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pagveHTHble MeToabl oNTUMKU3aUMn
runepnapamMmeTpoB mogesnen rinybokoro ody4eHus

Baxmees Oanez IOpvesun bakhteev@phystech.edu

Mocksa, Mockosckuit dusuko-rexundeckuii nacruryr (I'Y)

Pemaercs 3amaua ontuMuzanuy rumepuapaMeTpoB MoOJIesei riry-
6okroro obyuenust. Modeav — cyneprno3unusg (QYHKIIWA, peImaionas
3a/1a9y KJaaccuUKaIuu Wi perpeccun. [unepnapamempos, MOIEIA —
rapaMeTphl PACIIPe/IeJIEHIs [TapaMeTPOB MOJIEJIN.

Haxoxienne onTuMasbHBIX TAIIEPIAPAMETPOB CUJILHO BJIMSET HA
[IpaB/I010/1001e Mojiesn. PaccmMaTpuBaloTcs MeTOIbI, OCHOBAHHBIE HA
rpaauenTHON onTuMmu3aruu. OCHOBHBIM WX IMPEAMYIIECTBOM IIE€PE]
JAPYTUMA METOJAMU ONTUMU3AINN TUIEPIAPAMETPOB SBJISIETCS BO3-
MOXKHOCTD 3D HEKTUBHO ONTUMU3UPOBATL OOJIBITIOE KOJMIECTBO T'H-
reprapaMeTpoB oHOBpeMeHHO. JIpyroii 0cOGeHHOCTHIO JJAHHBIX aJIro-
PUTMOB SIBJISIETCH BO3MOXKHOCTH MX IPUMEHEHUs JJIsd IIPOU3BOJILHOMN
muddepennupyeMoit GYHKINNA MoTeph. B manHoit pabore cpaBHUBa-
FOTCH TPAJMEHTHBIE METOIbI ONTUMU3AINY TUIEPIAPAMETPOB: YKaJl-
ol anropurm onruvusanun, DrMAD u HOAG. Crnoxuocrs pac-
CMaTPUBAEMBIX AJTOPUTMOB COIOCTABUMA CO CJIOKHOCTBIO OIITUMU-
3aIy [1apaMeTPOB MOJIEJIN.

B skcmepumenTa bHOM 9acTu B KadecTBe KpUTEpHs BHIOOpa MOJIe-
JIM BBICTYIIAIOT BAPUAIMOHHAS HUXKHssT OIEHKA MIPABIONOI00MS MO-
JIeJIA 1 OInUOKa, Ha BAJUIAIMOHHON JYacTu BeIOOpKH. Vceremyercs mo-
BeJIeHMEe aJIrOPUTMOB Ha BBIOOPKAX OOJIBIION MOIIHOCTH, TAKHX KakK
WISDM u MNIST. PaccmaTpuBaeMble ajropuTMbl OKA3BIBAIOT BbI-
COKOe Ka4eCTBO B CiIy4ae, KOIJia KOJIMYeCTBe IUIepIIapaMeTPOB BeJIn-
KO. DKCIEPUMEHTAJIbHO TPOMLIIOCTPUPOBAHO, UTO B JAHHOM CJIy9ae
ONTUMU3AIS TUIEPIAPAMETPOB METOJOM CJIy9IallHOTO ITOUCKA J1aeT
3HAYUTEIHHO XYIINE PE3YIbTATHI 38 TO K€ KOJMYECTBO UTEPAIHUil.

Uccnemosanue nogmepxkano PODOU, npoext 16-07-01160.

[1] Bazmees O. FO., Ionosa M. C., Cmpuowos B. B. Cucrembl u cpej-
crBa rirybokoro obydenus B 3anadax kiaccudukanuu // Cucrembl u
cpencrBa madopMmarukn MockBa: Wuacturyr Ilpobmem Mudopmarn-
ku, PAH, 2016. — C.4-22. http://www.ipiran.ru/journal_system/
article/08696527160201.html.

Bcepoccniickas kougepernnus MMPO-18. Poccusi, r. Taraapor, 9—13 okrs6pst 2017 r.
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Gradient-based hyperparameter optimization for deep
learning models

Bakhteev Oleg bakhteev@phystech.edu
Moscow, Moscow Institute of Physics and Technology (State University)

The paper describes methods of hyperparameter optimization.
A model is a function superposition, hyperparameters are parame-
ters of parametrical distribtuion.

The paper describes gradient-based hyperparameter optimization
methods, which allow to optimize a large amount of hyperparameters
effectively. Gradient-based methods can be used with arbitrary dif-
ferential loss function. The reviewed algortihms are HOAG, DrMad
and greedy gradient-based algorithm.

The experiments were conducted on WISDM accelerometer
records dataset, MNIST handwritten digits dataset and simulation
data. The experiments show that the reviewed methods handle hy-
pereparameter optimization effectively in case when the amount of
the hyperparameters is large. We compare the reviewed methods with
random search using the same amount of optimization iterations. The
experiments show that the gradient-based methods can optimize hy-
perparameters signficantly better.

This research is supported by RFBR project 16-07-01160.

[1] Bakhteev O., Popova M., and Strijov V. Systems and means of deep
learning for classification problems // Systems and Means of Informat-
ics, Moscow: Institute of Informatics Problems, Russian Academy of
Sciences, 2016, 2. — p.4-22. http://www.ipiran.ru/journal_system/
article/08696527160201.html.

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017
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NocTpoeHne onTUManbHOro KONNEKTUBHOIO
pelleHns B KJlaCTEpPHOM aHanM3e Ha OCHOBe
yCpeAHEeHHOI KOacCouMaTUBHOW MATpuULbl 1
WHAOEKCOB KayecTBa rpynnupoBKU

1,2

Bepuxos Baadumup Bopucosuy berikov@math.nsc.ru

"Hosocubupck, Mucrnryr maremarukn um. C.JI. Cobosesa CO PAH
2Hosocubupck, HoBocHGHpCKHMit TOCYIaPCTBEHHEIH YHHBEPCHTET

B pa6ore [1] npoBeeHO TEOPETUIECKOE U IKCIIEPUMEHTAIBLHOE UC-
cJIeJI0OBaHNE METO/[a IIOCTPOEHHS KJIACTEPHOTO ancambJisl, OCHOBaAHHO-
ro Ha HAOOpe PA3JIMIHBIX AJTOPUTMOB KJIACTEPHOrO aHajm3a. KoJ-
JIEKTUBHOE DeIleHre CTPOUTCH IyTeM aHAJIN3a YCPEIHEHHON KOoacCco-
MATUBHOU MATPHUIIHI, IPU HAXOXKJIEHUN KOTOPON YUUTLIBAIOTCS WH-
JIEKChI KadecTBa BapHAHTOB IpynIupoBKHu. JlokazaHo, 4TO 3j€MeH-
THI MATPUIIBI OIIPEJIENHIOT IIceBIOMeTPUKY. st obocHoBanus pa3pa-
6OTaHHOIO METOJ[a UCIOJIF30BAHA BEPOSATHOCTHAS MOJIEIb aHcaMbJIe-
BOI MOMIAPHOI KJtaccuUKAIII ¢ JIATEHTHBIME KjiaccaMmu. 1losryaenbr
AHAJITUIECKIE 3aBUCUMOCTH MEYKJIYy OIEHKAMU KavYeCTBa PENTeHnusT 1
XapaKTepUCTUKaMU aHCaMOJIsd (YUCJIOM ero JeMEHTOB, 0XKUIAeMbIM
3HaUYeHUEeM U Jucliepcrueil NMHeKCa KadecTBa, II0Ka3aTesIsIMU yCTOH-
YUBOCTH 0a30BbIX aJropuTMoB). Criesianbl BBIBOJIBI O TOM, YTO LPU
BBITIOJTHEHUN ONPEJIETICHHBIX YCIOBUII MOJIEIN KAYeCTBO KOJIJIEKTUB-
HOT'O PEIIeHUs PACTeT MPU YBEJIUICHUN IUCIA JIEMEHTOB aHCaMOJIs,
roKa3areJieil yCTOWYUBOCTH OA30BBIX AJITOPUTMOB, OXKNJIAEMbIX HH-
JIEKCOB KaueCcTBa I'PYNIINPOBKU M YMEHBIIEHNN JUCIIEPCUN UHJIEKCOB.
Tlokazamo, 9T0 yIeT UHIEKCOB OCOOEHHO BaYKEH ITPHU PENTeHUN 3314,
B KOTOPBIX BO3MOXKHO TIOJIyU€HUE JIUIIb HEOOJIBIIOr0 UUC/Ia SJIEMEH-
TOB aHcaMbjig (HapuMmep, Jid 60JIbIIUX 00bEMOB JAHHBIX U Orpa-
HUYeHUIl Ha BpeMs HPUHATUs pernenus). B paMkax mogesu Haiime-
HO BBbIpazKeHUe JIJIsI OITUMAJIBHBIX BECOB, JIJISI KOTOPBIX MUHUMAJIbHA
OIIEHKA BEPOSITHOCTHU OIMUOKHU KJIACCU(MDUKAIUN.

Pabora mommepxkama MumnncrepcTBoMm Haykn u obpaszoanus PO
B pamkax mporpaMmbl H-100.

[1] Berikov V. Construction of an optimal collective decision in cluster
analysis on the basis of an averaged co-association matrix and cluster

validity indices // Pattern Recognition and Image Analysis. 2017. Vol.
27(2). P. 153-165

Bcepoccniickas kougepernnus MMPO-18. Poccusi, r. Taraapor, 9—13 okrs6pst 2017 r.
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Construction of an Optimal Collective Decision in
Cluster Analysis on the Basis of an Averaged
Co-Association Matrix and Cluster Validity Indices

2 berikov@math.nsc.ru

Berikov Viadimir'
'Novosibirsk, Sobolev Institute of Mathematics SB RAS

2Novosibirsk, Novosibirsk State University

In the work [1] we have carried out a theoretical and experimental
investigation of a method for constructing a cluster ensemble based
on a set of various cluster analysis algorithms. A collective decision
is constructed by analyzing an averaged co-association matrix that
is found with regard to the validity indices of the variants of group-
ing obtained. We have proved that the elements of the co-association
matrix define a pseudometric. To substantiate the method developed,
we have used a probabilistic model of ensemble pairwise classification
with latent classes. Using the model, we have obtained analytic re-
lations between the estimates for the quality of a decision and the
characteristics of the ensemble (the number of its elements, the ex-
pected value and the variance of the validity index, and the stability
indices of the base algorithms). We have drawn conclusions that,
under certain conditions of the model, the quality of the collective
decision increases as the number of elements of the ensemble, the
stability indices of the base algorithms, and the expected cluster va-
lidity indices increase and the variance of the indices decreases. We
have shown that the consideration of validity indices is especially im-
portant when solving problems where one can obtain only a small
number of elements of the ensemble (for example, for large data size
and constraints on the decision making time). Within the model, we
have obtained an expression for optimal weights for which the esti-
mate for the probability of classification error is minimal.

The work is supported by Russian Ministry of Science and Edu-
cation under the 5-100 Excellence Programme.
[1] Berikov V. Construction of an optimal collective decision in cluster

analysis on the basis of an averaged co-association matrix and cluster

validity indices // Pattern Recognition and Image Analysis. 2017. Vol.
27(2). P. 153-165

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017
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MporHo3 npoHuyaemMocTu ropHoi Nnopoabl
C NOMOLLbIO CUMBOJILHOI perpeccuu

Bouxapée Apmém Maxcumosun's artem.bochkarev@phystech.edu
Cogpporos Hsean Jlveosun' ilsofronov@gmail.com

Cmpuoscoe Badum Buwmoposuu'?

strijov@phystech.edu
'Mockpa, MoCKOBCKHIl (PU3MKO-TEXHIYECKNIT HHCTHTYT Tv)
2Mocksa, PenepabHbIi HCCICI0BATEILCKEH eHTp «HdopMaTuka i

yupasiaenne> PAH

Ilespi0 paboThl SABJIAETCS TOCTPOEHNE MHTEPIPETUPYEMBIX MO/~
seit uzmyeckux sgBjeHuii. [Ipemmaraercs mcnosb30BaTh KOMOUHA-
U0 MOJiesIell CUMBOJIBHOII perpeccuy W HEHPOHHOU CeTH C IIeJIbIO
MIOBBIIIEHUS TOYHOCTU IIPOTHO3A [IPU YMEHBIEHUU BBIYUCTUTETBHON
ciozkHoCcTU. MeTo 1 CHMBOJIBHOI Perpeccuu 3aKJI04uaeTcs B HaX0XK J1e-
HUAU KaK MOYXKHO 60JIee TOYHOI U IIPOCTOM CYIIePIIO3UINH IPU3HAKOB.
Kaxmas cymnepriosuiyst reHepupyercs Mpu IOMOIIN TPAMMATAKA 10~
poxKjieHusi (QYHKIUN HA OCHOBE JIEMEHTAPHBIX (POPMYJT U IIPEICTaB-
JIsieTCsl B BUJIE JIEPEBa, 110 KOTOPOMY BOCCTAHABJIMBACTCH KOHETHAST
dopwmyia.

Ha nepsom sTarre nmocrpoenns: KOMOMHIPOBAHHON MOJIEIN OTBIC-
KHUBAIOTCH HECKOJIBKO JIYYIINX CYIEPIIO3UINil MCXOIHBIX IPU3HAKOB
[IpY TIOMOIIU T€HETUIECKOro ajropurMma. Ha BTopoM sTare crponTcst
HEHPOHHASI CETh C OJHUM CKPBITBIM CJI0EM, HA BXOJ KOTOPOU ITOIA0T-
Csl TIOJIyYEeHHbIE CYIIEPIIO3UIINN.

IIpemtoxkeHHas MOJIESIL TECTUPYETCS HA U€ThIPEX BBIOOPKAX (pu-
3UYecKuX u3Mepenuii. B skcriepuMenTax cpaBHHBAETCA TOYHOCTD Pa-
60ThI KOMOMHMPOBAHHOW MOJEIN U OOBIYHON HEHpPOCeTH C OMHUM
CKPBITBIM cjioeM. [foMuMo yMeHbIeHust qmcia HeHPOHOB CKPBITOTO
CJ10s1, TPEOYEMBIX IJIsl JOCTUXKEHUS OIHON W TOI K€ TOYHOCTH, Ha-
6J1I0/Ta€TCS YCTONIMBOE YTy YIlleHre MaKCUMAJIbHOM TOYHOCTH IIPH UC-
[IOJIb30BAHUK KOMOMHUPOBAHHOM MOJIEJIN.

Pabora mommepkana rpamtamu PODU Ne16-07-01154 u PHO
Ne15-11-00015.

[1] Bouxapés A.M., Cogpponos H.JI., Cmpuoicos B.B. Ilopoxmenne

IKCIIEPTHO-UHTEPIIPETUPYEMBIX MO,HeIIefI JJIg IIPOTrHO3a ITPOHUIIAEMOCTH

ropuoii nopoas! // Nudopmaruka u ee npumenenns, 2017.
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Permeability prediction using symbolic regression
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2Moscow, Federal Research Center “Computer Science and Control”
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The goal is to build interpretable models of physical events. The au-
thors propose a method of combining symbolic regression and a neural
network to achieve best prediction accuracy and decrease computa-
tional costs. The symbolic regression is an approach to find a simple,
yet an accurate superposition of features. Each superposition is gen-
erated using grammar of generating functions, based on elementary
formulas. These superpositions are represented as trees that recover
the original formula.

During the first step several optimal superpositions of original fea-
tures are found, using genetic algorithm. On the second step a neural
network with one hidden layer is built on top of these superpositions.

The proposed method was tested on four datasets of the physical
measurements. The accuracy of combined model is compared with
neural network with one hidden layer. Aside from decrease in the
amount of neurons needed for the same accuracy, there is stable im-
provement of accuracy when using combined model.

This research is funded by RFBR, grant 16-07-01154 and RSCF,
grant 15-11-00015.

[1] Bochakrev A., Sofronov I., Strijov V. Generation of expertly-
interpreted models for prediction of core permeability // Informatics

and Applications, 2017.
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Busuavsmep FOputi Basrenmunosus'x viz@gosniias.ru
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'Mocksa, ®TVII «[ocynapcTBeHHBI HayYHO-HCCIIEI0BATEIbCKITH
MHCTUTYT aBHannoHHbIX cucrems (PIVII «TocHUIMACS)

IIpemyioxken obmmmit moxox kK CrpykTypHO-PyHKIIMOHAILHOMY
Anamuzy u Cunresy (CPAC) ruiyGoKMX KOHBOJIIOIMOHHBIX HEHPOH-
ubix cereil (CNN), KoTopblii 1103B0JISI€T PerysIsipHbIM 06pa30M OIpe-
JIEJIATH: U3 KAKUX TUIIOBBIX CTPYKTYPHO-(DYHKIIHOHATBHBIX 3JIEMEH-
roB (C®) moryr crpourbes CNN; KakoBbI HEOOXOIUMbIE MATEMATH-
qeckue cpoiicrBa CPI; kakne komOuHarmu CPD sABIAIOTCS Oy CTH-
MBIME; KAKOBBI BO3MOYKHBIE IIyTH [IOCTPOEHUS U 00y UIeHHs TJIyOOKNX
ceTeil JJIs aHAJIN3a U PACIIO3HABAHUS HEPETYJISIPHBIX, HEOTHOPOTHBIX
WA CJIOKHO CTPYKTYPHUPOBAHHBIX JIAHHBIX (TAKUX KAK HEPEryJsisap-
Hble MACCUBBI, JAHHBIE PA3JIMIHOIO pa3Mepa M Pas3jIMdHOl MpPUpo-
IIBI, JIepeBbs, cKeseThl, rpadosbie cTpyKTyphl, 2D, 3D u ND obraka
TOYEK, TPUAHTYIIMPOBAHHBIE TOBEPXHOCTU, AHAJIUTHICCKIE OIMCAHUS
JIAHHBIX ¥ T.IL.).

Dopmasiuzm COAC ocHOBaH Ha PacCMOTPEHHUU IIpolecca ude-
pusanuu, T.e. mociaenoBarebuoi (ot yposus K yposaio CNN) «me-
peroHKu» uHMGOPMAIME O PEOMETPUU U TOMOJOTMHA O0BEKTA B TJIO-
Oa/TbHBIN BEKTOp Hpu3HAKOB. Vcxonas u3 sTtoro, B paboTe ompeje-
JleH HeobxomuMblii Habop C®D u npejiokeHa MHOIMOMEpPHasl CHU-
creMaTUdecKas TaOJNIA, KaxKIasd U3 «CTPOK» U «CTOJIOIOB» KOTO-
pOii COOTBETCTBYET HAOOPY BO3MOYKHBIX PEAJTU3ANUN OMPEIeIeHHBIX
COD mnn crocoboB X KOMOMHUPOBAHUS U HMCIIOJIb30BAHUS, a KaXK-
JIOit stueiike Tab ULl COOTBETCTBYET onpeienennas crpykrypa CNN.
Bribop obrmeit cTpyKTyphl Takoil TabJIUIBI COOTBETCTBYET 3ajate
CTPYKTYpHO-(byHKIMoHaIbHOTO aHam3a CNN, a BBIOOp KOHKPETHBIX
sS9eeK JITsl PEIIeHUsl 3aJa9 PACIO3HABAHUS — 3aJla9e CTPYKTYPHO-
dbyurmmonaspHOoro cuaTe3a CNN.

Pabora Boimoarena npu dbunancosoit momuepxkke PH®, rpant
Ne 16-11-00082.

[1] Busuavmep FO. B., TI'opbayesuy B. C. CrpyKTypHO-DyHKIMOHATLHBIN
aHaJIn3 WU CHUHTE3 I‘JIy6OKI/IX KOHBOJIIOIITMOHHBIX HeﬁpOHHBIX cereit //

Wse. PAH. TuCYV, 2017 (B neuarn).
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Structural-Functional Analysis and Synthesis of Deep
Convolutional Neural Networks

Vizilter Yury'x viz@gosniias.ru

1

Gorbatsevich Vladimir gvs@gosniias.ru

'Moscow, The Federal State Unitary Enterprise “State Research Institute
of Aviation Systems” (FGUP “GosNIIAS”)

The generalized approach to structural-functional analysis and syn-
thesis (SFAS) of deep convolutional neural networks (CNN) is pro-
posed. This approach proclaims a regular way to determine the set
of some structural-functional elements (SFE), which are the unified
building blocks for generalized CNN architecture construction. SFAS
also explores the required mathematical properties of SFEs and their
possible combinations. In result, SFAS provides a technique for form-
ing and learning CNNs, which could process and recognize the irregu-
lar, non-homogeneous and complex structured data, such as irregular
arrays, size-variable data, fused data of different types or nature,
tree-like structures, skeletons, graphs and nets, 2D, 3D and ND point
clouds, triangulated meshes, analytical surfaces, etc.

The proposed SFAS formulation is based on analysis of step-by-
step (CNN level-by-level) “featurization” process, which transforms
the spatially distributed input geometric and topological information
to the output global feature vector. The set of SFEs required for im-
plementation of such featurization is extracted from the typical CNN
structure. Then the SFAS “systematic table” is proposed for sup-
porting the CNN structure analysis and synthesis. It contains SFEs
as “columns” and different data structures and types as “rows”. So,
the “cells” of this SFAS table should contain the concrete implemen-
tation of CNN architectural and functional elements, which allows
processing and recognizing the input patterns of given structure type.

This research is funded by RSF, grant 16-11-00082.

[1] Vizilter Yu. and Gorbatsevich V. Structural-Functional Analysis and

Synthesis of Deep Convolutional Neural Networks // Computer and

Systems Sciences International, 2017 (in press).
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O nonHbIX pewalOWwmnx gepeBbsix B 3agade
BOCCTAHOBJ/IEHUSI perpeccuu

1

TI'enpuxos Hzopv Eezenvesun ingvar1485@rambler.ru

hoxosa Eaena Bcesonodoena®
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3Mocksa, MOCKOBCKHIT TOCYJAPCTBEHHBIH YHIBEPCHTET

edjukova@mail.ru

uMm. M. B. Jlomonocosa

PaccmarpuBaerca ojHa M3 akTyasJ bHBIX 3329 MAIIHHHOIO 00y-
geHus — 3aja9a BoCCTaHOBIeHUsT perpeccun. Cpey CyIecTBYIONIX
IIOJIXOJIOB K PENIeHHIO 9TOU 3a/1a9y BBIJIEJISIOT I10/IX0/l, OCHOBAHHBI
HA IIOCTPOEHUM DPErpeccHoHHbIX pemraomux gepesbes (PPI). Han-
6oJiee U3BECTHDBIE AJIFOPUTMbI CHHTE3a PEIPECCUOHHBIX JIEPEBbeB (Ha-
upumep, ainropurmbl CART u Random Forest) ocroBanbl Ha ncosb-
zoBannn 6uHapHbIX PP/I. Pexe ncnonn3yiores k-apusie PP/

B [1] paccmarpuBaemast 3aj1a9a penaeTcsi Ha OCHOBE MOCTPOEHUs
TaK Ha3biBaeMbIxX TOTHBIX PPII. Ilo cpaBrenuio ¢ kimaccuiaeckum PPJT
koHCTpYKIms mojHoro PP/l mo3Bosisier 60siee CyIecTBEHHO MCITOJIb-
30BaTh UMEIOIILYIOCT HHMOPMAINIO, TIOCKOJIBKY Ha, KaXKJION nTeparun
B BETBJIEHUH Y4YaCTBYIOT BCE IIPU3HAKH, Y/OBJIETBODSIOIINE BHIOPAH-
nomy kpurepuio. IIpu sTom onmcanue pacrosnaBaeMoro 06beKTa Mo-
2KeT MOpoXKIaThcsd HecKombKuMu BeTBsamu PP/, Kazkras Takasa BeTBb
yJacTBYeT B MPOIeype roJocoBanus. Panee mMoIX0/I K TOCTPOEHUIO
nonubix PP/l 6611 mccmemoBan aBTopaMi Ha 3aJadax C IeJTOUNCTICH-
HBIMH JIAHHBIMU U II0Ka3aJl IIOBBIIIEHNEe KadeCTBa PElIeHHs 110 CpaB-
HEHUIO C PSJIOM JIDYTHUX METOJIOB CHHTE3a PErPECCUOHHBIX JIEPEBLEB.
Ilostyuensl HOBBIE pPe3yJIbTATHI, CBA3AHHBIE C IIOCTPOEHUEM IIOJIHBIX
k-apubix PPl myist ciiygas BemecTBeHHO3HAYHOM mHMOpMAM, KO-
TOPBIi, KAK MU3BECTHO, HANOOJIEE YACTO BCTPEUACTCS HA TIPAKTHUKE.

Pabora noepxana rpantom PODI Ne16-01-00445.

[1] I'enpuzos U. E., /rwoxosa E. B., 2Kypasaée B. 1. Ilocrpoenue u nuccie-
JO0BaHUE IIOJTHBIX PEHIaloIuX JepeBbeB JJId 3a/la'i BOCCTAHOBJICHUA
perpeccuu B CIydae BEemeCTBeHHO3HaIHOW mudopmarun // Mammn-
HOe oOydeHmne U aHaan3 JaHabix, 2017.
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On full decision trees in regression restoration problem
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2Moscow, Dorodnicyn Computing Centre of FRC CSC RAS

*Moscow, Lomonosov Moscow State University

Regression restoration problem as the one of the actual problems of
machine learning is considered. The approach based on creation of
the regression decision trees (RDT) is highlighted among the existing
approaches to solve this problem. The most known algorithms of
the regression trees synthesis (e.g., algorithms CART and Random
Forest) are based on use of binary RDT. RDT with k-ary structure
are rarely used.

The considered problem is solved based on the creation of the so-
called full RDT in [1]. In comparison with classical RDT the design of
full RDT allows use of the available information more efficient, as all
features meeting the chosen criterion are involved in the branching at
each iteration. Herewith, several branches of RDT can generate the
description of the recognizable object. Each such branch participates
in the voting procedure. Earlier, the approach to the construction
of the full RDT was investigated by the authors based on problems
with integer data and has shown improvement of the quality of the
decision in comparison with other methods of synthesis of regression
trees. The new results related to the creation of the full k-ary RDT
for a case of real-valued information, which, as we know, is most often
encountered in practice, are received.

This research is supported by RFBR, grant 16-01-00445.

[1] Genrikhov I. E., Djukova E. V., Zhuravlyov V. I. Construction and in-
vestigation of full regression trees in regression restoration problem in

the case of real-valued information // Journal of Machine Learning
and Data Analysis, 2017.
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yupasiaenne> PAH

B pabore mpemoxkena mporeaypa MOCTPOEHUsT NWHTEPIIPETUpye-
MBIX CKOPUHTOBBIX MOJIesieii MeTogamu rirybokoro oOydenus. B 3a1a-
g€ KPEIUTHOIO CKOPHUHTA OIPEJIEJIsieTCsl YPOBEHb KPEIUTOCIOCOOHO-
cru 3aeMiuka. Jjist 9TOro MCHoJb3yeTcs aHKeTa 3aeMIUKa, COIep-
JKalnas IPU3HAKN KaK B JIMHEHHBIX, TAK U B OPJAUHAJILHBIX U HOMU-
HaJIbHBIX IIKAJIaX.

Iless paborbl — cO3MaTh MOENB TUIyOOKOTO OOYUEHUS IS I10-
CTPOEHUSI CKOPUHTOBOI KAPThI KAK CYIEPIO3UIUIO TPOTIEIYD MOPOK-
JIeHnsT Tpu3HakoB. HeobxoamMo mpu 9TOM yIOBJIETBOPUTH TpeOOBa-
HUd K UHTEPIPETUPYEMOCTH M KadecTBY Mozesu. s perenus 3a-
JIa9l UCIIOJIb3YeTCs HabOP IKCILIYATAIMOHHBIX KPUTEPHUEB KadecTBa
B €JIMHO}I ITOCTAHOBKE 33/1a9H OINTUMU3AIINAN.

IIponemypa BK/IIOYAET BCE MIATH, KOTOPbIE AHAJUTUK BBIMOJIHS-
eT TP [MOCTPOCHUU IKCIUIyaTUpyeMoil Mojesn. A uMeHHO, (hUib-
Tpalus BBIOPOCOB U 3aIlOJIHEHUE IIPOIIYCKOB B JIAHHBIX, IIPOIIE/LYPHI
IPYIIIMPOBKYU M CErMEHTAINH, CO3/aHne MHTEPIPETUPYEMBIX KOMOU-
HaIWil IPU3HAKOB, CHIKEHNE PA3MEPHOCTH IIPU3HAKOBOI'O IIPOCTPAH-
CTBAa, MOCTPOEHUE MOJIeJIeil KTacCu(MUKAIINNA U PAHXKUPOBAHUS U BbI-
qucjieHne KpuTepueB KadecTBa. KoMmMOuWHAIMS THX IIaroB B €Jd-
HOIl TIPOIIEype PENIeHus CBOJUT 3aJady ONTUMU3AINN K IACTHIHO-
1eJIOYUCJIEHHOI.

Hamnas pabora BBIIOJTHEHA TIpu (HUHAHCOBOH moaepxKe Poc-
cuiickoii Peneparuu (Coramenue Ne 05.Y09.21.0018), nojuepxana
rpaaTom PODU Ne16-07-01163
[1] T'onwapos A.B. Continuous Time Series Alignment in Human

Actions Recognition // Proceedings of the AINL FRUCT 2016,

Cankr-Ilerepbypr, 2016. https://fruct.org/publications/
abstract-AINL-FRUCT-2016/.
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Deep interpreted models in social ranking task
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The research develops a complex procedure for constructing inter-
preted scoring models using deep methods. The problem of credit
scoring determines the level of creditworthiness of the borrower. A
borrower’s questionnaire is used. It contains both numerical (age,
income) and categorical features (gender, profession).

The purpose is create a deep model to build a scorecard as a
procedure superposition. It is necessary to keep to the interpretability
and quality requirements. A set of operational quality criteria is used
in the united optimization problem.

The procedure includes all steps, which an analyst performs to
build a model: outliers filtering, filling gaps, grouping, segmentation
procedures, creating interpretable feature combinations, reducing the
dimensionality of the feature space, building classification ranking
models, and calculating quality criteria. The combination of these
steps in a end-to-end decision procedure reduces the optimization
problem to the mixed integer one.

This research was supported by Government of the Russian Fed-
eration (Agreement 05.Y09.21.0018), funded by RFBR, grant 16-07-
01163.

[1] Goncharov A. V. Continuous Time Series Alignment in Hu-
man Actions Recognition // Proceedings of the AINL FRUCT
2016, St. Petersburg, 2016. https://fruct.org/publications/
abstract-AINL-FRUCT-2016/.
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! Tyna, Tyabckuii roCyIApCTBEHHBIH YHIBEPCHTET

B unaTe/IIEKTYAIBHOM aHAJIM3E MAHHBIX PE3YJIbTATHI UCCIEI0Ba~
HUW 9aCTO MPEJCTABICHBI B BUJE MAPHBIX CPABHEHUI CXOICTBA TN
paznuans 00beKTOB. [ KOPPEKTHOrO IPUMEHEHNs aJrOpUTMOB Ma-
HINHHOTO 00y YeHNUsI Pe3ysIbTaThl IAPHBIX CPABHEHNN HEOOXOIMMO 10~
PY3UTHh B METPUUIECKOE MpOoCTPpaHcTBO. OHUM U3 yCJIOBUIT KOPPEKT-
HOT'O IIOTPY2KEHUS SBJISIETCS HEOTPUIIATE/IbHAS OIPE/IEIEHHOCTh MaT-
pUIBIl MMAPHBIX OJIM30CTEHl JIEMEHTOB MHOXKECTBA, JPYT C IPYTOM.
B sTom ciywae HeoTpunaresbable 6JIM30CTH HHTEPIPETUPYIOTCA KaK
CKaJIIDHBIE IIPOU3BEJIEHUS BEKTOPOB B IIOJIOXKUTEJHHOM KBaJIpAHTE
TUIIOTETUYECKOr0 IIPU3HAKOBOT'O IIPOCTPAHCTBA, & COOTBETCTBYIOIINE
pa3IMIns MPEJCTABIISIOT CODOI PACCTOSTHUS.

Ha nmpaxTuke npuMeHsIIOT pa3jndHbIe CIIOCOOBI OIMEHKU CXOICTBA
WIA PA3JINYusi JIEMEHTOB MHOXKECTBa. BO MHOIMX Cilydasix TaKue
byHKIIMM cpaBHEHUs He 00/1a/1a10T CBoicTBaMu (DyHKIINH O1u30CcTei
win paccrogauii. [losTomy BoO3HHKaeT HEOOXOIUMOCTb B MeTpUUe-
CKOWl KOPPEKIIUU ITPOU3BOJIBHBIX IKCIIEPUMEHTAJIBHBIX MATPHI] IIap-
HBIX CPABHEHUIl i 00ECIIeYeHns TOJIOKUTEIBHON OIPEIeIEHHOCTH
COOTBETCTBYIOINIMX UM HOPMUPOBAHHBIX MATPHUIL CKAJISPHBIX TPOU3-
BeIeHUd.

Ho ecrecrBennoe TpeboBanne MUHIMHU3AIUN OTKJIOHEHUI 3HAtE-
HUU CKOPPEKTUPOBAHHBIX MATPHUI] OT UX UCXOIHBIX 3HAYEHUIT OOBITHO
[IPUBOIUT K ILIOXO OOYCJIOBJIEHHBIM MATPHUIAM CKAJIAPHBIX TPOU3BE-
JeHUIT ¢ OOJIBIITM 9UCJIOM O0YCJIOBJIEHHOCTH.

B nannoit pabore wmcciiemnyercss 00yC/IOBIEHHOCTh CKOPPEKTUPO-
BAHHBIX MaTPUI[ CKAJIAPHBIX [IPOM3BEIECHUI U IIPEJJIAraeTCs I0/IX0/T
K YMEHBIIEHUIO YHCJia 00yCIOBIEHHOCTH.

Pabora gyacruano nommepxkana rpanramu POOU Ne17-07-00319,
Ne17-07-00993, Ne17-07-00436.

[1] Asoenxo C. ., INuenuswnwd /. O. OByCIOBIEHHOCTD MATPHUIL TAPHBIX

CpaBHEHWI IIPU KOPPEKIMHM METPUYecKuX HapyiieHuii // Mamunnoe

obydeHne n aHaJu3 JaHHbIX, 2017.
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Investigation of matrix conditionality under metric
correction of pairwise comparisons

Duvoenko Sergey'x sergedv@yandex.ru
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In modern intelligent data analysis, results of investigations are usu-
ally represented by mutual pairwise comparisons of similarity or dis-
similarity of objects. It needs to immerse results of pairwise compar-
isons into some metric space for correct using of machine learning al-
gorithms. One of conditions of the correct immersion of set elements
is the non-negative definite matrix of their pairwise similarities. In
this case, non-negative similarities represent scalar products of vec-
tors in the positive quadrant of an imaginary feature space, while
corresponding dissimilarities represent distances.

Various similarity and dissimilarity measurements are used in
practice. Nevertheless, not all of them are correct as metric functions.
Therefore, it needs to use metric corrections of real experimental ma-
trices of pairwise comparisons to support the positive definiteness of
corresponding matrices of standard scalar products.

Unfortunately, the natural limit to minimize deviations of cor-
rected values from initial ones leads to ill-conditioned matrices of
scalar products with the large condition number.

In this paper, we investigate a way to improve the conditionality of
matrices of pairwise comparisons. This research is funded by RFBR,
grants 17-07-00319, 17-07-00993, 17-07-00436.

[1] Dwoenko S., Pshenichny D. The conditionality of matrices of pairwise

comparisons after metric corrections // Journal of Machine Learning
and Data Analysis, 2017.

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017



24 Teopusi u MeTO/IbI MAIIMHHOTO OOy YeHUs

O pyanmsauyunm Hap npoun3sBegeHueM Lenei

hoxosa Eaena Bcesoaodosna' edjukova@mail.ru
Macasxos T'ne6 Oaezosur’s gleb-mas@mail.ru
IIpoxogpwes IIémp Anexcandposur’ p_prok@mail.ru

"Mocksa, @enepanbHblil Bccaen0BaTENbLCKHIT HeHTp «VHpOPMaTHKS I
yupasiaenne> PAH

2Mocksa, MOCKOBCKHI TOCYJAPCTBEHHBIA YHIBEPCHTET

nm. M. B. Jlomonocosa

Ilycte P = P, X ... x P,, tne Pp,...,P, — KOHeuHbIE
YACTUYHO YIOPsJOYeHHbIe MHOXKecTBa. (Cumraercs;, YTO 3JIEMEHT
y = (y,---,yn) € P caeayer 3a x = (1,...,2,) € P,
ecimm y; chaeayer 3a x; upu ¢ = 1,...,n. IlIlyectrb R C P u
Rt = {z € P|da € R,a < x}. 3agaua nocrpoenus JBOHCTBEH-
woro k R mmuoxecrsa I(R), cocrosmero us smementos a € P\ R
Takux, 4To jyist jnoboro ¥ € P\ RT Taxoro, uto x # a, oTHOIIe-
HUEe a < 2 He BblnosHsAeTcs (1. €. I(R) cOCTONT M3 MaKCHMAJbHBIX
asieMenTOB MHOKecTBa P\ RY1), naspisaercs jiyanmsanumeil Ha | 1po-
U3BEJICHUEM YACTUIHBIX TMOPSAKOB. JlaHHast 3amada sBIIsieTcs: OTHON
U3 MEHTPAJIBHBIX TPY/IHOPENIAEMbBIX 33/1a4 JIMCKPETHON MaTeMATHKH.

TIpakTuyeckn BasKHBIM CJIy9IaeM siBJISIETCS CJIyYaii, KOTIa KasKI0e
P; aBnstercsa 1enpio, T.e. JT00bIe 1Ba deMenTa B P; cpaBHuMBL. Ecmm
upu 3roMm |P;| = 2, To nocrasieHHasl 3a/1a9a SKBUBAJEHTHA MTOUCKY
HEIPUBO/UMbBIX MMOKPBITHN OyJIeBOIl MaTPHUILI pa3dMepa m X n , TJe
M — 9YHCJI0 3JIEMEHTOB B R, M BO3HUKAET, B YaCTHOCTH, IIPU KOHCTPY-
MPOBAHUU JIOTHIECKUX TPOIEYP KIACCU(MDUKAIMN 110 TPENeIeHTaM.
B [1] paccmarpusaercs Gosiee obmmuil ciaydail, a UMEHHO, KOIJIA KazK-
noe P; asisgerca nenvio u | P;| = k, k > 2 . [TokasbiBaercs, 410 3a1a4a
CBOJINTCS K TIOUCKY HEKOTOPOTO TOAMHOXKECTBA MHOXKECTBA HEIIPHUBO-
JIUMDBIX TIOKPBITHH OyIeBoit MaTpuiibl pasmepa m X kn . IIpuBogarcs
PE3YJIBbTATHl YUCTEHHBIX IKCIEPUMEHTOB, OA3UPYIONIUEC HA aCHMII-
TOTUYECKU ONTUMAJIBHOM MEPEUUCICHUN HEMTPUBOUMBIX TOKPBITHIA.

Pabora nognepxana rparrom PODU Ne16-01-00445.

[1] Zhwoxosa E. B., Macasxos I. O., Ilpoxogves I1. A. O nyanusanum Haz,

npousseaeHueM rereii // MamunaHoe o6yuenne n aHaIu3 JaHHbIX, 2017.
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Let P= P, x...x P,, where Py,..., P, are finite partially ordered
sets. Assume that y = (y1,...,yn) € P follows x = (21,...,2,) € P,
if y; follows x; for i = 1,2,...,n. To denote that y € P follows x € P
and y # x, the notation z < y is used later. Let R C P, RT =
= RU{z € P|3a € R,a < z}. The problem of constructing the dual
to R set I(R) consisting of elements a € P\ R such that for any
x € P\ RY,xz # a, the relation a < x does not hold, is called a
dualization over the product of partially ordered sets. This problem
is one of the central intractable problems of discrete mathematics.
A practically important case is the case where each P; is a chain,
i.e. any two elements of P; are comparable. If, in addition, |P;| = 2,
then the problem posed is equivalent to the search for irreducible
coverings of a Boolean matrix of size m x n, where m is the number of
elements in R, and arises, in particular, in the construction of logical
classification procedures by precedents. In [1], a more general case is
considered, namely, when each P; is a chain and |P;| =k, k > 2. Tt
is shown that the problem reduces to the search for a subset of the
set of irreducible coverings of a Boolean matrix of size m x n. The
results of numerical experiments based on an asymptotically optimal
enumeration of irreducible coverings are presented.
The work is supported by the RFBR, grant 16-01-00445.
[1] Djukova E. V., Maslyakov G. O., Prokofyev P. A. About dualization
over product of partially ordered sets // Journal of Machine Learn-
ing and Data Analysis, 2017.
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B pabore paccmarpuaercs 3aiada kiaccudukaun 00beKTOB 6e3
SIBHOT'O IIPU3HAKOBOI'O IIpeJCTaBjcHus. JlaHHbIe COmep:KaT BPEMEH-
HblE DsAJIbl YCKOPEHUs, MOJIy4YeHHbIE C aKcejJepoMerpa cMmaprdoHa.
3ajiavua COCTOUT B MPEJICKA3aHNN Bra (DU3NIECKON aKTHUBHOCTH {e-
JIOBEKA 110 BPEMEHHOMY Dps/ly. BpeMeHHO! psJi IpeicTaBisier coboit
00BEKT CJIOZKHON CTPYKTYPbI 0€3 $BHOIO IIPU3HAKOBOI'O OIMCAHUS.
B pabore npeiaraercs moaxon K reHepanuy IPU3HAKOB BPEMEHHBIX
PSJI0B, paccMaTpUBast UX KaK 00bEKTHI CJI0KHOM CTPYKTYPhL. B Kade-
CTBE IPU3HAKOBOI'O OIIMCAHUS UCIIOJIB3YIOTCS [IaPAMETPhI JIOKAJIbHBIX
mojiesieit. CrenepupoBaHHBIE TPU3HAKK ITO3BOJISIIOT IOJIYIUTDH I[IPU-
eMJIeEMOe KAaveCTBO KJIACCU(DUKAIMU U TPEOYIOT yMEPEHHBIX BBIUHC-
JINTEJIbHBIX PECYPCOB.

IIpobiema riraccudukanuu 06bEKTOB CJIOXKHON CTPYKTYPBL pa3-
OuBaeTcsl Ha JBe HeCBs3aHHBbIE Iporenypbl. IlepBas m3BiekaeT nH-
dbopmaTuBHbIe TpU3HaKd. BTopas Kaaccuduimupyer OObEeKTbI, MC-
[IOJIb3Y s TOPOXKICHHBIE TTPU3HAKH.

Jannas paborta Hale/leHa HA CDABHEHNE PA3JIMIHBIX METOJOB re-
HEpAIMY [IPU3HAKOB: IKCIePTHbIE (DYHKIINU, aBTOPEIPECCHOHHAS MO-
JIeJIb U QHAJIA3 CUHTYJISPHOTO CHEKTPa. ABTODBI IPE/JIATAIOT HOBBI
METO/T TOPOXK IeHUsT TPU3HAKOB. CerMeHThl BDEMEHHOT'O PsIjia AIIITPOK-
CUMUPYIOTCS KyOmaeckumu ciinaiinamu. CrutaifHbl FeHepUPYIOT TJIaJ1-
Ky KPUBYIO C JIOCTATOYHBIM KA9€CTBOM AITPOKCUMAIUN.

DKCIIEPUMEHT IIPOBOIUJICS HA JABYX JaTacerax C aKCeJIepOMeTpa:
WISDM, USC-HAD. CpaBauBa/ich Ka4ecTBa YIIOMSIHY ThIX METOJI0B
U3BJIEYEHNs IPU3HAKOB U PA3JINYHBIX MOJeJell KIacCuPUKAIIH.

Pabora noep:xana rpantom PODI Ne16-07-01154.

[1] Hcauenro P. B., XKapuxos U. H., Bouxapée A. M. Jlokambable MOAEIH
s Kiaaccudukanun o0bEKTOB CJI0XKHOM cTpyKTypel // Journal of
Machine Learning and Data Analysis, 2016. — Ne.13. http://jmlda.
org/papers/doc/2016/nol1/Isachenko2016MetricLearning.pdf.
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The article investigates a problem of multiclass classification of ob-
jects without explicit feature set. The data which were used are time
series from smartphone accelerometer. The problem is to predict hu-
man activity, using acceleration time series. In this problem state-
ment, time series is a complex structured object without explicit fea-
ture set. The paper proposes method of feature generation for com-
plex structured objects. The features will correspond to parameters
of local approximation models. Features generated in such way allow
decent classification quality and require low computational resources.

The problem of classification of complex structured objects is di-
vided in two independent procedures. First, informative features are
extracted and then the classification model is built on these features.

This paper goal is to compare different approaches to feature gen-
eration: expert functions, autoregressive model and singular spectrum
analysis. The new method of feature generation is proposed. This
segments of time series are approximated with cubic splines, which
generate smooth curve with sufficient quality of approximation.

The experiment was conducted on two real datasets: WISDM and
USC-HAD. The experiment shows comparison of different feature
generation procedures and classification models.

This research is funded by RFBR, grant 16-07-01154.

[1] Isachenko R., Zharikov I., Bochkarev A. Local models for classification
of complex structured objects // Journal of Machine Learning and
Data Analysis, 2016. — No 13. http://jmlda.org/papers/doc/2016/
nol/Isachenko2016MetricLearning.pdf.
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IIpobiiema orneHmBaHUsST HECTAITMOHAPHON perpeccuu Hem30erKHO
CBsI3aHA C HEOOXOIMMOCTHIO BHIOOpA BOJATHUIBHOCTU PErPECCUOHHOMN
MOJIEJIN — OT IIOJIHON CTaIlMOHAPHOCTHM MI'HOBEHHBIX MOJEJel JI0 UX
[IOJTHOW HE3aBHCHUMOCTHU. B crarioHapHOM CiIydae 4Yucjio OIeHHBae-
MBIX KO3 PUIMEHTOB PErpeccul paBHO YUCJy PEIPECCOPOB, a IIPU OT-
CYyTCTBUU TJIAKOCTU KOI(MDPUIMEHT yBEIUICHUS PA3MEPHOCTH OIIEHU-
BaeMOI'0 BEKTODa paBeH JJINHe BpeMeHHOTo psja. Mbl paccmarpusa-
eM ceMelCTBO HelPEePbIBHO BJIO?KEHHDBIX AIIPUOPHBIX paclIpe/le/IeHuii
BEPOSITHOCTEH, OIpeiesisieMoe CreruduKoil MO/Ie/IN HeCTAITMOHAPHBIX
JAHHBIX. Pa3zMepHOCTh IOJHOTO BEeKTOPa HapMeTpoB (DUKCHPOBaHA,
HO €B0O0O/Ia BBIOOPA €r0 3HAYMEHUsT «MATKO» OTPAHUIEHA CeMEHCTBOM
BJIOYKEHHBIX aIlIPUOPHBIX pacIpejie/IeHuil, KOTOPOe CAEPKUT HECKOJIb-
KO rureprapamMerpos. JlaHHbBIA JT0KJIa/ 1pecieayeT Tpu Ieiau. Bo-
[IEPBBIX, COIVIACHO CleIdUKe HeCTAIMOHAPHONW PErpeccuu, Mbl MO-
audunmpyeM Tpu OOIMEIPUHSATHIX METO/Ia OIEHUBAHUS THIEPIapa-
METPOB B MOJIEJIAX JAHHBIX, & UMEHHO, METO/Ibl KPOCC-BAJINIAINH 110
[IPUHIUILY CKOJIL3AIIEr0 KOHTPOJIA, MAKCUMU3AlUU MapIrUHA/JILHOIO
pacupeenenns ganubix (Evidence Maximization) u rumorerndeckoit
KpPOCC-BaauIanuio. Bo-BTOPBIX, MBI 9KCIEPUMEHTAJIHHO CPABHUBAEM
9TH METOJIbI KAK HA MO/IEJIbHBIX, TAK U Ha PEAJIbHBIX JaHHBIX. B Tpe-
THUX, Ha OCHOBE Pa3pabOTAHHOI METOIOJIOTUH MBI IIPE/JIATAEM HOBBII
[IO/IX0/T K MPObJIeMe ONECHUBAHUS CKPBITON JMHAMUKU WHBECTHUIMOH-
HOT'O HOPTMEJs 110 JIOCTYIHBIM PBIHOYHBIM (haKTOPaM.

Pabora nognepxana rparrom PODU Ne17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., et al Methods of
hyperparameter estimation in time-varying regression models with
application to dynamic style analysis of investment portfolios //
Lecture Notes in Computer Science, Vol. 10358, Springer, 2017, pp.
431-450.
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The problem of estimating time-varying regression inevitably con-
cerns the necessity to choose the appropriate level of model volatility
— ranging from the full stationarity of instant regression models to
their absolute independence. In the stationary case the number of
regression coefficients, constituting the model parameter to be esti-
mated, equals that of regressors, whereas the absence of any smooth-
ness assumptions augments the dimension of the unknown vector by
the factor of the time-series length. We consider here a family of
continuously nested a priori probability distributions matching the
specificity of time-varying data models, in which the dimension of the
parameter is fixed, but the freedom of its values is softly constrained
by a family of continuously nested a priori probability distributions,
which contains a number of hyperparameters. The aim of this paper is
threefold. First, in accordance with the specificity of the time-varying
regression, we modify three commonly adopted methods of estimating
hyperparameters in data models, namely, Leave-One-Out Cross Val-
idation, Evidence Maximization and Hypothetical Cross Validation.

Second, we experimentally compare these methods on both simulated

and real-world data. Third, on the basis of the proposed technique

we develop a new approach to the problem of detecting the hidden
dynamics of an investment portfolio in respect to certain market fac-
tors.

This research is funded by RFBR, grant 17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., et al. Methods of hyperparam-
eter estimation in time-varying regression models with application to
dynamic style analysis of investment portfolios // Lecture Notes in
Computer Science, Vol. 10358, Springer, 2017, pp. 431-450.
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PaccmarpuBaercs HOBBII TPUHIUI HOCTPOEHUS IOCJIE0BATEb-
HBIX IIPOIEYDP BOCCTAHOBJIEHUs IIPOU3BOJILHBIX 3aBUCUMOCTE (pe-
IPECCHOHHBIX MO/IEJIEl, PEIIaoIuX IPABU/I PACIIO3HABAHUS 00PA30B,
MOJIe/Iell BBIZKUBAEMOCTH, MIOPSAIKOBBIX MOJIE/Iel) [0 OYeHb OOJILITUM
MacCHUBaM IIPEIEIEHTOB HA OCHOBE OOOOIIEHHOI0 JIMHEHHOTO II0IX0/1a
K mpobsieme oby4aenus. [Iporecc obytennst MOCTPOEH KaK MOCIeI0Ba~
TeJbHBIN Tepecuer byHKImt BejMana B HEKOTOPOI CIenuaIbHON
[POTIEIype AUHAMUYIECKOTO mporpamMMupoBanus. CTporo onruMaib-
HbBI pesy/ibraT 00y YeHusl IPOU3BOJILHOIL (He 06g3aTe/IbHO JINHEHHOI )
MOJIeJI 3aBUCHUMOCTH Ha KaXXJOM Ilare OTHOCUTEJHHO Y2Ke IIOJIy-
YeHHO} 00ydaroIeil COBOKYITHOCTH CBOJUTCH K MUHUMU3BAIMHI O4e-
pennoit dyuknuu Bennmvana. Ilokazano, 4To /it BecbMa MHUPOKOTO
KJIacca MOJIeJIell JOMyCTUMA KB IPATHIHAS ANMIPOKCUMAIINS KAXK 0N
byurmyn BejiMaHa B OKPECTHOCTH TOYKU €€ MUHUMYMA, ITPUBO/Is-
masg K kiaaccmdeckomy bunbTpy Kanmana. Ipemmaraercs xomien-
CHPOBATh HEM30EKHYIO IIOTEPIO ONTUMAJIHLHOCTH OOy UEHUS JIOIOJIHU-
TEJIbHOM KOPPEKIHell KaKJIoro Iara 0 KJIACCUYEeCKOMY IIPUHITUILY
CTOXACTUIECKON alIPOKCUMAIINH, KOTOPBI TapAHTUPYET CXOIUMOCTH
00yUIeHNUS «ITOYTU HABEPHOE». XOTs TAKOE «IOTATUBAHUE» O0YJIeHUsT
SIBJISETCH OY€Hb MEJJICHHBIM, 9TO XapPAKTEPHO JIJIsi CTOXACTUIECKOM
AIIIPOKCUMAIINY, OIlEHKA HA KaKJOM Iare OCTaeTcs B HEOOJIBINO
OKPECTHOCTH CTPOIOI'0 MHUHUMYMa, «IJIODAJILHOIO0» KPUTEPHUs JJisd 00-
paboTaHHOI TACTH MACCUBa OOYIAIONINX JAHHBIX.

Pabora nognepxana rparrom PODU Ne17-07-00993.

[1] Turkov P., Krasotkina O., Mottl V., Sychugov A. Feature selection for
handling concept drift in the data stream classification // Machine

Learning and Data Mining in Pattern Recognition. Lecture Notes in
Computer Science, 2016, Vol. 9729, pp. 614-629.
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We consider a new method of constructing on-line procedures for
estimation of arbitrary dependences (regression models, pattern-
recognition rules, survival models, ranking models) from very large
data sets on the basis of the generalized linear approach to the prob-
lem of training. The training process is built as iterative recomputing
of Bellman functions in a special dynamic programming procedure.
The strictly optimal result of training the model of the respective
dependence, not obligatory a linear one, with respect to the part of
the training set, which is already registered by the moment of current
observation, is nothing else than the minimum point of the last Bell-
man function. It is shown that a quite broad class of models allow
for quadratic approximation of each Bellman function in a vicinity
of its minimum point, what results in the classical Kalman filter. We
propose to compensate the inevitable loss of optimality of training
by an additional correction of the respective step in accordance with
the classical stochastic approximation principle, which guaranties the
convergence of the training process “almost for sure”. Despite the
fact that such a fine-tuning is extremely slow, as it is characteristic
for stochastic approximation, the current estimate remains in a small
vicinity of the strict minimum of the “global” criterion for the already
processed part of the entire training data set.

This research is funded by RFBR, grant 17-07-00993.
[1] Turkov P., Krasotkina O., Mottl V., Sychugov A. Feature selection for

handling concept drift in the data stream classification // Machine

Learning and Data Mining in Pattern Recognition. Lecture Notes in
Computer Science, 2016, Vol. 9729, pp. 614-629.
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T'unoresa koMmmakTHOCTH, chopMmyupoBanHas . M. Bpasepma-
HOM B €ro KaHJuJIaTckoil juccepranuu B 1961 rojy, ocraercs riias-
HBIM IPUHITUIOM, HA KOTOPOM 0a3UPyeTCs BCS METOOJIOI S MAIUH-
Horo obyuenus o npereaentam. Corsactno njee BpaBepmana Jocra-
TOYHO, ITOOBI HAOJIIOMATENb, BOOPYKEHHBINT KOMITHLIOTEPOM, BBIOPAJT
JBYXMECTHYIO JCHCTBUTE/NIBHYIO0 CUMMETPUYIHYIO (DYHKIIUIO HA MHO-
2KecTBe 00bEKTOB PEAJIbHOIO MHUPa, U3MEPSIONLYIO0 IT0IIaPHOE HECXO I
CTBO OO'bEKTOB U IIPEJICTABJIAIONLYIOCH eMy ecTecTBeHHOi. Takoil BbI-
60D yIIad€eH, eCJIM BBIIOJIHIETCS TUIIOTe3a KOMIIAKTHOCTHU — APl 00b-
€KTOB, OJIM3KMe B TePMUHAX BBIOPAHHON (DYHKIMN CpaBHEHUs, 001~
JAl0T, KaK IPABUJIO, U OJU3KUMHU 3HAYEHUSAMHU I[EJIEBOI XapaKTepH-
cruku. JIpyrum dyHIaMEeHTAIBHBIM TOHATHEM, BBEIEHHBIM BpaBep-
MAaHOM,BJISIETCS MTOTEHITNAJIbHAsST (DYHKINS, MOPOXKIaeMast BbIOPAH-
HOIl Mepoii mapHoro HecxojicTsa. lloTeHrmanbHasd GyHKINA 103BO-
JISIET MBICJIEHHO MOI'PY3UTh MHOXKECTBO PEAJbHBIX OOBbEKTOB B THIIO-
TETUYIECKOe JINHEITHOe MPOCTPAHCTBO, B KOTOPOM OHA HUI'PAET POJIb
CKaJIAPHOTO Ipou3BejieHns. Takoe JinHeiiHOe IPOCTPAHCTBO HA3BAHO
BpasepmanoM CrIpsiMITSIIOIITIM, TOCKOJIBKY BCAKOE IIPABUJIO MIPEJICKa-
3aHUS [EJE€BOI XapaKTePUCTUKH, INHEITHOE OTHOCUTE/IFHO HEKOTOPO
GYHKIMH [TapHOT0 HECXO/ICTBA 00BEKTOB, OKA3bIBAETCS HEJIMHEITHBIM
OTHOCHUTEJILHOTO JAPyroit (byHKIME HECXOACTBa. B Jok/aje mokas3a-
HO, 9TO MPAKTUIECKU BCE CYIIECTBYIOIINE METOIbI BOCCTAHOBJICHUS
3aBUCUMOCTEI, B CYIITHOCTH, PEATUIYIOT TAKYI0 OOOOIEHHYIO JIUHEH-
HYIO METO/I0JI0Tu0 bpaBepmana, pa3jindasch JIUIb BEIOOPOM KJIacca
MOTEHINAIBHBIX (DYHKIHI 1 crriocoba n3mepenus HecxoacTa. C Toit
TOYKU 3PEHUS PACCMOTPEHBI CIIOCOOBI CEJIEKTUBHOI'O KOMOMHUPOBA-
HUs MHOYKECTBA aJIbTE€PHATUBHBIX (DYHKIUII [IAPHOIO HECXO/ICTBA.

Pabora nognepxana rparrom PODU Ne17-07-00436.

[1] Mottl V., Seredin O. Compactness hypothesis anf potential fucntions

in Machine Learning // Emmanuel Braverman’s Legacy, Springer, 2017,

to appear.
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The scientific heritage of Emmanuel Braverman
in the methodolody of Machine Learning

Mottl Vadim' vmottlQ@yandex.ru
Seredin Oleg*x oseredin@yandex.ru
'Moscow, Federal Research Center “Computer Science and Control”

of RAS

2Tula, Tula State University

The compactness hypothesis formulated by Emmanuel Braverman in
his PhD Thesis in 1961 remains the main principle underlying the
entire methodology of precedent based Machine Learning. In accor-
dance with Braverman’s idea, it is enough that the observer armed
by a computer defines a two-argument real-valued function on the
set of real-world entities, which would evaluate the pair-wise dissim-
ilarity between entities and be natural from his/her viewpoint. This
choice is fortunate if the compactness hypothesis is met — pairs of en-
tities close to each other in terms of the chosen comparison function
have also, as a rule, close values of the goal characteristic. Another
fundamental notion introduced by Braverman is potential function
produced by the chosen measure of pair-wise dissimilarity. Any po-
tential function allows for mantally embedding the set of real-world
entities into a hypothetical linear space,in which it plays the role
of inner product. Such a linear space was named by Braverman the
rectifying one, because any decision rule on the goal characteristic,
which is linear relative to a dissimilarity function between entities,
wll be nonlinear with respect to anoher disssimilarity function. We
show that practically all existing methods of dependence estimation
actually imply Braverman’s generalized linear framework, and differ
from each other only by the choice of the class of potential functions
or the way of evaluating dissimilarity. From this point of view, we
consider possible ways of selective combining a variety of alternative
pair-wise dissimilarity fucntions.

This research is funded by RFBR, grant 17-07-00436.
[1] Mottl V., Seredin O. Compactness hypothesis anf potential fucntions

in Machine Learning // Emmanuel Braverman’s Legacy, Springer, 2017,

to appear.
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OueHnBaHMe 3HaYMMOCTN NEpPEMEHHbIX A1
paHroBow perpeccuu

Hedeavko Buxkmop Muxatinosuy nedelko@math.nsc.ru

Hosocubupck, Uncruryr maremaruku nm. C. JI. Cobonesa CO PAH

CymecrByer GOJBINOE YUCIO TOAXOA0B K ONEHUBAHUIO 3HATUMO-
CTU [IEPEMEHHBIX B 3aja9aX MOCTPOCHUs PEIAIONUX (DYHKIUH, KOTO-
pble TPUMEHUMBI K 33/ia19e PerpecCuoOHHOro anan3a. OJHIM U3 TaKUX
OJIXO/IOB SBJISIETCS aHaMN3 (B TOM uncie Busyasbhblii) ROC—kpusoit
(kpuBOii OMUGOK).

Usnavasibao norsitue ROC—KpuBoil ObLIO BBEJIEHO IS 3aJ1a9K
kiaaccudukanuu (pasnosnaBanus 06pa3os). B srom ciayuae ROC—
KpHUBas — 9TO 10 CYyTH IMIUPUIEcKast PyHKIMs PACIPEIETCHI BTO-
pOro KJiacca, IOCTPOeHHAsT Kak (DYHKINS OT 3HAYEHUIN SMITNPUIECKOM
GbYHKIMH pacipe/iesieHns IePBOro KJIacca Uil IePEeMeHHOMH, yIopsi-
JIOUMBAIONIEH OOBEKTHI 110 OIEHEHHOI BEPOSITHOCTH WX MPUHAJICHK-
HOCTH TIEPBOMY KJIACCY.

