmas omeparus ¢ KOHBeliepa MCIIOIb3yeT HEKOTOPBIN BO30OHOBIIAEMBIN DPECypC
m; € D; m XapaKTepnusyercsa BpeMeHeM BBLITOJHEeHHA D;;. [D; MHOXKECTBO pecypcos,
KOTOPOE NCIIOJIB3YETCsI JIJIs BHITOJTHEHNS orteparuu ¢. M — MHOXKeCTBO BO30OHOBJIsIE-
MBIX pecypcoB Konpeitepa u D; C M. B KaxX1plif MOMEHT BpEMEHU KazKJ[asl OIlePAIHs
MOXKET UCIIOJIB30BATh TOJBKO OJINH PECYPC U KAXKJIBII PECYPC MOYKET MCIIOIb30BAThHCS
TOJILKO OJHOH oreparueil.

Ucxomuas 3amada copuresd K MunuMusanuu Gyakmun t(n, k) s 3anaanoro k
Ha KOHETHOM MHOXKECTBE BO30OHOBJIIEMBIX pecypcoB M.

B rteopun 3YO paccmarpusaercst kak versepka (V,D,R,C), tne V =

= {v1,va, -+ ,vp} —MHOKecTBONEpeMeHHbIX, D = {Dy, -, D;,} — MHOXKeCTBO J10-
MEHOB NEPEMEHHBIX, K — MHOKECTBO OTHOINEHHUH Pa3IMIHON apHOCTU HAJI MOJMHO-
xkecrBamu D. C' = {Cq,--+,Cy,} — MHOXKECTBO OrpaHUYEHUIl, CBA3BIBAIOIIUX MHO-

JKeCTBO 3HAYEHWIT TlepeMeHHbIX u3 V' mocpeictBom orHorrenuit u3 R. Perenne 3Y0
9TO IIPUCBOEHUE 3HAYEHUNI BCEM II€PEMEHHBIM MHOXKeCTBa V', KOTOpbIE Y/IOBJIETBO-
pstitor Bcem orpanndenusiM u3 C. Iesbio permernss 3Y0O MoKeT ObITh HAXOXKIEHIE
OZIHOI'O MUJIA BCEX PeIlleHuil.

IIepenecem obmryto moctanoBky 3YO B paccMaTpuBaeMyio HAMU TPUKJIAIHYIO 00-
sacth. 3ajada YO MoxKeT ObITh IIPEJICTABIEHA B BUJIE CETH OrpAHUYeHUit. BbLio Obl
€CTECTBEHHO B Ka4eCTBE TAKOI ceTH B3dTh rpad MOJiesn KOHBeliepa, B KOTOPOM Bep-
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IIITHE COOTBETCTBYET HEKOTOpast oneparus. OIHAKO, B CBA3U € T€M, 9TO ONEpPaIys i
BBITIOJTHSIETCs k pa3 IMpu HAJUYIHE Kk 3aKa30B, OHA MOXKET HCIIOJIb30BATH PA3JINIHbIE
PeCypChI JIJIsl Pa3HBbIX 3aKa30B, T.K. C OIEpalneil ¢ CBA3aHO MHOXKECTBO DPECYPCOB
D;. Yrobbl 1peojiosieTh 3Ty npobiieMy CreHepupyeM U3 UCXOJHOTO rpada Mojean
U151 3aJAHHOTO k passBepHYTHIl rpad, B KOTOPOM KarKIOH BEpIIMHE COOTBETCTBYET
napa (HOMep OIlepalui, HOMEp 3aKa3a) U COXPAHSIOTCS OTHOIIEHUs HPEIIIeCTBO-
Banus. [locTpoerue Takoro rpada BO3ZMOXKHO JJIs JI000H MOJE/N KOHBeiepa U He
PEJICTABISIET CI0KHOCTU. Fesm nexonnblit rpad uveer n BepumH (oneparuii), To
HoBblil rpad umeer n' = nk eprud. [leperymepyem BepmmHabl pa3BepHyTOro rpada
HeKOTOpBIM criocobom. [Tyers I’ = {1,2, -+ ,n'} MHOKeCTBO HOBBIX HOMEDOB. Bytem
CYUTATD 10 YMOJTUaHUIo, 910 i’ € I’ 0603Ha"aeT HOMEDP BEPUIMHBLI HOBOrO rpada u
cymiecrByioT orobpaxenusg ¢ : I’ - Tup: I — K.

[Tocne paccmoTpenHbIX mpeobpaszoBanuit verBepka 3YO Oymer BBINVISICTD CJie-
nytormum obpazom Vo= {1, -+ , &,/ } — MHOXKECTBO JUCKPETHBIX [IEPEMEHHDIX JIJIsI
KaxK/JI0il 13 KOTOPBIX 3a/aHa 06J1acTh onpesesenus (nomen). [lepemennas x; B3aum-
HOOJIHO3HAYHO CBsI3aHa ¢ napoii (i, k) rakoii, uro i = ¥(x;), k = ¢(x;). Dy = D; —
JIOMEH WJI MHOYKECTBO 3HAYECHUN MEPEMEHHON X/, CBSI3aHHDII C COOTBETCTBYIONIEH
i-ii Bepiunoit ucxomuoro rpada, re. i’ — (i,k), R C (Dy X Dy X -+ X Dy/), C —
MHOXKECTBO OI'DaHUYCHUN.

MHO>KeCTBO ONpaHUYeHUil JeJUTCA HA YHAPHbIE, OMHAPHbBIE, TePHAPHBIE U TJIO-
GasbHBIe OrpaHndeHust. [lepBble TP 3a/a10T OIrPAHIMYEHUS HA BPEMEHA 3aBEPIICHISs
orreparnit, 00yCI0OBJIEHHBIE OTHONIECHUAMI IPE/IIECTBOBAHNS U UCIIOIB3YEMBIME Pe-
cypcamu. Hampumep:

pij» zf(xz/ = m])&(k = 0),
tnk(i, k) = t?’Lk’(i, k— 1) +pij> if(SUi/ = a:pk(i/))&(xif = mj);
tnk(i,k —1) = pi; +pa, if(Ts # Tppn)&(we = my)&(prny = my);

Cyrb ritobanbubix orpanndenuii Buja all-different B Tom, aTo Bce nmepecekarory-
ecsl BO BDEMEHU MHTEPBAJIBI BBIIIOJIHEHUS OIEPAIUil IOJ2KHBI HCIIOJIb30BATH PA3JINY-
Hble pecypchl. B mannoM ciryuae 3YO Oyaer ¢ JUCKPeTHO MepeMeHHOM 1 KOHETHBIM
MHO2KecTBOM 3HaveHuil. [locrpoenne pacnucanust jjis KOHBeiiepa BBIYUCICHIEM CY-
[IEPITO3UTIAN PEKYPCUBHBIX (DYHKIUI OTHO3HATHO IIpe/IroaraeT s perrenns 3Y O
BapUAHT IIOMCKA C BO3BPATAMIU.

[1] JIasapes A. A., Iagpapos E. P. Teopus pacuncanunit. 3azadu u aaropurmel // Mocksa:

Wszn-so MI'Y, 2011. C. 223.

[2] Kynpusanoe B. B. OueHKa 1 ONTUMU3AIHS IPOU3BOIUTENBHOCTH PEKYPCUBHOIO KOHBET-

epa // ABromarmka m tenemexanmka, 2020. Ne5. C. 6-25.
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Solving the problem of minimizing order lead time for a recursive
conveyor

Boris Kupriyanov' kuprianovb@mail.ru
Alexander Lazarev' jobmath@mail.ru

"Moscow, Institute of Control Sciences of the Russian Academy of Sciences

The report discusses a method for solving the RCPSP [2] problem, minimizing the
execution time of a set of jobs by a conveyor described by a finite set of recursive
functions. RCPSP problems are usually polynomial or NP hard. In this case, the
solution is carried out by reducing to the Constraint Satisfaction Problem, which
is an integral part of Constraint Programming. The conveyor model is a connected
acyclic directed graph with a single finite vertex. The vertices of the graph are
marked with numbers from the set I = {1,2,--- ,n}. The set of arcs of a graph is
jobed pairs of the form (i, ), where 4,5 € I.

The graph vertices are marked using the mapping type : I — FE, where F =
= {bop, op,and, mul, red, getl, get2, put} is a finite enumerable set of vertex
types. Each vertex type is associated with a specific interpretation and a correspond-
ing recursive function. The schedule of operations is constructed by calculating the
superposition of recursive functions ¢(4, k) defined on the set I x K, where K C Ny is
a finite set and calculating the completion time of processing i by the k-th operation
of the K-th job at kK € K. The set of recursive functions and their interpretation
are described in detail in [1]. Each I operation in the conveyor uses some renewable
resource m; € D; and is characterised by the processing requirement p;;. D; is the
set of machines that is used to perform the ¢ operation. M — the set of renewable
conveyor resources and D; C m. At any given time, each operation can only use one
resource, and each resource can only be used by one operation.

The original problem is reduced to minimising the function ¢(n, k) for a given
k on a finite set of renewable resources M. In CSP theory, is considered as a four
(V,D,R,C), where V = vy, v9, -+ ,v, — set of variables, D = Dy,---,D,, — set
of variable domains, R — set of relations of different arity over subsets of D. C =
= (1, ,Cp, — set of constraints that bind the set of variable values from V' by
means of relations from R. The CSP solution is to assign values to all variables in
the set V' that satisfy all the constraints of C. The goal of a CSP solution may be
to find one or all of the solutions.

Let’s transfer the General statement of the CSP to the applied area we are
considering. The CSP can be represented as a network of constraints. It would be
natural to take as such a network the graph of the conveyor model, in which a vertex
corresponds to some operation. However, since the ¢ operation is performed k times
when there are k jobs, it can use different resources for different jobs, since the 4
operation has many D; resources associated with it. To overcome this problem, we
will generate an expanded graph from the source graph of the model for the given I;:,
in which each vertex corresponds to a pair (operation number, job number) and the
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precedence relations are preserved. The construction of such a graph is possible for
any model of the conveyor and is not difficult. If the original graph has n vertices
(operations), then the new graph has n’ = nk vertices. Renumber the vertices of
the expanded graph in some way. Let I’ = {1,2,--- ,n/} be the set of new numbers.
By default, we assume that i’ € I’ denotes the vertex number of the new graph and
there are mappings ¢ : I’ = I and ¢ : I' — K.

After the considered transformations, the four of CSP will look like V' =
={x1, -, 2} — a set of discrete variables for each of which a domain is defined.
The variable z; is one-to-one related to the pair (¢, k) such that ¢ = ¥(z;), k = ()
and D; = D; — domain or set of values of the variable x;s associated with the corre-
sponding i-th vertex of the source graph, i.e. i’ — (i,k), R C (D1 X Dg X +++ X Dy),
C — set of restrictions.

The set of constraints is divided into unary, binary, ternary, and global con-
straints. The first three set limits on the completion times of operations based on
the precedence relationships and resources used. For example:

pij» Zf(.’Ey = m])&(]ﬂ = 0),
tnk(i, k) =  tnk(i,k — 1) +pij,  if(we = Tpran)&(e = my);
tnk(i,k —1) = pi; +pa, if(@s # vppny)&(we = my)&(@prny = my);

The essence of global restrictions of the form all-different is that all overlapping
time intervals of operations must use different resources. In this case, the CSP
will be with a discrete variable and a finite set of values. Building a schedule for
the conveyor by calculating a superposition of recursive functions unambiguously
assumes a search option with backtracks for solving the CSP.

[1] Kupriyanov B. V. Evaluation and optimization of recursive pipeline performance //

Automation and telemechanics, 2020. No5. Pp.6-25.

[2] Lazarev A. A., Gafarov E. P. The scheduling theory. Tasks and algorithms // Moscow:
Izdatelstvo MSU, 2011. Pp. 223.
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Crpaternm KoMOMHMPOBaHUS pelleHnin TPEXNHAEKCHOW 3a4a4um O
Ha3Ha4YeHusx

Agpatimosun Jles I'puzopvesu' levafraimovich@gmail.com
Emenur Maxcum Tenucosur'x makcum888e@mail . ru

"Huzkanit Hosropos, HHT'Y

Bsenenue

TpéxunmekcHas akcuaJbHAs 3aJa4a O HA3HAYCHUSAX MMEET IIMPOKYI0 00JIacThb
UpUMEHEeHUs, IpUMepbl npuBejieHsl B [1]. Mbl pacemarpuBaeM 3a/ady ONTHMAJIBHO-
ro KOMOMHUPOBAHUS JIOIYCTUMbBIX PEIIeHN TPEXUHIEKCHON aKCUAIbHON 33141 O
HasHaveHUsX. JaHHBIN aJropuTM MOXKET OBITH IIPUMEHEH B Ka4eCTBe JIONOJIHEHUs K
U3BECTHBIM 3BPUCTUYECKUM MJIA NPUOJIUIKEHHBIM aJrOPUTMAM JJIs TOCTOOPAbOTKI
[OJIYYEHHBIX TPUOIMKEHHBIX PEIICHU 33191 O HA3HAUCHUSX.

IlocTranoBka 3amaun

Ilycrs 3amanbl Tpu Henepecekaomuxcs Muoxkecrsa unjexcos I, J, K |I| = |J| =
= |K| = n, a Tak:Ke TPEXUHIEKCHAsI MATPHUIA CTOUMOCTEH M TPEXUH/IEKCHAsT MaT-
PHIa, HEM3BECTHEBIX, Cijk, Tijk,t € I, € J, k € K, nocrapjiena TPEXUHICKCHASA aKCU-
aJibHasl 3312498 O HA3HAYCHUSX:

sziijLiEI, (1)

jeJ keK
i€l keK
szij‘k:Lk‘EK, (3)
iel jeJ
zijr €{0,1}iel,je J ke K, (4)
Z Z Z CijkTijk — man. (5)
iel jeJ keK

W U3BECTHBI 1M JIOIYCTUMBIX Pelenuit ganuoit sagaun zt, 22, ..., 2™,

Beemem wmuOxkecTBo W (x) cremyrommm obpasom: W(z) = {(4,4,k)|zik
= 1,i € I,j € J,k € K}. O6oznauum uepez Z(W(xl, 2% ...,2™)) sanauay (1)-(6),
rie Wzl 22, ..., 2™) = W(zh ) UW(2?) U...UW (z™)

2k =0,(i,7,k) ¢ W(z', 22, ..., a™) (6)

Iloaxoabl K penieHuro
st cotydast m = 2 ObLI pa3paboTaH MOJTUHOMUAJIBHBIN AJITOPUTM PENIEHUsT TOCTaB-
gennoit 3agaqu(2|. dug ciayuas m > 2 6b110 pa3paboTaHO HECKOJIBLKO SBPUCTHYE-
CKUX TIOJIXO/IOB JIJIS PENIeHus IIOCTABJICHHON 3a1a4un. Byaem KoMOMHIpOBATL pere-
HUsl, UCIOJIB3Ys AJITOPUTM ONTUMAJIBHON KOMOMHAINN JIBYX JOIIYCTUMBIX PEIIeHU
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TPEXUHIEKCHOI aKCHaJbHOI 3a/aun 0 HazHadenuax|2]. Oupeesum nocsesoBaTeb-
HYI0O KOMOWHAIIWIO PEIIeHuil CJIeIYIONIM 00pa3oM: KOMOUHUPYEM IepBOe pelreHne
CO BTOPBIM, Ha KayKJIOM CJIEJYIOIIEM Ilare KOMOMHUPYEM Pe3yJIbTaT C IIPEJIbLILYIIero
mara co CJIeIYONIM HEeBBIODAHHBIM PEIIeHIeM.

Crparerus 1. YIOpPSI0INTh PENIEHUS B CJIyIailHOM IOPsiJIKE, ITPOBECTH IIOCJIe-
JIOBATEJILHYIO0 KOMOMHAIIMIO PEITeHMIA.

Crparerus 2. YHOpsIOYUTE PEIIEHUs B TIOPsJIKE BO3PACTAHUS KPUTEPHUs, [IPO-
BECTH I10CJIE/I0BATEIbHYI0 KOMOMHAIUIO PEIIeHuiA.

Crparerust 3. YIOPsiIOUUTDb PEIIEHUs] B [TOPsIJIKE BO3PACTAHUSI KPUTEPUS, IIPOBe-
CTH TIOCJIeIOBATEIbHY 0 KOMOMHAIMIO pereHnii. 3areM k pa3 yIopsiIO9uTh PEIeHUs
B MOPSJIKE BO3pACTAHWsS KPUTEPUsl, BBIOPATH CJIyYallHO MOJOBUHY PEIIeHUN U ToMe-
HSITh UX MECTAMU B CJIYYaiHOM MOPSIJIKE, TTPOBECTH TIOC/IEIOBATETHLHYIO KOMOMHAIIIIO
pemrennit. /st k+ 1 OJIydIeHHOTO pPEIeHns IMPOBECTU TIOC/IE/I0BATE/ILHYI0 KOMOUHA-
UO.

BorancaunTesbHBIN 3KCOIEPUMEHT

DKCIEPUMEHT MTPOBOMIICS Ha TECTax, TEHEPUPYEMbBIX O TOH Ke mjee, YTO U B
[3]. TTapameTpsl ¢;j; BbIGHpaIHCh paBHOBEpOsATHO u3 orpeska [0,300]. s kaxmo-
IO TecTa IeHepHpOBAJIOCh N° CIYYaHLIX PEIIeHHi, KayK10e U3 KOTOPBIX IIPOXOIMIO0
Yepes nporeaypy JokaabHoil ontumusanuu[4]. Ipu nposeeHnn SKcriepruMenTa ma-
pametp k u3 crpareruu 3 ObLT BRIOpaH paBHbIM 4. J[jist cpaBHEHMsST Mbl TaAKKe HAIILIH
MUHUMYM W3 3TUX pernenuii. JIjisi cepun skcrepuMeHToB OyIeM OIEHUBATEL CPEJIHEe
OTKJIOHEHWE OT ONTUMyMa B cepun. B kaxknoil cepun 6b110 10 3389 0 MHAKOBOI
Pa3MEepHOCTH.

n  Muanmym n3CrparerusgCrparerugCrpaTerus

perTennii 1 2 3
10 [3,195% 2,399%  2,399%  [1,478%
11 B,883% 7,413%  6,332%  |4,274%

12 [15,054% 14,185% [14,185% [10,923%
13 P24,319% 24,319% 124,319% [22,010%
14 141,210% 34,207% [34,387% 23,276%
15 [54,856% 47,248% 152,372% 16,553%
16 [72,872% 69,792% [70,677% 169,473%
17 168,145% 68,145% [59,684% |51,387%
18 [87,201% 81,402% [82,272% 166,769%
19 [100,464%  [88,211% 190,114% [81,358%

CorJiacHO IPUBEIEHHDBIM BBIIIE PE3y/IbTaTaM MUHUMYM U3 PEIIeHUH OTKJIOHIETCs
B cpenueM Ha 47,620%, Crparerus 1 na 43,732%, Crparerus 2 na 43,674%, Crpa-
rerug 3 ma 37,750%.
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Strategies for combining solutions to a three-index assignment
problem

Lev Afraimovich! levafraimovich@gmail.com
Maksim Emelin'x makcum888e@mail.ru

Nizhny Novgorod, NNSU

Introduction

The three-index axial assignment problem has a wide range of applications, ex-
amples are given in [1]. We consider the problem of optimal combination of feasible
solutions to the three-index axial assignment problem. This algorithm can be used as
a supplement to the known heuristic or approximate algorithms for post-processing
the obtained approximate solutions to the assignment problem.

Problem statement

Suppose that there are three disjoint sets of indexes I, J, K, |I| = |J| = |K| = n,
as well as a three-index matrix of values and a three-index matrix of unknowns,
Cijk, Tijk,t € 1,7 € J,k € K, a three-index axial assignment problem is defined:

szijk=17i617 (1)

jEJkEK
SN migp=1j€, (2)
icl keK
szijk:LkeKv (3)
iel jeJ
zijr €{0,1},iel,je J ke K, (4)
Z Z Z CijkTijk — min. (5)
i€l jeJ k€K

and m possible solutions to this problem are known z!, 22, ..., 2™. We introduce the
set W(x) as follows: W(z) = {(4,7,k)|zijx = 1,4 € I,j € J,k € K}. Denote by
Z(W(xt, 22, ...,2™)) problem (1)-(6), where W (x!, 22 ...,2™) = W(z!) U W (2?) U
LU W (™)

ziji =0, (i,7,k) ¢ W(z', 22, ..., a™) (6)

Solution approaches

For the case m = 2, a polynomial algorithm for solving the problem was developed|[2].
For the case m > 2, several heuristic approaches have been developed to solve the
problem. We will combine the solutions using the algorithm of optimal combination
of two feasible solutions to the three-index axial assignment problem[2]. Let’s define
a sequential combination of solutions as follows: we combine the first solution with
the second one, and at each next step we combine the result from the previous step
with the next unselected solution.
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Strategy 1. Arrange the solutions in a random order, run a sequential combina-
tion of solutions.

Strategy 2. Arrange the solutions in ascending order of the criterion, and perform
a sequential combination of solutions.

Strategy 3. Arrange the solutions in ascending order of the criterion, and per-
form a sequential combination of solutions. Then arrange the solutions k times in
ascending order of the criterion, select half of the solutions randomly and swap them
in random order, and perform a sequential combination of solutions. For the k + 1
solutions received, perform a sequential combination.

Computational experiment

The experiment was conducted on tests generated by the same idea as in [3].
Parametrs c¢;j; were chosen equally from the segment [0,300]. For each test, n3
random solutions were generated, each of which went through the local optimization
procedure[4]. During the experiment, parameter k from strategy 3 was chosen to be
4. For comparison, we also found the minimum of these solutions. For a series of
experiments, we will estimate the average deviation from the optimum in the series.
Each series had 10 problems of the same dimension.

n  Minimum offStrategy 1Strategy 2[Strategy 3

solutions
10 3,195% 2,399%  12,399% [1,478%
11 8,883% 7,413%  16,332%  14,274%

12 [15,054% 14,185% [14,185% [10,923%
13 24,319% 24,319% [24,319% [22,010%
14 141,210% 34,207% [34,387% 23,276%
15 [54,856% 47.248% 152,372% 146,553%
16 [72,872% 69,792% [70,677% 169,473%
17 168,145% 68,145% [59,684% 51,387%
18 87,201% 81,402% [82,272% 166,769%
19 100,464%  188,211% [90,114% [81,358%

According to the results above, the minimum of solutions deviate on average by
47.620%, Strategy 1 by 43.732%, Strategy 2 by 43.674%, Strategy 3 by 37.750%.
[1] Afraimovich L. A Multi-index Transport Problems with Decomposition Structure //

Autom. Remote Control, 2012 Vol. 73. No1. Pp.118-133.

