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Keynote Talks

Boris Polyak

Institute for Control Science, Moscow

Robust Principal Component Analysis

The main trend of modern data analysis is to reduce huge data bases
to their low-dimensional approximations. Classical tool for this pur-
pose is Principal Component Analysis (PCA). However it is sensitive
to outliers and other deviations from standard assumptions. There
are numerous approaches to robust PCA. We propose two novel mo-
dels. One is based on minimization of Huber-like distances from low-
dimensional subspaces. Simple method for this nonconvex matrix
optimization problem is proposed. The second is robust version
of maximum likelihood method for covariance and location estimation
for contaminated multivariate Gaussian distribution; again we arrive
to nonconvex vector-matrix optimization. Both methods are based
on Reweighted Least Squares Approximations. They demonstrated
fast convergence in simulations, however statistical validation as well
as convergence behavior of both approaches remain open problems.

Victor Lempitsky

Skolkovo Institute of Science and Technology, Moscow

Image Synthesis with Deep Neural Networks

Using deep convolutional networks for pattern recognition in images
has by now become a mature and well-known technology. More re-
cently, there is a growing interest to using convolutional networks
in a “reverse” mode, i.e. to synthesize images with certain prop-
erties rather than to recognize image content. In the talk, I will
present several algorithmic results and application examples obtained
for this very promising direction of research.
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AHann3 npocTpaHCcTBa NapameTpoB B 3ajavax
BblbDOpa MynbTMMOAenei

Adyenrxo Anexcandp Anexcandposu’« aduenko1@gmail.com
Cmpuoscoe Badum Buwmoposuu'?
'Pocensi, Mocksa, MOTH

2Poccust, Mocksa, U] Y PAH

strijov@ccas.ru

PaccmarpuBaercs 3ajada BeIOOpa MyJIBTHMOJIENEH JIBYXKIACCO-
BO# Kaccudurauu. My abTUMOIETH SBIAIOTCSI HHTEPIPETHPYEMbIM
0000TIIeHIEeM CJTyYast OJTHON MOJIEIIN, YINTBIBAIONNM HEOTHOPOIHOCTH
B JIaHHBIX. |Ipu3HakoBBIE TPOCTPAHCTBA MOJieeil B MYJIBTUMOIEI
MOTYT HE COBIAIaTh, & MYJILTHUMOIETb MOXKET COIAEPKATh OOJIBIIOE
quCaI0 OJM3KUX MOEsei, 9TO BedeT K HU3KOMY KadecTBY IPOTHO3a
U OTCYTCTBUIO UHTEpIIpeTupyeMoctu. Jjist perenns: 3Toi mpooaeMbl
IpeJIJIaraeTcss MeTo ], CTATUCTUYECKOTO CPABHEHUS MOJIe el JIj1s TIPO-
pexRUBaHUS MYJIbTUMOJETN. BBoIMTCS TOHATHE aJIeKBATHON MYyJIHTH-
MOJIEJI, BCE MOJEJIU B KOTOPOI IOIMApHO CTATUCTUYECKH PA3JIAIU-
MbL. J[JIsi CTATUCTUYIECKOTO CPaBHEHUS MOJeJeil BBOAUTCH (DyHKITUS
OJIM30CTA MEK/Iy AIOCTEPUOPHBIMU PACIIPE/ICICHISIMI TapaMeTpPOB
Mogesneii. OyHKIus J0KHA OBITH OIpe/ie/iena JIjisl Tapbl pacipeie-
JIEHUI C HECOBIIQ IAIONIUMEI HOCUTEJISIME, & TaKKe He Pa3/IndaTh JIBa
pacIpeesienns, OIHO U3 KOTOPBIX ABJISIETCT MAJTOUH(MPOPMATHBHBIM.
IIpemmaraerca GyHKIMS OJIU30CTH I TAaphl paCIpeIe/IeHnil, KOTo-
pasi YIOBJIETBOPSIET 3TUM TPEOOBAHUSM, W JIOKA3AHBI aCUMIITOTHIE-
CKHe CBOICTBa ee pacIpejleJIeHUsl B YCJIOBUSAX UCTUHHOCTH THUIIOTE-
3bl O coBHaJieHnu Mojiesieit. [loydaeHbl BepXHSISI W HUKHsST OTCHKU
HA MaKCHUMAJIbHOE YHCJIO IONAPHO Pa3/JIUIUMbBIX MOJEJIEH B MYJIb-
TUMOJEN JJIsT BBIOOPKU (PUKCHPOBAHHOrO paszmepa. JlmaronambHas
OITeHKa MAKCHMyMa, 000CHOBAHHOCTH /I KOBAPHUAITMOHHON MATPHUIIHI
BECOB MMPU3HAKOB UCIOIB3YETCs JIJIsT 0TOOpA MPU3HAKOB B MYJILTHMO-
gemu. [lokazana acuMITOTHYIeCKasT BRIPOK/IEHHOCTD HEUATOHAILHOM
OLIEHKY KOBapUAIMOHHO Marpuipl [1].

Pabora nognepxana rparrom PODU Ne16-07-01158.

[1] Adyenxo A. A., Cmpuoicos B. B. CoBMecTHDBIN BBIGOP OOBEKTOB U IIPH-
3HAKOB B 33/1a9aX MHOTI'OKJIACCOBOH KJacCH(DUKAINN KOJIIEKIUN JOKY-

Mmentos // NudokommyHuKanmonuslie rexuosorun, 2014. Nel. C. 47-53.

Me>xaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust
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Features space analysis for multimodel selection

Aduenko Aleksandr'x aduenko1@gmail.com
Strijov Vadim'? strijov@ccas.ru
Moscow, Russia, MIPT

2Moscow, Russia, FRC CSC RAS

The problem of multimodel selection for two-class classification task
has been considered. Multimodels are interpretable generalization of
the single model case which addresses data inhomogeneity. Feature
spaces may differ across the models. Moreover, a multimodel may
contain a big number of similar models, which leads to poor forecast
quality and lack of interpretability. The method of statistical model
comparison is suggested to address this problem. The notion of an
adequate multimodel is introduced, for which all the constituting
models are pairwise statistically distinguishable. The authors suggest
to introduce a similarity function between posterior distribution of
model parameters for model comparison. Such a similarity function
must be defined for the pair of distribution with different supports.
Moreover, it must not distinguish the distributions one of which is
noninformative. The similarity function which satisfies the conditions
is suggested, and the asymptotic properties of its distribution are
proved in case the models’ true parameters are identical. The
upper and the lower bounds on the maximum number of pairwise
distinguishable models in a multimodel for a sample of the fixed
size are obtained. Diagonal maximum evidence estimate of features’
weights’ covariance matrix is used for feature selection for the
multimodel. Asymptotic degeneracy of nondiagonal estimate of this
matrix is proved [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-07-31205.
[1] Aduenko, A.A., and V.V.Strijov. 2014. Joint feature and object

selection for multiclass classification of documents’ collection.

Infocommunications Technol. 1:47-53.

International Conference IDP-2016. Barcelona, Spain
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Bbibop Mogenn rnybokoro obyqeHus
cybONTMMaNbLHOM CNOXKHOCTU C UCMOJIb30BaHNEM
BapMaLNOHHOI OLEeHKN npaspononodus

Baxmees Oanez IOpvesun bakhteev@phystech.edu
Mocksa, Poccusi, MOTU

Paccmarpusaercs 3a1aua mocTpoeHust Mojieieit TiryboKoro ooy de-
Hust cybonTuMasbHON cioxkuOocTH. [loj Momesbio moHMMaeTcs Cy-
neprosunust (OYHKINN, permaomas 3a1ady KiaaccuUKalun 1in
perpeccun. B KadecTBe KpHTEpHs BBIOODA MOJEJIN HCIOJIb3YeTCs
cybonTuMasbHas CJIOXKHOCTH MOzeau. 110/ C/I0KHOCTBIO MOJIETH 110-
HAMAETCs MUHUMAJIbHAS JIJINHA ONUCAHUS, T.€. MUHIMAJHHOE KOJIM-
9ecTBO MH(MOPMAIMH, KOTOPOe TpebyeTcs it mepegadn mHdOopMa-
[IUU O MOJIEJIM U O PACCMaTPUBAEMBIX JIAHHBIX B COBOKyIHOCTH. 1101
CcyOONTUMAIBLHON CJIOZKHOCTHIO TTOHMMAETCsl BapHUAIOHHAS OIEHKA
[IPABIONO00MsT MOJIE/IH, T. €. OIEHKA, MOJIy9IeHHAs] C UCIIOIH30BaHM-
€M AIPOKCUMAIII HEU3BECTHOIO PACIIPEICJICHNUS JIPYTUM 38 IaHHBIM
pacupenesieaueM. [Ipemgraraercs nosrydenne ee npuOIMKEHHON OIIeH-
KU, OCHOBAHHO HA CBA3U MUHUMAJILHOMN JIJIMHBI OIMUCAHUS U TIPABJIO-
osobust Mogenu. JJis mosrydeHust ONeHKH MIPaBIOTOI00MST UCITIOb-
3YIOTCsl BAPUAIIMOHHBIE METO/IBI.

TIpenaraercss MeTOM MOJyIeHUsT BAPUAIMOHHON HUYKHEH OTIeH-
KM HWHTerpaJja IIPaBIONOm00us MOJEIN C HUCIOJIB30BAHUEM MO~
GUIUPOBAHHOIO AJTOPUTMA CTOXACTUIECKOIO IPAJIUECHTHOIO CITYCKA.
PaccmarpuBaerca psiin mommdukanuit 6a30BOro ajaropurMa, a TaK-
’Ke TIPUBOJIUTCSL CPABHEHUE C aJTOPUTMOM ITOJIYYeHUsT BAPUAITHOHHON
HUYKHEN OIEeHKH, OCHOBAHHOM Ha AIIPOKCUMAIMNA HOPMAJIbHBIM Pac-
[Ipe/IeJICHUEM.

Pabora mpemcraBienHOro ajaropuTMa IpOWIIOCTPUPOBAHA HA BbI-
OopKe M300parKeHuil pyKOMUCHBIX 1P, a TAKXKE HA UCKYCCTBEHHBIX
JIAHHBIX. DKCIEPUMEHTBI MMOITBEPIKIAI0T PADOTOCIOCOOHOCTD MPeJI-
CTaBJIEHHOTO anaropurMa [1].

Pabora nognepxana rparrom PODU Ne16-37-00488.

[1] Baxmees O.FO., ITonosa M.C., Cmpuoicoé B.B. Cucrembl u cpeacTsa

riry6okoro obyuenns B 3agadax kiaaccudukanun // Cucrembr n cpen-
crBa uadopmaruku, 2016. T. 26. Ne2. C. 4-22.
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Deep learning model selection using variatonal
inference method

Bakhteev Oleg bakhteev@phystech.edu
Moscow, Russia, MIPT

The paper describes a method of suboptimal complexity model
selection for deep learning nets, i.e., multilevel classification
or regression superpositions of models. The maximum marginal
likelihood or evidence is used as a criterion for model selection.
A minimum description length is considered as a complexity of
a model. Minimum description length of a model is a minimal length
of the message required to compress information about the model and
data. Consider variational approximation of marginal likelihood as a
suboptimal complexity. Due to high computational cost, marginal
likelihood is used as a value close to the complexity. In order
to estimate marginal likelihood, variational inference method, i.e.,
a method based on replacing intractable distribution with another,
was used.

The paper describes a method of variational inference estimation
using a modified algorithm of stochastic gradient descent. The
method is compared with the algorithm based on approximation
using Gaussian distribution.

The experiments were conducted on MNIST handwritten digits
dataset and simulation data. The experiments show that the proposed
method can approximate marginal likelihood of the model [1].

[1] Bakhteev, O.Yu., M.S. Popova, and V.V. Strijov. 2-16. Systems
and means of deep learning for classification problems. Sistemy

i Sredstva Informatiki — Systems and Means of Informatics 26(2):4—

22. Available at: http://www.ipiran.ru/journal_system/article/

08696527160201.html (accessed September 28, 2016).

International Conference IDP-2016. Barcelona, Spain
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BarrnHr HelipoHHbIX ceTeidi B MHOro3aga4dHom
knaccudpukaumm brmonorn4eckoit akTUBHOCTHN
A0epHbIX peuenTopos

Buaadumuposa Mapus Pycaarnosrna'x mrvladimirova@gmail.com

Cmpuosicose Badum Burxmoposu’ strijov@ccas.ru

YPocens, domaronpyausii, MOTY
2Poccust, Mocksa, NI Y PAH

PaccmarpuBaercss mpobiiema  MHOro3a1adHONl  Kjaccupukamum
Ha JAHHBIX, ONUCHIBAIONINX B3aUMOJIEHCTBUE fJIEPHBIX DPEIENTOPOB.
fAnepHble perenTopbl MPEICTABISIOT CODON KJIACC HAXOJIAIUXCS
B KJIeTKax OeJIKOB. PerenTopsl BAMAIOT HA TPAHCKPUIIIUIO TE€HOB:
PEeryJIupyioT pa3BUTHE, TOMEOCTa3 W OOMEH BeIleCTB B OpPraHU3Me.
Perynuposanne nponcxonuT B OCHOBHOM TOT/IA, KOT'/Ia PELENTOD U JIU-
raHJ — MOJIEKYJIa, BO3EHCTBYIOIAs Ha IIOBEJEHUE DEelenTopa, —
B3anMOJIEHCTBYIOT. T pebyercs mpeicka3aTh, OyIeT jin 0ObeKT OTHO-
CUTHCS K OIPEIEJIEHHOMY KJIACCY, T. €. OyIIeT Jin B3auMOCHCTBOBATD
JAHHBII JIMTAH]T C OMPEIEICHHBIM PEIEIITOPOM.

B kadecrBe Mojen KiraccuduKaUl UCHOJIB3YETCs JIBYXCIOMHAS
HelipoHHas ceTh. PaccMaTpuBaIOTCs 3a/1a9u JTUHEHHON U JIOTHUCTUAYE-
CKO#l perpeccuii ¢ KBaJIPATUIHON M KPOCC-SHTPONUNHON (DYyHKITHSI-
vu morepb. [IpoBomures mekoMmosunuss (PYHKIUNA OMUOKM HA CMe-
meHne u gucrepcuto. s MOBBIMIEHNsT Ka9ecTBa IIPEICKA3AHUI 3a
CYeT yMEHBIIEHUS JIUCIIEPCUH OIIMOKU IIPe/jIaraeTcs MCIOJIb30BaTh
KOMITO3UITUIO JIBYXCJONHBIX HEHPOHHBIX ceTelt — O3rruHr. Barruur
reHepupyeT U3 JEMEHTOB 00y JatoIeil BHIOOPKHU CeMefCTBO MMOABBIOO-
POK TOrO K€ pa3mMepa ¢ IOMOIIBIO MPOIeaypbl OyTerpar. Ha kaxmoit
oBBIOOPKE HacTpamBaeTcs Kiaccudukarop. OTBersl Kiraccuduka-
TOPOB arperupyTcs IyTeM IPOCTOro rojiocoBanusi. [IpemioxkenHbIit
METO/], [I03BOJISET ITOBBICUTH KAYEeCTBO KJIACCUMDUKAIINH HUCCIIETyeMOi
BBIGOPKH [1].

Pabora nognepxana rparrom PODU Ne16-07-01155.

[1] Buaadumuposa M. P. Barrunr meiiponnsix cereit // Mammunoe o0y4ve-

HUe U aHain3 AaHHbIX, 2016 (B meuarn).
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Bagging of neural networks in multitask classification
of biological acivity for nuclear receptors

Vladimirova Maria'x mrvladimirova@gmail.com

Strijov Vadim? strijov@ccas.ru
'Dolgoprudniy, Russia, MIPT
2Moscow, Russia, FRC CSC RAS

The paper is devoted to the multitask classification problem. The
main purpose is building an adequate model to predict whether the
object belongs to a particular class, precisely, whether the ligand
binds to a specific nuclear receptor. Nuclear receptors are a class of
proteins found within cells. These receptors work with other proteins
to regulate the expression of specific genes, thereby controlling the
development, homeostasis, and metabolism of the organism. The
regulation of gene expression generally only happens when a ligand —
a molecule that affects the receptor’s behavior — binds to a nuclear
receptor.

Two-layer neural network is used as a classification model. The
paper considers the problems of linear and logistic regressions with
squared and cross-entropy loss functions. To analyze the classification
result, the authors propose to decompose the error into bias and
variance terms. To improve the quality of classification by reducing
the error variance, the authors suggest the composition of neural
networks — bagging. Bagging generates a set of subsamples from
the training sample using the bootstrap procedure. All subsamples
have the same size as initial sample. Classifiers are trained on
each subsample separately. Then their individual predictions are
aggregated by voting. The proposed method improves the quality
of investigated sample classification [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01155.

[1] Vladimirova, M. 2016 (in press). Bagging of neural networks. Machine

Learning Data Anal.
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O NONHbIX perpecCuoHHbIX pellatoLmx AepeBbsxX

TI'enpuxros Hzopwv Eezenvesur’ ingvar14850@rambler.ru
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>Kypasaée Badum Hezopesur’x vadim091294@gmail . com
'Poccust, Xumku, 000 «Mobaiin mapx UT»
2Poccust, Mocksa, NI Y PAH

3Poccust, Mocksa, MI'Y

edjukova@mail.ru

PaccmarpuBaercs ofiHa 3 akTyaJbHBIX 33/1a9 MAITHHHOIO 00y te-
HUsl — 3ajiada BOCCTAHOBJIeHUsi perpeccun. [lo mocraHoBKe TaHHAS
3ajada OJiM3Ka K 3ajade KJIACCH(MDUKAIMN [0 MPENeIeHTaM U OTJIN-
qaeTcsd OT MOCjeHell BuIoM tesneBoit dyukmuu. st permenns: obe-
UX 3a/[a4 IPUMEHSeTCs, B YaCTHOCTH, allllapaT PEMIaoIiX JePEeBbEeB
(PII). Hanbosiee usBecrHble aaropuTMbl BOCCTAHOBJICHUS PEIPECCUH
(manpumep, ajropurmbl CART u Random Forest) ocnosanbr ma uc-
nosp3oBannn 6unapubix PJI. Pexxe ncnons3ytores k-apubie PII.

O4eBUIHBIM HEJIOCTATKOM Kiraccumdeckoit momenun P/l saBisercs
TO, YTO JJjis IIOCTPOEHUs OYEPE/IHOIl BEPIINHBI JlepeBa CPEeId BCeX
[IPU3HAKOB, Y/OBJIETBOPLIOIINX KPUTEPUIO BETBJIEHHUS, BHIOMPAETCH
TOJIbKO OJIMH IPU3HAK U BBIOMPAETCS ITOT NPU3HAK (PaKTUIECKH
ciaydaitapiM obpaszom. B paborax U. E. leapuxosa, E.B. liokooit
u H.B. IleckoBa mis 3amaum kjaccudukaimu paspadoraHa Kade-
CTBEHHO HOBas MoJienb Pl a mmenno: mosmess noauoro P (TIPI),
JINIIIeHHasT yKaszanuoro nejgocrarka. Komcrpykius [TP/I mo3Bosser
boJiee CYIIECTBEHHO HCIIOJIb30BATH MMEIOILYIOCH MH(MOPMAIIIO, IIPH
9TOM OIMCAHWE PACIO3HABAEMOIO OOBEKTa IMOPOKIAETCS HE OIHOMI
BETBBIO, KakK B KjaccmieckoM PJI; a meckompkuMmu BeTBamu. Kaxkgast
Takasi BETBb y9aCTBYeT B IIPOIE/ype TOJOCOBaHMsA. B 3apyOeKHBIX
U OTEYEeCTBEHHBIX IIyOJIMKAINAX HET CBEJEHUIl O IPUMEHEHUU Jiepe-
BbeB Tumna [IPJ[ mig 3ajadm BOCCTaHOBJIEHUS PETPECCUH, TTOITOMY
[peJIcTaB/IgeT UHTepec IpoBejeHnbie B [1] uccienoBanus 1o paspa-
6oTke perpeccrnonnnix TP/,

Pabora nognepxana rparrom PODU Ne16-01-00445.

[1] Tenpuzos U. E., /Jroxosa E. B., 2Kypaeaée B. M. O moaubx perpeccu-

OHHBIX PelIaroluX JepeBbAX // Mammmnnuoe O6y‘{eHI/Ie 1 aHaJIU3 JTaH-

ubix, 2016 (B nevarn).
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About full regressive decision trees
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The regression restoration problem as one of the actual tasks of
machine learning is considered. This problem is similar to the problem
of classification by precedents and differs by the type of target
function. The instrument of decision trees is used to solve both
problems. The most well-known algorithms for regression restoration
(e.g., CART and Random Forest algorithms) are based on the use of
the basic decision trees (DT), namely, the binary DT. Rarely k-ary
DT are used.

The evident disadvantage of the classical model of the DT is that
to build another node among all features, which satisfy the criterion
of branching, only one feature can be selected. Moreover, this feature
is selected randomly. Qualitatively new DT model was developed for
the classification problem in the works of Genrikhov I.E., Djuko-
va E. V., and Peskov N.V. Namely, it is the model of the full DT
(FDT), which is lacking this disadvantage. The FDT construction
allows to use available information more significantly; herewith, the
description of the recognizable object is generated not by a single
branch, as in the classical DT, but by several branches. Each branch
is involved in the voting procedure. There is no information on the
use of the FDT-type trees for the regression restoration problems
in the foreign and domestic publications. Therefore, it is of interest
to investigate development of regressive FDT. The results of such
investigations are presented in [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-01-00445.

[1] Genrikhov, I.E., E. V. Djukova, and V.I. Zhuravlyov. 2016 (in press).

About full regressive decision trees. Machine Learning Data Anal.
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["pynnnpoBka NprM3HAKoOB HA OCHOBE ONTUMAJIbHO
nocaenoBaTeNIbHOCTU MUHOPOB KOPPENSALLMOHHOWM
MaTpuubl

/eoenro Cepzeti Jarnunrosun dsd@tsu.tula.ru
INuenuwnot Jenuc Onezo8urx denishshenichny@yandex.ru

Poccus, Tyma, TynlyV

Ilpu perennu 3aja9u rpynimupoBKE BOZHUKAET MTPOOJIEMa COJIEPKA-
TEJILHOI HHTEPIIPETAIIH IOy 9€HHBIX (DAKTOPOB U I'PYIII IPU3HAKOB.
Tem me Menee, HaKTOPBI I'PYIII SABJSETCH CHHTETHICCKUME TIPU3HA-
KaMMt, WHTEpIpeTaIs KOTOPhIX MOYKeT ObITh 3aTpyiaHena. [losromy
[IOCJIE BBIJIEJICHUS TPYIIT IPU3HAKOB U IOCTPOEHUSI COOTBETCTBYIOIIUX
uM (HaKTOPOB B KayKJOW I'PYIITE OOBIYHO OMPEJIEIACTCS €€ MpeicTa-
BUTEJIb KAK HAMOOJIee CHJIBHO KOPPEJUPYIONMUil ¢ (haKTOPOM I'PYIIIIBI
npusHak. Torja OKasbIBaeTCsi BO3ZMOXKHBIM COJIEPIKATEHHO HHTEP-
[IPETUPOBATH PE3yJIbTAT IPYIIUPOBKH IPSIMO B TEPMUHAX UCXOTHBIX
[IPU3HAKOB.

TIpeayiozken HOBBIN MOJIXOJ, JIJTsI BBIOOPA TOAMHOXKECTBa TPU3HA-
KOB, CIOCOOHBIX aJeKBATHO IPEICTABUTH CKPBITHIE (aKTOpPBI, 6e3
otpe/iesieHnsi COOCTBEHHBIX WA TEHTPOUIHBIX HAIPABJICHUIT B Kade-
CTBe IIPOMEKYTOUHBIX ITpeobpazoBannii. JIaHHBI 110/1X0/1 OCHOBAH Ha
[IOCTPOEHUN ONTUMAJILHON MOCIeI0BATETHbHOCTA 3HAYCHUN TJIABHBIX
MUHOPOB KOPPEJISIIMOHHON MATPUIILI IPU3HAKOB. B Havase Takoii om-
TUMAJIBLHON MMOCJIE0BATEILHOCTH PACIOJIOKEHBI HAUMEHee KOPPEJIH-
pPOBAHHBIE JIPYT € JPYIOM U C OCTAJBHBIMU IPU3HAKH, & K €e KOHILY
BBICTPAMBAIOTCS Bee 00JIee KOPPETUPOBAHHBIE C OCTAJILHBIMU ITPU3HA~
KU, BEIOPAHHBIE B IIOCJIETHIOID OY€Pe]Ib.

TTokazaHo, 9TO MPEJTIOKEHHBIN TOX0/] TO3BOJIIeT (hOPMUPOBATD
HAYAJIBHOE peIlleHne JJis JPYTUX ajJrOpPUTMOB I'PYIIUPOBKUA U TaK-
JKe MOXKET IPUMEHATHCS CAMOCTOSITEIHHO JJIsl OIEHKN TUCJIa TPYIIT
U TOCTPOEHMsI COJEPIKATEIbHBIX IPYIIUPOBOK [1].

Pabora wactmuno mnommep:kana rpantamu POOU NeNe 15-07-
02228, 15-07-08967, 14-07-00527 u 14-07-00964.