Wssectrbl 06061menust moasaTus ROC—KpuBoit 171 perpecCuoHHo-
ro anamusza (REC-kpusast 1 RROC-kpusas). Ogaaxo st 0600111e-
HUs TPeOYIOT SBHOIO 33JIaHUs IIPOTHO3UPYEMbIX 3HAYEHUN IeIeBOi
[IepeMeHHOIi, B TO BpeMst Kak st nmoctpoerns ROC—kpuBoii B 3aj1a-
e KJIACCUMUKAIIE JJOCTATOYHO JIUITh YIOPSI0OIUBAHUST OO0 bEKTOB.

B pabore npeiozkeHbl HEKOTOPBIE €CTECTBEHHBIE 000DIIEHNUS 110~
uatuss ROC—kpuBoii Ha cjydaii perpecCHOHHOIO aHAIn3a, KOTOPhIe
6oJiee 110JIHO BocupousBosaT csoiicrBa ROC—KpuBoii 110 cpaBHEHUIO
C U3BECTHBLIMHU OOOOIICHUSIMU.

Haunbostee BaKHBIM 13 BOCIPOU3BOUMBIX CBOWCTB SIBJISIETCS TO,
9TO TPEJJIOKEHHBIE KPUBBIE ITPU CJIYYARHOM [IPOTHO3€ MPUOJIAZKAIOT-
¢s K MPAMOIi, & OTKJIOHEHUSI OT IPSAMOii TIO3BOJISIOT OIEHUTH UHGOP-
MaTHBHOCTH «O0DbSICHSIONIEH» TTepeMeHHOii.

Kpowme Toro upeioxxennsie Bapuantbl ROC—KprBoii 0Ka3a/mch
OGJIM3KN KOHCTPYKITUU SMIUPUIECKOIO MOCTA, UTO CBHJIETEIbCTBYET
00 UX COJ/IEPKATEIIHHOCTH.

[1] Hedeavko B. M. OneHuBanne 3HAYUMOCTH IIEPEMEHHBIX B MOJEJISAX PAH-

roBoii perpeccun // Mammnnoe obyvuenne u anaan3 Jaaabrx, 2017.
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Estimation of feature importance for quantile
regression

Nedel’ko Victor nedelko@math.nsc.ru
Novosibirsk, Sobolev Institute of Mathematics SB RAS

There are a large number of approaches to estimating the significance
of variables in problems of constructing decision functions. One of
the most important approaches is based on of the ROC curve (error
curve).

Initially, the ROC curves was introduced for classification mod-
els. The extension of ROC curves for regression problems has also
been investigated. Notable examples are the so-called regression er-
ror characteristic (REC) Curves and the Regression ROC (RROC)
curves. However, these generalizations require the explicit specifica-
tion of the predicted values of the target variable, while for construct-
ing the ROC-curve in the classification problem one needs only the
ordering of objects. There are also some other differences in essen-
tial properties of such regression ROC curves and classification ROC
curves.

We propose some natural generalizations of the concept of the
ROC curve for regression analysis, which more fully reproduce the
properties of the ROC curve as compared to known extensions.

The most important of these properties is that the ROC curves
move to a straight line, when built on random prediction. The devia-
tions from the line allow us to estimate the importance of a variable.

The proposed variants of the ROC curve for regression were found
to be close to the construction of the empirical bridge.

[1] Nedel’ko V. Estimation of feature importance for quantile regression //

Journal of Machine Learning and Data Analysis, 2017.

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017
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HOCTpoeHme Mmoaenu ONTNMAaJIbHON CJ/IOXKHOCTU B
Bnge cmecu skKcneprtos
Hetives Padocaas TI'eopaues’? neychev@phystech.edu

Cmpuoicoe Badum Buwmoposuu'?

strrijov@phystech.edu
'Mockpa, MoCKOBCKHIl (bU3MKO-TEXHIYECKNT HHCTHTYT Tv)
2Mocksa, PesepabHblii HCCIeTOBATENBCKHII TeHTp «HpOpMaTHKA I

)

yupasiaenne> PAH

Paccmarpusaercsa npobiiema moncka MoJiesin ONTUMAIBHOMN CI0XK-
noctu. Ilo onTuMasbHOI TOHUMAETCS MOJIEIIb, YCI0KHEHNE KOTOPOi
He IIPUBEJIET K 3HAYNMBIM NUMEHEHUSM Ka9eCTBA ONMCAHUS JTaHHBIX. B
KAJeCcTBe JAHHBIX PACCMATPUBAETCs OOJIBIIOE YUCJIO B3AUMOCBI3AH-
HBIX BPEMEHHBIX Psi/IOB. VIX HCTOYHUKOM CJIy?KAT JATIUKHU, IPOU3BO-
JISAIIe MOHUTOPHUHT [TOKa3aTeJsell pa3iIndHbIX ycTpoiicTs. [Ipemmosa-
raercs, 9TO IIPOCTPAHCTBO IapaMETPOB OIMCAHUS BPEMEHHBIX DsIOB
HEOJIHOPO/THO, BEIOOPKA HE SIBJISETCSI IIPOCTOA.

IIpobema momcka ONTUMABHON CJIOKHOCTH PACCMATPUBACTCS
IPUMEHUTEJLHO K JIBYM 3aJadaM: IPOrHO3UPOBaHUs (perpeccuu) u
KJTaccuUKAIMT BPEMEHHBIX PsI0B. [l moydenust TO9HOro u 3d-
(bEeKTUBHOIO pelleHusl IpeJjlaraeTcs UCI0JIb30BaTh CMECH MOJIeJIeli-
9KCIIEPTOB. ¥ BEPEHHOCTDb YKCIIEPTOB OIEHNBAETCH KaK Ha MHOYKECTBE
00BEKTOB 0OyUIaIoNIell BLIOOPKH, TaK U Ha MHOXKECTBE PU3HAKOB, UX
ONUCHIBAIOMIX. B KavdecTBe MOIEIEH-IKCIIEPTOB UCIOJIbL3YIOTCS JIN-
HelHbIe MOJIC/TU U HETJIyOOKHe perraromue jaepeBbs. [ obbeanne-
HU$ MO/IeJIef-9KCIIEPTOB B CMECh UCIIOJIb3yeTCs HeipOHHAs ceTh. B xo-
Jie BBIYHCJIATEIHLHOIO SKCIIEPUMEHTa CPABHUBAIOTCA PE3YJIbTATHI, 110~
JIyI€HHBIE TPEMsi CIIOCODAMU MTOCTPOEHUsT aHcaMOJIel MojiesIeil: cMech
9KCIIEPTOB, I'PA/IMEHTHBII OyCTUHT, CJIy YailHbII PEITAIONIHii jJec. JKC-
[IEPUMEHT BBINIOJIHEH HA PEAJIbHBIX JIAHHBIX, COJIEPKAIINX MHMOPMA-
[IUIO O TOTPEOJIEHNH JIEKPOIHEPIUH U IIOI'OIHBIX ycsioBusx B [Tosbie,
a Tak K€ JIAHHBIX, [IOJIyYE€HHBIX C aKCEJIePOMETPOB.

Pabora nognepxana rparrom PODU Ne16-07-01163.

[1] Hetiwes P. I Mixture of Experts approach to model of optimal
complexity construction // International Journal of Applied and

Computational Mathematics, Springer, 2017 (momana B >KypHaJI).
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Mixture of Experts approach to model of optimal
complexity construction

Neychev Radoslav'*x neychev@phystech.edu
Strijov Vadim"? strijov@phystech.edu
"Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Federal Research Center “Computer Science and Control”

of RAS

This paper presents an approach to construction of the model of
optimal complexity. Model has optimal complexity if making it more
complex does not gain any valuable quality. The approach is tested
against data, consisting of multiple intercorrelated time series that
can be generated by different sensors. Data is not i.i.d and it’s feature
space has complex structure.

The presented approach is applied to two classical ML problems:
regression and classification of time series. To obtain robust and high
quality solution, a Mixture of Experts ensembling method is applied.
Linear models and decision trees are used as expert-models. Neu-
ral network is used as a gating fuction to combine the predictions
of all experts. Proposed method has been tested within computa-
tional experiment where it was compared to other ensembling meth-
ods, such as gradient boosting and Random Forest. The experiment
is conducted on two real world data sets: accelerometers data and
data containing formation about electricity consumption and weather
conditions in Polland. This research is funded by RFBR, grant 16-
07-01163.

[1] Neychev R. Mixture of Experts approach to model of optimal com-
plexity construction // International Journal of Applied and Compu-
tational Mathematics, Springer, 2017 (submitted to journal).
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CokpauwieHne pa3smepHOCTUN NPU3HAKOBOIO
NPOCTPAHCTBA HA OCHOBE KPUTEPUsi MUHUMAJIbHOIO
PacCTOSIHUA MeXXAY BbiNyKJibiIMU 000/104KaMK
KJ1accoB

Hemupro Anamoauti Ilagrosuy apn-bs@yandex.ru

Canxkr-Ilerepbypr, Caukt-IlerepOyprckuii rocyiapcTBeHHbIH
JIeKTpoTexandecKkuit yausepcurer «JI9TU»

B pabore paccmorpena 3ajiada COKpalleHUus Pa3MEPHOCTH IIPH-
3HAKOBOT'O IIPOCTPAHCTBA DU JUHEITHOM aHam3e 2 KJIACCOB B MHOTO-
MEpPHOM MPU3HAKOBOM IIPOCTPAHCTBE. Pernaercs cieayomnas 3amada;
B pe3ysbTaTe JMHENHOro peodpa30BaHust KOODINHAT HYZKHO HAWTH
TaKue JBe OPTOrOHAJILHBIE OCH, IIPU IIPOEKTUPOBAHUY KJIACCOB Ha KO-
TOpbIE KJIACCHI MAKCHMAJIBHO YIAaJI€HBbI JPYI OT Jpyra I0 KaXKJoit
koopauaare. CTaTuCTUYECKNEe METOJbl BU3YAJMN3AINN HE AI0T UC-
9epIIbIBAIOINIEH KAPTUHBI 00/IACTH ITepecedeHnil KJIaccoB U He obectie-
YUBAIOT OTOOPAaYKEHNE CJIyIaeB MOJHON Pa3IeMMOCTH U CJIyYalHBIX
BBIOpOCOB. B jamHoit pabore 6,1M30CTH KJIACCOB JIPYT K JIPYTY OIEHU-
BaeTCd Ha OCHOBE KPHUTEPUS MUHIMAJILHOI'O PACCTOSHUS MEXKIY UX
BBIIYKJIbIMU OOosioukamu. VccseqoBana BO3MOXKHOCTb ITPUMEHEHUS
MeTosa onopHbIx BekTopoB (SVM) u merona Kosunua-ITliesunrepa
(S-K) mist nostydenusi OpTOrOHAJIBHBIX BEKTOPOB PEILYIUPOBAHHOIO
[IPOCTPAHCTBA. DTU METOJIbI JJIsl HEIEPECEKAIONNXC S KJIACCOB IKBH-
BaJIEHTHBI OIIPEJIEJIEHUI0 MUHUMAJIBHOTO PACCTOAHUS MEXKTY BBIILYK-
JIBIMHU 000JI0UKaMU Kj1accoB. st mpeosioiennst mpobJieMbl mepeceka-
FOIUXCsT KJIACCOB WCIIOJIb30BAHO IOHSTHE IVIyOMHBI ITPOHUKHOBEHUST
U JAHBI CPEJICTBA [IJIsi €€ YMEHbIIEeHUsl. PacCMOTPeHbl ajJropuTMbl ¢
ymenbriernem (RCH), cxxkarnem (SCH) u ¢iBUroM BBILyKJIBIX 060J10-
9eK. DKCIEPUMEHTAJIbHBIE UCCIEI0BAHNS MOCBAIIEHBI TPUMEHEHUIO
HCCJIEOBAHHBIX METOJOB COKPAIIEHUS PA3MEPHOCTH JIJIs BU3yaJn3a-
Uy OMOMEIUIIMHCKUX JAHHBIX B JBYMEDPHOM IIPOCTPAHCTBE.

Pabora mommepxkana rpantamu POOU Ne 15-07-01790, 16-01-
00159.

[1] Nemirko A. Computer geometry algorithms in feature space dimension

reduction problems // Pattern Recognition and Image Analysis, 2017,
27 (3). — p.387-394.
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Reducing the dimension of feature space based on the
criterion of minimum distance between the convex
hulls

Nemirko Anatolii apn-bs@yandex.ru

Saint Petersburg, Saint Petersburg Electrotechnical University “LETIT”

One of the goals of multidimensional feature space dimension reduc-
tion is to visualize the arrangement of classes on a plane. The qual-
ity of such a representation depends on the reduction method and
the measure of the closeness of classes. In this paper, we propose a
technology of dimension reduction to two dimensions based on the
calculation of convex hulls of classes and determination of their in-
tersection degree. Statistical visualization methods do not give an
exhaustive picture of the region of classes intersection and do not pro-
vide graphic representation of total separability and outliers. In this
work, the proximity of classes to each other is based on the criterion of
minimum distance between their convex hulls. The possibility of us-
ing support vector machine method (SVM) and Kozinets-Schlesinger
(S-K) method to obtain the orthogonal vectors in the reduced space
are investigated. These methods for disjoint classes are equivalent to
specifying the minimum distance between the convex hulls of classes.
To overcome the problem of intersecting classes the concept of pen-
etration depth and the means for its reduction are used. The algo-
rithms with the reduction (RCH), compression (SCH) and a shift of
convex hulls are considered. Experiments carried out show that this
technology on the training set makes it possible to identify the mini-
mum potentially achievable intersection degree of classes intersecting
in a multidimensional space and to obtain a correct mutual mapping
of classes on the plane

This research is funded by RFBR, grants 15-07-01790, 16-01-
00159.
[1] Nemirko A. Computer geometry algorithms in feature space dimension

reduction problems // Pattern Recognition and Image Analysis, 2017,
27 (3). — p.387-394.
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O6 yny4lweHHoOl oueHke Mepbl KJacTepHOoW
CTPYKTYpPbl B KOMNAKTHOM MeTPUYECKOM
NpoCcTpaHCTBe

ITywnaros Aaexcetli Cepeeesun pushnyakovalex@mail.ru

Mocksa, Mockosckuit ¢dpusnko-rexumdeckuit uncruryr (I'Y)

PaccMaTpuBaeTcst KOMIIAKTHOE METPUIECKOe TPOCTPaHcTBoO (X, p)
¢ orpaHnIeHHol bopeeBckoit mepoit u. [lox r-xaacmepom monnmaet-
cs1 TI000€e M3MEPUMOe MHOXKECTBO JTuameTpa He 6ostee . Habop, cocto-
samuit u3 k 2r-KjiacTepoB, HA30BEM I-KAGCMEPHOT CMPYKMypot no-
padka k, ecoiu Ji00bIe 1Ba KJacTepa HAOOPaA OTIEICHBI HA PACCTOSHIE
e menee r. Pamee O6bLI0 MOKa3aHO, ITO MIPH ONPEIEICHHBIX TapaMeT-
pUYECKUX OIPAHUYEHHUAX Ha PACIIPE/IEJIEHIE PACCTOAHUI CYIIECTBYET
r-KJIACTePHAasl CTPYKTYpa MaKCUMaJbHON Mepbl X™*, mMepa KOTODOi
6sm3Ka K Mepe Bcero mnpocrpancrBa. OmHAKO MOJydYeHHAsT OIEHKA
“MeeT HU3KYK CKOPOCTh CXOIUMOCTU U HEY/IydIlaeMa B aCUMIITOTH-
qeckoM cMbicsie. [Ipeyiaraercs BBECTH JOMOJHUTEIBHOE OTDAHMYIE-
HU€, CyTh KOTOPOI'O COCTOUT B OaJIaHCHUPOBKE Mep KJIACTEPOB B HC-
koMot crpykType. Ha6op Touek (x1,...,25) HA30BEM aHMUKAUKOU
nopadea k, ecmu p(x;,x;) > r opu Beex 1 < i < j < k. Mol mo-
TpebyeM, 4ToObI B HaleM MerpudeckoM npocrpancrse (X, p) mepa
AHTUKJINK ObLJIa OrPAHUYEHA CHU3Y B CJIEIYIOIIEM CMBICTIE:

p{(zy,. . xp) € XP: plag,xy) >r 1<i<j <k} >auX)* (1)

JBa 1peJplIyuX OrpaHUYeHHs COCTOSAT B TOM, UTO Mepa IHap
TOYEK, PACCTOSHUE MeKJIy KOTODBIMH JIEXKUT B IIPOMexXyTKe (1, 37,
orpanmyena ceepxy BemmunHoil 6u(X)? M UTO Mepa AHTHMKIUK TIO-
panka k + 1 orpammuena cepxy semmamuoii Bu(X)*1. B kyme c
HepasercTBoM (1) GbLIa OJIyYeHa CIIeAyIomas OIeHKA:

u(X™) k\(k+2)8
L > 1 V(2K + 1) -
n(X) Vo(zk+1) a— K3\
k41 (k+1)262
A=y o 202

[1] Hywmnaros A. C. O6 ymydImeHHO OIEHKE MEPBI KJIACTEPHOH CTPYKTY-
PBI B KOMIIAKTHOM METPUYECKOM IpocTpaHcTse // ZKypHas Bbranciu-
TeJIbHO MaTeMaTHKy U MaTeMaTu4ueckoil dbusnukn, 2017 (Ha perensun).
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On improved bound for measure of cluster structure
in compact metric spaces

Pushnyakov Alexey pushnyakovalex@mail.ru
Moscow, Moscow Institute of Physics and Technology (State University)

A compact metric space (X, p) is given. Let u be a Borel measure on
X. By r-cluster we mean a measurable subset of X with diameter at
most 7. A family of k 2r-clusters is called a r-cluster structure of order
k if any two clusters from the family are separated by a distance at
least 7. By measure of a cluster structure we mean a sum of clusters
measures from the cluster structure. A sequence (x1,...,xx) is called
an anticlique of order k if p(x;,z;) > rforall 1 <i < j <k.In our
previous work we showed that under some parametric restrictions
for distance distribution measure of maximal cluster structure p(X)*
is close pu(X) and lower bound for u(X)* converges to u(X) when
corresponding parameters tend to 0. The first condition was that
measure of pairs (z,y) € X? such that p(z,y) € (r,3r] is no greater
than 6u(X)?. The second condition was that measure of anticliques
of order k + 1 is no greater than Bu(X)**1. However, this bound
asymptotically unimprovable. We propose an additional restriction
for distance distribution that is responsible for balance of cluster’s
measure in cluster structure. Suppose, we have following conditions
for measure of anticliques of order k:

p{(xy, . wk) € X7 p(ag, ) > 1< < j <k} > au(X)"

Under conditions mentioned above we obtained a following bound:

(") k\(k+2)8
>1— i S S
nx) M %
k41 (k+1)282
A= 5 o+ 502

[1] Pushnyakov A. On improved bound for measure of cluster structure in
compact metric spaces // Computational Mathematics and Mathemat-
ical Physics, 2017 (on review).
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O npuHyMnNe MUHNMU3auUUM SMNUPUYHECKOrO PUCKA
Ha OCHOBE yCpeaHSIoWMX arpernpytowmnx pyHKLumii
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szportOgmail.com
'Mocksa, Hentp «Antncruxuss> MUC Poccun

2Hanpunk, Kabapauno-Bamkapekuit nayunsrii nearp PAH

B pabore mpemiaraerca pacmimpeHne DPUHIWIIA MAHAMI3AIII
SMIIMPUIECKOrO PUCKA Ha OCHOBE IPUMEHEHHs YCPEIHSIONNX arperi-
pytomux dysKImit (M-cpegHux) Juist SMIMPUIECKON OIEHKN CPEJIHIX
oTeph:

w' = argn‘lhi,n M {lr(w),...,0n(W)},

rue £, (W) — byHKIuUA 10Tephb, CBA3aHHAs ¢ k-BIM IPEIEIEHTOM.
M-cpeniree onpemensiercs CieLyOmuM 00pa3oM:

N

MP{Zla .- -7ZN} = a’rgngnzp(zkau)v
k=1

rie p(z,u) = g(h(z) — h(u)), g — BBIIYKIAst, h — CTPOrO MOHOTOHHASL.
Ipemoxen anropurm IRLAL ([teratively Reweighted Least Averaged
Losses) st noncka w*:

t<« 0
Mannuaimzanms wy
MOBTOPATH

Up < Mp{ﬂl(wt), ...,KN(Wt)}

_pZz (gk (Wt)a ut)

U — k=1,...N
B (G (We) ue) + o Pl (O (W), ue)
N
Wi ¢ argminkafk(w)
k=1

t—1t+1
noka {u;} u {w;} He crabunmsnpyrorcs

Pabora mogmepxana rpanrom POOU Ne 15-01-03381 u mpoexTom
OHUT PAH.
[1] IHubsyxos 3. M. O npuHU@IIE MUHUMA3AIUHA SMIMPUIECKOTO PUCKA Ha

OCHOBe ycpemmsiionmux arperupyommx dynkmmit // Hoxkmamer PAH,
Mocksa: MAUK, 2017. T.476, Ne5. (npunsTa K myGankamnun)
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On the principle of empirical risk minimization based
on averaging aggregation functions

Shibzukhov Zaur"? szport@gmail.com

"Moscow, Center “Antistikhiya” Emercom Russia
2Nalchik, Kabardino-Balkarian Scientific Center RAS

In this work we propose an extension of the principle of minimiz-
ing empirical risk based on the application of averaging aggregation
functions (M-averages) for empirical estimation of average losses:

w* =argmin M, {{;(w),...,{n(W)},

where (i (w) — losses function for k-th precedent.
M-average is defined as follows:

N
MP{Zla ey ZN} = a’rgngnz p(zka U),
k=1
where p(z,u) = g(h(z) — h(u)), g — convex, h — strictly monotone.
Algorithm IRLAL (Iteratively Reweighted Least Averaged Losses)
is proposed for seaching w™:

t<+0
Initialization of wy
repeat
Up < Mp{fl (Wt), ey KN(Wt)}

— Pz (U (W), )

Vg yk=1,...,. N
pgu(gl (Wt)5 ut) +o At pgu(éN(Wt)a ut)
N
Wi ¢ argminkafk(w)
k=1

t—1t+1
until {u;} and {w;} not converge

Work is supported by grant of RFBR 15-01-03381 and project of

DNIT RAS.

[1] Shibzukhov Z. On the Principle of Empirical Risk Minimization Based
on Averaging Aggregation Functions // Doklady Mathematics, 2017,
Vol.96, No.2, Pleiades Publishing, Ltd., 2017.
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NHuTennektyanbHasi cuctema noaaep>Xku npuHsTUs
peweHun C KOrHUTUBHOI KOMMNOHEHTOW, OCHOBaHHas
Ha OTKa30yCTOWYUBbIX ANArHOCTUYECKUX TecTax

SAnroscras Anna Epumosna'?>* ayyankov@gmail.com

Amuwaros Apmem Bauecrasosur’s yav@keva.tusur.ru
! Tonmcx, Tomexmit Locynapcersennsrit ApxurekTypro-CTPORTEIBHBIH
Yuusepcurer
2Tomck, TOMCKHil TOCYIAPCTBEHHBI YHUBEPCHTET CHCTEM
%’HpaBJIeHI/ISI ¥ Pauo03IEKTPOHUKN

Towmck, Tomckuit rocy1apCTBEHHBIA YHUBEPCUTET
4Tomex, TOMCKHIT MOJIMTEXHIYECKUH YHIUBEPCATET

TIpenaraercss uHTE/UIEKTYa bHAST CUCTEMA TOJIEPKKHA TPUHSI-
tust pemennii (C TIIIP), ocHOBaHHAS Ha WHTEJLUIEKTYAJIbHOM WH-
crpymenTasbaoM cpegacrse UMCJIOT (MC UMCJIOT) ¢ maTpud-
HBIM [PEJICTABJICHUEM JAHHBIX U 3HAHUN ¢ JODABJIEHHEM Dsija Cy-
mectBeHHbIX Mojudukanuii. IC TP npepnasHaueHa Jijist BbIsiBJIe-
HUSI PA3JIMIHOTO PO 3aKOHOMEPHOCTE Ha OCHOBE TECTOBBIX METO-
JIOB paclo3HaBanusi 00pa30B, BKJIOYas OTKA30yCTONIUBBIE TUATHO-
CTUYECKHE TECTBI; JJId MOJJICPyKKU PUHATUS U [IPUHITUS JIUATHO-
CTUYIECKUX W OPTaHU3AI[HOHHO-YIIPABIEHICCKUX PENIeHuil U uX 060c-
HOBAHUSI C UCIOJb30BAHUEM PA3BUBACMON KOTHUTUBHON KOMITOHEHTHI.
TTocpeieTBOM TPOrpaMMHBIX MOJYJIEH peain30BaH OCHOBHOM (DyHK-
nuonass UMC UMCJIOT: uMnopr pasjiMdHBIX BXOJIHBIX (POPMATOB,
[0JIb30BATE/ILCKUN UHTEP(EHC, Pl PA3IUIHBIX aJrOPUTMOB 00pa-
OOTKHU JAHHBIX, XPAHEHNE JAHHBIX, 0TOOPaYKEHUE PE3YIbTATOB, B TOM
YUCJIe € WCHOJIb30BAHUEM CPEJICTB KOTHUTUBHOM IpaduKu, IKCIOPT
pe3ynbTaToB u Ap. HecMOTpst Ha yaadHbIil BBIOOP apXUTEKTYPBI, 03~
BoJimBtreit npoayktusHO passuBaTh UVC UMCJIOL ma nporszkenun
JUINTEJILHOTO BPEMEHHU, COBPEMEHHbIE TPEeOOBaHMs K ITPOTrPAMMHBIM
cucremMaM (BO3MOXKHOCTb COBMECTHON DPaBOTBI, 3allyCK CHCTEMbI Ha
MHOXKecTBe wiardopM) u coBpemernoe paszsurue YBM (3ameenue
poCTa 9aCTOT M POCT KOJUIECTBA SJ1€P, PA3BUTHE O0JIATHBIX TEXHOJIO-
ruil) IpuBen K HeoOXOAMMOCTHU [ePeCMOTPa DAl PaHee HPUHATHIX
APXUTEKTYPHBIX PEIIEHU, 9TO U MPUBOIUTCSA B HACTOSIIEM JOKJIAJIE.

Pabora noepxana rpantom PODIU Ne 16-07-00859a.

[1] HAnwosckan A. E., Hmwanos A. B. NnreiiekTyajabHast CHUCTEMa IOJ-

JIEPZKKY IIPUHSITUS PEIIEHUI ¢ KOTHUTUBHON KOMIIOHEHTOMN, OCHOBAHHAST

HA OTKA30yCTOMYUBLIX JuArHOCTHYeCKnX Tectax // Mamunnoe oGywe-

HUEe U aHaJm3 JIaHHbIX, 2017.
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Intelligent system of decision-making support with
cognitive component based on the fault-tolerant
diagnostic tests

Yankovskaya Anna'?3*

ayyankov@gmail.com
Yamshanov Artem?« yav@keva.tusur.ru
!Tomsk, Tomsk State University of Architecture and Building
2Tomsk, Tomsk State University of Control Systems and Radioelectronics
3Tomsk, Tomsk State University

4Tomsk, Tomsk Polytechnic University

Intelligent system of decision-making support (IS DMS) based on
the intelligent instrumental software IMSLOG (IIS IMSLOG) with
matrix representation of data and knowledge and implementation of
some important modifications is proposed. Mains goals of IS DMS
are revealing of different kind of regularities based on test meth-
ods of pattern recognition, including fault-tolerant diagnostic tests;
making of diagnostic and management decisions and supporting of
decision-making process; justifications of made decisions with cogni-
tive component usage. Main functionality of IIS IMSLOG is imple-
mented as a set of the software modules: import of different input
formats; user interface; set of different algorithms for data process-
ing; data storage; visualization of results, including cognitive graphic
tools; export of results etc. IIS IMSLOG architecture allows produc-
tive development of the software for extended periods of time, but
modern requirements for software systems (collaboration work, big
number of actual platforms) and modern development of computers
(slowing of the growth of frequencies and the growth of the number
of cores) necessitate to reconsider some of architectural decisions to
future development that is described in the report.

This research is funded by RFBR, grant 16-07-00859a.
[1] Yankovskaya A., Yamshanov A. Intelligent system of decision-making

support with cognitive component based on the fault-tolerant diagnos-

tic tests // Journal of Machine Learning and Data Analysis, 2017.
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MpnbAn>XeHHbIN NOANHOMUANbLHbIA anropuTM Ans
3a[a4N OYUCTKN N pefaKTUPOBaAHUS AaHHbIX
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IIamxun Apmem Basepvesun'? artem@math.nsc.ru
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"Hosocubupcek, Uncruryr maremarukyn um. C.JI. CoGosesa CO PAH
2Hosocubupck, HoBocubupekuii rocy1apcTBeH b yHIBEPCUTET

AHam3upyoTes MaTeMaTHIeCKue acleKThl OHOM 13 (DyHIaMeH-
TAJLHBIX IIPOGJIEM AHAIU3A JAHHBIX — IIOUCKA (BBIOOPA) B COBOKYIIHO-
cru 00BEKTOB TOAMHOYKECTBA, MIOX0KNX 00beKkToB. [Ipobdiiema Bo3HT-
KaeT, B YaCTHOCTHU, B CBA3U C PeJIaKTUPOBAHUEM JIAHHBIX U UX OYUCT-
KOM OT IMOCTOPOHHUX (He TIOX0XKUX ) 9JIEMEHTOB. PaccMaTpuBaercs o/1-
Ha U3 33129, MOJIEJIUPYIOIIUX 3Ty MPO0JIeMy, & IMEHHO — 3a][a4a 0~
HUCKa B KOHEYHOM MHOXKECTBE TOYEK €BKJIMJOBAa IIPOCTPAHCTBA IOJ-
MHOXKECTBA MaKCAMAJbHON MOIHOCTH, KBaJIDATUIHBIN pPa3zdpoc To-
YeK KOTOPOI'0 OTHOCUTEJIbHO €I'0 HEM3BECTHOI'O IIEHTPOU, 18 He IIPEeBOC-
XOJIUT 33JJAHHYIO JI0JII0 OT KBaJIPATHIHOrO pa3bpoca TOUEK BXOJIHOIO
MHO2KECTBa OTHOCUTEJILHO €ro IIEHTPOU/IA.

Hoxkazano, aro 3agada NP-tpynna B cmisnom cmbicie. [Ipemnso-
JKEH TIOJIMHOMUAJIbHDLH IPUOJINZKEHHbLI aJIrOPUTM ¢ OLEHKOI 1/2 ero
TounocTu. lIpesicTaBiensbl pe3ysibTaThl YNCIEHHOIO MOJEIMPOBAHNUS,
JEMOHCTPUPYIOIIHUE PE3yJIbTATUBHOCTD aJIlOPUTMA.

[1] Ageev A. A., Kel’'manov A. V., Pyatkin A. V., Khamidullin S. A.,
Shenmaier V. V. Approximation Polynomial Algorithm for the Data
Editing and Data Cleaning Problem // Pattern Recognition and
Image Analysis, Vol. 27, Ne3. 2017. — P. 365-370.
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Approximation Polynomial Algorithm for the Data
Editing and Data Cleaning Problem

Ageev Alexander' ageev@math.nsc.ru
Kel’manov Alexander'? kelm@math.nsc.ru
Pyatkin Artem'? artem@math.nsc.ru
Khamidullin Sergey'x kham@math.nsc.ru

1 shenmaier@mail.ru

Shenmaier Viadimir
!'Novosibirsk, Sobolev Institute of Mathematics SB RAS

2Novosibirsk, Novosibirsk State University

The work considers the mathematical aspects of one of the most fun-
damental problems of data analysis: search (choice) among a collec-
tion of objects for a subset of similar ones. In particular, the problem
appears in connection with data editing and cleaning (removal of irrel-
evant (not similar) elements). We consider the model of this problem,
i.e., the problem of searching for a subset of maximal cardinality in
a finite set of points of the Euclidean space for which quadratic vari-
ation of points with respect to its unknown centroid does not exceed
a given fraction of the quadratic variation of points of the input set
with respect to its centroid.

It is proved that the problem is strongly NP-hard. A polynomial
1/2-approximation algorithm is proposed. The results of the numer-
ical simulation demonstrating the effectiveness of the algorithm are
presented.

This research is funded by RFBR, grants 15-01-00462, 15-01-
00976 and 16-07-00168, and by the grant of Presidium RAS (pro-
gram 5, project 227).

[1] Ageev A. A., Kel’manov A. V., Pyatkin A. V., Khamidullin S. A., Shen-
maier V. V. Approximation Polynomial Algorithm for the Data Editing

and Data Cleaning Problem // Pattern Recognition and Image Anal-
ysis, Vol. 27, No 3. 2017. — P. 365-370.
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3apgaun guckpeTHoi onTUuMM3auum Tuna MHOrmnx
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Jyrvanenxo Baadumup Andpeesur’x art-inf@yandex.ru

! Cumdeponons, KOV um. B. 1. Bepraackoro

st peaibHBIX CHCTEM aKTYaJIbHOI sABJIsIeTCs TPOo0/IeMa aHaIn3a
U CHHTE3a OUTUMAJIbHBIX IIOTOKOB Pa3JIMIHON IPUPOJIbI: PECYPCHBIX,
MHGOPMAIMOHHBIX U JAPYTUX. B KadecTBe MaTeMaTUIeCKUX MOJIeseit
HCIIONIB3YIOTCS CeTU — TpadOBble CTPYKTYPbl, BEPIIMHAM U IyTraMm
KOTOPBIX IMPUMNICAHBI HEKOTOPDIE BEJIUNINHBLI. BO3HUKAaeT MHOr00Opa-
31Me KJIAcCoB 3aja4 juckperHoil onruvusanun (10), Kak npasmio,
NP-nostapix. EcrecTBenuntit yaer nuundopMaliuu, CBSI3aHHON ¢ JTaHHbI-
v 3agadamu J1O, 103BoIIsieT CTPOUTh AJaropUTMbI (MPUOINKEHHbIE,
9BPUCTUYECKUE), IPUTOJIHBIE sl CJOXKHBIX 33124 OOJILIION pasMep-
HOCTH. XapPAKTEPHBIMU W TECTOBLIMU SBJIAIOTCS 3aJa9d MapIIPyTH-
3aIun, 33291 TUIAa MHOTHX KOMMHUBOSXKEpPOB. B pabore, ncrnonn3ys
3HAHNEOPUEHTUPOBAHHBIN TI0/IX0JI, MPUBEJ/IEH 0030p CYIIECTBYIONINX
pe3yiabraroB 110 3aadaMm J1O Tuna KOMMUBOsIZKEPA € OrpaHMYEeHUsI-
MU U IIOJIyYeHBbI HOBBIE IIOCTAHOBKU 33,144, IIPEIJI0KEHBI aJIIOPUTMbI
nx perrenns. [lokazano, 9To y4ueT 3HaHUII O CTPYKTYpPE CETH, IEJIAX
KOMMUBOSIZKEPOB, 3alPeTax HIPUBOAUT K JIEKOMIIO3UIMOHHBIM (KJjia-
cTepHBIM) ajropurMmaM. JlasbHeiiee pa3BuTHe CBA3BIBAETCS C 101
XOJIOM, OCHOBAHHBIM Ha HMCIIOJIb30BAHUU YIPaBJIeMbIX UHTEJJIEKTY-
AJIbHBIX areHTOB (AreHTOB-KOMMUBOSIKEPOB B UacTHOCTH). Pacemor-
PEHBI 0OODOIIMEHHBIE MHOIMOATEHTHDBIE 3aJaTl TUIA KOMMHUBOSAXKEpa, B
KOTOPBIX YUUTBHIBAIOTCS Pa3HOOOpa3HbIe 3HAHUS, WHMOPMAIUS, TaH-
HbIe HEOOXO/IMMBIE JIJIST WHTE/JIEKTYAJIHHOTO YIIPABICHUS areHTaMU,
TakK U JIOKAJbHOI'O yIIPaBJIeHUs CaMOI'o areHTa, aJrOPUTMbI JIEKOMIIO-
3UINH, KJIACTEPU3AINN, aHaIn3a U cuuTe3a cetu. lIpeaBapurenbubre
YHUCJIEHHBIE PACIETHI MOATBEPIKIAIOT HEOOXOTUMOCTD CO3MAHMIA TITH-
POKOI'0 KOMILJIEKCA aJI'OPUTMOB, YYaCTBYIONIUX B ONTUMAJIbHON KOM-
TO3UINN META3BPUCTUK U HATIOJHAIONINX CUCTEMBI yIIPABICHUSI.
[1] I'epmarnwyx M. C. Ucnonb3oBaHue JONOJHUTENbHOM nHGOPMAIMN B 38~

Jagax JUCKPETHON ONTUMU3AIMA TUIIA MHOTUX KOMMUBOszKepoB // Ta-

BpUYECKNN BEeCTHUK WHMOpPMATHKN U Maremarukn. — 2016. — Ne 4

(33). — C. 68-82.
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The problems of discrete optimization such as
Multiple Traveling Salesman Problems
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m.german4uk@yandex.ru
Kozlova Margarita' art-inf@mail.ru

Lukianenko Vladimir'x art-inf@yandex.ru

'Simferopol, V.I. Vernadsky Crimean Federal University

The problem of analysis and synthesis of optimal flows like the flow
of resources, information flow etc. have a vital importance for the real
systems. As a rule, the mathematical models are given by different
types of nets. These nets are graph structures with marked vertices
and edges. They yield a number of Discrete Optimization (DO) prob-
lems most of which are NP-complete. If the information connected
with a given DO problems is taken into account, then it is possible to
design approximate and heuristic algorithms capable to manipulate
complex large-scale data. The Multiple Traveling Salesman Problem
(MTSP) and its more generalized version the Vehicle Routing Prob-
lem (VRP) are the most typical test problems. In this work on the
base of knowledge-oriented approach, we give an overview of existing
results for discrete optimization problems such as TSP with restric-
tions, formulate new problems, and suggest algorithms to solve them.
It is shown that the knowledge consideration about the network struc-
ture, salesmen objectives, and prohibitions leads to decomposition
(cluster) algorithms. The further development is associated with the
approach based on the usage of controlled intelligent agents (in par-
ticular, salesman agents). We consider the generalized multi-agent
traveler salesmen problems taking into account a variety of knowl-
edge, information, data needed for both intelligent agents control
and local agent control, the algorithms of decomposition, clustering,
analysis and synthesis of networks. The preliminary numerical calcu-
lations confirm a necessity in a wide range of algorithms involved in
the optimal composition of met heuristics and filling control systems.
[1] Germanchuk M. Information Exploration for Discrete Optimization

Problems such as Multiple Traveling Salesman Problems // Taurida

Journal of Computer Science Theory and Mathematics. — 2016. — 4
(33). — P. 68-82.
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O peanusaynm acMMNTOTUYECKM TOYHOrO Noagxoaa K
peleHnto HEKOTOPbIX TPYAHbIX KOMOMHATOPHbIX
3apad

Tumadu Jdyapd Xatipymournosus'?
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2Hosocubupck, HoBocubupcKkmii rocy1apCTBEeHHBIH YHHBEPCHTET

B noknasne npejicraBiien psiji yCHENIHBIX PEAJTU3AIII ACUMIITOTHU-
YeCKU TOYHOI'O IIO/IXOJIa K PEIIeHUI0 HEKOTOPBIX TPYIHBIX OOJIbIle-
pa3MepHBIX 3324 KOMOMHATOPHOM ONTUMM3AINN, B KOTOPBIX aBTOD
3a MOCJIE/IHEE JIECATUIETHE TTPUHIMAJT HEIOCPEICTBEHHOE yIACTHE.

1. HoBeiit acumnrormyeckn TouHbIM ajsropur™m s Huclidean
maximum TSP.

2. m-Peripatetic Salesman Problem (m-PSP).

2.1. Euclidean maximum m-PSP.

2.2. Minimum m-PSP na HenpepbIBHBIX CIydYailHBIX BXOJAX.

2.3. Minimum m-PSP na nuckperTHbIX CirydailHBIX BXOIAX.

2.3 Random maximum m-PSP.

3. Euclidean cBsazubrit k-cbakTop MaxcumaibHOTO Beca.

4. BazBemennas 3ajada MOKpPBITHS Tpada 3aJaHHBIM THCIOM
HECMEeXKHBIX IUKJIOB (m-cycles cover problem).

4.1. Euclidean m-Cycles Cover Ha MakcumMyM.

4.2. UNI(0,1) m-Cycles Cover na MUHUMYM.

5. PanioMu3upoBaHHbIil aJropuT™ JJjId 3a/1a9i HOUCKa IIOMHO-
2KECTBa BEKTOPOB MaKCUMAaJILHOI'O BECa.

6. Muoro-nniekcHas 3a/1a49a 0 HA3HAYEHUH HA CIIy9ailHbIX BXO/IaX.

7. 3agada moucka k pebepHO-HEIepeceKaIoNImXcst OCTOBHBIX Jepe-
BBEB C IMAMETPOM, OIDAHUIEHHBIM CHU3Y.

UccnemoBanus 3amaa 1, 2.2 u 2.3 ObLIM 9aCTUIHO MTOIICPIKAHDBI
PH® (rpant mHomep 16-11-10041). VcesemoBannst oCTagbHBIX 33141
nomepkanbl PODU (npoektsr 16-07-00168 u 15-01-00976), a Takxke
rpantom [Ipesuauyma PAH (uporpamma 8, npoekr 227).

[1] Gimadi E. Implementation of Asymptotically Optimal Approach to
Solving Some Hard Combinatorial Problems // Proc. of the 8th Int.
Conf. “Optimization and Applications” (OPTIMA-2017), Petrovac,
Montenegro, Oct. 2 — Oct. 6, 2017 (accepted).
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On Asymptotically Optimal Approach to Solving
Some Hard Combinatorial Problems
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2Novosibirsk, Novosibirsk State University

The report presents certain successful examples of the implemen-
tation of an asymptotically optimal approach to the solving some
large-scale combinatorial problems in which the author has been di-
rectly involved in the past half century.

1. A new asymptotically optimal algorithm for the Euclidean max-
imum TSP.

2. m-Peripatetic Salesman Problem (m-PSP).

2.1. Euclidean maximum m-PSP.

2.2. Random minimum m-PSP with different weight functions.

2.3 Random minimum m-PSP with identical weight functions.

2.3 Random maximum m-PSP.

3. Euclidean maximum connected k-factor.

4. Covering a graph by given number of nonadjacent cycles.

4.1. Euclidean maximum m-Cycles Cover.

4.2. UNI(0,1) minimum m-Cycles Cover.

5. Efficient randomized algorithm for a vector subset problem.

6. Random multi-index Assignment Problem.

7. A minimum k-spanning trees problem with diameter bounded
from below.

The study of the problems 1, 2.2 and 2.3 was partially supported
by the Russian Science Foundation (project 16-11-10041). The study
of another problems was partially supported by the the Russian Foun-
dation for Basic Research (projects 16-07-00168 and 15-01-00976),
and the grant of Presidium of RAS (program 8, project 227).

[1] Gimadi E. Implementation of Asymptotically Optimal Approach to
Solving Some Hard Combinatorial Problems // Proc. of the 8th Int.
Conf. “Optimization and Applications” (OPTIMA-2017), Petrovac,
Montenegro, Oct. 2 — Oct. 6, 2017 (accepted).
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AnropntmM MOHOTOHM3aUUM BbIGOPKN C
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Byxba Anacmacus Buxkmoposra a__1lOmail.ru

Mocksa, Mockosckuit dusuxo-rexuandeckuii nacruryr (I'Y)

MoHOTOHHBIMI HA3BIBAIOT KJIACCU(DUKATOPDI, ABJISIONIAECS MOHO-
TOHHBIMU (DYHKIUSIME HaJ| TPOCTPAHCTBOM MPU3HAKOBBIX OMUCAHUN
00beKTOB. ZIBHBII yUIET AlpHOPHBIX MPEJIITOIOXKEHIT 0 MOHOTOHHOM
XapaKTepe 3aBUCUMOCTHU MTO3BOJISIET TOBBICUTEH OOOOIIAIOIIIO CIIOCO0-
HOCTH MOJIeJin KiaaccuuKanui. BoIbIMHCTBO METOI0B [TOCTPOECHMUSI
MOHOTOHHBIX KJIACCU(MUKATOPOB TPEOYIOT MIPEIBAPUTEIHHON MOHOTO-
Huzaruu o0ydaromeil Beioopku. MOHOTOHU3AIMS CBOJAUTCS K TIOUCKY
[IO/ITPOCTPAHCTBA MPU3HAKOB U [IOJIMHOYXKECTBA 00bEKTOB 00y Jatoriei
BBIOOPKH, MOHOTOHHBIX B 3TOM IOJIITPOCTPAHCTBE.

Ecau paccmarpuBath 3a7a4u or6opa 00bEKTOB U IPU3HAKOB T10-
CJIEJIOBATEIbHO, BOBHUKAET CJIEIYyIOmias IpobsemMa: HemHPOPMATUB-
HbIE IPU3HAKK MEMIAT OTONPATh OOBEKTHI, JIe/Iast IOYTH BCe 00bEK-
TBI 00yJaloNeit BLIOOPKN HECPABHUMBIMHE, & IIYMOBBIE OOBHEKTBI MO-
IyT He MMO3BOJIUTDH yJIAJATH HenH(MOPMATUBHBIE PU3HAKU O€3 Hapy-
IIeHUs] YCJIOBUSI MOHOTOHHOCTH.

IIpearaemplit aJropuT™M MOHOTOHU3AIUH C OJITHOBPEMEHHBIM OT-
60pOM OO'BEKTOB U TPU3HAKOB IIO3BOJISIET YACTHIHO PEIIUTDH 3Ty IPO-
6aemy. Ha kaxxmoit urepanun ajropuT™M BBIOMPAET OJHO U3 CJIEIYIO-
UX JAeHCTBUIL: YIAJIUTh OJUH U3 O0bEKTOB, YIAJUTH OJUH U3 IIPH-
3HAKOB, BEPHYTDb OJINH U3 PaHee YIaJeHHbIX O0bEKTOB, BEDHYTH OJINH
U3 paHee yJIAJeHHBIX TPU3HAKOB. BBIOOD OCYIIECTBIISIETCS UCXO/Isl U3
JKAJTHON onTuMu3anyy (OyHKIIMOHAIA MOHOTOHHOCTH BBIOOPKHU. B pa-
60Te IpeIoyKeHbl HECKOIHKO (DYHKITMOHAJIOB MOHOTOHHOCTHU BBIOOD-
KI, YIUTHIBAIOIINX €€ Pa3Mep 0 CPABHEHUIO ¢ M3HAYAJIBHOM.

DKCHePUMEHTDHI TPOBOIMJINCH HA 3a/lade JUArHOCTUKN 3ab0sIeBa-
HUIl 10 3JIeKTpOKapmorpaMme. MoHOTOHU3AIINS BBIOOPKH ITIPOU3BOJI-
JIaCh IIPEJJIOZKEHHBIM B pabore ajgropurmoMm. KadecTBo Kitaccuduka-
TOPOB, OOYUYEHHBIX Ha ITOJIYy9IE€HHOH MOJIBBIOOPKE, COMMOCTABUMO C Ka-
9ecTBOM HamboJIee yIAdHbBIX Il JAHHOM 331491 COYETAHNI AJITOPUT-
MOB 0TOOpa MPU3HAKOB, 0TOOPA 0OOHEKTOB U KJIACCU(DUKAIINAN.

[1] Byzba A. B. AnroputM MOHOTOHH3AIUM BBIGOPKH C OJHOBPEMEHHBIM

0T6opoM 06BEKTOB U Hpu3HaKoB// MamunHoe 00y YeHre U AaHAINS JaH-
HbIX, 2017.
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Monotonization algorithm with simultaneous feature
and prototype selection

Zukhba Anastasia a__l@mail.ru

Moscow, Moscow Institute of Physics and Technology (State University)

A classifier is isotonic if it is an isotonic function over the space of
feature descriptions of the objects. The explicit consideretion of a
priori assumptions about the isotonic nature of the dependence in-
creases the generalizing ability of the classification model. Most of
isotonic classifiers require preliminary monotonization of the train-
ing set. Monotonization is prototype and feature selection, aimed at
obtaining training subset that satisfies the monotonicity constraint.

If we consider the problems of prototype and feature selection sep-
arately, the following obstacle arises: non-informative features com-
plicate the prototype selection, making almost all the objects of the
training set incomparable, while noise objects can prevent removal
of non-informative features without violating the monotonicity con-
straint.

We propose the monotonization algorithm with simultaneous fea-
ture and prototype selection, which can partially solve the problem.
At each iteration, the algorithm chooses one of the following steps:
to delete one of the objects, to delete one of the features, to return
one of the previously deleted objects, to return one of the previously
deleted features. The choice is based on greedy optimization of the
monotonicity functional of the training subset. We propose several
monotonicity functionals of a training subset, that take into account
training subset size.

The experiments was performed on the problem of medical di-
agnostics using electrocardiogram. We used the algorithm proposed
in the paper to perform training set monotonization. The quality of
classifiers trained on the resulting subset is comparable to the qual-
ity of the most successful combination of feature selection, prototype
selection and classification algorithms.

[1] Zukhba A. Monotonization algorithm with simultaneous feature and

prototype selection // Journal of Machine Learning and Data Analysis,
2017.
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54 ,ZLI/ICerTHaH OIITUMU3ANUA U CJIIOZKHOCTb BBIYUCJIEHUI

O HekoTOpbIX 3agavax KaacTepusaumm

Keavmanos Aaerxcandp Bacuavesun'? kelm@math.nsc.ru
'Hosocubupcek, Uncruryr maremarukyn um. C. JI. CoGomesa CO PAH
2Hosocubupck, HoBocubupcKmii rocy1apCTBEHHBIH YHHBEPCHTET

B moxmazne maercs 0630p HeJABHUX PE3yJIbTATOB O CJIOKHOCTH W
AJITOPUTMAX C OIEHKAMU KadecTBa JJIsl CJIELYIIIX 3a/1a.

Bagaua 1. [lodmnoocecmso mouex HaubONLWET MOUHOCTIU NPU
02PAHUMEHUL HA CYMMAPHDBIT KEaIPamusHul pa3dpoc.

Bamaua 2. [loomnoorcecmeo 6exmopos HAUOOALUWLET MOUHOCTN
NPU 02PAHUYEHRUL HA HOPMUPOSAHHYIO OAUHY CYMMbL BEKTNOPOE.

Bagaua 3. Mougrocmmo-636euenias kK6a0pamusyHas 2-Kaacmepu-
3aUuA NPU 36a0AHHOM YeHmpe.

Banaua4. Bssecwennas keadpamuyunas 2-KAGCMEPUIAUUL NPU
3adanHom yenmpe.

Banmada 5. Kaacmepuzauyus no HOPMUPOSAHHOMY KPUMEPUIO
k-cpednuzx.

Bagaua 6. Kaacmepusayus no HOPMUPOBAHHOMY KPUMEPUIO
k-cpednux npu 3adarHom yermpe.

Banava 7. Kaacmepusayus no MunuMymy CyMmd, HOPMUPOGSUH-
HOT KEAIPAMOE HOPM.

Banava 8. Kaacmepuzauyus no MUHUMYMY CYMMbL KEa0pamos
HOPM.

Bagaua 9. Kaacmepusayus no MUHUMYMY CYMMBL HOPM.

Bagaua 10. [Touck nodnocaedosamenvrocmu 3a0anHoti OAUHDL.

Bamaua 11. 2-kaacmepusayus nocaedosamesbHoCmy NPy 360aH-
HOM UeHmpe.

Bagaua 12. Kaacmepusayus nocaedosamesvHocmy npu 3a0am-
HOM YeHmpe 001020 KAGCMEPA € 02PAHUMEHUAMU HA MOULHOCTIU.

Bagaua 13. Kaacmepusayus nocaedogamesvHocmy npu 3a0am-
HOM UeHmpe 001020 KAACTNEDQ.

Wcnnenosanue mpobiem 1-3, 5, 6, 10, 11, 12 momuepkano PODOU
(rpanrsr 15-01-00462, 16-07-00168). Nccnenosanue upodiem 4, 7, 9,
13 mogzieprkano PH® (rpant 16-11-10041).

[1] Kel’'manov A. On Some Euclidean Partitioning Problems: NP-Hardness
and Efficient Approximation Algorithms // Proc. of the 8th Int.
Conf. “Optimization and Applications” (OPTIMA-2017), Petrovac,
Montenegro, Oct. 2 — Oct. 6, 2017 (accepted).
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On some clustering problems

Kel’'manov Alexander'? kelm@math.nsc.ru
!'Novosibirsk, Sobolev Institute of Mathematics SB RAS
2Novosibirsk, Novosibirsk State University

In the report, we present a short survey on recent results for some

clustering problems. Below is a list of considered problems.

Problem 1. Subset of points with the largest cardinality under
constraint on the total quadratic variation.

Problem 2. Subset of vectors with the largest cardinality under
constraint on normalized length of vectors sum.

Problem 3. Cardinality-weighted variance-based 2-clustering with,
given center.

Problem 4. Weighted variance-based 2-clustering with given cen-
ter.

Problem 5. Normalized K-means clustering.

Problem 6. Normalized K-Means clustering with a given center.

Problem 7. Minimum sum of normalized squares of norms clus-
tering.

Problem 8. Minimum sum of squared norms clustering.

Problem 9. Minimum sum-of-norms clustering.

Problem 10. Finding a subsequence in a sequence.

Problem 11. Minimum sum-of-squares 2-clustering problem on
sequence with given center of one cluster.

Problem 12. Minimum sum-of-squares clustering problem on se-
quence with given center of one cluster and cluster cardinalities.

Problem 13. Minimum sum-of-squares clustering problem on se-
quence with given center of one cluster.

The study of problems 1-3, 5, 6, 10, 11 and 12 was supported
by the the Russian Foundation for Basic Research (projects 15-01-
00462, 16-31-00186, 16-07-00168), and by the Ministry of Science and
Education of the Russian Federation under the 5-100 Excellence Pro-
gramme. The study of problems 4, 7, 9 and 13 was supported by the
Russian Science Foundation (project 16-11-10041).

[1] Kel’'manov A. On Some Euclidean Partitioning Problems: NP-Hardness
and Efficient Approximation Algorithms // Proc. of the 8th Int. Conf.
“Optimization and Applications” (OPTIMA-2017), Petrovac, Mon-
tenegro, Oct. 2 — Oct. 6, 2017 (accepted).
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JdekomMmno3snuns paspekeHHblXx MaTpuL, B 3aga4ax
L,eN1I04YNCSIEHHOro NPOrpaMmMupoBaHNS

Jemmrootcnurosa dapvs Baadumuposra darabbt@gmail.com

Mocksa, Mockosckuit aBuanuonubiit uacruryr (HIY)

Pazpeskennble MATPUIBI BCTPEIAIOTCS B MHOTHX ITPHUIOKEHUIX
6ostbImuxX JaHHbIX. [[pobmeMaTuKOl TaKUX MaTPHUIL SIBJISIETCS XPaHe-
HUE, CTPYKTYPUPOBAHUE U JIEKOMIIO3UINS COOTBETCTBYIONINX 3aad.
OHUM U3 TOIXO/OB SIBJISI€TCS BBIJIEICHUE KBA3UOIOTHON CTPYKTY PhI
B MATPHUIIE, KOTOPasl yCTPOEHA CIACIYIONINM 00Pa30M: HEHYJIEBHIC KOM-
MMOHEHTHI B MATPUIIBI O0bEIMHSIOTCS B OJIOKU TaK, 9TOOBI TEPEMBITKI
MezK Ly 0JIOKaMU He ObLIN CJUIIKOM OOJIBITUMEI. DTO HO3BOJISIET JIETKO
HaXOINTDH JIEKOMITO3UIIAIO MCXOIHON 3ada9l U pa3duBaTh €€ Ha IoJ-
3aja9n coryiacHo 60kaM. llebio JaHHOTO MCCAeTOBAHUS ABJISIETCS
MOHMKEHNE Pa3MEPHOCTH MaTPHIL I 3a1a9 MEeJOINCICHHOTO IIPO-
rpaMMHUPOBAHUsI, & TaKKe M3yUIeHUe MOPsIKA PENeHus Moa3a/1ad Ha
CXOJIMOCTD JIOKAJIBHOTO SJIMMAHAIMOHHOTO asjropurma (JIDA).

CdopMyIupoBaH psij TEOPEM O BbIIEJIEHIN KBA3UOJIOUYHON CTPYK-
TYPBI B Pa3PEKEHHOI MATPUIIE, & TAKIKE O CBA3U CTEIIEHN KBA3UOJI0T-
HO# CTPYKTYpPBI U 4ucja €€ OJIOKOB B 3aBUCUMOCTU OT PA3MEPHOCTHU
MaTPHILI 1 IUCTa HEHYJIEBBIX 9JIeMEeHTOB B Heil. Paszpaborana Texuu-
Ka TMOHUKEHUsT PAa3MEePHOCTU Pa3PEeKEHHBIX MATPUIL B COOTBETCTBY-
IOMUX 337129 TEeJI0UUCIEHHOTO JTUHEHHOTO ITPOrPAMMUPOBAHUS OOJTb-
0¥ PA3MEPHOCTHU 33 CYET BBIJEJICHUs] KBA3UOJIOUHBIX CTPYKTYD U
nocsienyomieiit nx obpadborku. ChHopMUPOBaH METOJ BbIIE/IEHUS] KBa-
3UOIOYHBIX CTPYKTYP /IS PA3PEKEHHBIX MaTPHUIL, pa3pabOTaHbl 1 Pe-
AJM30BAHBI AJITOPUTMBI BBIJIEJICHUsT TAKUX CTPYKTYP. IIpoBeaensr nuc-
cJIeJIOBAHUS MOIMMPUKAINN TAKAX aJTOPUTMOB U IOJIYYIEHBI PE3YIh-
TaTHl JJIsT TATH Pa3HBIX KJIAaCCOB MaTpull. V3ydaercss mpobiema or-
TUMAJILHOI [I0C/Ie10BATE/ILHOCTH UCK/IIOUEHUsI IIepeMeHHbIX B JIDA.
Iytst aToro chopMyMpoBaH Psifl MOHATHI U JIOKA3aHbI CBONCTBA rpa-
bOBBIX CTPYKTYP, COOTBETCTBYIONMIMX IOPSIIKY PEIIECHUs MTOI3a/1a.
IIpoBesieno TecTupoBanue s PA3JIUIHBIX TTOPSIKOB UCKJIIOTCHUS
TepeMEeHHDIX.

Pabora nognepxana rparrom PODU Ne16-51-55019.

[1] Jlemmroorcnurosa J. B., Koskoe /I. B. JleKOMIIO3UIUsI B MHOIOMEDHBIX

3azadax ¢ paspexkenabiMu marpunavu // Ussectma PAH. Teopua u

Cucremsr Yupasmaenus, M., 2018, Nel.

Bcepoccniickas kougepernnus MMPO-18. Poccusi, r. Taraupor, 9—13 okrsa6pst 2017 r.



Discrete Optimization and Computational Complexity 57

Decomposition of sparse matrices in integer
programming problems

Lemtyuzhnikova Darya darabbt@gmail.com
Moskow, Moscow Aviation Institute (NRU)

Sparse matrices are found in many large data applications. The prob-
lem of such matrices is the storage, structuring and decomposition
of the corresponding tasks. One approach is to isolate a quasi-block
structure in the matrix, which is organized as follows: non-zero com-
ponents in matrices are combined into blocks so that the separators
between the blocks are not too large. This makes it easy to find the
decomposition of the original problem and break it into sub-tasks
according to the blocks. The purpose of this study is to reduce the
dimension of matrices for integer programming problems, as well as
to study the order of solving sub-problems for the convergence of the
local elimination algorithm (LEA).

A number of theorems on finding a quasi-block structure in a
sparse matrix are formulated, as well as the relation between the
degree of a quasiblock structure and the number of its blocks, de-
pending on the dimension of the matrix and the number of nonzero
elements in it. A technique for reducing the size of sparse matrices
and corresponding problems of integer linear programming of large
dimension is developed by separating quasi-block structures and their
subsequent processing. A method for isolating quasi-block structures
for sparse matrices has been developed, algorithms for isolating such
structures have been developed and implemented. Modifications of
such algorithms are investigated and results are obtained for five dif-
ferent classes of matrices. The problem of the optimal sequence of
elimination of variables in LEA is studied. For this, a number of
concepts are formulated and the properties of graph structures cor-
responding to the order of solving the subtasks are proved. Testing
for different orders of exclusion of variables was carried out.

This research is funded by RFBR, grant 16-51-55019.