[2] Afraimovich L. Emelin M. Solving the problem of optimal combination of two accept-
able solutions to the three-index axial assignment problem // Materials of the XIII
International seminar “Discrete Mathematics and its Application”, 2019. Pp. 193-196.

[3] Balas E. Saltzman M. J. An Algorithm for the Three-Index Assignment Problem //
Operations Research, 1991. Vol.39. No1l. Pp.150-161.
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O npoekTe uMdpoBOI 3KO-CUCTEMbI AJ1S1 CO34aHUA
BUPTYaNbHOro pbiHKa UM POBbLIX ABOWHUKOB MNpeanpuaTnii
3NEeKTPOTEXHUYECKOV NMPOMbILLIJIEHHOCTU

Cxobenee Ilemp Oaczosun' petr.skobelev@gmail.com
Jdaprozun Baadumup Bopucosun'x vladimir.larukhin®@live.ru

! Camapa, Camapckuii Tocymaprcsennii Texumdaeckuii YHUBepcuTeT

B ycroBusx pactyimeit C/I0KHOCTH W HEOIIPEIETIEHHOCTH COBPEMEHHON SKOHOMI-
KA B OTPACJIU MIPOMBIIIJIEHHOCTH HAOJIIOMAETCA CYIIECTBEHHOE CHUYKEHUE PUOBLIN
1 000CTpeHNe KOHKYPEHIUU HPEeIIPUATHN, KOTOPBIH P ITOM eIlle YacTO JIO0JIK-
HBbI COYeTaTh IPOU3BOJICTBO I'PAXKIAHCKON M BOEHHO# Npoaykiuu. B psje ciydae,
HAIIPUMED, B JIEKTPOTEXHIUIECKON MPOMBIIIJIEHHOCTH HU OJHO U3 IPEIIPUSTUHN Ha
PBIHKE 9acTO He CIIOCOOHO IEJNKOM BBITOJTHUTH KPYIHBIH 3aka3 ['asnpoma min Jly-
Koiijia (HAIIpUMEp, HA MOCTABKY KOMILIEKTHBIX JEKTPOTEXHUICCKUX [OZCTAHIIUI),
TPeOyYIOMUil B KOMIJIEKTAIIIH IITTPOKOI HOMEHKJIATY POl MOKYIIHBIX U ITPOU3BOIMUMBIX
U3JIEeJIUN.

BosHukaromast mpu 5T0M HOBast CJIOXKHAsI 33/1a9a COCTOUT B TOM, YTOOBI aBTOMa~
TU3UPOBATH MPOIECC (POPMUPOBAHUS MEMOYEK KOOIEPAIUU TAKOTO POIA MPEITPUsi-
THi1, KOTOPBIe ObI OCYIIECTBJISJINCH B PEAJHHOM BPEMEHH B CAM MOMEHT (hOPMUPO-
BaHUs 3aIIpOCa OT KPYITHOIO 3aKa34YMKa C yIeTOM TEKYIIel 3arpy3Ku, KOMIIETeHITH,
PEeCypPCHBIX MOIIHOCTENH U OrpaHUYCHUN KazKJI0r0 IIPEeAIIPUATUA U BO3MOXKHOCTEH UX
KOOTIEPAITUH.

IIpu 9TOM PYUHOIl peKUM TAKOIO POja IePeroBOpOB KpailHe CJIOXKHBIA U TPY/I0-
eMKHI — KayKJIOMY MPEIIPUITUAIO TOTPeOyeTCst AepKaTh eIl MITaT, YTOObI 3HATD
COCTOSTHVIE U IIJIAHBI IIPEJIITPULATHS, ITPOBEPATH HAJIMYNE KOMILJIEKTYIONIINX Ha CKJIAJIE
WM CTOUMOCTb U CPOK U WX 3aKa3a Ha CTOPOHE, IJIAHUPOBATH IIPOU3BOJICTBEHHBIE
IIPOIECCHI € YIE€TOM OCOOEHHOCTEN U3/Ie/uil, TEXHOJIOIMIEeCKUX [IPOIECCOB, CTAHKOB
U KOMIIETEHIMI pabounx IPepusiThsi, a TaK»Ke OTBedaTb depe3 (hOPMUPOBAHIE
rexuuko-komMmMepueckux npeioxkennii (TKIT) ma kaxkiplii 3a1poc, KOTOPBIX MOXKET
[PUXOJIUTH JIECATOK B JIEHb OT Pa3HBIX 3aka3unkoB. OaHako, HamboJiee CJIOXKHAs
9acTh 9TOTO MPOIECCa COCTOUT B TOM, UTOOBI, aHan3upys mnoaydaembre TKII, mo-
HSITh, KTO U3 NPEJIPUSITAN MOXKET BOUTH B (POPMUPYEMYIO IEIOYKY U B KaKOil 4da-
CTH TIPOU3BOJMMOIO M3JIE/IUsl, YTO OyaeT HaumboJiee BBIOJHO KAaK 3aKa39HKYy, TaK W
JIPYTUM y9aCTHUKAM IETOYKHU, U IJe KaXK/IbIIl UCIIOJTHUTEIb JOJIZKEH MONTH Ha KOM-
[IPOMUCC U YCTYIUTh, B CYET TOW MPUOBLIN, KOTOPOI MOJIYIUT OT MPUHATON JACTH.
BaKubIM CTUMYJIOM y9acTus B TAKOH KOOIIEPAIIUY MOTYT OBITH IPUHITUIIBL «COJIHIAP-
HOI 9KOHOMUKU», KOTOPbIE, €CJIU TMernovka caokuTces, u csogaoe TKII Oymer nmpums-
TO, U3 00pa3yIoIIeiicsi IPUOBLIN TTO3BOJISIT BO3MECTUTH YCTYIIKHM TE€M IIPEIITPUSITHSIM,
KTO COTJIACHJICS Ha YMEHBIIIEHUE [IEHbI WA OTKA3 OT YaCTU CBOEIl MOCTABKU B yTOILY
UHTEPECOB MEIMOYKHU B IIEJIOM.

DTOT MOJXO, MOXKET CIOCODCTBOBATEH PA3BUTHIO HOBBIX 0/1x0,10B UHycTpun 5.0
B YACTU BHEJIPEHUs] CUCTEeM MCKyccTBeHHOro naTesiekta (M), yaacTByommx B Ta-
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KHX 3aIpocax KaK CO CTOPOHBI 3aKa39MKa, TAK M IIOTEHIIMAIHLHOTO HCIOJHUTEJIS,
nudpoBusaruu 3HaHU 1 (HOPMUPOBAHUS TTIMPOBBIX IKO-CUCTEM KOJIOHUI CHUCTEM
NN («cucrem cucrem» ). A takxke npuniunos O6mecrsa 5.0, 0CHOBAHHOIO Ha BHE/I-
pennu Takoro poja mudposbix cucrem U, B wactu Mogesu «coopetition» (or auri.
«cooperation» - kKoomepanug u «competition» - KOHKypeHIUs), T.e. JIUHAMUIECKO-
IO TEePEKJIIOYeHNsT OT KOHKYPEHIINN K KOOIIEPAIlui, U HA0DOPOT, B 3aBUCHMOCTH OT
CKJIA/IBIBAIOIIEICS CUTYAIIH.

B pesysibrare mpejiaraeMoro mojxo/a Blepsbie Oy1eT mocTpoeHa nudpoBast 3Ko-
cucreMa yMHBIX nudposbix aBoiiankos (MICYP) pasnuusbix npeanpusituii, oprasm-
30BaHHAS KaK «CHCTEMa CHCTEM» C P2p B3aWMOJEHCTBHEM OTIEIbHBIX CHCTEM Ha
obrreit nudposoit mwrardopme.

PesynbraTom BHEIpEHUS SBJISIETCS PENIEHUs CJIOYKHON 3aa4u 00ecIiedeHust mo-
CTaBOK I10 KOMIIJIEKCHBIM 3aIIpOcaM, IIOBbIIIEHNE TNOKOCTU U 3D PEKTUBHOCTH YIIPAB-
JieHus pecypcamu, cokparenne spemenu B 100-100 pa3 na npuHaTHE pelenuii, mpo-
3PAvHOCTD U CHUKEHHE 3aBUCUMOCTH OT Y€/I0BEYECKOro (haKTopa, BO3MOXKHOCTH Mac-
mrrabupoBanust Ou3Heca 0e3 pocTa YMCIEHHOCTH aMUHUCTPATABHOIO IIEPCOHAJIA.

Pabora nmognepxkana rpanrom PODU Ne20-37-90052.

[1] Rzhevski G., Skobelev P. Managing Complexity // London-Boston: WIT Press, 2014.

Pp. 156.
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About the digital ecosystem project to create a virtual market for
digital twins of electrical industry enterprises

Petr Skobelev' petr.skobelev@gmail.com
Vladimir Laryukhin'x vladimir.larukhin@live.ru

!Samara, Samara State Technical University

In the context of the growing complexity and uncertainty of the modern economy,
the industry of complete sets of electrical equipment has seen a significant decline
in profits and increased competition between enterprises.

In some cases, none of the enterprises in the market of complete sets of electrical
equipment is often able to fully fulfill a large order from Gazprom or LUKOIL (for
example, for the supply of complete electrical substations), which requires a wide
range of purchased and manufactured products. The new complex task that arises
is to automate the process of forming chains of cooperation of such enterprises,
which would be carried out in real time at the very moment of forming a request
from a large customer, taking into account the current load, competencies, resource
capacities and limitations of each enterprise and the possibilities of their cooperation.

In this manual mode of such negotiations is extremely complex and time-
consuming — each company will need to keep a large staff of experts to know the
current status and plans of the company, to check the availability of components
in the warehouse or the cost and time for their order on the party, planning the
production process with the features of products, processes, tools and competences
of workers of the enterprise and to respond through the formation of technical and
commercial proposals on each request, which can come a dozen a day from different
customers.

However, the most difficult part of this process is to analyze the received propos-
als on customer side, to understand which of the enterprises can enter the formed
chain and in which part of the manufactured product, which will be most profitable
for both the customer and other participants in the chain, and where each performer
should compromise and give up, at the expense of the profit that he will receive from
the accepted part. An important incentive to participate in such cooperation can
be the principles of ”solidary economy”, which, if the chain is formed and the con-
solidated proposal is adopted, from the resulting profits will allow to compensate
concessions to those enterprises who agreed to reduce the price or refuse part of their
supply in favor of the interests of the chain as a whole.

This approach can contribute to the development of new approaches in the 5.0
Industry in terms of implementing artificial intelligence (AI) systems that participate
in such requests from both the customer and the potential performer, digitizing
knowledge, and creating digital eco-systems for colonies of Al systems (”systems of
systems”). As well as the principles of Society 5.0, based on the introduction of this
kind of digital Al systems, in terms of the ”coopetition” model: ”cooperation” and
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”competition”, i.e. dynamic switching from competition to cooperation, and Vice
versa, depending on the current situation.

As a result of the proposed approach, a digital ecosystem of smart digital twins of
various enterprises will be built for the first time, organized as a ”system of systems”
with p2p interaction of individual systems on a common digital platform.

The implementation results in solving the complex task of ensuring deliveries for
complex requests, increasing the flexibility and efficiency of resource management,
reducing the time for decision-making by 100-100 times, transparency and reduc-
ing dependence on the human factor, and the ability to scale the business without
increasing the number of administrative staff.

This research is funded by RFBR, grant 20-37-90052.

[1] Rzhevski G., Skobelev P. Managing Complexity // London-Boston: WIT Press, 2014.

Pp. 156.
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MaTtemaTuyeckoe MmogennpoBaHune nNJaaHMpoBaHuUA NoaroToBKu
KOCMOHaBTOB

Isicymarnoe Pammup Pamaesun' dzhumanov.r19@physics.msu.ru
Xycnyarun Hauav Papudosun’« Nhusnullin@gmail.com
Jlasapes Anexcandp Anexceesur’ jobmath@mail.ru

"Mocksa, MT'Y um. M.B. Jlomonocosa, MucTuTyT mpobieM ynpaBiieHns
nMm. B. A. Tpanesnukosa PAH

Ha cerommsrmmauit mersb mpobaemMa aBTOMATHIECKOTO COCTABICHIS PACITUCAHW SIBJIS-
€TCsT AKTYAJBHBIM B CIEITHATU3UPOBAHHBIX IIEHTPaxX MoAroToBKH. [ 1oroToBKOM KOCM-
HOHaBTOB 3annMaercs [lentp noarorosku kocmonasToB(IIIK) um. FO.A. Tarapuna.
Bajaua 3TUX MEHTPOB — IUIAHUPOBAHUE IOJINOTOBKY IKUITAXKeH Ha TpEeHaXKepax u
dOpMUPOBAHUST ONPEICTICHHLIX HABBIKOB M YMEHU, HEOOXOINMBIX JIJIsT BBHITOTHEHUA
3a/1a9 KOCMUYECKOTr0 TI0JIeTa.

B mannbIit MOMEHT paciucanmne COCTaBISIETCS BPYIHYIO, ITO SIBJISIETCS OUEHD TPY-
JIoeMKoi#t paboToit. Kaxkoe naMenenue miana MpUBOIUT K 3HAYUTEILHBIM TPY/I03a-
TparaM u3-3a IMUPOKUX NOPU30HTOB ILtaHupoBaHus. CylIecTByeT MHOXKECTBO Kak
TOYHBIX, TAK U IBPUCTUYCCKUX METOJOB pelleHus Hog00HbIX 3a1a4 . B [1] 6buiu uc-
IT0JIb30BAHbI METOJ], MEeJIOYNUCJIEHHOTO JIMHEHHOTO MTPOrPAMMHUPOBAHUS U METOJ, ITPO-
rpaMMUpPOBaHus B orpanmvennsx. llocaemnnit okazasicsa Hanboaee 3PPEKTUBHBIM.
DKCIIEPUMEHTBI OBbLIM IIPOBEJIEHBI KaK Ha IICEBI0OPeabHbIX, TaK U Ha PEAJIbHBIX JIaH-
wbix u3 HITK um. FO.A. Tarapusna.

B wurore paszpaboranablie METOIBI MO3BOJISIOT 38 HECKOJBKO MUHYT BBIIATH JI0-
MyCTIMOE pPaCIUCAHUe M1 9KHUIayKa, BMECTO HECKOJBbKUX JHEl pydHoro Tpyma. B
JATBHEHIIeM TIAHIPYeTCs TOpabOTKa CYMIECTBYIONINX aJrOPUTMOB U MaTeMaTHIe-
CKUX MOJIeJIeii COCTaBJICHUSA PACIUCAHUN JIJId HECKOJbKUX dKUIIaXKell OJJTHOBPEMEHHO.
DTO0 IOMOXKET He TOJIbKO COKPATHUTh TPY/I03aTPaThl Ha COCTABJIEHUE PACIIUCAHUI, HO
U YCKOPUTH CaM IIPOIECC TIJIAHUPOBAHUS TIOJITOTOBKU SKUITAZKEN.

Pabora Boimosinena npu gacruanoit mogepkke rpaata PODIT Ne 20-58-S52006
[1] Jlasapes A. A., Bponnuxos C. B., I'epacumos A.B., Mycamosa E.I., Ilempos A. C.,

Ionomopes K. B., Xaparamos M. M., Xycnyarun H. @., Sdpenues /I. A. Maremarnde-

CKO€ MOJZeJINPpOBaHNe INIAaHUPOBaHUA ITOATOTOBKU KOCMOHABTOB // praBJIeHI/Ie 60.Hb—

mmmu cucremamu, 2016. C. 25.
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Mathematical modeling of cosmonaut training planning

Ratmir Jumanov' dzhumanov.r19@physics.msu.ru
Nail Husnullin'x Nhusnullin@gmail.com
Alexander Lazarev* jobmath@gmail.com

'Moscow, Lomonosov Moscow State University, Institute of Control Sciences RAS

Nowadays, automatic scheduling is relevant in specialized training centres. Cosmo-
nauts are trained in the Yu.A. Gagarin Research & Test Cosmonaut Training Centre.
The task of these centers is to plan the training of crews using simulators and the
formation of certain skills and abilities necessary for performing space flight tasks.

At the moment, the schedule drawn up by hand, which is a very time consuming
job. Therefore, each change to the plan leads to significant labor costs due to the
wide planning horizons. There are many methods for solving such problems, both
precise and heuristic. In [1] were used the integer linear programming method and
the constraint programming method. The latter proved to be the most effective.
The experiments were carried out both on the pseudo-real data and on real data
from the Yu.A. Gagarin Research & Test Cosmonaut Training Centre.

As a result, the developed methods make it possible to issue an permissible
schedule for the crew in a few minutes, instead of several days of manual labor. In
the future, it is planned to refine the existing algorithms and mathematical models
for scheduling for several crews at the same time. This will help not only reduce
scheduling labor, but also speed up the planning process for crew training.

This research was supported by RFBR project 20-58-S52006
[1] Lazarev A. A., Bronnikov S. V., Gerasimov A. V., Musatova E. G., Petrov A. S.,

Ponomorev K. V., Kharlamov M. M., Husnullin N. F., Yadrentsev D. A. Mathematical

modeling of cosmonaut training planning // Large-Scale Systems Control, 2016. Pp. 25.
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Pacnpegenexne komnnekca paboT no ncnoaHuTensam

Maxaposcrur Tamvana Anamoavesta Makarovskikh.T.A@susu.ru
Ianoxosa Aaexcandpa Anamonvesna®* 3meandme@gmail . com
'ensibunck, FOxHO-YpasbCKuil rocyIapCTBeHHbI yHIBEPCHTET

2Mocksa, [ATIOY Kontemx npeapuHiMaTeIbCTBa

[Tycrs gan koMmiieke pabor B Buge armukanaeckoro oprpda G(V, A), rue V — muoKe-
cTBO pabor, A — OTHOINEHHE HEIIOCPEICTBEHHOIO IIPE/INIECTBOBAHUS Ha MHOYKECTBE
pabor: u3 (v, v;) € A ciemyer, uro pabora v; € V momkHa OBITH BBIIOTHEHA 10
HavaJja BBIIOJHEHUs paboTer v; € V.

IIycts numeercs muoxkecTBO U BO3MOXKHBIX ucnoynuteseit. Ha maoxkectse V x U
3amana BekTop-pyukus f: V x U — z+". Koopuaunarusie dbyuxmuu f;(v,u) i =
= 1,2,... N omnpenendioT pasJndHbIe MOKA3aTeIN KAYeCTBa BLIMTOJHEHNSA PAOOTDHI
v € V ucnonunrenem u € U.

OTHOIIEHNne COBMECTUMOCTH Tapbl coucnonrnTeneit {ug, w;} C U npu BbIIOJ-
HEHUH CMEXHBIX pabor (v;, v;) € A Momermpytorcs BeKTop byHkumei g : A X
x {{u1,u2} € U} — 7+ Koopanmarabie bynkium gi((vi, vj),u1,u2) @ =
=1,2,... M omnpeaensioT pa3IuIHbIe TOKA3ATETN KAUECTBA BBITIOJTHEHUS CMEYKHBIX
pabor (v;, vj) € A UCHOTHUTEISME U1, Us.

CraBuTcs 3a1a9a HAXOXKJIEHUSI OJIHO3HAYHOIrO oTobpaykenus p : V. — U, To ecTb
Ha3HAYEHUIO KaxKJ10#l pabore v € V ucnosiautess u € U, [jis KOTOPOrO BBIOJTHEHbI
OTpaHUYECHUST

F<flo,o) < f, g<glv,e(v) <7,

COOTBETCTBYIOIINE PACIIPE/ICTIEHUIO PAOOT 110 UCIIOTHUTEIISIM, IIPU KOTOPOM 3HAYMCHIMST
dbyuxmit f 1 g 6pM GBI JOIYCTUMBI (HAXOMINCH B JIONYCTUMBIX MHTepBasax). Ha
f M g MOXKXHO OIIpEJIeIUTh TIeJIeBOH (DYHKIIMOHA U ONTUMU3UPOBATEH €r0. SHAYCHUS
dbyHKIMT MOTYT OBITH 3aJaHBI B BUJE TAOJINI], XPAHANNXCS B 0a3e JAHHBIX JHOO
PACCUUTBIBAEMBIX AJTOPUTMUIECKH.

IlocraBnennas 3amada siBiaseTcss obobOIeHueM 3ajadn Bebepa. Pazpaborkoit
97Ol mpobaemaruku 3anuMainck Mopmanckuit M.A., Babyxckuit I.T. [1], ITanmwo-
koB A.B. [2, 3|, Ceprees C.H., Curan N.X., Crosin FO.T., Tpy6bun B.A., Adolfson
D., Beckmann M.J., Burcard R.E. [4], Francis R.L. [5], Koopmans T.C., Tamir A.,
Wesolowsky G.O. u apyrue [6].

Ilrarupyercs ucnoib30BaHue pereHns JAHHON 33,191 B MOOUIBHBIX [TPUJIOXKE-
HusX. OTIManTeNbHON OCOOEHHOCTBIO 9TUX TPUJIOXKEHWH SBJISIETCS OTHOCHUTETHLHO
HebobIol rpad G U A0CcTATOYHO OOJIBINIOE MHOXKECTBO U, IIPeJCTaBISIIOIIEe CO-
6oit 6a3y JAHHBIX O BO3MOXKHBIX HCIIOJHUTE/ISIX, OOJIBINUHCTBO U3 KOTOPBIX MOTYT
SABJISITHCSI caMo3aHsThiMu. Hampumep, ipu 3akaze GpoToceccuu mOMUMO yeryT (poTo-
rpada 3aKa3unK apeHIyeT CTYANIO, TOIb3YeTCsT YCIyTaMi BU3ayKuCTa, a pororpad B
CBOE BpeMsI apeH/ IyeT ompeiesieHHoe 00opyoBanue. T pedyeTcs Ha OCHOBE UMEIOTITIX-
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CsI TAHHBIX TI0I00PATH I BLITOJIHEHNS IIPOEKTA UCITOJHUTEIEH, YI0BIETBOPSIIONINX
KPUTEePUAM 3aKa3duKa.

HCCJIB,HOB&HI/IG BbBITIOJIHEHO ITpU Cl)I/IHaHCOBOfI IO IEPZKKe MI/IHI/ICTepCTBa HayKH 1

Boicirero obpasosanug P® (rocymapersennoe saganue FENU-2020-0022).

(1]

2]

3l

(4]
(5]
(6]

Babydexut I I., Jlazzdun A. FO. TlosiuHnoMuaabHBIE aJrOPUTMbI DEIICHUsT KBAIPATUY-
HOH 3a/a9M 0 HasHaueHMsx Ha cerax // 2KypHas BBIYUCIMTENHHON MaTeMATHKH U
maremarudeckoit pusukm, 2010, T.50. Ne11. C. 2052-2059.