[1] Asoenxo C. 1., Hweruunwi /1. O. I'pynnmpoBka NTPU3HAKOB Ha OCHOBE

ONTUMAJIBHOHN TOC/IEJ0BATEILHOCTH MUHOPOB KOPPEJIAIMOHHON MaTPH-

et // MaimunaHoe o0ydenne u aHaau3 JanHbX, 2016 (B mewaTn).
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Feature grouping based on the optimal sequence
of correlation matrix minors

Dvoenko Sergey dsd@tsu.tula.ru
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It is known that data analysis problems usually arise in early stages of
investigations, when a model of a phenomenon in researching has not
been developed yet. Hence, it is too early to introduce a problem
of a model identification. It needs to collect and study a lot of
miscellaneous information about most significant characteristics of
a phenomenon under investigation in this case. Such a situation
forces us to use incomsistent approach, since it is not known
what characteristics are important and what knowledge needs to
be collected. Therefore, data analysis methods must resolve the
contradiction and focus on the correct description of the phenomenon.

The problem of informal interpretation of factors and groups
arises in the grouping problem. Factors are synthetic features,
and difficulties can arise in informal interpretation of them.
Therefore, after groups and corresponding factors have been built,
the representative usually is defined for each group as a feature the
most correlated with the group factor. As a result, it is possible to
name groups informally as such initial features. The new approach to
specify a feature subset is proposed to represent correctly the hidden
factors. In this approach, it does not need to define eigenvectors
or centroid ones as intermediate transformations. It is based on
the optimal sequence of correlation matrix minors, since the less
correlated features are placed at the beginning of the sequence, and
the more correlated ones are placed closer to the end of it.

The proposed approach can produce initial partitioning for
other grouping algorithms and additionally can be used to evaluate
a number of groups and to get informal partitions.

This research is funded partially by the Russian Foundation for
Basic Research, grants 15-07-02228, 15-07-08967, 14-07-00527, and
14-07-00964.

[1] Dvoenko, S.D., and D. O. Pshenichny. 2016 (in press). Feature grouping
based on the optimal sequence of correlation matrix minors. J. Machine

Learning Data Anal.
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MeTogbl NOCTPOEHUS XOPOLLO UHTEPMNPETUPYEMbIX
knaccucpukaumii
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Poccusi, Mocksa, UITY PAH

Ornncanpl TpU aJropuTMa MTOCTPOEHUST COJIEPIKATEIHHO XOPOIIO
UHTEPIPETUPYEMBIX KJIACCU(PUKAIMI — OKOOPIMHATHAS, CIIPIMJIs-
omas U COJepKaTeIbHO-IKCIepTHAA. [ aJropuTMOB IIOKOODIH-
HATHO U CIPAMJIAONIEN KJIACCU(PUKAIII MHOXKECTBO 3HAUCHUI KaXK-
JIOT0 TIOKa3aTe st pa3duBaeTcst Ha HeOOJIBIIIOE YUCIIO INATIA30HOB, IPU
3TOM KJtaccudukanyusa (pakTUIeCKN 3a71aeTcsd HAOOPOM IDAHUIL ITUX
nunana3zoHos. lTokoopaunartnas kiaaccuduKaIms OCYIIECTBIIAET I
KaXKJI0ro 1oKa3aTess HE3aBUCHMOE OT JPYI'uX pa3bueHne Ha 3aJaH-
HOE YHUCJIO INala30HOB, T.€. UCKOMas KJIACCU(PUKAIMSA 33a€TCsI CO-
JeTaHueM OJHOMEPHBIX KJIACCH(UKAIUN M0 KaXKIOMY U3 HUCXOIHBIX
nokazareseit. OCHOBHOE TPEMMYIIECTBO TAKOW KJiacCuUKAIUA —
BO3MOXKHOCTDH HCIIOJIb30BAHUS AJITOPUTMOB IJI00AJILHO-OITUMAJIBHOM
onHoMepHo# Kiaccudukanuu. CrpsaMiIsionas KiaccuduKarms cTpo-
UTCsI KaK CBOEr0 POJIa AIMIPOKCUMAIIAsl MHOTOMEPHOI Kiaccudu-
kamuu. [IpwBomuTcsi cpaBHEHUE MOKOODAWHATHON U CIPSIMJISIIOIIEH
rutaccudukaruit. CoepKaTe/IbHO-9KCIIEPTHAS KJIACCHU(MDUKAIUS HC-
[IOJIb3Y€eTCs TOTJIA, KOI/Ia KaXK/ IbIi 3 MMEIOIIErocs MHOYKECTBa 00 beK-
TOB, IIOJIJIE?KAIUX KJaccuUKAINHT, 33/aH TOJIHKO CBOUM Ha3BaHUEM
U CO/lepzKaTeIbHbIM onrncanueM. Kpome TOro, SKCIIEPTHBIM IIyTeM 3a-
JlaHA TaK HA3bIBaeMasl «COEpKATeTbHAS> KIaCCH(UKAIUS, KOTOPAS
OIIPEIEIIAeTCsl HA3BAHUSMU U COJEPXKATEIbHBIM OIMCAHNEM KJIACCOB.
Tpebyercs mo »Toit nundopMaIIu O 33 ]AHHOM MHOXKECTBE 00HEKTOB
nposectn ux kiaccudukanuio [1]. PaGora BeIoNHEHA TIPDH 9aCTHIHOM
dunanconoit moepxrke POOU, npoexktsr NeNe 14-07-00463-a, 15-07-
06713-a, 16-07-00895-a u 16-07-00896-a.

[1] Yepnascrui A.JI., Hdopogeror A. A., Toavdoscran M. /[. Merompr sxc-

MEepTU3LI B 33/1a9€ IOCTPOEHHUST XOPOIIIO HHTEPIIPETHPYEMBIX KJIACCH(PU-

Karuit // YupasieHune pa3BUTHEM KPYIHOMACIITaOHLIX cucreM. — M.:
UITY PAH, 2011. T. 1. C. 331-337.
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This paper describes three algorithms for building a meaningful well-
interpreted classifications — coordinates, rectifiable, and content-
expert. For algorithms of the coordinates and rectifiable classification,
the values set of each indicator is divided into a small number of
ranges. The wisecoordinate classifications are actually defined by the
set of boundaries of these ranges. The coordinatewise classification
provides for each indicator independent spanning on the specified
number of ranges, i.e., the required classification is set by the
combination of one-dimensional (1D) classifications for each of
the benchmarks. The main advantage of such classification is the
ability to use algorithms for globally optimal 1D classification. The
rectifiable classification is constructed as a kind of a multidimensional
classification approximation. A comparison of the coordinates and
rectifiable classifications has been done. Content-expert classification
is used when each of the available objects set to be classified specify
only its name and a meaningful description. Furthermore, the expert
is specified by the so-called “meaningful” classification, which is
determined by titles and content description of the classes. For this
information, it is required to classify the objects set [1].

This research is executed at partial financial support of the
Russian Foundation for Basic Research, grants Nos. 14-07-00463-a,
15-07-06713-a, 16-07-00895-a, and 16-07-00896-a.

[1] Chernyavskiy, A.L., A.A. Dorofeyuk, and M.D. Goldovskaya. 2013.

Methods of examination in the objective of building a well-interpreted

classifications. Management of large-scale systems development.
Moscow: ICS RAS. 1:331-337.
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MpumeHeHune obyyeHns ¢ nogkpenieHnem
ANsl OAHOBpEeMeHHOro Bbibopa mogenu anropuTma
Knaccuukaunum n ee CTPYKTYpPHbIX NapamMeTpoB
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st periennst 3a/1a9 KJIacCUPUKAIINA Pa3pPabOTAHO MHOYKECTBO
aaropuT™moB. st 06paboTKi KOHKPETHOrO HAbOPa JIAHHBIX TPOU3BO-
JUTCS BBIOOD MOJIESIN AJITOPUTMa U HACTPOWKA ee CTPYKTYPHBIX Ia-
pameTpoB. Perenne 3a1aun 1aHHONl pabOThI CYIIECTBYET TOJBKO It
YACTHBIX CJIYYIAEB WM OCYIIECTBIISICTCS MTOJTHBIM IepebopoM, peaJiu-
3oBaHHBIM B 6ubsmoreke Auto-WEKA. Iesib qanHoit paboThl — I1pe/i-
JIOZKUTBH METO/JI OJJHOBPEMEHHOI'0 BBIOOPA MOJEIH aJIrOPUTMa KJIACCU-
duKanun u ee CTPYKTYPHBIX TaPAMETPOB.

IIpeoxennblit METO, OCHOBAH Ha CBEIEHUU K 3aJ1a9€¢ O MHOTO-
pykoMm banuTe. PydkaMm cOOTBETCTBYIOT MOJIEIN AJITOPUTMOB. Bb160-
DY PYYKH — 3AIlyCK MPOIECCa HACTPONKU CTPYKTYPHBIX IIAPAMETPOB
B TeYeHne HEKOTOPOro OTpe3Ka BpeMeHu. [Ipe tokensl jaBe hyHKINN
HArPaJIbL.

DKCIIEPUMEHTBI ITPOBOJIUINCEH Ha, JIECITH HAOOPaX peabHbIX JTaH-
HBIX, B HUX KCIIOJIb30BAJIACH IIECTh M3BECTHBIX MOJEJeHl aJropur-
MOB KJIACCUMDUKAINN, IJId ONTUMUBAINA CTPYKTYPHBIX IIapAMETPOB
zamyckaJjics ajgropurm SMAC. cnosib30Bajuch Ciejlyrolme ajro-
PUTMBI PellleHns] 3a/la9l O MHOTOpyKOM bOanjure: e-kaaubiii, UCB1
u Softmax. Pe3ybTaTs! MOKa3bIBAIOT, 9TO IIPEJTIOKEHHBII METO/T 1103~
BOJISIET HANTHU pEIleHne, He YCTYIAoIee PEIeHno, HallIeHHOMY O1b-
smorekoit Auto-WEKA, a B 60/IbIIMHCTBE CIyYaeB U IPEBOCXOIAIIEE
ero [1].

Pabora Bomonnena mpu mogaepkke [Ipasurenscrsa Poccniickoit
®eneparun, rpanat 074-U01 u POOIU, npoekt Ne 16-37-60115.

[1] Efumosa B. A., Duavuenkos A. A., I[Harwmo A. A. Ilpumenenue
00yUIeHnsT ¢ TOAKPEILUICHWEM [Jis OJHOBPEMEHHOTO BBIOOPA MOIEIN
aJropuTMa KjaacCuUKAIMM U ee CTPYKTYDPHBIX IapamerpoB //
MarmunaHOoe 00y denne u aHaau3 JaHHbIX, 2016 (B meuarn).
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Reinforcement-based simultaneous classification
model and its hyperparameters selection

Efimova Valeriax efimova@rain.ifmo.ru
Filchenkov Andrey afilchenkov@corp.ifmo.ru
Shalyto Anatoly shalyto@mail.ifmo.ru

St. Petersburg, Russia, ITMO University

Many algorithms for data analysis exist, especially for classification
problem. To solve a data analysis problem, a proper algorithm should
be chosen and also, its hyperparameters should be selected. These
two problems, algorithm selection and hyperparameter optimization,
are commonly solved independently. The full-model selection process
requires unacceptable time budgets. Thus, this is one of the factors
preventing the spread of automated model selection methods.

The goal of this work is to suggest a method for simultaneous
algorithm and its parameters selection to reduce full-model selection
time. In order to do so, this problem was produced to a multiarmed
bandit problem. An algorithm was considered as an arm, and
algorithm for hyperparameters search during a fixed time was
considered as the corresponding arm play. Also, several reward
functions were described.

The experiments were held on ten popular labeled datasets from
the UCI repository. To compare the proposed method, several well-
known classification algorithms were used from WEKA library and
SMAC algorithm for hyperparameter optimization was used from
Auto-WEKA library. The proposed method was compared with the
brute force search implemented in WEKA library and a random time
budget assignment policy. The results show significant time reduction
of selecting proper algorithm and its hyperparameters for processing
the given dataset. The proposed method often produces classification
results much better than Auto-WEKA state-of-the-art automatic
algorithm selection and hyperparameter optimization tool [1].

The research was supported by the Government of the Russian
Federation (grant 074-U01) and the Russian Foundation for Basic
Research (project no. 16-37-60115).

[1] Efimova, V., A. Filchenkov, and A.Shalyto. 2016 (in press).

Reinforcement-based simultaneous classification model and its

hyperparameters selection. Machine Learning Data Anal.
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Knaccudukauynsa gemorpaduyecknx
nocsie4oBaTeNIbHOCTEN Ha OCHOBE Y30PHbIX CTPYKTYP

Henamos Jmumpuiti Hzopesuy' « dignatov@hse.ru
Tuzdamyaaun Janua Kymdycoeun' gizdatullindanil@gmail.com
Mumpoganosa Examepuna Cepzeesra' emitrofanova®@hse.ru
Mypamosa Anna AsexcandposHa anyamuratova@yandex.ru
Bawepve XKayme® jbaixer@lsi.upc.edu

Poccust, Mocksa, HAY BIITD

2Ucnanus, Bapcenona, Ilommrexundeckuii ynusepcnrer Karamomnnn

IIpescraBiiensl pe3yIbTaThl IEPBBIX IKCIEPUMEHTOB IIPUMEHEHU
Y30PHBIX CTPYKTYP Ha IOCJIEI0BATENIHHOCTAX K aHAJIN3Y JeMorpadu-
qecKUX JaHHBIX B Poccun. Vcmonb3oBans! mamnnbie 06 11 moKomennsax
¢ 1930 mo 1984 rr. 17141 MTaHe M U3 TPeX BOJIH, MMeBIIIX MecTo B 2004,
2007 u 2011 rr. OcHoBHAd 3312498 COCTOSLIA B IIOUCKE TAKUX 3aKOHO-
MEPHOCTEHl, KOTOpbIe SIBISIIOTCA (3aMKHYTBHIMHI) YaCTBIMU TIpeduKca-
MU 0e3 «paspblBOB». DTH OIPAHUYEHUs] — €CTeCTBEHHOe TpeboBaHue
JemorpadoB, HEOOXOIMMOE I U3YUeHUs TEPBBIX COOLITHI Ha dTa-
e B3pocyenus. [y pereHns 3Toil 33291 UCIOIb30BAHBI Y30PHBIE
CTPYKTYPbI HEPA3PBIBHBIX MTOCJIEI0BATEIbHOCTENH U MOIUMDUIITPOBAH-
ubie FP-nepesbst (Frequent Pattern Trees). Hawnyamme pesysibrarTsr
B repmnaax TPR-FPR (True Positive Rate — False Positive Rate) 6b1-
JIML TIOJTYI€HBI TP GOJIBIINX 3HAYEHUSIX TTapamMerpa pocTa (¢ HeKOTO-
PBIM 9IHCJIOM OTKa30B OT Kiaccudukarmm) [1].

CraTbs TOJArOTOBJIEHA B XOJe IpOBeeHus ucciaenoBanus Ne 16-
05-0011 «Pazpaborka u anpobariust METONUK aHAIM3a JeMorpaduae-
CKUX ITOCJeI0BaTeIbHOCTEH» B pamMkax [Iporpammbr «Haywambrit ot
Hanumonasibaoro mccienoBaTesbCKOro ynusepcurera «Bpicmias mko-
sa skoHoMuKuy (HIY BIID)» B 2016 1. 1 ¢ HCIIOIB30BAHIEM CPEJICTB
cybcuany Ha TOCYIApCTBEHHYIO TOAAEPKKY BEAYIIUX YHUBEPCUTETOB
Poccniickoit Peseparun B 1e/1X MOBBIMEHUS UX KOHKYPEHTOCIIOCO0-
HOCTH CP€/I BEJyIINX MHUPOBBIX HAYyJIHO-00PA30BATEIbHBIX IIEHTPOB,
poLenennoi HITY BIID.

[1] Ignatov D., Mitrofanova E., Muratova A., Gizdatullin D. Pattern
mining and machine learning for demographic sequences // Knowledge
Engineering and Semantic Web: 6th Conference (International)
Proceedings. — Cham: Springer, 2015. P. 225-239. http://dx.doi.
org/10.1007/978-3-319-24543-0_17.
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Pattern-based classification of demographic sequences
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This paper presents the first results of studies in application of
sequence-based pattern structures and emerging patterns to analysis
of demographic sequences in Russia. This study is performed on data
of 11 generations from 1930 till 1984 for the panel of three waves of
the Russian part of Generation and Gender Survey, which took place
in 2004, 2007, and 2011. The main goal is to develop methods of
extracting emerging patterns (EP) with the following restrictions: the
obtained patterns need to be (closed) frequent gapless prefixes of the
input sequences. These constraints were required by demographers
since it is necessary for proper interpretation and understanding of
early life course events that lead to adulthood. To solve this problem,
pattern structures of gapless prefixes and modified FP-trees have been
used. After extraction of EP, CAEP classifier was used to predict
gender of respondents with their demographic sequences of the first
life course events. The best results in terms of TPR-FPR have been
obtained for large values of minimum growth-rate parameter (with
some objects left without classification) [1]. The paper was prepared

within the framework of the Academic Fund Program at HSE in 2016

(grant 16-05-0011 “Development and testing of demographic sequence

analysis and mining techniques”) and supported within the framework

of a subsidy granted to the HSE by the Government of the Russian

Federation for the implementation of the Global Competitiveness

Program.

[1] Ignatov, D., E. Mitrofanova, A. Muratova, and D. Gizdatullin.
2015. Pattern mining and machine learning for demographic
sequences. Knowledge Engineering and Semantic Web: 6th Conference
(International) Proceedings. Cham: Springer. 225-239. Available
at: http://dx.doi.org/10.1007/978-3-319-24543-0_17 (accessed
September 29, 2016).
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Annpokcumaumsi KOMOMHATOPHbIX OLEHOK
nepeoby4eHnsi NOPOroBbIX KAaccudcunkaTopos

Hwrxurna Ilaypa Xabuposra shaura-ishkina@yandex.ru
Mocksa, ®UI 1Y PAH

IloBpImenne TOTIHOCTH OIEHOK OOOOIIAIONIEH CIIOCOOHOCTH, 3aBH-
CANUX OT JAHHBIX, OCTAETCS OJIHOM U3 OTKPBITHIX 389 TEOPUU CTa-
THCTHYECKOro 00y uenns. KoMmbunaTopHas Teopus mepeodyIeHns mo3-
BOJISIET TIOJIy9aTh HEACUMITOTHIECKUE U HEYJIYUIIaeMble ONEHKHN J1J1st
HEKOTOPBIX MCKYCCTBEHHBIX YAaCTHBIX CJIydaeB ceMeicTB Kiaccudu-
kaTopoB. [IpobiieMa 3aKovaeTcst Kak B PACHIMPEHUH KJIACCA PEasIb-
HBIX 33129 KJIACCUMDUKAIINN, [[JIsI KOTOPBIX TPUMEHUMbBI KOMOMHATOD-
HbIE OIEHKW, TaK U B COKPAIICHUN WX BBIYUCIUTE/IHHON CJIOXKHOCTH.
Brerancsienne oreHOK HEOCPEICTBEHHO 10 OIPEJIEICHII0 UMEET IKC-
MMOHEHTINAJILHYIO CJI0YKHOCTE 110 00beMy BBIOOPKHU L.

B nannoit pabore paccMaTpuBaeTCs CEMEHCTBO ITOPOTOBBIX KIACCH-
dbukaropoB Haj omHOMepHBIMEU pu3Hakamu. OreHkn 0000Iarmei
CITOCOOHOCTHU BBIYHCJIAIOTCS IIyTEM IIO/ICYeTa IUC/Ia TPACKTOPUN CIIy-
JAHOTO OJIYKJAHUSI 110 TPEXMEPHON ceTKe ¢ orpaHmdeHusMu. AJi-
TOPUTM UX KOMOWHATOPHOT'O BBIYHCJICHHUS UMEET HOJUHOMUAILHYIO
cioxuocTh O(L%), 9T0 3aTpPy/IHAET ero IpaKTHIecKoe IMpUMeHeHHe.
Jlyist pertienusi 3TOI TPOOIEMBI IPUMEHSIETCS CyPPOTaTHOE MOJIETUPO-
BAHUE: TOUYHBIC OIEHKU BBIUHUCJSIOTCS IO CJIy9ailHO MTOPOYKICHHBIM
BBIOOPKAM JIAHHBIX, 3aT€M CTPOUTCH AlIPOKCUMHUPYIONAs MOJIEb.
IIpusnakaMu B 9TON MOJIE/IN SIBJISIIOTCS PA3THIHBIE T€OMETPUIECKIE
CBOMCTBa ceMeficTBa K/IacCU(PUKATOPOB Kak HAaOOpa OMHAPHBIX BEK-
TOpoB omunOoK. [Tomyennbe anmpokcuMaluu 0000aoIeit crrocoo-
HOCTH HCIIOJIBb3YIOTCS B KA4eCTBe KpUTepusi 0TO0pa IMPU3HAKOB B JIU-
HEIHOM HAMBHOM 0aileCOBCKOM KJIacCHpPUKATODE.

DKCHEPUMEHTHI B 3a/a9€ MEeJIUIIMHCKON JTUATHOCTUKHU TOKA3bIBA~
IOT, ITO MPUMEHEHNE MPUOJIMKEHHBIX OIEHOK 000DIIAIoIIeil crocoo-
HOCTH [IPUBOJIAT K COKPAIEHHUIO YUCJIa TPU3HAKOB ¥ MOBBIIIEHUIO Ka-
JecTBa Kiuaccudukamu [1].

Pabora nognepxana rparrom PODU Ne14-07-00908.

[1] Hwruna III. X. Annpokcumarysi KOMOMHATOPHBIX OIEHOK Iepeodyde-

HUSI HOPOTOBBIX KjaccudukaTopos // MammunHoe o0ytueHne U aHAIN3

nanHbix, 2016 (B nevarn).
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Approximation of combinatorial generalization bounds
for threshold classifiers

Ishkina Shaura shaura-ishkina@yandex.ru
Moscow, Russia, FRC CSC RAS

Tightening data dependent generalization bounds remains one of
the open problems in statistical learning theory. Combinatorial
theory of overfitting gives unimprovable nonasymptotic bounds
for some special families of classifiers. The problem is to extend
the combinatorial techniques to the more realistic classification
tasks as well as to reduce the complexity of bounds computation.
The complexity of combinatorial generalization bounds if computed
directly by definition is commonly exponential in the size L of the
dataset.

In this work, a family of one-dimensional threshold classifiers is
considered. In this case, exact generalization bounds can be calculated
by counting the number of random walks on a three-dimensional
grid with restrictions. The algorithm of bound computation has
polynomial complexity O(L®) which hinders its practical application.
The surrogate modeling is used to tackle this problem: first, the
exact bounds are calculated on the randomly generated datasets and
then, one learns an approximation function via parametric nonlinear
regression. A set of regressors that describe geometric properties
of the family of threshold classifiers considered as a sequence
of binary error vectors has been developed. Finally, the approximated
generalization bound is used as a feature selection criterion in linear
Naive Bayes classifier.

The experiments on a medical diagnostics problem show that the
approximated bounds help to reduce the number of features and to
improve the classification quality [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-07-00908.

[1] Ishkina, Sh. 2016 (in press). Approximation of combinatorial

generalization bounds for threshold classifiers. Machine Learning Data
Anal.
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MudopmaumnoHHbiii KpuTepuii gnst cpaBHEHUs
KnaccudcukaTopos Ha aHcamMbiie NCTOYHUKOB

Jlanee Muxaun Muxatiaosuw lange_mm@ccas.ru

Poccust, Mocksa, ®UIT 1Y PAH

Uccnenyrores MV u GM kjaccudukaTropbl Ha OCHOBE TI'0JIO-
COBaHUSI DEIleHuit 1o oTaenbHbIM ncrtounnkam (Majority Voting)
U Ha OCHOBe 0000IIEeHHON Mepbl i ancambiisd ucrounukos (General

Measure). Ilycrs Q@ = {wi,...,we}, ¢ = 2, — MHOXKECTBO KJIAC-
COB C ampHOPHBIME BepoaTHocTaME p(w;) > 0, tme XM =
= (Xi,...,Xy) — aHCcamMOiab WCTOUHUKOB;, X,, = {X, =
= (Tmi1y- - Tmv,,),m = 1,...,M, — mMHO)KecTBO N,,-MepHBIX
BeKTOpoB (06beKkToB) m-ro merounnka; xM = (x1,...,Xy) €
€ XM — obbext ancambis. Kiaccudukarop o6beKTOB U3 MHO-
xectBa X, BBIIOJHAET mIpeobpaszoBanme F,, : X,, — (); kjac-

cudukarop 06bekToB u3 ancambus XM — mpeobpazosanne FM

XM — . Ha MmuOecTBax X, 33/1aHbl Mepbl pasauaust d(X,,, Xm) =

N, .
= 30 (Xmn — Emn)?/02, ¢ mapamerpamu 0 < 02, < 00, n =

= 1,...,N,,; Ha ancambie XM — oGobiienHas Mepa passmdms
D(xM xM) = an\le Wind(Xpm, X ) ¢ Becamun W = {w,, > 0}. O606-
MIEHHAsT Mepa SBJISIeTCsS 0000IIeHneM MHOTOKOMITOHEHTHO MepbI, UC-
nosab3yemoit B [1]. Vcnosb3ysa anpuophoe pacupeieieHue KiacCoB
U yKa3aHHBIE MEPBI, BBE/IEHBI (DYHKIIMOHAJIBI CPEIHENl B3AMMHON WH-
dbopmaruu 1(X,,; Q) u Iy (XM: Q), coorsercTByiomue mpeobpazoba-
usMm Fy,, u FM. Tlpemaraemsrit Kpurepuii chOpMYJIHPOBAH B BHIE
HEPABEHCTBA
mVE[}X Z I(Xm;Q)izcwmw < %IW* (XM§Q)a
m=1 m=1 "m

rJe JieBasi 9acTh paBHa HamOOJbIIEH cpelHeil B3anMHON mHMOpMA-
nun MV kiaccudukaropa, qocturaemoii mpu Becax W*, a mpaBast —
cpeaneit B3anmuoit nadopmanyu GM knaccudukaropa mo 06001IeH-
Hoit mMepe ¢ Becamu W*.