[1] Lemtyuzhnikova D., Kovkov D. Decomposition in multidimensional
problems with sparse matrices // Proceedings of the Russian Academy

of Sciences. Theory and Control Systems, M., 2018, 1.
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AddekTuBHas paspewnMmocTs 0000LLEeHHOW 3aaa4n

KOMMMBOSI>XXepa B KJlaccax KBa3wu- U ncesgonnpamu-
JaNbHbIX MapLUPYTOB

Xauati Muzaua FOpvesuu'?x mkhachay@imm.uran.ru
Hesnaxuna Examepuna Jmumpuesna'?  eneznakhina@yandex.ru
!ExarepunGypr, THCTHTYT MATEMATHKN ¥ MEXAHIKH

um. H. H. Kpacosckoro YpO PAH

2Exarepunbypr, Ypanbckuii dpeaepanbHblil YHIBEPCHTET

O6obmennast 3amaua kommuBosikepa (Generalized Traveling
Salesman Problem, GTSP) sBisiercs ecrecTBEHHBIM 0000IIEHIEM
KJIaccuueckoii 3anaun kommusosizkepa (TSP), mocranoska KoTopoii
Hapsily ¢ HOJHBIM pebepro-B3BerieHHbIM rpadom G = (V, E,w) 3a-
naercs pazbuenuem V = Vi U...U V) MHOXKeCTBa ero BepinuH Ha k
kjacTepoB. Llesib 3a1a91 COCTOUT B TIOUCKE TUKJIMICCKOTO MAPIIPY-
Ta KpaTdyaillero Beca, I10CeIaloniero Kak/JAblil U3 KJIacTepoB B €JIUH-
crBenHoit Bepmuue. Usectrno, aro TSP — NP-tpyana B cuabHOM
CMBICJIE U HEANIPOKCUMEpYeMa B 00IIeli mocranoBke. B To ke Bpe-
Msl, U3BECTHBI MHOTOYUCJIEHHDBIE DE3YJIbTATHI, TOCBAIIEHHDBIE YCIIeI-
HOMY IIOMCKY ONTUMAJIbHBIX (UM CyOONTUMAJIBLHBIX) DEIeHUil Jjist
PA3JIMIHBIX MOJKIACCOB 3aa4du. Hampumep, onTUMAILHOE PEIIeHne
B KJIACCE NUPAMUIGALHDLT MAPIIPYTOB MOXKET ObITH HANJICHO 38 Bpe-
M O(n?). Beelst B paccMOTpeHme K6a3u- U nee6donupamudaivhole
mappyThl i 3agadun GTSP, Mbl mokazasim, 910 ONTHUMAJIBHBIR [-
KBa3UITAPAMUIAJIBHBIN 1 [-IICEBAONTPAMUIAIBLHBII MAPIIPYTHL B IIPO-
n3BOJIbHOI nocranoBke 3a1aun GTSP Ha n BepmuHax u k Kjiacrepax
MOTYT 6BITH TocTpoenbl 3a Bpemst O(4!n3) u O(2!k!T4n3) coorser-
crBenHo. Takum 06pa3om rmokazano, uro 3ajgada GTSP npunaexur
kiaccy FPT ornocuTebHo mapaMeTpusariuil, 3a/1aBaeMbIX STUMHA TH-
namu MapipyTos. Kpome Toro, 060cHOBaHA TOJTMHOMUAIBLHAS Pa3pe-
MIIMOCTb F€OMETPUIECKOI0 TOKIIACCA 3 Ia11, M3BECTHOTO B JINTEPA-
type kKak GTSP-GC, npousBoJ/ibHasi IIOCTAHOBKa KOTOPOI'O CTECHEHA
JIOTIOJTHUTE/ILHBIM OorpanndenueM H < 2 Ha BBICOTY PEIIeTKHU, OIpe-
JesIdIomeil KiaacTephl.

Pabora noepxana rpantom PH® Ne 14-11-00109.

[1] Xawat M. FO., Hesnazuna E./[. Paspemmmocts 0600IIEHHON 3a1a1u

KOMMUBOsAXKEPa B KJjlaCC€ KBa3u- M IICEBJAOIINPaMUIAJIBHBIX MapHIpy-

toB // Tpynpt Uncturyra maremarnku u mexanuku YpO PAH, Exa-
Tepunbypr: UMM YpO PAH, 2017. T. 23, no. 3. — C. 280—291.
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Efficient solvability of the Quasi- and
Pseudo-Pyramidal Generalized Traveling Salesman
Problem

Khachay Michael*x mkhachay@imm.uran.ru
Neznakhina Katherine™> eneznakhina@yandex.ru
!Ekaterinburg, Krasovskii Institute of Mathematics and Mechanics

UB RAS

?Ekaterinburg, Ural Federal University

The Generalized Traveling Salesman Problem (GTSP) is a natural
extension of the famous Traveling Salesman Problem (TSP), whose
instance is defined by complete edge-weighted graph G = (V, E,w)
and a partition V = V3 U. ..UV} of its nodeset to k clusters. The goal
is to find a minimum weight cyclic tour visiting each cluster once.

It is widely known that TSP is strongly NP-hard and inappro-
ximable problem in its general setting. Same time, for more narrow
subclasses of TSP, there are exist numerous results on efficient find-
ing optimal (or close suboptimal) solutions. For instance, for any
weighting function, the cheapest pyramidal tour can be found in time
O(n?).

For GTSP, we introduce quasi- and pseudo-pyramidal routes and
show that [-quasi-pyramidal and [-pseudo-pyramidal routes can be
obtained in time of O(4'n3) and O(2'k"**n3), respectively.

Thus, we show that, in the moset common setting, GTSP be-
longs to FPT class with respect to parametrizations induced by these
routes. Further, as a consequence, we prove polynomial time solvabil-
ity for one geometric subclass of the problem (in literature it is known
as GTSP in Grid Clusters or GTSP-GC), whose clusters are defined
by the unit grid in the Euclidean plane with height H < 2.

Research was supported by RSF, grant 14-11-00109.

[1] Khachai M. Yu., Neznakhina E. D. Solvability of the Generalized Trav-
eling Salesman Problem in the class of quasi- and pseudo-pyramidal
tours // Proc. of the Inst. of Math. and Mech. UrB RAS, 2017. Vol.
23, no. 3. — p.280-291 (in Russian).
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ITanxkpamos Bacuauii Cepeeesuw pankratov.vs@gmail.com

!Exarepunbypr, IHCTHTYT MATEMATHKY ¥ MEXaHUKA
um. H. H. Kpacosckoro ¥YpO PAH
2Exarepunbypr, Ypaibckuii besepasbHbIil YHIBEPCHTET

Sagaga o k-MemuaHax SBJISIETCS OAHON U3 Hambojiee U3BECTHDLIX
KOHKPEeTHU3alluil METPUYECKON 3a/1a4i KJIACTEPU3aIlU, Ubsl IIOCTAHOB-
Ka MOKeT OBITH OIICAHa, CJIe Iy IOIIM obpa3om. 15 3ajaHHO0r0 ancia
k > 1 u xoneunoit Boibopku { = (x1,...,2,) U3 METPAIECKOTO IIPO-
crpancrBa (X, p) Tpebyercs naiitu paszbuenue {1,...,n} wa k xaa-
cmepos C1, ..., Ck, yKa3zaB I j-I0 KJIACTepa yeHmp ¢; Tak, 410

k n
Z Z plxi,cj) = Zmin{p(xi, 1)y p(ziycp)} = min. (1)

j=1lieC,

IIpu mpowsBoJIbHOM 3aJaHHOM PA30UEHUN IEHTPHI KJIACTEPOB OIpe-
JeJIATOTCS OJJHO3HAYHO 10 hopMye ¢; = argmin{) & plxi,c):ce
X}, Te. ¢; coBmagaer ¢ meduanoll moaBLI6opru &; = (z;: i € C).

N3zBecTHo, 9To 3a/1a4a 0 k-Meuanax TPYIHOPEITaeMa JlayKe JIIst
eBKJINJIOBOIT MeTpuKY 1 He umeer B obuieM ciydae PTAS (upu ycio-
sun P # NP). Tem ne menee, B R? npu xaskaom dbuxcuposanaom k
3aj1a9a 00JIa/1aeT PAHIOMI3NPOBAHHON TPUOJIMAKEHHO CXeMOii ¢ TPYy-
JI0EMKOCTBIO 0(2(’“/ DR dn), a Ha BeIIECTBEHHOII NPsIMOil 3a/a9a
[TOJITMHOMMAJIBHO Pa3pelnnMa.

Hapsny ¢ adbdexruBapiME airopuT™MaMu BaXKHBIM [IPEJICTABIIsI-
ercsi 0OOCHOBAHME MapaHTUPOBAHHBIX OIMEHOK TOYHOCTH HAWJIYUIIeil
KJIACTEPU3AIINU, 3ABUCSIINX UCKIIOIUTEIbHO OT JJINHBI BBIOODKU U
4qucia KjaacTepoB. B jgaHHO# paboTe MBI ITOKAa3bIBAEM, YTO IIPOU3-
BOJIbHAsT BBIOOPKA JUIMHBEL . 13 orpeska [0, 1] mMoxer GbITh pasbura
Ha k KJIacTepoB Tak, uro 3uadenue dbyHxiuonaia (1) He mpesbicuT
0.5n/(2k — 1), npuuem jaHHAS ONEHKA SBJISETCS JTOCTHKUMOIL.

Pabora nognepxana rparrom PODU Ne16-07-00266.

[1] Khachay M., Pankratov V., and Khachay D. Attainable best guarantee
for the accuracy of k-medians clustering in [0,1] // CEUR Workshop

Proc., Aachen: RWTH, 2017.
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Attainable best accuracy guarantee for k-medians
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UB RAS
?Ekaterinburg, Ural Federal University

The k-medians problem is a famous setting of center-based cluster-
ing problems, whose instance can be defined as follows. For a given
number k > 1 and a given sample £ = (21, ..., 2,) taken from metric
space (X, p) it is required to find a partition {1,...,n} onto k clus-
ters Cy,...,Cy and, for any j-th cluster, to point out a center c¢; such
that

k
Z Z (x;,c Zmln{p iy C1)y.e oy p(iyer)} — min. (1)
j=1ieC;

i=1

For an arbitrary partition, cluster centers are defined by the formula
¢j = argmin{} ;.. p(xi,c): ¢ € X}, ie. ¢; coincides with the median
of the subsample &; = (x;: i € Cj).

The k-medians clustering problem is NP-hard even for the Eu-
clidean metric and has no PTAS (unless P = NP). Nevertheless,
in RY, for any fixed k, the problem has a randomized approxima-
tion scheme with time complexity 0(2(’“/5)0(1) -dn). Futhermore, the
problem is polynomially solvable in the real line. Besides the design of
efficient algorithms, it seems valuable to prove theoretical accuracy
bounds depending ultimately on sample length and the number of
clusters.

In this paper, we show that an arbitrary n-length sample in [0, 1]
can be partitioned into k clusters such that the value of functional
(1) does not exceed 0.5n/(2k — 1). This bound is attainable.

Research was supported by RFBR, grant 16-07-00266.

[1] Khachay M., Pankratov V., and Khachay D. Attainable best guarantee

for the accuracy of k-medians clustering in [0,1] // CEUR Workshop
Proc., Aachen: RWTH, 2017.
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3aj1ava peTPOCIEKTUBHOIO AHAJIN3a CKPBITOM JIMHAMUKHU COCTABA
nnsectunnorHoro noprdess (Dynamic Style Analysis) sakirouaercs

B OIICHUBAHUM JHEBHONU, MECAYHON MJIM KBapTaJIbHON IICIe10BaTe/ b~

HOCTHU JIOJIEBBIX PaCIpee/ieHnil 00beMa KAITNTAIA MEXKIY OOJIbITIM

qHCJIOM CEKTOPOB 9KOHOMUKH, KOTOPOE PacCMaTPUBAETCsl HHBECTUIIN-

OHHOI KoMTaHmell Kak ee raybokas Taitna. MaccuBoM MCXOTHX JTaH-

HBIX SABJISIETCA BPEMEHHON PsIJT MEPUOINIECKAX JIOXOTHOCTEN KOMIIa-

Hun (returns), 0 KOTOPBIX OHA 00SI3aHAHA OTYUTHIBATHCS, BMECTE C U3~

BECTHBIMU DsJIaMU OUPKEBBIX NHJIEKCOB — YCPEIHEHHbBIX JOXOIHOCTEH

CEKTOPOB 9KOHOMUKHU, B KOTODPbBIE MPEIIIOJJOKUTETHHO MOYXKET ObITh

Baoxken Kamuras (Returns Based Analysis). Takas 3amada copmy-

JINpOBaHa KaK 3a/1a4a OIEHUBAHUs HECTAIIMOHAPHOI perpeccuu. Juc-

JIO HJIEKCOB (PErpeccopoB) MOXKET COCTABJIATD COTHU U JIAZKE ThICAIH,

00pasysi OOJIBIION MACCUB TAHHBIX, B TO BPeMs KaK MOpPTQe/Ib TUIINY-

HOI MHBECTHUIIMOHHON KOMIIAHWUU, KaK IIPABUJIO, COJEPXKHUT Il€HHbIE

O6ymaru m3 He Oojiee, €M JECSATKA CEKTOPOB SKOHOMUKHU. B J10KJja-

JIe M3JIaraeTcsl BEPOSITHOCTHAS MOJETb JIUHAMUKHU JI0JIEBOTO COCTaBA

MHBECTHUIMOHHOI'O HOPT(deJisi, B OCHOBE KOTOPOIl JIE2KUT allpUOPHOE

HOpMaJIbHOE-TaMMa, PACIpeie/IeHrne CKPBITOIO MapKOBCKOT'O CJIydaii-

HOTO TIporiecca. AJIropuT™M 0TOOPA ¢ PEryIupPyeMOil CeJIEKTUBHOCTDIO,

UMEIONNil JINHEHHYIO BBIYUCIUTEIBHYIO CJI0YKHOCTD 110 OOIIeMy 4nc-

JIy WHJIEKCOB, HaXOJUT CPEJIM HUX aKTHUBHOE MOJIMHOYKECTBO BMECTE

CO CTENEHSIMHU BOJATUJIBHOCTU JOJIEBBIX KO3(hDUIIMEHTA BILIOTH 10

[TOJTHOWT HEM3MEHHOCTH JI0JIM MHIEKCa B ropTdele.

Pabora noepxana rpantom PODI Ne17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., at al. Methods of hyperparam-
eter estimation in time-varying regression models with application to
dynamic style analysis of investment portfolios // Lecture Notes in
Computer Science, Vol. 10358, Springer, 2017, pp. 431-450.
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Retrospective analysis of the hidden dynamics of an investment port-
folio (Dynamic Style Analysis) implies estimation of daily, monthly
or quarterly sequence of capital shares over a large number of eco-
nomic sectors, which is a secret of the investment company. The data
set to be processed is made by the time series of periodic returns
on the portfolio, which it is obliged to report daily, along with those
on known stock market indicies — averaged returns of economic sec-
tors, in which the capital may be supposedly invested (Returns Based

Analysis). This problem is formulated as that of non-stationary re-

gression estimation. The number of regressors (stock market indices)

may run into hundreds and even thousends, what turns the array of
time series into a big data set, whereas the portfolio of a typical in-
vestment company holds assets from, as a rule, not more than dozens
of economic sectors. In this paper, we propose a probabilistic model
of dynamic structure of an investment portfolio. The model is under-
lied by an a priori gamma-normal distribution of the hidden random
process. The respective regressor selection algorithm of supervised
selectivity, that has linear computational complexity with respect to
the total numer of indices, finds among them the most likely active
subset and estimates the volatlity level for the weighting factor at
each selected index, up to the full invariability of its share in the
portfolio composition.

This research is funded by RFBR, grant 17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., at al. Methods of hyperparam-
eter estimation in time-varying regression models with application to
dynamic style analysis of investment portfolios // Lecture Notes in
Computer Science, Vol. 10358, Springer, 2017, pp. 431-450.
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Baxknyo posib B 9KOHOMHYECKUX HCCJICIOBAHUSX UTDACT AHAJII3
MHOTOMEPHBIX BPEMEHHBIX PsJI0OB, KOTOPbIE HA3BIBAIOTCS ITaHEIbHbI-
vu garabivu (ITT). B [1] ¢ ucnosw3oBanneM MeTo1a ONTHMATBHBIX
JIOCTOBEPHBIX Pa30MEHN, a TAKXKe C MMOMOIIBIO CIEeNUaIbHO pa3pabdo-
TAHHBIX CIOCOOOB ytuéTa 3 PEKTOB MHOKECTBEHHOTO TECTUPOBAHMUS
OBLIN BBISBJIEHBI CYIIIECTBEHHBIE PA3JINYNs MEXK/1y I'PYIIIaMU CTPaH C
Pa3IMIHBIM UHCTATYIIMOHAJIBHBIM TUIIOM. Kak OBIIO MOKa3aHOo MO3/1-
Hee, BAXKHYIO POJIb MOU'YT WIDATh PA3JIMYUs II0 [TapaMeTrpaM IIpO-
M3BOJICTBEHHBIX (DYHKITUI, XapaKTEPU3YIONNX 3aBUCUMOCTD BBIILYCKA
MIPOAYKIINU OT 3aTPaINBAEMbIX (DAKTOPOB IIPOU3BOCTBA: TPY/IA U Ka-
nurasa. Hapsity ¢ mupoko n3BeCTHON UCXOIHOM U CBOILAIIENCS K OJ1-
HOMEpHOI perpeccun mojiesibio Kobba-lyriaca, cymecTByer 60JbIoe
KOJIMYIECTBO aJIbTEPHATUBHBIX MOJIEJIEll IPON3BOICTBEHHBIX (DYHKITHIA,
UMEIOINX, KaK MPABUJIO, DOJiee BBICOKYIO CJIOXKHOCTh, U 00Jiee BbI-
coKmil ypoBeHb napamerpusanuu. EcrecTBenno, 4ro 60siee CI0KHbIE
MOJIEJIH TO3BOJISOT JIy UIlle AIITPOKCUMUPOBATH, UTO B YCJIOBUAX OI'Da-
HUYEHHOTO Tepruoia HAOIIONCHUN TPUBOAUT K HEOOXOIMMOCTH YIETa
adbdekTa nepeodyderusa. ubIMU ctoBaMU, BOSHUKAET BOIPOC O BbI-
6ope ONTUMAIBLHOTO YPOBHSI CJIOXKHOCTH. B HacrosIiee BpeMs Cyiie-
CTBYET TIEJIbI psJi MOJIXO/I0B K OIEHKe, BKJIIoUas Kpurepuii Akanke,
Baiiecockuit mudopmanuonnsiit kpurepuit u ap. B mHacrosmeir pa-
60Te paccMATPUBAECTCS TOIXOJ, OCHOBAHHBIN HA WCIOJIH30BAHUU IT€-
PECTAHOBOYHBIX TECTOB, KAK IMO3BOJISIIONINIT OIEHUTDh UCIIO/Ib30BAHNE
JIOIIOJIHUTEJIbHO ITapaMeTpU3aIii B TEDMUHAX P-3HAYECHUIA.

Pabora nmoiepxana rpantom PODOU 17-02-00207.

[1] Kirilyuk I. L., Kuznetsova A. V., Sen’ko O. V., Morozov A. M. Method
for detecting significant patterns in panel data analysis. // Pattern

recognition and image analysis (Advances in mathematical theory and
applications), Springer, 2017. V 27, Ne 1 — P. 94-104.
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Multidimensional time series or panel data take important place in
economic researches. Method of optimal valid partitioning together
with special way of multiple testing effect correcting allow to discover
significant discrepancies between groups of countries of different insti-
tutional types. As it was shown later deviations by production func-
tions parameters between these group are also statistically significant.
Production functions relates physical output of a production pro-
cess on factors of production: capital and labour. Well known Cobb-
Douglas function may be reduced to simple regression. But variety of
alternative models with greater complexity and parametrization lev-
els exists besides. It is naturally that more complicated models allow
to achieve better approximation of data in case of limited periods due
to overfittig. So problem of optimal complexity level evaluating arises.
Today this problem may be solved with the help of several methods:
Akaike criterion, BIC and others. We discuss method based on per-
mutation tests evaluating necessity of additional parametrization in
terms of p-values.

Research was supported by RFBR, grant 17-02-00207.
[1] Kirilyuk I. L., Kuznetsova A. V., Sen’ko O. V., Morozov A. M. Method

for detecting significant patterns in panel data analysis. // Pattern

recognition and image analysis (Advances in mathematical theory and
applications), Springer, 2017. V 27, 1 — P.94-104.
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DdderTuBHasi paboTa BETPSHBIX 3JIEKTPOCTAHIUI [Ipe/IIoIaraer
ONTHUMU3ZAIIIO PEKUMOB UX PADOTHI B €JUHOI IHEPreTUIecKON CHu-
creme. [Iporaossr BEIpabOTAHHON MOITHOCTH KaXKJIOT'O BETPOre€HEpa-
TOpa MMEIOT PEIIaolee 3HAYCHNE [IPU YIIPABJICHUN IHEPIeTUIECKON
cucreMoii. BeposiTHOCTHBIE IPOTHO3BI B 9HEPIETHUKE ABJISIOTCS DOJiee
[IPE/IIIOYTUTELHBIME, YeM TOYeYHbIe IIPOrHO3bI. [lesrs BeposgTHOCTHO-
r'o NIPOrHO3UPOBAHUSA B BETPOIHEPIeTUKE 3aKJIIOYAETCS B IIPEJICKa3a-
HUU BEPOSITHOCTHOT'O PACTIPEIeIeHNnsT (ero KBAaHTHIIIelH ) BRIpabOTaHHOI
MOIITHOCTH, HOPMUPOBAHHON HA MAaKCUMAJbHYIO MOIIHOCTH CTAHIIUU.
OObsicHsONIE TEPEMEHHBIE — IIPOTHO3BI BEeTPa B BUJIE 30HAJBHON 1
MEPUINOHAJIBHON KOMIIOHEHT.

Asroput™ k OGimKaBmx cocesiell MOKa3bIBAET BBICOKYIO TOY-
HOCTb IIPU TOYEYHBIX IIPOTHO33aX MOIIHOCTEN BETPSHHBIX JIEKTPO-
CTaHII, 1 UMEET CJIEIYIONIE JOCTOMHCTBA: PE3YIbTATHI AJTOPUTMA
k 6mmkaiimmx cocesieil MOTYT OBITh MHTEPIPETUPOBAHBI IKCIEPTOM;
3HAYUMOCTD BXOJHBIX IEPEMEHHBIX MOXKET OBITH OIEHEHA €CTECCTBEH-
HBIM 00Pa30M Ha OCHOBAHUU BECOB B Mepe PaCCTOsIHUs; He Tpedyercs
MHOTOKPATHOE 00yYeHne MOJEJIH [IPU HOCTYIJIEHNN HOBBIX JAHHBIX.

Astropur™m k Grmkaiimux cocesieil ObLT aJanTUpPOBaH JJisl Periie-
HUs 33191 BEPOSITHOCTHOTO ITPOTHO3UPOBaHusi. [Iperiokennpiii aj-
TOPUTM COCTOUT M3 JBYX IIOCJIEI0BATE/IbHBIX MATOB: TIOUCK OJImKali-
X cOoceleil, OlleHKa KBaHTUIIeH paclpele/IeHus.

AJIropuT™ 1103BOJISIET OIEHUBATD BEPOSTHOCTHOE PACIIPE/ICTICHUE
HEIIOCPEJICTBEHHO II0 MCXOJHBIM JAHHBIM 0e3 KaKUX-JIHOO0 JIOIOJIHU-
TEJIBbHBIX MIPEIIOJIOKEHU, HAITPIMED, O 3aKOHE PACIPEIe/IeHAsT PO~
THO3UPYEMOIi BEJIMINHBI.

IIpeyioxennblii ajropuTM 3aHsis1 Tperbe MecTo B Global Energy
Forecasting Competition 2014.

[1] Mangalova E., Shesterneva O. K-nearest neighbors for GEFCom2014
probabilistic wind power forecasting // International Journal
of Forecasting, Elsevier, 2016. — P.1067-1073. http://wuw.
sciencedirect.com/science/article/pii/S0169207015001429.
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The effective operation of wind power plants involves the optimiza-
tion of their operating modes within the integrated energy system.
Predictions of the power production of each individual wind farm are
crucial for energy management. For this reason, a probabilistic fore-
casts are preferable to single-valued forecasts. The aim of the prob-
abilistic wind power forecasting is to forecast the probabilistic dis-
tribution (in quantiles) of the wind power generation of wind farms.
The target variable is power generation, normalized by the respective
nominal capacity. The explanatory variables are the past power mea-
surements and input weather forecasts, given as zonal and meridional
components.

The k-nearest neighbors algorithm is highly efficient for spot wind
power forecasting, and has several advantages:

— the k-nearest neighbors algorithm allows its results to be inter-
preted by experts,

— the significance of the input variables can be estimated, provided
that a weighted distance metric is used,

— mno multiple learning is needed when new data are obtained.

The k-nearest neighbors algorithm is adapted for probabilistic
forecasting. The proposed algorithm consists of two steps:

— a nearest neighbors search,
— the estimation of the quantiles.

This algorithm allows estimating the probabilistic distribution
from the available data directly, without any assumptions as to the
shape of the predictive distribution.

Based on the competition criteria, the predictive model achieved
third place in the Global Energy Forecasting Competition 2014.

[1] Mangalova E., Shesterneva O. K-nearest neighbors for GEFCom2014
probabilistic wind power forecasting // International Journal of Fore-
casting, Elsevier, 2016. — P.1067-1073. http://www.sciencedirect.
com/science/article/pii/S0169207015001429.

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017



68 AHasu3 CUTHAJIOB M BPEMEHHBIX PsIIOB

AnropuTmbl aHanu3a AMHaAMUKWU CTUAS MHBECTULNT
no 0onbWOMy 4Yncny OUpXKEBbIX UHAEKCOB

ITyzav Uava Aaexcandposur’x iliapugach@gmail.com
Mommuas Badum Bauecaasosur’ vmottlQyandex.ru
Kpacomxuna Oavza Bauecaasoena® o.v.krasotkina@yandex.ru

"Mocksa, Mockosckuii busnko-rexnmaeckuii uncturyr (I'Y)
*Mocksa, MoCKOBCKHiT TOCYIapCTEEHHbIIl yHHBEPCHTET
nM. M. B. Jlomonocosa

Jlunamuka JHEBHOI'O, MECSYHOIO WUJIM KBapTaJbHOI'O JI0JIEBOI'O
pachpeie/ieHnsl KAIUTAJIa, BJIOXKEHHOTO B MOPTQeh WHBECTUINOH-
HOTO (DOH[IA, IPUHIIUIINAIHLHO HHTEPECHA MHBECTOPAM, ABJISSChH, B TO
2Ke BpeMs, mipodeccnoHa bHON Taiinoit houga. s mabioaenns 1o-
CTYIIEH JIAIIb BPEMEHHON Psiji MEePUOIMIECKUX JIOXOIHOCTEH (DoHIa
(returns), o KOTOPBIX OH OOA3aHAH OTYUTHLIBATLCH. 3aJada IIOCTPO-
€HUSI PeTPOCIIEKTUBOM MOJIeNIN JUHAMUKH paclpejle/leHns] KalluTaJla
(cTuiist MHBeCTHUIUIT) HA OCHOBE aHAJIU3a ITONO0 BPEMEHOI'O Psiia COB-
MECTHOT'O C W3BECTHBIMU PsiJIaMU OUPKEBBIX UHIEKCOB, T.€. yCPEII-
HEHHBIX JI0XO/IHOCTEll CEKTOPOB SKOHOMUKHU, B KOTOPbIE MOYKET ObITh
BJIOZKEH KAITUTAJI, TOJIyIMIa B MUPOBOI TnTepaType HazBanne Return
Based Dynamic Style Analysis (RBDSA). Dra 3amaua pernaercs Ha-
MU KakK 33Ja4a OLlCHUBaHUdA JIMHENHON HecTallMOHapHOII perpecCuoH-
HOU MOJIEJTM BPEMEHHOTO DA JTOXOTHOCTEH aHAJIM3UPYEMOro MOPT-
desist, B KOTOPOil B POJI MHOXKECTBA PErPECCOPOB BBICTYIIAET UCXOJI-
Hasg COBOKYIIHOCTb BPEMEHHBIX DPsAJIOB OMPIKEBBIX HHIEKCOB, UHCJIO
KOTOPBIX MOXKET UCUUCIATHCA COTHAMH U JlaKe ThICAYaMu, 00pa3ys
6osibIoi MaccuB Jannbix. Harma nporenypa RBDSA umeer snneii-
HYIO BBIUNCJUTENBHYIO CJI0ZKHOCTD 110 YUCJIY OMPXKEBBIX MHJIEKCOB, B
TO BpeMsl KaK TPaJIUIIMOHHBI I10JX0/] K 3a/lave PEIrPECCHOHHOI0 aHa-
Jin3a TPUBOAUT K KyOWYIHOHW BBIYUCUTEIBHON CJIOXKHOCTH 10 STOM
xapakTepuctuke maccusa. [Iporesaypa mormyckaer orpaHuyeHue Ha
HEOTPUIATETBHOCTD JUHAMUYECKUX KOI(DDUIINEHTOB PErPECCUH, UTO
orpazkaer crenuduKy aHaIn3a HaeBbIX (IIEHCUOHHBIX) (DOHIOB, B KO-
TOPBIX 3alIPEIIEHO XePKUPOBaHUe, T.€. 3alMCTBOBAHIE BHEIIIHEI'O Ka-
ATAJIA.

Pabora nognepxana rparrom PODU Ne17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., at al. Methods of hyperparam-
eter estimation in time-varying regression models with application to
dynamic style analysis of investment portfolios // Lecture Notes in
Computer Science, Vol. 10358, Springer, 2017, pp. 431-450.
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The dynamics of daily, monthly or quarterly sequence of capital
shares over a large number of economic sectors, in which the cap-
ital of an investment fund can be placed, is extremely interesting to
investors, being, at the same time, a secret of the investment com-
pany. What is available for observation, is only the time series of the
fund’s periodic returns, which it is obliged to report. The problem
of building a retrospective dynamic model of capital sharing (Style
Analysis) as result of processing this time series along with those of
known returns on the stock market indicies, i.e., averaged returns of
economic sectors, in which the capital may supposedly be invested,
is named in the literature as Return Based Dynamic Style Analysis

(RBDSA). We solve this problem as that of estimating the linear non-

stationary regression model of the time series of periodic returns on

the portfolio under analysis. In this model, the set of regressors is the
entire collection of stock market indices, which can count up to hun-
dreds and even thousands of indices, and make, thus, a big data set.

Our RBDSA procedure has linear computational complexity with re-

spect to the number of stock market indices, whereas the traditional

approach to regression analysis results in cubic computational com-
plexity. The procedure allows for the restriction on non-negativity
for dynamic regression coefficients. The latter possibility correspond
with the specificity of the analysis of mutual (pension) funds, for
which hedging, i.e. use of borrowed capital, is prohibited.

This research is funded by RFBR, grant 17-07-00993.

[1] Krasotkina O., Mottl V., Markow M., at al. Methods of hyperparam-
eter estimation in time-varying regression models with application to
dynamic style analysis of investment portfolios // Lecture Notes in
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Pemraercs 3amata BbIOOpa ONTUMAIBHON MOIEIN KPATKOCPOTHOTO
MMPOTHO3UPOBAHUST 00BEMOB KEJIE3HOTOPOXKHBIX TIEPEBO30K IO MCTO-
PUYECKUM U 9K30T€HHBIM BPEMEHHBIM psijiaM. VcTopuieckue JTaHHbIe
comepkar wHpOpMANUIO 00 06beMax MEPEBO30K PA3TUIHLIX THUIIOB
rpy30oB Mex1y mapamu crannumit. [Ipesamosaraercs, 9To pe3yabTar
BBIOOpA ONTHUMAJILHONW MOJEIN 3aBUCHT OT YPOBHS arpernpOBAHUA
10 TUIIAM I'PY30B, IIyHKTAM OTIIPABJICHUs] U HA3HAYEHUsI U 110 BpeMe-
HU. PaccMoTpeHbl MO/ BEKTOPHOM aBTOPETrPECCUU, MHTETPUPOBAH-
Hasl MOJIe/Ib aBTOPErPECCHOHHOIO CKOJIB3AIIErO CPEJTHETO M Helapa-
MeTpuYecKkas MOJIe/Ib THCTOTPAMMHOTO TpOoTrHO3upoBanus. 1Ipemio-
JKEHbI KPUTEPUU CPABHEHUsI IPOTHO30B HA OCHOBE PACCTOSTHUI MEXK-
JIy OIHOKAMIY IIPOTHO30B Mojie e, JIamibie KpUTepun UCIOIb3yI0TCS
JJTsl aHAJIM3a MOJIesIeil ¢ TeJIbI0 OIpeJIe/IeHUs] JTONMYCTUMBIX 3aIIPOCOB
Ha TPOTHO3, B TOM 4ncyie (haKTUIECKON MTyOMHBI ITPOrHO3UPOBAHNUS.

Uccnemosanue nommepxkano rpantamMu POOIU Ne17-20-01212 u
17-20-01184.

[1] Pydaxos K.B., Cmpuoicos B.B., Kawupun /[.0., Kysneyos M.II.,
Mompenxo A.Il., Cmenuna M.M. Boibop onTuMabHON MOIEIU TPO-
PHO3UPOBAaHHUs OOBLEMOB I'PY30BBIX JKEJIE3HOJOPOXKHBIX IIEPEBO30K //
Apromaruka u resemexanuka. 2017, 1. C. 91-105.
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On selecting the optimal forecasting model for railway
freight transportation demand
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'Moscow, Federal Research Center “Computer Science and Control”

of RAS

2Moscow, Moscow Institute of Physics and Technology (State University)
3Moscow, Institute of Economics and Transport Development

We address the problem of optimal model selection for short-term

rail freight transportation forecast. The forecast is based on histor-

ical time series as well as on exogenous time series used a source
of additional information. Historical data contain information about
transportation volumes for various freight types between pairs of sta-
tions. We argue that the result of model selection depends on level of
data aggregation by freight types, destination and origin stations, and
on the choice of time scale. We consider vector autoregression model,
integrated autoregressive moving average model and a nonparamet-
ric model of histogram forecasting. We propose several criteria for
model comparison, based on the distance between errors made by
forecasting models. The purpose of these criteria is to provide plat-
form for comprehensive analysis of forecasting models. This includes
validation of forecasting parameters and time-frame.

This work was supported by the Russian Foundation for Basic

Research, awards 17-20-01212 and 17-20-01184.

[1] Rudakov K.V,  Strizhov V. V.,  Kashirin D. O.,  Kuznetsov M. P.,
Motrenko A. P., Stenina M. M. Selecting an Optimal Model for Fore-
casting the Volumes of Railway Goods Transportation // Automation
and Remote Control, 2017, Vol. 78, No. 1, 74-87.
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06 naeHTndnkaunm cTaTUCTUYECKOn Mmoaenmn

TPAHCNOPTHbIX NOTOKOB C UCMNOJIb30BAHWEM rpynn
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1,2

Cmapootcuney, Becesonod Muxatinosuyw “x starvsevol@gmail.com

1,2

Yexosuw IOputi Bukmoposu chehovich@forecsys.ru

Mocksa, Berauciurenpusiii nearp uM. A. A. JTopoqauIpHa
OUIL 1Y PAH

*Mocxknra, Mockosckwuii buznko-rexnuteckuit uncruryt (I'Y)

B pabore mpemiaraeTcs craTHCTHIECKAs MOJETb TPAHCIOPTHBIX
IIOTOKOB JIJIST MOJIEJIMPOBAHUS JIBUXKEHUS TPAHCIIOPTHBIX CPEJICTB HA
aBTOMATUCTPAJIIX HACHTUPUINPYEMasl Ha JAHHBIX U3 TeTEPOreHHbBIX
UCTOIHUKOB. MoJiesib CUMY/IUpyeT JABUKEHUE T'PYIIT TPAHCIOPTHBIX
CPEJICTB TI0 MATUCTPAJIHU C UCIOJIb30BaHNEM (DyHIAMEHTAILHON Tra-
rpaMMbl Ha BBIOPAHHOM yYIACTKE aBTOIOPOTH JJIsT paciera CKOPOCTH
rpymmsl. Kpureprem KadecTBa BhIOpaHa CpeTHeKBaIpaTHIHAT OTITHO-
Ka MEXKJIy MpeJICKa3aHHBIM YUCJIOM ITPOEXABIINX aBTOTPAHCIOPTHBIX
CPEJICTB U UX PeAJIbHBIM YUCJIOM.

IIpoBomdTCST TPU BBIYUCIUTETLHBIX IKCIIEPUMEHTA, JIJIsT TIO/ITBEP-
KJIeHUsT PabOTOCIIOCOOHOCTH MOJIEIH, & TAKZKe aHAIM3a €€ TIOBeIeHUS
IIPU MOJICTUPOBAHUU CUTYAIIUH TIEPEKPBITUs OJHON U3 TIOJIOC aBTOMa~
ructTpaJii. B mepBoM u BTOPOM 3KCIIEPUMEHTE pacCMaTPpUBAETCS yUa-
crok MKAJI 6e3 Bbe370B U Cbe3/I0B B HaYaJje U B KOHIE KOTOPOI'O
YCTAHOBJIEHBI JOPOYKHBIE JATINKH. B IIepBOM 9KCIIEpUMEHTE ¢ TTOMO-
MbI0 MOJIEN U UH(MOPMAIUU O UNC/TI€ BHLEXaBIINX HA YIaCTOK aB-
TOMOOMIJIEH OMPEIeSIeTCsT TUCI0 CHEXaBIINX TPAHCIIOPTHLIX CPEICTB
U CPAaBHUBAETCA C 3HAYCHUEM, 3a(PUKCHPOBAHHBIM JTOPOKHBIMI JTaT-
qukaMu. Bo BTOpOM 3KCIIEpUMEHTE IIPOBEPSAETCs aJIEKBATHOCTD TTOBE-
JIEHUS MOJIEJIM B CUTYAITUU NEPEKPBITUS OJTHOIN M3 IOJIOC HA Che3Je
C y4JacTKa aBTOJIOPOTH, OJIHAKO PEeaJbHBIX JIAHHBIX JIJIsI TAKOTO CJIy-
qas y Hac HeT. T'perunit 9KCIIepuMeHT IMPOBOJUTCS HA JIAHHBIX BHUIIEO-
ChEMKHU Ha, y9aCTKe aBTOMArMCTPAJJIU B Ha4aje W B KOHIIE KOTOPOTO
YCTAHOBJIEHBI CBETO(MOPHI.

[1] Cmapoosrcuney B. M., Yexosuyu FO. B. O6 unentudukanyum craTucTHIe-

CKOI MOJIEJIN TPAHCIIOPTHBIX IIOTOKOB C Mcnosb3oBanneM rpynn ATC //

Marmumaoe obydenne u aHaan3 Janubix, 2017.
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About identification of a statistical model of traffic
flows using vehicle groups
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2Moscow, Moscow Institute of Physics and Technology (State University)

In this paper we propose a statistical model of traffic flows for mod-
eling speed and number of cars on highways identified on data from
heterogeneous sources. The model simulates movement of car groups
along the highway using fundamental diagrams for road segments to
calculate the car groups speed. The criterion of quality is the root-
mean-square error between the predicted number of passed vehicles
and the actual number of vehicles.

We provide computational experiments to confirm the adequate
of the model, as well as analyzing its behavior in situation of blocking
one of the lanes of the highway. In the first and second experiments
we consider Moscow Circular Automobile Road segment without en-
trances and exits. Traffic detectors are located at the beginning and
at the end of segment. In the first experiment, using the model and
information on the number of vehicles entering the segment, the num-
ber of vehicles that have moved out is determined and compared with
the value recorded by the traffic detectors. In the second experiment,
the adequacy of the model’s behavior in the situation of blocking one
of the lanes at the end of road segment is checked, but we do not
have real data for this case. The third experiment is carried out on
the video data on the section of the motorway, where traffic lights
located at the beginning and at the end of segment.

[1] Starozhilets V., Chehovich Yu. About identification of a statistical
model of traffic flows using vehicle groups // Journal of Machine Learn-

ing and Data Analysis, 2017.
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Mouck nnasHO MeHALWNXCcA 33KOHOMepHOCTel7I Ha
PblHKE HeABUXUNMOCTU
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"Mocksa, CAC UucTuryT
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marina_petrova@mail.ru

yuuepcuter «MUDIU»

Crapryiomass B MockBe mporpaMMa PEHOBAIUH Kb JEJIAeT
KpaiiHe akTyaJIbHON 3a/1a4y Olpe/Ie/ICHUd NWHBECTUIIMOHHON IIpUBJIC-
KaTeJIbHOCTH TPOEKTOB 3aCTPOMKN B Pa3/JIMIHBIX paitonax MOCKBBHI.
OpHNM U3 KJIFOYEBBIX KOMIIOHEHTOB STOH 3a/1a9u SBJISIETCS OIIPE/Ie-
JIEHWEe CTOUMOCTHU KBapPTHUPHI IO psily mpu3Hakos. [Ipu sTom npusna-
KU MOI'YT KaK OIHCBHIBATH KOHKPETHBI 00beKT (HAIIpUMED, MJI0IIA/IH
KBAPTUPBI, 3TaK, MO MOCTPONKY U T.JI.), TAK U COCTOSIHAE SKOHOMU-
ku (puuamuka BBII, yposenb 6e3paboTuiipl, KypChbl BaJIOT U T.JI.) Ha
MOMEHT CJEJKHU 1O MPOJazKe YKIJIbS.

Hanmmawme 3aBucmMOCTH OT BpeMeHU TO3BOJISET MPUMEHITDH JIJIst
JAHHON 3aJ1la4l aJI'OPUTM IIOMCKa IIJIABHO MEHSIOIINXCS 3aKOHOMED-
HocTel, pa3zpabaTbiBaeMbIil aBTopamMu. B paboTe BBOAUTCS TOHATHE
3aKOHOMEPHOCTH U MePBI CXOJCTBA 3aKOHOMEDPHOCTEH, BBISIBJISIOTCS
3aKOHOMEPHOCTH ILTABHO MEHSIONINECs] ¢ Te€IeHNeM BPEMEHH.

DKCIIEPUMEHTHI B pA0OTE IPOBOISITCS HA PEATBbHBIX JTAHHBIX O CTO-
umocTu Kuabsd B Mockse B epuo ¢ 2011 mo 2015 rojwl, npegocras-
JIEHHBIX. B X0/1e 9KCIIepIMEeHTOB Ha PeasbHbIX JIAHHBIX BbIsABJIEHBI KAK
YHUBePCAJIbHbIE 3aKOHOMEDHOCTH, He 3aBUCSIIIE OT COCTOSHUS KO-
HOMUKW, TaK U 3aKOHOMEPHOCTH, Ha KOTOPbIE MAKPOIKOHOMUIECKUE
MIPU3HAKA OKA3BIBAIOT CYIIECTBEHHOE BJIMSHUE.

Pabora nognepxana rparrom PODU Ne16-07-01156.

[1] @uaunenxos H. B. Tlonck NMIaBHO MEHSIIOIIMXCS 3aKOHOMEPHOCTEH Ha

pblHKe HeABmxkumoctn // Mammuzoe ofyueHMe M aHAIM3 JIAHHBIX,
2017.
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Mining Slightly Changing Patterns on the Housing
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House renovation program is starting in Moscow. This makes ex-
tremely important the estimation of the profitability of construction
projects in the various Moscow districts. One of the key components
of this task is the property price estimation by various features. The
features may describe the property (square meters, floor, date of con-
struction etc.) or the state of economy at the moment of the property
purchase (GDP, unemployment rate, currency exchange rates etc.)
Since there is a time dependency one could apply for this task the
slightly changing patterns mining algorithm, which is being developed
by the authors. In this paper the pattern and the pattern similarity
measure are introduced. The slightly changing patterns are mined.
The experiments were performed on the real property price data in
Moscow during the period from 2011 to 2015. During the experiments
on the real data there the universal patterns were mined that are not
dependent on the economy state. There were also mined the patterns
that are significantly dependent on the macroeconomic conditions.
This research is funded by RFBR, grant 16-07-01156.
[1] Filipenkov N. Mining Slightly Changing Patterns on the Housing Mar-
ket // Journal of Machine Learning and Data Analysis, 2017.
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Mcnonb3oBaHne metogos obpaboTku KOCMUYECKUX
n300pa>keHunii A1 OLEHKN COCTOSAHUS
pekpeauMoHHOl 30HbI TaraHporckoro 3anvsa

1,2

Apzxunosa Oavea EezenvesHna arkhipova@sfedu.ru
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B xome Boimosnenns: paboThbl OBLT MTPOBEIEH TPOCTPAHCTBEHHDIH
aHaJIN3 PA3HOBPEMEHHBIX MYJIBTUCIECKTPAIBHBIX KOCMAIECKIX CHUM-
KOB 0eperoBoii 30ubl TaraHpoTrCKOTo 3aJiMBa, MEPUOJ, UCCIIEIOBAHUS
2006-2016 rr. st 06paboTKy MyIBTUCIIEKTPAIBHBIX JAHHBIX [TPUMe-
Hsicst MeTo Kiaccudukanuu [1] ¢ obyueHneM n MeTO| OTHOKAHAI b
HOrO OOHApY2KeHusT m3Menenuit. MeToj1 nHTepakTuBHON Kjaccudu-
Kaluu ¢ 00yYeHreM IIPeIIoJaraeT, 9YTo CTATUCTUYECKHEe TaHHbIe JIJIs
KaXKJIOro KJIacca B KayKJIOM KaHaJjie HOPMAaJbHO PACIPE/IEICHBI, Bb-
YUCJISIETCS BEPOSTHOCTD, UTO KaXKJbIi ITUKCEIb IPUHAJICXKUT OIIpe-
JleJIeHHOMY KJtaccy. Bpibop Kjracca OCyIecTB/IsiyiCs BpydHyo. s
OIIpeieJIeHNs STAJIOHHBIX yYACTKOB, CPABHUTEJIHLHO HEDOJIBINON 011~
HaKOBBIIl y4aCTOK MECTHOCTH Ha BCEX CHUMKAX COIIOCTABJIAETCS C aHa-
JIOTHIHBIM eMy (bparMeHTOM Ha Tornorpadudaeckoit kapre. Ctanmapr-
HbIE AJITOPUTMbI OJHOKAHAJBHOIO OOHADYKEHUS M3MEHEHU 3aKJIIO-
9ajICh B BBIYUTAHUN sIDKOCTEH OJHOTO CHUMKA U3 sIPDKOCTEN JIpyro-
ro [1], 6o meneHnm spKOCTE OJHOTO CHUMKA HA SIPKOCTH JIPYTO-
ro. IIpu ucnosib30BaHUU MeTOJIa I'JIABHBIX KOMIIOHEHT OIIEHUBAJIACH
«TUIUIHOCTh» W3MEHEHUs sIPKOCTell, a B KadeCTBe MepPbl OTKJIOHE-
HUsI OT «TUIAIHOCTU» WCIIOJB3yEeTCs BTOpas IJIaBHAsI KOMIIOHEHTA,
oproroHajibHas mepsoii. [locTrimaccudukanmonnas 06paboTka u 06-
Hapy2KeHne U3MEHEHUl IIyTeM COCTAaBJIEHUsl CTATUCTUKUA U pacdeTa
KapThl PA3JINYUil IOKa3aJI1, YTO OTMEYAIOTCs U3MEHEHUs ILIOIIa el
BCeX BBIJEJIAEMbBIX KJIACCOB OOBEKTOB, YTO CBA3aHO KaK C aKTHUBHOM
XO3AUCTBEHHON JI€ATEIbHOCTHIO, TAK U C OCOOEHHOCTHIO reoMOpP(OJIO-
Iy paiiona.

[1] Apzunosa O. E. Kawaauna H. A. OneHka 3aCOPEHHOCTH AHTPOIIOTEH-
HBIX (PUTOIEHO30B Ha OCHOBE JAHHBIX JUCTAHIIMOHHOIO 30HIMPOBAHUS
semutn (Ha mpuMepe AMOGpo3uM moJsibIHHOMUCTHOI) MccnenoBanue 3em-
sm u3 Kocmoca, MockBa: UsmarensctBo Hayxka, 2014. 6 C. 15-34.
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Space-imaging techniques to assess the status of a
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In the course of the work, spatial analysis of multispectral Land-
sat data of the coastal zone of the Taganrog Bay was carried out,
the study period is 2006-2016. For the processing of space images,
the method of classification with training and the method of single-
channel detection of changes were applied.The Interactive Supervised
Classification method assumes that the statistics for each class in each
channel are normally distributed, the probability that each pixel be-
longs to a particular class is calculated. For the definition of reference
areas, a comparatively small identical area of the terrain in all images
is compared with a similar fragment on the topographic map. Stan-
dard algorithms for single-channel detection of changes consisted in
subtracting the brightness of one image from the brightness of an-
other, or dividing the brightness of one picture by the brightness of
the other. When using the principal component method, the ”typi-
cal”brightness variation was evaluated, and as a measure of deviation
from ”typicality” the second main component orthogonal to the first
one is used. Post classification processing and detection of changes by
compiling statistics and calculating a map of differences showed that
changes in the areas of all allocated classes of objects are recorded, re-
lated both to economic activity and the feature of the geomorphology
of the area.

[1] Arkhipova O.E. Kachalina N. A. Assessment of the weediness of an-
thropogenic phytocenoses based on remote sensing data of the earth
(on the example of Ambrésia artemisiifélia) The study of the Earth
from space, Moscow: Nauka, 2014. 6 p. 15-34.
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MpeactaBneHne GonbWNX AaHHbIX B 3aga4vax
NoAAEPXXKU NPUHATUS pelleHnii no obecneyeHuno
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IIpu paspaborke crparTeruu CONUAIHHO-IKOHOMUYECKOTO DPA3BU-
THs [0KHOT'O DErvoOHa BeEJIETCs paboTa IO ONEHKE PA3JINIHBIX CIe-
HapHUeB PAa3BUTHUsl PETMOHOB U CBSI3aHHOTO C STHUM WUCIOJIH30BAHUS
[IPUPOTHO-PECY PCHOTO TOTEHIHAIA. J[JIsT BBITIOJIHEHUST TOCTABICHHON
3a/1a91 OCYIIECTBIISIETCS pa3pabOTKa METOI0OB IIOCTPOEHUS U OIEHU-
BaHUs CIIEHAPUEB UCIOJIB30BAHUST IPUPOJIHBIX PECYPCOB C IIPUMEHEe-
HUEM COBPEMEHHBIX MeT0/10B 00paboTku nHdopmanuu. O HIM U3 Ta-
KAX METOJOB SIBJISETCsI MOCTPOEHUE TeOMHMOPMAIMOHHON MOIEIH.
Bosbmioit 06bem uctosb3yemoit nHGOPMAINN TO3BOJISIET TOJIYIUTh
6oJtee TOYHBIE MaHHBIE, OJHAKO UMEHHO TeONH(MOPMAIIMOHHAS MOJIE/Th
[IPEBPAIIAET CJIOYKHBI IPOIECC OMEHKHU JIAHHBIX B HATVISIHBINA 11PO-
necc mpuHATus pernrennii. B xome nccnemoBanus pazpaborana reonH-
dopmaInmonHasi MOJIeNb JIJIs OIEHKH IPUPOTHO-PECYPCHOTO TOTEHIH-
aJia, PErmoHa, MOUCKa (PYHKIINOHAIBHBIX U JIOTHIECKUX 3aKOHOMEPHO-
cTeil B HAKOIUIEHHBIX JAHHBIX, TOCTPOEHBI MOJE/IN U IIPABUJIA, KOTO-
pble OOBICHSIOT HailleHHbIe 3aKOHOMEPHOCTU. B 3Tnx paspaboTkax
HAXOJIAT IIPUMEHEHNEe MEeTO/IbI PACIIO3HABAHUST 00PA30B, KaccuduKa-
[IUU ¥ KJacTepu3anuu. B J0K/Ia/e pacCCMaTPUBAIOTCST METO/IbI, OCHO-
BAHHBIE HA CIIEKTPAJIbHBIX XaPAKTEPUCTUKAX MYIbTUBPEMEHHBIX KOM-
[TO3UTOB KOCMOCHUMEKOB, ITIOCTPOEHNE KAPT HA OCHOBE OOJIBIIIOTO MaC-
CHBa JAHHBIX, HAIIEIIINE IPUMEHEHNE [P PEIeHUN 3aa1 aHAJII3a
CTPYKTYPBI 36MJICTIOIb30BAHUS, HICHTU(MUKAINN U OINEHKH KOJIOTH-
YeCKOTO COCTOSIHUSI TEPPUTOPUIL, OTIEHKU CTEIIeHU APUTHOCTUA TE€PPH-
TOPHUU, CTEIEHN TeXHOTEHHON HATPY3KU Ha MPUPOTHYIO CPELY.

[1] Cypros @. A. Apxunosa O. E. MaremaTnvaecKnii MHCTPYMEHTAPWH, H-
(i)OpMaLLI/IOHHbIe TEeXHOJIOTUU U KOMIIBIOTEPHBIE IIPOI'PaMMBbl JIJIsA IO/~
JEPKKU TIPUHATHAS PENIeHN 0 00ECIeYeHUIO YCTONINBOrO PA3BUTHS
pernona// DKOJOrHIECKas CTPATETUS PA3BUTHS MPHOPEXKHBIX DETHO-

HOB: reorpagusi, OKpyzKkaromias cpejia, HacesaeHue., Pocros-na-/lony:
TOHII PAH, 2015. — C. 187-197.
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Representation of large data in problems of decision
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In the Southern and North Caucasus federal districts, when develop-
ing a strategy for social and economic development, work is underway
to create tools for assessing various scenarios for the development of
regions and the associated use natural resource potential, the state of
ecological comfort of the region. To accomplish this task, we develop
methods for constructing and evaluating scenarios for the use of nat-
ural resources using modern information processing methods. One of
these methods is the construction of a geoinformation model(GIS) of
the process. The large amount of information used allows obtaining
more accurate data, but it is the geoinformation model(GIS) trans-
forms the complex process of evaluating data into a visual decision-
making process. In the course of the research, a geoinformation model
was developed to assess the region’s natural and resource potential,
assess the impact of economic activity in the region on the state of
natural resources. In these developments, methods of pattern recog-
nition, classification and clustering, and methods of the construction
of maps based on the big data are used. The report examines the
tasks and methods that have found application in solving the follow-
ing problems,analysis of the structure of land use based on satellite
images,identification and assessment of the ecological state of terri-
tories;estimates of the degree of aridity of the territory, assessing the
degree of man-caused environmental stress, using indices based on
the spectral characteristics of multivariate composites
[1] Surkov F. A. Arkhipova O. E. Mathematical tools, information tech-
nologies and computer programs to support decision-making for sus-
tainable development of the region. Ecological strategy for the develop-
ment of coastal regions: geography, environment, population. Medico-

ecological and socio-economic problems of coastal regions. 1(1):187—
197.
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!Tyna, Tyabckuii rocyIApCTBEHHBIH YHIBEPCHTET

B GospmuaCcTBE padoT 10 anan3y n300paXKeHuil, NCIOIb3YOIIX
rpacoBbIe MOJIe/IH, B KadecTBe rpada CMEeKHOCTU JIEMEHTOB Pac-
CMATPHUBAETCS Y€THIPEXCBSI3HAS [IPSIMOYTOJIbHAS pereTka. KiankoBoe
9UCII0 TTOA06HOrO rpada paBHO JABYM U ONTHUMHU3AIMOHHAS 3a/atda,
BOBHUKAIOIIAS [IPU UCIIOJIb30BAHUU 0aileCOBCKOTO TOIX0a U OIEHKU
MAaKCHMyMa allOCTEPUOPHOI BEPOATHOCTH, SIBJISI€TCS 3aa4eil mapHO-
cemapabesibHO# onTuMu3ary. Ho orcyTeTBHE yuera IuaroHabHbIX
CBsA3ell MEXKJIy COCEHUME MUKCEJISIMHI TPUBOIUT K CHUZKEHHUIO TOY-
Hoctu 0O6paboTku. B TO 2Ke BpeMms, IpsaMOe UCIOIb30BAHNE BOCHMIU-
CBSI3HOTO rpada CMEXKHOCTHU C JIMArOHAJIBHBIMU CBA3sIMU IIPUBOJIAT K
PE3KOMY YBEJIMYICHUIO BBIYUCIATETHLHON CJI0KHOCTH 33 IaTH.

Ipeaaraemoe B pamkax paborsl [1] pacimupenne pazpaboranHoi
paHee raMMa-HOPMAaJILHON MOJIEIN U CIIOCOHA AITPOKCHMAITITH PEIeT-
YaTBIX TPa(OB CMEKHOCTH TIO3BOJISIET JIJIsI YIeTa JUATOHAJIBHBIX CBSI-
3eil MeXKIy JIeMEeHTaMU N300pakeHns HaXOAUTh KOMOMHUPOBAHHBIE
OIEHKM CKPBITOTO IOJIs IO JIEBOIUATOHAJIBHBIM rpadam, B KOTOPBIX
BCE CBS3M B CTOJIOIAX, KPOME OJHOIO, PA30PBAHBI U II0 IIPABOIUA-
TOHAJIBHBIM Tpadam, B KOTOPBIX BCE CBIA3M B CTPOKAX, KPOME OJIHOI,
pasopBanbl. BeraucaurenbHast CJI0KHOCTD aJITOPUTMA [P STOM OCTa~
eTCsl JIMHEWHOW OTHOCUTENIHHO KOJUIECTBA JIEMEHTOB H300DaKeHMS.

Pabora mognepxkana rpartamu PODIT NeNe 16-07-01039, 16-57-
52042.

[1] I'pauesa U. A., Konwaos A. B. Anropurm 06paboTKn n3obpazkenuit Ha
OCHOBE ,HH&FOH&JIBHOVI AIIIPOKCUMaAIINN rpa(ba CME?KHOCTH 3DJIEMEHTOB
n3obpaxkenus // Ussectna Tynl'Y, Texamueckune maykn Tymna: Uzna-
resberso Tynl'V, 2017 (B neuarn).
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An image processing algorithm based on the diagonal
approximation of the adjacency graph of image
elements

Gracheva Inessax author_gial509@mail.ru
Kopylov Andrey' And.Kopylov@gmail.com

!Tula, Tula State University

The majority of works on graph models based image analysis consider
a four-connected rectangular lattice as the elements adjacency graph.
The clique number of such a graph is equal to two and the optimiza-
tion problem, arising when using the Bayesian approach and the max-
imum a posteriori probability estimation, is the pair-wise separable
optimization task. But the lack of taking into account the diagonal re-
lationships between neighboring pixels leads to a decreasing accuracy
of processing. At the same time, direct usage of an eight-connected
adjacency graph with diagonal constraints leads to a dramatic in-
crease in the computational complexity of the problem.

The extension of the previously developed gamma normal model
and the method of the lattice adjacency graphs approximation, pro-
posed in the work [1] allows us to find combined estimates of the
hidden field from the left-diagonal graphs in which all the links in
the columns except one are broken and by right-diagonal graphs, in
which all the links in the lines, except one, are broken. The compu-
tational complexity of the algorithm remains linear with respect to
the number of pixels.

This research is funded by RFBR, grants 16-07-01039, 16-57-
52042.

[1] Gracheva I. A., Kopylov A. V. An image processing algorithm based
on the diagonal approximation of the adjacency graph of image ele-
ments // Proceedings of TulSU, Tula: Tula State University, 2017 (in
press).
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Fnybokune cBépToYHbIE aBTO3HKOAEPbI:
CTepeoToXXAeCTB/IeHNe A/11 BOCCTaHOB/IEHUSA
3D-mopenein cnabo TeKCTypUpOBaHHbIX 0ObHEKTOB

Knasv Baadumup Baadumuposur'? vl.kniaz@gosniias.ru
Bwizoaoe Oaez Bauecaasosun' o.vygolov@gosniias.ru
®Dedopenko Badum Badumosurnx vfedorenko@gosniias.ru
Cespiokoe Baaducaas Tmumpuesus' vsevryukov@gosniias.ru

"Mocksa, ®PTVII «locynapCcTBeHHDIH Hay IHO-HCCICIOBATEIbCKIH
uHCTUTYT aBuannoHHbIx cucreMs (PIVII «[ocHUMAC»)
2Mocksa, MOCKOBCKHI (PU3HKO-TEXHIYECKHI HHCTHTYT Tvy)

Boccranosienne TpéxMepHbIX MOgesell 00BEKTOB €O ¢1abo BbIpa-
JKEHHBIMHU TEKCTypaMu TPeOyeT IPUMEHEHHs JIeCKPUITOPOB, CII0OCO0-
HBIX PAa3/IeJIsTh OY€Hb II0XO0XKKe JIPYT Ha JIpyTra KJIACChl XapaKTePHBIX
3JIEMEHTOB M300parkernnii. JlecKpunTopsl 0COOBIX TOUEK, OCHOBAHHBIE
Ha anaymse rpaauentos (SIFT, ORB, LBP), He obecrieanBator HEOO-
XOJIUMOTO KadecTBa CTEPEOOTOXK/IECTBJIEHUS B ciydae cjiabo BbIpa-
JKEHHBIX TEKCTYDP, KaK, HAIIPUMED, B CIIydae apXeOJOTMIeCKUX apTre-
daKTOB, TOJBKO YTO U3BJIEYEHHBIX U3 IPYHTA.

IIpensioxken HOBBIII METO/T PeIlleHns 3a/1a9l CTEPEOOTOXKIECTBIIE-
HUsI Ha OCHOBE IIyOOKUX CBEPTOUHBIX ABTOIHKOJEPOB. ABTOIHKOIED
[IPOM3BOJIUT IOHUKEHUE PA3MEPHOCTU M300paKeHus Ha HECKOJIHBKO
OPAJIKOB U (DOPMUPYET KO, KOTOPBIH MOXKET HCIIOJIb30BATHCH JIJIs
peIleHNs 3a/[a9l COMIOCTABICHUS COOTBETCTBEHHBIX TOYEK.

Pazpaborana apxutekTypa aBTOIHKO/IEPA, BBIIOTHSIIONIETO KO-
pOBaHHE U BOCCTAHOBJIEHUE IIBETHBIX M300parkeHWil, pasperieHueM
32x 32 nukcesa. [IpuBogurcs cpaBHEHUE Pe3yJIbTATOB PAOOTHI IIPE]I-
JIO?KEHHOTO MEeTOJa U KJIACCUIECKHUX JIECKPUIITOPOB OCODBIX TOUEK.
Brimosnmena o6paborka CHUMKOB 1 BOccTaHoBjeHne 3D-mozerneit ap-
XEOJIOTHIECKAX PACKOIIOK, MPOBOANMBIX Bochopckoil skcmenumeit
T'ocynapcrsennoro Ncropuueckoro Myszest.