IHanrwros A. B., Ieavusepeep B. @., Illagup A. FO. OnrumaibHOe pasMIeHne TOYeK
BETBJICHUST TPAHCIOPTHOIN cetn Ha mudposoit mogemn mecraoctu // Au'T, 1990. Ne9.
C. 153-162.

Hamoxos A. B., Hlaneun P. 3. Tounbii ajiropurm pernenns qUCKpeTHO 3amauu Bebepa
nis k-nepesa // uckperHblii anaaus u uccienoBanue oneparwii, 2014. T.21. Ne3.
C. 64-75.

Burkard R., Cela E. Quadratic and three-dimensional assignments: An annotated
bibliography // Computational Optimization, 1998. Vol. 4. Pp. 373-392.

Francis R.L., McGinnis L.F., WHite J.A. Futility Layout and Location: An Analytical
Approach // Prentice Hall, Englewood Cliffs, 1991.

IHlanzur P. 9. AjropuT™M TOYHOTO peIleHus IUCKPETHON 3aja4uu Bebepa mjist mpocToro
mukia // [puknagaas guckpernas maremaruka, 2013. Ned. C.96-102.
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Distribution of the Complex of Jobs by Performer

Tatiana Makarovskikh' makarovskikh.t.a@susu.ru
Alexandra Panyukova®x 3meandme@gmail . com
LChelyabinsk, South Ural State University

2Moscow, College of Entrepreneurship No. 11

Let the complex of jobs is represented by acyclic digraph G(V, A), where V is the
set of jobs, A is an immediate precedence relation on a set of jobs, and if (v;, v;) € A
then job v; € V' is hold before the job v; € V starts.

Let we have a set U of possible performers. A vector-function f: V xU — z+N
is defined on V' x U. Coordinate functions f;(v,u) i =1,2,... N define the different
performance indicators v € V by u € U.

The relation of co-performers {uy, w;} C U compatibility while executing the
adjacent jobs (v, v;) € A may be modelled by vector-function ¢ : A x {{uq,us} C
Uy — 7+ The coordinate functions 9i((vi, vj),u1,u2) ¢ = 1,2,... M define the
different quality indicators of adjacent jobs (v;, v;) € A by performers ui, us.

The task is to find injection ¢ : V' — U, i.e. the assignment of a performer u € U
to each job v € V. The following restrictions are hold for this performer:

F<flve) < f, g<gv,ev) <7

They correspond to distribution of jobs by performers when the values of functions
f and g are permissible (belong to permissible intervals). It is possible to define and
optimize the objective function on f and g. The values of these functions may be
obtained either from database tables or calculated automatically.

The problem posed is a generalization of Weber’s problem. The development of
this problem was carried out by M.A. Tordansky, G.G. Zabudsky [1], A.V. Panyukov
[2, 3], S.I. Sergeev, L.Kh. Sigal, Yu.G. Stoyan, V.A. Trubin, Adolfson D., Beckmann
M.J., Burcard R.E. [4], Francis R.L. [5], Koopmans T.C., Tamir A., Wesolowsky
G.O. and others [6].

The implementation of this problem solution is planned for mobile apps. A
distinctive feature of these applications is a relatively small graph G and a fairly
large set of U, which is a database of possible performers, most of whom may be self-
employed. For example, when ordering a photo session, in addition to the services
of a photographer, the customer rents a studio, uses the services of a make-up artist,
and the photographer at one time may rent some certain equipment. It is required,
on the basis of the available data, to select for the implementation of the project a
set of performers who meet the criteria of the customer.

The work was supported by the Ministry of Science and Higher Education of the
Russian Federation (government order FENU-2020-0022).

[1] Zabudsky G. G., Lagzdin A. Yu. Polynomial Algorithms for Solving the Quadratic As-
signment Problem on Networks // Journal of Computational Mathematics and Math-
ematical Physics, 2010. Vol. 50. No 11. Pp.2052-2059.
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[2] Panyukov A. V., Pelzverger B. F., Shafir A. Yu. Optimal placement of transport net-
work branch points on a digital terrain model // Automation and Remote Control,
1990. No.9. Pp.153-162.

[3] Panyukov A. V., Shangin R. E. An exact algorithm for solving the discrete Weber prob-
lem for a k-tree // Discrete Analysis and Operation Research, 2014. Vol.21. No3.
Pp. 64-75.

[4] Burkard R., Cela E. Quadratic and three-dimensional assignments: An annotated bib-
liography // Computational Optimization, 1998. Vol. 4. Pp.373-392.

[6] Francis R.L., McGinnis L.F., WHite J.A. Futility Layout and Location: An Analytical
Approach // Prentice Hall, Englewood Cliffs, 1991.

[6] Shangin R. E. Algorithm for the exact solution of the discrete Weber problem for a
simple cycle // Applied Discrete Mathematics, 2013. No.4. Pp.96-102.
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MeToabl aBToMaTnyeckon cbopku benkos

I'puwun Ezop Maxcumosun'> grishin.em16@physics.msu.ru
"Mocksa, UucturyT IIpo6aem Ympasmemnus um. B. A. Tpamesnuxosa PAH
2Mocxksa, Mockoscknii Tocyapersennbiii Yunsepcurer um. M. B. JTomorocosa

OcHoBHas 3a/a9a ITPOTEOMUKHU — COOPaTh OEJIOK IO CIEKTPY, MOJIYIeHHOMY [IPU
moMoIu macc-criekrpomerpun. [luku crektpa coorBercTByfoT nentuaam. uadop-
Malysl O HelTUIAX, II0JIyYeHHas 110 CIEKTPY HA3bIBACTCS pUaMU (& COCTABJISIONIUE
pusa — koururn). Ilenrtuapl cocrodT U3 aMHHOKHCIIOT, KOTODPbIE, B CBOIO OYepe/lb,
Kojmpytorest Tputieramu Hykiaeornsios (A, T, G, C). XapakTepucTuKu BCEX aMu-
HOKHCJIOT U3BecTHbL. Ha mepsoM 3rare HeoOxogumo obpaborarh cruekTp (yIaauThb
Iy Mbl, BBIDOBHATL U Jp.). Jajiee HEOOXOAMMO CreHepUpPOBATL MENTUIBI U OLPEee-
JINTH TIOCJIEIOBATEIHHOCTH AMAHOKICIIOT, KOTOPbIE HAMJLY 9ITUM 00PA30M OIUCHIBAIOT
cuekrp (nwmku). U, Hakoner, 10 HaGOPY HOJIY9IEHHBIX IIEHTHJIOB U J[OHOIHATEILHOI
urdopMarmu 06 ncxogHOM Oesike (HapuMep, ero Macca) HeoOXOMMO BOCCTAHOBUTH
ucxoHbIil Oesiok. IIpu sTOoM Ha JH0O0M 3ITare uaeHTUMUKAIME Oe/IKa BO3MOXKHBI
[IPOILYCKHU, HETOYHOCTHU U ONINOKM, KOTOPbIE HEOOXOIUMO YUIUTHIBATH U UCIPABJISTD.

KagecTBeHHBIM 1 KOJTMYECTBEHHBIM UCCIEIOBAHUEM OEJIKOB yICHBIE 3aHUMAIOTCS
yxe MHOrO JieT. OIHIM W3 MepBBIX METONOB Oblaa merpaganms no damany [1], sa-
KJIIOYAIOIAsCs B IOBTOPSIOIIEMCS OTIIEIJIEHNH MEYEeHbIX KOHIIEBBIX AMIHOKUCIIOT-
HBIX OCTATKOB, C UX IOCJIEIYIOIIell njaeHTU(UKAIIe IPU TOMOIIU XPOMATOrpad .
OHaKO peakTUBBI JJIsi 9TONO METO/a JIOCTATOYHO JIOPOTHE, a caM METOJI MeJJIeH-
ubiil. C mosiBjieHreM KOMITBIOTEPOB OBLITN pa3pabOTaHbl HOBBIE METOJIBI UCCIECIOBAHS
6esikoB. B coBpeMeHHBIX MeTO0/1aX MCCIeI0BAHNE TPOU3BOIUTCA Ha OCHOBE JTAHHBIX,
MTOJTy I€HHDBIX TIPU TTOMOIIH OoJjiee JIenieBoit n ObICTPOit Macc-criekTpomerpuu. Ha ce-
POJIHSIIITHII JIEHb CYIIECTBYIOT JIBA OCHOBHBIX ITOJIXOJIA: IOUCK 110 6a3aM JIaHHBIX U
nogxon de novo. B [2] moapoGHO npejicTaBIeHbl MHOIME ACIEKTHI IIPOTEOMUKH, B
YACTHOCTH, PA3JIMIHBIE METO/IbI UICHTU(DUKAIINT OEJIKOB.

B obmem cirygae anropuTmbl moucKa 1Mo 6a3aM JTAHHBIX COCTOUT M3 HECKOJIb-
kux maroB. Ha mepBoM Imare 9KCIIEPUMEHTAIBHO IOJIYYAIOT CIIEKTD HCCJIELyeMOro
OesTKa TP ITOMOIIU Macc-crieKTpoMeTrpun. Ha BTopowm mare mpou3BoguTcss 06padoT-
Ka IOJIy9YeHHOro creKTpa. Ha Tperbem Imare mpoMCXOAUT IOUCK 110 6a3e JaHHBIX C
PA3JIMYHBIME [TapaMeTPaMU, U OTOUPAIOTCS MMOTEHIUAIbHBIE COBIAIAIONIIE OeTKH.
[IpousBomuTcst 06pabOTKa TEOPETUIECKOTO CIEKTPA I CPDABHEHUA C IKCIEPUMEH-
TaJbHbIM. Ha mocsie/imeM Irare mpoMCXOUT CpaBHEHUE ABYX cueKTpoB. llpm sTom
OIIEHUBAETCS BEPOSTHOCTH COBIIAJIEHUS MCCIIEyEMOI0 U TEOPETHYECKH TI0JIy IEHHOTO
Geskos. B [3] npecrasien oguH U3 aaropuTMoB Honcka no 6asam gaHHbIx. Coemy-
€T OTMEeTUTh, UTO [PU MOMOIIMY MOUCKA 10 0a3aM JAHHBIX MOYKHO HICHTU(MUIIPO-
BaTh TOJBKO M3BECTHBIE OesiKM, B oTsmaue oT 1moaxoaoB de novo u Overlap Layout
Consensus.

Mertogm Overlap Layout Consensus siBisiercst npejimectBeHHIKOM de novo. B aTom
MeTOJIe CPEeJIM BCEX TOJYIEHHBIX M3 CIIEKTpa PUJOB (II0CIIEI0BATELHOCTH AMIHO-
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KHUCJIOT OJIMHAKOBOI JIJIMHBI) IIPOU3BOJUTCS IIOUCK [IEPECEUeHUil, U HA OCHOBE TOIO

CTPOUTCSI IIOJTHAS TIOC/IEI0BATEIBHOCTD 11enTh0B. OCHOBHBIM METOJOM ITOMCKA ITepe-

CeYeHUil sIBJISIeTCsl JuHAMUYecKoe nporpaMmmupoBanue. CII0XKHOCTb pa3spaboTaHHbBIX

asropuT™MoB He Huzke O(n?), 970 IPUBOIUT K GOMBIIIM BpeMenam cbopku 6esrka. O1-

Hako npenmytnecTBoM moaxoma Overlap Layout Consensus aBisieTcss CpaBHATEILHO

MaJioe KoJmaecTBo Tpebyemoii namsaru. B [4] npemioxen meroz tua Overlap Layout

Consensus.

Haubossmuit maTepec mpejcrasiiseT moaxo de novo coopku. Ero mocronacTBa-
MU SBJISIOTCS JIMHEHHas c102KHOCTh O(n) U BO3MOXKHOCTB IOJIyYeHUs] HEN3BECTHBIX
MENITHIHBIX [TOC/Ie10BaTe IbHOCTe . OCHOBHON njieeil TAHHOTO MOIX0/IA ABJISICTCS 110~
crpoenne rpada ge BpronHa BO3MOXKHBIX MEPECTAHOBOK Ha OCHOBE JTAHHBIX MacC-
criekTpomeTpun. [InKu crieKTporpamMMbl COOTBETCTBYIOT BepITMHAM rpada, a paccTo-
STHUSI MeZKJly ITMKAMU COOTBETCTBYIOT pebpam. B [5] mpemioxken anropurm momucka
EBkinmosa mytu B 110106HOM rpade, KOTOPBIN U sIBJISIETCsT UCCIIeyeMOil TIoce10Ba-
TeJIHOCTBIO JIjTst cOOpKHU reHoMa. OIHAKO pasMepbl MOCTPOEHHBIX I'Ppad OB BEJIMKH, 1
U1 HOMCKA [IPUXOIUTCS UCIIOJIB30BaTh Cylep KOMIbioTepnl. B [6] mposeaen moapob-
HBIM aHaJn3 UCIOIb30BaHNA TPadOB It COOPKU OETKOBBIX MOCJIEI0BATEILHOCTENH,
IIOCTPOEHHBIX TI0 CIIEKTPaM, & TaKKe IMPeJICTaBJIEeHbl OCHOBHBIE 3a/1a4, PEIlleHne KO-
TOPBIX HEOOXOIUMO 111 Oosiee 3PEKTUBHOTO MPUMEHEHHS MOAX01a de novo.

Pabora nmognepxana rpantom domaa basuc Ne20-2-9-12-1.

[1] Edman P. Method for determination of the amino acidsequence in peptides // Acta
Chem, Scand., 1950. Vol. 4. Pp. 283-293.

[2] Simon J.H., Andrew R.J. Proteome Bioinformatics // Springer, New-York, 2010.
Pp. 397.
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for database searching of tandem mass spectrometry data // BMC Bioinformatics, 2007.
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assembling large shotgun sequencing projects // Genome Sci Technol, 1995. Vol. 1.
Pp.9-19.

[6] Pavel A. P., Haizu T., Michael S. W. An Eulerian path approach to DNA fragment
assembly // Proceedings of the National Academy of Sciences of the United States of
America, 2001. Vol. 98. No 17. Pp. 9748-9753.

[6] Raffaella R., Stefano B., Murray P., Yuri P., Marco P., Gianluca D. V., Paola B.
Overlap graphs and de Bruijn graphs: data structures for de novo genome assembly
in the big data era // Quantitative Biology, 2019. Vol. 7. Pp. 278-292.
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Methods of automated protein assembly

Egor Grishin'? grishin.em16@physics.msu.ru
"Moscow, V.A. Trapeznikov Institute of Control Science RAS
2Moscow, M.V. Lomonosov Moscow State University

The main goal of proteomics is to assemble protein from the spectrum obtained by
mass spectrometry. Spectrum peaks correspond to peptides. Spectrum information
on peptides is called reads (and the read components are contigs). Peptides consist
of amino acids, which in turn are encoded by triplets of nucleotides (A, T, G, C).
The characteristics of all amino acids are known. In the first stage, it is necessary
to prepare the spectrum (remove noises, level out, etc.). Then peptides must be
generated and the sequence of amino acids that represent the best way to describe
the spectrum (peaks) must be determined. Finally, using the set of peptides obtained
and additional information about the original protein (e.g. its mass), it is necessary
to reconstruct the original protein. At any stage of protein identification, omissions,
inaccuracies and errors may occur that need to be taken into account and corrected.

Scientists have been engaged in qualitative and quantitative proteins analysis
for many years to date. One of the first methods was Edman degradation [1],
which consisted in the repeated detachment of labeled amino acid residues, with
their subsequent identification by chromatography. However, the reagents for this
method are quite expensive and the method itself is slow. With the advances in
computer technology, new methods for protein analysis have been developed. In
modern methods, research is based on data obtained by using cheaper and faster
mass spectrometry. Today, there are two main approaches: database search and the
de novo approach. Many aspects of proteomics are detailed in [2], in particular the
various methods of protein identification are presented.

In general, database search algorithms consist of several steps. The first step is
to experimentally obtain the spectrum of the protein under study using mass spec-
trometry. In the second step, the obtained spectrum is processed. In the third step,
a database search with different parameters is performed, and potential matching
proteins are selected. The theoretical spectrum is processed for comparison with the
experimental one. In the last step, the two spectra are compared. The probability
that the protein under study and the theoretically obtained protein will coincide is
assessed. One of the database search algorithms is presented in [3]. It should be
noted that database search can only identify known proteins, as opposed to the de
novo and Overlap Layout Consensus approaches.

The Overlap Layout Consensus method is the predecessor of de novo. In this
method, overlaps are found among all the reads from the spectrum (amino acid se-
quences of the same length) and a complete sequence of peptides is built on this
basis. The main method for finding intersections is dynamic programming. The
complexity of the developed algorithms is no less than O(n?), which leads to long
assembly times of the protein. However, the advantage of the Overlap Layout Con-
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sensus approach is the relatively small amount of memory required. A method of

the Overlap Layout Consensus type has been proposed in [4].

The most interesting is the de novo assembly approach. Its advantages are the
linear complexity O(n) and the possibility of obtaining unknown peptide sequences.
The main idea of this approach is to construct a de Bruin graph of possible permu-
tations based on mass spectrometry data. The peaks of the spectrum correspond
to the vertices of the graph, and the distances between the peaks correspond to the
edges. An algorithm for finding the Euclidian path in a similar graph, which is the
sequence under study for assembling the genome, is proposed in [5]. However, the
size of the graphs built is large, and super computers have to be used for searching.
A detailed analysis of the use of graphs for assembly of protein sequences built by
spectrum has been carried out in [6], and the main problems that have to be solved
in order to apply the de novo approach more effectively are presented.

This research is funded by Bazis foundation, grant 20-2-9-12-1.
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BepxHue n HU>XHMe rpaHnubl NapanienbHOro NapTURHOro
NNAQHUPOBAHUSA AN OAHOW MalWNHbI C yHeTOM
nocsiegoBaTesbHOCTU paboT
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Comoe Muzxauns JTveoeuw’ somovml11999@gmail . com

"Mocksa, UucTuryT mpobrem ympasmenust um. B. A. Tpamesnnxkosa PAH
2Hant, IMT Atlantique
3Mocksa, Mockoscknii Docymapcrsennsiii Yausepcurer um. M. B. Jlomonocosa

PaccemarpuBaercs 3aava mapasiieIbHOrO TAPTUITHOTO IIAHUPOBAHUS HA OJTHOM
MaIllHE C YIEeTOM OTPDAHMYEHUII HA MOCJIEI0BATEILHOCTh paboT. 3amatua (hopmysu-
pyercs ciaemnyiomum obpasom. Nmeerca wabop uz N = {1,2,...,n} pabor. Pabora
J € N nmomkna ObITE BBIIOJIHEHA 32 BpeMs p; Oe3 npepbisanuii. Kpome Toro, orHomIe-
HUE I10CJIe/I0BATEIbHOCTH PabOT 3aJIaI0TCsI AIMK/IMIECKUM HAIPABJIEHHBIM I'padoM
G = (N,V). PaboTbl BBIIOJHAIOTCA NAPTUAME, B HAPTUIO BXOAUT MOIAMHOMKECTBO
pabor, n KaxKmas pabora TOKHA OBITH BKJOUEHA B KAKyO-HHOYIb mapTuio. Bpe-
Mgl BBIIIOJIHEHUS OJIHOM HapTh PaboT PAaBHO MAKCUMAJIHLHOMY BPEMEHU BBIITOTHEHIS
paboTsl u3 sroit maptuit. Ecium Mexay paboramMu ecTh OTHOIIEHHUS B ITOCTIEI0BA-
TEJIbHOCTH, TO OHU He MOI'yT ObITb B OfHON mapruu. Llejs coctour B TOM, 4TO OBI
OIIPEJIEJIUTH TIAPTHUH JjIst BCeX paboT j = 1,2, ..., U BBIIOJIHSIJIUCH CJIEJYIOIIHIE YCJIO-
BUS:

— Coburo/1eHBI BCE OTHOIIEHUS TTOCIEI0BATEILHOCTH PAdOT
L
Craz = Y Pi - MunnvusuposaH, riae P - BpeMsl BBIIOJIHEHHST APTHH PaboT
l, a L - KoJim1ecTBO NAPTHUil B PEIICHUN

IIpescraBiieHbl MI€CTh MOJMHOMUAIBHBIX HUYKHUX U BEPXHUX TPAHUI] JIJIsT 3a-
JlauM, e OTHOIIEHUE IIOCIeA0BATEJbHOCTH padoT 3aJaercsd LermodkaMu. A Takke
UX 3KCIEPUMEHTAJIBHOE CPaBHEHNE U OTHOCUTE/IbHbIE HorpertHocTr. [lokazano, 9ro
OTHOCUTEJIbHAs IIOMPEIIHOCTh HEKOTOPBIX IPOCTHIX HUXKHUX U BEPXHUX I'DAHUIL He
orpaHuYeHa KOHCTaHTOi. [ljist GoJiee CJIOKHBIX HUYKHUX U BEPXHUX I'DAHUIL [IPUBE-
JIEH YHCJIEHHBII SKCIiepuMeHT. B jaibHeiieM miaHupyercs pacCCMOTPETh BEpXHUE U
HUZKHUE TPAHUIII JIjisd 00IIero ciydasi, Korua rpad orHormerunit pabor 6osee CI0XK-
HBIIT 1 UMeeT ITUKJIBI.

Pabora BbITOTHEHA TPU YaCTUIHON O/ iepKKe rpanta PODIU Ne 20-58-S52006
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On lower and upper bounds for single machine parallel batch
scheduling subject to chains of jobs.
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3Moscow, Moscow State University

We consider single machine parallel batch scheduling problem subject to prece-
dence constraints. The problem is formulate as follows. Given aset N = {1,2,...,n}
of jobs. Job j € N has to be processed for p; > 0 time units without preemption.
Furthermore, finish-start precedence relations ¢ — j are defined between the jobs ac-
cording to an acyclic directed graph G = (N, V). The jobs are processed in batches,
where a batch is a subset of jobs, and we require that the batches form a partition
of the set of all jobs. The processing time of a batch is equal to the maximum pro-
cessing time among the jobs in this batch. If there is a precedence relation between
jobs i and j, then these jobs cannot be processed in the same batch. The objective
is to determine a batch for each job j,j = 1,2,...,n, in such a way that:

— The given precedence relations are fulfilled
— Chaz = Elel P, - minimized, where P, - processing time of batch [ and L — a
number of batches in a solution.

Six polynomial lower and upper bounds are presented for the task, where the
ratio of the job sequence is set by chains. And also their experimental comparison
and relative errors are presented. It is shown, that the relative error of some simple
lower and upper bounds are not bounded by a constant. For more complicated lower
and upper bounds a numerical experiment is provided. In the future, it is planned to
consider the upper and lower boundaries for the more general case when the graph
of work relationships is more complex and has cycles.