Pabora nogmepxkana POPIU, mpoekTor 15-01-04671 u 15-07-09324.
[1] JIamee M. M., I'anebrnwx C.H., Jlanee A.M. MHoroksiaccoBoe pacro-

3HaBaHWE OOPA30B B MPOCTPAHCTBE IIPEJICTABJIIEHUII C MHOTOYPOB-

HEBBIM pa3pelleHueM // Mammmnnaoe O6y‘IeHI/Ie n aHaJUu3 JdaH-

meix, 2016. T. 2. Nel. C.70-88. jmlda.org/papers/doc/2016/nol/

Lange2016Recognition.pdf.
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Information criterion for comparison of metric
classifiers in ensemble of sources

Lange Mikhasil lange mm@ccas.ru
Moscow, Russia, FRC CSC RAS

Given ensemble of sources, MV classifier based on majority voting

decisions about individual sources and GM classifier based on

a general dissimilarity measure in the ensemble are investigated.

Let Q@ = {w1,...,wc}, ¢ = 2, be a set of classes with a priori

probabilities p(w;) > 0, and XM = (Xy,..., Xys) be an ensemble

of sources, where X,,, = {x; = (Tm1,..., Tmv,, )}, m=1,..., M, is

a set of N,,-dimensional vectors (objects) of the mth source, and x™

= (X1,...,xy) € XM is a composite object of the ensemble.

A classifier of the objects from the set X, and a classifier of the

composite objects from the ensemble XM produce the corresponding

transformations Fy,, : X,, — Q and FM : XM — Q. A dissimilarity
measure d(Xm,,Xm) = 22[21 (Tmn — Zmn)? /02, with the parameters
0<o?, <oo,n=1,...,N,,is given in each set X,,, and a general
dissimilarity measure D(xM xM) = an\le Wi d (X, X ) with the
weights W = {w,, > 0} is produced in the ensemble X*. The general
measure is a generalization of a multicomponent measure that is used
in [1]. Using the a priori probabilities and the above measures, the

functions of average mutual information I(X,,;) and Iy (X*;Q)

for F,, and FM transformations are defined. The suggested criterion

is formed by the JAnequality .

: Wm M,
mvz&me:lI(Xm,Q)Efnzl o < 7w (XM

where the maximum of the average mutual information of the MV

classifier (left part) is provided by the weights W* and the average

mutual information per one source of the GM classifier (right part)

is taken at the same W*.

Research is funded by the Russian Foundation for Basic Research,

grants 15-01-04671 and 15-07-09324.

[1] Lange, M.M., S.N. Ganebnykh, and A.M. Lange. 2016.
Multiclass pattern recognition in a space of multiresolution
representations. J. Mach. Learn. Data Anal. 2(1):70-88. Available
at: jmlda.org/papers/doc/2016/nol1/Lange2016Recognition.pdf
(accessed August 28, 2016).
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OueHka obbema BbIOOpKK B 3agadvax
knaccucukaumm

Mompenxo Anacmacus Ilemposra

anastasya.motrenko@phystech.edu

Poccus, Honronpyausiit, MOTU

Sasada ONeHKN 00beMa BBIOOPKW, BO3HUKAIOIIAs TPU ILJIAHAPO-
BaHUU YKCIIEPUMEHTA, COCTOUT B OIEHKE MUHUMAJHLHOIO KOJUIECTBA
U3MepeHnii HeKOTOPOro IHapamerpa min Habopa HapaMeTpoB, Tpe-
OyeMbIX JIJIsl BBIIOJHEHNsI HEKOTOPBIX 3apaHee ¢hopMympoBaHHBIX
ycaoBuit. Buibop MeTosa OneHKH 00beMa BBLIOOPKH OIPeIesIsieTCs
dopmymmpoBKoit 3tux yeaosuii. [lpemmaraercss MeTom ONEHKU 00b-
eMa BBIOOPKH, O0bEINHATONINI IacTOTHBIN 1 6aitecOBCKMIT TIOIXOIbI
K oreHke obbema BbiOOpKHU. IIpesmonaraercs, UTo Ha 3Tare coopa
JIAHHBIX 3aUKCHPOBAHO HECKOJBKO BO3MOXKHBIX Mojeseit. [Ipemra-
raeTcs MEeTOJ OIEHKH 00beMa BBIOOPKH, rapaHTUPYIONN, ITO OIl-
TUMAaJbHAs MOJEIL OyJeT BbIOpaHa ¢ JOCTATOYHO BBICOKOW BEpOST-
vocTbio. Ilpemaraemsrii crocod OreHKN 00beMa BBIOOPDKH OCHOBAH
HA CPABHEHWM ONEHOK (DYHKIUU PACIPEIECHIS JTaAHHBIX, [TOJIYICH-
HBIX Ha PA3JIMIHBIX MOIBLIOOPKAX UCcaeayeMoit Beioopku. Ha ocrnose
[IOJIyIA€MBIX OIEHOK JOCTATOYHOIO 00beMa BBIOOPKHU IMpejIaraeTcs
BBIOMPATDH ONTUMAJIBHBIN MOAXOM K MOCTPOEHUIO MOJEN KiIaccudu-
kamun. JaHHBIA TOAXOM, ABJSETCH OPUTHHAJBHBIM U IIPEIIAraeTCst
BrepBbie. [IpUBOAATCS PEKOMEHIAINN 110 UCIIOIL30BAHUIO TIPEJIJIAra-
€MOTr0 METOJIA JIJIsI OTIEHKH JIOCTATOIHOIO 00'beMa BBIOOPKH [IPU HAJIH-
9UU U30BITOTHOTO 00bEMA JAHHBIX U 110 KOPPEKTUPOBKE MOJIY IaeMbIX
OIIEHOK IIPY MOCTYIJIEHNH u3Mepernii [1].

Pabora noepxana rpantom PODIT Ne16-37-00111.

[1] Motrenko A., Strijov V., Weber G.-W. Bayesian sample size estimation
for logistic regression // J. Comput. Appl. Math., 2014. Vol. 255.
P. 743-752.
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Sample size estimation in classification problems

Motrenko Anastasia anastasiya.motrenko@phystech.edu
Dolgopudny, Russia, MIPT

The problem of sample size determination, which is an important
step in the design of experiments, involves estimation of the
minimal number of observations, required to satisfy some predefined
criterion. The choice of criterion defines the method of sample size
determination. A new method of sample size determination, which
combines frequentist and bayesian points of view, has been suggested.
It was assumed that several models were fixed before the data were
collected. The proposed method guarantees that the optimal will
be selected with sufficient probability. To verify this condition, the
probability distribution functions of model parameters, evaluated at
different subsamples, have been compared. The estimates of sample
size for each model were then used to select the optimal model. It
is discussed how the proposed method can be used is cases where
(i) no data are available before the study; (i7) an excessively large
sample is available; and (i74) a medium-size (insufficient) sample is
available [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-37-00111.
[1] Motrenko, A., V. Strijov, and G.-W. Weber. 2014. Bayesian sample size

estimation for logistic regression. J. Comput. Appl. Math. 255:743-752.
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CokpauwieHne pa3smepHOCTUN NPU3HAKOBOIO
NPOCTPaHCTBA Ha OCHOBE KpPUTEpUs pa3faeMMoCcTu
KJ1laccoB

Hemupro Anamoauti Ilagrosuy apn-bs@yandex.ru
Poccusi, Cankr-Ilerepoypr, CIIGI'DTY «JI9TU»

PacemarpuBaercs smueiiHoe mpeobpa3oBaHUEe JAHHBIX B MHOTO-
MEPHOM IIPU3HAKOBOM IIPOCTPAHCTBE Ha OCHOBe Kpurepus Puirepa.
HuckpumunanTHblil anaians Puirepa 1o3BoJisieT COKPATUTh pa3Mep-
HOCTb HCXOJIHOTO IIPOCTPAHCTBA U INPUMEHHUTH PA3JINYHbIE METO/IbI
paCIO3HABAHUS B IOy I€HHOM [IPOCTPAHCTBE MEHBIIIEH PA3MEPHOCTH.
BBesienne 100aBOYHBIX BECOBBIX BEKTOPOB ITO3BOJIAET OOJiee TOIHO
[IPEJICTABUATH B3AUMHOE TIOJIOZKEHIE KJIACCOB B PE3YIBTUPYIOIIEM IIPO-
crpancTse. [Ipenoxkena mporeaypa /il PEKYPPEHTHOI'O BBIYHCIIE-
HUs BECOBBIX BEKTOPOB, KOTOpbIEe 00pa3yioT HOBbIe npusHaku. Jlis
JINHEHOM KJtaccunUKAIUU B COKPAIIEHHOM ITPOCTPAHCTBE TPU3HAKOB
paccMoTpena Mepa OJIM30CTH KJIACCOB HA OCHOBE OIEHKU MUHUMAJThb-
HOT'O PACCTOSIHUSI MEXKJIy BBIMYKJIBIMI 00OJI0UKaMu KJraccoB. [Ipes-
JIOKEH aJI'OPUTM BBIYUCJEHUS TAKOI'O PACCTOSAHUS JJI JIBYMEDPHOTO
npocrpancrsa. Ha npumepax mokasaHo, 9To 3a cder 0OoJiee TOYHO-
IO IPEJCTABJIEHUS JAHHBIX C [TOMOIIbIO HAWIEHHBIX IIPU3HAKOB OHU
[TO3BOJIAIOT OOHAPY KU TH JTMHEHHY 0 PA3IEIUMOCTD KJIACCOB, KOTOPYIO
METOJIAMHU TJIABHBIX KOMIIOHEHT M KJIACCHIECKOTO JIMHEIHOTO INCKPU-
muHaHTa Puinepa oGHAPYKUTH He yiaercs |[1]. Pesymbrarsr ncnosn-
30BaHbI B 33/a9aX aBTOMATUYECKOI0 aHAJIN3a OUOMETUITMTHCKIX TaH-
HBIX.

Pabora nogmepxkana rpanramu PODU 15-07-01790 u 16-01-00159
u memunuackuM mpoekroM CardioQVARK — kapauorpamma ¢ mo-
Mornpio Teaedona (www.cardiogvark.ru).

[1] Nemirko A. P. Transformation of feature space based on Fisher’s linear
discriminant // Pattern Recogn. Image Anal., 2016. Vol. 26. No.2.

P. 257-261.
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Reduction of feature space dimension
based on separability criterion

Nemirko Anatolii apn-bs@yandex.ru
Saint Petersburg, Russia, ETU

Linear transformation of data in multidimensional feature space
based on Fisher’s criterion is considered. Fischer’s discriminant
analysis enables to reduce the dimension of initial space and
to apply various methods of recognition in the derived space of
smaller dimension. Introduction of additional weight vectors allows
to represent the mutual location of classes in the resulting space
more precisely. Procedure for recurrent calculation of weight vectors
which form new features is suggested. For linear classification in
the reduced space of features, the measure of proximity of classes
is considered. It is based on the assessment of the minimum distance
between convex covers of classes. The algorithm for calculation of
such distance for two-dimensional space is proposed. The considered
examples show that the newly found features which represent the
data more accurately make it possible to achieve linear separability
of classes which remains impossible using the technique of principal
components and the classic Fisher’s linear discriminant [1]. The
obtained results are used in the tasks of the automatic analysis of
biomedical data.

This research is funded by the Russian Foundation for Basic
Research, grants Nos. 15-07-01790 and 16-01-00159, and by medical
project CardioQVARK — Cardiogram by Phone (www.cardiogvark.ru).
[1] Nemirko, A. 2016. Transformation of feature space based on Fisher’s

linear discriminant. Pattern Recogn. Image Anal. 26(2):257-261.
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Pewatouwme npasuna ans aHcambns us ueneii
BEPOSATHOCTHbIX KJaccndnKaTopoB Npu peLieHnmn
3apa4 knaccudpmkayuum ¢ nepeceKaroLwmnmMncs
Knaccamu

Ocmaney, Andpet Aanexcarndposun aostapec@mail.ru
Poccusi, Mocksa, MI'Y

PacemarpuBaercs 3amada KiaaccuUKAIMT C IEPECEKAIOITUMUCS
kJgaccamu. VccieoBaHo IMpUMeHeHHe aHcaMOJIs U3 Tierneil BeposiT-
HOCTHBIX KJIACCH(UKATOPOB C UCIOJIH30BAHUEM OCHOBHBIX THIIOB pe-
MIAIONIIX TPABUI J1Jisi (POPMUPOBAHNS UTOTOBBIX MPEJICKA3AHUIA.

Cxema pelreHnsi pacCMaTPUBAETCs C TOYKH 3peHus ajredpa-
MYIECKOro mojxofa. AyrebpandecKuil MOIXOJ 3aKII0UIACTCA B IPe]l-
CTaBJIEHUN AJITOPUTMA PEIeHns 33/1a9i B BHJIE CYHEPIO3UIUN JBYX
asroputMoB. Ha mepBoM 3rare cTpouTCsl EPBbIH aaroputM (pacto-
SHAIONMI OIEPATOp), KOTOPBIH B KAUeCTBE OTBETA BBIIAET BEKTOD
OTEHOK IIPUHAJIE?KHOCTHU K KayKJIOMY U3 KJIAcCOB. B KadecTBe pacio-
3HAIOIIUX OIEPATOPOB PACCMATPUBAIOTCS CJIEIYIOIIHE CeMENCTBA aJl-
ropuTMOB: JinHefiHbIe KiaaccudukaTopbl (6a30Bble KIacCuPUKATOPDI ),
LIEIIb BEPOSATHOCTHBIX KJIacCU(UKATOPOB U3 JINHENHBIX KJyaccuduka-
TOPOB U aHcaMOJIb U3 Teneil BEpOATHOCTHRIX Kiaccudukatopos. Ha
CJIEIIYIONEM 3Talle BTOPOil aJropuTM (perraoiiee MIpaBuio) TPAHC-
dbopMupyeT 3TOT BEKTOD OIEHOK B (buHAIBHBIN oTBeT. [IpuBemen 06-
30D OCHOBHBIX THUIIOB PEMIAIOIINX IPABUII, U UCCJIEI0BAHO MX IIPUME-
HEHUE JIJI PA3IHIHBIX PACIO3HAIOIIIX OIEePATOPOB.

DKCIEPUMEHTAJILHO TOKA3aHA BO3MOXKHOCTH 3(DHEKTUBHOTO HC-
[TOJIb30BAHMS PEIIAIONINX [IPABUJI, IIOCTPOEHHBIX HAJ[ PE3y/IbTaTaMU
IPOrHO30B 6a30BbIX Kiaccuduraropos [1].

[1] Ocmaney A. A. Pemaromme npasusia mia ancamOJis U3 meeil BeposT-

HOCTHBIX K.Ha.CCI/I(i)I/IKaTOpOB IIpU pelieHnu 3a/av KJI&CCI/ICbI/IKaLH/II/I C 11e-

peceKaromuMucs Kiaaccamu // Mamunaoe o0y ueHre n aHajin3 JaHHbIX,
2016 (B meuarn).
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Decision rules for ensembled probabilistic classifier
chain for multilabel classification

Ostapets Andrey aostapec@mail.ru
Moscow, Russia, MSU

This work considers using of the main types of decision rules for the
multilabel classification task.

The algorithm is presented as a superposition of two algorithms:
a recognition operator and a decision rule. The recognition operator
converts feature vectors of objects to be recognized into scores for
each class. This work considers several families of algorithms to be
the recognition operator: linear models (base classifiers), probabilistic
classifier chain of linear models, and ensembled probabilistic classifier
chain. The decision rule converts the scores into final answers. In
this survey, main types of decision rules are described and their
performance for several recognition operators is also shown.

It is experimentally demonstrated that the quality of the forecast
of the proposed composition exceeds the quality of the base
classifiers [1].

[1] Ostapets, A. 2016 (in press). Decision rules for ensembled probabilistic

classifier chain for multilabel classification. J. Machine Learning Data
Anal.
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O B3aumMoCBA3U Mep K1aCTepoB MU pacnpepeneHunii
PaACCTOSAHUI B KOMMAKTHbIX METPUYECKUX
NPOCTpPaHCTBax

ITywnaros Aaexcetli Cepeeesun pushnyakovalex@mail.ru

Honronpyausrit, Poccuss, MOTU

PaccmarpuBaercs KOMIAKTHOE METPUYECKOE IIPOCTPAHCTBO (X, p)
¢ orpaHmvennoit bopesesckoit mepoit u. Ilom r-xaacmepom monuma-
eTcs J000e M3MEPUMOe MHOXKECTBO Jmamerpa me Oosee r. Habop,
cocrosmuit u3 k 2r-KiaacTepoB, HA30BEM T-KAGCMEPHOT Cmpykmypot
nopadka k, ecim Jio0Oble J1Ba Kjaacrepa HabOpa OT/E/IeHbl HA PACCTO-
sune He MeHee 1. [lom Mepoit KacTepHOM CTPYKTYPhI MOHIMAETCS
cyMMapHasi Mepa KJACTEePOB, BXOJANMX B Hee. Vcmosb3yst Teopemy
Basiike, MOXKHO MOKA3aTh, 9TO CPEJH BCEX T-KJIACTEPHBIX CTPYKTYD
nopsiika k HalgeTcs CTPYKTypa MakcuMaJbHOit Mmepol X*. Uccnemry-
€TCsl 3aBUCUMOCTD Besinaudbl 1 X™) oT pacipeesieHus pacCcTOAHUiL.
OCHOBHOI1 BOITPOC COCTOUT B CJIEIYIONIEM: KAKUE OTPAHUICHUS HYKHO
HAJIOXKUTH HA Paclpe/ieJieHue paccrosuuil, arobnl (1 X™*) Obuia 6auska
K 1(X)? Ipegaraercs ciemyomast UCKPETU3AIMS PACIPEIeIeHIs
paccrosiauil: mapy Touek (z,y) € X2 HazoBeM KOPOMKUM PEGPOM,
eciu p(x,y) < 15 daunnvim pebpom, ecau p(x,y) > 3r, u cpednum
pebpom unade. Habop Touek (x1,...,Tx) HA30BEM GHMUKAUKOT NO-
padka k, ecmu p(x;,x;) > r opu Beex 1 < i < j < k. Ilorpebyenm,
9TOOBI B METPUUIECKOM TipocTpancTie (X, p) Mepa cpesHux pebep Obl-
JIa MQAG B CIIEJIYIONIEM CMBICTIe:

p{(z,y) € X2:r < p(x,y) <3r} < ap(X)?, (1)

a Mepa aHTUKJIUK Topsijika k 4+ 1 ObLIa Maaa B CIEIYIONEM CMbBICIIE:
p{(@1, . ) € XM pla, ) >,

1<i<j<k+1} <Bu(X)™, (2)

rae a, 8 > 0 — napamerpsl. OCHOBHBIM DPe3yJIbTaToOM PabOThl SBJIsl-
€TCsl HUKHSIS OlleHKa BesqmauHbl (1 X™*) npu orpanmyenusix (1) u (2):
*

““f)21—v6@k+1y—@@+1y+mﬁ”W“X

p(X)
Buauasie JaHHAs OLEHKA MOJIY9IaeTCsl JJIsi KOHETHOTO HOJLyMeTputie-
CKOTO MPOCTPAHCTBA, & 3aTE€M C IIOMOIIBIO TEOPeMbl Birsamnike 0600mma-
eTcs Ha CIydail KOMIAKTHOTO MIPOCTPAHCTBA.
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Interdependence of clusters measures and distance
distribution in compact metric spaces

Pushnyakov Alexey pushnyakovalex@mail.ru
Russia, Dolgoprudny, MIPT

A compact metric space (X, p) is given. Let p be a Borel measure
on X. By r-cluster, let mean a measurable subset of X with diameter
at most r. A family of k 2r-clusters is called an r-cluster structure
of order k if any two clusters from the family are separated by
a distance at least r. By measure of a cluster structure, let mean
a sum of clusters measures from the cluster structure. Using the
Blaschke selection theorem, one can prove that there exists a cluster
structure X'* of maximum measure. Let us study dependence p(X*)
on distance distribution. The main issue is to find restrictions for
distance distribution which guarantee that p(X*) is close to p(X).
Let us propose the following discretization of distance distribution.
Let say that a pair (z,y) € X? is a short edge if p(x,y) < 7,
(x,y) is a long edge if p(x,y) > 3r and (z,y) is a medium edge
otherwise. A sequence (z1,...,x)) is called an anticlique of order
kif p(x;,x;) > rforall 1 < i < j < k. Suppose, one has the following
conditions for measure of medium edges

p{(z,y) € X2:r < p(z,y) < 3r} < ap(X)? (1)
and anticliques of order k:
pl(zr, . wign) € XM plag, ) >
1<i<j<k+1}<Bu(X)* (2)

Under conditions (1) and (2), the following lower bound for p(X™)
has been proved:

p(X)
(X))

First, this bound was obtained in the case of a finite metric space
and then, it was generalized for a compact metric space.

>1—va@k+1)— (kle+1)+1)gY/ED,
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O meTpuyecknx NPoCTpaHCTBaX, BO3HUKAOLLNX
npu cpopmannsaynn 3agay4 pacnosHaBaHus
n KJ'IaCCI/I(bI/IKaLI,I/II/I: CBOICTBA KOMMAKTHOCTU
Topwun Hean FOpvesur’ tiyl1357@yandex.ru
Pydaroe Koncmanmun Baadumuposus'>x rudakov@ccas.ru
YPocens, Jomaronpyausrii, MOTH
2Poccust, Mocksa, NI Y PAH

B xonTexcTe anredpandeckoro mojaxoja K pPaclio3HaBAHUIO Hay d-
noit mkosel 0. . ZKypasiiésa meTpudeckuii aHaJN3 TPU3HAKOBBIX
onucaHuit HeOOXOMMM JIJIst TOJIyI€HUs AJCKBATHBIX TOCTAHOBOK IIJIst
10X0 (bOPMAJIM30BAHHBIX 3a/ad PacClHO3HABAHU/KIaCCUDUKAIIUN.
IIpobaemaruka hopmaam3aum 3a1a9 paclo3HABAHNS JICZKAT HA CThI-
K€ MEXK/ly «KOHTPOJIMPYEMbIM» (anea. supervised) u « HEKOHTPOJIUPY-
eMbIM oOyveHneM» (anza. unsupervised machine learning). IIposenen
aHAJIN3 KOMIIAKTHOCTH METPHYECKUX IIPOCTPAHCTB, BO3HUKAIOIIUX
B xoze dopMam3anun 3ajad pacrnosnaBaHus. lcciemoBanbl He-
00XOUMbIE W JOCTATOYHBIE YCJIOBUS KOMIIAKTHOCTH METPUIECKUX
[IPOCTPAHCTB HAaJ| PeIleTKaMU MHOXKECTB IIPU3HAKOBBIX OIIMCAHUI.
ChopMystnpoBaHbI MOIXOIbI K MOMOJHEHUIO U3y IA€MbIX JINCKPETHBIX
METPUIECKHUX [IPOCTPAHCTB (IIOMOJHEHNE PACIINPEHUEM PEIeTKH W
Bapuarueii onenkn). [Tokazano, 4To npu aHaju3e KOMIAKTHOCTH MET-
pUYECKUX IPOCTPAHCTB MOT'YT OBITD TOJIY Y€HBI HCIOJIb3YEMBbIE B KJIaC-
TEePHOM aHAJIM3€ IBPUCTUIECKUE KPUTEpUn Kjaacrepa. B xoje anasm-
3a CBOMCTB KOMITAKTHOCTU BO3HUKAET I[EHTPAJIBHOE IIOHITHE PO-CETU
KaK IIOJIMHOXKECTBA TOYEK, II03BOJISIONIEr0 OIEHUTH IIPOM3BOJILHOE
PACCTOsIHUE B TPOU3BOJILHON METPUUYECKON KOoHbUrypanun. Anaims
CBOICTB KOMIAKTHOCTU U BBOJAUMBIA HOHATHUIHBIN ammapar (po-ce-
TH U uX QPYHKINOHAJIBI KAYECTBA, YCIOBIUE METPUIECKOIO JTNATIA30HA,
i- U PO-CIIEKTPBI, SICUIOH-OKPECTHOCTU B METPUYECKOM KOHYCE, SII-
CHJIOH-M30MOP(hU3M MOHBIX B3BEIIEHHBIX I'PAdOB U JIP.) MO3BOJISIIOT
[IPUMEHATH MeTO/bl (DYHKITMOHAJIBHOIO aHAJIN3a, TEOPHs BEPOSTHO-
cTeil, MeTPUIECKO TeOMeTpUHN U Teopun rpadoB /s aHAIN3a TIJI0X0
dopmasmzoBaHHbIX 38184 pacno3HaBanud u Kiaaccudukanuu [1]. Pa-
6ota BoITToIHEHa TTpu T AepkKe rpanToB PODIT NeNe 12-07-00485,

12-07-00457, 13-07-12053 u 14-07-00852.