Pesynbrarsr npumenenns pa3paboTaHHOIO METO/a TOKA3bIBAIOT,
9TO OH MPEBOCXOUT TPAIUIMOHHBIE JECKPUNITOPBI OCOOBIX TOYEK Ha
€100 TEKCTYPUPOBAHHBIX OOBEKTAX W I[TO3BOJISET YCIIEIIHO PEIraTh
3aja4y ux 3D peKoHCTPYKITIH.

Pabora nognepxana rparrom PODU Ne17-29-04410.

[1] Kmnasw B. B., Buzoaos O. B., ®edopenko B. B., Cesproxos B. /[. Tmy6o-
KHe CBEPTOYHbIC aBTOIHKOAEPDI: CTEPECOTOXKAECTBJICHUE IJIgd BOCCTAHOB-
sennst 3D-Mozesteit c1ab0 TEKCTyPUPOBAHHBIX 00bekToB // Mamnmumnnoe
obydenue u anajau3 Janubx, 2017.
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Deep convolutional autoencoders: stereo matching for
3D model reconstruction of low-textured objects

Kniaz Vladimir'? vl.kniaz@gosniias.ru
Oleg Viacheslavovich' 0.vygolov@gosniias.ru
Fedorenko Vadim'x vfedorenko®@gosniias.ru
Sevrykov Vladislav' vsevryukov@gosniias.ru

"Moscow, The Federal State Unitary Enterprise “State Research Institute
of Aviation Systems” (FGUP “GosNIIAS”)
2Moscow, Moscow Institute of Physics and Technology (State University)

Powerful descriptors that can divide into groups very similar im-

age patches are required to reconstruct 3D models of low-textured

objects. Patch descriptors that are based on local gradients (SIFT,

ORB, LBP) do not guarantee a robust stereo matching if the object

has no bright textures, e.g., in the case of 3D model reconstruction

of archaeological artifacts that were not cleaned from the soil.

We present a new method for stereo matching based on deep neu-
ral convolutional autoencoders. An autoencoder reduces the image
dimensions and produces the code that could be used to perform an
effective search of the corresponding image patch for low-textured
object.

An architecture of a new autoencoder was developed. The autoen-
coder performs coding and decoding of color images with resolution
32x32 pixels. We present a comparison of the performance of the
developed method and modern image patch descriptors. The method
was applied to process images and reconstruct 3D models of archae-
ological excavations organized by the Bosphorus expedition of the
Russian State Historical Museum.

The analysis of an application of the developed method proves
that it outperforms the existing image descriptors in the matching of
image patches of low-textured objects.

This research is funded by RFBR, grant 17-29-04410.

[1] Kniaz V. V., Vygolov O. V., Fedorenko V. V., Sevrykov V. D. Deep con-
volutional autoencoders: stereo matching for 3D model reconstruction
of low-textured objects // Journal of Machine Learning and Data Anal-
ysis, 2017.
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MeTtog nokanusauyum obnacreii nHTepeca c
TEKCTYpOii crneumnanbHOro Buaa Ha n3obpa>keHusx
1

Mypawos Imumputi Muzxatiosuy * d_murashov@mail.ru

Mypawos Pedop Tmumpuesu’

friedhelmsteuer@gmail.com
1 . .

Mockga, @enepanbHblii ncciegoBaTebCKuil 1eHTp «udopmaTnka u
yupasienne> PAH

*Mocxknra, Mockosckwuii apuarmonmetit uncturyT (HAY)

B crarpe paccmarpuBaeTcsd 3ajava JIOKAJTH3AMUE TH(MOPMATUB-
HBIX 00JIaCTEll ¢ TEKCTYPOil CHeNUaJIbHOIO BUIA C JIEMEHTAMU OHO-
POJHOIT TPOCTPAHCTBEHHON OPUEHTAIINNA U PA3HBIMU IIPOCTPAHCTBEH-
HBIMH 9aCTOTAMU. 3ajada JIOKAJIU3ANNT WHMOOPMATUBHBIX 00/1acTeil
perraeTcst Kak 3ajada CerMeHTAIUN TEeKCTYPHBIX n3obpaxkenwuit. Cy-
[IECTBYIONINE METOJIbI, Ha OCHOBE IIPU3HAKOB XapaJluKa, SHEPreTh-
Jeckux npusHakoB JlaBca u duibTpoB ['abopa He MO3BOIAIOT MOJI-
HOCTBIO PEINTh 33/1ady ¢ TpebyembiM KadecTBOM. [Ipesaraercs me-
TOJI HA OCHOBE MOAMMDUIINPOBAHHOTO CyIEPIUKCEIBHOIO AJTOPUTMA C
MpoIIe Iy poit mocTobpaboTku. BekTop onmcanns nukcesiei n3odpazke-
HUs PACHINPEH TEKCTYPHBIME [IPU3HAKAMH, BBIUUCIISEMBIME 110 KOM-
[IOHEHTaM CTPYKTYPHOro Tensopa. lIpumenenne moaudunuposanHo-
o aJrOpUTMa IIO3BOJIAET YUIECTh MPOCTPAHCTBEHHBIE, I[BETOBBIE U
TEKCTYpHBIE CBOIicTBa n3obpaxkenuil. st obecrieueHns mpueMiIeMo-
o Ka4ecTBa CEIMEHTAINH HCIIOJIb3YeTCs YCJIOBAE MUHUMYMa MEDPHI
n30bITOUHOCTH UHpOpManyuu. [I[poBeieH BLIYUCIUTENBHBIN SKCIIEPU-
MEHT Ha TEeCTOBBIX TEKCTYPHBIX N300pasKeHusIX. Pe3ysibTarsl cerMeH-
Taruu U300paKeHNsT TEKCTYPHOI MO3AWKU MIPE/JIOZKEHHBIM METOIOM
CPaBHUBAJIUCH C PE3yJIbTATaMU U3BECTHOI'O METOJa Ha OCHOBE SHED-
reTudeckux npusHakoB JlaBca. Paspaboramubiit MmeTom ObLT mpuMe-
HEH JIJTs JIOKAIn3aIun nHMOPMaTUBHBIX 00acTell Ha M300parKeHusIX
[IpOU3BeJIeHIIT 2KuBoIHCH. Pe3yIbraTsl SKCIepuMeHTa 1oKa3aan 3d-
(EKTUBHOCTH MPEJJIAraeMOr0 METO/IA.

Pabora vacruano momepxkana rpartavu PO Ne15-07-09324 u
Nel15-07-07516.

[1] Mypawos /1. M., Mypawos @./]. Meron nokammsanum nHOOPMATHB-

HBIX obJiacTeil ¢ TeKCTypoil crenuanbHoro Buja // MammHaHOE 06yde-

HUE U aHaau3 JaHabix, 2017.
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Method for localizing image regions of interest with a
specific texture

Murashov Dmitry*x d_murashov@mail .ru
Murashov Fedor? friedhelmsteuer@gmail.com
"Moscow, Federal Research Center “Computer Science and Control”

of RAS

“Moscow, Moscow Aviation Institute (NRU)

The paper deals with a problem of localization of informative re-
gions with a specific texture in digital images. This type of texture is
characterized by uniformly oriented elongated elements and varying
spatial frequency. Such a structure, in particular, can be generated by
groups of brushstrokes in the images of paintings. Existing methods
based on the Haralick’s features, Laws energy features and Gabor
filters can not completely solve the problem with the required qual-
ity. In this paper, the task of localization of informative areas will be
addressed as a problem of segmentation of texture images. A method
for solving the problem based on a modified super-pixel segmentation
algorithm with a postprocessing procedure is proposed. Vector of im-
age pixel description is expanded by texture features computed using
components of the structure tensor. The selected features involve the
peculiarities of the considered texture type. Application of superpixel
algorithm with an extended feature description of images will permit
to take into account spatial, color, and textural properties of image re-
gions. To obtain an acceptable quality of segmentation, the condition
of minimum information redundancy measure is used. A computa-
tional experiment is carried out on textural test images. The results
of segmenting image of the texture mosaic by the proposed method
and the well-known method based on the Laws’s energy features, are
compared. Comparison demonstrates the advantage of the proposed
method. The developed technique is used to localize informative ar-
eas in the images of paintings. The results of the experiment show
the efficiency of the proposed method.

This research is funded partially by RFBR, grants 15-07-09324
and 15-07-07516.
[1] Murashov D., Murashov F. Method for localizing informative regions

with texture of a special type // Journal of Machine Learning and
Data Analysis, 2017.
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Mouck doHoBbLIX 0bnacTeit B nsobpakeHumn

Hecmepernko Buxmop Aaexcarndposuny neva09@mail.ru

Pocros-na-/lony, UucturyT MareMaTnkn, MEXaHUKH U KOMITBIOTEPHBIX

nayk IODY

IlepBBIM 9TamOM 3a1a9H PACIO3HABAHNSA B OOJIBLITIMHCTBE CIyIacB
ABJISIETCS JIOKAJIM3aIns 00beKTa Ha M300PasKeHNN: BHIICICHNIE CBA3-
HOI TPYIIIBI THKCEEH 0 KAaKIM JIN0O0 TPU3HAKAM OTIHIAIONIIXCS OT
OCTaJbHON YacTu m300parkeHus. B ToM ciytae, ecjin XapaKTepPUCTH-
KI1 00'bEKTa 3apaHee He N3BECTHBI (HAIPUMED MOUCK OOBEKTOB HCKYC-
CTBEHHOT'O TIPOUCXOXKJIEHUST HA a9POCHUMKAX ), K PEIIeHUTO 381491 JI0-
KaJIU3AIMN MOYKHO TIOIONTH C IPYTOil CTOPOHBI: BHAYAJIE ONPEIEIUTD,
91O ABJIsIeTCS (POHOM N300PAKEHUS U CUUTATH YIACTKU N300 PaKeHUsT
OTJINYHBIE OT (POHA UCKOMBIMU OOHEKTAMHU.

B pmamnom jokitajie paccMaTpuBaeTCs METOJ BBISBJICHUS (POHO-
BBIX oOJiacTeill n300paskeHnsi OCHOBAHBIN HA BBISIBJICHUU CXOIHBIX 110
XapaKTepUCTUKAM, CBI3HBIX TPYIN MHUKcesaei. B KadecTBe xapakTe-
PUCTUK HCIOJIL3YIOTCS MPU3HAKN Xaapa ¢ COOTBETCTBYIONINM HabO-
poM Macok. [l BbIgBIEHNS OJU3KUX MO XapaKTEPUCTUKAM TPYIII
mukceseit npumensiercst FCM (Fuzzy Classifier Means) meron kia-
CTEPU3AINHA JTAHHBIX.

[1] Hecmepenko B. A. Ilouck doHoBBIX 0Gnacreil B nzobparxenun // V-
dopmanmonnbie mporeccsr, 2016, T.16, 8.3, C.291-300. http://wuw.
jip.ru/2016/291-300-2016.pdf.
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The search for background areas in an image

Nesterenko Victor neva09@mail .ru

Rostov-on-Don, Institute of Mathematics, Mechanics and Computer
Sciences of SFedU

The first step of a task of recognition in most cases is localization of
object on the image: allocation of linked group of pixels different from
other part of the image. When the characteristics of object aren’t
known in advance (the search for the objects of artificial origin on
aeropictures for example), the solution of the problem of localization
it is possible to approach from the other side: at first to determine,
what is the background of image and to consider the sections of image
other than a background as required objects.

In this report the method of identification of background areas of
the image based on identification according to characteristics linked
groups of pixels is considered. The signs of Haar with the correspond-
ing set of masks are used as descriptions of pixels. The FCM (Fuzzy
Classifier Means) method of a clustering of data is applied to identi-
fication of relatives according to characteristics of groups of pixels.
[1] Nesterenko V. A. The search for background areas in an image // In-

formation processes, 2016, v.16, no.3, P.291-300. http://www.jip.

ru/2016/291-300-2016.pdf.
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MocTpoeHue undposbix Mmoaeneii penbeda no
pacTpoBbiM Tonorpadnyeckum Kaptam

1

Tumoe Bumaauti Cemerosun titov-kstu@rambler.ru

Mupowmnuuenro Cepzeti FOpvesuu'« oldguy7@rambler.ru

'Kypcxk, FOro-3ama ablii roCyIapCTBEHHBIH yHIBEPCHTET

Paspaborana merouka nocrpoenus udpoBbIX MOIe el pesibeda
(IMP) 1o ronorpadudeckuM KapraM, KOTOpast 3a CUeT IPUMEHEHUs
MeTOJI0B 0OpabOTKM W pacIO3HABAHWUS M300parKeHUil oOecrevnBaeT
aBTOMATHUYECKUIT PEXKUM (DYHKITMOHUPOBAHUS.

Paccmorpensl ocHOBHBIE 3/1eMEHTBI IIPe/ICTaBJIeHus pejibeda Ha
ToOrpadUIeCKIX KapTax, MOKa3aHbl 0COOEHHOCTH UX IPapUIECKOro
orobpaxkenusi. [IpencraBier Mmeros GOPMUPOBAHUS MHOXKECTBA BEK-
TOPHBIX IIPEJACTABJICHUN IOPU3OHTAJICH, OTIMYAIONINICA BO3MOXKHO-
CTHIO JIOKAJIN3AINH UX IEHTPOB C YyYeTOM HAJINYUs MUKpPOpesbeda 1
[TO3BOJIAIONINN KOPPEKTHO BBIJIEIATH OJIN3KOPACIIOIOKEHHbIE H30JI1-
HUU.

Omnwmcan MeTOJ BbIJI€JIEHUS] OTMETOK BBICOT U ITOJIIICEH TOPU30HTA~
Jieit, 0b6ecreInBaloNii HHBAPUAHTHOCTD PACIIO3HABAHUS K Pa3Mepam
U YIJIy HOBOPOTA COCTABJILAIOIMX uX 1udp. PaccMorpensl mMeTo/ibt
[IPUCBOEHUS BBICOT BBIJIEJIEHHBIM I'OPU30HTAJISAM U KOHTPOJISI TOYHO-
cru BekToproit [IMP ¢ momorsio ananu3a rpada 3Ha9eHUN BBICOT.

B pesysibrare skcnepuMeHTAIBHON POBEPKU MPEIIOKEHHON Me-
TOJUKHU YCTAHOBJIEHO, UTO JJIMTEIHHOCTH ABTOMATHYIECKOTO MOCTPO-
enusg [IMP mj1s1 071HOTO HOMEHKJIATYPHOTO JIUCTA, KAPTbhI, CKAHHPO-
BaHHOI B paspemerun 400 ToUeK //r0liM, HE3ABUCUMO OT MacmTaba
cocraBiisier He Oosiee 10 MUH U BapbUPYETCS B COOTBETCTBUY C KOJIU-
9eCTBOM JIEMEHTOB peJibeda.

[1] Tumos B. C. IlocTpoenune mudpoBbIx Mozenei penbeda Mo pacTpOBbIM

ronorpaduueckuM kapram // Tenekommynukaruu, Mocksa: Hayka u

Texnosioruu, 2017. — C. 34-43.
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Digital elevation models creation from raster
topographic maps

Titov Vitaliy* titov-kstu@rambler.ru
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A technique for constructing digital elevation models (DEM) based on
topographic maps has been developed, which, due to the application
of image processing and recognition methods, provides an automatic
mode of operation.

Main relief elements on topographic maps and their visual repre-
sentation features are described. The method for vector isolines’ set
extraction, that differs from analogs by lines’ centers detection ability
and allows to separate nearly placed horizontals is described.

The presented method for height values detection on maps is
based on contour analysis and provides rotation and scale invari-
ant digits recognition. The methods for height values assignment to
vector isolines and error control uses height vertex graph analysis.

Experimental verification of developed methodic shows duration
of that automatic DEM creation from a map’s single standard sheet
(scanned in 400 dpi resolution) does not exceed 10 minutes and varies
depending on relief elements quantity.

[1] Titov V.S. Digital elevation models creation from raster topographic

maps // Telecommunications, Moscow: Science and Technology,
2017. — p. 34-43.
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Mopgenb npumeHeHusa metoga Yopga gns
KJlacTepusauunmn nukcenen nobpakeHus
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PacemarpuBaercss nepapxmdeckast KJIacTepU3alins MAKCEIeH JIs
nerekTupoBanus 06beKToB [1]. JerekTupoBanue CBOAUTCA K OCTPOE-
HUIO HEPAPXUIECKOI II0CIIEI0BATEIEHOCTH KYCOYHO-TIOCTOSTHHBIX IIPU-
O1MKeHn N300 PaKeH s, B KOTOPBIX [TUKCEJIHN PA3/INYai0TCs [0 IIBETY
U OIHCHIBAIOT OOBEKTHI, BhIIEJIsieMble KOMITbIoTepoM. OCHOBHOIT 11po-
6aeMolt YyHUPUUUPOBAHH020 NETEKTUPOBaHNS OOBEKTOB HA H300pa-
JKEHUSX [TPOU3BOJIBHOTO COJIEPXKAHUS SIBJISETCH YCTONINBOCTD BBIJIE-
JIeHUsT OOBbEKTOB Ha PA3JINIHBIX N300paKeHnusx CIieHbl. Ecim eamnro-
obpasue BbIIeIeMbIX KOMIILIOTEPOM 00bEKTOB 3aMETHO HAaPYIIIaeTC s,
TO JIETEKTUPOBAHUE CUUTAETCHA Heycmoltvusuim. 1Ipu Bcem MHOr006-
pa3uu COBPEMEHHBIX METO0B MAITMHHOTO JeTEKTUPOBAHUS OO HEKTOB
JINIIIb HEMHOTWE U3 HUX SBJISIIOTCs ycToiumBbiMu. JlerekTupoBanue
00BEKTOB METO/IOM YOPJla HEePAPXUIECKON KIACTEPU3AIUU ITHKCe el
ABJISETCA OJHUM M3 YCTONYUBBIX METOJIOB, KOTOPBIN HEJO0CTATOYHO
MIPUMEHSIETCST B TIPAKTUKEe 00pabOTKU M300pakKeHnit n3-3a Ipe3mMep-
HOHM BBIYUCJIUTEIBLHON CIIO?KHOCTH.

Jlist mpuMeHeHns MeToa Yopaa K n300parKeHusIM U3 MIJLINOHOB
UKCeseil pa3BUBAECTCS MOJIEIb N300 PaYKeHNs, Y INTHIBAIOIIAsT OCOOEH-
HOCTHU BXO/IHBIX JIAHHBIX, U MOJIEJIb BBIYHCJIEHN, B KOTOPOil (hopma-
JIN3YIOTCS CIIOCOOBI MePaPXUIEeCKOr0 IIPEJICTABIJIEHNS, YIIOPAI0UYEeHNs
1 Ipeobpa3oBaHus KJIACTEPOB IUKCEsel B KOMIIBIOTEPE B TEPMHIHAX
ajrebpandeckoil cetu, (HopMUPYeMOil MOCPEICTBOM CJIUSHUS COIIO-
CTaBJISIEMBIX TTUKCEJISIM 3JIEMEHTAPHBIX CeTeil, I/e O] SJIEMEHTAPHON
CeThIO TIOHNMAETCsT JepeBo (armukanaecknii rpad) 1 nuki (IuKIIde-
ckuit rpad), comepKaIye M0 OJTHOMY Y3JIy.

CTpyKTypa JaHHBIX, KOHKPETHBIE AJITOPUTMbBI U IKCIIEPUMEHTATb-
HBIE PE3YJIbTATHI IIPECTAB/ICHBI B JOKJIAJIE.

[1] Xanwxos U. I, Xapuros M. B. Mogens nudpoBoro msobparkeHns Ha
OCHOBE MOJMPUIUPOBAHHOTO METOJA YOpAa KJIACTEPU3AIlUA ITHKCe-
seit // Becruuk BypsiTcKoro rocynapcTBeHHOro yHusepcurera. Mare-
MaTuKa, mHpopMaTuKa, Yiaan-yuae, 2017. Ne2 — C. 61-70.
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A model for implementation of Ward’s method of
image pixel clustering

Khanykov Igor' igk@iias.spb.su
Kharinov Mikhail'« khar@iias.spb.su

1Saint-Petersburg, Saint-Petersburg Institute for Informatics and
Automation of RAS

The hierarchical pixel clustering for the detection of the objects is

considered [1]. The detection is reduced to construction of hierar-

chical sequence of piecewise constant approximations of the image.

According to the model pixels of distinguished colors describe objects

that are detected by a computer. The main problem of unified de-

tection of objects in the images of arbitrary content is the stability
of object detection in various images of the scene. If the consistency
of the object detection by computer is noticeably violated, then the
object detection is considered to be unstable. Only a few of all the
variety of modern methods of the machinery object detection are sta-
ble. The object detection by the Ward method of hierarchical pixel
clustering is one of the stable methods. Alas, it is rarely applied in
image processing practice due to excessive computational complexity.

To apply the Ward’s method for the images consisting of mil-
lions of pixels, we develop the image model that takes into account
the characteristics of input data and the computation model. In the
latter the methods of hierarchical representation, ordering and trans-
formation of pixel clusters in RAM are formalized in terms of an
algebraic network formed by merging pixel-matched elementary net-
works. The elementary network designates a tree (an acyclic graph)
and a cycle (a cyclic graph), containing each a single node.

The data structure, specific algorithms and experimental results
are presented in the report.

[1] Khanykov I., Kharinov M. A model of digital image preprocessing based
on pixel clustering by modified Ward’s method // Bulletin of the
Buryat State University. Mathematics, Informatics, Ulan-Ude, 2017.
No2 — p.61-70.
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BnauvsHue cBoicTB AaHHbIX ANCTAHLMOHHOIO
30HAMPOBAHUS 3eMAN N NApaMeTpoB UX

TpaHcOpMUPOBaHMA Ha BPeMs NOCTPOEHUS
pe3ynbTupytowero n3obpa>keHnst MecTHoCTH

ITyxaun Hzopo Hzopesun' shuklin®@nm.ru
Mocun Cepeeti Anerxcarndposus’+ 22mosin@gmail . com
Mupowmnuuenxo Cepzeti FOpvesun?® oldguy7@rambler.ru

'Kypek, ®TVII «18 ITHUW» MO P®
2Kypck, IOro-3anaiubiii rocyIapCTBeHHbIl yHIBEPCATET

ABTOpaMu MpOBEJIEHBI W OMUCAHBI IKCIEPUMEHTAILHBIE UCCIIe-
JOBAHUS BJIUSHUS CBOMCTB JAHHBIX JUCTAHITMOHHOTO 30HINPOBAHUS
SeMyi U TApaMETPOB WX TPaHC(HOPMUPOBAHUS HA BPEMsi ITOCTPOE-
HUs Pe3yJIbTUPYIOIIero n3obpazkenus. Jjis1 MHOXKeCcTBa CBOMCTB HC-
XOJIHBIX JI@HHBIX JIUCTAHIMOHHOIO 30H/JWPOBAHUS U COOTBETCTBYIO-
mux TPaHCGOPMUPOBAHHBIX N300PAXKEHUN MECTHOCTU BBIJCICHBI Ta-
KIUe CBOICTBA, KAK (DOPMAT XPAHEHUS UCXOIHBIX PACTPOBBIX JAHHBIX
U UX BHyTpeHHsis cTpYKTypa. Cpenyu MHOXKECTBA UCIOJIb3YEeMbIX Me-
TOJIOB U TIapaMETPOB TPaHCHOPMUPOBAHUSA H300PaKeHIIT MECTHOCTU
BBIJI€JIEHBl THIIBI IIOJUHOMOB TPAaHCHOPMAIUN U AJTOPUTMOB CIJla-
JKruBaHusd. PaccMoTpeHb! Takye apaMeTphl alapaTHoOil 1aTdopMBI,
KaK THUII JUCKOBOI'O MaCCUBa U pa3Mep Kjacrepa (hailjioBoil CHCTEMBI.
Tlokazano BimsiHue creneHu cxkartus (HaljioB HA CKOPOCTH BBIIOJIHE-
Hus TpanchOPMUPOBAHUS, PACCMOTPEHBI I3MEHEHUs B CKOPOCTH IIPU
cmere dopmara (HopMaT BBIXOJHOTO M300PAYKEHUsT OTJIMIAETCST OT
dopmaTa BXxoHOrO n306parKeHust).

Ilo pesympraTam ucciaemoBaHuii ObLIN BBIHECEHBI PEKOMEHIAIIAN
[0 33aJ[AHUIO [TAPAMETPOB TPAHC(HOPMUPOBAHUS KOCMUIECKUX M300-
parKeHuii MECTHOCTHU ¥ HACTPOKe M POBBIX (POTOrPAMMETPUIECKIX
CTaHITUI.

[1] Iyxaun H. H., Mocun C. A., Mupownuuenxo C. FO. Bausiaue cpoiicts
JAaHHBIX [JUCTAHIUOHHOI'O 30HAWPOBAHUA 3E€MJIA U IIapaMETPOB HUX
TpaHncHOPMUPOBAHUS Ha BPEMsi TOCTPOEHUST PE3YILTUPYIONIETO M300-
pazkenust Mectaoctn // M3sectus IOro-3amaHoro rocynapcTBeHHOIO
yuuBepcutera, Kypck: @Pemepaabaoe rocy1apcTBEHHOE OI0IZKETHOE 00~
pasoBaTENbHOE YUPEXKJCHUE BBICIIErO NPOdECCHOHATBHOTO 00pa3oBa-

Hus «FOro-3anagublii rocygapcrBenHblil yHuBepcuTers, 2016. — C. 16—
27.
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Earth remote sensing data features and
transformation parameters effect on terrain image
creation process duration
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Mosin Sergey*x 22mosin@gmail. com
Miroshnichenko Sergey’ oldguy7@rambler.ru

'Kursk, FGUP “18 TsNII” MO RF
2Kursk, Southwest State University

This article reports experimental results of remote sensing data pro-
cessing speed increase. The authors led and described an effect of re-
mote sensing data properties and their transformation’s parameters
on terrain image creation process duration. The research is actual
due to the need of digital photogrammetric stations performance in-
crease. The authors defined the properties of the initial data: raster
data storage format and internal structure. Similarly, authors defined
the properties of the transformed data.

Among the many transformation methods and transformation pa-
rameters were selected the type of polynomial transformation and
smoothing algorithm. Hardware platform options were defined as fol-
lowing: the storage array type and the file system cluster size. The
authors have imposed restrictions on the hardware platform, meth-
ods of image transformation, dimensions of the input and output
pixel image, coordinate system. The authors have shown the effect
of image files compression ratio on the speed of the transformation.
The authors considered the changes in transformation process speed
when changing the format.

Based on studies made recommendations for the selection of
transformation parameters values that will help to improve digital
photogrammetric stations performance without accuracy and visual
properties loss.

[1] Shuklin I. 1., Mosin S. A., Miroshnichenko S. Yu. Earth remote sens-
ing data features and transformation parameters effect on terrain im-
age creation process duration // Proceedings of the South-West State
University, Kursk: Federal State Budgetary Educational Institution of
Higher Education “Southwest State University”, 2016. — p. 16-27.
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Pa3paboTtka metoga 3awmTbl OT
BbICOKOKA4YeCTBEHHbIX NoAneNoK A1 MobunbHomn
CUCTeMbl pacno3HaBaHusl N0 pagy>XHoW 0bonouYke
Egumos FOpuii Cepzeesun'* yuri.efimov@phystech.edu
Odunoxux I'ne6 Andpeesun’

Coaomamun Hearn Andpeesun

g.odinokikh@gmail.com
! ivansolomat@yandex.ru
"Mockpa, MoCKOBCKHil (PU3MKO-TEXHIYECKNT HHCTHTYT Tv)
2Mocksa, PejepaibHblii uccaenoBaTebCKuil nentp «MuadopMaTnka u

yupasienne> PAH

OpHoit 13 mpobJIeM COBPEMEHHBIX CUCTEM PACIIO3HABAHUSI 10 Pa-
JIy2KHO# 000JI0UKE SBJISIETCS UX YS3BUMOCTB 110 OTHOIIEHUIO K II0JI-
JIeJIKaM JIAHHOTO OmoMeTpudeckoro mpusnaka. MobuibHubie 6rnomer-
pUYecKne CHCTeMbl OOJiee IMOJIBEPKEHBI ATAKAM IIPU ITOMOIIN IIO/I-
JIEJIOK BCJIEJICTBUE OMPAHUYIEHHBIX PECYPCOB U MEHBINEr0 WHTEPBAJA
BPEMEHH.

PaccemarpuBarorcs crarumdeckue crocoObl OIIPeIesIeHnsT KUBOCTH
ra3a, IPECTaBJIEHHOTO OMOMETPUYIECKON CHCTEME, MOCKOJBKY MO-
OUJIbHBIE CUCTEMbI PACIIO3HABAHUS I10/[PAa3yMEBAIOT BHICOKYIO CTEIIEHb
OBICTPOIENCTBYUS U 3aYACTYIO MCIIOJIb3YIOT PACIO3HABAHUE 10 €JUH-
cTBEHHOMY KaJpy. [IpoaHa/jm3upoBaHO JBa MOIAXO/a: Ha OCHOBAHUU
aHAJIN3a TEKCTYPHBIX 0COOEHHOCTEH N300parKeHu il MOIEeIOK PaLy K-
HO#1 000JIOUKH U IPUMEHEHUS TVIyOOKUX HEHPOHHBIX CeTell JJisi BbIIe-
JIEHUsI XapPaKTEPHBIX OCOOEHHOCTEN TaKUX N300PaKEHUIA.

IIoMuMoO OnMCaHHBIX B JIMTEPATYPE CIIOCOOOB ATaK!, PACCMOTPEHBI
JIB& HOBBIX CITIOCODA IMOJJIEJIKA IIPYU MTOMOIIU PACIIEIaTOK HU300pake-
HUIl 9eJIOBEYeCKUX IJIa3 B BBICOKOM pasperneruu. [Ipu momoru uH-
dpakpacHoit KaMepbl cobpaHa U pa3MedueHa COOTBETCTBYIOMAas ba3a
M300paAKEHUIH.

IIpoBeiéH BBIMUCIUTEIBHBII SKCIIEPUMEHT J1IJTsi IPOBEPKHU PAOOTO-
CITOCOOHOCTH Ha OTKPBITHIX 0a3ax M300parkKeHuit u coOpaHHO#l BpyU-
nyo 6aze. TouHocTb ompejieieHNsT KUBOCTU IPEJCTABIECHHOIO Ha
n300parKeHNN TJ1a3a CpaBHUMA C TAKOBOW Y OIUCAHHBIX B COBPEMEH-
HOI J1ATEepaType aHaJIOrOB.

Pabora noep:xana rpantom PODI Ne16-07-01171.

[1] Edumos IO. C., Odunoxux I'. A., Coromamun HU. A. Pazpaborka mero-
Ja 3alUThl OT BBICOKOKaAYE€CTBEHHBIX ITOI/IEJ/IOK JIJId MOOUJILHOM CHUCTE-
MBI PACIIO3HABAHUS 110 Pay»KHOii oGostouke// Mamuunoe obydenue u
aHasm3 JaHHbIx, 2017.
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High-quality presentation attack detection in a mobile
iris recognition system
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!Moscow, Moscow Institute of Physics and Technology (State University)
2Moscow, Federal Research Center “Computer Science and Control”
of RAS

Modern iris authentication systems are vulnerable to presentation
attacks by fake self-manufactured synthetic samples, which requires
the development of new and efficient protection measures. Mobile
iris recognition systems are more prone to spoofing because of user
interaction difficulties and performance limitations.

Software-based static methods of iris liveness detection are pro-
posed, since mobile systems reuqire fast interaction for user conve-
nience and basically single frame recognition is used. Two different
approaches are proposed: iris texture analysis using local descriptors
and using a deep CNN to classify iris images.

Apart from spoofing methods by printed infra-red eye images or
contact lens, which are well described in modern literature, a new
type of a presentation attack is proposed and the corresponding image
database is collected using an infra-red camera.

Computation experiment was performed on public domain
databases and on a collected database. Liveness detection accuracy
is comparable to that of state-of-the-art methods and outperforms
many of them.

This research is funded by RFBR, grant 16-07-01171.

[1] Efimov Yu., Odinokikh G., Solomatin I. Detection of high-quality pre-
sentation attacks for a mobile iris recognition system // Journal of

Machine Learning and Data Analysis, 2017.
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KomnnekcupoBsaHue gaHHbIX Ans knaccudpmkaunm
00bekToB No aHCaMbII0 M300parkeHuni

Jarnze Muzxaua Muzatinosuy' lange_mm@ccas.ru

Tanebnwvir Cepzeti Huxonaesur' sng@ccas.ru

'Mocksa, ®eepaabHbIil HCCIeI0BaATEbCKII HeHTp «HMpOpMaTIKa I
yupasienune> PAH

Wccenenytorest MmeTpudeckue MHOTOKJIACCOBBIE KJIACCH(DUKATOPHI
Ha ancaMOjie M300parKeHuil OT MCTOYHUKOB Pa3JIUIHON MOIATHHO-
cru. KiaccndukaTropbl IPUHIMAIOT KOJUIEKTUBHBIE DEIEHUsI [0 CO-
CTaBHBIM 00bEKTaM, 38 JAHHBIM HAOOPAMH M300ParKeHuit, 110 OJTHOMY
OT KaXKJIOr0 UCTOYHUKA. Pasenstomnue byHKINNA TOPOKIAIOTCS J1e-
menrapabiMu NN mwm SVM knaccudukaropaMu TUma «KJIACC IPO-
THB Beex». Vccieyrores iBe opuruHaabHble CXeMbl KOMILJIEKCHPOBa-
HUSI JIJAHHBIX, KOTOPBIE UCIIOJIB3YIOT B PA3JEJISIONNX (DYHKIUIX JIO0
KOMITO3UIIUK Mep Ha MHOYKeCTBax nzobpazkenuii ncrounukos (General
Measure), 1160 KOMIO3UIMU MATKUX PEIIEHUIT 10 H300PaXKeHUAM UC-
rounukoB (General Similarity). B repmunax BeposgTHOCTH OIIMOOK,
peJijlaraeMble CXeMbl CDABHUBAIOTCS C M3BECTHOM CXeMOil To10coBa~
HUsI KOMIIO3UIAN YKECTKUX PENIeHUH 10 M300paykeHnsiM UCTOTHUKOB
(Majority Vote). DKcriepumeHTaIbHbIE OLIEHKH BEPOSITHOCTH ONIHOOK
pacro3HaBaHus JIUIL IO JIeKOPPEJIUPOBAHHBIM KoMIToHeHTaM 11, Io, I3
usernoro RGB uzobpazxenus u no ancambsio (I1, Is, Is) ¢ ucrnonn-
zoBaanem cxemM MV, GM u GS ganbl B Tabimie u JeMOHCTPUPYIOT
npeumyiectso cxem GM u GS 1o cpaBaenuto co cxemoiit MV.

KOMMNOHEHTbI CXeMa KOMNEKCUPOBaHUA
N T s MV GS GM
NN 0,0034668] 0,0005744] _ 0,0012992] 0,0000048] 0,0000012] 0,0000020
SVM | 0,0019128] 0,0023692] 0,0016508] 0,0001772] 0,0000072] 0,0000008

Tonnast Bepcust craTbu JaHa B [1].
Pabora nognepxana rparrom PODU 15-01-04671, 15-07-09324.

[1] Tanebnwx C. H., Jlanee M. M. O6 3bdEeKTUBHOCTH CX€M KOMILIEKCHPO-
BaHUA JAHHBIX JIJIsT PACIHO3HABAHUS O0PA30B IO AHCAMOJIO M300parke-
uuit // Mamunzoe obyuenne u aHaau3 JaHHBIX, 2017.
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Data Fusion Schemes for Object Classification Using
Ensemble of Images
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'Moscow, Federal Research Center “Computer Science and Control”
of RAS

In an ensemble of image sources of different modalities, some metric
multiclass classifiers are studied. The classifiers make the collective
decisions for the composite objects that are produced by collections of
the images with one from each source. The discriminant functions of
the multiclass classifiers are produced by the binary “class-vs-all” NN
or SVM classifiers. Two original fusion schemes that use the discrimi-
nant functions based on the different compositions are suggested. The
first scheme uses the compositions of the dissimilarity measures be-
tween the images within each source (General Measure) whereas the
second scheme uses the compositions of the soft decisions for the im-
ages in the submitted composite object (General Similarity). In terms
of error rates, the proposed GM and GS fusion schemes are compared
with the known MV scheme which is based on majority voting the
compositions of the hard decisions for the individual source images.
The table contains the experimental error rates for face recognition
using the individual decorrelated components Iy, I3, I3 of the color
RGB image as well as the MV, GM, and GS fusion schemes in the
ensemble ( Iy, Is, Is). The results show an advantage of GM and GS
schemes with respect to MV scheme. The full version of the paper is
given in [1].

KOMMNOHEHTbI cxema KOMI'IﬂeKCMpOBaHMil
N T s MV GS GM
NN 0,0034668] 0,0005744] _ 0,0012992] 0,0000048] 0,0000012] 0,0000020
SVM | 0,0019128] 0,0023692] 0,0016508] 0,0001772] 0,0000072] 0,0000008

This research is funded by RFBR, grant 15-01-04671, 15-07-09324.

[1] Ganebnykh S., Lange M On Efficiency of Fusion Schemes for Pattern
Recognition in Ensemble of Images // Journal of Machine Learning
and Data Analysis, 2017.
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MonHokoHBontoUmoHHana cetb FaceDetectNet ans
obOHapy>xxeHus nuy,
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"Mocksa, ®PTVII «locynapCcTBeHHDIH Hay IHO-HCCICIOBATEIbCKIH
MHCTUTYT aBHannoHHbIX cucrems (PIVII «TocHUIMACS)

OOHapyzKeHue JIUI SBJISIeTCS OIHONW U3 CAMBIX IOIYJISIPHBIX 3a-
Jlad KOMIIBIOTEPHOIO 3peHwusi. 3a/ada OOHAPYKEeHUsl JIUI [0JIpa3y-
MEBaeT IOUCK W JIOKAJU3AIUIO JIUIl HA W300DAXKEHUSIX I J1ajlhb-
Heiitrei aBTOMATHIECKOT 00paboTKN M300parkeHuil: pacrmo3HaBaHme
JINI, TpexMepHoe MojeaupoBanue Jjmil u T. J. CyInecTByer MHOXKe-
CTBO TOXOMIOB K PEIIEHUIO 3a/1a91 OOHADY2KEHUsI JIUI], BKJIIOYas Pas3-
JINYHBIE AJTOPUTMBI Ha OCHOBE IVIYOOKHX KOHBOJIIOIMOHHBIX CeTei
(CNN), onnako upobJiemMa OlTUMAIBHOIO COOTHOIIEHNST MEK Ly Kade-
CTBOM OOHAPYYKEHHS U CKOPOCTHIO BBIYUCJICHUI TIO-TIPEXKHEMY OCTa-
ercsi akTya bHOM. B maHHOI cTaThe MBI IIpejjiaraeM HOBOE DErIeHue
3ajaun oOHapykeHust Il ¢ ucrnojb3oBanreM CNN 1o HazBaHuEM
FaceDetectNet. Hama apxurekrypa CNN ocHoBana Ha uiesx ap-
xurekTypbl YOLO /DetectNet u GoogleNet ¢ nekoTopbiMu HOBBIME
JgetansaMu peasusaruu. Mbl npejiaraeM OpUrHHAJILHBIN aJITOPUTM
ATEPATUBHON KJACTEPHU3AIUN OIPAHMYMBAIONINX IIPAMOYTOJIBHUKOB
s arperupoBanns BbixogoB CNN. Hamr amropurm FaceDetectNet
0by1IaeTcs U TECTUPYETCs Ha HamboJjiee CJI0KHON Oa3e n30bparkeHunit
WiderFace u mocturaer cpemneit Tounoctu 0,69 Ha Habope JaHHBIX
WiderFace/hard u, rakum 06pa3oM, IPEBOCXOJUT BCE KOHKYPUPYIO-
1ue JeTEeKTOPHI Ha CJIOXKHOI OABBIOOPKE, TOMUMO COBPEMEHHOTO pe-
menuss HR, ocnoBanoro ma cymecrBenno 6ojiee TJIyOOKOM U MeI/TeH-
woit CNN, B To Bpemsi Kak Ham ajaroputm FaceDetectNet moxker pa-
60TaTh B PEXKUME PEAJIbHOI'O0 BPeMeHH Ha I'padUYecKOM IIPOIECCOpe
NVIDIA GeForce 1080 GPU. Takum 06pa3om, Halll 110JX0j1 obecte-
qUBaeT JIydlllee Ka4eCTBO C Pa3yMHON BBIYUCIUTEIBHON CKOPOCTHIO.

Pabora Boimonnena mpu dunancosoit nojgepkke PH®, rpant
Ne 16-11-00082.

[1] Mouceenxo A. C., TI'opbauesun B. C., Busuavmep IO. B. Tlomnokonso-
suonuonHast cetb FaceDetectNet mys obuapyzkenus jui // Kommnbio-

TepHas onrtuka, 2017 (B meuarn).
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Face detection is one of the most popular computer vision tasks.
There are a lot of face detection approaches proposed including dif-
ferent CNN-based techniques, but the problem of optimal balancing
between detection quality and computational speed is still relevant.
In this paper we propose new CNN-based solution for face detection
called FaceDetectNet. Our CNN architecture is based on ideas of
YOLO/DetectNet and GoogleNet architecture supported with some
new tools and implementation details created especially for our face
detection application. We propose: original iterative proposal cluster-
ing (IPC) algorithm for aggregation of output face proposals formed
by CNN and the 2-level “weak pyramid” providing better detection
quality on the testing sets containing both small and huge images.
Our face detection approach is close to previously proposed SSD-
based face detection, but the principal difference is that we use the
deep features of top hidden CNN layer for forming the face proposals
of any size. Thus we utilize the global semantic and context informa-
tion for improving the detection quality for small faces. Our FaceDe-
tectNet is trained and tested on the most challenging WIDER FACE
detection benchmark. Our algorithm achieves the average precision
(AP) 0.69 on the WIDER FACE hard level, and thus outperforms
all competitive detectors on the Hard level besides the HR state-of-
the-art solution. Note that HR solution is based on essentially deeper
and slower CNN, while our FaceDetectNet can work in real-time on
the NVIDIA GeForce 1080 GPU. On the other hand, SSD-based face
detector with comparable CNN parameters provides AP 0.625 only
on the WIDER FACE hard level. So, our approach provides the best
quality with reasonable computational speed.

This research is funded by RSF, grant 16-11-00082.
[1] Moiseenko A., Gorbatsevich V. and Vizilter Y. FaceDetectNet Fully-

convolutional Network for Face Detection // Computer Optics, 2017 (in

press).
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PacnosHaBaHue nsobpa>keHuii Ha ocHoBe mMeToaa
MaKCUMabHO NpaBaonoaobHbIX paccornacoBaHuii

Casuenro Andpetli Baadumuposun avsavchenko@hse.ru

Hwuxuwnit Hosropoa, HammonanbHblit mccienoBaTeIbCKUil YHUBEPCUTET
«Bpicmas mkosia 9KOHOMUKI»

B [1] nccnenyeres 3amaua pacnosHaBaHUsT n300payKeHUH B yCII0-
BUAX MaJIbIX BBIOOPOK HAOJIOIEHUIT Ha OCHOBe TexHoJornu transfer
learning. IIpesyoxen aaropuTy pacrno3HaBaHUs Ha OCHOBE MAKCUMU-
3aIUU COBMECTHOM IJIOTHOCTHU BEPOATHOCTH (IPABIOOI00Hsi) PACCO-
[JIACOBAHMIT MEXKTy IPU3HAKAME BXOHOTO M300PaYKEHUS U BCEX ITa~
JIOHOB, M3BJIEYEHHBIX Ha BBIXOJIE OJHOI'O U3 IIOCJTEIHHUX CJIOEB CBEP-
TOYHOU HefipoHHOM cetn ¢ dyukimeir akruanun ReLU. Jlna ornen-
KU TMPABJIONOI00US HUCIOIb3yeTCsl M3BECTHOE aCHMITOTUYECKH HOD-
MaJIbHOE pacipesesenne paccormacosanus Vencena-IITennona Mezk-
JIy BEKTOpaMU BBICOKOI pa3dMepHocTu. Ha mpeaBapuTesibHOM Tare
[IPE/IJIAraeMOro MeTO/a BBIUNCIISIETCS MaTPUIA ITOIAPHBIX PACCOrTIa~
COBaHMII MeXKJIy KJjlaccaMu. B mporiecce pacrio3HaBaHusl OIIPe/IesisieT-
cs cTereHb OJIM30CTU BXOJIHOTO M300PaKeHUs CO BCEMHU dTaJOHAMH,
U JJTsi KaXKJ0T0 KJIACCA OTEHUBAETCs JIOrapudM MIPaBIONOI00MS BbI-
9UCJIEHHBIX paccoryiacoBanuii. [lokazano, IT0 nMpeyto:KeHHBbII 1T01X0/1
MOZKET IMIPHMEHSATHCH He TOJILKO COBMECTHO ¢ JuBepremiueii encena-
ITennona, HO u I TPOU3BOJILHON Mepwl Osn3ocTu. [IpuBesensr pe-
3yJIbTATHI SKCIIEPUMEHTAIBHOIO MCCJIEI0OBAHNS IS 38129 PACIIO3HA-
BAHUs JIUI C [PU3HAKAMH, BBIJE/ISIEMBIMEA C IIOMOIIBIO Heifpocere-
Bbix Mojeneil VGGFace u Lighened CNN (B). Ijist HaGopoB JaHHBIX
Labeled Faces in the Wild u YouTube Faces nmokazano, aro mpema-
raeMblil aJIrOpPUTM I03BOJIAeT Ha 1-5% MOBBICUTH TOYHOCTH METOJA
OsmzKaiimero coceia i KiaacCuuKAIM N300pazkeHnit 1 BUJIEO0.

WcceneroBanme BBITIOJIHEHO TPHU MOIJEPIKKE T'DAHTA MPE3UIECHTA
PO g mosmonpix yuenbix — gokTopoB Hayk Ne MJI-306.2017 u Jla-
60paToOpUNU AJTOPUTMOB U TEXHOJIOIHI AHAJM3a CETEBBIX CTPYKTYD
Hanumonasibaoro mcciie/1oBaTeIbCKOro yHuBepcuTeTa Boicinas mKoia
SKOHOMUKH.

[1] Casuenko A. B. Meros, MaKCHMAJIBHO IIPABIOLOIOOHBIX PACCOITIACOBa~

HUl B 33/1a9e pacIo3HaBaHUs M300parKeHmit Ha OCHOBE TTyOOKUX Heli-

pounbix cereii // Kommbrorepnas onruka, 2017. — T.41, Ne3. — C. 422
430.
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Image recognition based on the method of maximum
likelihood dissimilarities

Savchenko Andrey avsavchenko@hse.ru

Nizhny Novgorod, National Research University Higher School
of Economics

In [1] we explore the image recognition problem in the case of small
sample size based on the transfer learning techniques. We propose
the recognition algorithm based on the maximum likelihood (joint
density) of dissimilarities between an observed image and available
instances in the training set. The feature vectors are extracted at the
output of one of the last layers of the convolutional neural network
with ReLU activations. The likelihood is estimated using the known
asymptotically normal distribution of the Jensen-Shannon divergence
between high-dimensional vectors. The matrix of pairwise distances
between all classes is computed at preliminary stage. During recogni-
tion procedure, an observed image is matched with all instances from
the training set. After that, the negative log-likelihood of the com-
puted dissimilarities is estimated. It is shown that the proposed ap-
proach can be applied with an arbitrary dissimilarity measure rather
than with the Jensen-Shannon divergence, which asymptotic proper-
ties are used to estimate the unknown likelihood. The experimental
study is focused on unconstrained face recognition with features ex-
tracted by VGGFace and Lightened CNN (B) neural network mod-
els. We demonstrate that the proposed approach makes it possible
to increase the recognition accuracy of the nearest neighbor rule for
classifying images and videos at 1-5%.

The work is supported by Russian Federation President grant
no. MD-306.2017.9 and Laboratory of Algorithms and Technologies
for Network Analysis, National Research University Higher School of
Economics.

[1] Savchenko A. Maximum-likelihood dissimilarities in image recognition
with the deep neural networks // Computer Optics, 2017. — Vol.41,

No. 3. — p. 422-430.
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deckpuntop B akKyMynsiTOPHOM MPOCTPaHCTBE
Xadpa rpagmneHTHOro nonsi usobpakeHusa ans
OEeTeKTMPOBaHUS NeLexonos

Camconoe Huwxuma Andpeesuw's nikita.samsonov@phystech.edu

I'neywes Aanexcandp Huxonaesuw® gneushev@ccas.ru
'Mockpa, MoCKOBCKHIl (PU3MKO-TEXHIYECKNT HHCTHTYT Tv)
2Mocksa, PenepaIbHbIi HCCIeI0BATEILCKEH eHTp «HdopMaTuka i

yupasienne> PAH

ABToMaTHUyecKoe JeTeKTUPOBaHNE 00bEKTOB HA N300PAYKEHUAX U
BHUJIEO SIBJISIETCS OJHON M3 OCHOBHBIX 3aJ[a9 KOMITBIOTEPHOTO 3PEHUSI.
Takume 00bEKTHI Ha M300paKEHNN, KAK JIEO/M, SIBISIOTCS HEOTbEMJIe-
MOl 9aCTbhIO JIOPOKHOI CIIEHBI, UTPAIOT BaXKHYIO POJIb B PA3BUTUN J10-
poxkHoit curyarun. CI0KHOCTb PACIO3HABAHIS YeJIOBEKA Ha M300pa-
JKeHuu 00yCJIOBJIEHa HEPABHOMEDHOI OCBENIEHHOCTHIO, OOJIBIION Ba-
pruabesIbHOCTHIO M300paYKEeHMIT YeJI0OBEKa M3-3a PA3HBIX PAKYPCOB, da-
CTUYIHBIMY [T€PEKPBITUSIMU YEJI0BEKA JIPYTUMU OObEKTAMHU.

B nannoit pabore mpejiaraercs ajJropuTM BblJIEJIEHUS JIOKAJIb-
HBIX TEKCTYPHBIX [IPU3HAKOB Ha OCHOBe ['mcTorpamMm AKKyMyJIsiTOp-
noro npocrpancrsa Xada (HAH), obobmatomuit HOG meckpuirrop
IyTeM IOJIy9eHUsi TPOEKINil He TOJBKO OPUEHTAINI HO U IOJIOXKE-
HUll JIOKAJbHBIX KOHTYPOB 00beKTa Ha m3obpaxkenuu. /leckpumrop
HAH crpoutcs Ha ocHOBE MPOEKIUIT B AKKYMYJISITOPHOM ITPOCTPAH-
crBe Xada, MOJIYIEHHOTO C TOMOIIBIO JIYIeBOIO IMOTEPEIHOTO Ipe-
obpazoBanus PajioHa IpaJIMeHTHOrO MOJI UCXOTHOTO N300parKeHU .
HAH peckpumnrop yIuThIBAET HE TOJIBKO JIOKAJIBLHOE PACIPE/ICTICHUE
OpHUEHTAINN KOHTYPHBIX MPU3HAKOB, HO TaK K€ U WX IOJIOXKEHUE.
Takum 00pa3oM, MPEIOKEHHBII METO[ [IPEOI0IEBACT HEIOCTATKA
HOG, wucnosb3yst A0M0JHATEIBHOM HHMOOPMAIUNA O TTOJIOKEHUU JIO-
KaJIbHBIX 0CODEHHOCTEHl 00beKTa.

IIpemmaraembrii MeTo/1 OBLT IPOTECTUPOBAH COBMECTHO C JIMHET-
vbIM Kjaccuduraropom SVM Ha TecToBOl BBIOOPKE IMEIIEXO0I0B
INRIA c pesyisrarom miss rate = 0.039 upu FPPW = 104, uro B
nBa pasa sayume ueM y HOG(miss rate = 0.079).

Pabora norapxkana rpanrom POOU Ne 16-07-01171.

[1] Camcoros H. A., I'ieywes A. H. JlecKpunTop B aKKyMYJIATOPHOM IIPO-
crpancTBe Xada IpaJMeHTHOTO MO N300parKeHUs JIJIs JJeTEKTHPOBa-

Hus nemexonos // Mamuunoe o6ydenne u ananns JaHHbIX, 2017.
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Textural descriptor in the Hough accumulator space
of the gradient field for detecting pedestrians

Samsonov Nikita'x nikita.samsonov@phystech.edu
Gneushev Alexander? gneushev@ccas.ru
'Moscow, Moscow Institute of Physics and Technology (State University)

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

Automatic detection of objects in images and video is one of the
main tasks of computer vision. Detecting humans in the image is an
important task for road scene analyzing. There are some complexi-
ties of human detection in the image due to irregular illumination,
large variability of human images because of pose and variable angles,
partial overlapping of a person by other objects.

The image of a person can be represented by a set of contours,
silhouettes of parts of the body which are appeared in the image as
set of edges. However, the contours in the image of a person can have
a complex structure, it is necessary to use a set of local descriptors for
they characterization. This approach for the task of detecting may be
used in an effective scheme with constructing an integral character-
istic vector from local contour descriptors — Histograms of Oriented
Gradients (HOG) in image areas. However, HOG does not fully de-
scribe the local contour features of the object and in real applications
this method has an unacceptable number of false positives.

Generalization of the HOG descriptor by obtaining distributions
not only of the orientations, but also of the positions of the edges in
the local area of the image - Hough Accumulator Histograms (HAH)
is proposed. The HAH descriptor is constructed on the basis of the
histograms of the Hough accumulator space, obtained by means of
the Radon transform of the image gradient field.

The proposed method was tested together with the SVM linear
classifier on the pedestrian image test database INRIA with the result
Miss Rate equal to 0.039 with F'PPW equal to 10-4, which is twice
as good as for HOG (miss rate = 0.079).

This research is funded by RFBR, grant 16-07-01171.

[1] Samsonov N., Gneushev A. Textural descriptor in the Hough accumu-
lator space of the gradient field for detecting pedestrians // Journal of

Machine Learning and Data Analysis, 2017.
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NccnepoBanue GoicTpogenicTteusa pacnosHasaHus 3D
n300pa>keHns1 MeToaamMn CTOXaCTUYECKOW reomeTpumn
B 3aBUCMMOCTU OT KOJIMHeCTBA OMOPHbIX TOYEK HA
chepe

®dedomoe Huxonati Faspurosuy’ fedotov@pnzgu.ru
Cémos Anexceli Anexcandposuy+ mathematik_aleksey@mail.ru
Moucees Aaexcandp Baadumuposuw' moigus@mail.ru

lensa, ITen3eHCKHit rOCYapCTBEHHDI YHIBEPCATET

Tenza, 000 «Komspd»

B crarpe paccmarpuBaeTcs HOBBIHM MTOJAXOJ K pacno3dnaBanuio 3D
n300pazKeHuit, TAKONUil THBAPUAHTHOE OMICAHIE 00bEKTa IIPU J0OO0I
€ro IPOCTPAHCTBEHHON opuenTaruu. MeTo mo3BoJIsieT mapasuieibHo
C pacCIIO3HABAHUEM IIPOU3BOIUTDH AHAJN3 MCXOIHOIO N300PaKeHusd, a
TaKKe KOHCTPYHUPOBaTh IPU3HAKHU C 33/ IaHHBIMU CBOWCTBAMU.

IIpemaraembrii OIX07, OCHOBAH Ha METOIAX CTOXACTUIECKOHN
reoMeTpun u (QPYHKINOHAJBHOIO aHam3a. PaspaboTaHHOE aBTOpa-
MU runeprpelic-ipeobpaszoBanue co3maét 3D Tpeiic-06pa3 ncxomHOro
[IPOCTPAHCTBEHHOTO O0'bEKTA, KOTOPBIN SABJISAETCS YIOOHBIM UHCTDPY-
MeHTOM i anasju3a 3D m3obparkeHus B OT/iM4YuEe OT MaTeMaTude-
CKOT'O aIlapaTa JIPYrux MeTOJOB.

CroxacTuyecKoe CKAHIPOBAHUE CO CJIy YaifHbIMU [TapaMeTpamMu 00-
Jtee 3PEKTUBHO IO CPABHEHUIO C JETEPMUHUPOBAHHBIM CKAHUPOBa-
HUEM C TOYKH 3PEHHs COOTHOIIEHUS «HAJIe?KHOCTb-ObICTPOIeficTBIES
pacmozuaBanus 3D m3o6pazkenwnit. [IpuBeieHbr pe3y/IbTaThl KCIIEPU-
MEHTOB, ITOKa3bIBAION[NE HE TOJIHKO TEOPETHYECKYIO, HO U IIPAKTUIe-
CKYIO 3HAYMMOCTh, 1 3PHEKTUBHOCTD MPEIATAEMOT0 IIOIXO0/IA.

B crarpe amammsupyercss OvicTpojeiicTBue pacnosnaBanus 3D
00BEKTOB B 3aBUCUMOCTH OT KOJIMYECTBA OIOPHBIX TOYEK Ha cdepe
C UCIIOJIb30BAaHUEM PA3JIMYHBIX BUJIOB CKaHUpoBaHud. [Ipemiaraorcs
BO3MOXKHBIE IIyTH 10 YCKOPEHUIO paboThl PACIO3HAIONIENH CHCTEMBI.

Pabora nognepxana rparrom PODU Ne15-07-04484.

[1] @edomos H.T., Cémos A.A., Moucees A.B. VccnenoBanne GbICcTpPO-
neficTBus pacrmosnaBanust 3D n300paxKeHns METOTaMU CTOXACTUIECKON
reomMeTpun B 3aBUCUMOCTU OT KOJIMYIECTBa OIIOPHBLIX TOYEK Ha ccbe-
pe // Mamunnoe obydenue u ananus paHubix, 2017. http://jmlda.
org/papers/doc/2017/nol/Fedotov2017Research.pdf.
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Perfomance investigation of 3D image recognition by
stohastic geometry methods in dependent on the
number of reference points on the sphere

Fedotov Nikolai' fedotov@pnzgu.ru
Syemov Alexey’x mathematik_aleksey@mail.ru
Moiseev Alexander' moigus@mail.ru

!Penza, Penza State University
2Penza, LLC Comearth

In this article a new developed approach to the 3D images recogni-
tion, giving the object invariant description for any its spatial orienta-
tions is proposed. This method has many advantages and 3D images
data mining capabilities. In particular, in parallel with the spatial
object recognition it is possible to analyze the original image. Due
to building a rigorous mathematical model, it is possible to design
analytically features with predetermined properties.

The suggested approach is based on modern methods of stochastic
geometry and functional analysis. Hypertrace transform creates a 3D
trace-image of the original spatial object due to scan the parallel
planes grid from different view angles. Created on this trace-image
basis hypertrace matrix is a convenient tool for analyzing 3D images
in contrast to other methods mathematical tool.

Stochastic scan with random parameters is more efficient than
determinate scan in terms of the 3D images recognition ”reliabil-
ity - performance”relation. The conducted experiments results are
showed. These results demonstrate both the theoretical and practical
significance and effectiveness of the proposed method.

In the article the evaluation task of 3D image recognition perfor-
mance in dependent on the number of reference points on the sphere
with the use of scan various kinds are analyzed. At the article end
potential further ways to accelerate the recognition system work are
proposed.

This research is funded by RFBR, grant 15-07-04484.

[1] Fedotov N. Perfomance investigation of 3D image recognition by
stohastic geometry methods in dependent on the number of ref-
erence points on the sphere // Journal of Machine Learning
and Data Analysis, 2017. http://jmlda.org/papers/doc/2017/nol/
Fedotov2017Research.pdf.
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MeTog buomeTpuyeckon nageHtTudpukaumm no
n300pa>keHnto BHelHel CTOPOHbI J1a0HN

Yeprviuos Buxkmop Iennadvesun webcreator18@gmail.com
Mocksa, MI'Y um. M. B. Jlomonocosa, @akyasrer BMK

Hapsany c ceruarkoii 1yia3a u oTnedaTKaMu MaJjIbIEB, UCIOJIb30-
BaHU€e BHEIIHel CTOPOHBI JIAJOHU — OJHO U3 Haubojee IePCIIeKTHB-
HBIX HAIIPABJIEHUI B aKTYyaJIbHBIX IIPUKJIAIHBIX 33/[a49aX, CBA3AHHBIX
C pAacCIO3HABAHUEM JIMIYHOCTH desioBeKa. Paree aBTOpOM ObLIa IIpe/-
cTaBJIeHA MOOMJIbHAST CUCTEMA OMOMETPUIECKOH naeHTH(hUKAINN, Pe-
ajm3oBanHas Ha Oase npmioxkenns nog OC Android. B gannoii cra-
The IpeIoykeH 3(hMOEKTUBHBII MeTO/| 'eHepaIiil U COIOCTAaBJIEHUS
[IPU3HAKOB, B XOJIe TECTUPOBAHUS KOTOPOI'O HA PEAbHBIX JAHHBIX
(42 uesioBeka, 486 nzobpakenuit) g 3aga4uu uneHTudUKaIUN ObLI
nocrurayT EER (pasubiit yposens omu6ok) = 0.5%.

OCHOBHBIM MHCTPYMEHTOM Jjisi (DOPMUPOBAHUS IPU3HAKOB BbI-
O6pan gaBymMmepHbIii GuabTp [abopa, CTpyKTypa KOTOPOTO IMTO3BOJISIET
U3BJIEKATHh NHMOPMAIMIO O XapaKTepe KOKHBIX CKJIAJO0K IaJIbIeB Ha
n300paKeHNn: TOJIIINUHE, HAIIPABIEHNN, B3AUMHOM DaCIIOJIOXKEHUN.