This research was supported by RFBR project 20-58-S52006
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MeTtoabl noBbliweHns 3¢pPeKTUBHOCTM IHEPreTUYeCKnX CUCTEM

Tanaxoe Cemen Anexceesun’> galakhov.sal6@physics.msu.ru
"Mocxksa, UucturyT IIpobaem Ympasmenus mv. B. A. Tpamesnuxosa PAH
2Mocksa, Mockoscknii Docynapersennbiii Yausepcurer um. M. B. Jlomonocosa

C pasBuTHEM TEXHOJIOTHI pacTer MOTPeOHOCTH B Oojiee 3(PPEKTUBHOM UX WC-
nosb3osanun. Hanpumep, nacrymenue sunoxu unarepuera semeil (IoT) cymecrsen-
HO YBEJIMYHUT HATPY3KY HE TOJHKO HA TEJEKOMMYHHUKAIMOHHYIO, HO M HAa SHEPIeTH-
qeckyto cetu. [loj nHTEpHETOM Belnell MOYKHO HOHUMATh MHOYKECTBO TEXHUYECKUX
YCTPOMCTB U JATINKOB, OObeMHEHHBIX JIPYT C JIPYTOM Pa3/JUIHbIMUA KaHAJIAME CBsi-
31 U TOJKJIIOUYEHHBIX K OJHOI 60JbIoi cetu. [ToCKOIBbKY OKpYy2KaroNuii MUp HaXO-
JIUTCsI B IOCTOSTHHOM JIBUZKEHUH, TaKas KOHIIEIIUs TPeOyeT BBICOKO aBTOHOMHOCTH
BCEX BeIeil, TO eCTh KaxKJI0e yCTPOUCTBO WJIM JATIUK JIOJKHBI ‘HAYIUTHCH OBITDH
MeHee 3aBUCHMBIM OT JIEKTPOCETH, & B HJI€AJI€ IOy IaTh JJIEKTPOIHEPIUIO U3 OKPY-
katomeil cpespl. OjiHAKO, B HACTOsIIIEe BpeMsi OOJIBIIUHCTBO “Belreil” paboTarT Ha
AKKYyMYJIITOPaX, IYTO CTABUT TIEPE]] UCCJICIOBATE/ISIMU 33/1a19y CO3/IaHUs aJrOPUTMA,
[TO3BOJISIFOIIETO OIITUMAJIBHBIM 00PA30M PACIIPEEIUTD SHEPT IO MK Ty 3apsiKacMbl-
MU yCTPOUCTBaMHU.

B obmieit popmymnpoBKe 3ama9n Ha MyHKT 3aPSIKN TOCTYTIAIOT PA3TIMIHbIE “‘Be-
mu’, KOTOPbIe TPeOYIOT OIpEJIe/IEHHOE KOJUTIECTBO 3apsijia. PaboThl MOCTyIaoT B
pekuMe peasibHOIO BPEMEHU U XapaKTePUCTUKU KaXKJ0il paboThbl CTAHOBSITCS W3-
BECTHBI TOJIbKO B MOMEHT ee TOCTyILIeHus. Takas 3ajada MOXKeT ObITh ChOpMy-
JIMpOBaHA B paMKaxX 3aJadn OHJIANH pIOK3aKa, siBisiiomieiics NP-mosHoit 3amadeit
B 0obmieM ciaydae. B crarbe [1] aBropbl paccMarpuBaioT 3a/ady 3apsijiKU DJEKTPO-
Mobuiieil Ha 3apsiaHOi cranuuu. OJHAKO B paMKaX KOHIENIUMU WHTEPHETa Belei,
BBIYUCUTETbHBIE MOIITHOCTH OBIBAIOT HACTOJIBKO OTPAHUIECHBI, ITO HEOOXOINMO pa3-
paborarb He 3(DPEKTUBHBIN aJrOPUTM, a aJrOPUTM YUCIO Olepaluii KOTOpOro He
OOoJIBITIEe 3aJaHHOTO Tmrcaa N .

CaMbIM# OBICTPBIME AJITOPUTMAME SIBJIAIOTCH HEKOTOPBIE 3BPUCTUYIECKIE AJITO-
purmbl. OHE HAMMEHee PecypCco3aTpaTHbl, OIHAKO Ka4eCcTBO perieHus (B 06ImeM Ciry-
Jae) JOBOJIbHO HEBBICOKO. TakuMm 06pa3om, IIaHupyeTest paspaborarsh HanboJee mpo-
cToil 3 PEeKTUBHBII AJITOPUTM PeIIeHusl MOJ00HO0 3a/1auu, KOTOPBI OyJIeT MMeThb
IIPEUMYIIECTBO MO CPABHEHUIO C IMOCJEIOBATEIBHON 3apsIKON BCEX IMOCTYIIAIONINX
TpebOBaHUl. DTU MPEUMYIINECTBA JIOJKHBI YIUTHIBATH OCOOEHHOCTH COBPEMEHHBIX
AKKyMYJISITOPOB [2| n ofecrenTs y06C¢TBO KOHETHOTO TOTB30BATES.

Pabora nognep:kana rpantom dhonma Basuc Ne20-2-9-32-1.

[1] Sun B., Zeynali A., LiT., Hajiesmaili M., Wierman A., Tsang T. Competitive
Algorithms for the Online Multiple Knapsack Problem with Application to Electric
Vehicle Charging // https://arxiv.org/pdf/2010.00412.pdf

[2] Kim M., Baek J., Han S. Optimal Charging Method for Effective Li-ion Battery Life
Extension Based on Reinforcement Learning // https://arxiv.org/pdf/2005.08770.
pdf
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Methods for improving the efficiency of energy systems
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"Moscow, ICS RAS
2Moscow, MSU

With the development of technologies, needs to use them more efficiently increases.

For example, the advent of the Internet of Things (IoT) era will significantly in-

crease the load not only on telecommunications but also on the energy networks.

The Internet of Things can be understood as a set of technical devices and sensors

combined with each other by different communication channels and connected in

one large network. Since the surrounding world is in a permanent motion, this con-
cept requires a high autonomy of all things. That is, each device or sensor must

”learn” to be less dependent on the electricity grid, and to get electricity from the

environment in the best way. At present, however, most ”things” use batteries, that

sets the challenge for researchers to develop an algorithm that allows to distribute
energy between the charged devices optimally.

In general, various ”things” come to the charging station and require a certain
amount of charge. The jobs comes in real time and the characteristics of each job
become known only at the moment its release. Such a problem can be formulated
as part of the online knapsack problem, which is an NP complete in the general
case. In [1] the authors consider the problem of charging electric vehicles at the
charging station. However, within the framework of the Internet of Things concept,
computational power can be so limited that it is necessary to develop not an effective
algorithm, but an algorithm with number of operations less than given amount .

Several heuristic algorithms are the fastest ones. They are the least resource
consuming, but the quality of their solution (in general) is rather low. Thus, it is
planned to develop the simplest effective algorithm for solving such problem, which
will have an advantage in comparison with sequential charging of all incoming jobs.
These advantages should take into account the features of modern batteries [2] and
provide convenience to the end customer.

This research is funded by RFBR, grant 20-2-9-32-1.
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Pacwunperne Bo3MOXXHOCTE METpUYecKoro nogxoga Ha OCHOBe
Teopun cpeaHnx n Teopun ownbok

Cudeavrnuros FOpuii Basenmunosur'x sidelnikovy@mail.ru

"Mocxksa, UucturyT mpobrem ynpasaenns um. B.A. Tpanesnunxosa PAH

MeTpuky JOCTATOYHO IMUPOKO MCIOJIB3YIOTCS B (DYHIAMEHTAIBHBIX U ITPUKJIAJI-
HBIX HCCIeoBanusix. Hampumep, B Teopun paciucanusi, KOTopas siBjsiercs yHa-
MEHTAJIBHON 00JIACTBIO JucKpeTHOl onrumusanuu [2]. [losaraem, 9ro Merpudeckuii
[IOJIXOJ [IJIsi PEIIeHUs 33129 MOYKET IIOJIyYUTh HOBBIA HMIIYJbC IIPU HCIOJIH30Ba-
HUU, HE TOJBKO METPUK, HO M UX DACIIMPEHUli, HAIIpUMeD IICEeBJOMETPHUK. B sTom
caydae, ocsabisiercs neppasi akcuoMa (pedJieKCHBHOCTh METPUKN), U He Tpefyer-
sl BBIIIOJIHEHHUE CJICILYIOMIEro yejaoBus: 9Tobnl u3 (z,y) = 0 caenosano x = y. B
JIAHHOM CJIyYae, Mbl PACCMAaTPUBAEM BapPHUAHT, KOIJIa OCIA0JISETCS BTOPasi aKCHOMa,
(cuMMETPUYIHOCTH MeTpuKu). B TakoM cirydae, MOXKHO HCIIOJIB30BATH ACCUMETPUY-
HBIe MepBI, HAIIPUMED, JIJIsl IucoBoro cayvas E(x,y) = |z — y|/|y|. O6brano Taxme
Mepbl Ha3bIBAIOT MOKa3aTe/siMA OIMUOKU. Psij ncciegoBaHuil paccMaTpUBatOT B3a-
UMOCBSI3U MEXKJy pa3paboTKamMu B 00JIacTU Teopuil ommbOK U CPeJHUX C JAPYTUMU
obsacrsaimu uccyiefoanus. Takumu 6611, HanpuMmep, paborsr A.J1. Opiiosa, a Takxke
aBTOpa JAHHOIO JOKJIAJa YCTAHOBUBIIETO B3AMMOCBA3U MEXKIYy PA3INIHBIMU BU/Ia-
MU YHCJIOBBIX CPEIHUX M XapaKTePUCTUKAMH KJIACCOB SKBUBAJEHTHOCTU YHUCIOBBIX
rokaszareJieil ommnbok. B qanHOM HCcie0BaHNN OBLT YCUJIEH PE3YIIHTAT IOJIy YeHHBIIH
ak. A.H. KoaMoropoBsiM, KOTOPBIiT [TOKa3aJ/I, YTO €CJIM [IPU PAaCCMOTPEHUN aCCOIH-
ATUBHOI cpejiHeil 100aBUTH psif] yCJIOBUM, BKJIOUAs CHMMETPUIHOCTD, TO OHa OyJ1er
umersb anaaurndeckuil Bug [3]. B paore 6buia nosydena dbopmysia s acconuaTiB-
HOI1 cpenHeil, HO y2Ke 6e3 ycJIoBus CUMMeTpudHoCTH [1].

[1] Cudeavnuros FO. B. Texuonorus 9KCIEepTHOro nporHosuposanus // Asropedepar Ha
COMCKaHue y4ueHoi crenenu J.T.H., 2002.

[2] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling
problems with minimizing the maximum penalty // Applied Mathematical Modelling,
2021. No89. Pp. 1163-1176.

[3] Kolmogorov, A. N. Sur la notion de moyenne // CL Sci. Fis. Mat. Natur., 1930. Vol. 12.
No 6. Pp. 388-391.
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Expansion of the possibilities of metric approach on the basic of
the theory of averages and theory of the errors

Yury Sidelnikov'x sidelnikovy@mail.ru
"Moscow, ICS RAS

Metrics are widely used in fundamental and applied studies. For example, in
schedule theory, which is a fundamental area of discrete optimization [2]. We believe
that the metric approach to solving problems can get a new impulse when using not
only metrics, but also their extensions, such as pseudometrics. In this case, the
first axiom (reflexivity of the metric) is weakened, and the following condition is
not required: for (x,y) = 0 to follow & = y. In this case, we consider the case
when the second axiom (symmetry of the metric) is weakened. In this case, you can
use asymmetric measures, for example, for the numeric case. E(z,y) = |z — y|/|y|.
These measures are usually referred to as error indicators. A number of studies
examine the relationship between developments in error and average theories and
other areas of research. Such were, for example, the works of A. I. Orlov, as well as
the author of this report, who established the relationship between different types
of numerical averages and the characteristics of equivalence classes of numerical
error indicators [1]. In this study, the result obtained by A. N. Kolmogorov was
strengthened, which showed that if a number of conditions, including symmetry, are
added to the associative mean, it will have an analytical form [3]. In this paper,
we obtained a formula for the associational average, but without the symmetry
condition [1].

[1] Sidelnikov Y. Technology of the expert prognostication // Author’s abstract to the
competition of the scientific degree “Doctor of Engineering Science”, 2002.

[2] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling
problems with minimizing the maximum penalty // Applied Mathematical Modelling,
2021. No89. Pp.1163-1176.

[3] Kolmogorov, A. N. Sur la notion de moyenne // Cl. Sci. Fis. Mat. Natur., 1930.
Vol. 12. No6. Pp. 388-391.
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Annpokcumauns uenesoi pyHKUUM 3a4a4 Teopuu pacnucaHuii

Bapawos Ezop Bopucosuy?« barashov.eb@gmail.com
Jasapes Aanexcandp Aanexceesun' jobmath@mail.ru
ITpasdusey, Huronati Aaexcarndposur’ pravdivets@ya.ru

"Mocksa, MucturyT Ipobiaem Yupasmenns nm. B. A. Tpanesauxosa PAH
2Mocxksa, Mockoscknii Docymapcrsennsiii Yausepcurer mm. M. B. Jlomosocosa

PacecmarpuBaercst simHeliHas anmpoOKCHUMAINS IS 3aJIa9U OJTHOIO MIpudopa Teopun
pPACIUCAHWIA: [TPEJIIOIAraeTCsl, IYTO CYIECTBYeT JIMHEeHAas OTHOCUTEIHLHO MOMEHTOB
OKOHYaHUs O0C/Iy’KUBaHUs TpeboBaHuil nesesas GyHKIWA. Pacrnucanus, mocTpo-
€HHBIE «BPYUHYIO», SABJIAIOTCS ONTUMAJBHBIMUA OTHOCHUTEIHHO ITOH IesIeBOil QyHK-
nuu. ANMPOKCUMUPYIOTCS HEM3BECTHLIE 3HAYEHUsI BECOBBIX KOI(DMDUITMEHTOB Tiejie-
BOIl (DYHKIMH, YTO CBOJUTCS, KaK OY/I€T TOKA3aHO, K PEIEHUIO CUCTEMbI JITHEHHBIX
HEPaBEHCTB OTHOCUTEIHLHO ITUX KOIPDUITMEHTOB.

Uccnenyercs: 3amaqa 1|r;| > w;C;: umerorcss oauna npubop U MHOXkKecTBO J =
={1,2,...,n} u3 n TpeGoBaHmii, KOTOPHIE HEOOXOIMMO O0OCIYKUThH Ha TIpubope. st
KazKJIoro TpeboBanud j € J 3a/1aHBl MOMEHT HOCTYTJICHNS Ha TPAOOD Tj U JJTHTEITb-
HOCTb 00C/IyzKuBanust p;j. OTHOIIEHHs IPeAIeCTBOBAHNS OTCYTCTBYIOT (He HaK/Ia-
JIbIBAETCsl OPPAHUYEHUI HA OYEPEeJHOCTh 00CIIy KUBaHUs TPeOOBaHUIT ), IIpepbIBAHUS
B 00CTyKUBAHUHU TPEOOBAHNN U NCKYCCTBEHHBIE ITPOCTON ITpUOOpa 3arperrensl. Pac-
[HCaHUe T OJHO3HATHO 33/1a8TCsl OPSIIIKOM ObC Iy KuBaHust Tpebosanuii (1, . .., jn)-
B sagaqe 1|r;| Y w;C; neobxoqumo HaiiTi pacnucanue 7°, MUHUMH3HPYIOIIEE CyM-
MapHOe B3BEIICHHOEe BpeMsl 3aBepIIeHust obciIyskuBanns Tpebosamuit »  w;C;, rae
Cj-MOMEHT OKOHYIaHns 00CTyKIBaHNsA TpeboBannd j, a w; > 0 BecoBoit Koadmmm-
€HT COOTBETCTBYIOIIEr0 BPEMEHH 3aBEPIIEHUsT 00CITY JKIUBAHUSI.

Ipumepom I 3adawu 1| > w;C; 6ydem naszvieamo mnoscecmseo sHauerut; dau-
MEALHOCTNET 00CAYNHCUBAHUA MPEbOBAHUT:

I'={p1,.-.pn}-

Cucmemy HEPABEHCME OMMHOCUMENDHO 6ECOBDLT noagﬁgﬁuu,uenmoe w;j:

Wik Wik Wik
>J2 sy e (1)
Pjx Pk Djk

bydem HazviBams UCToonol cucmemoli HEPAGEHCME 3a0ayu annpokCUMAUUL GECOo-
6o KoaPhuyuenmos das cayuas 4 = ... = r,. Vcxommaa cucrema (1) comepkur
N(n — 1) wepasencrs. [Iycts K = (1,...,k,...,N) ecrb MHOXKECTBO UHJIEKCOB K,
COOTBETCTBYIOIIEe 3a/[aHHbIM T1apam (I, 7)) IPUMepOB 3aaun U UX ONTHMAJBHBIX
pacImcanuii, 1 mycTh K C K ectb HEKOTOpOEe IOAMHOXKecTBO MuoxkecTBa K. Hasee
3aIUCh BUJIA:
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min uam max
keK kEK
OysleT 03HAYATH MUHUMYM (MaKCUMyM) 110 BCeM BO3MOXKHBIM napam (I, 0) Takum,

4TO min.
keRK
BriGepeM npon3BosbHbIM 06pa30M [apy pa3/indHbix TpeboBanuii i, j € (1,...,n),1 #

= j. Pazobnem muOkecTBO K Ha n1Ba mommuoKecTBa K j n K ; B 3aBUCEMOCTH OT
B3aMMHOI'O PACIOJIOXKeHHsI TpeboBaHuil 1,j B pacmucannu my:

Kiyj:(keK):WQ:(...,i,...,j,...),
Kjl:<kEK)ﬂ'2:(7]7,Z,)

Torna u3 mepaBeHCTB (1) HMCXOAHON CHCTEMBI JIjisi COOTBETCTBYIOIIUX BECOBLIX
KO3 PUINEHTOB W;, W, MMEEeM:

w; Py
=) < —],k: € K;, 2a
S h ke K (22)
w; _ Pf
—L > ke K, (2b)
w; pi

Hanee, mycThb

kEK ;i Pi
TOorga CHUCTeMa HEPaBCHCTB JIJId B])I6pa,HHI)IX i, J 9KBUBaJICHTHA ﬂBOﬁHOR{y HepaBeH-
CTBY:

W
. . j . .
X(0,7) < Y <Y (i, ). (3)
1
AJtropuT™ anmpoKCUMaI BeCOBBIX KOI(MMUIMEHTOB 1EJIeBOI (DYHKIIMH OCHOBAH HA
perrennn 3P PEKTUBHON CUCTEMBI HEPABEHCTB:

ije(,..n)i#j
K=k),k=T,N
Kij=(keK:m)=_(.i,..,75..)
Kji=(k€e K :n)=(.J,.i..)
:
X(,4) :mazkeKj,i(;%)
k
Y (i,j) = mazyex,,; ()
X(i,7) < 32 <Y(5,9)
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WNunekc | BoiOmpaeTcss MpOU3BOJILHBIM 00pa30M, I AIIIPOKCHMAITIN KoM DUIIIEeH-
TOB W; HEOOXOIUMO:

1. moctponts MHONKecTBa K, j, K, ;
2. zanosnutsb Marpunsl X (i,7), Y (4, 7);

3. BeraucanTs Marpunst X (4, 7), Y (4, j);

L,j=1;

4. BBIYHCINATD W; = ()}(l,j)Jrf/(l,j)))
2

,J # l,vne ungekc 1 groboe qucio.
PesynbraTom anropuTMa siBiisieTcst HAOOP TAKNX BECOBBIX KOAMMUIMEHTOB Wj, j =
= 1,n, 94T0 1714 Kazkaoro u3 N 3aJaHHbIX IPUMEPOB ONTHMAJILHOE PACINCAHNIe, Hati-
JIEHHOEe JIJIS AIlIIPOKCIMUPOBAHHBIX 3HAYEHUI BECOBBIX KOI(DDUIMEHTOB JIMOO TOJI-
HOCTBIO COBIIQIAET C €0 33JaHHBIM OITUMAJIbHBIM PACIUCAHIEM, COOTBETCTBY IOIM
HEU3BECTHOMY UCTHHHOMY HAOOPY BECOBBIX KOI(MDPUITUECHTOB w?, OO MMeeT ¢ HUM
OJ/INHAKOBOE 3HAYEHUE I1eJIEBOI (DYHKITHIH.

WcctetoBanre BBITOJHEHO NP 9acTUYHON (duHaHCOBOH moepkke PODOU u
MuHucTepcTBOM 10 HAyKe W TEXHOJIOTMAM TaiflBaHd B pPAMKaX HAYIHOTO ITPOEKTA
Ne20-58-S52006.

[1] Yepnuxos C.H. Jluneiinsie Hepasencrsa // Urorn nayku un texauxu. Cepust «AsreGpa.

Tomosorus. 'eomerpusy, 1966. C. 137-187.
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Approximation of the objective function of scheduling problems

Egor Barashov' >« barashov.eb@gmail.com
Alexander Lazarev' jobmath@mail.ru
Nikolay Pravdivets' pravdivets@ya.ru

'Moscow, V. A. Trapeznikov Institute of Control Science RAS
2Moscow, M. V. Lomonosov Moscow State University

We consider a linear approximation for a single machine problem: it is assumed
that there is a linear objective function regarding to completion times of jobs. Sched-
ules that are constructed "manually” are optimal according to the objective function.
Unknown values of the weight coefficients of the objective function are approximated,
which is reduced to solving a system of linear inequalities.

The problem 1|r;| > w,;C; is under research: there is one machine and a set of
jobs J ={1,2,...,n} that have to be processed on the machine. For each job j € J
release date r; and processing time p; are known. There are no precedence relations,
and interrupts in the processing of jobs are prohibited. The schedule 7 is the order
in which jobs are processed (j1,...,Jn). In the problem 1|r;|> w,;C; we need to
construct a schedule 7° that minimizes the total weighted completion time > w;C,
where Cj is the job j completion time, and w; > 0 is the weight coefficient of the
corresponding completion time.