[1] Torshin I. Yu. Rudakov K. V. Metric spaces in formalization of
problems of recognition and classification // Pattern Recogn. Image
Anal., 2016. No. 4. P. 145-155.
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On metric spaces arising during formalization
of problems of recognition and classification:
Properties of compactness

Torshin Ivan' tiy1357@yandex.ru
Rudakov Konstantin®?x rudakov@ccas.ru
'Dolgoprudniy, Russia, MIPT

2Moscow, Russia, FRC CSC RAS

In the context of the Zhuravlev’s algebraic approach, metric
analysis of the feature descriptions is required to obtain adequate
formulations for poorly formalized problems of recognition/classifi-
cation. Problematics of formalizing the recognition problems lies at
the junction between supervised machine learning and unsupervised
machine learning. This work presents results of analysis of compact
metric spaces arising during the process of formalization. Necessary
and sufficient conditions of compactness of the metric space over
lattices of sets of features have been investigated and approaches
to study to completeness of the studied discrete metric spaces
(completion by lattice expansion or completion by variation of
the lattice isotonic estimate) have been obtained. In particular,
it is shown that the analysis of compactness of metric spaces
leads to some of the heuristic criteria of clusters commonly used
in the cluster analysis. During the analysis of the properties of
compactness, an important concept of a “ro-network” as a subset
of points of an arbitrary metric configuration arises that allows to
estimate any distance in the configuration. The conceptual apparatus
introduced (ro-networks, functionals of their quality, the condition of
the metric range, i-spectra and ro-spectrum, epsilon-neighborhood
in a metric cone, epsilon-isomorphism of complete weighted graphs,
etc.) makes it possible to use various methods of functional analysis,
probability theory, metric geometry, and graph theory to analyze
poorly formalized problems of recognition and classification [1].

This research is funded by RFBR, grants Nos. 12-07-00485, 12-07-
00457, 13-07-12053, and 14-07-00852.
[1] Torshin, I. Yu., and K. V. Rudakov. 2016. Metric spaces in formalization

of problems of recognition and classification. Pattern Recogn. Image
Anal. 4:145-155.
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MporHo3upoBaHue pe3ynbLTaToOB 00yYeHUs1 CTYAEHTOB
C UCMNO/Ib30BaHNEM CMELLUAHHbIX ANArHOCTUYeCKnx
TEeCcToB N 2-CMMNEKC NPU3Mbl

SAnroscran Anna Epumosnal?>*x ayyankov@gmail.com

emenmuves FOputi Huxonraesur' dementev@tpu.ru
D p

Amwarnose Apmem Bsavecrasosur® yav@keva.tusur.ru

Janynos Jdanua FOpvesuy®? lyapdy@gmail.com

!Poccust, Tomck, TTACY
2Poccus, Tomek, H TI'Y
3Poccust, Tomck, TYCYP

Poccus, Tomek, TITY
IIporaosupoBanne pe3yabTaTOB OOyUEHUsT CTYACHTOB SABJISIETCS

BeCchbMa aKTyaJIbHOM 3a/1adeil B 0bpa3oBaresbHOM mporecce. O6cyx-
JaeTCs TEKyIee COCTOSHNE UCCICIOBAHUN B 00JIACTU 3JIEKTPOHHOIO
obyuenus. [IpuBojiaTcss MaTeMaTndecKne OCHOBBI OIEHKU OOy UIeHUsT
CTYJIEHTOB Ha OCHOBE CMeNaHHBIX quarHoctudeckux tectos (CIT).
OnmceiBalOTCsl B4 KOTHUTUBHBIX CPEACTBA: 2-CUMILIEKC U 2-CHM-
IUIEKC TPU3MA; MATEeMATHIECKHe OCHOBBI U CIIEIU(UKA BU3YaIN3a-
nuu. [Ipegyaraercst HOBBII TOIXO K IPOTHO3UPOBAHUIO PE3Y/ILTATOB
obyuenusi, ocHoBanublii Ha CHT u 2-cummiekc npusme (cM. pucy-
HoK). [IpuBomgrcsa pesysbrarbl 06pabOTKH TECTOB Jyisd CTYJEHTOB
U IIPUMEPBI UX BU3YAJU3AIUH C UCIOJb30BAHUEM 2-CHMILIEKC ITPU3MbI
ans kypea «Selected Chapters of Electronicsy. Obcyzkmaercs mpen-
JIO2KEHHBII TTO/IX0/T IPOTHO3UPOBAHNUS U KOTHUTUBHAS BU3YaTU3AIINS.
OmnucbiBaercs crenuduka Kpocc-IIaTdOPMEHHOM IPpOrpaMMHON pe-
AJIN3AINN KOTHUTUBHBIX CPEJICTB, MHBAPUAHTHBIX K ITPOOJIEMHBIM 00-
nactsM. OBCyKIAI0TCsT PE3YIIbTATHL U JajIbHeIe ucceosanust [1].

IIporuosupoBanue ¢ npuMeHEHHEM
2-CHUMILIEKC ITPU3MBI

Pabora nmoiepxana rpantom POOU Ne16-07-00859 n wacTuaro
rpaaTom PODU Ne14-07-00673a.

[1] Yankovskaya A., Dementyev Yu., Yamshanov A., Lyapunov D.
Prediction of students’ learning results with usage of 2-simplex prism
and mixed diagnostic tests // Mamuunoe o0y4eHne u aHaIu3 JAHHBIX,
2016 (B meuarn).
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Prediction of students’ learning results with usage
of mixed diagnostic tests and 2-simplex prism

1,2,3,4

Yankovskaya Anna * ayyankov@gmail.com
Dementyev Yury' dementev@tpu.ru
Yamshanov Artem? yav@keva.tusur.ru

Lyapunov Danil>*

!Tomsk, Russia, TSUAB
2Tomsk, Russia, TSU
3Tomsk, Russia, TUSUR
4Tomsk, Russia, TPU

lyapdy@gmail.com

Prediction of students’ learning results is one of the “hottest”
problems in modern learning process. Current state of research in
e-learning area is discussed. Mathematical framework of students’
learning results assessment on the base of mixed diagnostic tests
(MDT) is given. Cognitive tools 2-simplex and 2-simplex prism, the
mathematical basis, and visualization essentials are described. A new
approach to the prediction of students’ learning results, based on
MDT and 2-simplex prism (see the figure), is proposed. Students’
test results for course “Selected Chapters of Electronics” and examples
of their cognitive visualization are given. The proposed approach to
prediction and cognitive visualization are discussed. Specificity of
cross-platform software implementation of cognitive graphics tools
invariant to problem areas is described. Results and future research
are discussed [1].

Prediction with 2-simplex prism
application

This research is funded by the Russian Foundation for Basic
Research No. 16-07-00859 and partially No. 14-07-00673a.
[1] Yankovskaya, A., Yu. Dementyev, A. Yamshanov, and D. Lyapunov.
2016 (in press). Prediction of students’ learning results with usage of

2-simplex prism and mixed diagnostic tests. Machine Learning Data
Anal.
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BoccTaHoBneHue npoun3BoibHbIX HEeCTaLMOHAPHbIX
3aBUCUMOCTEN B JINHENHOM NPOCTpPaHCTBE
HabnogeHui

Kpacomxuna Oavea Bauecnasoena' o.v.krasotkina@yandex.ru
Mommuas Badum Bauecarasosun? vmottl@yandex.ru
Typxoe ITasen Anamonavesun’x pavel-turkov@yandex.ru

'Poccus, Mocksa, MI'Y
2Poccnst, Mocksa, ®UIT IY PAH
3Poccus, Tymna, Tyal'y
IIpeamosoxkenne o0 TOM, UTO BCAKHI OOBEKT PeATLHOIO MUPA
IIpe/ICTaB/IAeTCs B KOMIIBIOTEpe KaK TOYKA JMHEHHOT'O IIPOCTPAHCTBA,
MMO3BOJISIET TTOCTPOUTD €IMHYIO METOOJIOTHAI0 BOCCTAHOBJIEHUS 3aBU-
CHMOCTEH IO MHOYKECTBY IIPEIIEICHTOB, JIOITYCKAIONTY IO U3MEPEHNe TIe-
JIEBOIT XapaKTEPUCTUKU OObEKTa B MPOU3BOJIBHON mikase. OT 310t
[IKAJIbl 3aBUCHT JIUIIb BBIOOD TaK HA3bIBAEMOIl ITapaMeTpPUYecKOit
bYHKIMM 0TEPh, CO/IEPKAIIEil TPU apryMeHTa: CIeludUIecKyIo Ie-
JIEBYIO TIEPEMEHHYIO U JIB€ TOUYKH JITHEITHOTO MTPOCTPAHCTBA, OJTHA U3
KOTOPBIX 0TOOpazKaeT HabJ/IIomaeMble CBOMCTBA O0OBEKTA, a BTODPAs,
Ha3bIBaeMasl HAIIPABJISIONIEH TOYKON, TOJTHOCTBIO OIIPeIeIaeT MOIETh
3aBUCUMOCTH B JIAHHBII MOMEHT BpeMeHHU. Ipyrum BasKHeHIuM dJie-
MEHTOM METOJOJIOTUN SIBJISIETCS PeryJsipusyiomas MyHKIS OT Ha-
[IpaBJISIONIell TOUKM JIMHEIHOTO IIPOCTPAHCTBA, WM, B BEPOSITHOCT-
HBIX T€PMUHAX, €€ AIPUOPHOE PACIIPEJEICHIE, BHIOOP KOTOPOro He
CBSI3aH C THUIIOM UCKOMOM 3aBHCHMOCTH. B mammoit pabore 310 pac-
npelesieHue pacCMaTpruBaeTcd KaK MApKOBCKU cydalHblil IIponecce,
pasBuBaloiuiics Bo Bpemenn. OOydueHne B peajibHOM BPEMEHH CBO-
JUTCS K OIEHUBAHUIO JIBYX €r0 IapaMeTpPOB — pPa3MepHOCTU Oas3uca
B HCXOJTHOM JIMHEMHOM ITPOCTPAHCTBE U BOJATHILHOCTH HECTAITMOHAD-
HOH 3aBUCHUMOCTH 10 BpeMEHH. XOTs BUJ TEKYIIEr0 allOCTEPUOPHOTO
pacrpe/ieJIeHrs HATTPABJIAIONIEH TOUYKHA 3aBUCUT OT THUIIA TIEJIEBOH ITe-
PEMEeHHO1, ero HopMaJjbHasl AIIPOKCUMAIUs 0DecleYnBaeT yHUBED-
CaJIbHOCTD aJropuT™Ma o0yueHns: Ha ocHose dbuiabrpa Kamvana [1].
Pabora nognepxana rparrom PODU Ne14-07-00964.
[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 / Ed. P. Perner. —

Lecture notes in computer science ser. — Springer, 2016. Vol. 9729.
P. 614-629.

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Linear Predictive Models 47

Estimation of arbitrary nonstationary dependences
in a linear observation space

Krasotkina Olga’ o.v.krasotkina@yandex.ru
Mottl Vadim? vmottlQyandex.ru
Turkov Pavel’« pavel-turkov@yandex.ru

'Moscow, Russia, MSU
2Moscow, Russia, FRC CSC RAS
3Tula, Russia, TulSU

The assumption that any real-world object is represented in the
computer as a point of a linear space allows for constructing a unified
technique of dependence estimation from a set of precedents, which
admits for measuring the object’s goal characteristics in an arbitrary
scale. In this work, a nonstationary formulation of the generalized
dependence-estimation problem has been considered. The scale of the
goal variable affects only the choice of the so-called parametric loss
function that contains three arguments: the goal variable and two
points of the linear space, one of which is the image of the observable
properties of the object, whereas the second one, called the direction
point, completely determines the model of the dependence at the
current moment of time. Another crucial element of the technique is
the regularization function of the direction point or, in probabilistic
terms, its a priori distribution, the choice of which is not tied to the
kind of the sought-for dependence. The latter distribution is treated
here as a Markov random process on the time axis. The real-time
training consists in estimating two parameters of the hidden process:
the dimensionality of the basis in the initial linear space and the time-
volatility of the nonstationary dependence. Despite the fact that the
class of the current a posteriori distribution of the direction point
depends on the kind of the goal variable, a normal approximation of
this distribution provides the universality of the training algorithm

which is based on the Kalman filtration principle [1].

This research is funded by the Russian Foundation for Basic

Research, grant 14-07-00661.

[1] Turkov, P., O. Krasotkina, V. Mottl, and A. Sychugov. 2016. Feature
selection for handling concept drift in the data stream classification.
Machine learning and data mining in pattern recognition. Ed. P. Perner.
Lecture notes in computer science ser. Vol. 9729. P. 614-629.
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PacemarpuBaercs 3a1ada obydeHust o mperneieHTaM, B KOTOPOii
00BEKTHI YIIOPSI0YEHBI BJIOJIb HEKOTODPO KoopauHaTsl. Jlomosinn-
TEJIBHO IIPEIIOoJIaraeTcs, YTO UCKOMasl 3aBUCHUMOCTDH U3MEHSETCS BO
BPEMEHH, YTO B TEPMHUHAX JIMHEIHOI perpeccun Jinbo pacro3HaBaHUs
JIBYX KJIACCOB OOBEKTOB O3HAYAET CBOI HAOOD IJIEMEHTOB HAIIPAB-
JIATONIETO BEKTOPA B KaXKIbI MOMEHT BpeMeHd. Takas MOCTAHOBKA
SIBJIETCSL HEKOPPEKTHO 6€3 TPUHSATUS JOMOTHUTEIbHBIX IIPEJIIT0JI0-
JKEHUil 0 XapakTepe M3MEHEHUs HAIIPABJIAIONIEro BekTopa. B Kade-
CTBE AlPUOPHON MOJENH €ro JAMHAMUKU PacCMATPUBAETCA MapPKOB-
CKUH CIIydailHBII IIporece, BasKHEUINM CTPYKTYPHBIM IapaMeTpPOM
KOTOPOTO $IBJISIETCS €0 BOJATIWILHOCTD, U3MEHEHNE KOTOPOU OT HYJIsI
10 GECKOHETHOCTHU OIpPEE/IseT MOCIeI0BATEIbHOCTD OYTH BJIOYKEH-
HBIX KJIACCOB MOJIeJIell IMHAMUKH CKPBITOro 1porecca. Ha cerommsi-
HUU JIEHDb JJIs PEIlleHns] OlEHMBAHUS CTPYKTYPHOIrO IapameTrpa Bo-
JIATWJIBHOCTH B HECTAIMOHAPHBIX MOJEJSAX B OCHOBHOM HCIIOJIB3Y-
FOTCS KPOCCBAJIUIAIIMOHHBIE METO/IbI, KOTOPbI€ CKJIOHHBI K BBIOODY
CJIIIIIKOM CTaITMOHAPHBIX MOJIesieil, UYTO B psAjie MPAKTUIECKUX 3a-
J1a9 fABJISeTCs HelpueMJeMbIM. BiiepBble IpesioyKeHO UCII0Ib30BATh
JUIs TI0100pa CTPYKTYPHOrO IapaMerpa KpPUTepuil 000CHOBAHHOCTH
HepapXu4vecKOil BepOATHOCTHON MO/e/IN HECTAllMOHAPHON JIMHEHHON!
perpeccun. 1IpoBeneHo sKCIEepUMEHTAJIBHOE CpaBHEHUE TPEJJIOXKEH-
HOTO c11oco0a OIEHNBAHUS CTPYKTYPHOTO ITapaMeTPa BOJATUIBHOCTH
€ KPOCCBAIMIAIMOHHBIME CIIOCObaMu Toa00pa mapamerpa u 00o01Ie-
HreM MHOOPMAIMOHHOTO Kputepnes: Akanke [1].

Pabora noepxana rpantom PODI Ne 14-07-00964.

[1] Kpacomxuna O.B., Mommav B. B. Vlcnonb3oBanue Kpurepusi 060CHO-
BAHHOCTU MOJIEJN M TOa00pa CTPYKTYPHBIX IapaMeTPOB B 3ajatde
BOCCTAQHOBJICHIsI HECTAIMOHAPHON JmHeliHoil perpeccun // 3Bectus
Tyasckoro roc. yu-ta, 2016 (B megarn).
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The problem of supervised learning, in which the objects are arranged
along some axis, usually time, has been considered. It is assumed,
in addition, that the sought-for regression dependence is changing
over time. However, such a learning problem statement is incorrect
without additional assumptions about the nature of changes in
regression coefficients. As the a priori model of the coefficient
dynamics, a Markov random process that contains a structural
parameter having the sense of the volatility of hidden process has been
considered. The volatility parameter ranges from the full invariability
of regression coefficients in time to their absolute independence
of each other. The leave-one-out cross-validation in nested sets of
data models is traditionally considered in Machine Learning as the
basic instrument of finding the most appropriate values of structural
parameters. But in the case of nonstationary models, they lead to
excessively static estimates of the hidden process that is unacceptable
in a number of practical situations. In this paper, a new criterion for
time-volatility adjustment, which is based on the evidence estimation
for hierarchical probabilistic model of time-dependent data, has been
proposed. An integral part of the work is a detailed comparison
of the proposed method with the cross-validation procedure and
generalized Akakike criterion [1]. This research is funded by the

Russian Foundation for Basic Research, grant 14-07-00964.

[1] Krasotkina, O.V., and V.V. Mottl. 2016 (in press). Ispol’zovanie
kriteriya obosnovannosti modeli dlya podbora = strukturnykh
parametrov v zadache vosstanovleniya nestatsionarnoy lineynoy
regressii [Use of the model of the validity criterion for the selection of
the structural parameters in the problem of recovery of nonstationary
linear regression|. Izvestiya Tul’skogo gos. un-ta [News of the Tula
State. Univ.]
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AstropurMudeckasi peaju3alys MPUHIUITA TPOBEPKH 000CHOBAH-

HOCTHU MOJIEJIU B 33/1a9aX BOCCTAHOBJICHIS 3aBUCUMOCTEN TpeOyeT BbI-

YUCJICHUS CMECH YCJIOBHBIX pacIIpe/ie/IeHUi 11eJIeBOI IIepeMeHHOII MO-

e (marginal likelihood) orHOCHTENBEHO €€ mapamerpa, AlPUOPHOE

pacIpe/iejieHrie KOTOPOI'0 UrpaeT POJIb PEryJIsdpU3YIONIEro CMeIInBa-

fommero pacupenesnaennst. OO0OMEHHBIN TUHEHHBINH TOAX0D K BOCCTA-

HOBJICHUIO 3aBUCHMOCTEl OCHOBAH Ha MOHUMAHUU ITOTO MapameTpa

KaK TOYKH B TOM K€ JIMHEHHOM IIPOCTPAHCTBE, B KOTOPOM IIpeJi-

CTaBJIEHBl OOBEKTHI PEAJbHOTO MHpa. DTO MO3BOJIAET 0e3 moTepn

ODIITHOCTH OI'PAHUYUTHCH KJIACCOM CMEIINBAIONINX AlPUOPHBIX Pac-

peie/IeHN i, TTOCTPOEHHBIX HA OCHOBE HOPMAJILHOTO PACIIPEIe/IeHUS.

OpHako mapaMeTpUvecKoe CEeMeiCTBO CMENINBAEMBIX paCIIpeiesie-

HUU HE MOXKeT OBbITh YHU(MUIMPOBAHO I BCEX BUJOB IIEJIEBOI

[IEpEMEHHO, U BBIYUCJIEHHE II0Ka3aTessi OOOCHOBAHHOCTU OCTAEeT-

cd 3ajladeil, TPAJIUINOHHO KBAJNMUIIPYEMOil KaK aJrOPUTMUAYECKT

TpyaHasi. OOCyKIaeMblil yHHBEPCAJbHBIN METOJ HTEPAIMOHHON MaK-

CHMU3AINY [TOKAa3aTe/ s 0O0CHOBAHHOCTU WCIIOIb3YeT KJIACCHIECKUI

EM (expectation-maximization) UpuHIMI MAKCUMHU3AIMU [PABIO-

mosobusi cMecu pacupejenennit. B qacTHocTH, B 3a/avaX JTUHEHHOI

perpeccun, paclio3HaBaHUs 00PA30B U OIEHUBAHUSA IIPOJIOJIZKUTEIb-

HOCTHU KU3HHM MEeTO/[ II03BOJIIeT HAXOIUTh Hambojiee 0DOCHOBAHHYIO

pa3MepHOCTh 0Oa3mca B JIMHEHHOM IIPOCTPAHCTBE HAOJIOIeHMT Oe3

mepebopa BCcex 3HAYCHUI pa3MEPHOCTH, KAK B IOIYJISPHOM METO[Ie

Regularization Path [1].

Pabora noep:xana rpantom PODI Ne 14-07-00661.

[1] Chernousova E., Levdik P., Tatarchuk A., Mottl V., Windridge D.
Non-enumerative cross validation for the determination of structural
parameters in feature-selective SVMs // ICPR Proceedings, 2014.
P. 3654-3659.

o.v.krasotkina@yandex.ru

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Linear Predictive Models 51

Numerical evidence evaluation for generalized linear
dependence models

Levdik Pavel'x cold62@mail.ru
Mottl Vadim? vmottlQ@yandex.ru
Krasotkina Olga® o.v.krasotkina@yandex.ru
Tatarchuk Alexander? aitech@yandex.ru

'Moscow, Russia, MIPT
2Moscow, Russia, FRC CSC RAS
3Moscow, Russia, MSU

Algorithmic implementation of model evidence evaluation in the
problems of dependence estimation is bound to the necessity to
compute the mixtures of conditional distributions of the target
variable (marginal likelihood) with respect to the random model
parameter, whose a prior: distribution plays the role of the
mixing regularization distribution. The generalized linear approach
to dependence estimation is based on treating this parameter as
a point in the same linear space in which real-world objects are meant
to be represented. This allows to restrict the consideration, without
loss of generality, to the class of mixing a priori distributions being
generalization of the normal distribution. But the parametric family
of the distributions to be mixed cannot be unified for all the kinds
of the target variable, and the evaluation of the evidence remains to
be the problem which is traditionally qualified as an algorithmically
difficult one. The present authors consider a universal method
of iterative maximization of the model evidence, which exploits
the classical EM (expectation—maximization) principle of mixture
likelihood maximization and does not require direct computation of
the evidence. In particular, for linear regression, pattern recognition,
and survival analysis, the method provides finding the most evident
dimension of the basis in the linear object-representation space
without enumeration of all the values of the dimension, how it is
presupposed by the popular regularization path method [1].

This research is funded by RFBR, grant 14-07-00661.
[1] Chernousova, E., P. Levdik, A. Tatarchuk, V. Mottl, and D. Windridge.

2014. Non-enumerative cross validation for the determination of

structural parameters in feature-selective SVMs. ICPR Proceedings.
3654-3659.
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PacemarpuBaercss HOBBII TPUHITUI TOCTPOEHUS TOCIEI0BATE b
HBIX IIPOIEYDP BOCCTAHOBJIEHUs IIPOU3BOJILHBIX 3aBUCUMOCTE (pe-
IPECCHOHHBIX MO/IEJIEH, PEIIaoIuX IPABUJI PACIIO3HABAHUS 00PA30B,
MO/IeJIell BBIZKIBAEMOCTH, TOPSIIKOBBIX MOJIEJI€ll) 10 0ueHb GOJIBITM
MaccHUBaM IIPEIEeIeHTOB HA OCHOBE OOOOIIEHHOI0 JIMHEHHOTO II0IX0/1a
K 1pobsieme oOydenus. [Ipomecc 00yueHnsT TOCTPOEH KAK MOCIEI0BaA~
TeJbHBIN Tepecuer byHKImit BejMana B HEKOTOPOI CIenraIbHON
[IPOTIEype AUHAMUYIECKOTO ImporpamMmmMupoBanus. CTpPOro onruMaib-
HBIl pe3y/IbTaT 00y YeHHs IPOU3BOJILHOIT (He 06s3aTesIbHO JINHETHOI )
MOJIeJI 3aBUCHUMOCTH Ha KaXXJOM Ilare OTHOCUTEJHHO Y2Ke IIOJIy-
YeHHO} 00ydaroIeil COBOKYITHOCTH CBOJUTCH K MUHUMU3BAINH O4e-
peanoit dyukimu Bemmvana. [lokaszano, 9ro 1jisi BecbMa IITHPOKOTO
KJIacca MOJIeJIell JOMyCTUMA KB IPATHIHAS ANMIPOKCUMAIINS KAXK 0N
dyuxnun BejyiMaHa B OKPECTHOCTU TOYKU €6 MUHUMYMA, IIPUBO/Id-
mas K kiaaccmdaeckomy bunbTpy Kanmana. Ipemmaraercs xomien-
CHPOBATh HEM30EXKHYIO IIOTEPIO ONTUMAJIHLHOCTH OOyUEHUS JIOIOJIHU-
TEeJIbHOM KOPPEKImell KaxKJIOro Imara Mo KJIACCHIEeCKOMY ITPUHITUILY
CTOXACTUIECKON allIPOKCUMAIINH, KOTOPBI TApDAHTUPYET CXOAUMOCTH
00yUIeHNUS «ITOYTU HABEPHOE». XOTs TAKOE «IOTATUBAHUE» OOYJIeHUsT
ABJISE€TCA OYEHb MEJJIEHHBIM, YTO XapaKTEePHO I CTOXaCTHIeCKOM
AIIIPOKCUMAIINN, OIleHKA HA KaKJOM Iare OCTaeTcs B HEDOJIBINO
OKPECTHOCTH CTPOTOI0 MUHUMYMa, «IJIOOAJIBHOTO» KPUTEPHUS JJIsi 00-
paboTanHoil YacTu MaccuBa 00ydalomux JaHHbX [1].