Pasnuambie TUIBI TEKCTYPHBIX OCOOEHHOCTEN MMEIOT Pa3HbIE Xa-
pakTepHble pa3dMepbl. [losToMy, BO-1I€pBBIX, BBEIEHO JIBa CeMECTBa
GUIBTPOB ¢ pasHBIMEU mapameTpaMu o (MacmTad KOJUPYEMBIX 0CO-
GerHocTelt) u A (IIPOIIOPIMOHAJIBHO «IEPUOJLY» KBA3UOIEPUOIUTIE-
CKAX CTPYKTYD KOXKHBIX CKIazokK). CemeiictBom Oynem Ha3bIBATH
muoxectso {Gr(z,y,0;,...),j = 0,1,...,5}, toe Gg(...) — ampo
BelecTBeHHON YacTu dhuabrpa ['abopa ¢ pukcupoBaHHBIMEI TTApAMET-
paMmu 0,7, A; 6; — yros nosopora Guibrpa, 0; = ju/6.

Bo-BTOopBIX, /714 1T0/IyYeHns: BEKTOPa IPU3HAKOB UCIIOJIH30BaJIOChH
He II0JIHOe n300parkeHne, a HECKOJIBKO €0 TOYeK B y3J1aX CeTKH, Iar
KOTOPOIl 110 000MM HAIIPABJICHUSAM IIPOIOPIIUOHATIEH COOTBETCTBYIO-
UM pa3MepaM OKHa (GUIbTPa. DKCIIEPUMEHTHI TOKA3AJIN, 9TO TaKasi
Mo uKays He yXYIIIaeT KadeCTBO KJIACCHU(DUKAIIN, OJHAKO CY-
I[ECTBEHHO YMEHBINAeT BPEMsI CDABHEHUS I1aphbl IPU3HAKOB.

[1] Chernyshov V. Efficient Hand Detection on Client-server Recognition

System // Proceedings of the 10th International Conference

on Computer Vision Theory and Applications - Volume 2,

Berlin: INSTICC, 2015. — p.461-468. http://www.scitepress.org/

DigitalLibrary/PublicationsDetail.aspx?ID=PzA/cNUBpXE=&t=1.
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Biometric identification using hand dorsal surface

Chernyshov Victor webcreator18@gmail.com

Moscow, Lomonosov MSU, Faculty of Computational Mathematics and
Cybernetics

Along with retina and fingerprints, using dorsal hand surface for iden-
tity recognition is one of the most promising directions of research
in modern biometrics. Earlier the author presented a mobile identi-
fication system based on Android application. This article describes
effective method of feature extraction and further matching running
with EER = 0.5% on real data set (486 images of 42 people).

Feature generation is based on 2D Gabor filter whose form gives
a possiblity of analysis of the main finger knuckles characteristics:
thickness, direction, mutial arrangement.

Various types of knuckles textural features have different charac-
teristic sizes. Thus, firtsly, two families of filters with different pa-
rameters o (scaling) and A\ (proportionally to the “period” of quasi-
periodic structure of finger knuckles) were used. Assuming that, fam-
ily is a set {Gr(z,y,6;,...),7 = 0,1,...,5} where Gg(...) — the
real part of Gabor filter kernel with fixed parameters 0,7, A; 6; —
rotation angle, 6; = ju /6.

Secondly, feature vector was generated taking mesh nodes (mesh
steps are proportional to corresponding sizes of filter window), not all
the points from an image. Experimentally proved that such modifi-
cation doesn’t worsen identification quality but significantly reduces
two features vectors comparison time.

[1] Chernyshov V. Efficient Hand Detection on Client-server Recognition
System // Proceedings of the 10th International Conference on Com-
puter Vision Theory and Applications - Volume 2, Berlin: INSTICC,
2015. — p.461-468. http://www.scitepress.org/DigitalLibrary/
PublicationsDetail.aspx?ID=PzA/cNUBpXE=&t=1.
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yupasiaenne> PAH

PacnosnaBanve mo pajykke — OJMH M3 OCHOBHBIX COBPEMEH-
HBIX METOJ[OB ABTOMATHIECKON OMOMETPUYECKON ayTeHTU(DUKAIUN.
Ha uzobpaxkenun riraza mam mocjae0BaTeIbHOCTH TaKUX M300parKe-
Huii (BUzeo), BblIesIeTcs 00IaCcTh DALy KKU, 00Ia1aI0Iasl YHUKAIb-
HBIM yCTOWYUBBIM pucyHKoM. [lepe i paboToit aaropuTMoB cpaBHEHU
[IPOMCXO/IUT HOPMHUPOBKA 9TOIT 00J1aCTH — IPUBEJICHIE €€ K CTaHIapT-
HBIM pa3MepaM, 9TO JIeJAeTCs JUMHEHHBIM OTHOCUTEIHLHO €€ pajinyca
npeoOpa3zoBaHUEeM. 371eCh BO3HUKAET MPODJIEMa, COCTOSINAsl B TOM,
qro gedopMalusi TKAHU PALy?KKU HE SIBJISI€TCs JIMHEHHO.

B pabore ucciemayercs nenuneitnoe IBUKEHNE 3JIEMEHTOB DALy K-
HOIT 000JI0OUKH TJIa3a MpU M3MEHEHNN pa3MepoB 3padka. s ciexe-
HU¢ 32 IIepeMeIeHIeM 3JIEMEHTOB PaJIy?KKM UCIIOJIb3YIOTCS METO/IbI
ontmieckoro noroka Jlykaca—Kanane, Xopna—Illynka, a Takxke mnx
vomucukanuu. lenpio paboThl SBJISIETCs OIEHKA BUJA PAIUAJIBHO-
CUMMEeTPHUYHON (DYHKIINU, ONHUCHIBAIOIIEH [TOJI0YKEHIEe JIEMEHTOB Pa-
JIY2KHOI 000JIOYKH B 3aBHUCHUMOCTH OT paJjuyca 3padka. s onenkn
[IPUMEHUMOCTH MEeTO/[a OITUYECKOrO IIOTOKA IIPeJJIaraeTcs reHepa-
sl CHHTETUIECKUX JAHHBIX B COOTBETCTBUU C 3apaHee BBIOPAHHON
MOJIENIBIO AehopMaIny paIyKKN, PEAN3aIsd MeTOa HA TOCTPOEH-
HBIX JJAHHBIX U CPABHEHNE [TOJIYI€HHBIX PE3YIbTATOB C OXKUIACMBIMH.
s TecTUpoBaHUs AJIrOPUTMA HCIIOIB3YeTCs BUJIEO PEAKITUH HesIo-
BEYECKOI'0 IJIa3a Ha BCIIBIIIKY CBETA, IOJIYYEHHOE C IIOMOIIBIO CIIEIU-
AJIBHOTO TIPUOOPA.

Pabora nognepxana rparrom PODU Ne16-07-01171.

[1] Yuepunckuti B. B., Mameees U. A. ViccienoBanne IBUKEHUS CTPYKTY-

DBl PAIy?KHOI 0BOJIOYKM IVIa3a METOIOM OnTudeckoro noroka // Ma-

MMUHHOE O0yYeHne n aHaJu3 JaHHbix, 2017.
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Iris structure motion analysis via optical flow method
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Iris recognition is one of the modern methods of automatical human
biometrical authentification. Iris region with unique stable structure
is detected in eye image or video. In the preprocessing step, region
normalization is implemented via linear transformation. The problem
is that in fact iris deformation is non-linear.

Nonlinear movements of elements of human iris during pupil size
variations is studied. Tracking of iris elements is done with the help of
Lucas—Kanade, Horn—Schunck optical flow methods and their modi-
fications. The aim is to estimate a radially symmetric function which
describes positions of iris structural elements with respect to pupil
size. The quality of the method is assessed by applying it to the syn-
thetic data, which is built from preselected deformation model, after
that obtained function is matched against the model. To test the al-
gorithm on real data video of human’s eye reaction on flashlight is
used, which was recorded by a pupillometer device.

This research is funded by RFBR, grant 16-07-01171.

[1] Chigrinskiy V., Matveev I. Iris structure motion analysis via optical

flow method // Journal of Machine Learning and Data Analysis, 2017.
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HetocraTkoM M3BeCTHBIX paHee Mep CJI0KHOCTH U MHPOPMATUB-
HOCTH M300payKeHU SIBJSIETCST TO, YTO OHU 3aBUCAT OT ILIOIIAJIEH
obJracTeil pasbmennsi Kajpa, HO He OT uX (HOpPMbL. UTOOBI IPEOIo-
JIETH 9TOT HEJIOCTATOK, MPEIAraeTCs O0beIUHATE allapaT MO3amd-
HbIX Mojiesieit hopmbl [IbITheBa ¢ anmapaToM KapT TOJIIIH, PACCMAT-
puBapmuxcs B pamkax MM Ceppa. Kaproii Tosmus durypst F orHO-
curebHO Habopa cTpykTypupyomux sjgementos (CD) B naspiBaercs
dyukiws tp p(r,y), KoTopas KaxIoil Touke HDUTYPbI CTABUT B COOT-
BETCTBUE ILIOMIAJb MAKCUMAJIHLHOIO TMOKPBIBAIOIIErO €€ 3JIEMEHTa U3
B, nenukom Brumcannoro B durypy F. Kaproit Tommus Mo3ananoit
dopuer F' = Fy, ..., F, #assBaecrca Gynkuuda 7p g(x,y), Koropas
KazKJI0ff TOUKe Kajpa CTaBUT B COOTBETCTBHE Tr, 5(x,y) : (z,y) € F;.
B pabore nokazano, uro Beejennas panee (Bususibrep, Py6uc, 2014)
Mepa CJIOKHOCTU Mo3anmdHoil dopmbl py (F) MOXKeT MHTEpIpeTu-
pOBATHCS KaK CPEJIHsisl HOPMHUPOBAHHAs ILJIOIIA/b MAKCUMAJIHLHOTO
amopduoro CD, MeJMKOM 3aI0THSATIONEr0 00IaCTh IPUHAJIE?KHOCTH
Touku. Vlcxois u3 3T0r0, 0600IIEHHYIO YCIOBHY IO MOPMOJIOTTIECKYIO
cioxkHocTh fupr, g(F) dopmbl F orHOCHTEIBHO HAGOPA CTPYKTYPUDY-
IOIUX JIEMEHTOB B Ha Kajpe IJIOMma i S, MOXKHO ONPEJE/IUTh Kak
dyukmpo pg p(F) = 1 — meany(tr.p(z,y))/S. Ycaosayo Mopdo-
sorueckyto nHbOpMATHBHOCTD [ (F') 10 aHAIOTUM MOXKHO OIpeie-
muth Kak Ip(F) = —meany(log(Tr g(x,y)/S)). lonobubm o6pasom
OTIPEJICTIAIOTCST B3aUMHAasi MOPGOJIOrTIecKas CJI0KHOCTb U HH(MDOPMa-
TUBHOCTD JBYX U300paykennii. B pabore mpuBe eHbl IPUMEPhI BHIYUC-
JIEHUST BCEX TPEJIJIOKEHHBIX XapPaKTEePUCTUK (DOPMBI.

Pabora Boimonnena mpu dunancosoit nojgaepkke PH®, rpant
Ne 16-11-00082.

[1] Bpancrut C. A., Busuavmep FO. B. Ycnoubie Mopdomaornieckue me-

pBI cotoKHOCTH U mHpOpMaTUBHOCTH n3obpazkenuii// BKUT., 2017 (B

HeYaTH).
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Defect known measures of complexity and information for images is
addiction from squares of frame areas, but not of their shape. To over-
come this defect, it is proposed combine mosaic models of Pyt’ev and
thickness maps from mathematical morphology of Serra. Thickness
map of shape F for set of structuring elements (SE) is the function
tr B(z,y), which associates each point of the shape and square of the
maximal covering element B in the figure F. Thickness map of mo-
saic form F' = Fy,..., F, is the function 7 p(z,y), which associates
each point of the frame and function 7p, g(x,y) : (x,y) € F;. This
paper is shown that the measure of complexity of mosaic form g (F')
introduced (Vizilter, Rubis, 2014) can be interpreted as the average
normalize square of the maximum amorphous SE, which filling the do-
main of the point. Morphology measure of complexity pg, g (F') shape
F for set of SE B on frame with square S can be defined as the function
i B(F) = 1-mean,(tr g(x,y))/S. Morphology measure of informa-
tion Ip(F) can be defined as Ig(F) = —meany,(log(Tr s(x,y)/S)).
Similary, the mutual measure of complexity and information for two
images can be determined. In the work calculation all offered charac-
teristics of the shape are given.

This research is funded by RNF, grant 16-11-00082.
[1] Brianskiy S. A., Vizilter Yu. V. Morphology measures of complexity

and information for binary images // Herald of computer and infor-

mation technologies, 2017 (in press).
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B nmokmnane mpemaraercs moaxojl K MOUCKY M300parkeHuii B Ga-
3ax rpaduyecknx JaHHBIX 110 BU3yaJIbHBIM Xapakrepucrukam. Vc-
[IOJTb3YETCs HeITPEPBIBHAS MOJIE/Ib CEIMEHTUPOBAHHOTO N300 PAKEHN I,
cOCTOsIIAast U3 HAOOpa HEIePEeCeKANNXCsT MHOTOYTOJIbHBIX (QUryp.
Kazxip1it MHOrOYroIbHUK M3 9TOro HabOpa AIIIPOKCHUMUPYET BbIJie-
JIEHHYIO DACTPOBYIO 00JIACTb, IPU 3TOM MHOTOYTOJBHUKHU JBYX CO-
ceHUX ObJstacTeil mMeroT obImue hparMeHThl IpaHuiibl. st mocTpo-
€HIsI MHOKECTBA MHOI'OYTOJIbHUKOB UCIIOJIB3YeTCs MOIUMUKAIIS aJl-
TOPUTMa AMMTPOKCUMAIINN OMHAPHOTO U300PaKEHUS Pa3Ie/IIONIMI
MHOT'OYTOJIbHUKAMU MUHAMAJIBLHOTO mepumerpa. CermenTarus m300-
parkeHusl OCHOBaHAa Ha IIPOIE/LyPAaX BbIJIEJIEHUS CYIEPIUKCEJIOB —
HEOOJIBIIUX OMHOPOIHBIX ObsiacTeil. COOTBETCTBYIONIHE CyIIEPIITKCe-
JlaM MHOTOYTOJIbHUKHU O0bEINHSIOTCS B OTHOCUTEIBHO HEOOJIBIIIOE KO-
JINYECTBO KPYIHBIX (PUTYD C UCIOJIB30BAHUEM AJTOPUTMA HepapXuie-
CKOI KJIACTEPU3AINH [IBETOB CYIEPIINKCEJIOB U aHAJIN3a KOJINIECTBA U
COCEJICTBA JIEMEHTOB B BBIJIEJIEHHBIX KjacTepax. Mogeas m306parke-
HUs TaK)Ke BKJIIOYAET «Pa3MedYeHHbIe» CKeJIETHI MHOT'OYTOJIbHUKOB,
OIMCHIBAIOIINE N3MEHEHNE CKEJIETHOT'O IIPEJICTABJIEHNUS], U OIIEHKU 3Ha-
YUMOCTH BBIILYKJIBIX OCOOEHHOCTEN ITPAHUIIBI, COOTBETCTBYIOIINX BEP-
[IMHAM MHOTOYTOJBHUKOB [1]. ONeHKN 3HAIMMOCTH BBIYHUCIISTIOTCST HA
OCHOBE aHaJII3a [1apaMeTPUYECKOr0 ceMeiicTBa rpaHNYHO-CKeJIeTHBIX
Mozesneir (hpopMbI, MTOPOKIECHHOIO MHOTOYToJibHOM urypoit. [losry-
YeHHbIE MOJIeJIN N300PaKeHnil CpaBHUBAIOTC 110 (DOPMeE U IIBETY MHO-
rOyTOJILHBIX uryp. s ornenku cxonctsa pOpMbI CDABHUBACTCS Xa-
paKTep M3MEHEHUsI 9HCJia CyIMeCTBEHHBIX 0CODeHHOCTENH Duryp mpu
pOCTE BEJTMYIUHBI TOYHOCTH AIITPOKCHMAIIAN.

Pabora nognepxkana rpantavu PODPU Ne 14-07-00736 u Ne 17-07-
01432.

[1] Reyer I., Zhukova K. Parametric Shape Descriptor based on a Scalable

Boundary-Skeleton Model // Communications in Computer and

Information Science, 2017 (B negarn).
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An approach to region-based image retrieval is suggested. A continu-
ous model of a segmented image consisting of a set of nonoverlapping
polygonal figures is constructed. Each polygon from the set approx-
imates a segmented raster region within the image, with polygons
of two neighbor regions having common fragments of boundary. To
obtain the set of polygons a modified algorithm for approximation
of a binary image with polygons of minimal perimeter is used. The
segmentation is based on superpixel extraction procedures. The poly-
gons corresponding to superpixels are grouped into a relatively small
number of large figures using an algorithm of hierarchical color clus-
tering and analyzing the number and neighborhood of elements in the
obtained clusters. The model also includes marked skeletons of poly-
gons describing changes of skeletal representation and significance es-
timations for boundary convexities corresponding to polygon vertices
[1]. The estimations are calculated with use of a family of boundary-
skeleton shape models generated by a polygonal figure. Obtained im-
age models are compared by shape and color of polygons. To estimate
the shape similarity, the change of significant convexities’ number at
increase of the approximation accuracy value is compared.

This research is funded by RFBR, grants 14-07-00736 and 17-07-
01432.
[1] Reyer I., Zhukova K. Parametric Shape Descriptor based on a Scal-

able Boundary-Skeleton Model // Communications in Computer and

Information Science, 2017 (in press).
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B tex 3asadax KOMIBIOTEPHOIO 3PEHUd, IJie BAXKHBIM JUCKDH-
MUHAHTHBIM IIPU3HAKOM OOBEKTOB fABJIsAeTCH (POpMa, JJIs OINUCAHS
00'beKTa MOYKET HUCIHOJb30BAThCs ero ckeser. CormocTaBiieHme MexK/ Ty
co00i1 IBYX CKEJIETOB C IEJIbIO OMPEIEICHIS MePhl CXOICTBA, HUJIH Pa3-
Jinansi OObEKTOB sIBJISETCH PECYPCOEMKON B BBIYUC/IUTETLHOM ILIAHE
3asiadeil. 3a9acTyio, HEOOXOMMOCTD B COIOCTABJICHIN 00bEKTOB BO3-
HUKaeT He TOJHLKO IIPU 00pabOTKe OT/Ie/TbHBIX H300ParKeHuil, HO U TTPU
06paboTKe BUIEOIIOTOKA, & ITO HAKJIA/IBIBAET JOIOJHUTEIbHbIE Orpa-
HUYEHUsI HA CKOPOCTH PabOTHI AJITOPUTMa CPAaBHEHUsI OOBbEKTOB Ha
KaXKJIOM KaJipe Bujeopsiia. oburbes ycKopeHusi pabOThl aJrOpuT-
Ma MOXKHO IBYMsl CIIOCODAMU: aHAJIUTUICCKY, YIIydIlas aJrOPUTM U
COKpaIlas KOJMYECTBO BBIIOJIHAEMBIX UM OIE€PAIWil; U TEXHUYECKH,
IIyTEM IapaJijIeJIbHOI'O BBIIOJIHEHNS] HEKOTOPBIX YYaCTKOB AJITOPHUT-
Ma.

B mammoit pabore OyaeT mpencTaBIEHO pEIIEHUE 3aa9u yCKO-
peHUsi CPABHEHUS CKEJIETOB C TOYKHU 3PEHUs BO3MOXKHOCTU €€ Pac-
napaJjiieuBanus. by1yT paccMOTpeHbl CriocoObl YCKOPEeHUsT PabOThI
paHee IIPEJJIOKEHHOIO MEeTOJa CPaBHEHHs OMHAPHBIX M300paKeHuit
Ha OCHOBE OIIMCAHUSA CKEJIETOB OOBEKTOB IIEIOYKAMU ITPUMUTHUBOB,;
000CHOBAHO ITPUMEHEHNE MMapaJIIeIbHBIX BBIYUCJICHUN HA T€PCOHATb-
HOM KOMIIbIOTEpE ¢ ucrnojb3oBanueMm TexHosorun OpenMP u 6ub-
JINOTEK Ul paboThl € MMOTOKAMHU CTAaHIAPTA S3bIKA IIPOIDAMMEIPO-
Bauust C-++11. IIpuBesennbl pe3yibTaThl SKCIEPUMEHTOB IO OIEHKE
YCKODEHUsI, HOJIYYEHHOTO MapPaJlJIeJIbHBIMUA PEAIN3AIUAMEI AJITOPUT-
Ma CpaBHEHUS OMHAPHBIX H300PaKeHUil, OTHOCUTEIBHO MOCIEI0BaA~
TesibHOl Bepcun [1].

Pabora nognepxana rpaarom PODIU Ne 16-57-52042.

[1] Kywmnup O. A., Cepedur O. C. IlapasuresbHble peaau3aluy ajropuT-
Ma CpaBHEHUsI OMHAPHBIX M300parKeHmit Ha OCHOBE OIMCAHMS CKEJIETOB
[ENOYKAMA IPUMHUTHBOB // BeCTHUK KOMIBIOTEPHBIX 1 MH(MOPMAITOH-
HBIX TexHosormii, 2017 (B mevarn).
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The skeleton is a useful descriptor for solving Computer Vision prob-
lems based on shape matching. Skeleton matching is a rather compu-
tationally expensive task, so some ways of reducing computations are
appreciated, especially in case of video stream processing. There are
two main methods of speeding up an algorithm — the first one is the
analytical, by improving the algorithm and reducing the number of
operations in it; and the second one is the technical, by parallelizing
some parts of the source code.

In this work we propose the technical way of speeding up the
previously suggested skeleton matching algorithm based on skeleton
primitive chains alignment. We review two parallel computing tech-
niques for the systems with shared memory — OpenMP and C++11
multi-threading — and prove that they are proper for our skeleton
matching algorithm which could be used on ordinary multi-core PCs.
Then we show which part of the algorithm would be parallelized. As
a conclusion we discuss experimental results achieved on two paral-
lelized versions and a sequential version of the algorithm [1].

This research is funded by RFBR, grant 16-57-52042.

[1] Kushnir O., Seredin O. The Parallel Implementations of the Binary

Image Comparison Algorithm Based on Skeleton Primitive Chains //

Jornal of Computer and Information Technology, 2017 (in press).
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Panee 11 3amaun BbIIeIeHUS OTIMYWIT B CJIydae CyNIIECTBEHHO-
0 M3MEHEHUsI KAK SPKOCTH, TaK W T'eOMETPUN HAOJIIOIAEMOIl CIIEHBI,
ObLIa MpeIozKeHa MOpdOoIorniecKas cxeMa aHaAIN3a N300paKeHus,
ocuHoBaHHas HA JTUMPY3HBIX U pedePEeHTHBIX MO3AUIHBIX (PUILTPAX,
OIIPe/IeNIAEMBIX TEIUIOBBIMU SIIPaMU CXOJICTBa obsacTeil pa3bueHuns
kasipa. B mamHOI pabore i peasm3anuyd 3TOW CXEMbl IIpejjiara-
oTcs opurnHasbable pedeperTabie EMD-hbuabrphl, ocHOBaHHBIE Ha
OIPE/IeJIEHNN ONTHUMAJIBHBIX MATPHUI[ B3aUMHOI'O CXOJCTBA MO3aU4-
HBIX (DOPM METOJIOM JIMHEHTHOTO IIPOTrPAMMUPOBAHUS.

IIpentoxkennas cxema pedepertnoit EMD-durbrpanyuu 6b11a pe-
AJIM30BaHa U MPOTECTUPOBAHA MIPUMEHUTEFHO K Py MOIETbHBIX
U PeAJIbHBIX N300pakKeHuil. IKCIEPUMEHTHI TOKA3AJM CYIEeCTBEHHOE
VILyUIleHre KAadeCTBa BbIIEICHUS OTJIUYIUI 110 CPABHEHWIO C PeaJsiu-
30BaHHOI paHee cxeMoil pedepenTHoit buibTpannu Ha OCHOBE JTIdD-
Gby3HBIX pedepeHTHBIX (DUILTPOB ¢ MATPUIIAMHU CXOJICTBA, OIIPEIe/IsI-
e€MBIMH TeIUIOBbIME sijipaMu. CyIecTBeHHOE TPEUMYIIECTBO UCIOJIb-
zoBaansg EMD-dunprparuu B MOphoI0orniecknx cxemMax CpaBHEHUsT
n300pazkeHnil 3aKJII09aeTCsd B TOM, 9TO B3aWMHBIE U pedepeHTHBIE
bubTpel ¢ EMD-MmaTputieit B3anMHOTO CXOJICTBA SIBJISIOTCS ITPOEK-
Topamu (MJEMIIOTEHTHBIMU oneparopamu). Takum obpasom, EMD-
MopdosIorud IPUHUMAET B TOYHOCTH TAKOI K€ BHJ, KaK KJacCHude-
ckasi mopdoutorus [Isrrbesa.

Pabora nognepxana rparrom PH® Ne 16-11-00082.
[1] Jle6edes M. A. Pybuc A. FO. Busuavmep IO. B. Bwizosaos O. B. 2Kea-

moe C. IO. Bpimenenne oTimynii Ha M300parKeHUSX C MTOMOIIBIO Pe-

depentabix EMD-duiabrpos // BecTHUK KOMIBIOTEPHBIX U HH(MOPMa-

muoHHBIX TexHoJioruit, Mocksa: OO0 «Usnarensckuit qom «CrieKTp»,
2017 (B meuarn).
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In our previous works, dedicated to differences detection on images
in case of substantial brightness and object geometry variation, we
proposed a methodology of morphological image analysis based on
diffusion and reference mosaic filters, which were defined through the
heat kernels of image areas similarity. In this paper, we propose an
implementation of this methodology using original reference EMD-
filters based on calculation of optimal matrices of mosaic forms mu-
tual similarity through linear programming method.

The proposed algorithm of reference EMD-filtration was tested
on a set of real and synthetic images. The experiments have shown
the significant increase in quality of image differences detection com-
pared with the early-developed algorithm of reference filtering based
on diffusion reference filters with similarity matrices and heat kernels.
The substantial advantage of embodying EMD-filters in morpholog-
ical image comparison schemes is due to the mutual and reference
filters with EMD-matrix of mutual similarity being the projectors
(idempotent operators). As a result, EMD-morphology exactly cor-
responds to classical Pyt’ev morphology.

This research is funded by RSF, grant 16-11-00082.

[1] Lebedev M. Rubis A. Vizilter Yu. Vygolov O. Zheltov S. Image differ-
ences detection based on reference EMD-filters // Herald of computer
and information technologies, Moscow: Publishing house “Spektr”,
2017 (in press)
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B cratbe paccmarpuBaeTrcs 3ajada KaacCuUKAINN OMHAPHBIX
dburyp. st ee perreHns: MUPOKO UCIOJIb3YIOTCH KOHTYDHBIE U CKe-
JIETHBIE TOJXObI. [Ipr 9TOM MOJHOCTBIO KOHTYPHBIE METOIbI DoJiee
YCIEMIHBI YeM TOJIHOCTBIO CKejieTHble. Ha cerogHsauil 1eHb Hau-
0OJIBINNIT IPOI'PECC JIOCTUTHYT B CJIy4ae SIBHOI'O UJIM KOCBEHHOI'O 000-
ralmeHnss KOHTYPHBIX IPeICTaB/IeHn CcKegeTHol nHdopMmarmeii. B
JaHHOI paboTe MpeyIaraeTcs ABa HOBBIX IMOJHOCTHIO CKEJIETHBIX JIe-
cKpuIrropa 6uHapHO (DUTYPHI — KOHTEKCT pedpa CKeJieTa U MEIIoK
KOHTEKCTOB pebep ckesera. KoHTeKeT pebpa ckejera sABjsgeTcs 0600-
MMeHneM KOHTEKCTa (POPMBI HA CKEJIeT U COJEPKUT NHMHOPMAIUIO 000
BCEX OCOOEHHOCTSX (POPMBI PUTYPBI € «JIOKAJBLHOWS TOUKU 3PEHUSI.
Ecan rubkue pedopmarium e MEHSIOT TOMOJOTHIECKUX XapaKTepH-
cTuK (Uryphl, a JIOKAJbHBIE TOJIIUHBI HE U3MEHSIOTCS CJIUIITKOM
CIJIBHO, TO MPEJJIOKEHHBIN JECKPUIITOD OKA3BIBACTCS yCTONIMBBIM
K HEXKECTKNM UCKazKeHusM dacteit purypol. KonrekcTsr pedep Ko -
pyeTcsi Ha OCHOBE MEIIKa [IPU3HAKOB B PE3yJIbTaTe uero popMupyercs
MEITOK KOHTEKCTOB pebep ckesera. Memok KOHTEKCTOB pebep cojiep-
JKAT TJI00AJIBHY IO HHGMOPMAIIIO 0060 BCeX 0COOEHHOCTSX (DOPMBI (hu-
TYPBI CO BCEX «JIOKAJIBHBIX» TOUYEK 3peHms. KoMOnHAIMS MeIKa KOH-
TEKCTOB pebep W KOHTYPHOT'O JAECKPUIITOPA CYIIECTBEHHO YIIydINaeT
KaveCcTBO KJIaCCU(DUKAIIUN Ha CJA0KHBIX KOJIEKITUIX n300pazkennit. B
paboTe Tak:Ke onncanbl 3(GEKTUBHBIE AJITOPUTMBI IIOCTPOECHUST TIPE/I-
JIO2KEHHBIX JIECKPUIITOPOB HA OCHOBE HEIIPEPBIBHBIX CKEJIETHBIX MOJIE-
JIei.

Pabora mommepxkana rpanrom PH® Ne16-11-00082 u rpanTammu
POOU Ne15-07-01323 A u Ne16-57-52042 MHT _ a.

[1] Lomov N., Sidyakin S. Shape classification using bag of edge
contexts // Computer Vision and Image Understanding, USA: Elsevier

Inc., 2017.
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Shape classification using bag of edge contexts
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Sidyakin Sergey’x sersid@gosniias.ru
"Moscow, Lomonosov Moscow State University

2Moscow, FGUP “GosNIIAS”

This paper addresses 2D shape representation and classification is-
sues. Generally, the existing main shape representations are contour-
based and skeleton-based. Pure contour-based representations are
more successful than pure skeleton-based ones. However, the cur-
rent progress in shape classification is bound to contour representa-
tions enriched with the information from skeleton either implicitly
or explicitly. In this paper we propose a novel skeleton-based shape
descriptor named Edge Context. Edge contexts retain information
about the global structure of the entire shape from a local point of
view. If non-rigid deformations do not break the topology and local
thicknesses are not changed too much they are stable to flexible de-
formations of the shape parts. Edge contexts are encoded in the Bag
of Features framework and Bag of Edge Contexts is produced. Such
descriptor can explicitly improve a contour descriptor when both of
them are combined into a single feature vector. We also provide quite
efficient algorithms for construction of the mentioned descriptors us-
ing a continuous skeleton. Experimentation results indicate that pro-
posed shape representation achieves the state-of-the-art performances
on several challenging shape datasets.

This work is supported by Russian Science Foundation (RSF)
under Grant 16-11-00082; by Russian Foundation For Basic Research
(RFBR) under Grants 15-07-01323 A and 16- 57-52042 MHT a.

[1] Lomov N., Sidyakin S. Shape classification using bag of edge con-
texts // Computer Vision and Image Understanding, USA: Elsevier

Inc., 2017.
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Mopdronornyeckas oueHka gUHaMUKKN pereHepauunmn
nnaHapuin no dpoTtonsobpa keHnsam

Mecmeuxuti Jleonud Mouceesun' x author_mestlm@mail.ru
Tupac Xapaamnudi Ianmeneesun?
"Mocksa, MT'Y um. M. B. Jlomonocosa, ®Pakyasrer BMK

ITymuno, ITyMUHCKHIT €CTeCTBEHHO-HAY THBIH HHCTHTYT

tiras1950Q@yandex.ru

IIpecnoBosHbIE peCHUYHBIE IJIOCKHE YEPBU IJIaHAPHUH 00J1a al0T
YHUKAJILHON CIOCOOHOCTBIO K PEreHepanyy — OTPACTAHUIO YacTU Te-
Jla, yTPadeHHo#l B pe3y/prare monepedHoi nepepesku. CKOpoCTh pe-
TeHEepaIiy 3aBUCUT OT BHEIMTHUX (PAKTOPOB, HOITOMY ILIAHAPUU HC-
MIOJIB3YIOTCA B KQ4ECTBE IKCIIEPUMEHTAJbHBIX KUBOTHBIX B 9KOJIOTH-
9eCKUX U OMOJIOTUIECKUX UCC/IenoBanusax. g Takux uccjesoBaHuit
HEe0OXOMM OOBEKTUBHBIN KOJNYECTBEHHBII KOHTPOJIb CKOPOCTH pe-
rereparmn. CII0KHOCTH KOHTPOJISI OMPEJENISIeTCsl TeM, YTO IIIaHa-
pun He 00JIAIAIOT YKECTKUM HAPYKHBIM WJIN BHYTPEHHUM CKEJIETOM,
OHU JBUTAIOTCA U OBICTPO HU3MEHSIOT CBOIO (DOPMBI B XOJIE JIBUKE-
uug [1]. B nokiaze paccmarpuBaercs 3ajada OLNEHUBAHUA CKOPOCTH
pereHeparuu Ha OCHOBE II0CJIeI0BATEIbHOCTHU (hoTorpaduil, Moy deH-
HBIX B T€UEHNE HECKOJIbKUX JIHEH HAOJIIOCHNUsT 38 TPYIIION TIaHapHil.
IIpemaraercs 1momxos, OCHOBAHHBII Ha IIOCTPOEHUH HEIPEPBIBHOI
MOPQOIOTUIECKON MOJIEIN CHIYITa IIAHAPUN U aHAJIM3€ JUCKOBOTO
MMOKPBITUS CUJIYITa — OObEeIMHEHNs] BCEX BIMCAHHBIX B (DUTYDPY JIHC-
KOB 3a/IaHHOTO pa3mepa [2]. TIpeyiosken KoJamieCcTBeHHbINH KpUTepuii,
OCHOBaHHBIIl Ha BBIYUCJIEHUN IO/ JUCKOBOTO MOKPbITUA. JliHa-
MUKa MOpdOreHe3a OlEeHNBAETCS 10 U3MEHEHUIO IIJIOIIAN TOKPBITHS
3a OIpeJe/IeHHbIE MHTEPBAJIbI BpeMeHU. Pa3zpaboTan IUC/IeHHBIN Me-
TOJ, peaju3yomuil 3T1oT moaxo. Koppekraocts un 3ddekTuBHOCTH
METO/Ia IOATBEPKIACTCA Pe3yabTaTaMU BBIYUCIUTEIbHBIX IKCIIEPH-
MEHTOB Ha 00JIbITION 6a3e m300pazkenuii. Pabora mojyiep:kama rpaH-
Tamu POON NeNe 17-01-00917, 15-29-01135.

[1] Tupac X.II. v dp MunumMusanusi norpermHocreii MopdoMeTpun pere-
Hepupyomux npanapuit // @ysamamenTanbabie uccaenosanusa, No. 2,
4.7, 2015. — C. 1412-1416.

[2] JIomos H. A., Mecmeuyxuti JI. M. Ilnomans AMCKOBOrO HOKPBITHSA — Jie-

ckpunTop dopmer nzobpaxkenus // KommbiorepHas onrtuka, 40(4),
2016. — C.516-525.
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Morphological evaluation of the dynamics of planarian
regeneration through photo-images
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Tiras Kharlampiy® tiras1950@yandex.ru
"Moscow, Lomonosov MSU, Faculty of Computational Mathematics and
Cybernetics

2Pushchino, Pushchino State Institute of Natural Sciences

Freshwater ciliated planar worms have a unique ability to regenerate
the part of the body that is lost as a result of transverse transection.
The speed of regeneration depends on external factors, therefore pla-
narians are used as experimental animals in ecological and biological
studies. For such studies, objective quantitative control of the rate
of regeneration is necessary. The complexity of control is determined
by the fact that the planarians do not have a rigid outer or inner
skeleton, they move and rapidly change their shape during the move-
ment [1].

In the report, the problem of estimating the rate of regeneration
is considered on the basis of a sequence of photographs obtained dur-
ing a few days of observation of a group of planarians. An approach
is proposed for estimating the rate of regeneration from the available
digital gray-scale images, based on the construction of a continuous
morphological model of the planarian silhouette and the analysis of
the disk cover of the silhouette (the union of all disks of a given size
inscribed in the figure) [2]. The process of regeneration is expressed
as the transformation of the semicircular shape of the growing part
of the planar body into a triangular shape. The proposed quantita-
tive criterion is based on the calculation of the disc cover area. The
dynamics of morphogenesis is estimated by changing the area dur-
ing certain time intervals. A numerical method has been developed
that implements this approach. The correctness and efficiency of the
method is confirmed by the results of computational experiments on
a large image base. This work is supported by RFBR, grants 17-01-
00917, 15-29-01135.

[1] Tiras K. P. et al. Minimization of errors in the morphometry of regen-

erating planarians // Basic research, 2(7), 2015. — P. 1412-1416.

[2] Lomov N. A., Mestetskiy L. M. Area of the disk cover as an image shape
descriptor // Computer Optics, 40(4), 2016. — P.516-525.
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MeTop BblaeneHnst NOgMHOXECTBA BEKTOPHbIX
NpeacTaBAeHNA YTOJLWEHHbIX TOPU30HTaNel Ha
pacTpoBbIX Tonorpaguyeckmx KapTax

Mupowmnuuenro Cepeeti FOpvesuu' oldguy7@rambler.ru
Jpemos Eszenuti Huxonaesur' x evgeni-dremov@yandex.ru

'Kypcxk, FOro-3ama/[ablii roCyIapCTBEHHBIH YHIBEPCHTET

Paspaboran meTos1 aBTOMATHIECKOTO BBIJICJIEHUST [TOIMHOXKECTBA
YTOJIIEHHBIX NOPU30HTAJIENH U3 MHOYXKECTBa BEKTOPHBIX IIPeICTaBJIe-
HUN U30UHUI, cDOPMUPOBAHHOIO 110 PACTPOBBIM TOHOrpadUIecKuM
kaprtam. MeTos ocHOBaH Ha SPKOCTHO OIEHKE IIUPUHBI JINHUU U €€
CPaBHEHUU C OIIEHKAMU CMEXKHBIX M30JIMHU. PaccMOTpeHbl OCHOBHBIE
9Tambl pabOTHI IPEIAaraeMoro MeTOA, MPUBEICHBI PE3YJIBTATHI €ro
[IPUMEHEHNUs! JJIs aBTOMAaTHYEeCKOI'O BbIJIEJIEHUSI YTOJIIEHHBIX I'OPU-
30HTaJIENl HA TONOrPaUIECKNX KapTax.

IIpemraraemblit METO OTHOCUTCS K 00JIACTH KapTOTrpadun U mMpu-
MEHSI€TCsI TIPU CO3JAHUN U aKTYAJIU3AINH T POBBIX MOJIEIEH pesibe-
da ¢ uCroIBp30BaHNEeM B KAUECTBE UCXOIHOTO MAaTepUaja PACTPOBBIX
TOOrpadUIECKIX KapT.

TouHOCTH TPEIJIOKEHHOTO METOa IOATBEPIK/IEHA B pe3yJIbTa-
Te KCIIEPUMEHTAJIbHBIX HCCJIEJOBAHNI HA CEPUAX TONOIPAadUIECKIX
KapT. Pe3ysbTarhbl 9KCIepUMEHTAIbHBIX UCCJICIOBAHNIA TOATBEPK A~
0T IIeJIECO0OPA3HOCTD HMCIOIb30BAHNS TPEIJIOKEHHOIO METOIA JIJIst
bopMEUpOBaHUS MHOXKECTBA BEKTOPHBIX [IPEJICTABICHIUIT Y TOIIECHHBIX
FOPHU30HTAJIEH HA PACTPOBBIX TONOIPAMDUIECKUX KAPTaxX.

Taxum 0O6pa3oM, IIpeICTaBIEHHbBIN METO/L II03BOJISIET IIOCPEICTBOM
aHaJn3a TOHOrpaduyuecKoil KAPThI BBIAEIATH YTOJIIEHHbIE TOPI30H-
TaJu u3 O0IEero MHOXKECTBA BEKTOPHBIX IIPEICTABJICHII N30JUHAN U
MOXKeT OBITh HCIOJIB30BAH IIPU ABTOMATUYECKOM CO3JAaHUN 1T PO-
BBIX MoJiejielt pesibeda.

[1] Mupownuvenko C. FO. Meron BBLI€IeHNs] NOIMHOMXKECTBA BEKTOPHBIX

Hpe,HCTa.BJIeHI/Iﬁ YTOJIIIEHHbIX I’OpI/I3OHTaJIef/‘I Ha paCTPOBbIX Tonorpa(im-

qecknx Kaprax // Temekommynukauu, Mocksa: Hayka n Texnosmornmu,

2017. — C.37-42.
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Method selection subset of the vector representation
thickening horizontals on raster topographic maps
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'Kursk, Southwest State University

A method has been developed to automatically selection a subset
of thickened contours from a set of vector representations of isolines
formed by raster topographic maps. The method is based on the
brightness-based evaluation of isoline width and its comparison to
adjacent lines. The main steps of the proposed method, the results
of its application for the automatic thickened isolines detection on
topographic maps are shown and described.

The proposed method refers to the field of cartography and is
used in thecreation and actualization of digital relief models using
raster topographic maps as a raw material.

The accuracy of the proposed method is confirmed by experimen-
tal studies on a series of topographic maps. The results of experimen-
tal studies confirm the expediency of using the proposed method for
forming a set of vector representations of thickened contour lines on
raster topographic maps.

Thus, the presented method allows, through the analysis of a to-
pographic map, to isolate thickened horizons from a common set of
vector isolines and can be used in the automatic creation of digital
relief models.

[1] Miroshnichenko S. Yu. Method selection subset of the vector represen-
tation thickening horizontals on raster topographic maps // Telecom-

munications, Moscow: Science and Technology, 2017. — p. 37-42.
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Mopdronornyeckunii npoekTop B meTpuke L
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!Exarepunbypr, IHCTHTYT MATEMATHKY ¥ MEXaHUKA
um. H. H. Kpacosckoro ¥YpO PAH

Pabora mocssitena 3ajate o6HAPYKEHUST U JIOKAJIU3AIANA CTPY-
TYPHBIX DPa3/IMIuil M300paKeHuil, Mo/ KOTOPHIMU MOHUMAKTCS W3-
MEHEHUsI B cocTaBe 00bEeKTOB creHbl. JIjis caydasi KOHETHO3HATHBIX
n300parKeHuil MPEeJJIOZKEH HOBBII AJITOPUTM BBIYHC/ICHUsT 00JIACTH
pazuYuii, OCHOBAHHBIN HAa MOPQOJIOrHIECKON TPOEKITUN B METPUKE
Ly, u moka3aHo, 9TO OH JAaeT TOYHOE PEIeHHe I JIOCTATOYHO IIU-
POKOI'0 KJjacca CTPYKTYPHBIX paszinunii. [losydeno yreepxkienue o
TOM, 9TO JIjisi M300paYKEHU, 3AITyMJIEHHBIX JTUCKPETHBIM HE3aBUCH-
MBIM HOPMAJILHBIM O€JIBIM IIIYMOM, CHMMETPUYIECKasT MePa PA3HOCTU
pe3yibrara paboThl IPEIJIOKEHHOIO aJITOPUTMa M MCTUHHOI'O MHO-
JKECTBa Pa3JIMYHil CTPEMUTCH 110 BEPOATHOCTU K HYJIIO IIPU Heor'pa-
HUYEHHOM DPOCTEe OTHOINEHUS BEJMYUHBI MUHUMAJIBHOIO CKadKa sp-
kocru Kk CKO mywma. Ha ocuoBe mamnOoro ajropurma paspaboTan
€ro peryJsipu30BaHHBIN BAPUAHT, OMUPAIONIUICT HA WJIEI0 MTOCTPOE-
HUS PsAJIa TPOEKITUI /IS PA3IMIHBIX MHOXKECTB YPOBHS, KOMIIJIEKCHO
HUBEJIMPYIONINX BJIMAHUE [IyMa, U UX [IOCJIEIYIONEro 0Obe IMHEHNs B
pesyibTupyomee nzobparkenue. IIpusojgarcs pe3yapraTbl CpaBHEHNS
KadecTBa pabOThI IPEJIOKEHHBIX AJITOPUTMOB U M3BECTHBIX METO/IOB
[IOUCKA PA3JININN HA PEATbHBIX U CUHTE3NPOBAHHBIX M300PAXKEHUSIX,
JEMOHCTPUPYIOIIIE TPUMEHUMOCTD ITPEJJIOZKEHHOTO ITOAXOIA It Pe-
HIEHUS IPUKJIATHBIX 33/1a4.

Pabora BbITosHEHA TIPU YACTUYHON IIOJIJIEPYKKE KOMIIJIEKCHOIT
uporpammbl DHU YpO PAH (mpoexr 15-16-1-14).

[1] Kocmoycos B. B., Ilepesanos /]. C. Mopdonornaecknii mpoeKTop B

MeTpuke Lo 7 3a7ada JIOKAJIU3AINN CTPYKTYPHBIX PA3aIndnii n3o0pa-

sxennit // Tpynpt MacTuTyTa Maremaruku u Mmexanuku Y pO PAH, Exa-
repunbypr: UMM ¥YpO PAH, Tom 23, Ne 1, 2017. — C. 171-187.
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Morphological projector in the L, metric
and the problem of the finding structural differences
between images
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The paper is devoted to the problem of the detection and localiza-
tion of the structural differences between images, by which are meant
changes in the composition of scene objects. For the case of the finite-
values images the new algorithm for estimating the area of the dif-
ferences are proposed. The algorithm is based on the morphological
projection in the Lg metric. It is shown, that the algorithm gives
the exact solution for a fairly wide class of the structural differences.
Also it is proven that for images noised by discrete independent nor-
mal white noise, symmetric measure of the difference in the result of
the proposed algorithm and a true differences area goes to the zero
in probability, in the case, when the ratio of the minimum bright-
ness jump to the SNR of the noise infinitely grows. Based on this
algorithm, it was developed its regularized variant, which utilizes the
idea of constructing a series of projections for various level sets, which
complexly decrease the noise effect. This level sets subsequently in-
tegrated into the resulting image, which is output of the regularized
algorithm. The results of a comparison of the quality of work of the
proposed algorithms and known methods for finding differences on
real and synthesized images are presented. They demonstrate the ap-
plicability of the proposed approach for solving applied problems.
The work was carried out with the partial support of a compre-
hensive program of the Fundamental Scientific Researches by the UB
RAS (project 15-16-1-14).
[1] Kostousov V., Perevalov D. Morphological projector in the Lo metric
and the problem of localization of structural differences between im-

ages // Proc. of the Krasovskii Institute of Mathematics and Mechan-
ics, Ekaterinburg, Vol. 23, Is. 1, 2017. — pp. 171-187.
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"Mocksa, ®TVII «[ocynapcTBeHHBI HayYHO-HCCIIEI0BATEIbCKITH
uHCTUTYT aBuannoHHbIx cucreMs» (PIVII «[ocHUMAC»)

Panee B pabore (Vizilter et al., 2016) 6Gbuia mpe/yiozkeHa cxema
[IOCTPOEHUsT KOMITAPATUBHBIX MOPdooruit, obobimarorniast Mopdo1o-
ruveckuii mojxox FO.IT. TleitheBa Ha GoJiee mMUpOKUii Kaacce mpore-
JIYP, PEITaoNuX MpakTUuIecKne 3a/a91 CpaBHeHNs n300pazkennit. B
paMKax 3TO# CXeMblI ObLIN pa3paboOTaHbl TPOTETyPa (DUILTPAIIUN HA
OCHOBE B3aNMHOI'0 KOHTPACTUPOBAHUS U AJITOPUTM BBIJICJICHUST OTJIV-
quil HA ee OCHOBE.

B manmnoit pabore mpejcraBiieH KJIac¢c KOMIIAPATUBHBIX (PUIBTPOB,
UCIOJIB3YIONUX B KAYeCTBE YIPOIIAIONIIX (DUILTPOB OMEPAIUN Ma-
remarndeckoii Mopdosorun (MM) Ceppa, KoTopble, B oTiH4ne OT
pPACCMATPUBABIINXCS HAMU paHee MPOeKTopoB [IbITheBa, JMHEHHBIX
b dY3HBIX U HEJTMHERHBIX MEIUAHHBIX (PUIBTPOB, SIBJISIOTCS MOHO-
TOHHO HEyBEeJIUYUBAIOIUMU (HEYMEHBINAOIMUMY) DUIbTPAMU:

C(f,9) = S(f) +alf,9) - [f = S(H)lealf,9) € {0, 1},

rie [f — S(f)]: — orceuenne 3HAYEHUST PA3HOCTH 110 MUHHMAJBHOMY

mopory t; f, g — TeCTOBOE U STAJOHHOE N300PaYKEHIS COOTBETCTBEHHO;

a(f,g) — nokaibHblil K03bMUIUEHT B3AUMHOIO CXOJICTBA U300parKe-

auit f u g; S(f) — mopdosornveckuit hursrp Ceppa.

IIpuBeens! pe3yIbTaThl 9KCIIEPUMEHTAIBLHOI'O UCCIIE0BAHNS IIPE/I-
JIO2KEHHBIX (DUIBTPOB C PA3JIUYHBIMU IIapaMeTPaMU B 3a/[a4Y€e BblJie-
JIEHUsI OTJIMYWil Ha M300PaKeHNAX B CPABHEHUU JPYTrUMU MOPQOI0-
TUYIECKUMU TIPOIELy DAMU BBIJIETCHUS OTIUIUIA.

Pabora nmoep:xana rpantom PH® Ne 16-11-00082.

[1] Pybuc A. FO. Jle6edes M. A. Busuavmep IO. B. Komnaparusnast Gpusib-
Tpalusd I/I3O6pa)KeHI/II71 C MCIIOJIB30BaHUEM MOHOTOHHBIX MOp(l)OIIOFI/I‘Ie-
cKkux oneparopos // BecTHUK KOMIBIOTEPHBIX W WH(MDOPMAIMOHHBIX
rexuosoruit, Mocksa: OO0 «M3znarenbckuit mom «Crexrp», 2017 (B
[eYaTH).
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Comparative image filtering using monotonical
morphology operators
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In previous work (Vizilter et al., 2016) Comparative Morphology
(CM)construction scheme generalized Pyt’ev’s Morphological Image
Analysis approach to a wider area of practical image comparison ap-
plications was proposed. In the framework Guided Contrasting fil-
tration procedure and change detection algorithm based on it were
developed.

In this work we propose a class of CM filters using operators of
Serra’s Mathemarical Morphology as smoothing operators, that are
monotonically non-increasing (non-decreasing) filters in contrast to
linear diffuse filters and non-linear median filters:

C(fvg) :S(f)+a(f7g) [f_S(f)]taa(fvg) € {071}7

where [f —S(f)]: — difference value after minimum thresholding by ¢;
f,g — reference and testing images respectively; a(f, g) — local simi-
larity measure of f and g images; S(f) — Serra’s morphological filter.
Therefore, in the work results of change detection experiments
with new CM filters in comparison with other morphological proce-
dures are represented.
The work is founded by RSF Grant 16-11-00082.
[1] Rubis A. Yu. Lebedev M. A. Vizilter Yu. V. Comparative image filter-
ing using monotonical morphology operators (in russian) // Herald

of computer and information technologies, Moscow: Publishing house
“Spektr” , 2017 (in press).
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"Mocksa, 3AO «AHTHIUIATHAT>

*Mocksa, Mockosckuii dbusuxo-rexuudeckuii uucrutyt (I'Y)

PaccmarpuBaercss 3a7ada 1eTEKTUPOBAHUS TIEPEBOHBIX 3aMM-
crBoBauwmii. Takoit Bu 3aMMCTBOBAHUN, KOT/1a H3TOTOBUTEb PAOOTHI,
C UCIIOJIb30BAHUEM CPEJICTB MAITMHHOTO TTEPEBOIA WA CAMOCTOATE b
HO II€PEBO/UT IIPEUMYIIECTBEHHO AHIVIOA3bIYHbIE HAYYHbIE IIyOJInKa-
MU HA PYCCKUI fA3BIK M BBIJIAET UX 33 OPUTHMHAJIbHBbIE, CTAHOBUTCH
HaunboJiee MOIYJIAPHBIM U3-32 HEXBATKY IIPOMBIIIJIEHHBIX HHCTPYMEH-
TOB, JIETEKTUPYIOMINX 3aNMCTBOBAHUS TAKOTO POJIA.

ABTopaMu MpEJJIOKEH AJTOPUTM JETEKTUPOBAHUS [T€PEBOTHBIX
3aMMCTBOBaHUI JIJIs SI3BIKOBOM MMaphl «aHIVIMICKUN-pyccKuiiy. Ajro-
puT™M 00benuHSIET B cebe 0TOOP JOKYMEHTOB-KAHIUIATOB HA 3aUM-
CTBOBAHMSA U IIOCJIEIYIONIEE UX CDABHEHUE C IIPOBEPAEMbBIM JIOKYMEH-
ToM. B cBsa3u co crenudukoii paccMaTpuBaeMoil 3a/1a9u, aJrOpuTM
JOJIZKeH OBbITh YCTONYNB K HEOIHO3HAYHOCTSAM IepeBoia. B orbope
JOKYMEHTOB-KAHIUIATOB 9Ta YCTOWINBOCTH JTOCTUTACTCS 32 CUET 3a-
MEHBI CJIOB Ha METKH KJIACCOB 9KBUBAJIEHTHOCTH, ITOJIyYEHHBIX C IIO-
MOIIIBIO JUCTPUOYTUBHOM Mosiesin. [lajee, /i1 cpaBHeHNs HAIEHHBIX
KaH/IU/IaTOB U PACCMaTPUBAEMOI'0 JOKYMEHTA, HCIIOJIb3yeTCs 0TOOpa-
JKEHUE TEKCTOBBIX (PparMeHTOB JJOKYMEHTOB B BEKTOPHOE IIPOCTPAH-
CTBO BBICOKOU pasmepHOCTH. JIj1st 9T0ro 0T00parkeHust NCIOJIb3YI0TCs
PEKyppeHTHbIE CeTU TJIyOOKOTO obyuenus. [l onTuMusanuu mapa-
METPOB CETU IPUMEHSIIOTCS TEXHOJIOr Uil 00y ueHust 6e3 yIuTess U TeX-
HOJIOTUN YaCTUYHOI'O OOyUeHNs.

B mokmaze mpencraBieHbr pe3yabTaThl pabOTHI IPEIaraeMoro
AJITOPUTMa, HA CTATHSIX M3 KYPHAJIOB, BXOAdmuX B Poccuiickuii ns-
nexc mayanoro nuruposanus (PUTHIL).

[1] Bakhteev O.,  Kuznetsova R., Romanov A.,  Khritankov A., A
monolingual approach to detection of text reuse in Russian-English
collection // Artificial Intelligence and Natural Language and
Information Extraction, Social Media and Web Search FRUCT
Conference (AINL-ISMW FRUCT), 2015. — C. 3-10.
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Cross-lingual plagiarism detection in the collection of
scientific articles from journals included in RSI

Bakhteev Oleg'? bakhteev@ap-team.ru
Kuznetsova Rita'? kuznetsovaQap-team.ru
"Moscow, JSC Antiplagiat

2Moscow, Moscow Institute of Physics and Technology (State University)

The paper describes the method of cross-lingual plagiarism detection.
This kind of plagiarism became very popular because there are not
tools for detections such kind of plagiarism.

The authors propose the algorithm of cross-lingual plagiarism de-
tection for the language pair “english-russian”. Algorithm includes
the source retrieval stage and following comparison between retrieved
documents and the suspicious document. The algorithm should be
stable to the translation ambiguity. At the source retrieval stage this
ambiguity is achieved by moving from word shingles to word-class
shingles, where each word is substituted by the label of the class ob-
tained by distributive hypothesis. For comparison stage we use model
for mapping the word sequence into hight dimensional space. For this
purpose we use the recurrent neural network. We train our model in
unsupervised or semi-supervised training regimes.

We demonstrate the performance of the proposed algorithm on
the collection of scientific articles from the journals included in RSI
Index.

[1] Bakhteev O., Kuznetsova R., Romanov A., Khritankov A., A monolin-
gual approach to detection of text reuse in Russian-English collection //
Artificial Intelligence and Natural Language and Information Extrac-
tion, Social Media and Web Search FRUCT Conference (AINL-ISMW
FRUCT), 2015. — p.3-10.
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ApauTunBHas perynsipmsaumns TeMaTuyecknx
Mogenein CBA3HOro TekCTa

Boponuos Koncmarnmun Bsauwecaasosuy voron@forecsys.ru

Mocksa, Mockosckuit dusuxo-rexundeckuii nacruryr (I'Y)

Bepoammnocmmuvie memamuueckue modeats BBISBISIIOT TeMaTHIe-
CKYIO KJIACTEPHYIO CTPYKTYPY TEKCTOBBIX KoJutekiuii. Momens mpe/i-
CTaBJIET KaXK/yI0 TEMY PACIIPe/IeJIEHIEeM BePOSTHOCTEH CJI0B U OIN-
CBIBAET KaXK bl JIOKYMEHT BEPOSTHOCTHOM cMechio TeM. [Ipocreiimue
MOJIE/IM ONUPAIOTCS HA TUIIOTE3y «MEIIKA CJIOB», HO N3BECTHBI TAKIKE
U MOJIEJIN, YIUTHIBAIOIIIE TOPSIIOK CJIOB B TEKCTE.

Modesu n-2pamm OCHOBAHDBI Ha BBIJIEJICHIN HH(DOPMATHBHBIX CJIO-
BocodeTaHuil. J[jis1 9TOro MCHOIB3YIOTCH CTATUCTUYECKNE KPUTEPUU
KOJIJTOKAIIN CJTOB, ABTOMATUIECKUH CUHTAKCUIEeCKU pa3b0op, OTICHKN
TEMATUIHOCTH N-TpPaMM. Lembl, oOpasyemble n-TrpaMMaMi, HAMHOTO
JIydIlle UHTEPIPETUPYIOTCS, IeM TEMbI B YHUTDAMMHBIX MOJIEJISX.

Modesau ducmpubymuenoti cemanmuky CTPOST BEKTOPHBIE IIPE/I-
CTaBJIEHUS CJIOB 110 JIAHHBIM 00 X COBMECTHOI BCTpedaeMocTH. B oT-
JIM9He OT M3BECTHBIX Mojeseir word2vec n GloVe, TeMarndeckue BeK-
TOPHBIE MIPEJICTABJICHUS PA3PEXKEHbI I HHTEPIPETUPYEMBI.

Modeau npedaooicerutds u modeau memamuieckos ceemeHmayuy
OCHOBaHBI HA TUIIOTE3€, YTO CBI3HBII TEKCT €CTECTBEHHOIO sI3bIKA, CO-
CTOUT W3 II0CJIE/I0BATE]BHOCTH COOOIIEHMIl, KaXK0€e U3 KOTOPBIX OT-
HOCHTCSI K OJTHOU TeMe HJIM HEeDOJIBIIIOMY YUUCIIY TEM.

B moknaze paccMaTpuBarOTCs METOBI PETYIISPUBAIIA TEMATHIE-
CKUX MOJIeJIell TePEeINCICHHBIX TUIOB. [Ipeyiaraercs: peryasspusarop
noct-obpaborku E-mara 8 EM-anaropurme myia dopMaausanum mu-
POKOI'O KJIACCa IIPEIIOJIOKEHUIT O TEMATUIECKO CTPYKTYPe CBA3HOI'O
tekcTa. Texauka addumuehoti peeyiapu3anyuy, TO3BOJISIET BCTPANBATD
perynspusanuio E-mrara B TeMaTH4YecKre MOJEIN PA3JIMIHbIX TUIIOB:
“epapxXuvIecKue, TeMIOPAIbHbBIC, MyJIbTUMOIAIbHBIE U JIP.

PacemarpuBarorcs npuioKeHns TEMATHICCKOTO MOJIECINPOBAHUS
JUIsT aHAJIM3a 3alicell pa3rOBOPOB KOHTAKTHOI'O IEHTPA C HCIIOIb30-
BaHueM OTKpbITOI 6ubmorekn BigARTM, //http:bigartm.org.

Pabora mognepxkana rpanramu PO 17-07-01536, 16-37-00498.

[1] Bopornos K.B. O630p BEpOSITHOCTHBIX TeMaTHIeCKuX Mojeseit // As-
TOMaTUYecKas 0OpabOTKa TEKCTOB HA €CTECTBEHHOM S3BbIKE W AHAJN3

naaubix. — M.: Uzg-Bo HUY BIID, 2017. — 272 c.
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Additive regularization for topic modeling of coherent
text

Vorontsov Konstantin voron@forecsys.ru

Moscow, Moscow Institute of Physics and Technology (State University)

Topic modeling is an area of text mining actively developed in last
15 years. A probabilistic topic model extracts a set of hidden top-
ics from a collection of text documents. It represents each topic by
a probability distribution over words and describes each document
with a probabilistic mixture of topics.

The bag-of-words hypothesis is probably one of most criticized
assumptions in basic topic models. In response to this criticism, many
sequential extensions for modeling coherent text appeared.

The first one is based on considering n-grams or collocations of
words rather than individual words. Topics inferred from n-grams
are usually much easier to interpret than that based on unigrams.
The problem of this approach is that the number of distinct n-grams
grows very fast with the size of text collection.

The second extension is considering co-occurrence of words ac-
cording to the Harris” distributional hypothesis. In contrast to GloVe,
word2vec and other well-known word embedding models, the topic-
based vector representations of words are sparse and interpretable.

The third extension is based on the assumption that the natural
language text is usually a sequence of segments each containing only
one topic or a very small number of topics. This leads to sentence
topic models and topic-based text segmentation techniques.