We will denote by instance I of the problem 1||> w,;C; the set of values for the
duration of processing jobs:

I'={p1,....pn}-

The following system of inequalities:

wjf, wj§ ’LUjk
> 2 > (4)
Pjt P Py

will be called the initial system of inequalities of the weight coefficients approximation
problem for the case r1 = ... = r,. The original system (4) contains N(n — 1)
inequalities. Let K = (1,...,k,...,N) be the set of indices k corresponding to the
given pairs (Ik,wg) of instances of the problem and their optimal schedules. Let
K K will be a subset of the set K. Next, the expression:

min or max
k€K keK

will means the minimum (maximum) for all possible pairs (I, %) such that min.
keK

Let’s randomly select a pair of different jobs i,j € (1,...,n),i # j. We divide the set
K into two subsets K; ; and K;; depending on the relative position of the jobs i, j
in the schedule wgz
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Ki)j:(kGK)Z :( ),
K,; = (keK): 772 = ( ,j,..., ,...), Then from the inequalities (4) of the
original system for the corresponding weight coefficients w;, w; we have:

wi P
-2 < %,ke Ki,j (58.)
wj p;
I
L > keK;; 5b
w gt eI )

Next, let it be

k

Y . . _ . &
(i,7) = min (t)
X@ﬁ_.mm(%)

’ keK;,i Pi

then the system of inequalities for the selected i, j is equivalent to the double in-
equality:

X(i.) < 7L < Y(ig). (©)

K2

The algorithm for weight coefficients approximation of the objective function is
based on solving an effective system of inequalities:

i,j€(1,..,n)i#j
K= (k:) k =1,N
Ki,j=(ke K:m)=_(.i..,j..)
Kji=(keK:a)=_(.j,..i..)
;
X(i,j) = mazyer, i(oF)
7
Y(i,j) = maxkeki,j(%)
X(i,7) < 5 <Y(4,7).

s

The index [ is chosen arbitrarily, for the approximation of the coefficients of the w;
it is necessary:

1. to construct sets K; ;, Kj ;;

2. to fill in the matrices X (4,7),Y (7, 7);

3. to calculate the matrices X (4, 7), Y (4, 7);

Lj=1;

X(1,5)+Y (1,5
( (J)'; (J)))

4. to calculate w; =
! { ,J # l,where index 1 is any number.
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The result of the algorithm is a set of such weight coefficients w;, j = 1,n that
for each of the N given examples, the optimal schedule found for the approximated
values of the weight coeflicients either completely coincides with its given optimal
schedule corresponding to the unknown true set of weight coefficients w;’, or has the
same value of the objective function with it.
The research was partially supported by RFBR and MOST (project No 20-58-
S52006).
[1] Chernikov S. N. Linear inequalities // Results of science and technology. Series “Alge-
bra. Topology. Geometry”, 1966. Pp. 137-187.
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MeTpunyecknii noagxoa ons 3agay >Kene3Ho40PO>KHOro
nJaaHMpoBaHUs

Jlazapes Aanexcandp Aanexceesun jobmath@mail.ru
Jemmroorcnurosa Jlapvs BaadumuposHax darabbt@gmail.com

Mocksa, UucruryT npobaem ynpasinenust um. B. A. Tpanesunkosa PAH

BosibmmacTBO 3301 Teopun pactucanunit NP-tpyaabel B cuyibHOM cMbicie. O HAKO,
JUIE MHOTHX U3 HUX CYIECTBYIOT IMOJMHOMMAJIBLHO Pa3pelmMble ciaydan. B mannom
UCCIIEJIOBAHNUN TI0OKA3aH METPUYecKuii mouxol (1] mis 3aja4uu miaHupOBaHUs OJHO-
Iy THON KEJIE3HOI JOPOTH C JIByMsl CTAHIUSIMU. DTOT TOJXOJ] TTO3BOJISIET CTPOUTH
pellleHrs] ¢ TapaHTHPOBAHHONW TOYHOCTBIO 3a IIOJIMHOMUAJIBHOE BPEMsl, HCIIOJIb3YsI
crieralibHble caydan ucxogauoit NP-tpynsoit 3amaqu.

Tlpumep 3a1a91 IIAHUPOBAHUS TIPEJACTABIIET TOYKY B f(1)-MEpHOM IpOCTpaH-
ctBe {2, T71e n — KoamdecTBO pabor. Eciu onmo u 1o ke pacuucanue m UCIOJIb3yeTCs
B Ka4eCTBe PEIIeHns JJIsl JIByX PA3HBIX [TPOU3BOJIBHBIX PUMEPOB A U B, TO MOYKHO
¢JIeJ1IaTh OIEHKY PA3HOCTH MeXK/y WX 3HaueHusMu 1eseBoii byukmmu Vy () u V().
Ouenka dopmupyercs kak Merpuka p(A, B), onpenesnennas Ha  x Q:

[Va(m) = Vp(m)| < p(A, B). (1)

Ilycrh CymecTBYIOT [ABa ONTUMAIBHBIX pactmcanus 74 u 8 nms npumepos A

u B coorsercTBenHo. Toryia MOXKHO MOCTPOUTH OIEHKY JIIsl BhIparkeHust (2) u J0-
KazaTh,4T0 OHO 3aBucutr or p(A, B). A(p(A, B)) siBisiercst aBCOJIOTHOH TOYHOCTHIO
JUIsL colydas, KOrjaa 70 mcHoib3yeTcs B KadecTBe peleHus, HampuMmep, A BmecTo
PeasbHOTO ONTUMAIBHOTO PEIeHus.

Va(r?) = Va(r?) < A(p(A, B)). (2)

Meroy npuMeHeH K HECKOTBKIM KitaccudeckuM NP-Tpyninbiv 3a1adaM miaHupo-
Banud. [lokazano m3mMeHeHne CpeHero OTHOIIEHNsT aOCOTIOTHON OMMOKN K €€ BepX-
Heil rpanune A JjIs MHOXKECTBA T€CTOBBIX IIPUMEDPOB.

Pabora BbIOIHEHA TPU YaCTUIHON O iepKKe rpanta PODIU Ne 20-58-S52006
[1] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling

problems with minimizing the maximum penalty // Applied Mathematical Modelling,

2021. No 89. Pp. 1163-1176.
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Metric approach for railway planning problems

Alexandr Lazarev jobmath@mail.ru
Darya Lemtyuzhnikovax darabbt@gmail.com

Moscow, V.A. Trapeznikov Institute of Control Sciences of the Russian Academy of
Sciences

Most scheduling problems are NP-hard in a strong sense. However for many of
them there are polynomial solvable cases. This research shows a metric approach [1]
for the problem of planning a single-track railway with two stations. This approach
allows us to construct solutions with guaranteed accuracy in polynomial time using
special cases of the original NP-hard problem.

An instance of a scheduling problem represents a point in the f(n)-dimensional
space ) where n is the number of jobs. If the same schedule 7 is used as a solution
for two different arbitrary instances A and B, then we can estimate the difference
between their values of the objective function V4 (m) and Vg (m). The score is formed
as a metric rho(A, B) defined on Q x

[Va(m) = Vp(7)| < p(A, B). (3)

Let there be two optimal schedules 74 and 72 for the instances A and B, re-
spectively. Then we can construct an estimate for expression (2) and prove that it

depends on p(A, B). A(p(A, B)) is absolute precision for the case when 7% is used
as a solution, for example, A instead of the real optimal solution.
Va(r®) = Va(m?) < A(p(4, B)). (4)

The method is applied to several classical NP-hard scheduling problems. The
change in the average ratio of the absolute error to its upper bound A is shown for
a set, of test cases.

This research was supported by RFBR project 20-58-S52006
[1] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling

problems with minimizing the maximum penalty // Applied Mathematical Modelling,
2021. No89. Pp. 1163-1176.
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MeTpuyeckas nHtepnonsiumsa B 3agadax Teopuu pacnmucaHumi

Jdemmioorcnurosa Japva Baadumuposra darabbt@gmail.com
Tronsmrurn Andpeti Aaexcandposur’* andtun@yandex.ru
'Mocksa, NucturyT npobiaeM yupasienns uM. B. A. Tpanesnuxosa PAH

2Mocksa, Mockoscknii ['ocynapcrsennsiii Yausepcurer um. M. B. Jlomonocosa

[Tomassromee 60bIUHCTBO 3a0a4 Teopun pactucannit NP-rpymust. s pernenns
KaXKJI0# TaKO! 38/ 1a9u HeOOXOIUM OTHEIbLHBIN AJTOPUTM: AIITPOKCUMAITMOHHBIA /TN
[TOJIMTHOMUAJIBHBIN B cpegaeM. [Ipon3BoauTe IbHOCTD TAKMX AJITOPUTMOB CUJIBHO 3a-
BHUCUT OT BXOJHBIX JAHHBIX.

IIpeyraraercs yHUBEpCATBHBIHN TOJXOT — MEMPUUECKAA UHMEPNOAAYUUA. JTaHHBIHI
METOJ MOYKHO WCIIOJIb30BATH JJIsI YMEHbBIICHNUs TOTPENTHOCTH IIPU HCIIOJIb30BAHUN
9BPUCTUIECKUX AJTOPUTMOB, IOy YeHIA HAYATHHOTO PEIEHUS /)T TOYHBIX METOIO0B
U AIIPOKCUMAINH JIIOOBIX 33/1a9 TEOPHUH PACIIUCAHUI [IPU JIOOBIX BXO/IHBIX JTAHHBIX
C TAPAHTUPOBAHHOIN abCOJIIOTHON TTOTPENTHOCTHIO.

WMuTeprioympyorcst 3HAYeHNs 11eJIeBOoi (DYHKIUN: TOI0UPAIOTCS TOYKH UHTEPIIO-
JINPOBaHUS, BBIYUCIUTE/IbHAS CJIO?KHOCTD HAXOXKIEHWS PEIeHUs] B KOTOPBIX [TPUEM-
sema. OneHnBaeTcs 3HaYEHUE IeJIeBOi (DyHKIMU ucxoaHoro mpumepa. [lasee, nc-
MONTB3ysl MeTpUIecKuii moaxox [1], erponrest ontuvanbroe pacrmcanune. [pn HATH-
Y11 HEKOTOPOIl IMOJIMHOMUAIBHO PA3PEIINMOil 00I1aCTH, PEIlleHne UCXOTHOIO IIPIMe-
pa MOXKeT ObITh AIIPOKCUMUPOBAHO, UCIIOJIb3Ys METPUIECKUI TTOIXO.

Ha nansbiit MOMEHT cTpOsITCs pa3audHble 3DMEKTUBHBIE METPUKHU U ITPOBOISITCS
YUCJIEHHBIE KCIIEPUMEHTHI ¢ HuMu. [lmarmpyercs paspaboTka CrernuaabHbIX AJro-
PUTMOB HAXOXK/IEHUSI MHTEPIOJIATTNOHHBIX TTPAMBIX.

B sTom nccienoBaHuu mpejiozKeH MeTO/, METPUYECKON MHTEPIOJSIUN U IIPeJi-
CTaBJICHBI PE3YJILTATHI YUCIEHHBIX SKCIIEPUMEHTOB HA TECTOBBIX ITPUMEpaX.

Pabora BbIosiHeHa 11py YacTUIHON mozep:kKe rpaaTa PODI Ne 20-58-S52006
[1] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling

problems with minimizing the maximum penalty // Applied Mathematical Modelling,
2021. No89. Pp. 1163-1176.
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Metric interpolation in scheduling problems

Darya Lemtyuzhnikova darabbt@gmail.com
Andrey Tyunyatkin®x andtun@yandex.ru
'Moscow, V. A. Trapeznikov Institute of Control Sciences of the Russian Academy of
Sciences

2Moscow, Lomonosov Moscow State University

The vast majority of scheduling problems are NP-hard. To solve each such
problem, we need a separate algorithm: an approximation scheme or an algorithm
with polynomial average time. The performance of such algorithms strongly depends
on the input data.

A universal approach is proposed — a metric interpolation. This method can be
used to reduce the heuristic algorithms errors, obtain an initial solution for exact
methods, and approximately solve any problems in scheduling theory for any input
data with guaranteed absolute error.

The values of the objective function are interpolated: those interpolating nodes
are selected for which the computational complexity is acceptable. The value of the
target function of the original instance is then approximated. After that, using the
metric approach [1], an optimal schedule is constructed. If a polynomially solvable
domain exists, the solution of the original instance can be approximated using the
metric approach.

Currently, various effective metrics are being developed and numerical experi-
ments with metrics are being conducted. It is planned to develop special algorithms
for finding interpolation lines.

In this research, a metric interpolation method is proposed and the results of
numerical experiments on test instances are presented.

This research was supported by RFBR project 20-58-S52006
[1] Lazarev A. A., Lemtyuzhnikova D. V., Werner F. A metric approach for scheduling

problems with minimizing the maximum penalty // Applied Mathematical Modelling,
2021. No89. Pp. 1163-1176.
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OnTtumanbHoe ynpasieHMe cucteMaMmum MaccoBOro
06CNy>XMBaHUA B YCNOBUAX NPUMEHEHUSI A1 ONUCAHUSA UX
COCTOSIHUSI METOA0B CTPYKTYPHO-KNACCUPUNKALNOHHOW 1
3KCMNepTHO-CTaTUCTMUYECKOW 00paboTkn

Mandeawr Anexcandp Conromornosums'« almandel@yandex.ru

Jlanmur Buxmop Asexceesun’ stragker@bk.ru
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PacemarpuBaercst ynpasisieMast cucrema mMaccooro obeayxkusanuss (CMO), koro-
past IPUHAJIESKUT K TOMY KJaccy ynpasiseMmbix CMO, uro 6blLin uccie10Banbl B
pabore [1]. Ormeueno, 9ro HanbGobIIel POGIEMOil IPK IIPAKTUYECKOM IPUMEHEHUN
9TUX MOJEJIEl SBJISETCA ONEHKA BEPOATHOCTHBIX PACHPEIETECHUNA U JIPYTUX BEPOST-
HOCTHBIX XapaKTEPUCTUK, KOTOPBIE BXOJAT B onucanue stux mojeseit. [Ipempiaraer-
csl HOBasl MHTEJUICKTyaJIbHAs IPOIelypa aHaIu3a MCXOJHBIX CTATUCTUYCCKUX JIaH-
HBIX, KOTOPas OIMUPAETCS HA METOJIbI SKCIEPTHO-KIACCU(DUKAIMOHHOTO U 3KCIIEPTHO-
CTATUCTUIECKOTO AHAJIU3A.

Nrak, paccmarpuBaerca muorosuaeitnras CMO, B KOTOpoii B KadecTBe yIpaBJie-
HUST UCTIOJIB3YETCsl YUCJIO BKIIOYEHHBIX B pA0OTY KaHAJIOB O0C/IyKNBaHus. Perenuns
0 BKJIIOUeHNN (M3 YMCJIa PE3EPBHBIX KAHAJIOB) WM OTKJOYEHHN PABOINX KAHAJIOB
HPUHUMAIOTCA B JIMCKPETHBIC MEePHOANYIECKHe MOMEHTHI BpeMeHu. Cuuraercs, 4To
B 9TM MOMEHTBI BPEMEHHM MHTEHCUBHOCTH IMPOCTEHINEro BXOAAIIEro MOTOKA IPETep-
NeBaeT MAPKOBCKUE CKAIKM B COOTBETCTBUM C MATPHUIEH BEPOATHOCTEH Mepexoja
P = ||pi;||. IIpu sTOM 3a1aHO KOHETHOE MHOKECTBO /A BO3MOXKHDIX 3HATEHMI HHTEH-
CUBHOCTH BXOJISAIIErO IMOTOKA.

OnTumasbHas cTpaTerusl MepeKIIoUeHrs KaHAJIOB YI0BJIEeTBOPSET CJICLYOMeMy
YPABHEHUIO JUCKPETHOrO AMHAMUYIECKOTO IIPOrPAMMUPOBAHMS:

C5(Aiym) = min CY (N, m, u),

UZ U
k
Crr(Niym) = min (CY N, m,u) + Y piCr_y (A, 0),

uUZ>u; =
riie CM (N, m,u) — 310 dyHKIMsA OMHOMATOBBIX 3aTpaT, \; € A, 7 — 9HCI0 pabounx
KAHAJIOB, C KOTOPOTO HAYMHAETCsI OUEPEIHOM 1MIar, 1 — YUCJI0 KaHAJIOB, KOTOPOE CJie-
JIyeT BKJIOYHTH (ympapieHue), « — Koadduiuent nuckonTupoBarust, a Cr(A;, m)
~ MUHUMAJBHO BO3MOXKHOE 3HAMEHHE 3aTPaT Ha 7 TOCJEJIHUX MArax IIePHOJIa TLIa-
HupoBaHus. [lokazaHo, UTO ONTUMAJBHAS CTPATETUSI TIEPEKJIIOUEHUST KAHAIOB UMEET
[IOPOTOBBIN XapaKTep U yKa3aH CIOCOO BBIUUCIEHUsS COOTBETCTBYIOIIUX MOPOIOBBIX
3HAMEHUIT U YTO MUCIIOJb30BAHNE STHX CTPATEruil IPUHOCHT 3HAYUTEILHBIN SKOHOMH-
qeckuii 3 dekr.
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[maBHasg npobieMa IpU IPAKTHYECKOM HCIOIB30BAHUN MOJCIH 3aKI09aeTCA B
TOM, 9TO HEOOXOJMMO YMETh OIEHUBATH MATPHILy BeposiTHOCTE(l mepexona P = ||p;; |
U 3HAYeHUs] \; UHTEHCUBHOCTEHl BXOJAMIETO IIOTOKA. BarKHO MOHHMATDL, YTO IIpei-
JIOYKEHHAs] MaTeMaTHIeCcKas MOJIENb sABJIAETCs JIUIh HEKOTOPBIM HPHUOIMZKEHIEM K
peasbHOIl eficTBuTebHOCTH. I TOro, 9To0bl OlEHUBAThL €€ IHapaMeTPhl HeoOXo-
JIIMO MCHOJIb30BATh HE TOJBKO CTATHCTHYCCKYIO MH(OPMAINIO, HO M IIpUOEraTh K
MOMOIIH 3KCIEPTOB-TIPEJIMETHUKOB. VHaTe roBops, BOCIOIb30BATHCS BO3ZMOKHOCTSI-
MU 3KCIIePTHO-KIACCH(UKAIINOHHOTO U 9KCIIEPTHO-CTATHCTUYECKOTO MOIXO0/I0B.

B paccMaTpuBaeMoM cIydae JOCTYIHAs CTATHCTHKA MOYKET CBOIUTLCS K OTPe3-
KaM BPEMEHHBIX PAJOB, cojep:Kammx MoMeHThl nocrymenns B CMO odepemnbix
TpeboBaHmii, pa3sHOOOpa3HO UHAPOPMAIIMH O COCTOSHUN PBIHKA W APYTUX CBEICHU-
am. Kak npaBmiio, pasyMHO OPEJICTABIATD 3TH BPEMEHHBIE PSJIBI B BUJIE TTOC/IEI0BA~
TEJILHOCTH YUCEJI, XaPAKTEPU3YIOIUX YHUC/Ia TPEOOBAHMI, MOCTYHABIINX B CUCTEMY
Ha, KaxKJIOM IIare.

Bea ara mndopmanust o6pasdyeT MHOIOMEPHOE MPOCTPAHCTBO HPU3HAKOB, KO-
TOpBIC MOJBEPTalOTCH KIACCH(PUKAIMOHHOMY, 3KCHEPTHO-KIACCH(PUKATTOHHOMY 1
9KCIIEPTHO-CTATUCTHICCKOMY AaHAJU3y. LIpH 3TOM YHCIO BBIIEISIEMBIX KJIACCOB
JIOJIZKHO OBITH COIVIACOBAHO ¢ 9KCIIEPTAMU-IIPEIMETHUKAMHY. 11pU BBIIEJICHIN B IIPO-
Hecce KaacCupUKAIMK KazKI0r0 KJIAcca ¢ IIPUCBOCHUEM €My COOTBETCTBYIOIIErO HO-
Mepa 4 BBIYUCIAETCS U TAJOH KJIacca. 3HAYeHHe MHTEHCUBHOCTH A\, COOTBETCTBYIO-
Iee 3TOMY, STAJOHHOMY, OOLEKTY CTAHOBUTCS OJHUM U3 3JEMEHTOB \; MHOXKECTBA
A.

3areM BBIYHCIAETCA HAYAIbLHOE TPUOJINZKEHIE K OICHKAM BEPOATHOCTEH Iepexo-
Ja

(1) _ aé'l)
Py = R(»l»)’
7t

. 1
a HOPMUPYIOMINUH MHOXKUTEJIb ag- ) Bpraucisercst 1o dopmyute:

1
NON

7 - r 1
Zi:l rW
Ji

IJle CUMBOJIOM Rﬁ) 0003HAYEHO PACCTOAHNE MEXKJY j-M OOBEKTOM IIPOCTPAHCTBA

[IPU3HAKOB U i-M TAJIOHOM.

MozKHO TaKzKe BBINUCATH COOTHOIIEHUS JIJIsI TTOCCTYIONIEr0 YTOTHEHUS OTCHOK

BEPOATHOCTEH P;j, KOTOPBIE OyIyT OIMyOJMKOBAHEI B TIOJTHOM TEKCTE JOKJIAIA.

[1] Mandel A., Laptin V. Myopic Channel Switching Strategies for Stationary Mode:
Threshold Calculation Algorithms // Distributed Computer and Communication
Networks. DCCN 2018. Communications in Computer and Information Science, 2018.
Vol. 919. Pp. 410-420.
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Optimal control of queuing systems (QS) when using the methods
of structural-classification and expert-statistical processing to
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A controlled queuing system (QS) is considered, which belongs to the class of con-
trolled QS that was investigated in [?]. Tt is noted that the greatest problem in
the practical application of these models is the assessment of probability distribu-
tions and other probabilistic characteristics that are included in the description of
these models. A new intellectual procedure for the analysis of the initial statis-
tical data is proposed, which is based on the methods of expert-classification and
expert-statistical analysis.

So, we consider a multi-channel QS, in which the number of service channels
included in the operation is used as a control. Decisions to turn on (from the number
of backup channels) or turn off working channels are made at discrete periodic
moments of time. It is believed that at these moments in time the intensity of the
simplest incoming flow undergoes Markov jumps in accordance with the transition
probability matrix P = ||p;;||. In this case, a finite set A of possible values of the
intensity of the incoming flow is given.

The optimal channel switching strategy satisfies the following discrete dynamic
programming equation:

C: (A, m) = min CY (N, m, u),

UZU;
k

Cx (0, m) = min (CD (i m,w) + 0> pyCiy (g, ),

UZU; =
where C(Y(\;,m,u) is the function of one-step costs, \; € A, m is the number of
working channels from which the next step begins, u is the number of channels to
be switched on (control) , « is the discount factor, and C}(\;,m) is the minimum
possible cost value at the last n steps of the planning period. It is shown also that
the optimal channel switching strategy has a threshold character and a method for
calculating the corresponding threshold values is indicated, and that the use of these
strategies brings a significant economic effect.