Pabora nognepxana rparrom PODU Ne14-07-00964.

[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 ser. — Springer, 2016. Vol. 9729. P. 614-629.
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A new method of constructing online 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 problem of training
is considered. 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

Bellman 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 that results in the classical Kalman filter.

The present authors 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 [1].

This research is funded by the Russian Foundation for Basic

Research, grant 14-07-00964.

[1] Turkov, P., O. Krasotkina, V. Mottl, and A. Sychugov. 2016. Feature
selection for handling concept drift in the data stream classification.
Machine learning and data mining in pattern recognition. Lecture notes
in computer science ser. Springer. 9729:614-629.
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B ormimuame ot kpocc-Basmmmanuu, TpeOyIioneit MHOTOKPATHOIO
MOBTOPEHUs TIPoIiecca OOYUEeHHMs TPU PA3HBIX Pa3OMEHUsTX COBO-
KYIIHOCTHU IPENEICHTOB, METOJ IPOBEPKU OOOCHOBAHHOCTH MOJIEIN
(marginal likelihood) npezmosaraer ogHOKPATHOE BBIYUCICHUE KPU-
Tepust, 3aBUCAIIETO TOJIBKO OT UCXOIHBIX JAHHBIX U BAPbUPYEMbIX I1a-
pamerpoB peryisipusarun. OIHAKO BBIUUCIIEHUE TIOKa3aTe st 000CHO-
BAHHOCTU ABJIAETCH IIPOCTON 3a/1a9eil TOIbKO JijId MOJIC/IN JIMHEHHOM!
perpeccun. B ocTayIbHBIX CiIydasxX, B YaCTHOCTH B 3aJla49ax Paclo-
3HABaHWS 00PA30B, AHAJIN3a BBIKUBACMOCTH, OIEHUBAHUS TOPSIIKO-
BOIl perpeccuu, BBIUUCICHUE [TOKa3aTe/ s 0O0OCHOBAHHOCTHA CTAHOBUT-
cs TpymHO# 3ajadeit. B manmoit pabore MCIOIb3yeTcs creruduka
00600IIIEHHOr0 JIMHEHHOTO IT0IX0/1a K BOCCTAHOBJIEHUIO 3aBUCUMOCTEI],
OCHOBAHHOI'O HA HEOOPEMEHUTEIBHOM IIPEIIIOIOKEHIH, YTO KayKIbIil
00BEKT PeaJIbHOTO MUPaA BOCIIPUHUMAETCS KOMIIBIOTEPOM KaK TOYKA
B HEKOTOPOM JINHEHTHOM IIPOCTPAHCTBE. DTO 00CTOATETHCTBO TO3BOJIS-
eT IPaKTUIeCcKu 06e3 MoTepu OOIMHOCTA OTPAHUIUTHCS KJIACCOM allpU-
OPHBIX pACIIPe/IeJIEHUl TTapaMeTpa MOJENH, IOCTPOEHHBIX Ha OCHOBE
HOpMaJILHOTO pacupejiesenns. OHAKO B ciydae MeJeBOi IepeMeH-
HOH, n3MepdAeMOil B IPOU3BOJIBHON MIKaJle, allOCTEPUOPHOE pacIpe/ie-
JIEHUE TIapaMeTpa MOJIE/IN BCe pPABHO He OyeT HopMaJibHbIM. Kro HOp-
MaJibHas AIIPOKCUMAIAs MO3BOJINIA TOCTPOUTH €IUHBIN aJrOpuTM
BBIOOPA PA3MEPHOCTH JINHEHHOTO IIPOCTPAHCTBA IIPEJICTABIECHUS 00b-
€KTOB IIyTeM MaKCUMU3AIUH II0Ka3aTe sl 000CHOBAHHOCTHU, IPUMEHU-
MBI K 3a71a9aM BOCCTAHOBJIEHUsI TPOU3BOJILHBIX 3aBucuMocTeidi [1].

Pabora nognepxana rparrom PODU Ne14-07-00661.
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As distinct from cross-validation, which requires multiple repetition of
training with different partitions of the set of precedents, the evidence
evaluation method (marginal likelihood) implies computation of
a single criterion that depends only on the original data set and
regularization parameters to be varied. However, computation of
the evidence criterion is an easy procedure only for the linear
regression model. In other cases, in particular, in the problems of
pattern recognition, survival analysis, and rank regression estimation,
evidence evaluation becomes a difficult problem. The present
authors exploit the specificity of the generalized linear approach to
dependence estimation, which is based on the lenient assumption
that any real-world object is perceived by the computer as a point
in some linear space. This circumstance allows one to confine the
consideration, practically without the loss of generality, to the class
of a priori distributions of the model parameter, which are the
extensions of the normal distribution. Nevertheless, in the case of
the target variable measured in an arbitrary scale, the a posteriori
distribution will not be normal anyway. Its normal approximation
has led to a unified technique of choosing the dimensionality of the
object representation linear space by the way of maximizing the
evidence value. The technique is valid for estimation of arbtrary
depebdences [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-07-00661.
[1] Chernousova, E., P. Levdik, A. Tatarchuk, V. Mottl, and D. Windridge.

2014. Non-enumerative cross validation for the determination of

structural parameters in feature-selective SVMs. ICPR Proceedings.
3654-3659.
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OOBIYHO METO/BI O0YYEHUS IO MMPEIEIEHTAM PACCMATPUBAIOT OT-
JEJIBHO IJTsi KAXKJIOT'O BUJIA 3aBUCHUMOCTH — OICHUBAHUS IUCIOBOM
perpeccun, OOyYeHUs PACIO3HABAHUIO 0ODPA30B, MTPOTHO3UPOBAHUS
MIPOJIOIKUTELHOCTH KU3HU. B JI000M ciiyvae Tpebyercs: mocTpo-
UTH MOJIEJIb CBSI3U MEXK/1y OObEKTOM PEaJIbHOIO MHPa, BOCIPHHIMA-
€MBIM KOMITBIOTEPOM 4Yepe3 U3MEPEHHOEe 3HAUCHIE er0 HADII0IaeMOT0
CBOWCTBa, W HEKOTOPOW CKPBITOI XapaKTepUCTUKON obbekTa. Pac-
CMaTPUBAETCs eMHAsT METOIOJIOTHS BOCCTAHOBJIEHUS] ITPOM3BOJIHHOMN
3aBUCUMOCTH II0 MHOXKECTBY IIpeliefieHToB. llpeanonaraercs Juiib,
9TO HAOJIOMaeMasl XapaKTEePUCTUKA 00beKTa [IpeJICTaBIeHa KaK dJIe-
MEHT HOPMUPOBAHHOTO JINHEHHOTO TTpocTpancTsa. ObyueHmne cBOINT-
¢ K IOWCKY HAIPABJILAIONEN TOYKU JIMHEITHOrO MPOCTPAHCTBA, SIB-
JISTIOIIEIiCsT MOJIEJIbIO0 MCKOMOM 3aBucuMocTu. Hapsiy co crmocobom
[IOTPY2KeHus OOBHEKTOB B HOPMUPOBAHHOE JIMHEITHOE IIPOCTPAHCTBO
HabJro/laTesb JIOJ2KEH BBIOPATH HEOTPHUIATEIbHYIO IIapaMeTpude-
CKyI0 (DYHKIUIO 1I0TE€Ph, UMEIOIIYIO Tpu aprymenTta: (1) Touky orob-
paxkenus o0bekTa; (2) ero HeJeBYI0 XapaKTePUCTHKY, U3MEPIEMYIO
B [IPOM3BOJILHOI miKase; (3) nanpasssionuit ssement. Haburogares
BBIOMpAET TAaKXKe HEOTPUIATEBHYIO PEryJsipu3yIonyio (QyHKIHIO,
BBIPAKAIONLYIO allPHOPHOE IIPEJICTABJIEHNE O ITOJIOYKEHUH HaIIPaBJId-
foteit Touku. BuIbop 3TuX JABYX (PYHKIHUI MOJTHOCTHIO OXBATHIBAET
BCE U3BECTHBIE CIIOCOOBI O0yUeHMs. 37eCh HET PA3JININs MEXKLy JId-
HENHBIMU U HEJIMHETHBIMU MOJICJIAMUA 3aBUCUMOCTEN: MOAEN, JINHEH-
HbI€ OTHOCHUTEJILHO OJHON HOPMBI, OYIyT HEJTUHEHHBIMU B TEPMUHAX
apyroii. EcrecrBennasi GaitecoBcKasi WHTEpIIpETAIls 0OECIIeTnBaET
POBEPKY 060CHOBAHHOCTH BBIGOPa Mozesn [1].

Pabora noep:xana rpantom PODI Ne 14-07-00661.

[1] Cepedun O.C., Mommuav B. B. MeTon onopHbIX 00BHEKTOB 1 00y de-

HU PACIIO3HABAHUTIO 06pa30B B IIPOMU3BOJIBHBIX METPUYIECKUX IIPOCTPaH-

crBax // Wssectus Tynl'Y, EcrecrBenusie nayku, 2015. Beim. 4. C. 49—
66.
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A generalized linear approach to estimation
of dependences from empirical data

Mottl Vadim'?*x vmottl@yandex.ru
Seredin Oleg oseredin@yandex.ru
"Moscow, Russia, FRC CSC RAS

2Tula, Russia, TulSU

The methods of dependence estimation from empirical data are
usually considered separately for each particular problem — regression
estimation, pattern recognition, survival prediction. It is required, in
each case, to develop a model of dependence between a real-world
entity, which is assumed to be perceived by the computer via the
measured value of one of its observable properties, and its hidden
goal variable. In this work, a unified methodology is considered that
is meant to be able to estimate any arbitrary dependence from a set
of precedents. It is only assumed that the observable properties of an
entity are represented as points in a normed linear space. The training
boils down to the search, in this linear space, for an appropriate
direction point, which will serve as the model of the sought-for
dependence. Along with the way of embedding any entity into
a normed linear space, it is up to the observer to choose a nonnegative
parametric loss function that includes three arguments: (i) the
representation point of the entity; (i¢) its goal characteristic measured
in an arbitrary scale; and (iéi) the direction point of the model.
In addition, the observer has to assign a nonnegative regularization
function meant to express his/her a priori suggestion on the position
of the direction point. The choice of these two functions completely
covers all the known methods of training. There is no distinction here
between linear and nonlinear models of dependences — if a model is
linear with respect to some norm, it will be nonlinear in terms of
another one. A natural Bayesian interpretation provides the evidence
control of the model choice [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-07-00661.
[1] Seredin, O., and V. Mottl. 2015. The support vector method for

pattern recognition in arbitrary metric spaces. News of the Tula State

University, Natural Sciences 4:49-66. (In Russian.)
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NccnepoBanne acpdpekTMBHOCTU HEKOTOPbIX
NINHEeNHbIX MeTOAO0B Kaaccudukaumm

Hedeavko Buxkmop Muxatinosuy nedelko@math.nsc.ru
Poccus, HoBocubupck, UM CO PAH

PacemarpuBaercss mpobsieMa TOCTPOEHUST BEPOSTHOCTHBIX MO-
JeJieli, IMO3BOJIAIONINX BBISIBIATH CBONCTBA METOIOB ITOCTPOCHMUS
pemmaronux (QYHKIWIA U IPOBOAUTH HUCCJIEIOBAHUE ITUX METOIOB.
B uacrtHOCTH, cTaBMIACH 3aj/lada IIOCTPOEHUs MOJeJell, Ha KOTOPBIX
3aJaHHBIN MeTo 1 Hanbosee 3(hOEKTUBEH CPeu CPABUBAEMbBIX METO-
JIOB.

JlJ1st MeToa JIOTUCTUIECKO PErpeccuu ObLIN ITOCTPOCHBI MOIEIIH,
Ha KOTOPBIX 3TOT METO/T 9KBUBAJEHTEH METOLY MAKCUMAJIHLHOTO IIPAB-
mononobust. st meroma SVM (support vector machine) mocrpoena
MO/I€JIb, Ha KOTOPOI 3TOT METO]i IPUOJINZKEHHO SKBUBAJIEHTEH METO-
JIY MaKCHMAaJILHOTO TpaBjomnonodus. Jas auckpumunanta Purrepa
TOI0OHOI MOJIE/IN TIOCTPOUTD HE YJIAJIOCH.

IIpoBesennoe wucciemoBaHue JIEMOHCTPUPYET TPUHIUITHAIBHY O
BO3MOXKHOCTD ITOCTPOEHM HAOOPa «ITAJOHHBIX» BEPOSITHOCTHBIX MO-
JeJieil JIjIsl UCCJIeIOBaHUS U CPABHEHUsI METO/IOB ITIOCTPOEHUS Dela-
omuX MYHKITAN.

Takke B pabore BBISBIEHBI HEKOTOPBIE HEOUYEBUIHBIE CBOWCTBA
meroza SVM 1 0cOOEHHOCTH ero TIOBEIeHUs, YIeT KOTOPBIX TO3BOJIs-
er 6ostee 3HEKTUBHO TPUMEHATH JTAHHBIN METOI,.

Pabora nmoep:xana rpantom PODI Ne 14-01-00590.

[1] Hedeavro B. M. Vccnenopanue 3¢bpeKTUBHOCTH HEKOTOPBIX JIMHEHHBIX

MeTO/IOB KJiaccuduKanuy Ha MOJAEIbHBIX pacupeenennsx // Marmn-

Hoe o0ydeHne u aHaau3 JaHHbx, 2016 (B neuarn).

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Linear Predictive Models 59

Investigation of effectiveness of several linear
classifiers

Nedel’ko Victor nedelko@math.nsc.ru
Novosibirsk, Russia, IM SB RAS

The most common way to compare the effectiveness of data analysis
methods is testing on tasks from UCI repository. However, this
approach has several disadvantages, in particular, the incompleteness
of the set of tasks and limited sample sizes.

In this paper, the possibility of building a repository of
probabilistic distributions is considered. The distributions are
constructed purposefully in such a way as to reveal properties of
the studied methods. Such distributions will be called probabilistic
models.

Let us choose some linear classification methods for research:
logistic regression, Fisher discriminant, and SVM (support vector
machine).

Several probabilistic models have been constructed to investigate
the properties of these methods, in particular, for each method,
a model, on which this method outperforms the other methods, was
built. In addition, these models allow one to explain why a particular
method is the best.

This research is funded by the Russian Foundation for Basic
Research, grant 14-01-00590.

[1] Nedel’ko, V.M. 2016 (in press). Investigation of effectiveness of several

linear classifiers by using synthetic distributions. Machine Learning
Data Anal.

International Conference IDP-2016. Barcelona, Spain
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MeTogbl Norpy>eHusi NPon3BoJIbHbIX 00BLEKTOB
peasibHOro MYpa B HOPMUPOBaAHHOE NIMHeiHoe
NPOCTPAHCTBO ANsl peann3aunn obobuieHHOro
JINHEHOro NoaxoAa K BOCCTAaHOBJ/IEHUIO

3aBNCMMOCTEWN
Cepedurn Oaez Cepzeesur« oseredin@yandex.ru
Mommab Badum Bauecaasosur'> vmottlQyandex.ru

'"Poccus, Tyma, Tynl'y
2Poceust, Mocksa, PAH

OO6O0OIIEHHBI TUHEHHBIA MOAX0I K BOCCTAHOBJICHHUIO 3aBUCHMO-
CcTeil M0 IMIUPUYECKUM JAHHBIM IIPEJIOIAraeT, UTO PACCMATPU-
BaeMOEe MHOXKECTBO OOBEKTOB PEAJHLHOIO MHUpa HOIPYZXKEHO B He-
KOTOPO€ HOPMHPOBaHHOE JHMHEiHOe mpocTpaHcTBo. [lokazano, 9ro
Takoe MOTpYyKeHne 00ECHeUnBAeT BCIKasg CUMMETPUIHAS JIBYXMECT-
Has 9HUCJI0Bast (DYHKIWS, OIpee/ieHHas HaO/IIomaTe/IeM Ha MHOXKe-
crBe OOBEKTOB KakK (DYHKIWS UX IAPHOTO CpaBHeHWs. B mosyda-
0IeMcs OECKOHETHOMEPHOM JIMHEHHOM ITPOCTPAHCTBE 3Ta (DYHKINS
OTIPE/IEJIAET CKAJISIPHOE IIPOU3BEJICHIE, B 00IIEM CiIydae WHieUHAT-
noe. Mlckomas 3aBUCUMOCTH (POPMUPYETCsT BHIOOPOM HAITPABJISIIONTEH
TOYKHU, KOTOPYIO YJI00HO 33/1aBATh KaK JIMHEHHYI0 KOMOWHAIHIO 00-
pa30B 00bEKTOB 0Oy4aroIieit coBokymHocTH. [Ipegmaraercs: pacemar-
pUBaTh CKaJIIPHOE TIPOU3BeE/IeHIe 00pa3a 00beKTa U HAIPaBJISIONIEH
TOYKU KaK OOOOINEHHBIN YHUC/IOBOM TPU3HAK OODBEKTA, UTPAIOIIUil
POJIb €ro eJIUHCTBEHHON XapaKTepUCTUKU. BbiOop MeTojia o0y ueHust
CBOJUTCS K BBIOOPY JIBYX UHMCJIOBBIX (DYHKIMIT — TPEXMECTHON 00600-
MMEHHON (DYHKIINKA TOTEPh, CBA3LIBAIONIECH TOYKY obOpa3a 00bekTa,
€ro IeJIEBYI0 XapPaKTEPUCTHUKY, M3MePsIeMyI0 B ITPOU3BOJILHOIL IITKAJIE,
U HAIPABJIAIONIYIO TOYKY, a TAKXKe OJHOMECTHOH peryJisipu3yrornieit
GYHKIUE OT HATIPABJISIONIEN TOUKH, BBIPAXKATONIEH AIIPUOPHBIE [TPeJI-
[MOYTEHUsI OTHOCUTEIbHO Mojesn. Koy mpussaTast QyHKINS TapPHOTO
cpaBHEHHUsI 00bEKTOB 00/1a/1a€T CBOICTBAMU MIPEIEBKJINIOBOM METPU-
KW, TO U3 TAKOI MOJIEJIN BBITEKAIOT BCEe KEPHEJIbHBIE METO/IbI 00y 1de-
HUsI, B TOM 9HCJIe KOHeTHOMepHble MeTobl [1]. Pabora momuepxana
rpantamMu POOU Ne14-07-00527 u Ne16-57-52042.

[1] Cepedun O.C., Mommuav B. B. MeTon onopHbIX 00BEKTOB Jj1s1 00y de-

HUS PACIIO3HABAHHUIO OOPA30B B IPOU3BOJILHBIX METPUYECKUX IIPOCTPAH-
crBax // Ussecrus Tyal'V, Ecrecrs. nayku, 2015. Bom. 4. C. 49-66.
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Methods of embedding real-world entities

into a normed linear space for implementing
the generalized linear approach to dependence
estimation

Seredin Oleg'« oseredin@yandex.ru
Mottl Vadim'? vmottl@yandex.ru
!Tula, Russia, TulSU

2Moscow, Russia, FRC CSC RAS

The generalized linear approach to dependence estimation suggests
that the set of real-world entities of interest is embedded into a nirmed
linear space. It is shown that such an embedding is provided by any
symmetric numerical two-argument function defined by the observer
over the set of ebtities as function of their pairwise comparison. In
the resulting infinite-dimensional linear space, the preset pairwise
comparison function defines a linear product which may be indefinite
in the general case. The sought-for dependence is formed by the choice
of a direction point, which is convenient to determine as a linear
combination of the training-set entities. The present authors propose
to consider the inner product of the entity’s image and the direction
point as a generalized numerical feature of the entity that will further
play the role of its only characteristics. The choice of the training
method boils down to the choice of two numerical functions — the
three-argument generalized loss function meant to tie the image point
of the entity, its goal characteristic that may be measured in an
arbitrary scale, and the direction point as well as the one-argument
regularization function of the direction point which should express the
observer’s a priori preferences regarding the model. If the accepted
pairwise comparison function possesses the properties of a proto-
Euclidean metric, then such a scheme yields all the kernel-based
training methods including the finite-dimensional ones [1].

This research is funded by the Russian Foundation for Basic
Research, grants 14-07-00527 and 16-57-52042.
[1] Seredin, O., and V. Mottl. 2015. The support vector method for

pattern recognition in arbitrary metric spaces. News of the Tula State

University. Natural Sciences 4:49-66. (In Russian.)

International Conference IDP-2016. Barcelona, Spain
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TouHbIA NceBAONO/IMHOMMAbHbIV aNropuTm
ONS 334a4M NOUCKA CEMENCTBA HenepecekaloLuxcs
NOAMHOXECTB

Tanawos Anexcandp Eeezenvesun'« galashov.alexandr@gmail.com

1,2 kelm@math.nsc.ru

Keavmarnos Aaexcandp Bacuavesun
'Pocens, Hosocubupcek, HI'Y

2Poccus, Hosocubupex, UM CO PAH

Paccmarpusaercst NP-rpynHas B criibHOM cMbIce [1]

Bagaua. Jlano: muOoxkectBO Y = {y1,...,yn} Touek u3 R?
u HarypaJbible yncaa My, ..., M. Hatmu: cemeiictso {C1,...,Cs}
HeIepeceKaloIuXcs IOJIMHOKECTB MHOKECTBA, ) TaKoe, 4T

J

>3 lly = 7€) — min,

j=1yeC;

rie Y(C;) = (1/IC;]) 2oy ec, v — nenrpous (reomerpuyeckuii nenTp)

nomMuoxkecTBa Cj, mpu orpanmdenusx |C;| = M;, j = 1,...,J, na

MOTITHOCTH MCKOMBIX TTOJIMHOYKECTB.
3amaua akTyaJabHa, B 9aCTHOCTH, IS MOMEXOYCTONINBOrO aHa-

JIN3a JTAHHBIX.

Jutst caydast 3a/1a9u ¢ MeJ09UCICHHBIMUA BXOIAMI B PAbOTe TIpe I-
JIOKEH aJIPOPUTM, TapaHTUPYIONIUN OTBICKAHUE TOYHOI'O PpeIleHUs
za spemst ON(N? + q)2MB + 1) + (J — 1)IgN), tne B —
MaKCHMAaJbHOE abCOJIOTHOE 3HAYEHME KOOPIUHAT BXOMHBIX TOYEK,
a M — wnammenbiee obimiee Kpatuoe uucen My, ..., Mj. B cuy-
qae, KOrja PasMepHOCTb ¢ IPOCTPAHCTBA U IUCTO J UCKOMBIX IOJI-
MHOXKECTB HeE SBJAIOTCI YacThIO BXOJIa, ITPEJJIOKEHHBINR aJrOPUTM
MICEBIOTIOIMTHOMUAJICH, & BPEeMs ero pabOThl OIIEHUBACTCS BEJININHOMN
O(N3(MB)?7).

Pabora nognepxana rpartamu POOU Ne 15-01-00462 u Ne 16-07-
00168.

[1] Galashov A., Kel’'manov A. An exact pseudopolynomial algorithm for
a problem of finding a family of disjoint subsets // 9th Conference
(International) on Discrete Optimization and Operations Research
Proceedings. Vladivostok, Russky Island, Russia, 2016 (in press).
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An exact pseudopolynomial-time algorithm
for a problem of finding a family of disjoint subsets

Galashov Alexandr!« galashov.alexandr@gmail.com
Kel’manov Alexander'? kelm@math.nsc.ru
!Novosibirsk, Russia, NSU

2Novosibirsk, Russia, IM SB RAS

The authors consider the following strongly NP-hard [1]

Problem. Given a set Y = {y1,...,yn} of points from R? and
some positive integers M, ..., M;. Find a family {Cy,...,C;} of
disjoint subsets of )} such that

J
> > lly=5(C)I* — min,

j=1yeC;

where 7(C;) = (1/|Cj|) Xoyec, v is the centroid (geometrical center)

of the subset C;, under constraints |C;| = M;,j = 1,...J, on the

cardinalities of the required subsets.

The problem is relevant, in particular, for noise-proof data
analysis.

In the current work, for the variation of the problem with an
additional restriction that the coordinates of the input points are
integer, an algorithm which finds an exact solution in O(N(N?
+q)(2MB + 1)4 + (J — 1)IgN) time is constructed, where B is
the maximum absolute value of the coordinates of the input points
and M is the least common multiple for the numbers My,..., M . In
the case of the fixed dimension ¢ of the space and of the fixed number
J of required subsets, the proposed algorithm is pseudopolynomial
and its time complexity is bounded by O(N?3(M B)47).

This research is funded by the Russian Foundation for Basic
Research, grants 15-01-00462 and 16-07-00168.