We consider the above topic models within additive regulariza-
tion framework. We propose the E-step regularization, which looks
like E-step post-processing in the EM-algorithm to formalize assump-
tions about the topical structure of the coherent text. Additive regu-
larization enables us to combine the E-step regularization with other
types of topic models, e.g. hierarchical, temporal, multimodal, etc.

We report experimental results on the topic-based scenario anal-
ysis of call center records using the open-source library BigARTM
available at //http:bigartm.org.

The work is supported by RFBR grants 17-07-01536, 16-37-00498.
[1] Kochedykov D., Apishev M., Golitsyn L., Vorontsov K. Fast and mod-

ular regularized topic modeling // ISMW, 2017.
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dopmupoBaHue 6a3sbl gaHHbIX A/ CUCTEMbl OLEHKM
3MoumMoHaNbHOro poHa gnanora c onepaTopom
ueHTpa obpaboTkn BbLI3OBOB

1

Konwvirose Andpeli Baaepuesuw And.Kopylov@gmail.com

Cepedun Oaez Cepzeesun'x oseredin@yandex.ru
Hatidenos Aanexceti Baadumuposur® anaidyonov@itoolabs.com
3ernun Jmumputi Tennadvesur® dzendmitry@itoolabs.com

!Tyna, TyabCKHit POCYIAPCTBEHHELA YHIBEPCHTET
2Tyua, ITooLabs

KiroueBbIM MOMEHTOM 11 TIOCTPOEHUS] CHCTEM PACIIO3HABAHUS
SMOIUII B pEUU sIBJISETCS HAJIMINE Pa3MEUYCHHBIX 0a3 JAaHHBIX, KO-
TOpBbIE BO3MOXKHO HUCIIOJIb30BaTh Ha dTare obOydenus. st HEKOTO-
PBIX sI3BIKOB Takue 0a3bl cylecTByioT, HarpuMep Danish Emotional
Speech corpus, Berlin Emotional Database, Spanish Emotional
Speech Database, Chinese Emotion Speech Databas, Japanese
Emotional Speech Database u ap. s pycckoro si3bika eIumHCTBEH-
nas jgocrynHast 6a3a RUSLANA cojep:kuT 3amucu, SMOIMOHATBLHOE
COCTOsIHME KOTOPBIX CMO/IEJIMPOBAHO CTY/I€HTAMU-JIMHIBUCTAMEI B Ha-
qajie 2000-X, 1 OCHOBHBIE KJIACCU(MUKATOPHI, KAK Ha OCHOBE TPAJIM-
[MOHHBIX METO/IOB (OIIOPHBIX BEKTOPOB, CKPLITHIX MAPKOBCKIX MOJIE-
Jiei), TaK U HA OCHOBE METOJOB IJIyOOKOro 00ydeHUsl, OKA3bIBAIOT
Ha JIAaHHOI Oa3e KpaifHe HU3KWE pe3ysbTarhl. Kpome TOTO, criocoObl
[IPE/ICTABJIEHUS SMOIMOHAJIBHBIX COCTOSHII HA OCHOBE IISAITH-CEMU Da-
30BBIX dMOLNUil, Hanbojiee 9acTo UCIOJIb3yeMble Ipu (DOPMUPOBAHUN
10/I006HBIX 0a3, He CJIUIIKOM IOJIXOAT JIJId 331249 aHAJII3a JIUAJIOr0B
B 1enTpax obpaborku Bor3oBos (call center).

B nannoii pabore mpejiaraercs mrKaja SMOMUOHAIBHBIX COCTOSI-
HUI, XapaKTepu3yIasi MOJ0KUTEIbHOE WIN OTPUNATETHHOE OTHO-
[IEeHNe CODEeCeIHUKA K PA3rOBOPY M BBIPAKEHHOCTDH HEJIOBOJIHCTBA B
cilydae, eCJI OHO IIPUCYTCTBYET, a TaKzKe MeTOUKa Pa3METKU 3alli-
ceil TenedOHHBIX PA3rOBOPOB st CO3JaHUs 0a3bl JAHHBIX IMOIHO-
HAJIBHBIX COCTOAHMI cODeceIHUKOB B Xo/e auajiora [1].

[1] Konwvuros A. B., Cepedun O. C., Hatidenos A. B., Benun /[. I. ®opmu-
poBaHue 0a3bI JAHHBIX JIJIgd CHUCTEeMbl OICEHKHN 9MOIIMOHAJIBHOI'O (bOHa
JIMAJIora ¢ OIepaTopoM IeHTpa o6paboTku BbI30BOB // Ussectus Tyii-
TV, Texnnueckne nayku Tyna: Uzgareancrso Tynal'V, 2017 (B neuarn).
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The creation of a corpus of emotional data for the
system of emotion-related states assessment of a
dialogue with the call center operator

Kopylov Andrei And.Kopylov@gmail.com
Seredin Oleg'« oseredin@yandex.ru
Naidyonov Alexey® anaidyonov@itoolabs.com
Zenin Dmitry® dzendmitry@itoolabs.com

!Tula, Tula State University
2Tula, ITooLabs

The main objective for the development of systems of emotion recog-
nition in speech is the presence of labeled emotional corpus that can
be used at the training stage. For some languages, such databases
exist, for example, Danish Emotional Speech Corpus, the Berlin
Emotional Database, the Spanish Emotional Speech Database, the
Chinese Emotion Speech Database, the Japanese Emotional Speech
Database, etc. For the Russian language, the only available database
RUSLANA contains entries, whose emotional state has been simu-
lated by linguistics students in the early 2000s, and the main classi-
fiers, both on the basis of traditional methods (SVM, Hidden Markov
Models, etc.), and on the basis of deep learning methods, show ex-
tremely low results on this corpus. In addition, the ways of represent-
ing emotional states based on five-seven universal basic emotions,
most often used in the formation of such emotional corpora, are not
very suitable for analysis of dialogues in call centers.

In this paper we propose a scale of emotional states that character-
izes the positive or negative attitude of the speaker and the activation
level of negative emotion in case it is present, as well as the technique
for labeling a record of telephone conversations to create a corpus of
emotion-related states of speakers in the dialogue [1].

[1] Kopylov A. V., Seredin O.S., Naidyonov A. V., Zenin D. G. The cre-
ation of a corpus of emotional data for the system of emotion-related

states assessment of a dialogue with the call center operator // Pro-
ceedings of TulSU, Tula: Tula State University, 2017 (in press). .
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NccnepoBaHne n peanusaunsi pekomeHgaTenbHbIX
BeO- cepBucoB BblIbDOpa 0Opa3oBaTesibHbIX pecypcoB
AN peannsaunn NHAMBUAYaNbHbIX
oOpa3oBaTeNbHbIX TPAaekTopuii, oby4varoWwmMxcst Ha
ocHoBe Ko11abopaTuBHOWM hunbTpaumn

JTunxo FOaus FOpvesna'« ylipko@sfedu.ru
Ceupudos Anexcandp Craevesur asviridov@sfedu.ru

! Taranpor, FOxmbrii deaepantbHblii YHIBEPCHTET

B pabore ocyiecTBieno ncciieioBanne METOI0B MOJIEJIUPOBAHUS
CcHCTeM BLIOOpA AJbTEPHATUB 110 UH(MOPMAIUHU, OIyOJTUKOBAHHONW HA
o0paszoBaTeNbHbIX BEO-CEPBUCAX [IJIs PEAJIU3AIUN WHIUBULYATHbHBIX
00pa3oBaTeNbHBIX TPACKTOPUIX 00y IAIOIIIXCs Ha OCHOBE IIPE/IITOYUTe-
HUl OCBOUBINKX MIpe/IaraeMbie 00pa30BaTEIbHBIE PECYPCHI.

AKTyabHOCTD UCCIIEI0BAHUS O0YCIOBIEHA HEOOXOIUMOCTU pPas3-
BUTUsT WHMOPMAIMOHHBIX TEXHOJOTHII IKCIEPTU3BI U COPTUPOBKU
KOHTEHTA, B KOTOPOIl y4aCTBYIOT KaK CIEIHAIUCTBI B HCCJIETyeMOit
[peJMEeTHON 00JIaCTH, TaK U IOJIH30BATEH, IIPH STOM AJbTEPHATH-
Ba BBIOMpAETCs MPU MOMOIMHU KOJIEKTUBHON (bubrparun. OCHOBOMI
paccMaTpUBAEMOro METOJa KOJIIaDOPATUBHON (DUIBTPAIIH SBJISIET-
Csl TIPE/IITOJIOYKEHIE, IYTO ITOXOKUM I0JIb30BATEIAM BeO-cepBuca OyIy T
TOJIE3HDI TIOX0K1E 0Opa3oBaTeIbHbIe pecypchl. BxoaHoit mHdopMariy-
el JJIst TAHHOTO METO/Ia SIBJISIeTCsl MATPHIIA CTYIACHT — 00pa30BaTE b
HBIIl pecypc, B KOTOPOil OTpayKeHbI IOJIb30BATEILCKIE OIEHKH, BCEe
OIEHKM OJ[HOT'O IOJIb30BATEIS MPEICTABIISIOT co00it BekTOop. Kocu-
HyCHAasi Mepa [MO3BOJIAET OIEHUBATH CXOXKECTh BEKTOPOB 110 3HAYCHUIO
KOCHHYCA YIJIa MEXKJIy HIMHA.

Mogiesib IpuMeHeHa, JIJIsi COBEPIIIEHCTBOBAHNST TEXHOJIOIUI caMo-
CTOATEJLHOM PAOOTHI CTYIEHTOB JIJIsl PEAJIUBAIINN JIMIHOTO TOTEHIINA~
Jia 0DYJAaIOIIEerocs IPU Peajm3aliuu Bed- MopTaIoB 00pa30BaTe/IbHBIX
PECYPCOB U OPTaHU3AINN JUCTAHIIMOHHON 00pa3zoBaHusl.

Pabora nognepxana rparrom PODU Ne15-07-04102.

[1] Jlunkxo FO. FO. WccnenoBanue METOIOB MOJEJUPOBAHUSA DPEKOMEHIA-
TEJILHBIX BeO-CEPBUCOB BBIOOpPA 00pPa30BATE/BLHBIX PECYPCOB I pe-
AJIN3allu UHIAUBUYAJIbHBIX O6pa.3OBa.TeJH>HbIX TpaeKTOpHﬁ, 06leaI0-
UXCS Ha OCHOBE Kostaboparusnoit dbuabrpanun // Ussecrua FODY.

Texunueckne nHayku, Pocros-na-/lony: Mznarenscreo IODY, 2016. —
C.115-122.
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Research and implementation of recommended web
services for the selection of educational resources for
the implementation of individual educational
trajectories of students on the basis of collaborative
filtering

Lipko Yulia'x ylipko@sfedu.ru
Sviridov Alexander! asviridov@sfedu.ru

!Taganrog, Southern Federal University

In operation the research of methods of simulation of systems of a

choice of alternatives on the information published on educational

web services for implementation personal educational paths of the
preferences studying at a basis which mastered the offered educational
resources is conducted.

The relevance of a research is caused need of information technol-
ogy development of expertize and sorting of content in which partic-
ipate both experts in the researched data domain, and users, at the
same time the alternative is selected by means of collective filtering.

Basis of the considered method of collaborative filtering is the
assumption that similar educational resources will be useful to similar
users of web service. Input information for this method is the matrix
the student — the educational resource in which the user estimates
are reflected, all estimates of one user represent a vector. The cosine
measure allows to estimate similarity of vectors on value of a cosine
of the angle in between.

The model is applied to enhancement of technologies of indepen-
dent operation of students for implementation of personal potential
of the student in case of implementation of web portals of educational
resources and the organization distant educations.

This research is funded by RFBR, grant 15-07-04102.

[1] Lipko Yu. Research of methods of simulation of recommendatory web
services of a choice of educational resources for implementation of the
personal educational paths studying at a basis of collaborative filter-
ing // Izvestiya UFU. Tekhnicheskiye nauki, Rostov-on-Don: Publisher
UFU, 2016. — p. 115-122.
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Mepa TF-IDF, cuna cBs3u cnos n doopmunpoBaHme
eAVHUL, NpeaCcTaB/eHUsl 3HaHUI B OTKPbITbIX TeCcTax

Muxatinos Jmumputi Baadumuposur'x mdv74@list.ru

1

Ko3noe Aanexcandp Ilasaosunw caleo@yandex.ru

Emenvanos Tennaduti Mapmurosuy' Gennady.Emelyanov@novsu.ru

! Bestukuit Hosropos, HoBropocKuii ToCyapCTBEHHBIH YHIBEPCATET

Pazpaborka OTKPBITBHIX TECTOB IIPEIIOIAraeT HAKOIIJIEHUE U CUC-
TEeMATU3AIUIO SKCIIEPTHBIX 3HAHUI, MCXOMHO MPEICTABJISEMbBIX TEK-
cramu ecrecTBenHoro sa3bika (E). Mcrounnkom 3uanuii ipu 31oM Oy-
AYT IIyOJIMKAIMY BEeAYIUX IKOJI 10 COOTBETCTBYIOIIEH TpobaeMaTi-
Ke. B mannoit paboTe COBMECTHBIM HCIOJIHL30BAHUEM PA30OUEHUsT CJIOB
Ha KJjacchl 1o 3uadenuio Mepbl TF-IDF u onenkm cuibl ux cBs3um
pelaercs 3a1a4a BbIJICJICHIS COCTABJISIONINX 00pa3a NCXOMHOI dhpa-
3b1 (COU®D) B Tekcrax, orbupaeMbix B TeMaTudeckuii kopiryc. O qaum
n3 0a30BbBIX 3/I€Ch CJIYZKUT IIPEJIITOJIOKEHNE O HANOOJIbIIel 3HATIMMO-
CTH CBs3€il CJI0B, OJIM3KUX MaKCUMAaJbHOMY (Hambosiee yHHKAJbHbIE
TEepPMUHBI) U cpejiHeMy (00iiast JeKcuKa, obecriednBaoniast nepudpa-
3upoBaHNe, u TepMHUHBI-CHHOHUMBI) 3HaueHusM TE-IDF. Tlpu srom
CaMU CBSI3U PACIIUPSAIOTCS OT TPAIAUIMOHHBIX OUIPAMM JI0 TPEX u 6o-
Jstee snemeHToB i BoieeHns COUD B Buze codeTaHuii CBsI3aHHBIX
[0 CMBICJTY CJIOB (C IIpUBJIE€YeHnEM 6a3bl M3BECTHBIX CHHTAKCHIECKUX
orHomennit u 6e3 He€). C 1eabro Gosiee MOJHOTO ONMCAHUS BbIIe-
JIIEMOTO B TEKCTaX (pparMeHTa SKCIEPTHOI'O 3HAHUS BBOIATCH B Pac-
CMOTPEHNE COBOKYITHOCTU UCXOIHBIX (hPa3, B3AUMHO SKBUBAJIEHTHBIX
JInOO TOTOJTHSIONINX JIPYT APYTa M0 CMBICIY U IIPEJICTABIISIIONINX €1~
woiit 06pa3. Ilo cpaBrenuio ¢ monckom COMD nHa roTroBoM CHHTAK-
CHYEeCKH pa3MeYeHHOM TEKCTOBOM KOPITyCe, OXBATBIBAIOIIEM BECh 3a-
nauubiit B4, npeiokeHHbIil MeTOM, 1I03BOJISIET B cpejHeM B 17 pa3
COKPATHUTD BBIXOJ (hpa3, He PEJIEBAHTHBIX UCXOMHON HU 10 OIUCHIBA-
emomy dparmenry suanusd, nu 1o ESl-dopmam ero Boipaxkenus [1].

Pabora noguepxkana PODU (upoexr Ne16-01-00004) u Munobp-
Hayku P® (6GasoBas acTh rocsajaHusi).

[1] Muzaiinos J. B., Kosaos A. Il., Emeavaros I. M. Boinenenue smanuit
" A3BIKOBBIX CbOpM UX BBIpazKC€HHA Ha MHOXKECTBE TEMaTUYICCKUX TEK-
CTOB aHAJIM30M CBA3€EU CJIOB B COCTaBE n-rpaMm // KOMHBIOTepHa.H OII-
tuka, 2017. T. 41, Ne3. C.461-471. http://www.computeroptics.smr.
ru/K0/PDF/K041-3/410320.pdf
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TF-IDF, coupling strength of words and formation
of units for knowledge representation in open tests

Mikhaylov Dmitry'x mdv740@list.ru
Kozlov Aleksandr! caleo@yandex.ru
Emelyanov Gennady' Gennady . Emelyanov@novsu.ru

Weliky Novgorod, Yaroslav-the-Wise Novgorod State University

Development of open form tests requires the accumulating and or-
dering an expert knowledge initially represented by natural-language
(NL) texts. The most natural knowledge source here will be the pa-
pers of highestrank scholars in appropriated topical area. In current
paper the problem of revelation of initial phrase’s image constituents
(IPhICs) is solved by estimation of coupling strength of words to-
gether with classifying them by TF-IDF metrics relatively to texts
selected to topical corpus. One of the base assumptions here is about
the most significance of links for words closest to maximal and aver-
age values of TF-IDF. These words are correspond to the most unique
terms and, respectively, to terms which have synonyms together with
general vocabulary by means of which paraphrasing can be carry out.
Herewith the links themselves are extended from traditional bigrams
to three and more elements for revelation of IPhICs in a form of com-
binations of related words. The variants of link revelation with and
without application of base of known syntactical relations are con-
sidered here. To describe more completely the fragment of revealed
knowledge the sets of initial phrases mutually equivalent or comple-
mentary by sense and related to the same image are entered into
consideration. In comparison with the search of IPhICs on a syntac-
tically marked corpus covering all given NL the offered method can
reduce, on average, by 17 times the output of phrases which are not
relevant to initial ones neither at described knowledge fragment nor
at its expression NL-forms [1]. This research is funded by the Russian
Foundation for Basic Research, grant 16-01-00004, and the Ministry
of Education and Science of Russia (the basic part of the state task).
[1] Mikhaylov D., Kozlov A., and Emelyanov G. 2017. An approach based
on analysis of n-grams on links of words to extract the knowledge and
relevant linguistic means on subject-oriented text sets. Comp. Opt.
41(3): 461-471. http://www.computeroptics.smr.ru/K0/PDF/K041-3/
410320.pdf
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Mcnonb3oBaHue CTPYKTYypbl HAayYHbIX AOKYMEHTOB B
3apa4ax oOpaboTKM 1 aHa/IM3a TEKCTOBOIA
nudopmaumu

Moxos Andpeti Cepzeesun'* asmokhov@mail .ru

Toauees Baadumup Onezosuw' tolcheevvo@mail.ru

"Mocksa, MOCKOBCKHil SHEPreTHYECKHil HHCTUTYT (HITY)

B macrostimee Bpemsi ipu mpoBeieHnN HH(MOPMAIIMOHHOTO ITOUC-
K& U aBTOMATHYECKOTO AHHOTMPOBAHUS YCIIEITHO UCIOJIb3YeTCS WH-
dopmarus 0 CTPYKTYpe JOKYMEHTa, B YACTHOCTH, O 3HAYUMOCTHU TO-
ro nwim uroro dpparmenta. s 6ubanorpadudeckux onucannit (BO)
Hay4HBIX CTaTell, paCCMAaTPUBAEMBIX B JIAHHOI paboTe, TakuMu dpar-
MEHTaMU SABJISIOTCS HA3BAHUsI, AHHOTAIMHN U KJIIOUeBble cjioBa. Hamu
pelaercs: 3a7a4da pa3pabOTKU KJIaCCU(PUKATOPOB, CIIOCOOHBIX YIIyd-
[IUTh TOYHOCTH I'PYIIUPOBAHUS TAKUX TEKCTOB 3& CUET UCIIOIH30Ba-
Hust nHGOPMAIIY O HAJIMYUN TEPMUHOB B Pa3JIndHbIX pasjeinax BO.

s onmcaHus TEKCTOBOI'O JOKYMEHTA IPUMEHSIETCH YaCTHUIHO
CTPYKTYPHUPOBAHHA MOJIEJIb, COCTOANIA U3 TPEX CTOJIONOB, KayKIbIi
13 KOTOPBIX [TOKA3BIBAET BEC TEPMUHA B HA3BAHWUN, AHHOTAITIU U KJTIO-
9EBBIX CJIOBAX.

st kmaccuduKamm UCoIb3y0TcCs TPOMUILHBIE METObI, B KO-
TOPBIX CTPOATCS IIPOMPUIN KJIACCOB, COCTOLIINE U3 HanboJsIee BaXKHBIX
KJj1accoobpasyomux repMuHoB [1]. B pabore pacemarpuBaroTcs Tpu
6a30BBbIX MPOMUIBHBIX METO/Ia, KOTOPBIE IMIOCTPOEHBI HA OCHOBE XU-
KBaJIpAT KPUTEPHUs, KPUTEPUsl B3ANMHON MHMOOPMAIIUU U IBPUCTHIE-
ckoro kodddurmenta 2Kakkapa, a Tak¥Ke IPeII0KEHHBIE aBTOPaMU
koMOuHaImn 3tux kpurepues (asropurmbl UNI5 u UNI6) [1]. Vaer
CTPYKTYDBI JIOKYMEHTa 3aKJIIOYAETCs BO B3BEIIMBAHUKA TEPMHUHOB B
Tpex pazaenax BO ¢ TOMOIIBI0 PA3INIHBIX TOIXOI0B U CYyMMIPOBAa-
HUU TIOJIYIaeMbIX 3HAYCHMUIA.

Jlitst mpoBeieHnst SKCIEPUMEHTOB chopMupoBanb! 1mo 20 sK3ame-
HAIMOHHDBIX W OOYYAIOMIX BBHIOOPOK, KOTOPDLIE COCTOAT U3 OMOJIHO-
rpaduyeckux onucanuii Hay4dHbIX crareil. [IpuBonsarca pesyiabraTs
CpaBHEHUS TOYHOCTHBIX XaPAKTEPUCTUK U3BECTHBIX IPOMUIHHBIX Me-
TOJIOB U KJIACCU(DUKATOPOB, IPEJIOKEHHBIX B padboTe.

[1] Moxos A. C., Toauees B. O. Cuocobbl yueTa CTPyKTYpPbl HAyUHBIX J10-

KYMEHTOB B 3a/1a9ax 00pabOTKN 1 aHaIu3a TeKCToBON nudopmarun //

Nudopmarmonusie Texnomornn, Mocksa: Neb, 2016. — C. 332-339.
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Usage of the structure of scientific documents in
tasks of processing and analysis of text information

Mokhov Andrey'x asmokhov@mail.ru

1

Tolcheev Viadimir tolcheevvo@mail.ru

"Moscow, Moscow Power Engineering Institute (NRU)

Currently, an information about the structure of the document, in
particular, about the importance of a different document parts, is
successfully used in tasks of information retrieval and automatic an-
notation. In this work we discuss bibliographic descriptions (BD) of
scientific articles. For BD such fragments are titles, abstracts and
keywords. We solve the problem of developing classifiers that can im-
prove the accuracy of grouping such texts by using the information
on the availability of terms in different sections of the BD.

For describing a text document we use partly structured model,
consisting of three columns, each of which shows the weight of the
term in the title, abstract and keywords.

For classification we use profile methods that build profiles of
classes, consisting of the most important terms [1]. The paper dis-
cusses three basic profile methods, based on the Chi-square criterion,
the criterion of mutual information and heuristic Jaccard coefficient
and the proposed combination of these criteria (algorithms UNI5 and
UNI6) [1]. Based on the structure of the document we weight terms
in three parts of BD through a different approaches and summing the
obtained values.

To perform the research we generated 20 examination and 20
training samples, which consist of bibliographic descriptions of sci-
entific articles. The results of comparing the accuracy characteristics
of known profile methods and well-known classifiers are considered in
the article.

[1] Mokhov A., Tolcheev V. The development of high-precision classifica-
tion methods for bilingual text documents // Information technologies,

Moscow: #5, 2016. — pp. 332-339.
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MeTog cemaHTu4Yecknx sigep Ans knaccucmkaumm
nybnnyHbIX YaToB MecceHaxkepa Telegram
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'Mockpa, MoCKOBCKHMil SHEPreTHYECKHil MHCTUTYT (HITY)

2Mocksa, 000 «Kom6or»

B mociegane rompr HaO0OMa€TCsT OBICTPBIN POCT MTOIB30BATE b
CKOIT Ha3bI MECCEH2KEPOB, KOTOPHIi B 2015 T0o1y IpeBBICHI POCT CO-
nuaabHBIX ceTeil. Biraromapst manaoMy hakTy MOSIBIIOCH MHOZKECTBO
crienupuIecKnX 3a/1a49, CBA3aHHDBIX ¢ TPOBEIeHIEM 00pabOTKN U aHa~
Jin3a KOPOTKUX TEKCTOBBIX coobIeHuil. Takme BOIPOCHI OKa3aJNCh
aKTyaJbHBIMI U JIs1 Meccenzkepa Telegram.

IIpu ucnonbzoBanuu Telegram y mosp30BaTEsIs 1aCTO BO3HUKA-
€T HeoOXOINMOCTD ITOUCKA YaTa Ha KEJAEMYI0 TeMy, HO Ha JIaHHBII
MOMEHT B IKOCHCTEME MECCEH/2Kepa He CYIIECTBYET UHCTPYMEHTOB,
pelnaonux JaHHyo IpodsieMmy aBromarudecku. [l perienus mgaH-
HOIT TIpOOJIeMBbI B paboTe pernraeTcs 3ajada KIacCu(DUKAIINT IaTOB.
IIpemmaraercsa MeTo CeMaHTUIECKUX siIEP — HOBBIM CIIocod perrre-
HUs MaHHOU 3aja4u. B HEM [UTs IpOBeIeHNs KIACCU(DUKAIITT MACCHU-
BBl TEKCTOBBIX COOOIEHMI U3 KazK/IOT0 YaTa CHadaja IIpeodpa3yror-
Cs B YIIOD#/I0YEHHbIE MHOYKECTBA CJIOB, PAHKUPOBAHHBIX 110 9aCTOTE
ynorpebirenns. [locsie 3T0ro NpoucxoauT 1oy YeHne CeMaHTHIeCKIX
siJIep MyTEM BBIYUTAHUSI MHOXKECTBA TEPMUHOB OOIIEil JIEKCUKH U3
MHO>KECTBA TEPMUHOB HCCJIEAyeMOoro Jara. Jlajgee n3 ceMaHTHIECKO-
r0 siJIpa UCCJIELYEMOrO UaTa IMO0YePEIHO U HE3aBUCUMO BBIUUTAIOTCS
sIIpa ONIOPHBIX YATOB (STAJOHHBIE SIPA, COOTBETCTBYIONIIE TEMATH-
YEeCKHUM KJjiaccaM ). B KoHIle yist KazK 10ii TaKoi apbl pacCInThIBACTCS
CIIeIuaJIbHAsl MePa CEMaHTUIECKO OJIM30CTU JIBYX YaTOB, HA OCHOBE
KOTOPOIl 9aTy BBIIAETCS METKA O IMPUHAJJIEXKHOCTH KOHKPETHOI Te-
MaTHKe.

B xone skcnepumenTta kiaccudurupyorcs 165 gatoB mo 8 Te-
MaTukam. s oreHKn KadecTBa CO3/IAHHOIO KJiacCHdUKATOpa pac-
CUNTBIBAETCH TOJTHOTA, TOYHOCTH U JI0JId NIPABUJIBHBIX OTBETOB. Pe-
3yJIbTATHI pabOTHI AJTOPUTMA AHAJIUBUPYIOTCS B 1iesioM. [IpuBomsaTcs
XapaKTEePUCTUKN, BayKHBIE JJIsI MIPAKTUIECKOTO TPUMEHEHUS.

[1] Hosuxos /. /I. MeTon cemanTm4aecKux aaep ajis Kiaaccudukanuu myo-

JIMYHBIX 9aTOB Meccenzkepa Telegram // Mammnzoe o6ydenue u aHa-

3 gaHHbix, 2017.
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Semantic kernels method for Telegram messenger
public chats classification

Novikov Daniil*?

Moscow, National Research Nuclear University MEPI
2Moscow, Combot LLC
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In recent years the extreme growth of messengers has been noticed —
in 2015 it overcame the growth of social networks. As a result, many
specific text analysis tasks have appeared. This issues turned out to
be relevant for Telegram messenger too.

To solve this problem, classification task is considered. In this
paper author presents a new approach to the text classification —
semantic kernels method. According to this algorithm, message ar-
rays are transformed into odrered sets of words ranged by frequency
of use. After that, semantic kernels are computed by subtracting a
common speech set of terms from a terms set of analyzed chat. Next,
kernels of support chats (gold standard kernels that are corresponded
to topic classes) are subtracted sequentially and independently from
the analyzed chat. After all, for each of these pairs a special seman-
tic similarity measure is calculated. Value of this measure tells which
label should be given to a certain chat.

During the experiment, 165 chats are classified by 8 topics. For
quality evaluation, precision, recall and accuracy are computed. Per-
formance of the algorithm is analyzed in general. Also, some of its
important characteristics are described.

[1] Novikov D. D. Semantic kernels method for Telegram messenger public

chats classification // Journal of Machine Learning and Data Analysis,
2017.

Russian National Conference MMPR-18. Russia, Taganrog, October 9-13, 2017



142 Amnanms TeKCToB U MHMOPMAIMOHHBIN ITOMCK

Mapagnrma cMbICNOBOro NpoekTupoBaHUs
OHTOJIOrnn

Pozozos FOpuii Hearosun rogozov@tti.sfedu.ru

Taranpor, FOxkubIit eiepabHbIil yHUBEPCUTET

W3BecTHO, 9TO TIpOIiECC CO3/aHNs OHTOJIOTUI SBJISETCS TO3HABA~
TeJILHBIM 1porieccoM. [To3HaBaTeIbHBIIN TPOIIECC CO3MAHMST OHTOJIOTUN
B BH/JI€ COBOKYITHOCTU KOHKPETHBIX TIOHATHUIT U OTHOIIEHUI MEK Ty HE-
MU JIJIsI KayKJI0N U3 TPEJIMETHBIX 00JIacTeil, sIBJISIeTCS SMIUPUICCKIM
u npakrudecku ne ¢opmasuzonan [1]. Cyrs npemiaraemoii umen 3a-
KJIFO9AEeTCd B TOM, 9YTO B OCHOBY OHTOJIOTWH ITOJIOYKEHBI HE KOHKDET-
HbIE TIOHSITUSI U OTHOIIEHUsI MEXKJIy HUMH, & CPEJICTBA CO3AHUST KOH-
KpEeTHBIX TMOoHATHil. KaxK10e MoHsATHEe PeJICTABIISIETCS B BUJIE TO3HA~
BaTEJIBLHOTO CPEJICTBA, B KOTOPOM IIPOUCXOJIUAT IIPOIECC CAMOOPIaHH-
3alUU KOHKPETHBIX MOHSITUH W UX B3aUMOINPOHUKHOBeHUE. B ocHOBe
[peJiylaraeMoil TapaurMbl JIEYKAT HECKOJIBKO IpemnoioxKennii. [Tep-
BOE IPEJIIIOJIOXKEHUE TJIACUT, ITO OPraHU30BAHHAS OIPEIEIEHHBIM 00-
Pa30M COBOKYIHOCTb CUCTEMHBIX CBOWCTB MOXKET CAMOOPIaHH30BATh-
¢s B CHCTEMHOE CPEJICTBO, B KOTOPOM MOTYT CaMOIOPOXKIATHCS KOH-
kpeTHble noHATHA [1]. K Takum cucTeMHBIM CBOHCTBAM IIPEIATAETCST
oTHecTH: pedIEKCUIO; METOIOJIOTHIO; JIOTUKA; SMEPI2KEHTHOCTh. BT0-
poe ycTaHaB/IMBAET, 9TO pedJIeKCHUs, METOIOJOTUs U JIOTHKA, OIpe-
JieJisieT TPOCTPAHCTBEHHOE IIPEJICTABJIEHUE MTOHSITHS, & SMEPJZKEHT-
HOCTH BPEMEHHYIO COCTABJISIONLYIO ITPOIEcca BOCIIpon3BoicTBa. 1o
pediiekcueit mpemiaraeTcs MOHUMATH CTPOEHHE CHOCO0a MO3HAHUS
(sroruka pediekcun), KOTopas gBJseTCd TOI cyOCcTaHueli, B CMbIC/Ie
Apucrorens («ry6koii 6e3 arpubyToB»), KOTOPYIO HEOOXOIUMO 3a-
[IOJTHUTD OIPEE/ICHHBIMIA aTpudyTaMu, 9TOObI OHA CTajia KOHKPET-
HBIM cpeJIcTBOM. MeTojo/10rnst BBITTOJIHSIET (DYHKITUIO OPTaHU3AINN
euHCTBA. JIorMKa OpraHm3yer OpraHuvdeckoe €IMHCTBO KOHKPETHBIX
CPEJICTB TO3HAHWSA. IMEPKEHTHOCTh OPTaHU3yeT CUCTEMHOE CPE/I-
CcTBO Bocmpom3BojcTBa. [Ipegiaraemast mapaurma permaer MexKIuc-
NUATUIMHAPHYIO TPO0JeMy, T.K. TIPU CO3aHUN O0ObEKTa yCTaHABIUBA~
€TCsI CBsI3b HEe MKy TIOHATUSIMI PA3JIUIHBIX IPEMETHBIX 00JIacTeil,
a MeK/JIy IPABUJIAMU UJIH CTPOCHUSIMU [TPABIII OPTaHU3AIUH TPABUIL.

Pabora nmopep:xkana rpantom PODOU Ne 15-07-04429.

[1] Pozosos FO. H. Tlapagurma CMBICJIOBOIO IIPOEKTHPOBAHUSI CUCTEMHBIX
obbekros // Tpymet UCA PAH, T.67, Ne3, 2017. — c. 41-53.
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The paradigm of the semantic design of ontologies

Rogozov Yury rogozov@tti.sfedu.ru

Taganrog, Southern Federal University

It is known that the process of creating the ontologies is a cognitive
process. The cognitive process of creating the ontologies in the form
of a set of concrete concepts and relations between them for each of
the subject area is empirical and practically not formalized process
[1]. The essence of the proposed idea is that ontology is based not on
specific concepts and relations between them, but on the means of
creating concrete concepts. Each concept is represented as a cognitive
means, in which the process of self-organization of specific concepts
and their interpenetration is taking place. There are several assump-
tions at the core of the proposed paradigm. The first assumption
is that a set of system properties organized in a certain way can
self-organize into a system tool in which specific concepts can be
self-generated [1]. It is proposed that such system properties include:
reflection; methodology; logics; emergence. The second assumption
establishes that reflection, methodology and logic determine the spa-
tial representation of the concept, and emergence determines the tem-
poral component of the reproduction process. Reflexion is proposed
to understand as the process of creating the structure of the cognition
method or reality perception (the logic of reflection), which is sub-
stance, in the Aristotle sense (“sponge without attributes”), which
must be filled with certain attributes to make it a concrete tool. The
methodology performs the function of organizing the unity between
the individual cognitive means. Logic organizes the organic unity of
concrete means of cognition. Emergence organizes the organic unity
of all these means in a systemic means of reproducing the specific
physical forms of target objects. The proposed paradigm solves the
interdisciplinary problem, because when creating an object, a rela-
tionship is established not between the concepts of different subject
areas, but between the rules or structures of rules for organizing the
rules.
The study was supported by RFBR, project No. 15-07-04429.
[1] Rogozov Yu. I. The paradigm of semantic system objects design // Pro-
ceedings of the ISA RAS V.64 No.3, 2017. — pp.41-53.
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Knaccudukayms pursnyeckoin akTUBHOCTM YesioBeEKa
C NOMOLLbIO JIOKAJIbHbIX annpoOKCUMUPYIOLNX
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Paccmarpusaercs 3amaga Kiraccudukaun BpeMEHHBIX Ps/I0B aK-
cesiepoMerpa MoOmIbHOTO Tesnedona. Kinaccy dusmdaeckoit akTuBHO-
CTH COOTBETCTBYET CEIMEHT BPEMEHHOTO Psia. TaKOMy CEerMEHTY CO-
[IOCTABJISIETCS €r'0 JIOKAJIbHOE olncanue. B KadecTBe JIOKAJIbLHOT'O OIIN-
CaHUs UCIIOJIB3YIOTCsI TIapaMeTphl CluiaiiHa (ajarebpandeckoro, cria-
JKHABAIONIET0, &/IAIITUBHOIO PEIPECCUOHHOIO MJIX CIUIAiHA C JIMHAMU-
YECKUMU Y3JIAMH ), AllPOKCUMUPYIOMIEr0 BPEMEHHON psi. Jlorucru-
qecKasi perpeccusi 0ToOpazkaeT BeKTOP IIPU3HAKOB, COCTOSIINIA U3 KO-
3¢ durmenToB criaiiia, B METKY KJIACCA.

Pemmaerca npobiema mcnosib30BaHns 3HAYEHHUS [1aPAMETPOB JIO-
KaJIbHBIX AIIPOKCUMUPYIONUX Mojesieil. TouHocTh Kiaccudukamn
3JIEMEHTOB BBIOPAHHOIO TPU3HAKOBOT'O ITPOCTPAHCTBA 3aBUCUT OT CIIO-
coba MMOCTPOEHUsT STOTO MPOCTPAHCTBA. BBIYUCIUTEILHBIN SKCIIEPU-
MEHT HaXOIWUT ONTUMAJbHBIC HApAMETPHI AIIPOKCUMAIMN U I1apa-
MEeTPBI MOJIEJIN KJIACCHMUKAIINN COIVIACHO MAKCHUMYMY IIPaBIOIIOI0-
Oust JIOTUCTUYIECKOI MO KIacCu(PUKaINNT.

Pabora noep:xana PO®U, npoext 16-07-01158.

[1] Awnuxees /. A.,Ilenxun I. O., Cmpuoicos B. B. Knaccudbuxanus dusn-
YeCKON aKTUBHOCTHU YeJIOBEKa C IIOMOIIBIO AIIIIPOKCUMUPYIOMUX MOIe-
seit // Nudopmaruka n ee npuMenenue, 2018 (moarorosieHo K meda-
). http://www.ipiran.ru/journal/issues/.
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Local approximation for human physical activity
classification
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The research is devoted to the time series classification. The time

series is measured by the accelerometer of a wearable device. A class

of physical activity is defined by the feature description of a time
segment. To construct this description the authors propose to use
parameters of various appproximation splines (algebraic, smoothing,
adaptive regression or spline with dynamic nodes). The logistic re-
gression is used as a classifyer. It delivers desired quality of the ac-
tivity recognition

The authors analyse the space of the local approximation param-
eters. Classification accuracy depends on the method of this space
construction. The computational experiment finds the optimal ap-
proximation parameters and parameters of the classifyer. This re-

search is funded by RFBR, grant 16-07-01158.

[1] Anikeyev D., Penkin G., Strijov V. Classification of human physical ac-
tivity using approximate models. // Informatics and Application, 2018
(prepared for publication). http://www.ipiran.ru/english/journal/
index.asp.
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Iless mamHOrO HCC/IEIOBAHUS 3aKJIOYAIACH B TOM, YTOOBI ITOKa~
3aTh, YTO PEYEBOI CTUMYJI-IIPIIMED BBI3BIBAET OBICTPYIO AKTUBAIUIO
pacipe/ieJIeHHON ceMaHTHIeCKoit ceTn Mo3ra. B Maruutosnredalio-
rpadudeckom (MDII') mccienoBanny Mbl IPOCHIIN UCIBITYEMBIX Ha-
3BaTh IVIATOJI, ACCOIUUPYIOIMINNCS C IIPEIbsIBJIEHHBIM CYIIECTBUTE b~
HBIM CJI0BOM. lIpeabsiBisemble caoBa~-IpaiMepbl OTJINIAINCH CEMAaH-
TUYECKO}l HAIPY3KOil: B OJJHOM YCJIOBHHU aCCOITHAIINIO HAa3BaTh OBLIO
JIETKO, B JIDYTOM - 3aTpyaHurenbno. MOI' - 310 HeMHBA3UBHBIN Me-
TOJI KAPTUPOBAHUS aKTUBHOCTU MO3ra, KOTOPBI 00J1a/1aeT XOPOIITUM
pOCTPAHCTBEHHBIM paspertenuem. Anajuz MOT mauabIX cOCTOSIT
U3 JABYX 9TAnoB. Bo-TepBbIX, aHAJIN3 MCTOYHUKOB, IPU3BAHHBIN Xa-
PaKTepPU30BATh MPOCTPAHCTBEHHO-BPEMEHHYIO JIMHAMUKY, JIEZKAIILYTO
B OCHOBE 00pPAa0OTKHU CYNIECTBUTEIBHBIX B 3a/lade IeHePAIUU [10/IX0-
aamux riaarosos. KopkoBble HCTOYHUKM BBI3BAHHBIX OTBETOB ObLIN
CMOJIETUPOBAHBI C UCIIOAb30BaHueM MeToaa linear L2-minimum norm
estimation. Bropas wactp anaiun3a Oblia HAIIpAB/I€HA HA BbISIBJICHUE
[IPE/IIIO/IAraeMOTO BJIUSIHUS CUJIbI CBSI3U «CYIIECTBUATEILHOE-TIIAr0 >
HA MO3IOBYIO AKTUBHOCTB. DTOT IMAr OB BBIMOJHEH C IIOMOIIBIO
6aliecOBCKOIo aJropurMa Jokajmsanuu ncrounukos Multiple Sparse
Priors. Teopust cirygaiiubix 1mosieit ObLIa MCIOJB30BAHHA JIJIsT OIEH-
KU CTATUCTUIECKON 3HAYMMOCTH PE3YIbTATOB. SHAUUMbIE PA3IUIUS B
obpaboTke ciioBa-mpaiiMepa Habromaauch yxe depes 250-400 mc mo-
cJle Havaja CTUMYyJa. Tak Kak JIaHHOe BPEMsI COBIIAJIaeT C KOMIIOHEH-
ToM N400 «OTBETCTBEHHBIM» 33 CEMaHTHUIECKYI0 00pabOTKY CJIOBa,
MOXKHO IIP€JIIIOJIOKUTH, YTO IIOUCK IEJIEBOTO IJIArojia HeodA3aTesb-
HO TpedyeT 3aBepireHnsi 00PabOTKU CyIIECTBUTEIHLHOTO, HO YACTHIHO
[IEPEKPBIBACTCS U B3ANMOIEHCTBYET C €r0 CEMAHTHIECKUM AHAJII30M.
[1] Butorina A., Pavlova A., Nikolaeva A., Prokofyev A., Bondarev B.,

Stroganova T. Simultaneous Processing of Noun Cue and to-be-

Produced Verb in Verb Generation Task: Electromagnetic Evidence //

Frontiers in human neuroscience 11, 2017. — C. 1-14.
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MEG source localization in studies of semantic
priming

Butorina Anna'x armature@yandex.ru
Pavlova Anna' anne.al.pavlova@gmail.com

'Moscow, MEG-center, MSUPE

The current study was aimed to provide direct evidence that pre-
sented cue evoke rapid spread of activation within brain semantic
networks. By measuring magnetoencephalography (MEG) from par-
ticipants involved in verb generation task, we examined whether neu-
ral responses evoked by noun cues were modulated by the association
strength between a cue and to-be-produced verb. MEG is a non-
invasive technique for mapping brain activity and has an excellent
spatial resolution; sources can be localized with millimeter precision.
The analysis of MEG data had two steps. First, a source analysis
intended to characterize the spatial-temporal cortical dynamics un-
derlying noun cue processing in verb generation task. The cortical
sources of the evoked responses were modeled by a “depth-weighted”
linear L2-minimum norm estimation method. The second part of the
analysis was aimed to identify the putative effect of noun-verb asso-
ciation strength on neural activity evoked by noun cue presentation,
both in terms of its timing and involved brain regions. This step was
done by the means of Multiple Sparse Priors, the Bayesian source
inversion algorithm. We used Random Field Theory for statistical
analysis. Our main finding is that the strength of noun-verb associ-
ation affects noun’s processing already at 250-400 ms after stimulus
onset, i.e., at the stage of semantic M400 component of noun-evoked
response or even earlier. Thus, the retrieval of target verb does not
necessarily require the noun’s processing to be completed but par-
tially overlaps and interacts with its semantic analysis.

[1] Butorina A., Pavlova A., Nikolaeva A., Prokofyev A., Bondarev B.,
Stroganova T. Simultaneous Processing of Noun Cue and to-be-
Produced Verb in Verb Generation Task: Electromagnetic Evidence //
Frontiers in human neuroscience 11, 2017. — p. 1-14.
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ABTOMaTM4eckoe geTeKTupoBaHue cobbITuii B
AonroBpemMeHHbix 3anucax 30
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uMm. B. A. Korenbaukosa PAH

2Mocksa, IHCTUTYT BBICIIEH HEPBHON JeSITELHOCTH I
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$Mocknra, Mockosckwuii dbusnko-rexuuteckuit uncruryt (I'Y)

IIpeyioxken HOBBII CIIOCOD ABTOMATHUYIECKOT'O JIETEKTUPOBAHUS CO-
ObITUii B CUIHAJAX JIUTEILHOrO (CyTKu) mMouuropunra I ocuo-
BaHHBIN Ha aHajm3e 3-D XpeOTOB BEUBJIET CHEKTPOTPAMM ITHX CHT-
HajioB. PaccauThiBagach rucTorpaMMa KOJIMIecTBa coobITit N B 3a-
BUCHMOCTH OT CIIEKTPaJIbHOM 1toTHOcTH MotHOocTH (PSD) B Toukax
xpebra, uMerolas MakCuMyM N,,q; IPU HEKOTOpOM 3HadeHuun PSD
n cmagatomast 10 N = 1 npu 6oabmux 3uaderusx PSD. I Boige-
JIEHHBIX COOBITHI Ny, PACCINTHIBAIACH UX YACTOTHBIE, BDEMEHHBIE
u PSD xapakrepucruxu.

ITocTpoena Moie/ib JIOTUCTHIECKON perpeccun st Kjaaccuduka-
MY COHHBIX BEPETEH U SMUIeNTU(OPMHON aKTHBHOCTH CPEU COObI-
Tuit 9D KpbIc 1OC/IE YeperHO-M03roBoil TpaBMbl. O6yueHne Moie-
JIX TIPOBOJIMJIOCH HA COOBITUSX, KJIACCH(DUIMPOBAHHBIX TPEMs He3a-
BUCHMBIMU KCIIEPTAMU-HEHPODU3NO0I0raMy KaK SMUIETTUDOPMHBIE
¥ COHHbIE BEPETEHA.

WccnemoBanue BBITTONHEHO 32 ¢I6T rpanTa Poccuiickoro Hay<Horo
donna (mpoexr Ne16-11-10258).

[1] Obukhov K., Kershner I., Komoltsev I., Maluta I., Obukhov Yu.,
Manolova A., Gulyaeva N. An Approach for EEG of Post Traumatic
Sleep Spindles and Epilepsy Seizures Detection and Classification in
Rats // Pattern Recognition and Image Analysis, 2017. — Vol. 27,
No. 1. — pp.114-121. https://doi.org/10.1134/51054661817010102.
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Approach for EEG of Post Traumatic Sleep Spindles
and Epilepsy Seizures Detection and Classification in
Rats
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Obukhov Yury? yuvobukhov@mail.ru

'Moscow, Kotel'nikov Institute of Radio Engineering and Electronics
of RAS
2Moscow, Institute of Higher Nervous Activity and Neurophysiology
of RAS

$Moscow, Moscow Institute of Physics and Technology (State University)

The electroencephalographic (EEG) features of post traumatic

epilepsy (PTE) are analyzed in the paper. The proposed method

allows detection and classification of sleep spindles and epilepsy
seizures. The experiments were conducted on a laboratory rats be-
fore and after traumatic brain inquiry (TBI). In the introduction, the
details of the experiment along with the information about manual
markup are provided. In the first part, the new method of sleep spin-
dles and epilepsy seizures detection is described. The method is based
on the analysis of the wavelet spectrogram extrema. Moreover, the
described procedure of background extraction and ridge segmentation
helps to classify signals as epilepsy seizures and sleep spindles. In the
second part, the information about the clustering is given. k-Means
clustering of seizures and spindles was performed based on signals
power and frequency. The results of the clustering, along with the
research of TBI effect on the EEG, are provided in the third part. It
was shown that PTE may be considered as the cause of the frequency
variance among clusters of sleep spindles and epilepsy seizures.

This research is funded by Russian Science Foundation (project

No. 16-11-10258).

[1] Obukhov K., Kershner I., Komoltsev I., Maluta I., Obukhov Yu.,
Manolova A., Gulyaeva N. An Approach for EEG of Post Traumatic
Sleep Spindles and Epilepsy Seizures Detection and Classification in
Rats // Pattern Recognition and Image Analysis, 2017. — Vol. 27,
No. 1. —pp. 114-121. https://doi.org/10.1134/51054661817010102.
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AHann3s buomMegnUMNHCKUX CUMHANOB C HEIMHENHbIMMN
CBOACTBaMW HA OCHOBE 3HTPOMUIHbIX XapaKTepPUCTUK
Manuno Jhodmuna Anrexceesna lmanilo@yandex.ru
Hemupro Anamoaudi Iasrosun'x apn-bs@yandex.ru

!Cankr-Tlerep6ypr, Cankr-Ilerep6yprekuii rocynapcTBeHHBLH
JIeKTpoTexandeckuit yausepcurer «JI9TU»

PaccmarpuBaercs merTos anasm3a CHIHAJIOB C XaOTHYECKUMHU
CBOMICTBAMHU II0 ITapaMeTpaM AIPOKCHMUPOBAHHON SHTPONUU. DTa
XapaKTEePUCTUKA SBJISIETCS MPUOJINYKEHHON OIeHKOo# suTpormu KoJ-
MOTOpPOBa, U OHA MOZKET OBITH HCIIOIb30BAHA, [IJIs1 OOHADY XKEHUS [TIHA~
MHUYECKUX HEPEeryJIsipHOCTEll, CBI3aHHBIX KAK C HEJUHEHHBIMU, TaK U
€O CTOXaCTUIECKUMHE CBOMCTBAMHU CUTHAJIOB. OTiINYIe ee OT SHTPOIINN
ITTennona 3ak/II0MeHO B MeXaHm3Me (DOPMUPOBAHUS sieeK (ha30BOTrO
IpOCTpaHCTBa. BBIOOD KaXK10ii TOYKHU, B KOTOPOI HAXOIUTCsT OObEKT,
B KaJdecTBe IeHTpa runepcdep MpuBoIuT K 0oJee TPYIOEMKUM BbI-
quciieHustM. CyIecTByeT ObICTPBIH aJrOPUTM BBIYUCIECHUS AITPOK-
CUMUPOBAHHOI SHTPOMUH. DTO MO3BOJISIET UCIOIH30BATD €€ JIJIsT aHa-
Jin3a OMOMEIUITMHCKIX CUTHAJIOB B peasibHOM BpemeHu. MojenbHble
9KCIIEPUMEHTBHI [T0KAa3aJI1 BO3MOXKHOCTD ITOJIyYeHUs HAJIEXKHBIX Olle-
HOK XaOTHYIHOCTH JaKe Ha KOPOTKUX BBIOOPKax nmaHHbIX. HeayBcTBU-
TEJILHOCTD AINMPOKCUMUPOBAHHON SHTPOIUU K BO3IEHCTBUIO IIIyMa
obecrieunBaeTCsi BLIDOPOM OIIPEJIEIEHHOTO pa3Mepa sdeek (hpa30BOTO
npoctpancrsa. [Ipeioxken Habop apaMeTpoB [IJIsl OIEHKU CTEIeHU
PEryJIsipHOCTH B JIUCKPETHOMN II0CJIeI0BATELHOCTH OTCYETOB CUIHA-
sa. IIpemjoxkena mporerypa KOPPEKIIUN, CHUZKAIOMIAsS BEPOATHOCTH
OMMOKHU B aHAJIN3€ CUTHAJIOB C HEJIMHEIHBIMI CBOMCTBAMU. DKCIIEPU-
MEHTBI 110 PaCHO3HABAHMIO OroMeuIHCKIX curHaaos (DKT, 99T
JUIS psAJia IPAKTUYeCKUX 3a/1a4 MOKa3aJ/Id, YTO METOJIbl aHaIN3a all-
[IPOKCUMHUPOBAHHON SHTPOINK MOT'YT HANTH IPUMEHEHNE B CHCTEMAaX
ME/IUIIUHCKON JTUATHOCTUKU W HAOJIIOJICHUS.

Pabora mommepkana rpamtamum PODU Ne16-01-00159, 15-07-
01790.

[1] Maruao JI. A.,Muzanvro A. B. VlccnenoBanme mapameTpoB U CBOHCTB

AIIIPOKCUMHUPOBAHHOM sHTponmu DDI' B pasHbIX cTaausax aHecre3uu //
Buorexnocdepa, 2017, 2 (50). — C.21-26.
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Analysis of biomedical signals with nonlinear
properties based on entropy characteristics

Manilo Ludmila' lmanilo@yandex.ru
Nemirko Anatoly' apn-bs@yandex.ru

1Saint Petersburg, Saint Petersburg Electrotechnical University “LETI”

A method for signal with chaotic properties analysis using the ap-
proximated entropy parameters is considered. This feature is an ap-
proximate estimate of the Kolmogorov entropy and it can be used
to detect dynamic irregularities associated with the nonlinear and
stochastic properties of signals. The difference it from Shannon’s en-
tropy lies in the mechanism of phase space cells formation. The choice
of each point, which is the object, as the hypersphere center leads to
more time consuming calculations. However, there is a fast algorithm
for computing the approximated entropy. This allows you to use it
for the analysis of biomedical signals in real time. Model tests have
shown the possibility of obtaining reliable estimates of randomness,
even on short data samples. The insensitivity of the approximated
entropy to the effects of noise is provided by the selection of a partic-
ular cell size of the phase space. A set of parameters for the degree
of regularity assessment in the discrete sequence of signal samples is
proposed. The correction procedure, which reduces the probability of
error in the analysis of signals with nonlinear properties, is proposed.
Experiments on the recognition of biomedical signals (ECG, EEG)
for a number of practical problems have shown that methods of the
approximated entropy analysis can be used in systems for medical
diagnosis and monitoring.

This research is funded by RFBR, grants 16-01-00159, 15-07-
01790.
[1] Manilo L. A., Miganko A. V. Study of parameters and properties of ap-

proximate entropy of EEG at various anesthesia stages // Biotechno-
sphere. - 2017, No 25 (50). — p. 21-26.
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PaspaboTka meTogoBs 1 anropuTMoB aHann3a
BuAeon3obpakeHnii N1abopaTopHbIX XXNUBOTHbIX
cpeacTBamMy OOBbLEKTHO-OPUEHTUPOBAHHOIO
NIOrMYecKoro NPorpaMmMupoBaHunus
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'Mocksa, THCTUTYT PaIMOTEXHUKE U 9JI€KTPOHIKE

nM. B. A. Korenpnukosa PAH

Paccemorpena npobiema anamsa Bueon3odparkenunii 1abopaTop-
HBIX JKUBOTHBIX (KPBIC) CPEJCTBAMU O0BEKTHO-OPUEHTHPOBAHHOTO
JIOTMYECKOT'0 IIPOIpaMMHUpOBaHusd. Buieonzobparkenus IOJIydeHbI B
9KCIIEPUMEHTAaX I10 M3YYEHUIO CYIOPOXKHOH aKTHUBHOCTH TI'OJIOBHOI'O
mosra. OcyImecTBiisiiach OMHOBpeMeHHas 3amuch I KUBOTHOTO
1 BHUAEO3amnnCch ero mosemenus. Comocrapienne JaHubix 991 u mo-
BeJIeHUs HEeoOXO/MMO, B YaCTHOCTH, IIOTOMY, YTO PE3KHEe JIBUKEHUS
JKHBOTHOT'O MOT'YT IPHUBOJUTH K MOsiBJIeHUIO B DI [-3anncsax curna-
JIOB, IIOXOKUX Ha SMHUJenTHYecKue pas3psaabl. [losromy ool u3 3a-
a9 BUICOHAOJIIOJICHUS SIBJISIETCs PACIIO3HABAHNE PE3KUX JIBUYKCHUH U
HCITO/Ib30BAHME ITON MHMOPMAIIUU IPU UHTEPIIPETAIINN PE3YIbTATOB
IKcIepuMenTa. pyroii 3a1adeii SBIIsieTCs aHAJINS3 TIOBEICHUS JKUBOT-
HOI'O IIPU KOHUTHUBHBIX TECTax (COMUAJbHOE OIIO3HABAHNE U ONO3HA~
BaHue HOBOro o6bekTa). CylecTBeHHOIT 0COOEHHOCTBIO BUICO3AIIICEl
SIBJIIETCS TO, YTO BUICOHADJIIOIEHNE IPOBOIMIOCH B TOM 2Ke DOKCe,
re JKUBOTHOE JKWUBET Ha MOACTUJIKE 3 onwiok. llBer mepcru xu-
BOTHOI'O MAJIO0 OTJIMYAETCS OT IBETA OIMJIOK, IIOITOMY BbIJIEJIEHUE
KOHTYpa »KUBOTHOTIO SIBJIIETCS CJIOXKHOI 3ajadeir. B jgokaane pac-
CKa3bIBaeTCs O pa3paboTKe aJrOPUTMOB HU3KOYPOBHEBOI'O aHAJIN3a
BHUJEON300PaKeHNil, a TaKKe JIOTHYECKUX METOJ/IOB aHaJIn3a II0BejIe-
HUsl YKUBOTHOTO. MeTOIbI U aJrOPUTMbI PEAJM30BAHBI B OObEKTHO-
OPHUEHTUPOBAHHOM JIOTHYECKOM si3bike AkTopubiii [Iposior.

WccnemoBanue BBITTONHEHO 32 cI6T rpanTa Poccuiickoro Hay<Horo
donna (npoext Ne16-11-10258).

[1] Moposos A. A., Cywxosa O. C. Ananus BuneonsobpazkeHuil B peasib-
HOM BpeMeHH cpeiacrBamu a3bika Axropubii [Iposor // Kowmmbio-
repHas omnrtuka. — 2016. — T.40, Ne6. — C.947-957. http://wuw.
computeroptics.smr.ru/K0/PDF/K040-6/400623.pdf.
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Development of methods and algorithms based on
object-oriented logic programming for video
monitoring of laboratory animals
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"Moscow, Kotel’'nikov Institute of Radio Engineering and Electronics
of RAS

The problem of analysis of video images of laboratory animals (rats)
by the means of object-oriented logic programming is considered. The
videos are produced in neurophysiologic experiments on the study
of convulsive electrical activity of the brain cortex. Videos of be-
haviour of laboratory rats were recorded simultaneously with elec-
troencephalograms (EEG) in the animals. A comparison of EEG data
with the behaviour of animals is necessary because sharp motions of
the animals can result in EEG signals that are very similar to the
epileptic discharges. Thus, the first task of the video monitoring is
recognition of the sharp motions of the animals and using this in-
formation for proper interpretation of the results of the experiments.

The second task of the video monitoring is analysis of behaviour of

animals in cognitive testing (social recognition and recognition of a

new object). Essential feature of the video records is in that they are

conducted in the same cage where the animal lives, that is, the back-
ground of the cage is sawdust. The colour of the animals is about the
same as the colour of the sawdust thus the detection of the contour
of an animal is not a simple problem. In the report, development of
low-level algorithms for video analysis as well as logical methods for
the analysis of animal behaviour is discussed. The methods and al-
gorithms are implemented in the Actor Prolog object-oriented logic
language.

This research is funded by Russian Science Foundation (project

No. 16-11-10258).

[1] Morozov A., Sushkova O. Real-time analysis of video by means of
the Actor Prolog language // Computer Optics. — 2016. — V.40,
No.6. — PP.947-957. http://www.computeroptics.smr.ru/K0/PDF/
K040-6/400623.pdf.
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Bbibop npu3HakoB B 3aga4e gekoauposaHus
curvanos ECoG

Mompenxo Anacmacus Ilemposra
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Mocksa, Mockosckuit ¢pusnko-rexumdeckuit uncruryt (I'Y)

Pabora nocssimena mpobsieme pazpabOTKi MaTEMATHIECKIX METO-
JIOB, JIE?KAIINX OCHOBE HEPO-KOMIBIOTEPHBIX nHTEepdeiicoB. Permaer-
¢ 3a/1a4a IPOrHO3UPOBAHUS JIBUXKEHUN PYKH 110 U3MEPEHUAM KOPTU-
KaJIbHOM akTuBHOCTHU. [Ipu3HakoBoe ommcanue Jjis KaxKJ0ro orcde-
Ta BPEMEHHU JIE2KHUT B IIPOCTPAHCTBEHHO-YACTOTHO-BPEMEHHOM JiAaIa-
30HE M BKJIIOYAET CUTHAJBI, CHATBHIE C JIEKTPOJIOB, U UX CIEKTPAJIb-
Hble XapakTepucTuku. [IpecraBienne JaHHBIX B BUJIE MHOTOMOIA b~
HBIX MaTPHUIL ITITPOKO UCIIOIB3YeTCsd B aHAJIM3€e OMOMEIUITMHCKIX CUT-
HaJIOB.