The main problem in the practical use of the model is that it is necessary to be
able to estimate the matrix of transition probabilities P = ||p;;|| and the values A; of
the intensities of the incoming flow. It is important to understand that the proposed
mathematical model is only some approximation to reality. In order to assess its
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parameters, it is necessary to use not only statistical information, but also resort to
the help of subject experts. In other words, take advantage of the possibilities of
expert-classification and expert-statistical approaches.

In the case under consideration, the available statistics can be reduced to time
series segments containing the times of demand arrivals in the QS, various informa-
tion about the state of the market and other information. As a rule, it is reasonable
to represent these time series as a sequence of numbers characterizing the number
of demands entering the system at each step.

All this information forms a multidimensional space of features, which are subject
to classification, expert-classification and expert-statistical analysis. In this case, the
number of allocated classes should be agreed with subject experts. When each class
is allocated in the process of classification and the corresponding number 7 is assigned
to it, the class standard is also calculated. The intensity value A corresponding to
this reference object becomes one of the elements A; of the set A.

Then the initial approximation to the transition probabilities is calculated as

and the normalizing factor ag-l) is calculated by the formula:

1 _ 1
P W
Dim1 7D
J

where the symbol Rg) denotes the distance between the j-th object of the feature

space and the i-th standard.

The relations are also given for the subsequent refinement of the estimates of the
probabilities p;;, which will be published in the full text of the report.

[1] Mandel A., Laptin V. Myopic Channel Switching Strategies for Stationary Mode:
Threshold Calculation Algorithms // Distributed Computer and Communication Net-
works. DCCN 2018. Communications in Computer and Information Science, 2018.
Vol. 919. Pp.410-420.
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C 3ajlagaMu TIOUCKA PEMIEHUi JJIsi ONTUMU3AIMOHHBIX MOJE/IeNl TPUXOIATCS
IIOCTOSIHHO CTAJIKMBATHCA B IIPOIECCAX OIEPATUBHOIO IIJIAHUPOBAHWA U YIIPaBJIC-
HUsi BOIHOTPAHCIIOPTHOM JIOTHCTUKOI. B mepByIo odepesb 9TO OTHOCUTCH K IEPH-
0J1aM CEBEPHOI0 3aB03a, obecredeHns HedTEIPOIYKTAMUA COMUAIBHOMN, X03AUCTBEH-
HOI1 1 IIPOU3BOJCTBEHHO MH(MPACTPYKTYPHI HOJISIPDHBIX PETUOHOB, TPAHCIIOPTUPOBKH
MUHEPAJTLHO-CTPOUTEILHBIX MAaTEPUAJIOB, JOOBIBAEMBIX Ha PYCJIOBBIX MECTOPOXKIIEe-
HUAX BHYTPEHHUX BOJHBIX myTeit PO.

B ycnoBusx pa3mndHbIX TEXHOJOTHIECKUX OCOOEHHOCTEN, OrPAHUYCHHOCTH Ha-
BUTAIMOHHBIX IEPHOJOB U 3HAYUTEIHHBIX O0BEMOB IIPEIbIBIAEMBIX K II€PEBO3KE
I'PY30B 3a/ia9¥l TOBbBINIEHUsT 3(P(MEKTUBHOCTH HCIIOJIb30BAHUST KPYIIHOTO IIapKa Cy-
[IECTBEHHO PA3JIUYHBIX 110 TEXHUIECKUM U SKOHOMHUYECKHUM IIapaMeTpaM I'DY30BbIX
CYJIOB U TAHKEPHOTO (PJIoTa OOBEKTUBHO TPEOYIOT MPUBJICUEHUS JJIsi PEIICHUS IKC-
ILUIyaTAIMOHHBIX 33129 aJeKBATHBIX MATEMATHIECKUX MOJeseil n pa3paboTKu ObICT-
POJIENCTBYIONMNX AJTOPUTMOB CUHTE3a [IPOEKTOB YIIPABJISIONINX PEIIeHUH.

Bce nzBecTHbBIE ONITUMU3AIINOHHBIE IOCTAHOBKY B PACCMATPUBAEMON IIPUKJIATHON
obsiactu oTHOCATCsT K Kytaccy NP-rpymaabix. JlaHHOE 06CTOSTEIBCTBO B Psijie CIIydaeB
SIBJISIETCsl CYIIECTBEHHBIM CliepKuBatormM dakropoMm. Hike B paMKax KaHOHUYIE-
CKOIi 3a7a4uu pucnerdepusanuu 1] paccMaTpuBalOTCs MOTEHIUAIBHBIE BO3MOKHOCTH
U OTPAHIYEHNS KJIACTEPHBIX CXEM PeaTu3allii aJITOPUTMA JIMHAMUAIECKOTIO IIPOrPaM-
muposanus (JIIT) 1yist cuATE3a ONTUMATBHBIX PETeHHH.

PaccmarpuBaercst nm-371eMeHTHBIH [1eTePMUHUPOBAHHBIN IOTOK Z HE3aBUCHMbBIX
OOBEKTOB 21, 22, ..., Zp. KaxKIplil 0OLEKT 2z;, ¢ — 1,n HONIEKUT OMHO(pAZHOMY
OJTHOKPATHOMY ODCJIy?KHBAHUIO CTAIIMOHAPHBIM IIPOIECCOPOM P 1 XapakTepu3yeTcs
[EJIOYNCJIEHHBIMI [TapaMeTpaMu: t; — MOMEHT IOCTYIJIEHUS, T; — IPOIOJIZKUTE b
HOCTH OOCJTIy?KUBAHUSA, ¢; — BEJIUUNHA MTpada 3a eIMHUILy BPEMEHU IPEOLIBAHUS B
cuctemMe OOCTyKUBAHUST (O <t <ot ... < tn). B nmaganbHbIT MOMEHT Bpeme-
Hu t = 0 mpomeccop P cBODOJIEH M HAXOIUTCS B COCTOSIHUM T'OTOBHOCTU K BBIIIOJI-
HEHHUIO OOCIy’KNBaHUs 00bEKTOB MOTOKa /. Pacnucamnue oOCTy:KUBaHUs 1TOTOKA Z
oroxecTBisercs ¢ nepecranoskoit p = (p(1), p(2), ..., p(i), ..., p(n)) MuoxKecTBa
UHJIEKCOB OOBEKTOB M CUATAETCH KOMIIAKTHBIM, T.e. MOMEHT t; Hadasa OOCILyKu-
BAHUS OYEPEIHOTO OODHEKTA Zp(i), OUPEIENIAETCS COOTHOIICHUAMU t’l = tp(1), t; =
max{t;_y + Tpii—1), tp(i) }- Momenr t], 3aBeprmienns oOC/Ty>KUBAHIsA TIOTOKA Z ONpe-
JIeJIeTCs KaK MOMEHT 3aBeplieHus o0C/ayKuBaHus 00beKTa z,(,). Kanonnieckas
3a7a9a JUCIeTICPU3ANN 3aK/II0IAETCs B MOCTPOEHNN PacIucanus p*, obecrednBa-
IOIEro MEHUMUBAIIUIO CyMMapHOro 1mrpada 110 BceM oobekTaM 1oroka Z, T.e. W(p)

= Doy ap(ay (t = tpy) — min.
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[IycThb t — MOMEHT AMCKPETHOIO BPEMEHU MPUHATHS Pelienusi 00 00C/Iy JKUBAHUN
CJIEJIYIOIIEro O0beKTa, S — MHOYKECTBO pPaHee 00C/Iy KEHHBIX 00'bLEKTOB, W,;”i” (t,S) -
MUHMMAaJIbHAsT BEJIMYAHA CYMMapHOro Imrpada 1npu 06CIyKUBAHIK IOTOKA Z IIPO-
1eccopoM P, 0CBOOOJMBIIMMCST B MOMEHT BPEMEHHU f HOCJe 00CIyKUBAHUS 00bHEK-
Ta Zy(k) W MHOXKeCTBa 00bekToB S (S € Z), k — NOpAJKOBBIH HOMEp HTeparuu
BbIOOpa 0ObeKTa jig obcayxkuBanusd, ' = max(t,t;) - BpeMs Hadajga 00CIIyKUBa-
HUS CJIEJYIONIETO 00BEKTa Zp(j41)- LOT/Ia PeKYPPEHTHbBIC COOTHONICHHsT JMHAMIIE-
ckoro nporpammuposanus (1) mmetor sug W™ (8, S) = min, 1., o (W' +
+ 7, S U Zi)+ai(t/ — tz))

Pemenne 3aa1un MoxkeT ObITH [TOJIy9€HO, HAIPUMED, METOIOM OOPATHOIO ITPOXO0-
Jla anropuTMa OT "acTHBIX pemtenuit W ([1;T],Z), tne T - Bpemenuée orpamu-
JeHne Ha Iporiecc obcirykupanu. Kaxxas omneparus BbIUCIEHUS W;l’””(t, S), k=
n-1, n-2, n-3, ..., 0 morpedyeT B Ka1eCcTBE ONEPAHI0B HEKOTOPhIE PaHee COXpaHEHHbIE
YACTHBIE PEIICHUS W,g’jr’f(t, S). B kj1acTepHBIX apXUTEKTYPaX HAXOXKICHUE 3HAUCHUST
W™ (t,S') BO3BMOMKHO, €CJI UMEeTCs JOCTYI KO BCeM patee PACCUUTAHHBIM 3Hare-
HUSM W,;"jf{l (t,S). Anropurm napasiesasaoro II1 peanusyem B Buje BBIYHCICHUI
nabopom u3 M y3/I10B BCEX YACTHBIX PeIIeHuil Ay Kaxk 1o ureparuu k ot n 10 0 u
X COXPAHEHUsI B OMIEPATHBHON MAMSITH B BUJIE TaOIUITHI

151 paBHOMEPHOTO PACIPEeSICHUST 3818 110 OJHOTUIIHBIM KJIACTEPHBIM PECYP-
cam Bce cocrosiaus (t,.S) cucrembl 00CayKuBanus Ha (BDUKCUPOBAHHON uTepaiun k
BBIYUC/IUTEIHHOTO TPOIecca ObLIN TpoHyMepoBaHbl. C 3TON TEJbI0 MHOXKECTBO S
CHHTE3UPOBAJIOCH B BUE OUTOBON MacKm B’gv = (b1, ba, ... , by), rue Kaxkupli GuT
OTBEYAET 3a HAJIUYIHE COOTBETCTBYIONMIEIO OOBEKTAa B MHOMKECTBE paHee 0OCIIyKEeH-
HBIX 00bekTOoB. Haunnast ¢ mabopa u3 k emuuur; u n — k HOJEH, TPOU3BOIUINCD
[IePECTAHOBKU OUTOB JIJIsl TIOJIyYEHUsT BCEBOBMOXKHBIX OUTOBBIX MACOK, OJIHOBPEMEH-
HO C 9TUM J[aBasi TOCIe0BATE/IbHBIN HOMeD KaxK10il. OnucanHblil Cliocod Hy MepaIin
N(S) mo3BoJisteT pas3IennTh MHOXKECTBO cocTosHuM (3a1a4) (£, .S) Ha paBHBIE YacTH,
UCIIOJIB3Ysl [IJIs OlipejiesieHnst Homepa y3ia m dbopmyiy Buga m = N (S)modM .

BoerancaeHHbIME 9KCIIEPUMEHTAMHI TIOJTBEPXKIEHA BO3MOXKHOCTH DPABHOMEPHOMN
6aJIAHCHPOBKY 33J1at 110 y3JIaM KJIacTepa, OJIHAKO, OJTHOBPEMEHHO C 9TUM OTMEYeHA 1
BBICOKAsI MOTPEOHOCTH KJIACTEPHON CXEMBI B CETEBOM peCypce Jijisi 0OMeHa JaHHbBIMU
MeXKy yaiaamu. [Ipn MakcuMaabHOM 4YuC/e BO3MOYKHBIX 3HAYEHUN S Ha WTeparyun

k = n/2 pasrom Cy, /2 MeKIy y3aaMu OyIeT cyMMapHO [epeIaHo mopsiaka (n/ 2)02/ 2
YaCTHBIX PEeIeHuil 3a/[a4u, T.€. UCIOJIb3YEMBbIIl 00beM CeTEBOIO TpapUuKa 3HAUNTE b
HO IIPEBBINIAET 00beM TPebyeMOil aJITOpUTMOM onepaTuBHOM mamsaTu. CooTBeTCTBEH-
HO, OCHOBHBIM CIIOCOOOM CHUYKEHUS [TPOJIOJI2KUTETLHOCTU CHHTE3a, PENTEHUs KJIacTep-
ooiM ajropurmom I sBisercs camkenne TpeOOBAHUN BBIMUCIUTEIHHON CXEMBI K
pecypcam obMeHa JTaHHBIMEU MEXKTy y3aMu. B KadecTse criocoba moHuKeHusT Tpebo-
BaHUIl aJIOPUTMa K CETEBOMY pecypcy COpMYIUPOBAH aJIbTePHATUBHBIA IPUHIIHIL
6aJIAHCUPOBKHY BBIYUCIUTE/IbHBIX 33124 110 y3JIaM KJIacTepa: m = BgmodM .
Anayuz ajipTepHATHBHOIO Cr1ocoba OAJIAHCUPOBKU 3aJ1a4 110 KJIACTEDY MOKA3bI-
BAET, YTO HA BCEM JIMAIA30HE PA3MEPHOCTEH MOTOKA 00BEeKTOB N OoT 28 110 48 MoXKeT
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OBITH 110/100paH TAaKOH pasMep KJacTepa, IPU KOTOPOM HAKJIAIHBIE PACXO/bI HA Ce-
TeBoit oOMen JanHbIMu cocTaBaT oT 10 10 30% 1mo cpaBHEHHIO ¢ PABHOMEPHDBIM CIIO-
coboM HajIaHCUPOBKH. B TO 2Ke BpeMsi ¢ pOCTOM pa3Mepa KJiacTepa HaKJIaJHble Pac-
XO/IbI BO3PACTAIOT, U JJTsl 3Ha4YeHU 1 < 50 3HAYNTETLHOTO CHUKEHHST STUX PACXOJIOB
MOXKHO JTIOOUTBCsI TOJIBKO JIJIsi KJIACTepoB pa3mepom He Gosee 1024 yzmos. lanubie
BBIBOJIBI TIOJTBEPZK/IAIOT [TOJIYI€HHbIE TIPU MOJIEINPOBAHAN AJITOPUTMA OTDAHITICHIIS
Ha MaKCUMAJIbHOE YUCJIO y3JI0B CYyIePKOMIBIOTEPA TP PEIEHIH 33/ 1a4H.
[1] Koean J. U., ITywxun A. M., Jynuuruna H. A.; @edocenxo FO. C. 3anaun qucnerdepn-
3aIun OOC/IY>KUBAHNST CTAIMOHAPHBIX OOBEKTOB B OJHOMEPHON pabodeil 30HE MPOIec-
copa // ABromaruka u reremexanuka, 2016. No4. C.67-83.
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About potential of cluster schemas for optimal schedule synthesis
for models of water transport logistics
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Processes of operational planning and water transport logistics control are usually
connected to problems of solution finding to optimization models. Firstly, it is
related to periods of Northern Delivery, petroleum products supply for economics
and industrial infrastructure of Polar Regions, minerals and construction materials
transportation, which are mined in riverbed deposits of inner waterways of Russian
Federation.

In conditions of different technological specifics, navigation period limitations,
significant volumes of cargos requested for transportation, problems of efficiency
improvement for large vehicles and tankers, which are different by technical and
economical parameters, objectively require development and usage of fast algorithms
for control projects solution synthesis.

All known optimizations in the considered application domain are belong to NP-
difficult class. This fact is a significant constraint in many cases. Below in the terms
of canonical problem of dispatching [1] potential features and limitations of cluster
systems are considered for implementation of a dynamic programming algorithm of
optimal solution synthesis.

Lets consider an n-element determined flow Z of independent objects 21, 2o, ...,
zn. BEach object z; is intended for one-phase one-time service by stationary processor
P and characterized by the following integer parameters: t; — moment of readiness
for service, 1; — service duration, a; — penalty value per time unit object being in
service system (0 < ¢t; < ... t; ... < t,). In the start moment of time ¢ = 0
processor P is free and ready to start servicing of objects of the flow Z. A schedule
of servicing of the objects flow Z is considered as permutation of object indexes p
= (p(1), p(2), ..., p(i), ..., p(n)) and compact, i.e. moment #; of next object 2,
servicing, is defined by ] = t,), t; = max{t]_; + Tpi—1),tpu) }- Moment ¢, of an
objects flow Z service finishing is defined as moment when object z,(,) servicing
is finished. The canonical problem of dispatching is to synthesize schedule p* of
servicing, which provides minimization of overall penalty for all objects of the flow
Z7 ie. W(p) = Z?:l (i) (t; - tp(i)) — min.

Let t be a moment of discrete time when decision is made about next object for
service, S (S € Z) is a set of already serviced objects to this moment, W} (¢, S) —
minimal possible overall penalty for objects servicing by processor P since it finished
servicing of some object z,;) at moment of time ¢, k is serial number of iteration of
decision making. Then the dynamic programming (DP) equation will be W (t, S)
= mini=1,n;zi¢3 (W]?:L‘_Z{L(t/ + Ti, SU zi)—i-ai(t’ - tl))
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The problem solution can be found by using reverse passage algorithm starting
at states W™ ([1;T], Z) where T is a maximum allowed time limit for work. Each
operation of calculation of W™ (¢,5), k = n-1, n-2, n-3, ..., 0 will require some
pre-calculated partial solutions W,:’jf?(t, S) as operands. In cluster architectures the
W (t, S) value can be found only if there is an access to all pre-calculated values
W,?jf?(t, S). DP algorithm is implemented as calculation of all partial solutions on
each iteration k from n to 0 by a set of M nodes and then saving it to a table in
memory.

For balanced distribution over all cluster nodes all states (¢, .5) of servicing system
was enumerated on the iteration k. For this the S set was synthesized as a bit mask
B = (b, by, ... , by), where each bit is responsible for respective object in a set of
already serviced objects. Starting with a combination of k ones and (n-k) zeroes, the
permutations of bits were done to form each possible bit mask, with this providing
each mask with its serial number. The described enumeration method N(S) allows
to balance all states (tasks) (¢,5) to equal subsets, using the following equation to
calculate node number: m = N(S)modM.

By computational experiments, the possibility of uniform balancing of tasks over
cluster nodes was proved, but with this, the notable need in network intercommu-
nication resource by the cluster schema was observed. For the maximum possible
different S sets number for an iteration k = n/2 is C’f{/ 2, there will be transmitted

about (n/ Q)Cﬁ/ 2 partial solutions of the problem, i.e. network traffic volume signif-
icantly exceeds overall used memory volume. Therefore the main way for reducing
synthesis time for DP cluster algorithm is reducing of calculation schema require-
ments for intercommunication resource. As one of the ways for network resource
usage reduction, the alternative method of task balancing over cluster nodes was
suggested: m = BEmodM.

Analysis of this alternative balancing schema shows that for any objects flow
size n in a range from 28 to 48 there can be found such cluster size that network
usage overhead can be reduced to values from 10 to 30% in comparison to uniform
balancing method. With this with cluster size growth the overhead will increase
and for values of problem size n < 50 it is possible to significantly reduce it only
for clusters of size not more than 1024 nodes. This conclusions prove results which
were observed in modelling of algorithm implementation for large supercomputers.
[1] Kogan D. I., Pushkin A. M., Dunechkina N. A., Fedosenko Yu.S. Problems of stationary

objects service dispatching in one dimension working zone of a processor // Automatics

and Telemechanics, 2016. No4. Pp.67-83.
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XKagHbin anroputm peweHus knaccudeckon NP-TpygHoi
3a4a41M MUHMMM3ALMN CYMMApPHOro 3anasabiBaHus

Capamos Anamoauti Aaexceesus' x sapfor580gmail . com
'Topog, Tyna, 000 «<UHTEPCAII»

PaccmarpuBaercs NP-tpynnas 3amaga teopun pacnucanuit. Heobxomumo 06-
CilyKuTh MHOXKecTBO TpeboBanuit N = {1,2,.., n} na ommom upubope. IIpepbi-
BaHWS W OOCTyKUBaHme OoJiee OJHOrO TpebOBaHWA B JI00OH MOMEHT BpEeMEHW 3a-
nperrenbl. s TpeboBanus j € N 3a/aHbl IPOJIOJIKATEIHFHOCTD OOCITY XKUBAHS
p; > 0, pj € Z u IUPEeKTUBHbIA CPOK OKOH4YaHH:A oOcTyKubanua d;. Bce Tpebo-
BaHUsl MIOCTYIIAIOT HA OOC/Iy’>KHBaHUE OHOBPEMEHHO B MOMEHT BPEMeHH t(, ¢ KOTO-
poro mpubop roToB HaYaTh O0OC/IyKUBaHure TpeboBaHmil. Tpedyercs mMOCTPOUTH pac-
nucanne T° 00CIyKUBAHUA TPeOOBAHWUI MHOXKeCTBa [N, IPU KOTOPOM JIOCTUTAETCS

n
muanMyM dyukuun F (1) = > max {0, ¢; (7) — d;}, rae ¢; (1) — MoMenT 3aBepiire-

=1
HUA 00CITy XKIBAHUS ’ TpeboBaHus J npu pacincannu .
Hycrs m = (j1,..,jn), TOrma ¢; (m) = to +pj, nc; (1) = ¢ +pj anak =
= 2,3,..,n. Bemunna T} (1) = max{0,¢; (1) — d;} Ha3bIBaeTcs 3ala3/blBaHIEM
TpeboBaHus j Upu pacuucanuu 7, a F (7) — cymMMapHbIM 3anasjablBanueM Tpebo-
BaHuil npu pacnmcanuu 7. Kciam obcirykuBaHue TpeOOBAHUS i IMPEIIECTBYET 00-
CIIy?KHBAHHUIO TPeOOBAaHMsS j, TO JIIsA 9TOTO OyJeM HCIOIb30BAThH 3amuch (i — j) .
IIpenmoxken Meron pacuéra CMEIIeHNH YaCTUIHBIX PACIUCAHWI TP [I€PECTAHOBKAX
rpebosannii [1]. TIocKOIBKY B ONTHMAJIBHOM DACIUCAHUN 7 JIF060e HepeMerieHne
TpeboBaHusl j, U Jitobasi apHasi IepecTaHOBKa, TpeOOBAHUIL ¢ U j HE MOYKET [IPUBECTH
K yMeHbIneHuo F (), To just Beex 4,j € m* JIOJKHO BBIIOJIHATHC ycsosue (1):

N -1,
vT, (m)> ;1 v T, (m), j>i T, (m)> 3 vT, (7)), pi>p;
. P
1 j_l " I/I ;_1 11 ’ (1)
vT ()< Zvai (m), j<i VT, (m)< grjl vT, (7), pi<p;
; o i

/ " . .
rie v1 (), vT, (7) — u3MeHenue 3aa3/pIBaHud TPEOOBAHUS j [IPU CMEIICHUN | B

itk

ouepe/n Ha k TIO3UIHiT, COOTBETCTBEHHO, BIIPABO i BIeBo; » v, () — ymenbInenue
J+1

3amas3/IbIBAHUST TpebOBaAHMIA

i={j+1,.., j+k} € N upn ux cvemennn Ha k mo3uIMii BIEBO;

i+k Jj+k i
ZvTi (m) = Z max |0, | to + Z Pm —d;i || —
i+1 j+1 m=0
—max [0, | tog + me_pj_di ; (2)
m=0
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] — 1 1
> vl (7) — yBeJITIeHne 3ala3/bIBAHIT TpeboBaHuit
J—k

i={j—k,., j—1} € N upn ux cmemenun Ha k BIpago;

i—1 J—1 i
ZvTi (W):Z max |0, to-l-me-i-pj—di —
i—k i—k m=0

—max |0, | to + mefdi i (3)
m=0

VTij (m) — yBesimdenue 3ana3/plBaHus TpeOOBAHKS ¢ IPU 3aMEHe j;
VTji (7) — yMeHbIIeHNe 3ana3(biBaHusi TPEOOBAHUS j TIPH 3aMeHe i;

Jj—1 ,

> vT (m) — yMEHbIIICHUE 3aI1a3/[bIBAHI TpeboBaHUi
i1

v={i+1,.., j— 1} npu nepecranoske TpeGoBanuii i,j u p; > pj;

‘]71 1

> vT, (m) — VBeJIIIeHne 3aIa3/[bIBANILS TpeboBaHuit
it1

v={i+1,.., j— 1} upu nepecranoske TpeboBanuii i, j u p; < p;.