[1] Galashov, A., and A. Kel’'manov. 2016 (in press). An exact
pseudopolynomial algorithm for a problem of finding a family of disjoint
subsets. 9th Conference (International) on Discrete Optimization and
Operations Research Proceedings. Vladivostok, Russky Island, Russia.
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Peanuzauunsa acmmntoTn4eckn TOHHOro Noaxoaa
K NOCTPOEHWUIO NOJIMHOMUAJIbHbLIX aArOPUTMOB
peleHns HeKoTOpbIX TPYAHbIX 3a4ad
MapLUpyTU3aLmn, Ha3HAYEeHUS, NOKPbITUS

N Knactepusauum

Tumadu Ddyapd Xatipymourosur'? gimadi@math.nsc.ru
'Poccns, Hoocubupex, UM CO PAH
2Poccnst, Hopocubupek, HI'Y

3a nocsieanne moutn mosseka (¢ 1969 r.) aBTOpOM, COBMECTHO
C ero KOJUIeraMU U YIeHUKaMu, ObLT oIy ueH psif 9P HEKTUBHBIX Pe-
aJIM3aUi ACHMITOTHIECKH TOYHOTO TOIX0/IA K PEIIEHUIO HUXKenepe-
YUCJIEHHBIX TOKJ/IACCOB TPYAHBIX 38129 JIUCKPETHON ONTUMU3AINH.

1. Bamaua kommusosizkepa (TSP — travelling salesman problem).
2. Bajava ynakoBKM B KOHTEHHEDPBHI U B HOJIOCY.
3. 3ajada MoCTpOeHUs CBA3HOTO Moarpada ¢ OrpaHnIeHHBIMA CTe-
IeHsIMU BEPIIUH.
4. 3amada MapUIpyTU3AINH TPAHCIIOPTHBIX CPEJICTB.
5. TpexunmekcHas 3a/1a4a 0 HA3HAYEHUAX.
6. 3ajavua pa3sMeIeHust MpeJIpusiTHA.
7. 3amada OThICKaHUs M PEOEPHO HEIEPECEKAIONINXCsT MAPIIPYTOB
KOMMUBOSIZKEPA C IKCTPEMAJIBHBIM CYMMapHBIM BECOM pebep.
8. 3ajadya OTBICKAHWS MOIMHOXKECTBA BEKTOPOB C IKCTPEMAaIbHBIM
CyMMapHBIM BECOM;
9. OTbIcKaHne MUHUMAJBHOTO OCTOBHOTO J€peBa ¢ OIPAHUIEHHBIM
CHU3Y JINaMETPOM.
10. Tlokpertue rpada 3aJaHHBIM YUCIOM HECMEXKHBIX ITUKJIOB.
Iless paboTbl — mpeAcTaBUTH 0030P PE3YIBTATOB IO ACHUMIITO-
TUYeCKA TOYHON pa3pemuMocTu 3a7ad 7—10, MoIyIeHHbIX B caMoe
nocseaaee Bpems. OJIMH U3 TAKUX PE3yJIbTATOB TIpeJcTaBeH B [1].
Uccenenosanus 1o 3agadam 7—8 nopnep:kanbl PH® (rpant 16-11-
10041). UccnenoBanus no 3amadam 9-10 nojuepkanst PODOU (rpan-
o1 15-01-00976 u 16-07-00168).
[1] Gimadi E., Istomin A., Tsidulko O. On the m-peripatetic salesman
problem on random inputs // T7th Conference (International)

“Optimization and Applications” Proceedings. Petrovac, Montenegro,
2016.
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Implementation of the asymptotically optimal
approach to polynomial time solving some hard
discrete optimization problems of rooting, assigning,
covering, and clustering

Gimadi Edward"? gimad@math.nsc.ru

'Novosibirsk, Russia, IM SB RAS
2Novosibirsk, Russia, NSU

Over the past half-century (since 1969), the author, together with
his colleagues and students, has built fast asymptotically optimal
algorithms for a number of hard discrete optimization problems.

1. Travelling salesman problem.

Bin and strip packing problem.

Degree constrained connected subgraph problem.

Vehicle rooting problem.

Three-index assignment problem.

Capacitated facility location problem.

m-Peripatetic salesman problem.

Total weight subset problem.

Spanning tree problem with a bounded below diameter.

k Cycles covering problem.
In the report, some recent results of asymptotically optimal
solvability for the problems 7-10 are presented. One such result is
presented in [1].

The study of problems 7-8 was supported by the Russian Science
Foundation (grant 16-11-10041). The study of problems 9-10 was
supported by the Russian Foundation for Basic Research (grants 15-
01-00976 and 16-07-00168).

[1] Gimadi, E., A.Istomin, and O. Tsidulko. 2016. On the m-peripatetic
salesman problem on random inputs. 7th Conference (International)

“Optimization and Applications” Proceedings. Petrovac, Montenegro.
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AJ'II'OpI/ITMbI N BblHUNC/INTEJIbHbIE TEXHOJIOrMN NOUNCKA
SKCTpemMmymMa B 3aad4aX ONTUMAJIbHOIro ynpassieHnsA

T'opros Auanexcardp IOpvesurux gornov@icc.ru
3apodniox Tamwvsana Cepzeesra tz@icc.ru
Anurxun Anmon Cpezeesun htowerQicc.ru
Dunreavwmetin Egzenus AaexcandposHa finkel@icc.ru

Upkyrck, Poccusi, MACTY CO PAH

3a/aun  ONTUMAJILHOIO YIPABICHUS SIBJSIIOTCS  CHEIMATHHBIM
KJIACCOM IKCTPEMAJIbHBIX 33/1a4, CBA3AHHBIX C ITOMCKOM MUHHUMYyMa
dYHKIMOHAA, OIIPE/IEJIEHHOIO0 Ha TPAEKTOPHUAX JUHAMIYIECKON CHC-
TeMbl. T PajMIMOHHO JIJTsi ONUCAHUS TUHAMUAKA CUCTEM UCIIOJIb3YIOTCs
6o muddepeHnuaabable ypaBHEHUS, JTUOO PEKYyPPEHTHO-Pa3HOCT-
uble ypaBHeHus. [IpuasaTo BbLIeATh (pa30Bble II€pEMEHHBIE, COOT-
HOCHMbBIE C MOJIEJIBIO $IBJIEHUd, U IepeMeHHble-yIpaBienus. lme-
€T MeCTO MHOYKECTBO 00001IeHn# 3TOro popMan3Ma, BKIIOTAIONINX
9JIEMEHTHI HEOIIPEIEJICHHOCTH, BO3MYIIIEHUs, OTKJIOHEHUS apryMeHTa
B YPABHEHUSX, HHTEIDAJIbHbIE KOMIIOHEHTHI U JIP.

C TOYKU 3pEeHUsT TEOPUU FKCTPEMAJBHBIX 3a/1a9 MIPODbIeMa TIOUCKA
ONTUMAJIBHOI'O YIIPABJIEHUS HUMEET dPKO BBIPAXKEHHYIO CHEIUdUKY,
OIIPE/IeNIAEMYIO YCIOBUSME TUIIA PABEHCTBA, 33/[aBAEMbIMI CUCTEMO
b hepeHnnaIbHbIX WA PA3HOCTHBIX yDABHEHMIA. YCHUJIUSIMU MHO-
JKECTBA U3BECTHBIX CIIEIUAJIMCTOB 32 [TOCJICIHAE JECATUICTUS HAlIeH
HabOP MOJXOIOB U METOJIOB, TIO3BOJISIONNX 3D MEKTUBHO peraTh 3a-
Jla9d ONTUMAJIBHOTO YIPAaBJIEHHUsS IIMPOKOrO KJjacca Ha JIOCTYIITHON
BBIYHCJIUTEIBHOI TEXHUKE.

B pabore paccmarpuBaercs kmaccuduraims mpodeM, BOZHUKA-
FOIMUX TIPYU 9UCJIEHHOM DEIEeHUN 1 00CYKIAIOTCs PA3IUIHBIE [TOIX0-
bl K UX IpeoioJieHnio. [IpuBoagTcs pe3yibTaThl BBIUUCIUTEIHHBIX
9KCIIEPUMEHTOB U 00CYZK/IA€TCs OIBIT IIPUMEHEHUs] PeaJn30BAHHBIX
[IPOI'PAMMHBIX CPEJICTB M BBIMUCJINUTEIHHBIX TEXHOJIOI'HIl IIPU perrle-
Huu GOJIBIIOrO Psi/ia MPUKJIAIHBIX 33129 U3 00J1acTell MEXaHUKH, JIU-
HAMUKH I0JIeTa, KOCMOHABUTAINN, JIEKTPOIHEPreTUKN, poOOTOTEX-
HUKU, MEJIUIUHbBL, 9KOJOIUU, SIKOHOMUKY, HaHOMu3uKu u ap. [1].

Pabora wactuano nomyepxkana rpanrom PO Ne 15-07-03827.
[1] T'opnos A. FO. BbrunciuresbHbIE TEXHOJIOTHM DEIICHUS 3aad OIITH-

MaJibHOTO yrupasienusi. — HoBocubupcek: Hayka, 2009. 278 c.
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Optimal control problems are a special class of extremal problems
concerned with the search of a functional minimum, which is
defined on the trajectories of the dynamical system under additional
constraints. Traditionally, for describing the dynamics of systems,
one can use either differential equations or recurrence equations. It
is customary to differ the phase variables, which are correlated with
the model phenomena, and control variables in order to influence
on the studied processes. There are a lot of generalizations of this
formalism allowing to include uncertainties, disturbances, deviations
of the argument in equations, integral components, etc.

From the point of view of the extremal problems theory, the
problem of finding the optimal control has a distinct specificity
determined by the equality constraint, it is given by a system of
differential or recurrence equations. Many well-known experts made
significant efforts over the past decade and found a set of approaches
and methods for effectively solving the wide class optimal control on
available computing technology.

The paper considers the classification of numerical problems
and discusses various approaches to overcome these difficulties.
The authors demonstrate the results of computational experiments
and present the experience of using the implemented software and
computing technologies for solving a wide range of tasks such
as applied problems from the area of mechanics, flight dynamics,
cosmonavigation, electrical power engineering, robotics, medicine,
ecology, economics, nanophysics, etc. [1].

This research is partly supported by Grant No. 15-07-03827 of the
Russian Foundation for Basic Research.

[1] Gornov, A.Yu. 2009. Computational technologies for solving optimal

control problems. Novosibirsk: Nauka. 278 p.
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Ananmusupyercss cTaTyc BBIYUCIUTEILHON CJIOKHOCTH U3BECTHON
JIICKPETHON 3KCTPEMAJIbHOM 3a/1a9i ¢ W3MEHEHHBIM HAIPABICHUEM
ONTUMU3AINN, & IMEHHO: C max Ha min. PaccmarpuBaercst eBKJINIOBA
3a/1a9a [OMCKA MTOJIMHOYKECTBA B KOHEUHOM MHOXKECTBE TOUEK (BEKTO-
pos). leneBas dyHkuus paBHa KBaJpary HOPMbI CyMMBbI 9JIEMEHTOB
[IOJIMHOKECTBA, JIEJICHHOMY Ha MOIIHOCTH UCKOMOTO TOMHOYKECTBA.

Takas 3a7a9a UMeeT TPUIOKEHUsT B (DU3UKE U TEXHUKE, B IACT-
HOCTH TIPU [IOUCKE MTOJIMHOYKECTBa cOalancupoBaHubixX cut. OHa mme-
eT ucToku B mipobsieme data mining u Bo3HUKaeT, HAIPUMED, B CUTY-
armu, KOrjia TpedyeTcsi MPOBEPUTH TUIIOTE3Y: COJEPIKAT JIN BXOJHbBIE
JIAHHBIE TAKOE TIOJIMHOXKECTBO BEKTOPOB (TOUEK), UTO CyMMa BCEBO3-
MOYKHBIX CKaJIIPHBIX TPOU3BEICHUN 3JIEMEHTOB MOJMHOKECTBA DABHA
HYJTIO.

AHaym3upyoTcs BapUAHTHI IIOCTAHOBKU 331291, B KOTOPBIX pa3-
MEPHOCTDb IMPOCTPAHCTBA SIBJISETCS YACTHIO BXOJA W HE SIBJISIETCS
qaCcThIO BXOJIa. YCTAHOBJIEHO, UTO B IIepBOM ciydae 3agada NP-Tpy-
HA B CHUJILHOM CMBIC/IE, & BO BTOPOM — B OOBIYHOM CMBICJIE JIAYKe
Jyist pasmeproctu 1. Kpome Toro, mokazano, 9To Jjisi 3TOH 3aJa-
YU HE CYHIECTBYET MOJIMHOMHUAILHOIO AJITOPUTMA C TapaHTUPOBAH-
HOIl oneHKoil TounocTH, eciiu P#NP. Opnako npu GpuKCHpoBaHHON
Pa3MEPHOCTH IPOCTPAHCTBA U TEJIOUUCICHHBIX KOOP/INHATAX 3a/a9a
paspelMa ¢ IIOMOIIBIO IICEBIOIOIMHOMUAIBLHOIO ajaropurMa [1].

Pabora noguepzxkana rpanravu PH® 16-11-10041 (pesysibrarTs 110
cytoxkHOCTH) 1 15-11-10009 (11CEBIONOIMHOMUAIBHBLI aJITOPUTM).

[1] Epemees A. B., Keavmarnos A. B., ITamxun A. B. O clI0)KHOCTH HEKOTO-

PBIX 3aa4 oTUMasIbHOro cymmuposanus // Hoki. PAH, 2016. T. 468.
Ned. C.372-375.

Me>kaynapoanast kougepennust MOW-2016. Bapcenona, Mcnanust



Discrete Optimization and Computational Complexity 69

On searching for a vectors subset with the minimum
normalized squared sum length

Eremeev Anton'? eremeev@ofim.oscsbras.ru
Kel’'manov Alexander®? kelm@math.nsc.ru
Pyatkin Artem?>« artem@math.nsc.ru

1Omsk, Russia, OmSU n.a. F. M. Dostoevskiy
2Novosibirsk, Russia, IM SB RAS
3Novosibirsk, Russia, NSU

The complexity status of one discrete optimization problem of
a subset search in a finite space of Euclidean points (vectors) is
analyzed. This problem is obtained from the known one by changing
the optimization direction from max to min. The objective function is
equal to the squared sum length of the elements of the subset divived
by the cardinality of the set.

This problem has application in physics and technics, in
particular, in searching for a subset of balanced forces. It has also
origins in data mining problem and arises, for instance, in verifying
a hypothesis that the input data contain a subset of vectors (points)
such that the sum of all scalar products of the elements of the subset
is zero.

It is proved that if the dimension of the space is the part of input
then the analyzed problem is strongly NP-hard and if the dimension
is fixed then the problem is NP-hard even for dimension 1. It is shown
that no approximation algorithm with a guaranteed performance
ration exists for this problem. However, if the dimension of the space
is fixed and the coordinates of the input points are integer, then it
can be solved in a pseudopolynomial time [1].

This research is funded by the Russian Science Foundation,
grants 16-11-10041 (complexity) and 15-11-10009 (pseudopolynomial
algorithm).

[1] Eremeev, A., A. Kel’'manov, and A. Pyatkin. 2016. On the complexity
of some optimal summing problems. Dokl. Math. 93(3):286-288.
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PaccmarpuBaeTcss HeCKOTBKO KBaJIpATHIHBIX €BKINJIOBLIX 3aJaT
KJIACTEPHU3AINI Ha MEHUMYM, KOTOPBIE NMEIOT IIPUJIOZKEHNS B aHAJIN-
3€ JAHHBIX, MAIINHHOM 00yY€eHUHU, CTATUCTUKE, BBIYUCINTEIHHONI reo-
MeTpHUH. 3aJa9U TUIINIHBI JJIsi MHOTMX €CTeCTBEHHO-HAYIHBIX U TEX-
Hudeckux npuioxkenuii. 1lesb paborer — 0030p HOBBIX PE3Y/ILTATOB
O BBIYUC/IATE/IBHON CJIO2KHOCTH 9THX 3a7ad U 00 3DPEKTUBHBIX aJl-
ropUTMax C OIEHKAMU TOYHOCTH Jjisl uX pernenus [1].

Hike npusesien crincok paccMaTpuBaeMbIX 33129 U COOTBETCTBY-
IOIUX 9TUM 33/a49aM Pe3yIbTaToB.

Bamaya 1. [louck cemeticmea nenepecexaouurca noOMHONCECME.

IIpencraBien TOYHBIN IMCEBIOTOJMHOMUAIBHBIA AJTOPATM  JIJIst
OJTHOTO CJIydasl 3aJIadu.

Bagaua 2. Coarancuposanmas 2-KAacmepudayus.

Bagaua 3. [Touck nodnocaedosamesvrocmu.

IIpescraBiienbl OJHOCTHIO MOJUHOMUAJIBHBIE AIITPOKCHMAIIOH-
HbIE CXEMBbI I CIIENUAJLHBIX CIyIaeB 337249 2 U 3.

Bamaua 4. Paszbuenue nocaedosamesvbHoCmu Ha KAaCmepol.

Bagaua 5. Pasbuerue nocaedosamesvhocmu na KAGCmMepvl ¢ 02pa-
HUYEHUAMY HA UL MOULHOCTIVD.

IIpesncraBiensl 2-1pubsIMKeHHbIE TOJMHOMUAJIBHBIE AJTOPUTMBI
JJIsi CIIEITUAJIbHBIX CJIydaeB 3aya4 4 u 5.

Bamava 6. Pazbuenue Mmoarcecmea na Opoynosckue KAacmepol.

IIpencraBiaeHbl HEKOTOPBIE PE3YILTATHI O BEIYUCIUTEILHON CITOXK-
HOCTH 33JIa4N.

Ucienosanue npobsem 1-4 nognepxxano PODU (rpanrer 15-01-
00462 u 16-07-00168). Mccaenosanue nupobiem 5 u 6 HOIIEPKAHO
PH® (rpamr 16-11-10041).

[1] Kel’'manov A. On some clustering problems: complexity and efficient
algorithms with performance garantees for their solutions //
7th Conference (International) on Optimization and Applications
Proceedings. Petrovac, Montenegro, 2016.
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Some quadratic Euclidean clustering problems most closely related
to data mining, machine learning, statistics, and computational
geometry have been considered. Minimum is the optimization
direction for all considered problems. All of these problems are typical
for many natural science and technical applications.

The purpose of the paper is the review of some new results on
the computational complexity of these problems and on efficient
algorithms with performance guarantees for their solutions [1].

Below is the list of the considered problems and the corresponding
results.

Problem 1. Finding a family of disjoint subsets.

An exact pseudopolynomial-time algorithm for the case of the
problem is proposed.

Problem 2. Balanced 2-clustering with one given center.

Problem 3. Finding a subsequence in a sequence.

Fully polynomial-time approximation schemes (FPTAS) for the
cases of problems 2 and 3 are proposed.

Problem 4. Partitioning a sequence into clusters.

Problem 5. Partitioning a sequence into clusters with restrictions
on their cardinalities.

A 2-approximation polynomial-time algorithms for the cases of
problems 4 and 5 are proposed.

Problem 6. Partitioning a set into Brownian clusters.

Some results on complexity of the problem are proposed.

The study of problems 1-4 was supported by the Russian
Foundation for Basic Research (grants 15-01-00462 and 16-07-00168).
The study of problems 5 and 6 was supported by the Russian Science
Foundation (grant 16-11-10041).

[1] Kel'manov, A. 2016. On some clustering problems: Complexity and
efficient algorithms with performance garantees for their solutions.
7th Conference (International) on Optimization and Applications
Proceedings. Petrovac, Montenegro.
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Paccmarpusaerca NP-rpynnas B cuibnom cmbicie [1]

Bagava. Jano: nociaenosareabHocts Y = (y1,...,YN) TOUEK
n3 R?, marypanbubie uncaa Tiin, ITmax, L 1 M. Hatimu: nemycTble
HellepeceKalolmuecs moaMHoXkecTBa My, ..., M mHOXKecTBa N =
={1,..., N} HOMEPOB 3JIEMEHTOB TIOCJIEJIOBATEILHOCTH ) TAKHe, ITO

L
Doy —aMIIP+ D> lyill> — min,

=1 jeM, iEN\M

e M = UL M, GMy) = (1/IMi]) Y e uq, ¥4, 1pu orpan-
gennsx: (1) mompoCThL 00begUHEHHOrO MHOXKEeCTBa M pasna M;
(2) B HOCTIEIOBATEIBHOCTH, OOPA30BAHHON KOHKATEHATINEH MHOYKECTB
My, ..., M|, HOMEDa YHODsIOYeHBI 110 BO3pacTanuio; (3) Homepa u3
obbeuuennoro nabopa M = {ni,...,ny/} CBI3aHbI HEPABEHCTBAMU
Toin < My — N1 < Thmax < N, m = 2,..., M. Bamgaga akry-
aJIbHA, B YACTHOCTH, JIJIsI TIOMEXOYCTONIMBOIO aHAJN3a U PACIO3HA~
BaHUs CUTHAJOB. B pabore mocTpoeH 2-pUOJINKEHHDBIH aJITOPUTM,
Bpems paboTsl Kotoporo pasao O(LNETY(MN + q)). Ilpu dbuxcn-
POBAHHOM wuHucye L aJropuTM MOJUHOMHUAJIEH. PaHee CymiecTBOBAJ
2-IpUOJINKEHHDI TOJIMHOMUAIBHBINA AJTOPUTM JIUIID /IS TaCTHOTO
caydas 3agaad, Korga L = 1; BpeMeHHAs CJI02KHOCTD 3TOTO aJIrOPUT-
ma pasaa O(N2(MN + q)).

Pabora noaep:xana rpantom PH® Ne16-11-10041.
[1] Keavmarnos A.B., Muzatirosa JI. B., Xamudyawun C.A., Xandees

B. d. 1lpubnanzKeHHBIN aJrOPUTM ISl 331a9u Pa30MeHns OC/IeI0Ba-

TEJILHOCTU Ha KJIACTEPBI C ONPAHUYEHUSIME Ha UX MOIIHOCTH // Tpymel
MM ¥VpO PAH, 2016 (B meuarn). T. 22. Ne3.
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The authors consider the following strongly NP-hard [1]

Problem. Given a sequence Y = (y1,...,yn) of points from R?
and some positive integers Tinin, Tmax, L, and M. Find nonempty
disjoint subsets My, ..., M of N ={1,..., N} such that

L
S5y —FMOIP+ Y il — min

I=1jeM,; 1EN\M

where M = UlL:1 M, and g(M,;) = Wll\zjex\/ll yj, under the
following constraints: (i) the cardinality of M is equal to M;
(79) concatenation of elements of subsets My, ..., M is an increasing
sequence, provided that the elements of each subset are in ascending
order; and (ii7) the following inequalities for the elements of M
= {n1,...,nuy} are satisfied: Tinin < N — Nn—1 < Thnax < N, m
=2,..., M.

This problem is relevant, for example, for noise-proof analysis
and recognition of signals. In this work, a 2-approximation algorithm
which runs in O(LNLTYH(MN + g))-time is proposed. Earlier, there
was a 2-approximate polynomial-time algorithm only for the case
of the problem when L = 1; the running time of this algorithm is
O(N2(MN + q)).

This research is funded by the Russian Science Foundation, grant
16-11-10041.

[1] Kel'manov, A., L. Mikhailova, S. Khamidullin, and V. Khandeev.

2016 (in press). An approximation algorithm for one NP-hard problem

of partitioning a sequence into clusters with restrictions on their
cardinalities. Trudy IMM UrO RAN 22(3).
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Pacemarpusaercst NP-rpynaas B cruibHOM cMbIce [1]

Bapaua. Jlano: mocsmenosarenbHocts Y = (y1,...,Yn) TOUEK
3 RY, wmarypasibuble unciaa Tiin, Twmax U L. Hatimu: HemycTbie
HelepeceKalolmuecs noaMHoxkecTBa My, ..., M MmuoxectBa N =
={1,..., N} HOMEpPOB 3JIEMEHTOB II0C/IEI0BATEIBHOCTU ) TaKue, 9T0
L
lyj — 5(M)|1* + lyil|* = min
Yi —Y l Yi ,
I=1jeM,; 1EN\M

_ L = _ _ .
rae M = Ui My, (M) = (1/[Mil) 32 ¢ u, ¥j» TPH OT pAHIICHHAX:
(1) B mocsiezioBaTEILHOCTH, 06PA30BAHHON KOHKATEHAIIUEH MHOXKECTB
My, ..., M|, HOMEDPa YHODSIOYEHBI 110 BO3pacTanuio; (2) HoMepa u3
obbenuaenHoro Hatopa M = {nq,...,nys} cBsI3aHBI HEPABEHCTBAME
Twin < My — Np—1 < Towax < N, m = 2,..., M, rne mortaocts M
nabopa M mnpejmonaraeTcss HEU3BECTHO.

PaccvarpuBaemas 3aj1ata UHIyIUPYETCs, B YaCTHOCTH, TPOOJIe-
MaMH [TOMEXOYCTOHUNBOrO aHAIN3a BPEMEHHBIX DsIJIOB.

B macrosimeit pabore mpeioKeHn aJaropuTM, MO3BOJISIONIAN Ha-
XomuTh 2-mpubmKenHoe penrenne 3a spema O(LNTH (N + q)), mo-
JMHOMHAIbHOE Tpn (ukcuposannom uucyae L. Pamee cymecTBoBas
2-IpuOJINKEHHDI TOJIMHOMUAIBHBIN AJTOPUTM JIUIID /IS TaCTHOTO
caydast 3a7aun, Korjga L = 1; BpeMeHH&As! CJI02KHOCTb 9TOTO aJIrOPUT-

ma pasaa O(N?(N + q)).