Taxk KaK u3MepeHuil 3JIEKTPOKOPTUKOIPAM CHJIBHO KOPPEeJINpoBa-
HBI JIJIsi COCEJIHUX IJIEKTPOJIOB U OTCUETOB BPEMEHH, BBIOOD IIPU3HA-
KOB HEOOXOIWM I TIOCTPOEHUS YCTONYIMBON MOJIEIN ITPOTHO3UPO-
Banusi. [Ipearaercs MHOroMoIaIbHAS (DOPMYIUPOBKA (DUIIBTPAIIT-
OHHOI'O MeTOJa BbIOOpPA IPHU3HAKOB, OCHOBAHHOI'O HA PEIIeHUN 3a-
Jladr KBaJpaTudHoro nporpavMvuposanus (Quadratic Programming
Feature Selection, QPFS). 3azaua Boibopa npusnakos Gopmyaupy-
ercsi B BUJIE 3391 MUHUMU3AIMN (DYHKIIMOHATIA, YPABHOBEIIIMBAIO-
IIEr0 CXOJCTBO MEXK/Iy IPU3HAKOB U PEJIEBAHTHOCTH IPU3HAKOB pe-
maemoil 3asade. s amanranun Meroma QPFS k MHOrOMomasib-
HBIM JIAHHBIM BBOJIUTCS OT/E/IbHBIN (PYHKIIMOHAJ KAaueCcTBa JJIs KazK-
JI0f MO/IAJIBHOCTY IIPU3HAKOBOI'O OmucaHus. Takoil 11o/Ixo/1 CHUKAeT
Pa3MEepHOCTh PENIaeMOil ONTUMUBAIIMOHHOM 11pobJteMbl. [IpuBoguTcs
cpasuenne ucxopuoro QPFS u ero muoromomanbuoit Mmopudukaun
[IpU PeIlleHn! 3a/]a91 BOCCTAHOBJIEHNUS TPAEKTOPUN JIBUKEHUI PYKH.
IIpomemoncTpupoBano, 4T0 IpejIoyKeHHass MOIUMUKAINS [T03BOJIS-
€T YBEJIUYUTb Pa3MEPHOCTH HCXOJIHOTO MHOXKECTBA IPU3HAKOB IIPHU
COTIOCTABAMOM KAYECTBE PEIIeHUs 3a/1a91l PErPEeCCUn.

Pabora nognepxana rparrom PODU Ne16-07-01158.

[1] Motrenko A, Strijov V. Extracting fundamental periods to segment
biomedical signals // Journal of Biomedical and Health Informatics,

2016, Vol. 20, No. 6, 1466-1476.
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Multi-way Feature Selection for ECoG-based
Brain-Computer Interface

Anastasia Motrenko anastasiya.motrenko@phystech.edu

Moscow, Moscow Institute of Physics and Technology (State University)

We address the problem of designing Brain-Computer Interfaces. The
task is to predict hand trajectories from the voltage time series of
cortical activity. Feature description of a each point resides in spatial-
temporal-frequency domain, which includes the voltage time series
and their spectral characteristics. Such multi-way representation is
actively used in biomedical applications. Unfolding multi-way data
into flat matrices might lead to neglecting important dependencies
present in the unfolded dimension of the multi-way data.

Contrarily, multi-way approaches preserve the data structure and
improve regression quality.

Feature selection is crucial for adequate solution of this regres-
sion problem, since electrocorticographic data is highly dimensional
and the measurements are correlated both in time and space do-
mains. We propose a multi-way formulation of a recent approach to
filtering feature selection, Quadratic Programming Feature Selection
(QPFS). Filtering methods separate feature selection from regres-
sion model training. This makes them computationally efficient even
for large dimensionalities. Since the original QPFS ignores multi-way
structure of the data, we propose a multi-way extension of QPFS.
We introduce a separate feature similarity matrix for each modality
of the feature description. This reduces dimensionality of optimiza-
tion problem, which makes the proposed approach applicable even in
case of high dimensionality. We compare the original and multi-way
QPFS applied to trajectory reconstruction problem and show that
proposed modification applies to higher dimensionalities without loss
in quality.

This work was supported by the Russian Foundation for Basic
Research, grant 16-07-01158.

[1] Motrenko A, Strijov V. Extracting fundamental periods to segment

biomedical signals // Journal of Biomedical and Health Informatics,
2016, Vol. 20, No. 6, 1466-1476.
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Mathbrain.ru — obnayHbIi cepuc gns obpaboTku
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Onaauro Examepuna Cepzeesna'x oplachkoe®@gmail . com

1

Pwxyrnos Cmarucaas Jmumpuesuy rykunov@psn.ru

Yemunun Muzaua Huxonaesunw' ustinin@impb.ru

HIyumuo, MacTnTyT MaTeMaTHdecknx mpobiaem 6uosornn PAH

MathBrain sBjstercst 06/1a9HBIM TPUIOKEHIEM, PACIIPOCTPAHSIE-
MbIM 110 Mozesn «IIporpaMmHOe obectiedenne Kak cepsuc» (Software
as a Service). DT0O MPUIIOKEHNE TIPEIOCTABIISIET TOCTYII K HECKOJIBKIAM
aJITOPUTMaM aHAJN3a JAHHBIX MHOIOKAHAJBHON dHIedassorpadun.
CrekTpajbHbIe METO/BI BKJIIOUAIOT B ceOs IpsiMoe U 00paTHOE IIpe-
obpasoBanue Pypbe, a TaKKe KOJUIECTBeHHBIN anaan3. CraTucrude-
CKIe METO/Ibl BKJIIOYAIOT METO/ IVIABHBIX KOMIIOHEHT U MeTO/] He3aBU-
CHUMBIX KOMITOHEHT. KapThl 1015 3/IeMEHTAPHBIX COCTABJIAIONIAX MO-
I'yT OBITH UCIIOJIB30BAHBI JIJId PelleHust 00paTHO 3a/[a41 MarHUTHON
sunedaaorpadun, pe3yabraT KOTOPOro 0To0pazxKaeTcs Ha MarHUTHO-
pesonaHCcHOI ToMorpamme. [Ipunokenne paspaboTaHo st M3y IeHUS
9eJIOBEYECKOTO MO3Ta, B TOM 9UHCJIE, CIEIUAJACTAMI, HE MMEIOIIIMI
clienuaJbHON MaTeMaTU4eCKON IIOJT0OTOBKHU.

Pabora nopnepxana rpanramu PODOU Ne16-07-00937, Ne16-07-
01000, Ne17-07-00677, Ne17-07-00686, Nel17-29-02178, mporpammoit
dbyngamenTanbubix uccienosanuii [Ipesumnmyma PAH Ne 1.3311.

[1] Porynos C. /., Yemunun M. H., Ioaanun A.I., Cwwes B. B., Jlu-
nac P. P. Komriuiekc mporpaMm Jijisi pacdeTa IaplUajbHBIX CIIEK-
TPOB TI'OJIOBHOI'O MO3ra 4YeJIOBEKa // Maremarudeckast OMOJIOTUST
n Ouwomndopmarwmka, Ilymmuo, 2016. — T.11 Ne 1. C. 127-140
doi: 10.17537/2016.11.127 http://www.matbio.org/2016/Rykunov_
11_127.pdf.
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Mathbrain.ru — a cloud service for magnetic
encephalography data processing

Oplachko Ekaterina'x oplachkoe@gmail.com
Rykunov Stanislav' rykunov@psn.ru
Ustinin Mikhail' ustinin@impb.ru

!Pushchino, Institute of Mathematical Problems of Biology RAS

MathBrain is a cloud-based application, distributed under Software
as a Service model. This application provides access to several algo-
rithms of the multichannel encephalography data analysis. Spectral
methods include direct and inverse Fourier transforms and quantita-
tive analysis. Statistical methods involve principal component anal-
ysis and independent component analysis. The field maps of elemen-
tary components can be used to solve the magnetic encephalography
inverse problem and to display the result at the magnetic resonance
image. The application is designed to be used in human brain studies
without mathematical training.

The research was partly supported by the RFBR, (grants 16-07-
00937, 16-07-01000, 17-07-00677, 17-07-00686, 17-29-02178) and by
the Program of the Presidium of RAS 1.33P.

[1] Rykunov S. D., Oplachko E. S., Ustinin M. N., Llinds R.R. Methods
for magnetic encephalography data analysis in MathBrain cloud
service // Mathematical biology and bioinformatics, Pushchino,
2017. 12(1):176-185 doi: 10.17537/2017.12.176 http://www.matbio.
org/2017/Rykunov_12_176.pdf.
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HaxoxxpgeHue napuuvanbHbiX CNEKTPOB pa3aenos
ro/I0OBHOro0 MO3ra MeToAOM aHasin3a B NPOCTPAHCTBE
YyacTtoTa-naTTepH

Puryrnoe Cmanucaae Jmumpuesur'x rykunov@psn.ru
Coines Bavecnaas Buxmoposun' sychyov@yahoo . com
Moavanosa Juna Aavbepmostal dm@pochtamt . ru
Yemunun Muzauna Huxonaesusw' ustinin@impb.ru

Hlymumo, MucturyT MaTeMarmdeckux mpobiaem Guostorun PAH

Paspaboran HOBBIII MeTOM M3yUYeHNS AKTUBHOCTU MO3Ta U€IOBE-
K&, HAIIPABJEHHBII Ha OIpee/IeHre CIIEKTPAIbHBIX XapPAKTEPUCTUK,
creruUIHBIX [T PA3JINIHBIX 00J1acTeil U CTPYKTYP YeJI0BEUIEeCKO-
ro Mo3ra. DTOT MeTOJ OObeINHSIET JIBa PA3IUIHBIX BUa HHMOpMa-
muu: 1) aHaTOMUYeCcKyio HH(GOPMAIHIO, HOJIyIeHHYI0 U3 MArHUTHO-
pesonancHoit Tomorpammbl (MPT); 2) urdopmalmio o MO3roBoit ak-
TUBHOCTH, ITOJIy9Y€HHYIO MHOTOKAHAJBHBIM MATHUTHBIM 3HIEdaI0-
rpacdom. s onpeesieHns MpoCTPAHCTBEHHOTO MOJIOXKEHUsT UCTOY-
HUKOB aKTHUBHOCTHU IIPUMEHSIETCH MeTOJ (DYHKIMOHAIBHON TOMOrpa-
dun. [Ipoussomurcs cermentanus MPT u Beigesnsiorcs obract nH-
Tepeca. Hamoxkenne stux obsacreit Ha (pyHKITMOHAIBHYIO TOMOTPAM-
My AaeT HabOp UCTOYHUKOB IOJIs, COOTBETCTBYIOIINX BHIODAHHON 00-
sgactu. Jacrors u KoahdurmerTsl Pypbe 3TUX UCTOIHUKOB (POPMU-
PYIOT HMApPIHUAJIbHBINA CIIEKTDP UCCACAyeMOil 00/IaCTU W CTPYKTYPHO-
r'o 3JIeMEHTa 4ejioBedecKoro mosra. s mposepku mMeTosn ObLI Ipu-
MeHEH K 3aIIUCAM CIOHTAHHOW AKTUBHOCTU JIBYX I'PYIII UCIBITYEMbIX:
1) 3mopoBble ucHbITYeMBIE; 2) UCIBITYEMble ¢ OLUPEeIeIeHHBIMU 1aTO-
JorusaMu (PacCesiHHbIA CKJIEPO3 M HEBPAJIHMU PA3JIUIHOTO I'EHEe3a).
Tlostyuennbie pe3yabTaThl TOKA3BIBAIOT XOPOIIYI KOPPEJISIHIO ¢ 00-
HIENPUHATHIMU IIPEJICTABIEHUAMI O JIOKAJIUIAINH UCTOYHUKOB TaKOH
AKTUBHOCTH.

Pabora nopnep:xana rpanramu PODPU Ne16-07-00937, Ne16-07-
01000, Ne17-07-00677, Ne17-07-00686, Nel17-29-02178, mporpammoit
dbyugamenTaabubix uccaegopanuit [Tpesuanyma PAH NeI1.3311.

[1] Pwxynos C. /1., Yemuwuw M. H., Iloasnun A.I., Cwwues B. B., Jlu-
nac P. P. Kommiekc mporpamm mjis pacdera MTapIUaJbHBIX CIIEK-
TPpOB TI'OJIOBHOI'O MO3ra YeJIOBEKa // Maremarnueckasi OHOJOrHUsT U
ouonnpopmaruka, Ilymuuo, 2016. — T.11 Nel. C. 127-140 doi:
10.17537/2016.11.127
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Estimation of the brain compartments partial spectra
by frequency-pattern analysis
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Ustinin Mikhail' ustinin@impb.ru

!Pushchino, Institute of Mathematical Problems of Biology RAS

A new method to study human brain activity was developed. This
method aims to determine spectral characteristics, specific to vari-
ous regions and structures of the human brain. Said method com-
bines two completely different sources of information: 1) anatomi-
cal information, obtained from magnetic resonance imaging(MRI);
2) information about human brain activity, obtained by multichan-
nel magnetic encephalograph. To find activity sources from magne-
toencephalogram functional tomography method is used. Functional
tomography finds corresponding unique spatial location for each co-
herent elementary oscillation. Spatial information about regions of in-
terest(ROI) is extracted from MRI either by semi-automatic segmen-
tation, or by direct selection. Combining these ROIs with functional
tomogram one can obtain set of the field sources, corresponding to se-
lected ROI. Frequencies and Fourier coefficients of these sources form
partial spectrum of the studied region or structural element of the hu-
man brain. For verification, the method was applied to the records
of the human brain spontaneous activity obtained from healthy sub-
jects and from subjects with certain pathologies (multiple sclerosis
and neuralgias of different genesis). The results obtained show good
correlation with the generally accepted ideas about the localization
of sources of such activity.

The research was partly supported by the RFBR (grants 16-07-
00937, 16-07-01000, 17-07-00677, 17-07-00686, 17-29-02178) and by
the Program of the Presidium of RAS 1.33P.

[1] Rykunov S. D., Ustinin M. N., Polyanin A. G, Sychev V. V.,
Llinds R. R. Software for the partial spectroscopy of the human
brain // Mathematical biology and bioinformatics, Pushchino, 2016.
11(1):127-140 doi: 10.17537/2016.11.127
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MeTtoabl MawmnHHOro oby4eHust B pewieHnn 3agaqu
MOHUTOPWUHIa BbiBeAEHUSI TEPAHOCTUYECKUX
ch1yopecueHTHbIX HAaHOKOMMNO3UTOB U3 OpraHn3ma
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Honenxo Tamvana Aawvdedporcosna’ tdolenko@mail.ru

"Mocksa, MT'Y um. M. B. Jlomonocosa, ®usmyaeckuii dpaxynbreT
2Mocksa, MI'Y um. M. B. JIomonocosa, HUNA®D um. /1. B. CroBesblbiaa

B macrosmiee Bpemsi B OmomenuiinHe UpPE3BBIYAIHO AKTYyAJIbHA
pa3paboTKa HOBBIX HAHOMATEPUAJIOB, HCIIOJIb3YEMbIX OJHOBPEMEHHO
JUIS TUArHOCTUKM 1 JiedeHus 3aboseBanmii. [Ipm cozmannm Taxmx
areHTOB HEOOXOJ/INMO KOHTPOJINPOBATH BBIBEJIEHNE UX U3 OPraHU3MA.

B pabore mpesacraBieHbl pe3yabTAThl IPUMEHEHUsT METOIOB Ma-
IIHHHOTO O0YYeHUsl [IJIsi MOHUTOPUHIA B YPUHE BBIBEICHHBIX U3 Opra-
HU3Ma TEPAHOCTUYIECKUX HAHOKOMIIO3UTOB (YIVIEDOJHBIX TOYEK, IIO-
KDBITBIX COMOUMEPOM U (DOJIMEBOIT KUCJIOTOM ) U MX KOMIIOHEHTOB 110
crekTpaM (JIyopecreHImm. 3a1ada pernaiach Kak 3a/1a9a KiracTepr-
zanuu (¢ ucnosb3oBanueM k-means u paspabaTblBAEMOrO aBTOPAME
AJITOPUTMA, aJJAIITUBHOTO MOCTPOCHUS UEPAPXUIECKAX HEHPOCETEBBIX
kiaccudukaropos - UHK) u kak 3amaua kinaccudukanuu (¢ HOMO-
b0 HeHpOHHBIX cereit). Hu oqHo m3 pasbueHunii Ha KiacTepbl HE
[I0OKA3aJI0 YYBCTBUTEJIBLHOCTU K THUIIAM COJEPIKAIIUXCH B CYCIIEH3UU
HaHOJYACTHUIl. Hawmaydmme pesyibTaThl pelneHus 3a1a49u Kiaaccudu-
KAy 00eCIIevnI IEPCENTPOH ¢ 8 HefIPOHAME B €IMHCTBEHHOM CKPBbI-
TOM CJI0€, HATPEHUPOBAHHBIN Ha, CYIIIECTBEHHBIX BXOIHBIX IIPU3HAKAX,
BBIJIEJIEHHBIX KpOcc-KoppeJsianueil. IIporenT npasuibHOro pacrno3sa-
BaHMs#, yCpeJIHEeHHbIii 110 BceM b KJaccaM, cocTaBui 72.3%.

Pa6ora BbimosHena 3a caer rpaaros POOU Nel15-07-08975-a (as-
ropurm THK) u PH® Ne17-12-01481 (Bce ocrasbHble pabOTHI).

[1] Capmarnosa O. 3. u dp. Meronsl MaMHHOrO 00YUEHUsS] B PEIIEHUH 3a-

Ja9I1 MOHUTOPUHI'A BbIBEICHUA TEPAHOCTUICCKUX CbJIyOpeCLIeHTHbIX Ha-

HOKOMITO3UTOB M3 opranusma // Mammunoe obyvuenune u ananns man-
HbIX, 2017.
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Machine learning methods for the purpose of
monitoring of the excretion of theranostic fluorescent
nanocomposites out of the organism

Sarmanova Olga' helga-sharman@rambler.ru
Burikov Sergey'? sergey.burikov@gmail.com
Dolenko Sergey’ dolenko@srd.sinp.msu.ru
Isaev Igor*x isaev_igor@mail.ru
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Dolenko Tatiana
"Moscow, Lomonosov MSU, Department of Physics

2Moscow, Lomonosov MSU, Skobeltsyn Institute of Nuclear Physics

At present time the development of new nanomaterials, that are used
for diagnostics and medical treatment simultaneously, is utterly rel-
evant in biomedicine. During the creation of such agents one has to
control their excretion out of the body.

In this study the results of the application of machine learning
methods for monitoring of the excreted theranostic nanocomposites
(carbon dots, covered by copolymer and folic acid) and their com-
ponents by their fluorescence spectra in urine are presented. The
problem was solved as a clusterization problem (by k-means and al-
gorithm of adaptive construction of hierarchical neural classifiers —
HNC — which was developed by the authors) and as a classification
problem (by neural networks (NN)). None of the clusterings revealed
sensitivity to types of nanoparticles contained in the suspension. The
best results of the solution of the classification problem were pro-
vided by perceptron with 8 neurons in the hidden layer, trained on
the set of significant features selected by cross-correlation. Percentage
of correct recognition averaged over all five classes was 72.3%.

This study has been performed at the expense of the following
foundations: Russian Foundation for Basic Research (grant no.15-07-
08975-a) (HNC algorithm) and Russian Science Foundation (grant
n0.17-12-01481 (all other studies).

[1] Sarmanova O.E. et al. Machine learning methods for the purpose of
monitoring of the excretion of theranostic fluorescent nanocomposites

out of the organism // Journal of Machine learning and data analysis,
2017.
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NccnepoBanune cneyndmnyHOCTM NPU3HAKOB paHHEro
NapKNHCOHN3MA, NOJyHYEHHbIX MeTOo40M aHann3a
BCMJ/1eCKOODPa3HOW 3/1eKTPNYECKOI aKTUBHOCTM
KOpbl MO3ra

Cywrosa Oavea Cepzeesnax o.sushkova@mail.ru
Moposos Aunexceli Anexcarndposuy' morozov@cplire.ru
T'abosa Anexcandpa Bacuavesna® agabova@yandex.ru

'Mocksa, MHCTUTYT PajiHOTEXHUKH ¥ SJEKTPOHUKN
nMm. B. A. Korenbuukosa PAH

2Mocksa, IHCTUTYT BBICIIEH HEPBHON JeSITEILHOCTH I
ueiipodusnonornn PAH

Paspaboran HOBBIIT MeTO aHAIN3a CUTHAJIOB HA OCHOBE BEUBJIET-
anann3a, ROC-ananu3a n HemapaMeTpUIeCKOil CTATUCTUKU JJIsl J1e-
TAJIbHOI'O U3yYeHUs YaCTOTHO-BPEMEHHOW JMHAMUKHU IJIEKTPUIECKOM
AKTUBHOCTU KOPBI I'OJIOBHOrO Mo3ra. Ves Meroja 3akjiovyaercs B
TOM, 9TO 3JekTposHIedasorpamma (III') paccmarpuBaercs Kak Ha-
6Op <«BCILIECKOB»; IPH 3TOM MbI PACCMATPUBAEM BCILIECK HE KaK
0Cco0yI0 pa3sHOBUIHOCTH curHajoB I, a Kak TUNWIHBIA KOMIIO-
wenT DI Berurtecku onpenensorcst Kak JOKAJIbHbIE MAKCHUMYMBbI Ha
BeiiByier-criekrporpamme DI Uccsemyiores ciemyomume mapaMer-
PBl BCILJIECKOB: BeyIas YacTOTa, JIJIUTEIbHOCTH, IIMPUHA IT0JIOCHI
YACTOT, KOJIMIECTBO BCILIECKOB B CEKYH/ Ly, MOITHOCTh. AHaTM3UpyeT-
Csl CTEIeHb OTJIMYMS TPyl TAIMEHTOB HA MIEPBON cTa uu 0OJIe3HI
ITapkuHCcoHA OT 3MOPOBBIX JOOPOBOJIBIIEB B IIPOCTPAHCTBE ITUX [1apa-
MeTpoB. st 3Toro ucnosibsyercs ROC-anasms. Mccnemyercst pyHK-
mmonasbHag 3asucumoctb AUC (momaan nox ROC-kpuBoit) ot 3Ha-
YeHuil TPaHUI] IUAIa30HOB 3TUX rapaMerpos. Vcroas3ys 3ToT MeTo/,
MBI BBISSBIJIA TPU 9aCTOTHBIX JUANA30HA, IJIe ObLIN 0OHAPYKEHBI OT-
JIM9Usi MEXKJIy TPYIIOf HAIMEeHTOB W 3J0POBBIMU JI0OPOBOJIBIIAMA.
B noxirajzie pacckasbiBaeTcst 06 UCCIETOBAHUU CHEITUMDUTHOCTH ITUX
[IPU3HAKOB PAHHErO IapKUHCOHU3MA.

Pabora ocymectsiiena mpu (huHAHCOBOH MO IEPIKKE TTPOTPAMMDI
Ipesumumyma PAH Nel.3311.

[1] Sushkova O.S., Morozov A. A., Gabova A.V. Data Mining in EEG
Wave Trains in Early Stages of Parkinson’s Disease // Advances in
Soft Computing. LNCS. — Cham: Springer, 2017. — P. 403-412. https:
//link.springer.com/chapter/10.1007/978-3-319-62428-0_32.
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An investigation of specificity of features of early
stages of Parkinson’s disease obtained using the
method of cerebral cortex electrical activity analysis
based on wave trains
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of RAS

2Moscow, Institute of Higher Nervous Activity and Neurophysiology

of RAS

A new method of signal analysis based on wavelet analysis, ROC-
analysis, and non-parametric statistics for a detailed investigation of
the time-frequency dynamics of the electrical activity of the cerebral
cortex is developed. The idea of the method is in that the electroen-
cephalogram (EEG) is considered as a set of wave trains. We consider
the wave train as a typical component of the EEG, but not as a spe-
cial kind of EEG signals. Wave trains are detected as local maxima
in the wavelet spectrogram of the EEG. The following parameters of
the wave trains are accounted: the frequency, the duration, the band-
width, the number of wave trains per second, and PSD. The extent
of differences between the group of the first stage Parkinson’s disease
patients and the healthy volunteers in the space of these parame-
ters is investigated. The ROC-analysis is used for this purpose. The
functional dependence of AUC (the area under a ROC-curve) on the
boundaries of the ranges of these parameters is analyzed. Using this
method, we have identified three frequency ranges, where differences
between the group of the patients and the healthy volunteers were
discovered. The report describes the results of an investigation of the
specificity of these features of early stage of Parkinson’s disease.
This research is funded by the program of Presidium of RAS

No. 1.331I1.

[1] Sushkova O., Morozov A., Gabova A. Data Mining in EEG Wave Trains
in Early Stages of Parkinson’s Disease // Advances in Soft Comput-
ing. LNCS. — Cham: Springer, 2017. — P.403-412. https://link.
springer.com/chapter/10.1007/978-3-319-62428-0_32.
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PekoHcTpykumsa pyHKUMOHANBHOW CTPYKTYpbI
C/NNOXKHbIX CUCTEM NO MHOFOKaHaJIbHbIM BPEMEHHbIM
psagam
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yumno, MucturyT MaTeMarndeckux mpobiem Guomornn PAH

IIpemoxKeH HOBBIIT METO, JTsT PEKOHCTPYKITNN (DYHKITMOHATLHOM
CTPYKTYPBI CJIOXKHBIX CUCTEM TI0 U3JIyIaeMbIM UMU MOJIIM. Bo Bpemst
9KCIIEPUMEHTa MaCCUB H3MepuTeJieil, pacipejieleHHbIX B IIPOCTPaH-
CTBe, PeTUCTpUpPyeT MAarHUTHOe WJIN 3JeKTPUUecKoe I10Je B TeueHue
HekoToporo Bpemenu. [IpeobpazoBanne Pypbe MOJTHOTO BPEMEHHOTO
pala MPUBOAUT K AETAJTLHOMY CIEKTPY, COAEPKAIIEMY TEeCATKN ThI-
Csi9 9aCTOTHBIX KOMITOHEHT. JIjis KaxKmoil 4acToThbl BOCCTAHABJIMBA-
eTCsl MHOI'OKaHaJIbHBII BpEMEeHHOU psJl, METO0M aHaJIN3a He3aBUCH-
MBIX KOMIIOHEHT BBIJIeJISIIOTCS KOT€PEeHTHbIE COCTaBJIAIONINeE, KazKIas
13 KOTOPBIX MMeeT IOCTOSHHBIN maTTepH moJisg. MaccoBoe perrenne
obpaTHO# 3amaun I JaHHOTO IO U 3aJaHHON MOIEIN UCTOYUHN-
KOB JTaeT IIPOCTPAHCTBEHHOE PACIIpeie/IeHIe NCTOTHUKOB BCEX KOMIIO-
HEHT — (PYHKIIMOHAJILHYIO ToMOTpaMMy. MeToa nCrmoab30BaJIcs st
BOCCTAHOBJICHUs (DYHKIIMOHAJIBLHONW CTPYKTYPbI MO3Ta, CEp/IIa U CKe-
JIETHDBIX MBITIIL. TakzKe OH ObLIT YCIIETHO TPUMEHEH s JJOKAIN3aIUN
MATCHATHBIX HAHOIACTHUI] 663 HAMATHUINBAHIS M MEXAQHITIECKOTO CMe-
mennsa obpasta. Ilomydennbie pe3yabTarbl Pa3yMHO HHTEPIPETUPY-
T0TCs (PUBUICCKA U AHATOMUIECKH, ITO TTO3BOJISIET U3yIaTh BHY TPEH-
HIOI0 PYHKITUOHAJIBHYIO CTPYKTYPY PA3IUIHBIX CJIOXKHBIX CUCTEM.

Pabora nopnep:xana rpanramu PODPU Ne16-07-00937, Ne16-07-
01000, Ne17-07-00677, Ne17-07-00686, Ne17-29-02178, mporpammoit
dbyugamenTanabubx uccaegopanuit [Tpesuanyma PAH NeI1.3311.

[1] Polikarpov M. A.,  Ustinin M. N.,  Rykunov S.D.,  Yurenya A.Y.,
Naurzakov S. P., Grebenkin A. P., Panchenko V.Y. 3D imaging of
magnetic particles using the 7-channel magnetoencephalography device
without pre-magnetization or displacement of the sample // Journal
of Magnetism and Magnetic Materials. 2017. Vol. 427. P. 139-143.
doi:10.1016/j.jmmm.2016.10.055.
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Reconstruction of the functional structure of complex
systems from the multichannel time series
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A new method was proposed to reconstruct the functional structure
of complex systems from the irradiated fields. During the experiment
the set of sensors, distributed in space, registers magnetic or elec-
trical field for some time. The Fourier transform of the long time
series produces detailed spectrum, containing tens of thousands of
frequency components. For each frequency the multichannel time se-
ries are reconstructed, and then coherent components are extracted
by the independent component analysis. Each component manifests
the constant field pattern. Massive solution of the inverse problem
for the given field and source model is giving the functional tomo-
gram — spatial distribution of multiple sources. The method was used
to reconstruct the functional structure of the brain, heart and skele-
tal muscles. Then it was successfully applied to localize magnetic
nanoparticles without pre-magnetization or displacement of the sam-
ple. The results obtained can be reasonably interpreted physically and
anatomically, making it possible to study inner functional structure
of various complex systems.

The research was partly supported by the RFBR (grants 16-07-
00937, 16-07-01000, 17-07-00677, 17-07-00686, 17-29-02178) and by
the Program of the Presidium of RAS 1.33P.

[1] Polikarpov M. A., Ustinin M. N., Rykunov S. D., Yurenya A.Y., Nau-
rzakov S. P., Grebenkin A. P., Panchenko V. Y. 3D imaging of mag-
netic particles using the 7-channel magnetoencephalography device
without pre-magnetization or displacement of the sample // Journal
of Magnetism and Magnetic Materials. 2017. Vol. 427. P. 139-143.
doi:10.1016/j.jmmm.2016.10.055.
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MNoBbiweHne JOCTOBEPHOCTU MONEKYISIPHbIX
OHK-BbluncneHunii: pewerHne obpaTtHoii 3agaqn
CNEeKTPOCKONNMN KOMDOMHALMOHHOro paccesHnust C
NOMOLLLbIO MCKYCCTBEHHbIX HEAPOHHbIX ceTei
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2Mocksa, MI'Y um. M. B. JIomonocosa, HUNA®D um. /1. B. CroBenbibiaa
3Mocksa, HUSY MUDU

Cozranne 6GHOKOMITHIOTEPOB TPEOYeT MOBBIMIEHUS JOCTOBEPHOCTH
pPe3yIbTaTOB MOJIEKYJ/ISIPHBIX BhIYUC/IE€HU. B KadecTBe 9KCIPECCHOTO
GECKOHTAKTHOI'O METOJA OIPEEe/ICHIs TUIIA U KOHIICHTPAITNH KaXK 10~
ro u3 uerhpex as’orucThbix ocHopauuii (AO) JTHK, yuacreyromux B
[IPOTIECCe BBIYUCJICHUI, ABTOPHI MIPEJJIATAIOT MCIIOJIb30BATH CIIEKTPO-
CKOINIO KOMOMHAIMOHHOTO PACCESTHUS CBETA.

Hasmmane B cuekrpe simaunii-mapkepos (JIM) mossossier onpeje-
Juth npucyrersue AQ, a mocTpoerure KaJauOpOBOTHON IPsAMOii — ero
kourerTpaiuio. [Ipobyemsr — nepekpoiBanue JIM pazubix AO u Hejm-
HellHas 3aBUCUMOCTH nHTeHcuBHOCTel JIM or kKonmnentpanuii AQO.

st mpeojiosieHnst JTAHHBIX MTPOOJIEM ABTOPBI MCIIOJIB30BAJIM UC-

kyccrBennble Heiiponnbie ceru (MTHC). g ux obyduenus Obum 110-

JIy9eHBI CIIEKTPbI MHOTOKOMIIOHEHTHBIX pacTBOPOB AO ¢ M3BECTHBIMEI

KOHITeHTpaIusIMu. Bblita mpoBesena pabora mo oTOOpy CyIIecTBEeH-

HBIX BXOJHBIX IIPU3HAKOB U BbIOODPY Jryurieir Torosioruun THC.
Ilostyuennas B JaHHOI pabOTE MOTPEITHOCTD OIIPE/IEIEHIS IOTEPD

«pabotuero BemecTBay MoJekyrapHbix JIHK Borauciennit mmeer ta-

KOI1 7Ke TOPSI0K, 9TO U MaKCUMAJbHO JIOIYCTUMbIE IOTE€PU Il TIPa-

BIJILHOM PabOTHI BEIYUCIUTEILHOIO OMOYCTPOHCTBA.

WccnemoBanue BBITTOMHEHO 3a c1ueT rpanTa Poccuiickoro Hay<Horo
donma (upoexr Ne 14-11-00579).

[1] Dolenko T. A. et al. Improvement of reliability of molecular DNA
computing: solution of inverse problem of Raman spectroscopy using
artificial neural networks // Laser Physics, V.27, No.2, pp. 025203-1-
025203-8.
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Improvement of reliability of molecular DNA
computing: solution of inverse problem of Raman
spectroscopy using artificial neural networks
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'Moscow, Lomonosov MSU, Department of Physics
2Moscow, Lomonosov MSU, Skobeltsyn Institute of Nuclear Physics
3Moscow, National Research Nuclear University MEPhI

One of the main problems of creating biocomputers is improvement
of reliability of molecular computing. The authors suggest using Ra-
man spectroscopy as an express non-contact method to determine the
type and concentration of each of the four nitrogenous bases (NB) of
deoxyribonucleic acid (DNA) involved in the computation process.

Existence of spectral marker lines (ML) allows detecting a NB,
and creating calibration dependencies allows one to determine its
concentration. A problem of this approach is its applicability only
for single-component solutions, due to overlapping of multiple ML of
different NBs. Another problem is the non-linear dependence of the
ML intensities on the concentrations of NBs required for computing.

To solve these problems, the authors used artificial neural net-
works (ANN). A special dataset of spectra of multi-component NB
solutions with known concentrations was obtained and used to train
the ANN. A special investigation was carried out to select the signif-
icant input features and the best topology of the ANN.

The accuracy of determining the loss of the ” working substance” of
molecular DNA computation obtained in this study has the same or-
der of magnitude as the maximum allowable loss for proper operation
of a computing biostructure.

This study has been performed at the expense of the Russian
Science Foundation, grant 14-11-00579.

[1] Dolenko T. A. et al. Improvement of reliability of molecular DNA com-
puting: solution of inverse problem of Raman spectroscopy using artifi-
cial neural networks // Laser Physics, V.27, No.2, pp. 025203-1-025203-
8.
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CnekTpanbHO-aHAaNUTUYECKUII MeTOoj pacno3HaBaHUSA
HETOYHbIX NMOBTOPOB B CUMBOJIbHbIX
nocnefoBaTeNbHOCTSIX

ITanxpamos Anmon Hukonaesuw pan@impb.ru
ITLymwuao, UMIIB PAH — dumman UTIM um. M. B. Kengpima PAH

IIpemoxkensr Teoperndeckoe OOOCHOBAHWE W AJTOPUTMUICCKAS
peajm3aius CIeKTPAJIbHO-AHAJIUTHIECKOIO METOJa PACIO3HABAHUS
IIOBTOPOB B CHMBOJIBHBIX IIOCJIEJIOBATEILHOCTAX. Teoperndeckoe
000CHOBaHNE OCHOBBIBAETC: HA TeopeMe 00 SKBUBAJIEHTHOM IIDE/I-
CTaBJIEHUN CHMBOJIBHON I10CJI€/I0BATENBHOCTH BEKTOPOM HEIPEPHIB-
HBIX xapakrepucruieckux Gyukmmit. CpaBaenne GparMeHTOB Xa-
pakTepucTudecKux (BYHKIN TPOU3BOIUTCS B CTAHIAPTHONW METPU-
K€ B €BKJINJIOBOM IIPOCTPAHCTBE KOI(DMUINEHTOB Pa3JIOKEHU Psi-
J10B Dyphe 10 OpTOroHaIbLHBIM MHOTOWIeHaM. CyIIecTBeHHBIM CBOIi-
CTBOM JIAaHHOT'O IIOJIXOJIA fABJISE€TCH CIOCOOHOCTH OIEHUBATH IIOBTOPbI
Ha pa3HbIX MaciTadbax. JIpyruM BasKHBIM CBOWCTBOM METOJA, sIBJIs-
€TCsi BO3MOXKHOCTH 3 (PEKTUBHOIO pACIapaJLIe/IUBAHUS 110 JTAHHBIM.
IIpu paspaboTke aJrOpuTMOB MPEIMOUUTAIACH CXEMA BBIUYACICHUI
C MHUHHMAJILHBIM KOJINYECTBOM ODpAIeHMl K OlePATUBHON HaMsITH,
[10/Ipa3y MeBAIOIIAs IIOBTOPSIONINECH U OTJIOYKEHHbIEe BbraucjeHus. B
JaHHOW Tapajurme pa3paboTaH aJrOPUTM BBITUC/ICHUsT KOIDhUITI-
€HTOB PA3JIOZKEHUS [T0 OPTOTNOHAJIBHBIM MHOTOYJIEHAM 38 CUET UCITOJIb-
30BaHMs PEKYPPEHTHBIX cooTHOImeHui. [lokazaHo, 4T0 ajropurm Bbi-
quciieHns Ko3(hdUIMEHTOB PA3JI0KEHNsI 110 OPTOrOHAJIBHBIM MHOI'O-
qJIeHAM MOYKET OBITh 3(PEKTUBHO BEKTOPU30BAH 32 CUET BLIUUCIIE-
HUil ¢ PUKCUPOBAHHON JINHON BeKTOpa. PacmapaJsiienBanne n BeK-
TOpU3aAIMs PEAN30BaHbl ¢ ucHoJb3oBanueM crangapra OpenMP u
pacupenus Cilk Plus szpika C/CH+.

Pabora noepxana rpantom PODU, rpant 15-29-07063.

[1] IHawxpamos A. H., Temyes P. K., Ilamxos M. H., Totieuavoun B. I,
ITonosa H. H. CrekTpajbHO-aHAJINTUYECKUH METOJ[ PACIO3HABAHUS
HETOYHBIX IIOBTOPOB B CUMBOJIBHBIX ITOCJ/IEAOBATEIBHOCTAX // pr,Z[I)I
WNucruryra cucremuoro nporpammuposanns PAH Towm 27. Beimmyck 6.
2015 1. Crp. 335-344. http://www.ispras.ru/proceedings/isp_27_
2015_6/isp_27_2015_6_335/.
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Spectral Analytical Method of Recognition of Inexact
Repeats in Character Sequences

Pankratov Anton pan@impb.ru
Pushchino, IMPB RAS - Branch of KIAM RAS

Proposed are theoretical basis and algorithmic implementation of
spectral-analytical method of recognition of repeats in character se-
quences. The theoretical justification is based on the theorem on
equivalent representation of the character sequence by the vector of
continuous characteristic functions. Comparison of fragments of char-
acteristic functions is performed in the standard metric in Euclidean
space of expansion coefficients of the Fourier series of orthogonal
polynomials. An essential feature of this approach is the ability to
evaluate repeats at different scales. Another important feature is the
possibility of efficient parallelization of data. In the development of
algorithms we preferred scheme of computing with a minimal amount
of references to memory, implying repetitive calculations and evalua-
tions on demand. In this paradigm, proposed is an algorithm for cal-
culating the coefficients of expansions in the orthogonal polynomials
through the use of recurrence relations. It is shown that the algo-
rithm for calculating the coeflicients of expansions in the orthogonal
polynomials can be effectively vectorized by computing with a fixed
vector length. Parallelization and vectorization implemented using
the OpenMP standard and extension Cilk Plus of language C/C++.

The developed method effectively scales, depending on the parame-

ters of the problem and the number of processor cores on systems

with shared memory.
This research is funded by RFBR, grant 15-29-07063.

[1] Pankratov A. N., Tetuev R. K.,  Pyatkov M. I., Toigildin V. P.,
Popova N. N. Spectral Analytical Method of Recognition of Inex-
act Repeats in Character Sequences // Proceedings of the Institute for
System Programming, vol. 27, issue 6, 2015, pp. 335-344. http://www.
ispras.ru/en/proceedings/isp_27_2015_6/isp_27_2015_6_335/.
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MapannencHblii anropuTm rnobanbHOro
BbIPaBHUBAHUSI NPOTSAXKEHHbIX aMUHOKUCIOTHbIX U
HYKJ1IeOTUAHbIX NOCNef0BaTeNbHOCTEN

Temyes Pycaan Kypmanbuesuu'x ruslan.tetuev@gmail.com
ITamxos Maxcum Hearosur' mpyatkov@gmail . com
Hanxpamos Anmon Huxonaesun' pan@impb.ru

Hyuwmuo, UMIIB PAH — dunuan UIIM um. M. B. Kenapimua PAH

Pazpaboran mapajienbHbiil aaropuT™ s TJI00ATEHOTO BBIpaB-
HUBaHWS [IPOTYKEHHBIX [OCIEI0BATEILHOCTEH. AJITOPUTM UCIIOIB3Y-
€T TIPOU3BOJILHYIO MATPHILY CXO/ICTBA, adDUHHYIO crucTeMy mTpadoB
3a pa3pbIB U CUCTEMY KOHIIEBBIX IITPAMOB, 3aaHHBIEC PA3IEIbHO I
KaXKJI0i mocseaoBarebHocT. [lapamMerpaMu mapasiieIbHOTO ajiro-
PUTMAa ABJISIOTCS AN CETKU, KOTOPas Pa3duBaeT MaTPUILy IVI06asIb-
HOTO BbIpaBHUBaHUS Ha OJsioku. Haii/ileHbl onTuMaJsbHbIE 3HAYEHUS
9THX IapaMeTPOB KakK II0 IaMATH, TaK U 110 ObicTpojeiicTBuio. [lo-
Ka3aHO, UTO IIPU ONTHMAJBLHOM BBIOODE MApAMETPOB IO IMAMSITH AJl-
TOPUTM HO3BOJISIET BEHIDABHUBATD IIPOTS2KEHHBIE [TOC/IEI0BATEIBHOCTH
JHBL L, UCTIOJIB3Ysi 00beM TaMATH O(L4/ 3). Taxske MOKa3aHoO, 4TO
AJITOPUTM HUJIEAJILHO MACIITAOUPYeTCs Ha MHOI'OSIEPHBIX CHCTEMAX,
JIEMOHCTPUDPYS CyIEePJINHEIHOe YCKOPEHHE.

Asrroput™ peasinzoBaH Ha s3bIke JavaScript B BUJE BBICOKOIPO-
U3BOUTEIBHOIO MMAPAJLICHBHOTO BEO-IIPUIOKEHNUS, 3arDyKAEMOTO C
cepBepa U BBIIOJHAEMOrO Ha CTOPOHE KJIMEHTa B BUPTYaJbHON Ma-
muHe Be6-6pay3epa. AJIropuTm co 3HAYEHUSIME [TAPAMETPOB TI0 Y MOJI-
YaHUIO BBIJAET PE3YJIbTaThl COOTBETCTBYIONINE AJITOPUTMY, UCIIOJIB3Y-
eMoMy B cepBuce ryiobabaoro seipapauBanus NCBI BLAST, Ho nipe-
BOCXOJIUT €r0 Kak 10 3 HeKTUBHOCTH PAOOTHI, TAK U 1O JIJINHE CPAB-
HUBAEMBIX ITOC/IEI0OBATETLHOCTEN, TO3BOJIsAsT BEIPABHUBATD IOCJIEI0-
BaresnbHocTH 70 106 HYKJIEOTH/IOB.

Pabora noepxxana rpantom PODU, rpant 15-29-07063.

[1] Temyes P. K., Ilamwxoe M. 1., Ilanxpamos A. H. IlapaienbHblii anro-
puT™Mm I‘J'IO6&.HI)HOI‘O BbIPDABHUBaHUA HpOTH)KéHHbIX AMWHOKHUCJIOTHBIX 1
HYKJICOTH/IHBIX [OC/IeioBaTesibHOCTel // MaTtemaTndeckast Guosorusi u
6uonndopmaruka, 2017. T.12. Ne1. C. 137--150. http://www.matbio.
org/article.php?id=306.
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Parallel algorithm for global alignment of long
aminoacid and nucleotide sequences
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A parallel algorithm is developed for the global alignment of long
DNA and protein sequences. The algorithm uses an arbitrary substi-
tution matrix. An affine internal and end gap penalty systems might
be set up separately for each of the two sequences. The possibility to
control the choice of an optimal alignment from the set of alternative
ones is implemented. The two parameters of the parallel algorithm
which are called grid steps were introduced. They are used to split
the global alignment matrix into blocks of specified size. The analysis
of these parameters was performed in order to obtain optimal values
that reduce either time complexity or memory complexity of the algo-
rithm. It is shown that when using the block sizes that provide lowest
memory complexity, the algorithm allows to align two long sequences
of length L using the memory of size O(L*/?). Tt is shown that the
algorithm is well scaled on multi-core systems, reaching superlinear
execution time acceleration.

The algorithm is implemented in the JavaScript language as a
high-performance parallel web application that is downloaded from
the server and executed on the client side in the virtual machine of
the web browser. The algorithm with the default parameter values
produces the results corresponding to the algorithm used in the NCBI
BLAST global alignment service, but it exceeds it both in efficiency
and in the length of the sequences compared, allowing the alignment
of sequences up to 10® nucleotides.

This research is funded by RFBR, grant 15-29-07063.

[1] Tetuev R., Pyatkov M., Pankratov A. Parallel algorithm for global
alignment of long aminoacid and nucleotide sequences // Math. Biol.
Bioinf. 2017. 12(1): 137-150. http://wuw.matbio.org/article.php?
lang=eng&id=306.
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VccnepoBanHne mexxcnupanbHbIX YrioB B
CTPYKTYPHbIX MOTMBaX, 0Opa30BaHHbIX ABYMSA
cnupanamm
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Egumos Anrexcandp Bacunrvesur® efimov@protres.ru
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[Tymuno, UucruryT Genka PAH

B nannoit pabore nmpoBeseH aHAIN3 PACIIPEICTICHIS MEZKCITUPAJIb-
HBIX YIJIOB B IapaX CBA3AHHBIX MEXK/Ly CODOIl TepeTsiKKAMI CIIIpPaJIeit
B IIPOCTPAHCTBEHHBIX CTPYKTypax OeJIKOBBIX MOJIEKYJ. Dbuin pas-
paboTaHbl mpaBuia 0TOOPa CHUPAJIBLHBIX IMap B CTPYKTypax Oesko-
BBIX MoJiekys u3 Protein Data Bank. Ilonydennoe mmoxkecTBO crim-
pPaJbHBIX Tap OBLIO MPOAHAJIM3UPOBAHO C IEJIBI0 €r0 KJIacCuuKa-
A U YCTAHOBJIEHUsI 3aKOHOMEDHOCTE CTPYKTYPHON OpraHU3aIluu.
Ilo kpurTeputo mepecedeHust TPOEKINN CIUpaJEil Ha HTapasiebHbIE
IJIOCKOCTH, IIPOXOJISINNE Yepe3 OCHU CIUPAJIe, [IOJIyIeHHOEe MHOXKe-
CTBO OBLIO Pas3duToO HA Tpu HOJMHOXKecTBa. [lokazano, UTo pacipe-
JIeJIEHUEe BCEX TUIIOB CIUPAJIbHBIX Tap, HE UMEIONNX [E€PECedeHuUst
MIPOEKINiI CIMpaJsieil, OXBATHIBAET MPAKTUIECKN BECh JINAIA30H yTI-
JIOB C OHUM MaKCHMyMOM B O0JIACTH HPSMOIO yIvia. BOJIBITIHCTBO
ap 9TOr0 MHOXKECTBA COCTABJIAIOT CIIMPAJIbHbBIE [TAPhI, COCTOAIINE U3
Q- 1 31p-cripaJieil, a MHOXKeCTBA C IlepecedeHneM TOJIBKO MPOEKITUii
crmpaJieil — crupaJibHble Iapbl, 00pa30BaHHbIE JIBYMS (--CIINPAJISIMHU.
Takke okazaHo, 9T0 0Opa30BaHHBIE JBYMS (-CIIUPAJISIME CIIAPAJTb-
HBIE TIAPBI COCTABJIAIOT abCOIOTHOE OOJIBITUHCTBO AP MHOXKECTBA C
repeceveHreM poeKIuit u oceit crimpaJeit. [Ipu sTom 3HaUTETILHAS
YAaCTh YKa3aHHBIX map uMeeT ocTpbiii yros (20° < ¢ < 60°) mexay
ocamu cruupaJieii. [Iposeen anasms pacupesenenns BceX TUIIOB CIIN-
PaJIbHBIX AP, TPUHAJIEYKAIUX PA3JINIHBIM MHOYKECTBAM, B 3aBUCH-
MOCTH OT JJIMHBI repeTsizKku. [[okazaHo, 910 BO BCEX MHOXKECTBAX
6OJIBIIIE BCETO UCCJIEyEMbIX CTPYKTYD C KOPOTKOU MEePETAKKOM.

Pabora nmoep:xana rpantom PODIT Ne 16-01-00692.

[1] Tuzonos 1. A., Kyauxosa JI. U., Epumos A. B. VccrenoBanne mexkc-
MUPAJbHBIX YIVIOB B CTPYKTYPHBIX MOTUBAX, 0OPA30BAHHBIX JIBYMSI CITH-

pansamu // Maremarudeckas 6uosorus u 6uonndopmaruka, 2017. —T.
12. — Ne 1. — C.83-101. doi: 10.17537/2017.12.83.
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The study of interhelical angles in the structural
motifs formed by two helices
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In this paper a statistical analysis of distributions of inter-helical an-
gles in pairs of consecutive and connected a-helices in spatial struc-
tures of proteins is presented. A number of rules for selection of the
helical pairs from a set of protein structures obtained from the Pro-
tein Data Bank (PDB) were developed. The set of helical pairs has
been analyzed for the purpose of classification and finding out the fea-
tures of protein structural organization. All pairs of connected helices
were divided into three subsets according to the criterion of crossing
of projections of the helices on parallel planes, which pass through
the axes of the helices. It is shown that the distribution of all types
of helical pairs, whose projections do not cross each others, covers
almost the entire range of inter-helical angles. The distribution have

a single maximum which is close to right angle. Most pairs in this

set constitute helical pairs consisting of a- and 31p-helices, and most

pairs with the crossing projections of helices are helical pairs formed
by two a-helices. It is also shown that a great amount of the pairs of
connected a-helices has acute angle (20° < ¢ < 60°) between the axes
of the helices. The distribution of all types of helical pairs depending
on the length of the inter-helical connections was also analyzed. It is
shown that the structures with short connections occur most often in
all the subsets.

This work was supported by RFBR, grant 16-01-00692.

[1] Tikhonov D., Kulikova L., Efimov A. The study of interhelical an-
gles in the structural motifs formed by two helices // Mathematical
Biology and Bioinformatics, 2017. — V.12. — No.1l. — p.83-101. doi:
10.17537/2017.12.83.
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OueHka nnacTnyeckoro pecypca kapkaca
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1I/IpKyTCK7 MucTuTyT AUHAMUKN CHCTEM W TEOPHUU YIIPABICHUS

nmenn B. M. Marpocosa CO PAH
2Upkyrck, UucruryT 3emuoii kopsr CO PAH

IIpemioxennass B pabore MoaudUKaIUs MaTEMATHIECCKON MO-
JIeJIA CJIO?KHOT'O YIPYTOIIACTUYECKOTO J1eDOPMUPOBAHUS MeEXaHUYe-
CKOIl CHCTEMBI OIUCHIBAET ITOBEJIEHIE KapKaca COOPYIKEHHUS B YIIPY-
ro#i, yIIpyromIacTUIeCKON U IIACTUIECKON cTausax padboTel. Baanv-
HBII TEePEeXOJl MEXK/Iy CTaIUsMU ITPOUCXOJUT MPU JOCTUKEHUU IIPO-
eKIIUsIMU PEAKIINl CUCTEMbl 3HAYCHUI, HAXOIANINXCST HA TTOBEPXHO-
CTH TEeKy4eCTH, 33/1aBaeMoii B BuJie djuinrica. VIHTeHCUBHOCTh MaKC-
MaJIbHOT'O PACYeTHOI'O 3eMJIETPSICEHNs IPUHATA PABHOI 8 HasiaM 1o
mkaJjie MSK-64 ¢ nosropsiemocrsio oaut pa3 B 5000 Jier, 4T0 cOOT-
BercTByer Kapre Obmero ceficmuaeckoro paitormposanus OCP-15C.
IIpu momenupoBannu racTudeckKux medopMaruii Kapkaca 1Mo Bo3-
JIefiCTBUEM HA HEro CefiCMHUYECKHX HArPy30K y4HUTbIBaeTCs dPdeKT
YIPYTOBS3KOro 3aTyXanus 1o Pejero.

Peanmzosana meTo/inka pacuera IIaCTHIECKOr0 Pecypca KapKaca,
BKJIIOYAIOINIAS MOLYJ/Ib 3arPDy3KH JTAHHBIX HHCTPYMEHTAJIbHBIX aKCee-
porpamu. I[IpoBeieHHBIE BBIYUCINTEIBHBIE SKCIIEPUMEHTHI TIO3BOJIAIN
[IOJIY9YHUTD JTAHHBIE O OBEIEHUN COOPYKEHUsI IPU BO3IEHCTBUAX 3€M-
JIETPACEHUIl ¢ PA3IMYHBIM CIIEKTPAJIHLHBIM COCTABOM U CIEJIATH IIPE/I-
BapUTENbHBIH J1eOPMAIMOHHBIN aHAJIN3 MOJIEJIBHOIO 00HEKTA.

Pabora nognepxana rparrom PODIU Ne17-47-380008.

[1] Bepotcuncruti FO. A., Topnos A. FO., Q@uwnreavwmetin E. A., Opovin-
ckaa A. I1. MCCJIe,HOBa.HI/Ie CJIO2KHOI'O yIIpYyToIjIaCTU1IeCKOI'O ,He(bOpMI/I-
POBaHNA MEXaHUYIECCKHUX CHCTEM C HECKOJIbBKHUMU CTEIICHAMA CBO60,I[I)I
C IIOMOIIBIO BBIYMUC/IUTEJIBHOI'O 9KCIIEpUMEHTa // I/IH(l)Opl\’IaLII/IOHHbIe u

MaTeMaTHYeCKne TEXHOJIOIMH B HayKe n ynpasjenun, Vpkyrck: U3a-so
NC5M CO PAH, No 2. — C.62-70.
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The estimation for the plastic resource of the
framework of a critically important object under the
action of the maximum design earthquake

Gornov Alexander'x gornov@icc.ru
Berzhinsky Yuri’ berj@crust.irk.ru
Finkelstein Evgeniya' finkel@icc.ru
Zarodnyuk Tatiana' tz@icc.ru
Ordynskaya Alisa’ berj@crust.irk.ru

rkutsk, Matrosov Institute for System Dynamics and Control Theory
SB RAS
2Trkutsk, Institute of the Earth’s crust SB RAS

The proposed modification of the mathematical model of the com-
plex elastic-plastic deformation of a mechanical system describes the
behavior of the framework in the elastic, elastic-plastic and plastic
work stages. The reciprocal transition between stages occurs when
the projections of the system’s reactions reach the values on the flu-
idity surface specified in the form of an ellipse. The intensity of the
maximum calculated earthquake is taken equal to 8 points on the
MSK-64 scale with a frequency of once every 5,000 years, which cor-
responds to the map of the General Seismic Zoning of OCP-15C.
When modeling plastic deformations of the framework under the in-
fluence of seismic loads on it, the effect of elastic-viscous Raymond
damping is taken into account.

A technique for calculating the plastic framework resource, in-
cluding a data loading module for instrumental accelerograms, was
implemented. The computational experiments carried out made it
possible to obtain data on the structure behavior under the influence
of earthquakes with different spectral composition, and to make a
preliminary deformation analysis of the model object.

This research is funded by RFBR, grant 17-47-380008.

[1] Berzhinsky Yu., Gornov A., Finkelstein E., Ordynskaya A. The pro-
gram for calculation of complex elastic-plastic deformation of mechani-
cal systems with multiple degrees of freedom // Information and math-

ematical technologies in science and management, Irkutsk: ISEM SB
RAS, No 2. — P.62-70.
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MopaenupoBaHue penbeda Ha nosBepxHocTu cdepsl,
3/MNCconaa BpaleHns U TPEXOCHOro aaaunconaa

Dpopunckuti Meopv Bacuavesun iflor@mail.ru
IIyuwumno, UMIIB PAH — dwuanan UIIM um. M. B. Kengbima PAH

Mouenuposanue pesibeda (reomopdoMeTprs) IUPOKO UCIIOJIb3Y-
€TCsl TIPU PEIIEeHNU PAa3IUIHBIX PA3HOMACIITAOHBIX 3a/1a9 B HAYKAX
0 3emJie U IJIAHETHBIX uccaeaoBanusix. CyIecTBY O aJrOPUTMU-
geckuil annapar reoMopdOMeTPHN MOKET KOPPEKTHO IPUMEHSITHCS
JIst pabOThI C MOJIEJISIMU peJibeda, 33/ IaHHBIMI KaK Ha IIJIOCKAX KBAJI-
PaTHBIX CeTKaX, TaK U Ha CceTKaX ceponuInyecKux Tpaleluil Ha 1o-
BepxuocTu chepbl U LIUICcona Bpamenus [1].

IIpu momenupoBanun penbeda 3emsan, Mapca, JIyasr, Benepsr u
Mepkypusi pacdeTsl Ha ceTKaxX ChepOnIUYecKUX TPaleluil TPUBU-
AJIbHBI. DTO CBIA3aHO C TeM, 9TO (POpMa yKa3aHHBIX HEOECHBIX TeJs
OIMCBIBAETCS IJIIUIICONJIOM Bparienus win cdepoit. g stux no-
BEPXHOCTEHl CyIIECTBYIOT XOPOIIO pa3paboTaHHAs TEOPUS U BBIUMC-
JINTEIbHBIE AJITOPUTMbBI DEIICHUs TVIABHBIX M€0IE3UICCKIX 3a/1ad.

st onmcanust OPMbI MaJIbIX HEOECHBIX TEJI BO MHOTUX CJIydasix
11e71eCO00PA3HO MIPUMEHSITh TPEXOCHBII dsummticon . OTHAKO aJirOpuT-
MUYECKUil alapar, npeJHa3HaYeHHbIN JJIs MOJIeJINPOBaHu pesbeda
Ha TOBEPXHOCTU TPEXOCHOIO IJUIAIICOWJA, HE pa3paboTaH, TaK Kak
[VIABHBIE TE€0/IE3UTIECKIUE 3aJa1UN JIJIsl CJIyUasl TPEXOCHOTO JLIUIICOMIA
PpEIIeHbI TOJBKO B CAMOM OOIEM BUJIE.

Ilokazano, @uTO, €cau MOJeb pelibeda HeOECHOro Teja WIH ero
dparmenTa 3aj7aHa Ha CeTKe CPEPOUIMIECKUX TPAIENUil ¢ UCIOIb-
30BAHMEM CHCTEMbI [e0JIE3NYECKIX KOOPIUMHAT TPEXOCHOI'O SJITUIICO-
ujga, TO Jyis MOPGOMETPUIECKUX PACUETOB HEOOXOINMO MEpeiTH B
CHCTEMY JITUITUIECKUX KOOPAMHAT U crocoboMm fkobu orperennTs
JINHENHbIE pa3MePbhl 3JIEMEHTOB CKOJIb34AMIEr0 ChePOnIUIECKOro Tpa-
METEen/IAILHOTO OKHA. AJTbTePHATUBHBIM BAPUAHTOM MOYKET CJIIY2KUTH
crrocob KpacoBckoro 11t onpesesienns JUINH JIyT HapaJiieseil u Me-
PUINAHOB TPEXOCHOTO 3JLIUIICOU/IA.

Pabora nognepxana rparrom PODU Ne15-07-02484.

[1] Florinsky I. V. Spheroidal equal angular DEMs: the specifity of
morphometric treatment // Transactions in GIS, 2017, Vol. 21. —
doi:10.1111 /tgis.12269.
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Terrain modelling on a surface of a sphere, ellipsoid of
revolution, and triaxial ellipsoid

Florinsky Igor iflor@mail.ru
Pushchino, IMPB RAS - Branch of KIAM RAS

Terrain modelling (geomorphometry) is widely used to solve various
multiscale problems of the Earth and planetary sciences. Existing
algorithms of geomorphometry can be applied to terrain models given
with plane square grids or spheroidal equal angular grids on a surface
of an ellipsoid of revolution or a sphere [1].

Computations on spheroidal equal angular grids are trivial for
terrain modelling of the Earth, Mars, the Moon, Venus, and Mer-
cury. This is because forms of the mentioned celestial bodies can be
described by an ellipsoid of revolution or a sphere. For these sur-
faces, there are well-developed theory and computational algorithms
to solve main geodetic problems.

It is advisable to apply a triaxial ellipsoid for describing forms of
small moons and asteroids. However, there are no terrain modelling
algorithms intended for a surface of a triaxial ellipsoid. This is because
for the case of a triaxial ellipsoid, main geodetic problems are solved
in very general form.

It is demonstrated that if a terrain model of a celestial body or its
portion is given with a spheroidal equal angular grid using geodetic
coordinate systems of a triaxial ellipsoid, to derive models of local
morphometric variables, one should turn to the elliptical coordinate
system and then determine linear sizes of spheroidal trapezoidal mov-
ing window elements by the Jacobi solution. Alternatively, one can
use the Krasovsky method for determination of the lengths of arcs of
parallels and meridians of a triaxial ellipsoid.

This research is funded by RFBR, grant 15-07-02484.