MHozkecTBa 1epemeraeMbix Tpebosannit hopmyt (2),(3) HA30BEM YaCTHIHBIMU
pactmcamusvu 7’ u s 7' ={j+1,..., j+k} e N7 ={j—k,..., j—1} € N.

Boipazkenue (1) upu k = 1,2,..,n — 1, aBigercs 3(pOEKTUBHBIM THCTPYMEHTOM
OIIEHKH ONTUMAJbHOCTH ITOCTPOEHHOTO PACIUCAHNs, NOO BhIIUCIseTCs 3a () (n2) orre-
parnmuii.

Hast octpoernst ™ Ha ocHoBe dbopmyitbl (1) HeoGXomuM OBICTPBIN AJIrOPUTM
OpMUPOBAHUST TACTHIHBIX paciucanuii ' n 7'/, SKBUBAJEHTHBIX 10 COOTHOIIECHHIO

i+k , i—1 .

CYMMAPHBIX CMEITIEeHI 2:1 vT, (), Z;C vT, (7) ¢ cyMMapHBIME CMEIICHUAME B Pac-
i+ i—

nucannu 7¥. Takasi 9KBUBAJIEHTHOCTh MOXKET OBbITH JIOCTUTHYTa B YACTHIHBIX Pac-

nucanugax 7', 7' orseuaromux (1) upu k = 1. Anropurm A nocrpoenus 7' umeer

BUT:

1. IIpuaumaem Bpems ctapTa t = tg.

2. ITonapno nepectapigeM TpeOOBAHUL 4 — j, j — § ¥ BbIYUCIAEM CyMMy v1;; =
=T, (r) + T; (7). Ecoin npu i — j cymMMapHOe CMeIIeHHe MEHbIIe, YeM IIpU j — i,
TO % IIOMEYAeTCsI, KaK [IPUOPUTETHOE TpebOBAHUE ¢*, U IPOJIOJIKAET yIACTBOBATH B
[IEPECTAHOBKAX, a j MCKJIIOYaeTcd . e cyMMapHble CMEIeHUs Uik ¢ — ] U j —> &
PaBHBI, TO TIOMEYAeTCH TPEOOBAHNE C MEHBIITIM d;.

3. Uckmogaem ¢*u3 N u nomerntaem B N*, mobaBiisis cripaBa.

4. Ilpuanmaem Bpems crapta t = to + p;.

5. [Moeropsiem taru 2-4, moka N # 0.

6. Koppekrupyem 7'aa coorsercrsue (1).
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OGosHaunM Kak 7; pacluCaHie, COCTOsINee U3 T’ 1 CJIEIYIONEro 3a HUM TPeGo-
BaHUs j, a cMelenne TpeGoBanuii m; Kak F (;).

Ecisiu nipussTh yeaosue (1) 10CTaTOYHBIM IS IPOBEPKU ONTUMAIBHOCTH 7', TO
B pacmucanuu 7; = (7', j) ¢ MEHEMAJIBHBIM CyMMapHLIM cMemtenneM F (7;) Tpe6o-
BaHue j € m; OyzeT HOC/AeIHUM B ONTUMAJBHOM pacnucamun 7. Mcxomnsa us sroro,
AJITOPUTM TIOCTPOEHUS ¥ MMeeT BU/I:

1. Ina kaxkjoro TpeboBaHus — IepeMernaeM B KoHer odepesun. OcrajibHbie pa-
60ThI YIOPSIIOYMBAEM, COIVIACHO ajropuTMmy A. BeraumcisieM cymMmapHoe cMelleHune
F ().

2. Boibupaem TpeboBanue i ¢ MUHUMAIBHBIM F (7).

3. Uckimouaem ¢ u3 N u momeraeM B ciucok TpedoBanuii N ¥, mobasJisis cJesa.

4. IloBropsiem maru 1, 2, 3, moka B [N OCTAHyTCs TOJIBKO YCIIEBAIONINE PAOOTHI.

5. Oobequnsgem N n N*.

6. Konerr.

[1] Capamos A. A. KoHKypeHTHBIIt MeTO/| CHHTE3a IPOU3BOICTBEHHBIX pacuucanuii // V3.

Tynl'¥. Texungeckue nayku, 2014. Ne3. C. 104-110.
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Greedy algorithm for solving the NP-hard problem of minimizing
total tardiness for a single machine

Anatoly Saratov' sapfor58@gmail. com
'Tula, “INTERSAP” Ltd.

Considered classical the NP-Hard problem of minimizing total tardiness for a sin-
gle machine. The interruptions when servicing and service more one requirements
any time prohibited. Length of the service p; > 0, p; € Z and deadline djof the
completion of the service is given for requirement j € N = {1,2,.., n}. All require-
ments enter on service at moment of time ¢y simultaneously, with which instrument
ready to begin servicing the requirements. It Is Required build scheduling of the ser-
vicing the requirements ensemble N, under which is reached minimum to functions

F(r) = Z max {0, ¢; (m) — d;}, where ¢; (7)- a moment of the termination of the

servicing the requirement j at timetable 7. Let m = (41, .., Jn), then ¢, (m) =to+pj,
and ¢; (m) =¢;,_ +pj, for k=2,3,..,n. The value T} (1) = max {0, ¢; (7)— d;} is
identified tardiness requirements j at timetable 7, and F ()- total tardiness require-
ments. If servicing the requirement ¢ precedes servicing the requirement j then for
this shall use record (¢ — j)._. For estimation of the reductions of tardiness require-
ment consecutively move in the end local optimized partial timetables [1]. Since in
optimum timetable any displacement requirement j, and any fresh transposition of
the requirements 7,5 cannot bring about reduction then for all must be executed
condition (1):

, itk ’ L j=1 ’
vT (m)> 32 9T, (), j>i vT, (m)> 3 vT, (%), pi>p;
j+1 - i+1
4 ;jl " and ]7j1 " ’ (1)
vT/(m)< Z v (m), j<i VTAi(ﬂ')<_Z vT, (m), pi<p;

where vT (m ),VT () — change of tardiness when moving j on k positions, ac-

Cordlngly, to the rlght and to the left;

Jjtk

> vT () — total reduction of tardiness i = {j +1,.., j+k} € N under their
J+1

displacement in queue on k positions to the left;

itk ) Jj+k i
ZVTi (m) = Z{max lO, <to+ me dl>] —

1+1 Jj+1 m=0

— max [0, (to—i— ipm—Pj_dz)} }; (2)
m=0
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J71 1
> vl (7) — total increase of tardiness requirements
j—k

iz
i ={j—k,.., j—1} € N under their displacement in queue on k positions to
the right;

i1 j—1 i
ZVT;/ (m) = Z { max [07 (to + Z Pm +Dj — dz>‘| -
i—k

j—k m=0

—1max [0, (to + EZ: Pm — dz>‘| }§ (3)
m=0

vT  (m) — increase of tardiness requirements ¢ under transposition j;
vl (m) — reduction of tardiness requirements j under transposition i;

-1
> vT (m) — total reduction of tardiness requirements
i1

v={i+1,., j—1} after permutation i and j, p; > p;;
]_1 17
SovT, (m) — total increase of tardiness requirements
it

v={i+1,., j— 1} after permutation i and j, p; < p,.
The ensemble of the movable requirements molded (2), (3) shall name the partial
timetables and «’ and 7" 7’ = {j +1,..., j+k} e N,7#" ={j—k,..., j— 1} € N.
The Expression (1) under £ = 1,2,..,n — 1, is an efficient instrument of the
estimation built timetables, is since calculated in O (n2) operations. For ensuring
the efficient process of the syntheses 7* on base of the formula (1) necessary quick
algorithm shaping the partial timetables 7’and 7", equivalent on correlation of the

i+k i—1

total offsets i vT; (m), > vTiH () with total tardiness partial timetables 7*. Such
it+1 i—k

equivalence can be reached in partial timetable 7/, 7" answering (1) under k& = 1.

Sequence of jobs j € 7’ is defined by correlations d;,p;, so timetables meets condition

(1) under shall name local optimum. Algorithm A buildings 7’ are of the form of:

1. Take time of the start t = tg.

2. Prototype two by two transpositions of the requirements ¢ — 7,57 — ¢ and
calculate vT;; = T; (m) + T (7). If under i — j total offset less, than under j — 1,
that ¢ is marked as priority requirement ¢*, and continues to participate in transpo-
sition, but j is excluded. If total offsets for ¢ — j and j — ¢ alike, that is marked
requirement with smaller d;

3. Exclude ¢* from N and place in N* | adding list on the right.

4. Take time of the start t =ty + p;.

5. Repeat the steps 2-4 while N # 0.

6. The Adjustment 7’ on correspondence to (1).

/
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We shall mark as 7; timetable, consisting of 7’ and the following for its require-
ments j, and total offset of the requirements 7; as F (m;). If take the condition (1)
sufficient for checking optimality 7’ then in timetable 7; = (7, j) with minimum
total offset F'(7;) of the requirements j € 7; will be last in optimum timetable 7.
Coming thereof, algorithm of the building is of the form of:

1. For each requirement — move in the end queue. Rest work regularize, ac-
cording to algorithm A. Calculate total tardiness F' ().

2. Choose work ¢ with minimum F (7).

3. Exclude 7 from N and place in list of the last requirements N*, adding list on
the left.

4. Repeat the steps 1, 2, 3 while in N will remain only having time to work.

5. Unite N and N*.

6. The end.

[1] Saratov A. A. Competitive method for the synthesis of production schedules // Izv.

TulSU. Technical science, 2014. No 3. Pp. 104-110.
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Pa3paboTka obuiegoctynHoro Habopa BuaeoaaHHbIX B
TeparepuoBoM Auana3oHe U nporpaMmmHoin nnatdopmbl ans
3KCMEepPUMEHTOB C UHTEJIJIeKTyasibHbIM BuaeoHabntogeHem B
TeparepuoBOM guana3oHe

Moposos Aaexceli Aaexcandposurx morozov@cplire.ru
Cywrosa Oavza Cepzeesra o.sushkova@mail.ru

Mocksa, P9 um. B.A. Korensaukosa PAH

Pazpaborannr ob1ie10cTyIHBIT HAOOP BUICOJAHHBIX B TEPATEPIIOBOM JTHAITA30HE 1
nporpaMMHuas mraTdopMa JiJIsd SKCIIEPUMEHTOB € MHTEJJIEKTYaJIbHBIM BHIEOHAOIO-
JIEHUEM B TepareprioBoM muaiiazoHe. Habop BUIEOMAHHBIX BKJIIOYaeT KOPOTKUE BU-
JIEOPOJINKU JIFOJIEN ¢ 0ObeKTaMU, CIPSITAHHBIME O] 013K/ 10#1. Habop JaHHbBIX siBJIsI-
eTCsl MyJIBTUMOIAIBHBIM, TO €CTh OH COIEPYKUT CHHXPOHU3UPOBAHHBIE BUIEO PA3INI-
HBIX THIIOB: Tepareprosbie, Temtosusnonnbie, RGB, 3D u B 6imkaem mHbpakpac-
nom juanazone. CreruaabHast IporpaMMHas miaTdopma pazpaborana Jjist cOopa u
[peJIBapuTe/IbHON 00paboTKU Bu1e0iaHHbIX. [IporpaMMHast mrardopMa BKIOYAET B
cebst TparcsaTop Axkroproro [Iposiora B Java u 6uGIn0TeKy ¢ OTKPBITBIM HCXO/IHBIM
KOJIOM BCTPOEHHBIX KJIACCOB it cOopa m 00pabOTKM BHEOMaHHBIX. B dacTHOCTH,
[IpOrpaMMa IO3BOJISET IPOEIUPOBATH TEPATEPIIOBbIE U TEILIOBU3NOHHBIE BHICOIAH-
Hble Ha TPEXMepHbIE 001aKa TOUEK € UCIOJIb30BAHIEM TPEXMEPHBIX TabJINIL COOTBET-
crBuii. Onucan skcrepumMenT 110 00ydennio CNN pazinuHbIX apxXUTEKTYP Ha Habope
TepareproBbIX BUJIEOIAHHBIX.

UcciteroBanue BoIoiHEHO 11pu (buHaHCOBOM noepkke PODU B pamkax Hayd-
HbIX IpoeKToB Ne 16-29-09626 u Ne 18-07-01295
(www.fullvision.ru).
[1] Morozov A. A., Sushkova O.S. Development of a Publicly Available Terahertz Video

Dataset and a Software Platform for Experimenting with the Intelligent Terahertz

Visual Surveillance // Advances in Intelligent Systems and Computing, 2020. Vol. 1255.
Pp.105-113.
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Development of a Publicly Available Terahertz Video Dataset and
a Software Platform for Experimenting with the Intelligent
Terahertz Visual Surveillance

Alexei Morozovx morozov@cplire.ru
Olga Sushkova o.sushkova@mail .ru

Moscow, Kotel'nikov IRE RAS

A publicly available terahertz video dataset and a software platform for experiment-
ing with the terahertz intelligent video surveillance are developed. The video dataset
includes short videos of people with objects hidden under the clothing. The dataset
is multimodal, that is, it contains synchronized videos of various kinds: terahertz,
thermal, visible, near-infrared, and 3D. A special software platform is developed for
the acquisition and preprocessing of the video data. The software platform includes

a translator of the Actor Prolog language to Java and an open-source library of built-

in classes for data acquisition and processing. In particular, the software enables one

to project terahertz/thermal video data onto three-dimensional point clouds using
3D lookup tables. An experiment with the terahertz video data analysis based on
various CNN architectures is described.

This research was supported by the Russian Foundation for Basic Research,
projects 16-29-09626 and 18-07-01295 (www.fullvision.ru).

[1] Morozov A. A., Sushkova O.S. Development of a Publicly Available Terahertz Video
Dataset and a Software Platform for Experimenting with the Intelligent Terahertz Vi-
sual Surveillance // Advances in Intelligent Systems and Computing, 2020. Vol. 1255.
Pp.105-113.
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Ontumunsauyunsa paboTbl cMcTeMbl CneXeHusi, OCHOBaHHOW Ha
ceTn Kamep BuaeoHabnrogeHus

Quepunckuii Buxmop Baadumuposur'x chigrinskiy.viktor@phystech.edu
Mameees Hean Aanexceesur’ matveev@ccas.ru
'Mocksa, MOCKOBCKHil (PU3HKO-TEXHUIECKIHA HHCTHTYT

2Mocksa, Beraucinrensabiii nearp uM. A. A. Toponuuueaa ®UIL Y PAH

OrciexXuBanue epeMernennst 00bLEeKTOB Ha BUJIEOTIOCIIEI0OBATETLHOCTIX — BazK-
Has 3a/[a9a KOMIIBIOTEPHOI'O 3PEHHs, NUMEONAas IITUPOKOe HPAKTHIECKOe ITPUMEHe-
Hue. KirroueBbIME MOMEHTAMHU PabOTHI CHCTEM CJIEXKEHUSsI SIBJISTFOTCS OOHAPYIKEHUE
0o0beKTa U, B CJlydae ecju OH ObLI OOHApY2KEH He B IEPBbIN pa3, ero MOBTOPHAsI
unentudukanus. [IpegcraBiena OICTPO U KOPPEKTHO pabOTAIOIIAsT CHCTEMA CJIEZKE-
HUsl, UCIOJIB3YIONIas HECKOJIBKO KaMep U BKJIIOYAIONAsd B Ce0sdA: IeTeKTUPOBAHNE 1
CErMEHTAINI0 O0bEKTOB Ha M300DaKeHWUH, MOJIyYeHNe JIeCKPUIITOPOB UX BHEIIHETO
BHJIA, CDABHEHUE KaXK0I'0 HOBOI'O OO'bEKTa C y2Ke HAKOILJIEHHBIMU, IIPUHSITUE Pellle-
HUsI O MIOBTOPHOI mjeHTuduKanmmu. PeajinsoBara 6a30Basi KOH(PUTYpaIldsi CUCTEMbI,
B KOTOPOIl B KAYECTBE COCTABJISIIONINX HUCIIOIB3YIOTCS JIyUIne Ha TeKYyIHil MOMEHT
AJITOPUTMBI JIETEKTUPOBAHUS U MOJEJN TOJyIeHUs JIECKPUIITOPOB BHEITHErO BUIA.
Ha »70it ocnoBe mponssegeHbl MOMMMPUKAIINN KaK OTAETbHBIX MOJYJIEH, TaK W BCEi
CHCTEMBI B I1eJIOM. BBIIIOSIHEH BBIYUCIUTEIbHBIN SKCIIEPUMEHT, KOJIMIECTBEHHO 10/
TBEPKIAOIIUI IIPEUMYIIECTBO JIOPADOTAHHON CHCTEMbI OTHOCUTEILHO HOa30BOii.

Pabora nmognepxana rpantom PODI Ne19-07-01231.

[1] Yuepunckui B. B., Mamsees H. A. Ourumusanust paboThl CHUCTEMBI CJIEXKEHUs, OCHO-

BaHHOI Ha ceTn Kamep Bugeonabmoaenus // zsecrusa PAH. Teopus u cucrembl ynpas-
senwst, 2020. Ned. C.110-124.
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Optimization of the multi-target multi-camera tracking system

Victor Chigrinskyx chigrinskiy.viktor@phystech.edu
Ivan Matveev® matveev@ccas.ru
'Moscow, Moscow Institute of Physics and Technology

2Moscow, FRCCSC of the Russian Academy of Sciences

Tracking the motion of objects in video sequences is an important problem of
computer vision that has a wide range of applications. The key points in tracking
systems is the detection of an object and, if it was detected repeatedly, its reiden-
tification. A fast correctly working tracking system that uses a number of cameras
is described. The system includes detection and segmentation of objects in images,
construction of their appearance descriptors, comparison of each new object with
earlier collected objects, and making a decision about their reidentification. The
basic system configuration is implemented in which the state-of-the art detection
algorithms and models for constructing the appearance descriptors are used as the
constituent parts. Based on this, the system as a whole and some of its modules are
modified. A computational experiment that quantitatively confirms the advantages
of the modified system over the basic system is performed.

This research is funded by RFBR, grant 19-07-01231.

[1] Chigrinsky V., Matveev I. Optimization of a tracking system based on a network of

cameras // Journal of Computer and Systems Sciences International, 2020. Vol.59.
No4. Pp. 583-597.
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CnexxeHne 3a MHOXXECTBOM ODBLEKTOB Ha BMAEO M300parkeHusx C
nomMoublo pe-ugeHtndukauun c npegcpunsrpaumven
OECKPUNTOPOB MO Ka4ecTBy

I'puzopves Aanexceti mumpuesur'x grigorev.ad@phystech.edu
T'neywes Aanexcandp Huxoraesuw® gneushev@ccas.ru
'Mocksa, MocKOBCKHiT (bH3MKO-TeXHIUECKUH HHCTUTYT (HITY)

2Mocksa, PenepanbHblit uccmeoBaTeabekmit nentp "Mudopmarnka u ympasmerne" PAH

Hammas pabora OCBSIEHa 3a/1a9€e CJACKEHUS 38 MHOXKECTBOM O00BEKTOB B BHJIEO
moToke m306paxkenuii. CyIIecTBYOIINE PENIeHUs] SBJISTFOTCS JINOO PeCcypPCOeMKUMH,
JInbO HEYCTONYMBBIMU K OOJIBINON IJIOTHOCTH OOBEKTOB, YTO NMPUBOIUT K CPBIBAM
CJIEYKCHIS U HAKOILJIEHUIO OImmOoK. B pabore dbopMysupyercs 3amada COMPOBOKIE-
HUsl MHOXKECTBa OOBEKTOB Ha OCHOBE (haKTOPHU3AIMHU AIIOCTEPUOPHOTO PACIIPE/IEIe-
HUs [1apaMeTPOB OOBLEKTOB IPHU JIOIYIEHUN JTUHEHHOCTH ¥ HE3ABUCUMOCTH JIBUZKE-
Hud. Pemenne csogurcsa K duinprpy Kanmana u mojizaiade o Ha3HAYEHNAX U3MeEpe-
HUll 1 00beKTOB. JIjIsl yBeImUyeHus YyCTONYNBOCTH HA3HAYEHUN BBOJATCS MTOIPABKH
K KO3 unmenTaM MaTpUIlbl CTOMMOCTH C TIOMOIIBIO Pe-UIEHTU(DUKAIINN, COIIOCTAB-
JIEHUsI JIECKPUIITOPOB 0bJracTeil n300pakeHus: ¢ uCTopueil BIob Tpaekropuit. Jlis
YMEHBIITEHUS BBIYUCIUTEIBHON CJI0KHOCTH IIPEJIAaraeTCs MCIIOIb30BATh IIPEIBAPHU-
TeJIbHBII 0TOOP JIECKPUIITOPOB BJI0JIb TPAEKTOPUN Ha OCHOBE IoKa3areis "kKadecTBa '
, KOTOPBIII [TO3BOJISIET UCKJIIOYUTH U3 COIIOCTABJIEHNS JIECKPUIITOPBI C HU3KOI nH(MOP-
MaTUBHOCTBIO M OOBEKTBI, HE SIBJISIFOIIUECs] TIpeaMeToM Habsoaenus. s onerku
napamerpa "kKadecTBa MCIOJIB30BAIICH KAK U3BECTHBIE OUOMETPUUIECKUE TTO/IXOJIBI,
TaK W [MOKA3aTe]b YBEPEHHOCTH JIETEKTOPA.