Pabora nmogmepxkana rpanramu POOU Ne15-01-00462, Ne16-31-
00186-mos1-a 1 Ne16-07-00168.
[1] Keavmanos A. B., Muzatinosa JI. B., Xamudyssun C. A., Xandees B. H.

[IpubmmKeHHBIN aaTOpUTM JJIst 3a7@9u PA30UEHUs TOCTIETOBATETb-
HocTH Ha Kjacrepsl // 2K. Boramcit. mat. mMar. dus., 2016 (B nmeuarn).
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The authors consider the following strongly NP-hard [1]

Problem. Given a sequence Y = (y1,...,yn) of points from R?
and some positive integers Tinin, Tmax, and L. Find nonempty disjoint
subsets My,..., My of N'={1,..., N} such that

L
SN g - MOIP+ > il — min

I=1jeM,; iEN\M

where M = UL, M; and 5(M,;) = (1/|My]) > jem, Yj under
the following constraints: (i) concatenation of elements of subsets
My, ..., My is an increasing sequence, provided that the elements of
each subset are in ascending order; and (i7) the following inequalities
for the elements of M = {ny,...,ny} are satisfied: Tryin < 1y
— N1 < Thax < N, m = 2,...,M (the cardinality M of M
assumed to be unknown).

The problem is related, in particular, to the noise-proof analysis
of time series.

In this work, the authors present an algorithm that allows to
find a 2-approximate solution of the problem in O(LNYTY(N + ¢))-
time, which is polynomial if L is fixed. Earlier, a 2-approximation
polynomial-time algorithm having O(N?(N + ¢)) running time was
presented only for the case of the problem when L = 1.

This research is funded by the Russian Foundation for Basic
Research, grants 15-01-00462, 16-31-00186-mol-a, and 16-07-00168.
[1] Kel'manov, A., L. Mikhailova, S. Khamidullin, and V. Khandeev. 2016

(in press). An approximation algorithm for a problem of partitioning

a sequence into clusters. Comput. Math. Math. Phys.
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Pacemarpusaercst NP-rpynHas B criibHOM cMbIce [1]

Bagaga. Jano: muoxectso Y = {y1,...,yn } Touek u3 R? u nary-
paabuoe uncyiao M. Hatimu pa3dbuenne mHOXKecTBa ) Ha KiaacTepbl C
u Y \ C rakue, aro

1> lly =g@IF + ¥\l Y llyll* — min,

yel yeY\C

rie Y(C) = (1/[C]) >-,cc v — reomerpuueckuit nentp (nenrponn) C
upu orpanudennn |C| = M.

UceneoBanne MOTHBUDOBAHO CIa0O0H M3YyYEHHOCTBIO 3a/1a49u
B QJITOPUTMUYECKOM ILJTAHE M €6 aKTYAJbHOCTBIO JIJIi MHOIHX INIPHU-
JIOZKEHUH, CPeJU KOTOPBIX, B YACTHOCTH, HPOBJIEMBI KJIACTEPHOTO
AHAIM3a JAHHDLIX, IPOGJIEMbl HHTEPIPETAIUH JAHHBIX, IIPOOJIEMBL
[eOMETPHUH, CTATUCTHICCKHE IIPOGJIEMBI COBMECTHOIO OIEHHBAHUS
U IPOBEPKH THIOTE3 II0 HEOAHOPOAHBIM BHIGOpPKaM u Ap. B nacro-
amelt paboTe MOCTPOEH NPHOIMKEHHBI AJTOPUTM DEICHHS 3818~
yn. {151 38JIaHHON OTHOCHTEJILHON TIOIPENTHOCTH € ITOT AJATOPUTM
[O3BOJIAET HAxXOMuTh (1 + €)-npubJIMKeHHOe pellleHre 3a BpeMs

o (qN Q(W + 1)‘1). B cayuae, xorjga pa3smMepHOCTH ¢ TPOCTPAH-
CTBa OrpaHUYEHA KOHCTAHTOW, BpeMsi pabOThl aJrOPUTMA OIEHH-
BAETCS BEJMIUHOM (9(N2 (1/e)% 2) U OH peaju3yeT IOJHOCTBIO
HOJMHOMUAJIbHYIO anupokcumarmonnyio cxemy (FPTAS — fully
polynomial-time approximation scheme). Pabora nonep:kana rpas-
tamu POOIU NeNe 15-01-00462, 16-31-00186-mol-a n 16-07-00168.

[1] Keavmanos A.B.,  Momkosa A. B.  AnnpokcumanuoHHasi — CXe-
Ma JJIsi  KBaJAPATUIHON eBKJIMUJOBOM 3ajadnd  CcOAJaHCUPOBAHHON
2-knacrepusanuu // JIUCKPETHBIA aHAIN3 M UCCJIEI0BAHNE Oleparuii,
2016 (B meuarn).

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Discrete Optimization and Computational Complexity 7

An approximation scheme for a balanced 2-clustering
with restrictions on the cardinalities of clusters

Kel’'manov Alexander? kelm@math.nsc.ru
Motkova Anna’x anitamo@mail.ru
'Novosibirsk, Russia, IM SB RAS

2Novosibirsk, Russia, NSU

The authors consider the following strongly NP-hard [1]

Problem. Given a set Y = {y1,...,yn} of points from R? and
a positive integer M. Find a partition of ) into two nonempty
clusters C and '\ C such that

1> Iy =3O + ¥\l Y llyll> — min

yel yeY\C

where 7(C) = (1/|C|) 3_,cc ¥ is the geometric center (centroid) of C,
subject to constraint |C| = M.

The research is motivated by insufficient study of the problem
from an algorithmic direction and its importance in some applications
including geometry, cluster analysis, statistical problems of joint
evaluation and hypotheses testing with heterogeneous samples, data
interpretation problem, etc.

In this work, the authors present an approximation algorithm that
allows to find a (1 + ¢)-approximate solution in O(¢N?(/2q/c+1)%)
time for a given relative error . If the space dimension is bounded
by a constant, this algorithm implements a fully polynomial-time
approximation scheme (FPTAS).

This research is funded by the Russian Foundation for Basic
Research, grants 15-01-00462, 16-31-00186-mol-a, and 16-07-00168.
[1] Kel'manov, A., and A. Motkova. 2016 (in press). An approximation

scheme for a quadratic euclidean balanced 2-clustering problem.

J. Appl. Ind. Math.

International Conference IDP-2016. Barcelona, Spain
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MpubnnxxeHHas cxema gnst 3agaqymn novcka
nognocsiegoBaTe/IbHOCTU

Keavmarnos Anexcarndp Bacuavesun'? kelm@math.nsc.ru
Pomarvenro Cemen Muzatinosur' rsm@math.nsc.ru
Xamudyaaun Cepzeti Aceadyanrosun’ kham@math.nsc.ru

'Pocenst, Hosocubupek, UM CO PAH
2Poccus, Hosocubupcx, HI'Y

Pacemarpusaercst NP-rpynHas B cruibHOM cMbIce [1]

Bapaua. Jawno: nmociaenosarensHocts Y = (y1,...,YN) TOUEK
n3 RY, narypasibabie unciaa Tiin, Tmax @ M. Hatimu: moMHOXKECTBO
M={ny,...,np} C{1,..., N} rakoe, aro

> Iy = 5M)|? — min,

JEM
rae J(M) = (1/|M|) 3", c v Yis TPI OrpAHIICHHSIX

1

N

Tmingnm_nmflngang; m:2a-'-aMa

HA 3JIEMEHTHI 13 Habopa (N1, ...,Mnar).

Sajada akTyaJibHA, B YACTHOCTHU, JJIs IIOMEXOYCTOWINBOIO aHA-
JIM3a W PACIIO3HABAHUS CUTHAJIOB.

B pabore moctpoer npubamKeHHbIN aJropuTM, KOTOPBIH IpU 3a-
JIAHHOI OTHOCHTENIbHO} TIOTPEITHOCTH € MO3BOJIsAeT HaxoauTh (1 +&)-
npubmzkentoe perenne 3aiaun 3a BpeMsa O(N2 (M (Tmax — Timin +
+1)+q)(y/2¢/e+1)9). IIpu dukcupoBaHHOI pa3MEPHOCTH IIPOCTPAH-
cTBA BpEMEHHas CJIOXKHOCTL anropurma pasma O(MN3(1/£)9/?)
U OH peajin3yeT MOJTHOCTHIO OJUHOMUAJBHYO IPUOITNKEHHYIO CXEMY
(FPTAS).

Pabora nopnepxana rpanramu PODOU Ne15-01-00462, Ne16-31-
00186-mos1-a 1 Ne 16-07-00168.

[1] Kel’'manov A., Romanchenko S., Khamidullin S. Fully polynomial-time
approximation scheme for a problem of finding a subsequence // 9th
Conference (International) on Discrete Optimization and Operations
Research Proceedings. Vladivostok, Russky Island, Russia, 2016 (in
press).
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An approximation scheme for a problem of finding
a subsequence
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The authors consider the following strongly NP-hard [1]

Problem. Given a sequence Y = (y1,...,yn) of points from RY,
and some positive integer numbers Ty, Tmax and M. Find a subset
M={ny,...,np} C{l,..., N} such that

> Iy = 5M)|? — min,

jeEM
where 7(M) = (1/|M|) >>,c 1 ¥i, under constraints
1<Tmin<nm_nmfl ngang; m:2a-'-aMa

on the elements of (n1,...,na7).

This problem is relevant, for example, for noise-proof analysis and
recognition of signals.

The main result of this work is an approximation algorithm which
allows to find a (1 + €)-approximate solution for arbitrary relative
error € in O(N?(M (Tmax — Tmin + 1) + q)(1/2q/c + 1)) time. If the
dimension ¢ of the space is fixed, then the time complexity of the
algorithm is equal to O(MN3(1/¢)?/?), and it implements a fully
polynomial-time approximation scheme (FPTAS).

This research is funded by the Russian Foundation for Basic
Research, grants 15-01-00462, 16-31-00186-mol-a, and 16-07-00168.
[1] Kel'manov, A., S. Romanchenko, and S. Khamidullin. 2016 (in

press). Fully polynomial-time approximation scheme for a problem

of finding a subsequence. 9th Conference (International) on Discrete

Optimization and Operations Research Proceedings. Vladivostok,

Russky Island, Russia.

International Conference IDP-2016. Barcelona, Spain
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06 ogHOM nogxoae K gokasaTesnbCTBY haceTHOCTU
OMOPHbIX HEPABEHCTB
1,2

Cumarues Pycaan FOpvesuy “* osiman@rambler.ru

2 urazovainn@mail.ru

Ypaszosa Unna BaadumuposHa
'Pocens, Omck, OHIT CO PAH

2Poccust, Omck, OMI'Y

IIycts P C R™ — BBIIyKJIbIiT MHOTOrpaHHuK. JIuneitnoe nepasen-
CTBO HA3bIBAETCs ONOPHBIM K MHOIOTDAHHUKY P, ecjii OHO BBIIOJI-
HsleTcs Jiisd J11000il Toyku u3 P u Xord Obl Jijisd OQHOI TOYKU u3 P
OHO BBIMIOJTHSETCH KAaK PABEHCTBO. BCsKOe OIOpHOE HEPABEHCTBO II0O-
pOXKIaeT I'paHb MHOTOIDAHHWKA. | paHu, pasMepHOCTH KOTODBIX Ha
€JINHUILY MEHBIIE PA3MEPHOCTU CAMOTO MHOTOT'PAHHUKA, HA3BIBAIOTCS
dacerunpivu. Hepasenctso, mnopoxkgaoriee dacery MHONOTPAHHUKA,
Ha3bIBaeTCs (paceTHbIM. BaXKHOCTDL (paceTHBIX HEPABEHCTB 00YCJIOB-
JINBAETCsI UX MPUMEHEHHEM B aJrOPUTMAX OTCEUCHUS IPHU PEIIeHUN
ONTUMU3AIMOHHBIX 33 1a4. KaK IMOKa3bIBaIOT 9KCIIEPUMEHTAIbHBIE Pe-
3yJIBTATHI, TAKAE OTCEUEHUS sIBIAIOTCS HANDOJIee «CUJIbHBIMEIY. Kpo-
Me TOro, Kaxjoe dhaceTHOe HEPABEHCTBO (€ TOYHOCTHIO JIO IKBHUBA-
JICHTHOCTH) [IPUCYTCTBYET B JIIOOOM JIMHETHOM OIUCAHUH BBIILYKJIOTO
MHOTOI'DAHHUKA.

B cBa3m ¢ Bbimecka3aHHBIM CTAHOBUTCS AKTYAJBHBIM BOIIPOC
0 TOAXO/aX K IOWCKY (haceTHbIX HepaBeHCTB. Kak mpaBmiio, JIoKa-
3aTeJIbCTBO (haCETHOCTHU CYIIIECTBEHHO OIIMPAETCs Ha KOMOMHATOPHbBIE
cBoiicTBa MHOTOrpaHHuKa. B HacTosImeit paboTe 06Cy K 1aeTCs TO/IX0,T
K JIOKa3aTeJIbCTBY (PaceTHOCTU OIOPHOI'O HEPABEHCTBA, OCHOBAHHBIN
Ha KOMOMHATOPHBIX CBOWCTBAX MHOYKECTBA JIOILYCTUMbBIX PEITeHUil OIl-
TUMU3AINOHHON 3a/1a49n. [1osyaenbl psijt HEOOXOIUMBIX YCJIOBUIA U 10~
cTaTovYHOe ycjoBre (haceTHOCTH OMOPHOIO HEPABEHCTBA B TEPMUHAX
JIOTTYCTHMOTO MHOKeCTBA 3a1a4u. JIaHabIil moaxo/ okazascs s dek-
TUBHBIM IIDH aHAJIU3€ MHOTOI'DAHHUKA 33241 O MUHUMAJIBHOM CB3-
HoM k-bakTope u MHOTOIMDaHHUKA 3a1a4u aripokcuMaiyu rpada [1].
[1] Simanchev R. Yu., Urazova 1. V. On the facets of combinatorial

polytopes. — Lecture notes in computer science ser. — Springer, 2016

(in press).
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An approach to the proof of facetness of support
inequalities

Simanchev Ruslan?x osiman@rambler.ru

2 urazovainn@mail.ru

Urazova Inna
Omsk, Russia, OSC SB RAS

20msk, Russia, OmSU n.a. F. M. Dostoevskiy

Let P C R™ is a convex polytope. Linear inequality is called a support
to the polytope P, if it is true for any point from P and for at least one
point of P it holds as an equality. Any support inequality generates
a face of the polytope. Faces with dimension that to one less than
the dimension of the polytope are called the facets. Inequality that
generates facet of a polytope is called the facet inequality. Importance
of facet inequalities is caused by their use in cutting plane algorithms
for solving optimization problems. As shown by the experimental
results, such cutting planes are more strong. In addition, each facet
inequality is presented in any linear description of a convex polytope
(up to equivalence).

In connection with the above, the question of the approach to
finding facet inequalities becomes actual. Usually, facetness proof is
essentially based on the combinatorial properties of the polytope.
The approach to the proof of facetness of support inequalities,
based on the combinatorial properties of the feasible solutions set of
optimization problem, is discussed. A number of necessary conditions
and sufficient condition for the facetness of support inequality in
terms of the feasible set are obtained. This approach to the analysis
of the minimum connected k-factor problem polytope and graph
approximation problem polytope was effective [1].

[1] Simanchev, R.Yu., and 1. V. Urazova. 2016 (in press). On the facets
of combinatorial polytopes. Lecture notes in computer science ser.

Springer.

International Conference IDP-2016. Barcelona, Spain
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MeToabl 00paboOTKN KOCMUYECKUX N300parkeHnii
AN OLEHKM 3MUCCUI MasiblX ra30BbiX KOMMOHEHT
N a3po30Jiei Npu NPUPOLHbLIX NoXKapax

1

Bondyp Baaeputi I'puzopvesuy * vgbondur@aerocosmos . info

Myponun Anexcandp Bopucosuw'?

amurynin@bk.ru
TI'opdo Kpucmuna Apapamoena office@aerocosmos.info
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2Poccnst, Mocksa, ®UIT IY PAH

IIpupo/abie 1m0XKaphI ABJIAIOTCA IVIOOAIBHBIM UCTOYHHKOM I'a30-
BOI U a3pPO30JIbHOI sMuccuu B arMocdepy U CUMTAIOTCS OIHUM U3
OCHOBHBIX (PaKTOPOB IKOJOIHIECKOTO PUCKA JJIs OKPY2KAIOIIeil cpe-
ael. OHE BBI3BIBAIOT JAUCOAIAHC KJIAMATHYIECKON CHCTEMBI, B TOM
qUCJIe IIPUBO/IA K MOBBIIIEHUIO TEMIIEPATYPhI IOBEPXHOCTH ILJIAHETHI,
MMapHUKOBOMY 3 (}PeKTy U M3MEHEHUIO PaIMAIMOHHOTO OaJiaHca aT-
Mocdepbl. YUUThIBasi TePPUTOPUATIbHBIE OCOOEHHOCTH W XapaKTep-
HBII TIpocTpaHcTBeHHBIT MacmTad CeBepHoit KBpasuwm, jy1st BbIsiBIe-
HUsl 0YAaroB IOYXKAPOB U pacdera 00beMOB IMUCCHUII BPEIHBIX Ta30B
1 adpo30Jiell B BO3JYIIHYIO Cpelly Tpebyercs IPUMEHEHHe MeTO/I0B
U CPEJICTB CIIyTHUKOBOI'O MOHUTOpHHra. B HacrosIeit pabore omnu-
caHa CHCTeMa OIEPATHBHOIO KOCMHUYECKOI'0 MOHUTOPUHIA U METO/IbI
00paboTKU OOJIBINMUX ITOTOKOB KOCMUYIECKUX HU300PAKEHUIl, MCIIOJIb-
3yemble [jisi OOHAPYXKEHUsI OYaroB BO3TOPAHUs, W JJIs OIEHKH UX
nocyencrBuil. IIpuBoggrcss pe3ynbTaTbl KOCMUYECKOI'O MOHUTODPUH-
ra IPUPOJIHBIX [T02KAPOB U OIEHEHBI ILJIOIIA M, IIPOIeHHbIE OIHEM,
a Takyke 00beMbl sMuccuii yriesojopojcoiepKamux razos (COq,
CO) u aspozouieit (PM2.5) 1jisi pas3jiuHbIX PETHOHOB B PA3JIXUHBIE
Mecanp! 3a nepuos ¢ 2010 mo 2016 rr. BuisgBiaeHbI 0COOEHHOCTH CE30H-
HOIl MOBTOPSIEMOCTH IIPUPOIHBIX TOXKAPOB U 00bEMOB IMUCCUAN BPE/I-
HBIX I'a30B U MEJIKOJIUCIEPCHBIX adPO30JIell Ha MCCIEeIyEeMbIX TEPPU-
TOPULAX.

Pabora nomnepxana Munobpuayku Poccun (yHUKAJIbHBIA 11eH-
tucdurarop npoekra RFMEFI58314X0003).

[1] Bondyp B.I. Kocmudeckuii MOHUTOPUHT SMUCCHH MAJIBIX FA30BBIX KOM-

[IOHEHT ¥ a3pO30Jieil IIpu MPUPOAHBIX Hoxkapax B Poccun // Uccueno-

BaHue 3emuu n3 Kocmoca, 2015. Ne6. C. 21-35.

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Image Processing 83

Satellite imagery processing methods
for the estimation of trace gas
and aerosol emissions due to wildfires
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Wildfires are global sources of gas and aerosol emissions into
the atmosphere and considered as one of the main factors of
environmental risk. Wildfires cause disbalance of the climate system,
including raised temperatures of the planet’s surface, greenhouse
effect, and change in the atmosphere’s radiation balance. Taking
into account terrain features and characteristic spatial scale of North
Furasia, detection of fire origins and calculation of volumes of harmful
gas and aerosol emissions into the atmosphere requires application of
satellite monitoring methods and assets. This paper describes the
system of online satellite monitoring and methods of processing of
large satellite imagery flows used to detect fire origins and to assess
fire effects. The results of wildfire satellite monitoring and assessments
of burned out areas as well as carbon bearing gas (COz, CO) and
aerosol (PM2.5) emission volumes are given here for different regions
in various months between 2010 and 2016. The features of wildfire
seasonal repetition and harmful gas and fine aerosol emission volumes
for the areas of interest have been revealed [1].

The research is supported by the Ministry of Education
and Science of the Russian Federation (unique project identifier
RFMEFI58314X0003).

[1] Bondur, V. 2015. Space-borne monitoring of trace gas and aerosol

emissions during wildfires in Russia. Issledovanie Zemli iz Cosmosa
6:21-35.
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VcTpaHeHne KOMOVMHMPOBAHHOIO WyMa
Ha PacTpPOBbIX N300pa>keHnsaX
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myhoangthanh@yahoo.com
YPocens, Tyna, Tyal'yY

2Brernam, X109, X109CCKUil NHIYCTPHATBHBI KOJITEIK

Peanbubie mymbr MOKHO 3(DHEKTHBHO CMOJIEINPOBATDL CMECHIO
pacIpejieJieHuil, HAIIPUMED, ITyaCCOHOBCKOI'O W I'ayCCOBCKOIO MIYyMOB.
CMech TaKuX IIyMOB OOBIYHO HAOJIIOIAeTCs Ha N300PasKeHUsIX C 3JIeK-
TPOHHOI'O MUKPOCKOIIA, Ha a3POKOCMUYECKUX CHUMKAX U JIP.

Jl1si yeTpaHeHus CMECH IIyaCCOH-TayCCOBCKUX IIIYMOB pa3paboTa-
HBl PA3JIMYHBIE METOJbI, HAIPUMEDP: MACIITAOHOTO T'PAIUEHTA, AJIb-
tepuatuBuoii Munnmuzarun, PURE-LET, obo6iiennoro mpeobpaso-
BaHus DuckoMOa. O0IIas XapaKTEePUCTUKA TIEPEIUCICHHBIX METO/IOB
3aK/II0YAETCS B TOM, UTO OHHM JOCTATOYHO CJIOYXKHBI: KAK TE€OPETHIe-
CKU, TaK U B IPAKTUIECKON peasu3aruu. VI3BeCTHO, 9TO MOBBIIIICHHAST
CJIOZKHOCTb TEOPETUYIECKU CTPOro OODOCHOBAHHBIX MOJIEJEHl yCTpaHe-
HUSI CMECH IIyACCOH-TAYCCOBCKUX IIIyMOB OOBIMHO HPHUBOJIUT K TOMY,
YTO OHM OKA3BbIBAIOTCS MHOIOIAPAMETPHIECKUME. DTa 0COOEHHOCTDH
9aCcTO CIIOCOOHA 3aMETHO CHU3UTD KAYIeCTBO 00PabOTKN N300paskKeHnit
B yCJIOBHSX, KOTJIa HE y/IAeTCS XOPOIIO OIEHUTH MapaMeTPhl MOJIEIH.

AJtbrepHATHBONR MOTYT OBITH YIPOIIEHHBIE MOJEJIN yCTPAHEHUST
CMECH TaKHUX IIyMOB, KOTOPBIE ITO3BOJISIOT IIOCTPOUTH MIPOCTHIE AJI-
TOPUTMBI TIPA COXPAHEHUH BBICOKOI'O KavdecTBa 0OPabOTKM.

Paccvorpena 3ajata ycrpanennss KOMOMHUPOBAHHOTO ITyacCOH-
rayCCOBCKOIO IIIyMa B IIPEJIIIOIOKEHIH, YTO TapaMeTPhl PACIIPe e ie-
HUU y2Ke UIeHTU(DUIMPOBAHBI U OIEHUBAIOTCS JIUIND IIPOIIOPIIUU UX
BKJIaI0B B 00muit mym. [lpenjokerHtast MOIe/ b yCTpAHEHHUS IIIyMa
OCHOBaHA Ha TIOJHON Bapuarun GYHKIUA IPKOCTH n300pazkenust [1].

Pabora wactuano nmomepxkana rpantamu PO Ne16-07-01039
u Ne15-07-02228.

[1] Thanh D.N. H., Dvoenko S.D. A method of total variation to remove

the mixed Poisson-Gaussian noise // Pattern Recogn. Image Anal.,
2016. Vol. 26. No. 2. P. 285-293. doi: 10.1134/51054661816020231.

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Image Processing 85

Removing of combined noise in raster images
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Real noise can be effectively represented by a mixture of distributions,
for example, by Poisson and Gaussian noises. Such mixture of noises
is usually arised in electronic microscopy, aerospace images, etc.

Different techniques have been developed to remove the Poisson—
Gaussian noise mixture, such as: scaled gradient, alternating
minimization, PURE-LET, and generalized Anscombe transformation.
The general characteristics of these methods is that all of them are
sufficiently complicated, both in theoretical and in practical sense.

It is known that the increased complexity of the strong
theoretically based models to remove the Poisson—Gaussian noise
mixture usually results in multiple model parameters. This peculiarity
can significantly reduce the quality of image processing under
the condition when the model parameters have not been properly
evaluated.

The alternative consists in simplified models of the noise
mixture removing to provide simplified algorithms providing the data
processing high quality.