[1] Florinsky I. V. Spheroidal equal angular DEMs: the specifity of mor-
phometric treatment // Transactions in GIS, 2017, Vol. 21. —
doi:10.1111/tgis.12269.
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Pa3paboTka anropntma KOHTPOAS nepemMeLeHuns
n3genum mexxay 30HaMu CKNagupoBaHUSA Ha OCHOBe
CTAaTUCTUYECKOro aHa/in3a BpeMeHHbIX psigoB
OaHHbIX C UX naeHTNPNKaATOPOB ANsi CUCTEM
NPOMbILLJIEHHO aBTOMaTuU3auumn

Acmagves Aanexcarndp Baadumuposuy'«
Alexandr.Astafiev@mail.ru

1

Opaos Aanexcet Aanexcardposun AlexeyAlexOrlov@gmail.com

'Myponr, Mypomckuit nucruryT (dbuman) Bal'y

B macrosimmee Bpemsi, B CBA3U ¢ HEOOXOMMOCTDIO TIepPexoa K HO-
BBIM HHTEJLICKTYAJIbHBIM (D POBBIM IIPOU3BOICTBEHHBIM TEXHOJIOT -
sIM U Peasin3allii MeXKIYHAPO/IHBIX CTAHIAPTOB KadecTBa Tpedyercs
BBeJIeHHE HOBBIX HayKOEMKUX II0/IX0/10B K KOHTPOJIIO JIBUKEHUS IIPO-
JYKIIUU U CPEJCTB MaJION MeXaHU3alluM CKJIAJICKAX XO3SHCTB.

Crarbs MOCBSIIEHa Pa3pabOTKe TeXHOJIOTHH, MATEMATHIECKOTO 1
[IPOTPAMMHOIO 00€CIIeUeHUI JIJIsi TOCTPOEHUsI CUCTEM ITO3UITMOHUPO-
BaHUS U KOHTPOJIA JBUKEHUS CPEICTB MAJIONH MEXaHI3AIINH TPOMBIIII-
JICHHBIX MPEIIPUATHN Ha OCHOBE METOIOB PaJIMOIACTOTHON MJIEHTH-
duKAIIT U TEXHUIECKOTO 3PEHHsI, UTO OYIeT ABIATHLCA 0a30i st
cO3/1aHUs BBICOKOI(MPEKTUBHBIX NHTEJIEKTYaJIbHBIX CHCTEM KOHTPO-
JIT IBUZKEHUS TTPOTYKITUN HA TPOMBITIJIEHHBIX MPEIITPUATHIX.

B pamkax paboTbl ObLIM TPOBEJIEHBI IKCIEPUMEHTAJIBHBIE UCCTIe-
JOBAHUS Ha TPOMBIIIJIEHHOM IPEIIPUATAN pernona. B xoze mposese-
HUS HCCJIEJIOBAHUIM MapKHPOBaHHAs MeTaJlIndecKasl IIPOJIYKIIHUS IIe-
peMeraach MeXKJIy CTeJIaKaMU CPeJICTBAMH MaJIOf MeXaHU3aluu,
B YACTHOCTH MOCTOBBIM KPAHOM C I'DY303aXBaTHON TPaBepCoil. DKcIe-
pUMEHTAJIbHBIE UCCIIEIOBAHNS TOKA3AJM KOPPEKTHOCTD PAOOTHI aJIro-
pUTMAa OIPEIe/IEHUs TEKYIIEN 30HbI CKJIAUPOBAHNS B JTADOPATOPHBIX
U IIPOU3BO/ICTBEHHBIX YCJIOBUSIX.

Pabora noepxana rpantom [pesunenta PO Ne MK-991.2017.9.
[1] Orlov A. A., Provotorov A. V., Astafiev A. V. Methods and algorithms

of automated two-stage visual recognition of metal-rolling billets //

Automation and Remote Control, Pleiades Publishing, Ltd, 2016. —

C.1099-1105. https://doi.org/10.1134/5000511791606014X.
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Development of an algorithm for controlling the
movement of products between storage areas based
on the statistical analysis of time series data from
their identifiers for industrial automation systems

Astafiev Alexandr' « Alexandr.Astafiev@mail.ru
Orlov Alexey' AlexeyAlexOrlov@gmail.com

"Murom, Murom Institute Branch of VISU

Currently, because of the need to move to new intellectual digital
production technologies and implement international quality stan-
dards, it is necessary to introduce new science-based approaches to
controlling the movement of products and small-scale mechanization
of warehouses.

The article is devoted to the development of technology and soft-
ware for the construction of positioning and control systems for small
mechanization in industrial plants based on radio frequency identifi-
cation methods and technical vision, which will be the basis for cre-
ating highly efficient intelligent systems for controlling the product
movement in industrial enterprises. Application of these knowledge-
intensive technologies makes it possible to automate the processes of
controlling the product movement at industrial plants, ultimately, to
increase the efficiency and reliability of transportation control and
warehouse inventory control of manufactured products.

Experimental research was carried out at the industrial enterprise
of the region. During the research, the labeled metal products were
moved between the shelves by means of small-scale mechanization, in
particular a bridge crane with a load-carrying beam.

The work is executed at financial support of the grant of the
President of the Russian Federation MK-991.2017.9.

[1] Orlov A. A., Provotorov A. V., Astafiev A. V. Methods and algorithms
of automated two-stage visual recognition of metal-rolling billets //
Automation and Remote Control, Pleiades Publishing, Ltd, 2016. —
p-1099-1105. https://doi.org/10.1134/5000511791606014X.
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MepcnekTuBbl NCNOJSIL30BAaHUSA KOAOB C KOppekuuei
ownbok B cteraHorpadpmnyeckmx cuctemax,
NCNOJIb3YIOLWMX B Ka4YecTBe KOHTeliHepoB

ayauno daiinbl

Kaprux Aaexcandp Aaexcardposur'x zharkikh090107@mail.ru
Yepesaroe Hearn Oaezosun’ ivan753.cr@yandex.ru

' Mypmanck, MypMaHCKTii rOCYIAPCTBEHHBIH TEXHUUECKUi YHHBEPCATET

Iless marnHOrO COOOIIEHUS — POPMYIUPOBKA OCHOBHBIX ITPWHIIM-
[IOB IIPUMEHEHUS KOJOB C KOPPEKIMeil OmubOK B CTErOCHCTEMAX, a
TaKKe yKa3aHHe IIePCIEKTUB TAKOI'O IIPUMEHEHH: B CJIydae, KOrja
KOHTEWHeD SABJIIeTCs ay rnodaitiom.

HawuboJsiee m3BecTHBIE KJIACCHI KOJOB C KOPPEKIMEH OMuOOK —
KJIACCHI CBEPTOYHBIX U OJIOKOBBIX KOMOB. CBEPTOUHBIE KOJIBI MCITOJIb-
3YIOTCS JJIs KOAUPOBaHUs OOJIbIX 00bEMOB mH(MOpMaIun 6e3 pas-
JeneHus eé Ha OTJeIbHbIe 0/10KH. BJIOKOBBIE KOJIbI, HAOOOPOT, WC-
[IOJIB3YIOTCS 1I0CJIE IIPEBAPUTENBHOIO pas3bueHus wmHMOPMAUA HA
oraebHble 6si0ku. Cpenn OJIOKOBBIX KOJIOB Hanbosiee 3(pheKTUBHbBI-
MU C TOYKH 3PEHUS PEATU3AINN ABJISIOTCS ITUKJINIECKIE KOJIBI.

CdopmynupyeM nBa OCHOBHBIX IPUHITUIIA [TPUMEHEHUS KOIOB C
KOppekIneit ormuboK B crerocucreme. IlepBruiil cBs3aH ¢ TeM, UTO cTe-
rocHucTeMa CTPOUTCs Ha OCHOBE JIEraJIbHOM CHCTEMBI IIepeadu nHdop-
marmn. [loaToMy HEOOXOIUMO 00ECIeYnTh KAatueCTBEHHYIO IepeIatdy
KOHTeifHepa, Jub0 CTEroKOHTEiiHepa B OTKPBITOM JIETaJIbHOM KaHa-
Jie mepegadu. BTopoil »Ke CBsf3aH HEIOCPECTBEHHO € MOCTPOEHUEM
crerocureMbl. OH CBOIUTCS K TPEOOBAHUIO ODECIIEUEHUsI BHICOKOKA~
YeCTBEHHO! Iepe/iadn COODIIEHNs B CKPBITOM KaHaJle CBA3M.

B cnydae, Korma mcxo HbIil KOHTEHED sABJIETCS ayanodaitiioM,
naMOpMAIUS eCTECTBEHHBIM 00pa30M JeIuTCs Ha OJI0KH. Tak Kak oT-
CUYETHI ayJIMOCUTHAJA B ayInodailie 3annuChbIBAIOTCA OJUHAKOBBIM KO-
JITYECTBOM OUT, TO OTIEIbHBINA OTCUET, KAK U O0beIUHEHIE HECKOIb-
KX, MOYXKHO CYHTATh OTJIETbHBIM OJ0KOM. B cuny adbdexkTuBnocTH
peam3aIuy MUKJINIeCKUX KOJIOB IEPCIEKTUBHBIM SIBJIAETCH UX HPU-
MeHEeHHe B 000MX KaHaJjaX CTerOCHUCTEMBI.

[1] >Kapxuz A. A. Yepesaros M. O. IIpuHUMIBI MCIIOIB30BAHUST KOJIOB C

KOPPEKITHE OMMO0K B CTEraHOTPA(PUIECKIX CUCTEMAX,, HCTIOIb3Y IOIIIX

B KadecTBe KOHTeHHepoB ayano daitisl // Mammnnoe o6yuenne u ana-

Jsmn3 gaHHbix, 2017.
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Prospects for the use of error correction codes in
steganographic systems using audio files as containers

Zharkikh Alexander'« zharkikh090107@mail .ru
Chervyakov Ivan' ivan753.cr@yandex.ru

'Murmansk, Murmansk State Technical University

The purpose of this report is to formulate the basic usage principles of
error correcting codes in steganographic systems, and also to indicate
the prospects for such application in the case when the container is
an audio file.

The most well-known classes of codes with error correction are the
classes of convolutional and block codes. Convolutional codes are used
for encoding large amounts of data without splitting it into separate
blocks. Block codes, on the contrary, are used after the preliminary
partitioning of information into separate blocks. Among the block
codes, cyclic codes are the most effective from the point of view of
implementation.

Let’s formulate two basic application principles of codes with er-
ror correction in the steganographic system. The first principle stems
from the fact that the stegosystem is built on the basis of a legal
information transfer system. Therefore, it is necessary to ensure the
quality transfer of the container (if there is no embedding) or ste-
gocontainer (if there is integration) in the open legal transmission
channel. The second principle is directly related to the construction
of stegosystem. It boils down to the requirement for high-quality mes-
sage transmission in a hidden communication channel.

In the case where the source container is an audio file, the in-
formation is naturally divided into blocks. Since audio samples in
an audio file are recorded with the same number of bits, a separate
sample can be considered as a separate block. Blocks can also be ob-
tained by combining multiple samples of an audio signal. In view of
the realisation efficiency of cyclic codes, its usage in both channels of
the stegosystem is perspective.

[1] Zharkikh A. A. Chervyakov I. O. The usage principles of error correct-
ing codes in steganographic systems using audio files as containers //

Journal of Machine Learning and Data Analysis, 2017.
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MprmeHeHne rayccoBcKkux BpaleHUii A5 3aWmThbl
rpachuyeckoii nHcdopmauynmn

Kapruwenrxo Anexcarndp Huronaesuw' karkishalex@gmail.com
Mnyxun Baseputi Bopucosuu'x mnukhin.valeriy@mail.ru

I Taranpor, IOxkublii derepanbHblil YHIBEPCHTET

B pabore paccmarpuBaioTcst mudpoBble M300parXKeHUsT HAI KO-
HEYHBIMU KOMILJIEKCHBIMU OJIAMIy. BBOIUTCst Tpeobpa3oBanme 2ayc-
€084 BPAUWEHUA TAKIX N300PAKEHUN U JTOKA3BIBAETCS, ITO IIPH OITpe-
JleJIEHHBIX YCJIOBHUSIX €ro pe3yJbTaT HallOMUHAET HEeCKOJIbKO YMeHb-
IIEHHBIX U IOBEPHYTHIX KONl OpUTruHaJja, HeCMOTPs Ha TO, UTO 3TU
«KOTINH» OOpa30BaHBbl PA3JIUMIHBLIMU HKCETIMHA. PaccMOTpeHa BO3-
MOKHOCTB CO3JaHNSA Ha OCHOBE TayCCOBBIX BPAIECHUH 3aIUTHBIX (DO-
HOB M TEKCTYD /IJIsl IpeJOTBPaIlleHns] HECAHKIIMOHUPOBAHHOI'O U3Me-
HeHus JJOKyMeHTOB. [IpuBereH meTos BepuUKAIUU 3AIUATTEHHBIX
TAaKUM 00Pa30M JOKYMEHTOB.

Pabora nogmepxkana rpanramu PODU Ne 16-07-00648-a u Ne 17-
20-02017-opu_ M PZKJI.

[1] Kapruwenko A. H., Muyzun B. 5. Ilpumenenue raycCOBCKUX Bpae-

Huit 11 3anmTsl rpadudeckoit undopmarmn // MammunHoe o6ydenne

¥ aHAJINU3 JAHHBIX, 2017.
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Gaussian rotations for graphic information protection

Karkishchenko Alexander karkishalexOgmail.com
Mnukhin Valeriy'x mnukhin.valeriy@mail.ru

!Taganrog, Southern Federal University

Digital images over “finite complex planes” are considered jointly
with transformations of gaussian rotations. It is proved that under
some special conditions results of such transformations seem to be
formed by several zoomed out copies of the rotated original, though
all such “copies” are formed by different pixels of the original im-
age. Based on gaussian rotations some methods for tamper resistent
protection of graphic information are considered. A method for veri-
fication of protected information is also introduced.
This research is funded by RFBR, grants 16-07-00648-a and 17-
20-02017-ofim_RZhD.
[1] Karkishchenko A., Mnukhin V. Gaussian rotations for graphic infor-
mation protection // Journal of Machine Learning and Data Analysis,
2017.
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MeTogbl NOCTPOEHUS CUCTEM aHaIM3a COCTOSAHUS
pacnpeaesiéHHbIX MH(POPMALUNOHHBLIX CACTEM Ha
ocHoBe becnpu3HakoBOro pacnosHaBaHusi obpa3os

1

Pyones JImumputi Onezosur dima__rudnevl@mail.ru

Coinyzo6e Anexceli Anexceesun'x xru2003@list.ru

!Tyna, Tyabckuii roCyIApCTBEHHBIH YHIBEPCHTET

B macrogdmee BpeMs BBIIEIAIOT JABa OCHOBHBIX IMOIXO/JA K aHa-
JIM3Y COCTOSIHUSI pacipeenéHabx nHbopmarmornbx cucreM (PUC):
IEHTPAIN30BAHHBIN 1 pacipene/ieHabil. [leHTpam30BannbIil MOIX0/T
3akJro9aeTcss B coope nHpopmaluu o pabore Bcex sjemerntos PUC
U MOCJIEIYIONIETO aHAIN3a BCero 00bEMa JAHHBIX B OIHOM 3JIEMEHTE
PUC. K memocTtaTkaM TaKOTO MOIX0Ia OTHOCITCA BBICOKIE TpeboBa-
HUsI K BBIYHUCJINTEIbHBIM pecypcam 3sieMenta PYIC. Pacupeieiéaubrit
[IO/IX0/T 3aKJIIOYAETCS B TOM, UTO KazK/IBIH 9JIEMEHT CaM aHAJIM3UPY-
€T CBO€ COCTOsiIHME Ha OCHOBE HEKOTODOI'O paHee OIPEIEeIEHHOIO pe-
maromero npasmia. HegocTaTkoMm TaKOTO MOJIX0IA, ABJIAETCA HI3KAs
AJIAIITUBHOCTb.

IIpemmoxen rubpuaHbIl OAX0M K anam3y cocrosaus PUC, mos-
BOJIAIONIHUII C OJIHO CTOPOHBI 00ECIEYNTH BHICOKYIO &/IalITUBHOCTD, & C
JApyroii, 00ecueYnTh ONTUMAIHHOE UCIIOJIb30BAHIE BHIUNCINTEHHBIX
pecypcoB.

Paspaboranubiil moaxom OCHOBAH HA TOM, 9TO KAaXKJIBIH JIEMEHT
repeiaeT Ha JPYToil y3esI He HEMOCPEeICTBEHHO CBOU ITPU3HAKH, a 3Ha-
YeHUsI MEPBI IIOX0XKECTH CBOUX IIPU3HAKOB Ha MHOYKECTBO 3apaHee 3a-
JlaHHBIX Jipyrux saemerToB PUC.

IIpoBeieHHBINT SKCIIEPUMEHT II0 OIPEJIEJIEHUIO TUA aKTHUBHOCTH
[IOJTb30BATE/ I MOOMJIBHOTO YCTPONCTBA MOKA3aJj, UTO THOPUIHBIN
MMOIXOJT UMEET TOYHOCTDL OIPEJICJIEHUsT COCTOSHUS BBINIE, 9eM ITPU
HCIIOJIb30BAHUN PACHPEIEIEHHOIO IOJX0Aa U IIPU STOM TMOPUIHBII
[10/1X0/1 TPEOYET MEHbIIe BBIYUCIUTEIbHBIX PECYPCOB YeM IeHTPaJIN-
30BaHHbBII I1OJIXO]I.

Pabora nognepxana rparrom PODU Ne16-07-01008.

[1] Pyones 1. O., Coiuyzos A. A. MeTonp! IOCTPOEHUSA CHCTEM AHATA3A CO-
CTOSTHUST PACHpPEIeEHHBIX MHMOPMAIMOHHBIX CHCTEM Ha OCHOBE Oec-
IPU3HAKOBOIO pacno3Hasanus obpasoB // Mssectus Tynl'V, Tyma:
Texuuueckne nayku, Bemryck 10, 2017.
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Methods for constructing systems for analyzing the
state of distributed information systems based on
unrecognized pattern recognition

Rudnev Dmitry' dima__rudnevl@mail.ru
Sychugov Alexey'x xru2003@list.ru

!Tula, Tula State University

Currently, there are two main approaches to analyzing the state of
distributed information systems (DIS): centralized and distributed.
The centralized approach is to collect information on the operation
of all DIS elements and the subsequent analysis of the entire volume
of data in one element of DIS. The disadvantages of this approach
include high requirements for the computational resources of the DIS
element. A distributed approach is that each element itself analyzes
its state on the basis of some previously defined decision rule. The
disadvantage of this approach is low adaptability.

A hybrid approach to analyzing the state of DIS is proposed,
which, on the one hand, allows for high adaptivity, and on the other
hand, ensures optimal use of computing resources.

The developed approach is based on the fact that each element
transmits to its other node not directly its characteristics, but the
values of the measure of the similarity of its characteristics to the set
of predetermined other elements of the RIS.

The conducted experiment to determine the type of activity of
the user of the mobile device showed that the hybrid approach has
an accuracy of determining the state higher than using a distributed
approach, and the hybrid approach requires less computational re-
sources than a centralized approach.

This research is funded by RFBR, grant 16-07-01008.

[1] Rudnev D., Sychugov A. Methods for constructing systems for analyz-
ing the state of distributed information systems based on unrecognized

pattern recognition // Izvestiya of Tula State University, Technical Sci-
ences. Issue 10, 2017
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OO6Hapy>xeHune BpeaoOHOCHOro NPorpaMmmMHoOro
obecneyveHus C NCnosb30BaHNEM UMMYHHbIX
0eTeKTopoB

Toxapes Bsawuecaae Jleonudosur’ tokarev22@yandex.ru
Coivyzo6e Anexceli Anexceesun'x xru2003@list.ru

!Tyna, Tyabckuii roCyIApCTBEHHBIH YHIBEPCHTET

Bpenonocuoe nporpammuoe obecriedeHmne mpeiHa3HaueHO [JIst [10-
BPEXKJICHUS CETU WU KOMIBIOTEPHBIX pecypcoB. Ceromust OyM OsSB-
JIEHUsI BPEJOHOCHBIX ITPOIPAMM 3aCTaBJISEeT UCCAeI0BaTeell pa3pa-
6aTbIBATH HOBBIE METO/IBI JIJIs 3AIUTHI KOMIILIOTEPOB 1 cereil. Cpe/n
TPeX OCHOBHBIX METO/IOB, S9BPUCTUYECKUIl, CUTHATYPHBIA U IIOBE/IEH-
9eCKUil, UCIOJIb3YEMBbIX JIJIsi OOHAPYKEHUS BPEIOHOCHBIX ITPOTDAMM,
HanboJjiee PACIPOCTPAHEHHBIM SBJISICTCS SBPUCTUIECKUAN METO/I,

IIpemaraercs BapuaHT IBPUCTHUIECKOTO METOMA OOHADYKEHUS
BPEOHOCHBIX IIPOrPAMM, OCHOBAHHBIN HA MCIIOJIb30BAHUNA UMMYHHBIX
JIETEKTOPOB B Buje CKpbiToii Mapkosekoit mogesnun (CMM).

Paccvorpena obtmmas cxema bYHKIIMOHIPOBAHUST UCKYCCTBEHHBIX
MMMYHHBIX CHCTEM.

JLJ1si BBIMUC/IEHUST alIOCTEPUOPHBIX BEPOSITHOCTEN TTOC/IEIOBATE b~
HOCTHU CKDPBITBIX COCTOSIHUI IIPU HAJIMYUU IIOCJIE/I0OBATEILHOCTU Ha-
6sroennii B CMM npuMeHeH aJirOpUTM «IIPSIMOT0-06paTHOIO» X0/1a,
a JIJIsT HAXOXKJIeHusT Henm3BecTHBIX napamerpoB CMM ucnosb3oBan adi-
roputMm Bayma-Besmrra.

OmnmcaH »KU3HEHHBIN ITUKJI UMMYHHBIX JIETEKTOPOB, BKIIOYAIONTAN
B ceOs dTalbl TeHepaln, o0y IeHns, oTbopa u PYHKIINOHNPOBAHUSI,
COCTOSAIIMI U3 aKTUBU3AIMN UMMYHHBIX JIETEKTOPOB U (POPMUPOBa-
Hus UMMYyHHOU mamaTu. [Ipemroxen obmuit aaroput™ QyHKITMOHN-
pOBaHUS CUCTEMBI OOHAPY2KEHUsT BPEIOHOCHOIO IIPOI'PAMMHOIO 0bec-
[IeYeHus.

DKCIIepUMEHTAJIbHBIE UCCIIEIOBAHNS TOKA3AN BBHICOKYIO BEPOST-
HocTh (B cpenHeM 91%) obnapyzkeHust MeTaMOphUIECKUX BUPYCOB.
IIpenyioxkeHnblil METON MOXKET CJIY?KUTH OCHOBOW JIJIsE HIOCTPOEHUS
3 PEKTUBHBIX CUCTEM OOHAPYKEHUS BPEIOHOCHBIX MTPOIPAMM.

Pabora nognepxana rparrom PODU Ne16-07-01008
[1] Toxapes B.JI., Cwuyeos A. A. OGHapy:keHHe BpPEIOHOCHOIO IIPO-

TpaMMHOTO 06ecnequH5{ C UCIIOJIb30BAaHUEM UMMYHHBIX JI€TEKTOPOB //

Nssectuss Tyal'V, Tyna: Texunueckue nayku, Boimyck 10, 2017.
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Detection of malicious software using immune
detectors

Tokarev Vjacheslav' tokarev22@yandex.ru
Sychugov Alexey’x xru2003@list.ru

ITula, Tula State University

Malicious software is designed to damage network or computer re-
sources. Today, the boom in the appearance of malware forces re-
searchers to develop new methods for protecting computers and net-
works. Among the three main methods, heuristic, signature and be-
havioral, used to detect malicious programs, the most common is the
heuristic method.

A variant of the heuristic method for detecting malware, based on
the use of immune detectors in the form of a Hidden Markov Model
(HMM) is proposed.

The general scheme of functioning of artificial immune systems is
considered.

To calculate a posteriori probabilities of a sequence of hidden
states in the presence of a sequence of observations in HMM, the
algorithm of the “forward-reverse” course is applied, and the Baum-
Welsh algorithm is used to find the unknown parameters of the HMM.

The life cycle of immune detectors, which includes the stages of
generation, training, selection and functioning, consisting of activa-
tion of immune detectors and the formation of immune memory is
described. A general algorithm for the detection of malicious soft-
ware is proposed.

Experimental studies have shown a high probability (on aver-
age 91%) of detection of metamorphic viruses. Thus, the proposed
method can serve as a basis for building effective systems for detect-
ing malicious programs.

This research if funded by RFBR, grant 16-07-01008.

[1] Tokarev V., Sychugov A. Detection of malicious software using immune

detectors // Izvestiya of Tula State University, Technical Sciences. Issue
10, 2017
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AOcCTpakuus MeToaa Kak cpeacTBa cO34aHusA
NOHATUN

Beauxos Anexcarndp Huxonaesuy anbelikov@sfedu.ru

Tarampor, FOxkwubrit dhemepasbHbIil YHUBEPCUTET

Paspaborka mporpamMMHOTro obecredeHrst SIBJISIETCS TPYIOEMKUAM
mporeccoM. Kak MOKa3bIBaIOT CTATUCTUYECKHE UCCIEIOBaHUs DoJiee
[TOJIOBUHBI ITPOEKTOB 0 CO3/IAHUI0 HWH(MOPMAIMOHHBIX CHCTEM SIBJIsi-
FOTCSI He YCIEIMHBIMU (BO3HUKAIOT KaKHe-TO TPYIHOCTH, JUOO BOOO-
e He peajm30BbIBAIOTCs). Bee cyrecTByomme moaxo sl OCHOBbIBA-
FOTCSI HA TaK HA3bIBAEMOI OHTOJIOTHYECKOH mapasjurve (06beKTHOM
napajurMe), KOTopas OIUCHIBACT HOHATUS (OOBEKTHI) U CBA3U MEK-
JIy HAMH. DTO MO3BOJISIET CO3/IABATH OTIAECIbHBIC MOJEJIN OIPeIe/IeH-
HOIl IpeaMeTHOH 06J/1acTH, OJIHAKO IPH IIEPEXOJie MEXKJy IIPeIMeT-
HBIME 00J1acTME (PA3HONPEJIMETHBIMYA 3HAHUSIME) MPOU3BECTH CO-
OTBETCTBUSI HOHATUII (0OBEKTOB) HE HPEICTABJSIETCH BO3MOMKHBIM.
IIpobema 3akaI09aeTCsi B MEPEXO/E MEXKIY COBOKYITHOCTSIMU 3JI€-
MEHTOB PA3JIMYHbIX YPOBHEN (HAIpUMEp, 3JIeMEHTAMU IIPEJAMETHON
00JIACTU U 3JIEMEHTAMU CHUCTEMbI) U COOTBETCTBEHHO MEXKJLy OTHO-
MIEHUSMHU MEXKJIy HUMH, ¥ KaK IPaBHUJIO JAHHBII [1€pexo IIPOU3BO-
aurest paszpaborunkamu MC smuupuyecku. B nokae mnpejjiaraercs
pelleHne TaHHON TPOOJIEMbI I HOBBI B3IVISAT, HA IPOCKTUPOBAHIS NH-
dopmMaImoHHbIX cucTteM B 1esioM. [Ipemraraercs paccMaTpuBaTh He
nousTust (06bekTa), a cnocod (cpeacrTso) ux cosmanus. st sT0rO0
[IPEe/IJIAraeTCcs METO/I0JOTnYecKasl MOJE/b OINUCAHUS IOHATUI B BU-
Jle METOJIOB, HUCIIOJIb3yeMbIX HA PA3HBIX dTalaxX pa3paboTKu HHMOP-
MaIMOHHBIX cucTeM. JlanHas MoJiesb BKJIIOYAeT TaKue HOHATHS KaK
METOJI, MeTOJUKa 1 HOpMa (HabOp KOHKpEeTHLIX JAeiicrBuil). Onuchbl-
BAETCsI IIPOIIECC COTVIACOBAHUS JTAHHBIX TOHSITHI, COCTOAIINI U3 JIBYX
YPOBHEIl: BEPTUKAJILHOE U TOPU30HTAJIBLHOE COTJIACOBAHUS.

Pa6ora nognepxkana rpagrom PODIU Ne 15-07-04250 A.

[1] Beauxos A. H., Pozoszos FO. H. Meronosornieckast MOAEb JJisl COIIIa~
coBaHMsA 3TANoB paspaborku nHbopmannonnoi cucrem // Uudopma-

Tu3anus n cBsa3b N® 4, Mocksa, 2017. — c. 61-64.
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The abstraction of a method as means of creating
concepts

Belikov Alexandr anbelikov@sfedu.ru

Taganrog, Southern Federal University

Software development is a time-consuming process. As shown by sta-
tistical studies, more than half of the projects for the information
systems creation are not successful (there are some difficulties, or
not implemented at all). All existing approaches are based on the so-
called ontological paradigm (object paradigm), which describes the
concepts (objects) and the connections between them. This allows to
create separate models of a specific domain, but when you navigate
between subject areas (multicomponent knowledge), it is not possi-
ble to make the correspondences of concepts (objects). The problem
is in the transition between sets of elements of different levels (for
example, elements of the domain and elements of the system) and,
respectively, between the relations between them, and as a rule this
transition is made empirically by IS developers. The report proposes
a solution to this problem and a new look at the design of informa-
tion systems in general. It is suggested to consider the way (means)
of objects creation. For this, a methodological model is proposed for
describing concepts in the form of methods used at different stages of
the information systems development. This model includes such con-
cepts as method, methodology and norm (a set of concrete actions).
The process of reconciling these concepts is described, consisting of
two levels: vertical and horizontal matching.

The study was supported by REBR, project 15-07-04250 A.
[1] Belikov A., Rogozov Y. Methodological model for the coordination of

the stages of the development of the information systems // Informa-

tization and Communication No. 4, Moscow, 2017. — pp.61-64.
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MpoekTupoBaHue nonb3oBaTeNbCKOro nHtepdeiica
MC Ha ocHOBe ceMaHTU4YecKoro noaxoaa

Beauxosa Csemaara Aaexceesra belousova@sfedu.ru

Tarampor, FOxkwubrit dhemepasbHbIil YHUBEPCUTET

B macrositiiee BpeMsi B 00/1aCTH TPOEKTUPOBAHUS TTOJTB30BATE b
ckux uHTEepdEiicoB 1 MHMOPMAIMOHHBIX CUCTEM B II€JIOM HAOJIIOIAET-
Csl CUTyaIusi, KOT/Ia PEe3yJIbTaT pa3pabOTKU HE yCTPAUBAET 3aKa34dr-
Ka. DTa mpobieMa BO3ZHUKAET UMEHHO TIOTOMY, UTO IIPU IIPOEKTHPOBA-
Huu uHTepdeEiica MoIp30BaATENS HE YINTHIBAETCH CMBICJI JI€ATEIHHO-
CTH II0JIb30BATEJIs, II0CIEI0BATEHLHOCTD U CO/lepKanue JeificTBuil, a
TaKyKe TepATCA TpedoBaHUs 1oJib30BaTe . Habiomaercs HemoHu-
MaHHue Pa3pabOTINKAMU PEATbHBIX OXKUIAHWIA IOTEHIINATBHBIX IT0JTb-
30BaTeseil cucTeMbl. B oTiimydnn oT CyIecTByOMUX B JJAHHOI obJsracTu
IIO/IXO0/IOB, IIPe/JjIaraeMblil IIOJAXO0/ K CMBICJIOBOMY IIPOEKTHPOBAHUIO
YUUTBIBAET JAeATEIbHOCTD II0JIb30BATENs B IIPEIMETHOI 00JIacTH, 3a
CYET Yero MOYKHO DEMIATh IPOOJIEMbI MOTEPU CMBIC/IA MPEAMETHOMN
00J1aCTH, PEuTh MPOdJIEMY SIMbI HEJOTIOHUMAHIS MEYKIY CTEHKXOJI-
JepaMu IIPOIecca MPOEKTUPOBaHUsl HTepdeiica, 9T0 MOJ0KUTE b
HO ckaxkercst Ha 3hdekTuBHOCTH TpOeKTHpyeMoro uaTepdeiica [1].
IIpemaraemblii ceMaHTUYECKUIl TOJXO0, 3aKJIOYAETCS B HCIOJIB30-
BAHUU €JINHOI 3HAKOBOU (DOPMBI B3aUMOJIEHCTBUS MOJb30BATE/IS U
paspaborunka narepdeiica. [Ipeamonaraercs, 9ro equHasi 3HAKOBAs
dopma crocobHa 00JIErduTh MPOIECCHl AHAJN3a MPEIMETHON 001a-
CTH ¥ YaCTUYHO 3aMEHUTH METOJbI, UCIIOJb3yeMbIe Ha JIAHHOM JTAlle.
B kadectBe equnoit 3HaKOBOI (GOPMBI OYIET UCIIOIH30BAH MEXAHU3M
JeficTBUsI, KOTOPBIN IPeJCTaB/IgeT COOOM TabJUIy C 3apaHee Ompe-
JIEJIEHHO# CTPYKTYPOii, MOBTOPSIOINIeil cTrpyKTypy aeiicteus. Comep-
JKAHMEM MEXaHU3MAa SIBJISIOTCS COCTABJISIONINE AEATETbHOCTH T0JIb-
30BaTessd, MabJIOHbI TEXHOJOTUH IIOCTPOEHUs nHTepdeiica, MOIeIb
unrepdeiica, n T.J. B 32aBUCUMOCTH OT YPOBHS JEKOMIIO3UIINUA MeXa-
HU3MOB.

Pabora nojnepxkana rpanrom POOU Ne 17-07-00099 A.

[1] Belikova S., Rogozov Y., Borisova E. Semantic approach to information
system user interface design // 17th International Multidisciplinary
Scientific GeoConference, SGEM 2017, vol. 17, issue 21, Sofia, Bulgaria,
2017. — pp.673-681.
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Information systems user interface design based on
semantic approach

Belikova Svetlana belousova@sfedu.ru

Taganrog, Southern Federal University

Currently in the design of user interfaces and information systems
in general, there is a situation where the result of development does
not suit the customer. This problem occurs precisely because the de-
signer of the user interface does not take into account the meaning
of the user’s activities, the sequence and content of the actions, and
also the user’s requirements are lost during the design process. The
developers do not understand the real expectations of potential sys-
tem users. Unlike the existing approaches in this area, the proposed
approach to the semantic design takes into account the user’s activity
in the subject area, due to which it is possible to solve the problems
of the domain meaning loss, to solve the problem of the misunder-
standing gap between the stakeholders of the user interface design
process. Solving these problems will positively affect the efficiency of
the designed interface. To assess this effectiveness, as well as to as-
sess the quality of preserving the meaning of the subject area of the
proposed approach, the article proposes to use criteria of relevance
and pertinence of the interface [1]. The proposed semantic approach
is to use a single sign form of interaction between the user and the
developer of the interface. It is assumed that a single sign form can
facilitate the analysis of the subject area and partially replace the
methods used at this stage. As a single sign form, an action mech-
anism will be used, which is a table with a predetermined structure
that repeats the structure of the action. The content of the mech-
anism is the components of the user’s activity, the templates of the
interface construction technology, the interface model, etc. depending
on the level of decomposition mechanisms.
The study was supported by REBR, project 17-07-00099 A.

[1] Belikova S., Rogozov Y., Borisova E. Semantic approach to information
system user interface design // 17th International Multidisciplinary
Scientific GeoConference, SGEM 2017, vol. 17, issue 21, Sofia, Bulgaria,
2017. — pp. 673-681.
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Pa3paboTka meToga nocTpoeHusi npoueayp BCTaBKU
OaHHbIX B CTPYKTYpPHO-He3aBUCUMble 0a3bl AaHHbIX
Ha OCHOBe [esiTe/IbHOCTHOro Noaxoaa

I'puwenro Andpetli Cepzeesun agrishenko@sfedu.ru

Taranpor, FOxkubIit eiepabHbIil yHUBEPCUTET

CTpyKTypHO-HE3aBUCHMbBIE H6a3bI JAHHBIX MMUPOKO UCIIOIb3YIOTCS
B PA3JIMYIHBIX O00JIACTIX JJIs PEIeHnsl ONpeaeJeHHbIX 3amad. TeM e
MeHee, UX OCHOBHOI Tpo0JieMoli cunTaeTcs Hu3Kast 3PhHEeKTUBHOCTD,
KOTOpas He MO3BOJIsIeT UM IITUPOKO pa3BuBaThcs. Jlannas padora mo-
CBITEHA TTPODIEeMaM, CBA3aAHHBIM CO BCTAaBKOM JaHHbIX. [Iprannamn
TaKO! HU3KOW MPOU3BOAUTEILHOCTH MOYKET ObITH Ha3BAHO IIPUMEHEe-
HIE CYIIECTBYIONMEr0 «00bEKTHOT0» METOIa TTOCTPOESHUST TIPOTIEIYP 1,
HEOTHOPOJIHOCTH (DOPMBI TIPEJICTABJICHUST TIPOTIECCa TIOCTPOCHUS TTPO-
LEJlyPhl €0 LEJU U Pe3yJIbTaTy. DTOT IPOIECC UCIOJBb3YeT 00beKT-
Hy10 GOpMy TPEJICTABICHUS JIJIsT MIPOIECCa MMOCTPOEHUS MPOIETY P
BCTaBKU JAHHBIX, B CBOIO OYepeb, IeJb U Pe3yJIbTaT IIPEeICTaABIIS-
oTes JeiictBuamu. [lenbio ncciieioBaHus siB/IsIETCsI CO3/IAHUE HOBO-
r0 METO/Ia TOCTPOEHUS IIPOIEAYyP BCTABKU JAHHBIX B CTPYKTYPHO-
He3aBUCUMbIE 0a3bl JAHHBIX OJIHOPOJIHOTO JEHCTBUIO U OCHOBAHHOTO
Ha, JIesITeIbHOCTHOM Toxoe. Jljist ocyinecTBIeHusT TOCTaBICHHO 11e-
JIX MBI BBEJIEM HOBOE MOHATHE «(DAKT», KAK MUHUMAJIBHYIO €IUHUILY
XpaHeHUs B 6a3e JaHHBIX, U UCIOJ/Ib3YeM JIeCTBUS Ha BCEX STAIIAX [0~
CTPOEHHUS MIPOIE/TyPHI BCTABKHU JTAHHBIX, UCHOIb3Ys «MEeXaHU3MbI». B
pe3ybTaTe, UCHOIB3YS MOy YeHHDBIN METO/I, ObLIN TTOCTPOEHBI HOBBIE
MIPOIIE/IyPhI, KOTOPbIE TIOKA3aJIi cXoxkue ¢ pessaiuonuoit b/l pe3yisb-
TaThl, KOTOPble MOXKHO CUUTATH y/I0BJIETBOPUTEIbHBIMU.

Pabora nognepxana rparrom PODIU Ne 17-07-00105.
[1] Rogozov Y.,Grischenko A., Lipko J. Method of creating procedures for

inserting data in structure-independent databases based on activity

driven approach // Proceedings of 17th International Multidisciplinary

Scientific Geoconference “Informatics, Geoinformatics and remote
sensing” SGEM-2017, Vol.21, Albena, Bulgaria, 2017. — p. 425-432.
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Method of creating procedures for inserting data in
structure-independent databases based on activity
driven approach

Grishchenko Andrey agrishenko@sfedu.ru

Taganrog, Southern Federal University

Structure-independent databases are widely used in different spheres
for specific tasks solving. Nevertheless, their main problem is a low ef-
ficiency that prevents them to be in progress. This work is concerned
to the problems associated with data insertion. The causes of this
low performance can be called the use of the existing object method
of procedures creation and heterogeneity of the data insertion proce-
dures creation process. This process uses object representation form
for process of data insertion procedures creation and activity repre-
sentation form for its purpose and result. Our aim is to create a new
method that allows to make insertion procedures creation process
homogeneous to the action using activity driven approach. In this
way, we implement new concept “fact” as minimal database storage
unit and activities in all phases of data insertion procedures creation
process using “mechanisms”. As a result, new procedures were built
using developed method and they show similar results to relational
database procedures, which can be considered satisfactory.

The reported study was partially supported by RFBR, research
project 17-07-00105.
[1] Rogozov Y.,Grischenko A., Lipko J. Method of creating procedures for

inserting data in structure-independent databases based on activity

driven approach // Proceedings of 17th International Multidisciplinary

Scientific Geoconference “Informatics, Geoinformatics and remote sens-
ing” SGEM-2017, Vol.21, Albena, Bulgaria, 2017. — p. 425-432.
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Pa3paboTka HOBbIX MeTOA40B OpraHM3aumu
OOPO>XXHOro ABUXXEHUSI HAa OCHOBE CaMoopraHu3sauuun
cBsA3en

Eavkun dmumputi Maxcumosun delkin@sfedu.ru

Taranpor, FOxkubIii eiepabHbIil yHUBEPCUTET

Vapapienne TOPOXKHBIM IBIUKEHHEM — OJHA W3 HamboJee BarK-
HBIX U CJOXKHBIX 3aJlad COBPEMEHHOro ropojia. KommdgecTBo TpaHc-
MOPTHBIX CPEJICTB € KAaKJIBIM F'OJIOM PACTET OBICTPO PA3BUBAIOITUMICS
TeMaMu. MeToJibl JOPOKHOTO PETYINPOBAHNS TaK »Ke U3MEHSIOTCS,
HO HE YCIIEBAIOT 38 POCTOM TPAHCIIOPTHOrO 1motoka. [loaromy Tpedy-
ercsa pa3paboTKa JPYTUX METOJOB M IMOIXOI0B, KOTOpPBIE OYIyT pe-
aTh 33029y OPTaHu3allii JOPOXKHOTO ABUKEHU (P DEKTUBHEE TeM
CYIIECTBYIONINE, & TaK Ke MeHee pecypco3aTparHo. Bbuin mnpoaHa-
JIM3UPOBAHBI CJIEJIYIONINEe U3BECTHBIE METO/Ibl JOPOYKHOTO PeryJInpo-
panusi: ACYIL/I, He3aBUCHMOE YKECTKOE yIIpaBJjeHIe IePeKPEeCTKOM;
HE3aBUCUMOE YIIPaBJIEHNE MMEPEKPECTKOM IO WHQOPMAINKA C JTETEK-
TOPOB TPAHCIOPTA; (PUKCUPOBAHHOE KOOPAUHUPOBAHHOE YIIPABJICHIE.
Bce npejicraBpiieEHbIE METO/BI ONMIEPUPYIOT B MIEPBYIO OUepeIb TEXHU-
YEeCKUMU CPEJICTBAME U B 9TOM MX HejgocTaToK. HyKHo HaumHaThL Op-
TaHU3AINIO JJOPOZKHOIO JIBUKEHU Ha HEKOTOPOM yUacCTKe JIOPOXKHOU
CETH C BBISIBJICHUS TeJIeBOI (DYHKITNN IBUKEHUS €€ CBOMCTB 1 CBI3eii,
KOTOpBIE TIPU ITOCTPOEHUN CaMO OPTAHU3YIOTCI B MPOIECC JTBUYKEHU ST
Ha OCHOBE aHAJIN3a KOTOPOTO MOy IUTCS BHISBUTH HEOOXOIUMBIE TEX-
HUYEeCKHUe CPEJICTBA W MPABUJIA JBWKEHUS IS 9TOro ydactika. Mc-
MOJIb3Ysl U U3MEHss CBOMCTBA MBI OYJIEM IOJyYaTh PA3JIMIHBIE Ha-
OOpPBI TEXHUYIECKUX CPEJICTB U MPABUI JIBUKEHUsI, KOTOPBIE MOXKHO
HCIIOJIH30BATD JJIsT PEIIeHnsI KOHKPETHOH MPOOJIeMHON CUTyaIlnn Ha,
JOPOKHOI ceTr TOpoia. ITOT METOI ITO3BOJIUT pa3paboTaTh perreHmne
KaK JIJIs HECKOJIbKUX OT/JEIbHBIX MPOOJEMHDBIX YIaCTKOB JTOPOXKHOI
ceTH, TaK M JJISl CeTU IopoJia B II€JIOM.

[1] Eavkun /[. M. PaspaboTka HOBBIX METOJOB OPIaHU3aIU JOPOKHOIO
JIBUZKEHMs Ha OCHOBE caMoopranmsanuu caseit // Texnosorun paspa-
o6orku napopMmammonnbx cucrem 1PUC-2016 marepuasnbr KoHpEpeH-
mun: B 2-X TomMax, Pocros-ua-/lony: FOxubiit @enepaibHblii Y HUBepCu-
ter, 2016. — C.141-143. https://elibrary.ru/download/elibrary_
26639273_50031106.pdf.
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Development of new methods for organizing traffic on
the basis of self-organization of links

Elkin Dmitry delkin@sfedu.ru

Taganrog, Southern Federal University

Traffic management is one of the most important and complex tasks
of a modern city. The number of vehicles is growing rapidly with
each passing year. Methods of road regulation also change, but do
not keep up with traffic flow growth. Therefore, it is necessary to
develop other methods and approaches that will be solved by a more
expensive movement than that, and also less resource-intensive. The
following types of road regulation methods were analyzed: ASUDD,
independent rigid control of the intersection; independent control of
the intersection according to information from transport detectors;
fixed coordinated management. All of them are primarily technical
means and in this their lack. It is necessary to start the organization of
traffic on some part of the road, through which they are organized in
the process of movement on the basis of analysis, which will determine
the necessary technical means and traffic rules for this site. Using and
changing the properties we will receive various sets of hardware and
rules that can be used to solve problems of a problem situation on
the city’s road network. This method allows to solve the solution
for several separate problem areas of the road network, and for city
networks as a whole.

[1] Elkin D. Development of new methods for organizing traffic on the basis
of self-organization of links // Technologies of development of informa-
tion systems TRIS-2016 conference materials: in 2 volumes, Rostov-
on-Don: Southern Federal University, 2016. — p.141-143. https:
//elibrary.ru/download/elibrary_26639273_50031106.pdf.
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NoSQL-noaxon, kK XxpaHeHUtO AaHHbIX B
koHdurypupyemoin nHopMaynNoHHOK cucTteme

Kyuepos Cepezeti Anexcandposur’x skucherov@sfedu.ru
Pozosos FOputi Hearnosum' yrogozov@sfedu.ru
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Ilepexon K wHQOPMAIMOHHBIM CHCTEMaM HOBOTO ITOKOJEHUA —
KOHQMUTYPUPYEMBIM, OTINIAIONINMCA KaK M0 ApXUTEKType, TaK U II0
MpUHIUIIAM (DYHKIIMOHUPOBAHUS OOYCIABIMBACT MOSBICHNIE OT/IMY-
HBIX OT CYHIECTBYIOMUX MPUHITUIIOB XPaHEHUs JIAHHBIX U CIIOCOOOB
ux peajuzanuu. Ecim abcTparupoBaThCs OT TEXHUTIECKAX U METOJI0-
JIOTUYIECKUX OCODEHHOCTE pa3paboTKU, MOXKHO PacCMaTpUBATDL WH-
(HOPMAITMOHHYIO CHCTEMY KaK OTparKeHue AeHCTBUI TOJIb30BATEI,
BBITIOJIHAIONIUXCA C IIPUMEHEHUEM JIDYTUX CPEJICTB, HO C TEM Ke pe-
3YJIBTATOM

Ilo mammemy MHEHWIO, eIUHCTBEHHON abCTpakiiuei, criocoOHoil B
aJeKBaTHON MPEeIMETHONH 06JIACTH U TOJIH30BATEII0 (DOpMe TIpeIcTa-
BUTH NH(MOPMAITHOHHYIO CHCTEMY SIBJISIETCS aDCTPAKIINA CUHTE3a Ieii-
CTBHUA — (PUKCHPOBaHHAs COBOKYIIHOCTH XapPaKTEPUCTUK C U3MEHsIE-
MBIM coJiep:KaHueM. lV3Menenue cojiepKaHusl ONpeJiesiseT Ha3Hatde-
Hue JefCTBUS, B TO BpeMs KaK (DUKCHPOBAHHAS CTPYKTypa Ipe.i-
CTaBJICHUsT AEHCTBUS TMO3BOJISIET UCIOIB30BATE OJIHY aOCTPAKIINIO Ha,
BCEM IPOTSYKEHUH ITPOIECCa CO3JaHUS CUCTEMbI — OT UCCJIEIOBAHUS
MPeIMETHON 00JIaCTH, 10 CO3MAHNA M SKCILUIyaTalllld CUCTEMbI. JTO, B
CBOIO OYepe/ih, TPEOYeT HAJIUYIHNS UHBIX METOJIOB aHAJIN3a W CHHTE3a
CHUCTEeM, OCHOBAHHBIX HA aOCTPAKIINN JEHCTBUS.

CiieioBaTe/IbHO, XPAHUJIKINE JAHHBIX KOH(MUIYPUDPYEMON HHMOP-
MAIMOHHON CHCTEMBI JOJXKHO OBITH OPHMEHTUPOBAHO Ha XpaHeHne He
OTIEBHBIX (PAKTOB, & JEHCTBUI MOJIHL30BATENSI, BBITOJTHEHNIE KOTO-
PBIX TMPUBOJUT K UX HOJYUEHHUIO. B JaHHOM JOK/Iajie IpejcTaB/IeHa
MOJIEIb XPAHMJINIIA KOHMDUTYpUpyeMoit HHPOPMAIIMOHHON CHCTEMBI,
aJIeKBaTHAS MOJIEJIM CAMOI CUCTEMbI M KOHIIENTYyaJIbHas MOJIE/Ib Xpa-
HUJIAITA, OMUCAHHAA C YIeTOM HCHoIb3oBanus NoSQL-Texmomormii.

Pabora nognepxana rparrom PODU Ne15-07-04033.

[1] Kucherov S., Rogozov Yu., Sviridov A. NoSQL Approach to Data

Storing in Configurable Information Systems // Communications in

Computer and Information Science, vol. 584, 2016. — p. 120—-134.
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NoSQL Approach to Data Storing in Configurable
Information Systems

Kucherov Sergei*x skucherov@sfedu.ru
Rogozov Yury' yrogozov@sfedu.ru

ITaganrog, Southern Federal University

The transition to information systems of a new generation - con-
figurable, differing both in architecture and in accordance with the
principles of operation, causes the appearance of data different from
the existing principles and methods of their implementation. If we
abstract from the technical and methodological features of the devel-
opment, we can consider the information system as a reflection of the
user’s actions performed using other means, but with the same result

In our opinion, the only abstraction capable of presenting an in-
formation system in an adequate subject area and the user’s form is
an abstraction of the synthesis of action-a fixed set of characteristics
with a variable content. Changing the content determines the purpose
of the action, while the fixed structure of the action view allows one
abstraction to be used throughout the system creation process, from
subject domain research to the creation and operation of the system.
This, in turn, requires the presence of other methods for analyzing
and synthesizing systems based on abstraction of action.

Therefore, the data store of a configurable information system
should be oriented to storing not individual facts, but user actions,
the execution of which leads to their receipt. This report presents
a model of a repository of a configurable information system that
is adequate to the model of the system itself and the conceptual
model of the storage, described taking into account the use of NoSQL
technologies.

This research is funded by RFBR, grant 15-07-04033.

[1] Kucherov S., Rogozov Yu., Sviridov A. NoSQL Approach to Data Stor-
ing in Configurable Information Systems // Communications in Com-

puter and Information Science, vol. 584, 2016. — p. 120-134.
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Pa3zpaboTka mexaHM3MOB TpaHCAALUM NPOrpaMMHbIX
Mogeneii, npeacTasfieHHbIXx B popmaTe cpeapbl
Matlab

Jlanwur Bauecnas Cepzeesur vacheslav_930@mail.ru

Taranpor, NuxenepHo-TexHOIOTMYeCcKast akagemusi FODY

B pabore paccmarpuBaercs peasm3ariusi MOIYJIs KOHBEDTAIIU
IPOTPAMMHBIX MOJIeJjIell, IpeJcTaBIeHHbIX B (hopmare cpeabl Matlab
" Ha g3bIKe TporpammupoBanns C+-. JJaHHbBII MOJY/Ib U €ro JI010JI-
HUTEJIbHbIE KOMIIOHEHTHI pa3paboTaHbl Ha Kadepe BBIYUCIUTEb-
Hoit Texanku MKeHepHo-rexHoaorndeckoit akagemun FOxuoro de-
JiepasbHoro yausepcurera (FOOV).

Ha ceropmsimmuunii 1eHb BecbMa aKTyaIbHOM SBJIsieTCsS IpodJeMa
OpraHU3aluy B3aUMO/IEHCTBHUS IIPOI'PAMMHBIX KOMILIEKCOB, B KOTO-
PBIX HCCJIEJIOBATEH BE/IyT CBOM Pa3pabOTKHU 110 CO3/IaHUIO IIPOrPaMM-
HBIX MOJIeJIell PAa3JIMIHBIX CJIOKHBIX TeXHHIeCKuX cucreM. O Hum
U3 CaMbIX BOCTPEOOBAHHBIX KOMILIEKCOB sIBJISIETCH Cpelia pa3padboT-
ku Matlab. Tak:ke, mpakTUIecKn KarKJIas COBPEMEHHAas Cpega pas-
pabOTKU TOJIEPKUBACT IPOTPAMMHBIE MOJIEIN, Pean30BAHHBIE HA
s3bike porpammupoBanus C++-. Takum ob6pazom, Jjist OpraHu3arun
naubosiee 3HEKTUBHOTO MPOTIECCa pa3pabOTKH MPOTrPaAMMHBIX MOJIe-
JIell PA3INIHBIX TEXHUYECKUX CHCTEM, Pa3spaboTdnKaM HEOOXOIUMBI
WHCTPYMEHTBI, KOTOPBIE TIO3BOJISAT ObICTPO U 3P DEKTUBHO mpeodpa-
30BBIBATH CAMbI€ TIOIYJIIPHBIE (DOPMATHI KAK OT/AEIbHBIX KOMIIOHEHT
MoJIesiell, TaK U BCeil MOJIeN TeJIMKOM. B JanHoi paboTe paccMaTpu-
BaeTcsd pa3paboTKa TAKOIO HHCTPYMEHTapUs /IJIsi KOHBEPTAIUN MOJIe-
Jieif Ha Gaze MporpaMMHOTO Komiutekca «Mysbrurpanciasropy. Cam
KOHBEPTED IIPEJICTAaBJIAeT U3 cedsi ABA B3aMMOJIEHCTBYIOMINX TPAHC-
JIIUOHHBIX MO/LyJisi. B mTore, mpom3BeIeHbl SKCIIEPUMEHTHI TI0 KOH-
BePTAIUU PA3JIUIHBIX IIPOrPAMMHBIX MOJIEJIENl B X0/Ie KOTOPBIX ObLIa
MIPOU3BeJIeHa OIeHKa PAbOTOCIIOCOOHOCTH pa3pabOTaAaHHOTO MOJLYJIS.
[1] Lapshin V. S., Polenov M.Y. Development of mechanisms for

translating software models presented in the matlab environment

format // ITDT2017 , Berlin: MVB Marketing- und Verlagservice des

Buchhandels GmbH, 2017. — p. 199-208.
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Development of mechanisms for translating software
models presented in the matlab environment format

Lapshin Vjacheslav vacheslav_93@mail.ru

Taganrog, SFedU Engineering and Technology Academy

In this work the implementation of program models’ converting mod-

ule for models in the Matlab format and in C ++ programming lan-

guage is considered. This module and its additional components are
developed at the Department of Computer Engineering in Engineer-
ing and Techno-logical Academy of the Southern Federal University

(SFedU).

Today, the problem of the interaction organization of the program
complexes where re-searchers develop program models of different
complex technical systems is very urgent. One of the most popular
complex is Matlab development environment. Also, practically each
modern develop-ment environment supports the program models re-
alized in C ++ language. Thus, for the organi-zation of the most
effective development process of program models of different techni-
cal systems, the tools are necessary for developers which will allow to
transform quickly and effectively the most popular formats of sepa-
rate components of models, and all model entirely. In this paper the
devel-opment of such converting tools on the basis of the Multitrans-
lator complex, which is developed earlier at Department of Computer
Engineering, is described. The converter consists of two inter-acting
translation modules. This principle of the conversion organization al-
lows to upgrade effec-tively developed tools adding or changing trans-
lation modules. Also, the possible impasses arising during program
code translation were analyzed and mechanisms of their overcoming
are devel-oped. As a result, experiments on converting of different
program models for the assessment of operability of the developed
program models converter were made.

[1] Lapshin V. Polenov M. Development of mechanisms for translating
software models presented in the matlab environment format //
ITDT2017, Berlin: MVB Marketing- und Verlagservice des Buchhan-
dels GmbH, 2017. — p. 199-208.
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Mogenb nHdopmMayMoHHbIX NOTOKOB AN
NpPoeKTUpoBaHUs NHPOPMALIMOHHONM ceTun
npeanpuaTns
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JIunxo FOaus FOpvesna' ylipko@sfedu.ru

! Taranpor, IOxkublii degepanbHblil YHIBEPCHTET

OpHrM 13 BayKHEHIINX MOMEHTOB IIPU MPOEKTUPOBAHIN ABTOMa~
Tu3npoBaHHbIX nHMGOpManuoHHbix cucreM (AVIC) aBisierca paceMor-
penne WHMOOPMAIMOHHBIX TOTOKOB, MUPKYJIUPYIONUX HA MIPEIIPUsi-
tun. lespio co3mannsa Momenn NHPOPMAIMOHHBIX IIOTOKOB SIBJIAETCS
KaK UX ONTHMHU3AIUs, TAK ¥ IPOEKTHUPOBaHUE Ha ee OCHOBe MHMOD-
MAITMOHHON CEeTH MPEeIPUSTUS.

st MaTeMaTudIecKoro OIUCAHUsS WHMOPMAIMOHHBIX ITOTOKOB
[TO/IXO/ISIT MATPUIHBIE MOJIEJIN, KOTOPBIE TIO3BOJISIOT UCCIEI0BATH 10~
TOKU JIAHHBIX MEXKJYy Pa3IMYHBIMHU JIEMEHTaMU CTPYKTYPBI B Pas-
JINYHBIX pa3pe3ax. Mojeabp B TaKOM BHJI€ OINCHIBAETCS C IIOMO-
1[I0 HAOOPa MaTPUIL OIIPEJEIEHHOIO BU/IA, & IIpeobpa3oBaHus MOJie-
JIM TTPOU3BOIATCS C TOMOIIBIO CTAHIAPTHBIX MATPUIHBIX OIEPAIUii.
Jannbtit Bus Mozenn ynoben 1y obpaborku vHa IBM.

IIpenaraercs uCIOIB30BATH MATPUYHYIO MOJENb, KOTOPAas OPH-
€HTUPOBAaHHA HA MAIIUHHYI0O 00pabOTKy M IIpeJicTaBieHa HabOPOM
IIPOCTBIX MATPHI], B OTJINYNE OT M3BECTHOH Mozenu JlanmieBckoro
FO.T'., cocrosieit u3 eaumHON MATPUIIBI CJIOYXKHOI CTPYKTYpbl. Bo-
BTOPBIX, IJIEMEHTAMI MATPUIl OY/IyT WHTEHCUBHOCTH, XapPaKTEPU3Y-
OIUe TTapaMeTPhl JIOKYMEHTO0D0POTA. 38 CIET ITOI0 MOXKHO 3HAUN-
TEJIbHO COKPATUTH KOJIMYECTBO IIPOMEXKYTOUHBIX OIePAIuil.

IlocTpous JaHHYI0 MOJIEJIb MOYXKEM TOYHO OIPEJIEIUTh UHTEHCHUB-
HOCTb WH(MOPMAIIMOHHOIO B3AMMOJICHCTBUS MEXK/y BCEMU IOIPA3IE-
JIeHUsIMU, O00'bEeMBbl TepeiaBaeMoil mHMOpPMAIUd, 0OOCHOBAHHO Pac-
CUNTATh XaPAKTEPUCTUKN KAHAJOB MEpeIadn MaHHBIX. 3Has CTPYK-
TYPY HOTOKOB 110 IIPEIIPUATHIO U KX COOTHOIIEHNE BHYTPH KazKI0TO
U3 I0/Ipa3/ieJIeHNil MOYKHO IIPOEKTHUPOBATH apXUTEKTYpy HHMOpPMa-
[IMOHHON CEeTHU, CTPYKTYPY XPAHUJIUIIA JAHHBIX.

Pabora nognepxana rparrom PODU Ne17-07-00096.

[1] Cesupudos A. C. Metos mocTpoeHnsT MATEMATUIECKONH MOesn HHAOD-

MAaIMOHHBIX OTOKOB Ipeanpusitust // Uzsectuss FODY. Texuuueckue
nayku, Tarampor: Usgarenscto TPTY, 2004. — C. 152-156.
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Model of information flows for the design of
enterprise information network

Sviridov Alezander'x asviridov@sfedu.ru
Lipko Yulia' ylipko@sfedu.ru

ITaganrog, Southern Federal University

One of the most important moments in the design of automated in-
formation systems (AIS) is the consideration of information flows
circulating in the enterprise. The purpose of creating a model of in-
formation flows is how to optimize them, and design on its basis the
enterprise information network.

The matrix model is suitable for the mathematical description
of information flows in an enterprise, which allow one to investigate
data flows between different elements of the structure in different
dimensions. The model in this form is described using a set of matrices
of a certain type, and model transformations are performed using
standard matrix operations. Also, this type of model is convenient
for presentation and processing on a computer.

It is proposed to use a matrix model that is machine-oriented
and is represented by a set of simple matrices, in contrast to the
known model of Danilevsky Yu.G., consisting of a single matrix of a
complex structure. Secondly, the matrix elements will be the intensity
characterizing the parameters of the workflow. This can significantly
reduce the number of intermediate operations.

Having built this model, we can accurately determine the intensity
of information interaction between all departments, the amount of
information transmitted, and reasonably calculate the characteristics
of data transmission channels. Knowing the structure of the flows
across the enterprise and their ratio within each of the units, you can
design the architecture of the information network, the structure of
the data warehouse.

This research is funded by RFBR, grant 17-07-00096.

[1] Swviridov A. Method of constructing a mathematical model of enter-

prise information flows // Izvestiya UFU. Tekhnicheskiye nauki, Tagan-
rog: Publisher UFU, 2004. — p. 152-156.
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