BorancuresibHbIN  9KCIEPUMEHT, pOBeeHHbI Ha BbIOOpKax MOT20-01 wn
MOT20-02, mokaszaj BBICOKYIO BBIYUCIUTEbHYIO 3(D@MEKTUBHOCTD IIPE/JIOXKEH-
HBIX METOJIOB WM YBeJMYEeHHe YCTONUIMBOCTH cjexkeHus. [IpoaHajm3mpoBaHO BJIU-
sSHAE YUCTIa N JIydIInX OTOMPAEMBbIX IECKPUIITOPOB BIOJb TPAEKTOPUU JJIsI Pe-
nIeHTH(DUKATIN.

Pabora nmomgep:xana rpanrom PODU 19-07-01231.

[1] I'pueopves A.I., I'ieywes A. H. Pe-unenrudukanus ¢ upeaduabrpanmeii 1o Ka9ecTBy
n300parkeHui B 3a/1a€e CJIeXKEHNUsI 38 MHOXKeCTBOM 00bekToB // VIHdopMmarmoHHble Tex-

noJiornn, 2021.
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Multiple object tracking on video via re-identification with
descriptor pre-filtering based on quality assessment

Alexey Grigorev'« grigorev.ad@phystech.edu
Alexander Gneushev’ gneushev@ccas.ru
"Moscow, Moscow Institute of Physics and Technology

2Moscow, Federal Research Center ” Computer Science and Control” of RAS

The work solves the problem of multiple object tracking. The existing methods
are either resource-intensive or not resistant to high object densities, this leads to
tracking disruptions and error accumulation. We formulate the problem of multiple
object tracking based on the factorization of the posterior distribution of objects’
parameters under the assumption of linearity and independence of objects’ motion.
The final solution contains two parts: the Kalman filter and the assignments prob-
lem between measurements and objects. We introduce corrections to the coefficients
of the cost matrix via re-identification comparing the descriptors of the image parts
with the history along the trajectories in order to increase the stability of assign-
ments. The preliminary selection of descriptors along the trajectory based on the
parameter of ”quality” is proposed to decrease the computational complexity of the
algorithm. Such selection allows us to exclude objects with low information use-
fulness and objects unrelated to the subject of observation from re-identification.
Both known biometric approaches and an alternative method based on the detector
confidence are considered as methods of quality assessment.

Computational experiments were conducted on MOT20-01 and MOT20-02
datasets using detectors of various complexity and showed high computational effi-
ciency and tracking stability of the proposed methods. The influence of the number
n of the best descriptors selected along the trajectory for re-identification was ana-
lyzed.

This research is funded by RFBR, grant 19-07-01231.

[1] Grigorev A., Gneushev A. Re-identification with pre-filtering by image quality for mul-

tiple objects tracking // Information Technologies, 2021.

International Conference IDP-13. Russia, Moscow, December 8-11, 2020
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MeTog pa3meuieHnst UMMYHHbIX 4eTEeKTOPOB Ha OCHOBE OLLeHKMU
pucka 6e30MacHOCTU CeTeBbIX Y3108

Coiuyeoe Anexceli Aaexceesuyux xru2003@list.ru
Toxapes Bsauecaas Jleonudosur tokarev22Q@yandex.ru

!Tyna, Tyabckumit TOCYIAPCTBEHHBIH YHIBEPCATET

O paumM n3 Hanbostee 3PGEKTUBHBIX CPEJICTB CBOEBPEMEHHOTO OOHAPYKEHUs aTaK
B KOMIIBIOTEDHBIX CETHAX sBJIAIOTCs cucTeMbl obnapyzkenus Bropzkeruii (COB), mo-
CTPOEHHBIE Ha OCHOBE MMMYHHBIX JI€TEKTOPOB |1], mo3BosIstiomue oGHApyKUBATH aTa-
KU Pa3/InYHbIX KJIACCOB, BKJIOUAsl paHee HEM3BECTHBIE.

Opnnako BaxkHOe 3HaveHus st dpdexrunoctu npumenenust Takux COB nme-
€T paIMoHaJbHOE pa3MeIleHne UMMYHHBIX IETEeKTOPOB 1o y3yiam ceru. [lokazano
[2], uTo cocTaB U pasMelneHue UMMYHHBIX JIETEKTOPOB TOIJA MO3BOJISIOT JIOCTUYb
HanbosbIero 3 dexTa, KOrga OHI KOHTPOIUPYIOT y3JIbI CO CPABHUTEIHBHO BHICOKAM
PUCKOM HapyIeHust nHHOPMAITHOHHON Oe30orracHOoCTH. VICTOUHNK pHCKa MOYXKET OBIThH
MHOTOCTYIIEHYATON, MHOTOBAPUAHTHOW YsI3BUMOCTBIO M OXBAaTBIBATH HECKOJIBKO y3-
JIOB, 9TO 3HAYUTEILHO OCJIOKHSIET OIEHKY PUCKA 0e30IacHOCTH y3Jj10B. st mpeomo-
JIEHUsI 9TON CJIOXKHOCTH, MPEJJIOKEHO UCIIOIb30BATH CTATUCTHIECKYIO (POPMATBHYIO
MOJIeJIb Ha OCHOBe MapKOBCKHUX Ielleil B COYeTaHUU ¢ METPUKAMU AHAJIM3a YI3BU-
MOCTef, YTO II03BOJIFET OIPEIEUTh KPUTHYECKUE Y3JIbl, B KOTOPBIX HAPYIINTEJN
MOryT ObITh Haubojiee onacHbl. OCHOBBIBAsICh HA ITOJIyYaeMOll C IOMOIIBIO MOJEIH
nH(MOPMAINH, CETEBOI aJIMUHUCTPATOD MOYKET MMEHHO HAa ITUX y3JaX yCTAHOBUTH
UMMYHHBIE JIETEKTOPbI, ITO IMO3BOJIAT CYIIECTBEHHO YJIyUIIUTh CUCTEMY 3aIlUTHI.

B kauecrBe OIEHOK yA3BUMOCTEl UCHOJIB3YIOTCs cKopuHTroBble onenku CVSS [3],
KOTOPBIE HCIIOJIB3YIOT TPU BUJIA METPHUK: OA30Bble, BDEMEHHbIE I KOHTEKCTHDIE.

Hapymmresm 00bIYHO MPOHUKAKOT B KOMIIBIOTEPHBIE CETH C ITOMOIIBIO IEIOYKN
9KCILJIONTOB, KAXKJIBII 3JIEMEHT KOTOPOIl CO3/[aeT OCHOBY JIJIsl CJIEJYIOIIEro 3JIEMEHTa..
Coueranne TaKUX SKCIJIONTOB COCTABJILAET IEIOYKY, HA3BIBAEMYIO TPaeKTOpHueil ara-
KU, COBOKYITHOCTb KOTOPBIX 00pa3yior rpad Bo3moxkubix rpaexropuii (I'BT) 3akan-
YUBAIONIUICA B COCTOSHUU, T/le HAPYIIUTEIh MOXKET YCIIENTHO JTOCTUYb CBOEH IesIH.
Cy1iecTByeT psiJi aJropuTMOB, KOTOPble ObLIM paspaboranbl st mocrpoenust ['BT
arax [4, 5, 6]. Oxrako ananus cetu ¢ nomorpio I'BT MoKeT 0Ka3aThCsi HETPUBUATb-
HOIT 3a1a49€eii.

st mocTpoennst OpMAaTbHON MOJIEIN HOCTYA K Y3JIy MPEIJIATAeTCsT UCIIOIH30-
BaTh MapkoBckme nenm [7], oTpazkaonme peambHOe MOBEJEHNEe ATAKYIOMETO B TOM
CMBICJIe, YTO HAPYIINTEJb MOXKET HCIOJIb30BaTh PasHble TpaeKTopuu (II0Cjie 0Ba-
TEJIbHOCTD y3JI0B) JIO JOCTUKEHUsI [eJIH-y3J1a.

[peanonaraercs: 1) BEIOOP HAMIYYIIETO IIPOMEZKYTOUHOIO y3J/1a 3aBUCUT OT TPEX
GbaKTOPOB, a UMEHHO: IKCILIONTHOCTH, XaPAKTEPU3YIONEH YI3BUMOCTH TOICUCTEMbI
JIOCTYTI&; BJIMAHAS YA3BUMOCTEN HA HAPYIIEHN KOH(MUIEHITNATIBHOCTH, IIEJIOCTHOCTH
U JIOCTYIHOCTH, & TaKyKe MHJMBHUJYaJbHOIO HABBIKA ATAKYIOIEro; 2) HepexojHble
COCTOSTHUSI HEe 3aBUCSIT OT BDEMEHH; 3) MOYKET ObITh OIIPEJIEIeHA HEKOTOPAasl MaTPUIIA
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BeposiTHOCTEl Tiepexoia P(X, y) u HauainbHOe pacupejesieHue BepogrHOcTell R =
={r,re,.,rn} .

Torna, umest marpuny P (X, y), BEKTOp HauaJIbHBIX PUCKOB R, UCIIOJIB3YsI OCHOB-
HbIe CBOicTBa MapKOBCKOIO IIPOIECCa MOXKHO OIPE/IEINTh PUCKH Y3JI0B U PUCK BCeii
ceTu.

OCHOBHBIM KOMITOHEHTOM TIpejraraeMoii Mmojesn spisiercss I'BT, koropsrit ¢cTpo-
UTCS IIyTEeM U3ydeHUsl TOTOJIOIMH CeTH, CIIY2K0, 3allyIEeHHbIX Ha KAXKJIOM y3JIe, Ipa-
BWJI, OIIPEJIEJIEHHBIX Ha OpaH/IMaydpax, U ysi3BUMOCTEl, CBS3aHHBIX C KaXKJIbIM y3-
JIOM, Ha KOTOPOM 3aIlyIIeHbl PA3JIUIHbBIE CJIYKOBI.

IIpenmonaraercs, 9aTo:

1) B paccMaTpuBaeMoii CeTH NPHUCYTCTBYET OTPAHMYECHHOE YHCJIO y3JIOB, KAZKJIbIH
U3 KOTOPBIX 3allyCKaeT Pa3ndHble BUJbI YCJIYT W TaM K€ MOTYT CYIIECTBOBATH
pa3IMIHbIE YSI3BUMOCTH, JJIs KOTOPBIX ompemaesensl CVSS - cucremoit cooTBer-
cTByIomue 6aJIIbl, KOTOPBIME MOXKHO TToMeTuTh pedbpa I'BT, ncmoansyemoro mis
OTIPE/IeJIEHNUsI BEPOSITHOCTH MCIIOJIB30BAHUS HAPYIIIUTEJEM i-i YS3BUMOCTH;

2) HapyHIMTEIb BBIOGEPET YA3BUMOCTH, KOTOpasg MAKCHUMU3UPYET HIAHCHI yCIleXa B
KOMITPOMETAIMY COCTOSTHUS y3J1a-~T1eJIM;

3) ec/iu HAPYNIUTENb, 10 KAKOH-I100 IPUYMHE, 3aBEpIIaeT aTaKy, TO OH IHepeiijier
B HCXOJHOE COCTOSTHYE.

IenTpanbuas cocrasagiomas mnpeinaraemoir Mogenu - 'BT nocryna k y3iy.

Hapymmurens Moxker aTakoBaTh y3ei, K KOTOPOMY MMEET HEOCPEICTBEHHBIN J10-
CTYII, ¥, IIPEO/I0JIEB 3aIIUTY ITOI'0 y3Jla, Pa3BUBACT aTaK!, IIOKa HE JOCTUTHET IIeJIN.
ITpu 3TOM IIEpE/] HUM BO3HUKAET 3aJia9a BBIOOPa CJIEJYIOIIEro y3/1a JIJIs aTakKu. JTOT
BBIOOD 3AaBUCUT OT JIBYX ITapamMeTpoB: EXp, XapakTepusyronuii CJIO?KHOCTb ITPEOJIO-
JICHUS 3aIUThI y371a, U Imp, XapaKTepu3yIonuil yI3BUMOCTH y3JIa.

IIpunnmas oKOHYATEIbHOE PEIIeHne O Mepexoie ¢ OJHOTO y3Ja Ha JIpyroil, aTta-
KYTOIIUI OIMUPaETCsl TAKKE U Ha COOCTBEHHBIE HABBIKA U OMBIT. JTO CyObEKTUBHBIN
daxTop, BAUMIONNI Ha BLIOOD HAPYITUTETEM OYEPETHOTO y3JIa JIjIs aTaKu, Ipeiia-
TaeTCd ydIeCTb B MOJIE/IN KaK CbaKTOp CMeIIleHud. B pe3ysibTaTe (byHKI_[I/IIO BbI60pa
MOZKHO IPEJICTaBUTH CJICAYIONUM BbIDazK€HUEM

a;r = - Exp(Vy) + (1 — ) - Imp(Vy,) (1)

IJie Gj - 9TO “BBITOJIQ” OT IIepeMelIeHns OT y37a j J0 ysna k, vy - dyHKIusa
YSI3BUMOCTH, 3HaUYEHIE KOTOPOIl XapaKTepu3yeT BO3MOXKHOCTD IIPEOI0I€HUS] 3l Thl
k-ro ysia mapymuresiem; - Koap UIMEHT CMeIeHNsl, TPUHUMAOINii 3Haderune ot ()
1o 1.

Ecmm snavenus ajj, onpenesnTs I7IA KaxK/0H Taphl y3J10B CETH, TO e 3aluIIeH-
HOCTH OT aTak, ¢ TOUYKNA 3PEHUsT HAPYIIUTEs, MOXKHO OXapaKTePU30BATh MATPUIIEH
CMEKHOCTH:

Mesx qynapoaaas kougepernnus UOHWU-13. Poccust, r. MockBa, 8—11 nekabpst 2020 r.



MuresiekTyaJbHbI aHAIN3 JAHHLIX B 3aJadax HH(MOPMAINOHHONE 6€30IMacHOCTH 437

0 apr ... Qog ... QGon
aio 0 ce. Q1g ... Qln

A= ... .. (2)
ano Aapl1  -.. Qng ... 0

Hopmasmzanus 3Ha4eHuit ¢, MaTpupl A 1103B0JISET 101y INTh 3HaYeHHd ByHK-
IIUH IPUHA/IEZKHOCTH HEIETKOMY MHOXKECTBY « ¥Y3eJ1 SK JIOCTYIIeH I aTaky U3 y3J1a
Sj»:

Qjk
Hik = < (3)
! > aji

TOF,ILa XapaKTEepUCTUKa CETU B MaTPUIHOM BU/JIE:
M = DA (4)

e M - mMaTpuiia mepexojioB, OIpeesIsaoNnas BO3MOKHOCTD IIePeXo/ia, HAPYIITHTE TS
U3 ONHOIO y3ja B Jpyroif, D-amaroHajbHAas MaTPUIA, BBIUUCICHHAS C ITOMOIIBIO
[IpaBUJIa HOPMAaJIU3AIIN

]‘/ZZ aij ] = k
0 otherwise

(5)

djr, =

Anayuz pucka OCHOBAH HA OTHOCHUTEJIHHOM 3HAYEHUU PAHTA JJIs KAYXKJOTO y3-
ga I'BT. Haganbioe 3uavenne BEKTOpa PUCKa BBITHCISIETCS HA OCHOBE KOJIIMIECTBA
ya70B, mpucyrcreyomux B 'BT. Eciin 8 'BT cymecrByer n y3710B, TO MOXKHO yCTa-
HOBUTB BCE DAHTHU Y3JI0B paBHble 1/n.

Bemmauna pucka rk mjist y3iia K BBIUUC/ISIETCS C TIOMOIIBIO UTEPAIMOHHON ITpOIie-
JIyPBI [0 TOJyIeHUs yCTOWINBOrO 3HAYCHIIS:

Te(t) = Zrk(t — D (6)

Ora urepalysd CXOANTCA K yCTOHYMBOMY 3HaueHHIO BekTopa R*, Kax cobcTsen-
HOMY BeKTOpy Marpuilsl M.

Meros, pasMernieHusi IMMYHHBIX JIETEKTOPOB BKJIFOUAET CJIeIYIONINE ITallbI.

Oran 1. Nanmnanuzanus. Kaxk1oMy 3Ha9eHNI0 BEKTOPa PUCKOB ITPUCBAMBAETCS
HadasbHOE 3HAadYeHHE 1/1.

Orar 2. Urepanuonnas mponelypa KOPPeKIU 3HAYEHIH PUCKOB 10 HACTYILJIEHUS]
YCJIOBUsI CXOIMMOCTH JisI Kazk 1ol Bepmnubl ['BT.

Oram 3. Pazmelienne UMMYHHBIX JIETEKTOPOB B y3JIaX CETU C HAUOOJIBIIUM 3HA-
YEeHHEM PHUCKOB.
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Orarr 4. Oupeesenne CyMMbl PUCKOB KaK ODIIEro IoKa3aTe st HH(MOPMAIMOHHON
0€30I1aCHOCTH CETHU.
TIpetoKeHHBI METO, MOYKET OBITH MCIIOJB30BAH JIJIsI [IOCTPOEHUsT CUCTEMBbI 3a-

MATH THPOPMAIIUA ABTOMATH3UPOBAHHBIX CHCTEM.
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Method of immunne detectors placement based on network node
security risk assessment

Alexander Sychugovx xru2003@list.ru
Alexander Anchishkin alexanderanchishkin@yandex.ru

Tula, Tula State University

One of the most effective means of timely detection of attacks in computer net-
works is the intrusion detection systems (IDS) based on immune detectors [1], which
allow detecting attacks of various classes, including previously unknown ones.

However, the rational placement of immune detectors on network nodes is im-
portant for the effectiveness of the use of such systems. It is shown [2] that the
composition and placement of immune detectors then allow achieving the greatest
effect when they control nodes with a relatively high risk of information security
violations. The source of the risk can be a multi-stage, multi-variant vulnerability
and cover several nodes, which significantly complicates the assessment of the node
security risk. To overcome this complexity, it is proposed to use a statistical formal
model based on Markov chains in combination with vulnerability analysis metrics,
which allows us to determine the critical nodes where violators can be most danger-
ous. Based on the information obtained using the model, the network administrator
can install immune detectors on these nodes, which will significantly improve the
protection system.

CVSS scoring is used as vulnerability estimates [3], which use three types of
metrics: basic, temporal, and contextual.

Intruders usually break into computer networks using a chain of exploits, each
element of which creates the basis for the next element. The combination of such
exploits makes up a chain called an attack trajectory, which together form a graph
of possible trajectories (GPT) ending in a state where the intruder can successfully
achieve his goal. There are a number of algorithms that have been developed for
constructing the GPT of intrusions [4, 5, 6]. However, network analysis using GPT
can be a non-trivial task.

To build a formal model of access to a node, it is proposed to use Markov chains
[7], which reflect the real behavior of the attacker in the sense that the intruder can
use different trajectories (a sequence of nodes) before reaching the target node.

It is suggested that: 1) selection of the best relay node depends on three factors,
namely: exploitati characterizing the vulnerability of the subsystem access; the im-
pact of vulnerabilities to the confidentiality, integrity and availability, as well as the
individual skill of the attacker; 2) the transients do not depend on time; 3) some
matrix of transition probabilities P(x, y) and the initial probability distribution can
be determined.

Then, having a matrix P(x, y), a vector of initial risks R, using the basic prop-
erties of the Markov process, we can determine the risks of nodes and the risk of the
entire network.
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The main component of the proposed model is the GPT, which is built by exam-
ining the network topology, the services running on each node, the rules defined on
firewalls, and the vulnerabilities associated with each node running various services.

It is supposed that:

1) in the considered network there is a limited number of nodes, each of which runs
different types of services and there can be multiple vulnerabilities for which
CVSS system sets relevant points, which can mark the edges of GPT used to
determine the probability of use of the i-th vulnerability by the infringer;

2) the intruder will choose a vulnerability that maximizes the chances of success in
compromising the state of the target node;

3) if the intruder, for any reason, completes the attack, it will return to its original
state.

The central component of the proposed model of the GPT access to the node.
An intruder can attack a node that he has direct access to, and after overcoming
the protection of this node, develops the attacks until they reach the target. In this
case, he is faced with the task of selecting the next node to attack. This choice
depends on two parameters: Exp, which characterizes the difficulty of overcoming
node protection, and Imp, which characterizes node vulnerabilities.

When making the final decision to move from one node to another, the attacker
also relies on his own skills and experience. This is a subjective factor that affects
the violator’s choice of the next node to attack, which is proposed to be taken into
account in the model as a bias factor . As a result, the selection function can be
represented by the following expression

ajr, = B - Exp(Vx) + (1 — B) - Imp(Vx) (7)

where aj, — is the “benefit” of moving from node j to node k, vj - vulnerability
function, the value of which characterizes the ability of the intruder to overcome the
protection of the k-th node; - offset coefficient, which takes a value from 0 to 1.

If the aji values are determined for each pair of network nodes, then its protection
from attacks, from the point of view of the intruder, can be characterized by the
adjacency matrix:

0 ap1 <. Qog <. Qonp
aio 0 ce. Qlg e Qip

A= | .. (8)
ano Aap1 ... Gpg ... 0

Normalization of the aj;, values of matrix A allows us to get the values of the
fuzzy set membership function ” Node Sy, is available for attack from node S; »:

Ak
1k = == (9)

>0 i
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Then the characteristic of the network in matrix form is

M = DA (10)

where M is the transition matrix that determines whether the intruder can move

from one node to another, and D is the diagonal matrix calculated using the nor-
malization rule

1 ca;; J=k

d_jk; :{ /ZZ 1] J (11)

0 otherwise

The risk analysis is based on the relative rank value for each GPT node. The
initial value of the risk vector is calculated based on the number of nodes present in
the GPT. If there are n nodes in the GPT, then we can set all node ranks equal to
1/n.

The risk value rk for node k is calculated using an iterative procedure until a
stable value is obtained:

Ti(t) = Zrk(t — D)ptjk (12)

This iteration converges to the stable value of the vector R* as the eigenvector

of the matrix M.

The method of placing immune detectors includes the following steps.
Stage 1. Initialization. Each value of the risk vector is assigned an initial value

of 1/n.

Stage 2. Iterative procedure for correcting risk values before the convergence
condition occurs for each vertex of the GPT.

Stage 3. Placement of immune detectors in the network nodes with the highest
risk value.

Stage 4. Determining the amount of risks as a general indicator of network
information security.

The proposed method can be used to build an information security system for
automated systems.
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