The problem of the combined Poisson-Gaussian noise removing
is under investigation with the assumption that the distribution
parameters are already identified and only the ratios of them in the
resulted noise need to be evaluated. The proposed denoising model is
based on the total variation of the image intensity function.

This research is funded partially by the Russian Foundation for
Basic Research, grants Nos. 16-07-01039 and 15-07-02228.

[1] Thanh, D.N.H., and S.D.Dvoenko. 2016. A method of total variation

to remove the mixed Poisson-Gaussian noise. Pattern Recogn. Image
Anal. 26(2):285-293. doi: 10.1134/S1054661816020231.
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OueHka kavecTBa N300pa>keHnii NpU MNOBbILLEHUN
pa3pelleHnsi Ha OCHOBE NMPOCTPAHCTBEHHOro
CNeKTpasibHOro CMHTe3a
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Paccmorpenst jBa Merosa yirydlinenns n300parKeHnil € UCHOJIb-
30BaHMEM CIEKTPAJIbHBIX IpejcTrasienuii. [lepsoril moixo/ ocHOBaH
Ha IIPEJITIOJI0XKEHUH, UTO JIOCTYIIHA UHPOPMAIHA O JETAJIAX BBICOKO-
0 MPOCTPAHCTBEHHOTO pa3peIleHus], 3aJaBaeMast JOTOJHATEIbHBIM
ONOpHBIM m300pakeHueM. Bropoit mogxon e Tpebyer mpuBJIeIeHUs
JIOTIONTHUTEIbHON nHMOopMarun. 300parkeHne BBLICOKOTO pa3perre-
HUs CUHTE3UPYETCs HA OCHOBE aHAJUTHYECKOTO IIPOJOJIZKEHUS CIIeK-
TPa UCXO/IHOI'O U300pakeHus B 00/1aCTh BBICOKUX IIPOCTPAHCTBEHHBIX
qactoT. [IpoBeneno ncciiemoBanme 1Mo BoIOOPY YUCIEHHON MEPBI CXOJI-
crBa (pasindus) uzobpazKkenuii B 3aja49e OLUEHKH KAJeCTBA [OBbIIIE-
HUsI TPOCTPAHCTBEHHOI'O DPA3PEIIeHHs C ITOMOIIBIO pa3pabOTaHHBIX
MeTo0B. [losrydensl pe3yabraThl 110 OUCKY ONTUMAJIBHBIX ITapaMeT-
POB CIIEKTPAJIBHOI'O CHHTE3a B 33/IaHHOM IIPOCTPAHCTBEHHOM pa3pe-
mennn. CpaBHUBAIOTCS PE3yJIbTATHI OIEHKN KadecTBa M300parkKeHwmit,
VILYUIIEHHBIX C [TOMOIIbI0 nHTepnojsiun Jlanmnorra, u paspaboran-
HBIMU METOJIAMU C OINTHMAJIbHBIME napamerpamu [1].

Pabora Boimosnena mpu mnojjepkke MuHuCcTEpcTBa 00PA30BAHMS
n uHayku Poccnmiickoit @enepannu B pamkax PUII «UccmemoBanms
U pa3pabOTKH 10 IPUOPUTETHLIM HAIIPABJIEHUAM DA3BUTHUS HAyIHO-
TEXHOJIOrnIecKoro KoMiurekca Poccnn Ha 2014-2020 ro/pl» (yHUKATb-
ubiit uaentudukarop npoekra REMEFI57414X0086) Pabora mouep-
xana rpaaTamu PODOU Ne14-05-91759 u Ne16-51-55019.

[1] Mypwrun A. B., Tpexun A. H., Henamwves B. FO., Mameees H. A.

OHeHKa KadeCTBa I/I3O6pa)KeHI/II71 IIpU IIOBBIINIECHUUN pPa3pelieHunusd Ha

OCHOBE TPOCTPAHCTBEHHOTO CIEKTpajbHOro cuaTe3a // Becrnuk

MI'TY wm. H.D. Baymana. Cepusi «EcrecTBeHHBIE HayKu». —
M..MI'TY nm. H.D. Baymana, 2016 (B negarn).
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Image quality evaluation for resampling methods
based on spatial spectrum extrapolation
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Murynin Alexander> amurynin@bk.ru
Trekin Alexey’ alexey.trekin@gmail.com

'Moscow, Russia, FRC CSC RAS
2Moscow, Russia, ISR “Aerocosmos”

Two methods of image enhancement using spectral representations
are considered. The first approach is based on the assumption
that the required information about details is obtained from the
additional reference image at the high spatial resolution. High-
resolution image is constructed using a combination of spatial
spectra of the main and reference images. The second approach
does not require the use of additional external information (reference
image). High-resolution image is synthesized based on the analytic
continuation of the original image spectrum to the region of high
spatial frequencies. A study on the selection of a numerical measure
of image similarity (difference) in the quality assessment problem is
carried out. The results on the finding optimal parameters of spectral
synthesis at a given spatial resolution are presented. The results of
evaluation of image quality enhanced by Lanczos interpolation are

compared with the developed methods with the optimal settings [1].
This research is supported by the Russian Foundation for Basic

Research, grants Nos. 14-05-91759 and 16-51-55019. This research is

funded by the Russian Ministry of Education and Science (Project

identificator RFEMEFI57414X0086).

[1] Murynin, A., A. Trekin, V. Ignatiev, and I. Matveev. 2016 (in
press). Image quality evaluation for resampling methods based on
spatial spectrum extrapolation. Herald of the Bauman Moscow State
Technical University. Natural sciences ser. Moscow: Bauman University
Publishing House.
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MNouck oTAnuuii Ha NnocnepoBaTeNIbHOCTSX
n300pa>keHunii B CNOXKHbIX CLeHax

Buwmnsaros Bopuc Baucosurx vishnyakov@gosniias.ru
Cudsaxur Cepeeli Baadumuposuy sersid@gosniias.ru
Pocnaos Huxonatli Mzopesur nroslov@gosniias.ru
Busuavmep IOpuii Baarenmurosuy viz@gosniias.ru

Poccust, Mocksa, @T'VII «'ocHUUAC»

3a mociejHee JecsiTuieTHe ObLIO IPEJIOXKEHO OOJIBIIOE YHCJIO
METOJOB U IIOJXOJOB, IOCBSIIIEHHBIX MIPOOJIeMe OUCKA OTJIMYMIl Ha
Buzeo. Ilomapmsroniee OONBIMTUHCTBO Cpeau HUX OBLIO pa3paboTamo
J7IsT OOHAPYKEHUS JABUKYIIUXCS 0OOBEKTOB B CHCTEMAaX BUICOHAOIIIO-
JeHNs U OCHOBBLIBAJIOCH HA TEXHUKAX BbIUMTAHUs (POHA /IS CEeIMEH-
Talluu CIIeHbl Ha 1epeHuii miad u (ou. [Ipu sToM Kazkablil MeTos1 Ha
[IPaKTUKE CTAJKUBAETCS C CEPbE3HBIMU U IIPAKTUIECKU BCErJia Hepe-
MIAEMBIMK IIPOOJIEMAMU: BBICOKAs BAPUATUBHOCTDL YCJIOBUI ChHEMKH,
[IOCTOSAHHBIE N3MEHEHUs] OCBEIIEHHOCTH PA3HOM IIPOI0JIKUTEILHOCTH,
IIyMbl BHJIEOJATUNKOB, HAJUYUU JUHAMUIECKAX OOBEKTOB 3aHEr0
[JIaHa, HAIIPUMED PaCKauUBaIOIIUXCsl BETOK, KYCTOB.

B pabore nperaraercst HOBbIii 1101X0/] K J€TEKTUPOBAHUIO OTJIU-
quii Ha I10CJIEI0BATEILHOCTSIX U300PayKeHUil B CJIOXKHBIX yCJIOBUAX
CbEMKH. DTOT IOIXO0J, OCHOBBIBAETCH HA B3aUMHBLIX KOMIIAPATUBHBIX
dbuaprpax u HOpMasu3anuu dhona. OCHOBHBIE TPEUMYIIECTBA TPE/I-
JlaraeMoro ajropurmMa — OTCYTCTBHE IIOJICUYeTa [1Ppeodpa3soBaHus sip-
KOCTell IIMKCEeJIOB U [IPEeIBAPUTE/IbHON CErMEHTAIMY H300parkeHns Ha
006/1aCTU TIOCTOSTHHOMN ApKOCTH. [Ipe1yToyKeHHBIHN 10/1X0/T MOXKET OBITH
CKOMOUHUPOBAH C METOIOM MOIEJIUPOBaHus (POHA, HEYCTONIMBLIM
K M3MEHEHNIO OCBEIIEHHOCTH, C LEJIbIO IOBLIIIEHNs KAIeCTBa paboTh
nocsiennero. B pabore npusenenbl IOKa3aTe/Id KauecTBa pa3spaboTam-
HOTO MeToJa Ha obmenocrynHoit 6aze GTILT [1].

Pa6ora nopuepxkana rpantavu PO NeNe 15-07-09362 A, 15-07-
01323 A u 16-57-52042 MHT _ a.

[1] Buwmnaros B. B., Cudaxun C. B., Pocaos H. H., Busuavmep FO. B. Tlo-
WCK OTJIMYMI Ha IMOCIEJ0BATEILHOCTIX U300PaykKeHUil B CJIOKHBIX CIie-
Hax // BeCcTHUK KOMIIBIOTEPHBIX U WHMOPMAIMOHHBIX TEXHOJOTH. —
M.: Cnekrp, 2016 (B neuarn).
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Change detection in the sequences of images
in complex scenes

Vishnyakov Borisx vishnyakov@gosniias.ru
Sidyakin Sergey sersid@gosniias.ru
Roslov Nikolay nroslov@gosniias.ru
Vizilter Yurt viz@gosniias.ru

Moscow, Russia, FGUP “GosNIIAS”

Over the last decade, a large number of methods and approaches
for dealing with the problem of finding changes in the video were
proposed. The vast majority of them have been developed for
moving objects detection in video surveillance systems and rely on
background subtraction techniques for segmentation of the scene
into the foreground and the background. In addition, each method
faces serious and sometimes unsolvable problems: the high variation
of the record shooting conditions, constant illumination changes of
different duration, matrix noise, the presence of dynamic objects in
the background, for example, swaying branches, bushes.

The present authors propose a new approach to the detection of
changes in the sequences of images in difficult shooting conditions.
This approach is based on mutual comparative filters and normalizing
the background. The proposed algorithm of allocation of basic
differences is simple and efficient. Its main advantage is that it does
not use the mapping of pixel brightness, which is often used by other
methods, and does not require prior segmentation into regions of
constant brightness. The proposed approach can be combined with
almost any method of background modeling that is not robust to
changing light conditions to improve the overall quality. The quality
levels of the developed method have been calculated and compared
with the baseline quality levels of the basic methods of background
modeling or change detection using the publicly available dataset
GTILT [1].

This research is funded by the Russian Foundation for Basic
Research, grants Nos.15-07-09362 A, 15-07-01323 A, and 16-57-
52042 MNT _a.

[1] Vishnyakov, B., S. Sidyakin, N. Roslov, and Yu. Vizilter. 2016 (in
press). Change detection for the sequences of images in complex scenes.

Herald of computer and information technologies. Moscow: Spektr.
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Naentudmnkauyms nuuy B peasbHOM BpemMeHun
C UCNoJsb30BaHUEM BEpPTOYHOW HerlpoHHOW ceTu
M X3WMPpYIOLLEro neca

T'opbauesuy Baadumup Cepzeesurx gvs@gosniias.ru
Busuavmep FOpuii Basenmurosuy viz@gosniias.ru
Bopomnuxos Andpeti Baaepvesuy andronzord@gmail . com

Kocmpomos Hurxuma Anexceesuy nikita-kostromov@yandex.ru
Poccust, Mocksa, @T'VII «ocHUUAC»

B pabore [1] mpemaraeTcst METOJ MOCTPOEHUs] GUOMETPUIECKO-
ro 1madJIoHa ¢ UCIOJb30BAHUEM CBEPTOYHON HEHPOHHON ceTn m X3-
mmmpyiomiero Jjieca (CNHF — convolutional network with hashing
forest). Merom cocrouT u3 ABYX STAIOB: HA IIEPBOM I[IPOUCXOIUT
obyuenne ceeprounoit HeliporHoii cetn (CNN — convolutional neural
network), Jajee K II0JIy9€HHBIM JECKPHUIITOPAM [IPUMEHIETCs Xelllr-
py’oiree mpeobpa3zoBaHue ¢ UCIOJIH30BAHIEM HOBOIO MIPEJIOKEHHOTO
Meroja xsumpyiomero jeca (BHF — boosted hashing forest). Me-
ron, BHF aBigercs obobmenunem meroga Boosted SSC (Similarity
Sensitive Coding) st perienusi 3aa9u MOCTPOCHUsI OINTUMAJIBHO-
ro Xerna, y9IUTBIBAIONEro CHerudUKy OJHOBPEMEHHO 3a/ad BepH-
dukanuun u uiaentTudurkaruu Jjmi. Merog CNHE obyuen Ha 06aze
sur;, CASTA-WebFace, a ero TecrupoBanue mpousseieHo Ha 6asze
mur; LFW (Labeled Faces in the Wild). s Biaoskenns XsMMmuHra
(CBHF) nosyuennsiit 200-6urHsbtii (25 Gaiir) 6momerpudecknii mab-
JIOH TIOKa3biBaeT KadecTBo Bepudukarun 0,963, 2000-OuTHBIH 11a0-
jgon — 0,9814 ma LFW. Meroxg CNHF ¢ 7-OuTHbIMU Ji€pEBbSIMU
2000 x 7 mocruraer yposasi 0,93 B mnentuduxanun (rank-1) orHo-
curenibHO 6a30BbIX pe3ysnbraroB CNN B 0,899. Meronq CNHF dop-
vupyet ommcanus Jjmmr, ¢ gactoroit 40 fps ma CPU Core i7 u 120 fps
¢ ucnosibzoBanneM GPU GeForce GTX 650.

Pa6ora noguepkana rpantom PH® (npoext Ne16-11-00082).

[1] Busuavmep FO.B., I'opbauesuw B.C., Bopomnuxos A.B., Kocmpo-
mo6 H. A. nentudukanus Jini; B peajibHOM BPEMEHU C MCIIOJIH30BAHM-

€M CBEPTOYHON HEHPOHHON ceTn u xamupyiomero jeca // BKUT, 2016

(B megarn).
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Real-time face identification via convolutional neural
network and boosted hashing forest
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Vorotnikov Andrew andronzord@gmail.com
Kostromov Nikita nikita-kostromov@yandex.ru

Moscow, Russia, FGUP “GosNIIAS”

In [1], the family of real-time face representations is obtained

via Convolutional Network with Hashing Forest (CNHF). First,

the convolutional neural network (CNN) is taught, then CNN is
transformed to the multiple convolution architecture, and finally,
the output hashing transform is taught via new Boosted Hashing

Forest (BHF) technique. This BHF generalizes the Boosted SSC

(Similarity Sensitive Coding) approach for hashing learning with joint

optimization of biometric face verification and identification. The

method CNHF is trained on CASIA-WebFace dataset and evaluated
on LFW (Labeled Faces in the Wild) dataset. The output of single

CNN with 0.97 is taught on LEW. For Hamming embedding, CBHF-

200 bit (25 byte) code with 0.963 and 2000-bit code with 0.981 on

LFW have been got. The method CNHF with 2000 x 7 bit hashing

trees achieves 0.93 rankl on LEW relative to basic CNN 0.899 rankl1.

The method CNHF generates templates at the rate of 40+ fps with

CPU Core-i7 and 120+ fps with GPU GeForce GTX 650.

This work is supported by the Russian Science Foundation

(project No. 16-11-00082).

[1] Vizilter, Yu., V. Gorbatsevich, A. Vorotnikov, and N. Kostromov. 2016
(in press). Real-time face identification via CNN and boosted hashing
forest. Vestnik Komp’yuternykh i Informatsionnykh Tekhnologiy
[Herald of Computer and Information Technologies).
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MpumeHeHune TeopeTnko-nHOPMaLNOHHOIO
KpUTepus KadecTBa 411 cerMmeHTaumMmn n3odbpa>keHunii

Mypawos Imumputi Muzxatiosuy d_murashov@mail.ru
Poccust, Mocksa, ®ULL 1Y PAH

PaccmarpuBaercs 3amada pazpaboTKu METOIa 0OeCTIeIeHUsT HAK-
JIYUIIEero KadecTBa cerMmenTaimu nudposbix n3obpazkenuii [1]. Meros
OPHEHTHUPOBAH Ha IIPUMEHEHHe MOIUMUIINPOBAHHOIO CYIEPIINKCEIb-
HOT'O aJIFOPUTMA CerMeHTAIUN.

B wusBecTHBIX paboTax /s OIEHKN KadecTBa CErMEHTAIUU HUC-
[TOJTb30BAJICS «B3BEIICHHBIN TOKA3ATE/b HEIOCTOBEPHOCTHY, BBIUMC-
JITEMBIIl Uepe3 3HAYeHUs] HOPMAaJM30BaHHON B3auMHOM nH(MOpMAIIT
[IBETOBBIX KAHAJIOB BXOIHOI'O W CEIMEHTUPOBAHHOI'O M300ParKEHUI.
3aBUCUMOCTD MOKA3aTe sl HEJJOCTOBEPHOCTH OT ITapaMeTpPa aJIlOPUT-
Ma CerMeHTallld MOHOTOHHA, YTO ITOTPeDOBAJIO 0Oy UeHUs aJIrOPUTMa
7 pa3pabOTKU UTEPAIMOHHON IPOIEyPhl BHIOOPA MapaMerpa.

B nmanmnoit pabore B KadecTBe KpUTEPHUs [JIsi ONTUMUBAINHA Ka-
9eCTBa CEIMEHTAINN MIPE/JIAraeTCs MPUMEHATh Mepy U30BITOIHOCTH
nadopmarun. Takoit Kpurepuit obecrieanBaeT JIydUIIUil pe3yabTAT
C TOYKM 3pEeHus BHU3yaJIbHOro Bocrpustusd. [lokazano, 4ro mnpes-
JIO2KEHHBIl CII0CO0 MOCTPOEHUs] MEPhI M30BITOYHOCTH ITO3BOJIMJI 1O~
JIYIUTHh 9KCTPEMAJIbHBIE CBOMCTBA. DKCIIEPUMEHT, ITPOBEJICHHBIN Ha
n3o0paxkenusix u3 6a3nol Berkeley Segmentation Dataset, momreepan,
9TO CerMEHTUPOBAHHOE M300parkeHne, COOTBETCTBYIOIIEe MUHUMYMY
MepbI U30BITOYHOCTH, JIaeT MUHUMAJIBHOE DPA3JIMYHe 110 TeOPETUKO-
nH(MOPMAIMOHHOI Mepe IIPU CPABHEHUU C MCXOHBIM N300PaKEHUEM.
Kpome Toro, BEIOpaHHBIH ¢ TOMOIIBIO MIPEIJIOKEHHOIO KPUTEPUST Ba-
pUAHT CErMEHTAINHN JaeT HAMOOJIbIee CXOJCTBO C TAJOHAMH, UMe-
oIuMucs B 0ase.

Pabora nognepxkana rpantamu PODOU Ne15-07-09324 u Ne 15-07-
07516.

[1] Mypawos /. M. TlpumeHerne TeopeTHKO-UHGOPMAIMOHHOIO OAXO0A

JUI cerMeHTanuu n3o6pazkennii // Mamunnoe o0y vaenue n anagus gan-

Heix, 2016 (B mevarn).
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Application of information-theoretical performance
criterion for image segmentation

Murashov Dmitry d_murashov@mail .ru
Moscow, Russia, FRC CSC RAS

A problem of segmentation quality of digital images is considered [1].
The developed technique is based on the information-theoretical
approach and applied to a modified superpixel segmentation
algorithm.

In one of the conventional techniques, weighted uncertainty index
is used for measuring segmentation quality. The index is calculated
using normalized mutual information of color channels in given
and segmented images. The uncertainty index varies monotonously
depending on parameter of the segmentation algorithm. It caused
application of learning technique and iterative procedure for choosing
parameter value.

In this work, information redundancy measure is proposed
as a criterion for optimizing segmentation quality. This criterion
provides the best result in terms of visual perception. It is shown
that the proposed method of constructing the redundancy measure
provides it with extremal properties. An experiment was conducted
using the images from the Berkeley Segmentation Dataset. The
experiment confirmed that the segmented image corresponding to
a minimum of redundancy measure produces the minimum difference
in the information-theoretical dissimilarity measure when compared
with the original image. In addition, the segmented image that was
selected using the proposed criteria, gives the highest similarity with
the groundtruth segmentations, available in the database.

This research is funded by the Russian Foundation for Basic
Research, grants Nos. 15-07-09324 and 15-07-07516.

[1] Murashov, D. 2016 (in press). Application of information-theoretical
approach for image segmentation. Machine Learning Data Anal.
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OnTtumanbHbIn BbIOOP NapameTpos
0N BOCCTAHOBJIEHUSI CMEKTPOB MOPCKOro BOJIHEHUSA
Mo a3pPOKOCMUYECKUM M300parkeHnsam

Myponun Anexcandp Bopucosuw'?

amurynin@bk.ru
Bondyp Baaeputi I'puzopvesur’x vgbondur@aerocosmos . info
Henamves Baadumup FOpvesun'?

vladimir.ignatiev.mipt@gmail.com
'Pocens, Mocksa, HA «Aspokocmocs

2Poccust, Mocksa, ®UIT Y PAH

PaccmarpuBaercss mpobsiema  BOCCTAHOBJIGHHSI CIIEKTPOB  MOD-
CKOWl TMOBEPXHOCTH IO A3POKOCMHUYECKUM W300DaYKEHUSIM B IITHPO-
KOM CIIEKTPAJIbHOM NHWana3oHe [JINH BOJIH. B pamMKax OnucaHHoit
HEJIMHENHON MO/Ie/I I10JId APKOCTH, PErUCTPUPYEMOro alaparypoit
JUCTAHIIMOHHOI'O 30H/IMPOBAHUS, IIPEJIOXKeHa MOIU(UKAIIS BOCCTa-
HABJINBAIOIIETO OIIEPATOPA, JEHCTBYIOIIEr0 BO BCEll MPOCTPAHCTBEH-
HO-CIIEKTPaJIbHOI obstactu. Onucan HTeparmoHHbBIN ITPOIECC BHIOOPA
ONTUMAJIbHBIX 3HAYCHUI TTapAMETPOB MOIU(DUITTPOBAHHOTO OIIEPATO-
pa € UCIOJIb30BAHUEM IIOJCILY THUKOBBIX M3MEPEeHN JJIs BaJIH AN,
IIpencraBieHbl pe3yabTaThl IPOBEPKH PAOOTOCIIOCOOHOCTH ITOCTPOEH-
HOT'O OIIEPATOpa JJIsl PA3IMYHBIX YCIOBUI PErUCTPAIINH N300paKeHu it
MOpCcKoii oBepxuocTu|l1].

Pabora Bemmosimena npu nomgepxkke MunucrepcrBa obpasosa-
Hus u Hayku Poccuiickoit @enepanun (naeHTHdUKATOPBI IPOEKTOB
Ne2015/H8, RFMEFI57714X0110).

[1] Bowdyp B.T., /Iyaos B.A., Henamves B.IFO., Mypwnun A.B. Boc-
CTaHOBJICHUE CIIEKTPOB MOPCKOI'O BOJTHEHUS 110 CIIEKTPaM KOCMHUYIECKHX
n306pazkenunit B mupokoMm amanasone dacror // Ussectus PAH. @u-
3uKa arMmocdepsl u okeana, 2016 (B neuarn). T. 52.
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Parameters optimization in the problem of sea-wave
spectra recovery by airspace images
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Ignatiev Viadimir'?

vladimir.ignatiev.mipt@gmail.com
"Moscow, Russia, ISR “Aerocosmos”

2Moscow, Russia, FRC CSC RAS

The paper considers the problem of the retrieving of sea surface
spectra from aerospace images over a wide wavelength range.
A modified recover operator defined in the whole spatiospectral
domain is proposed. This operator is developed taking into
consideration the nonlinear model of the brightness field recorded
by remote sensing equipment. The iterative process of selecting the
optimal values of the parameters of the modified operator using
ground truth measurements to validate is described. The results of
the performance test of the operator constructed are discussed for
different conditions of the sea surface images registration [1].

This research is supported by the Russian Ministry of Education
and Science (Project identificators 2015/H8, REMEFI57714X0110).
[1] Bondur, V., V. Dulov, A. Murynin, and V. Ignatiev. 2016 (in press).

Retrieving sea wave spectra using satellite imagery spectra in a wide

range of frequencies. Izv. RAS. Atmospheric and Oceanic Physics 52.

International Conference IDP-2016. Barcelona, Spain
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MakcumanbHO NpaBaonNoAoOHbLIN Nouck banxkaiiwero
cocefa B UHTEINIEKTYyasIbHbIX CUMCTEeMax
knaccudukaumm nobparkeHui

Casuenro Andpetli Baadumuposun avsavchenko@hse.ru
Poccusi, H. Hosropoa, HIY BIIID

B [1, rur. 4] uccnenyercs 3a1ava HOBBIIEHNs] BBIYUCIUTEILHOT 3¢~
(beKTUBHOCTH METO0B KJiacCuUKAINU N300paKeHUil IpU HAJTUIUN
00/TBITIOH 6a3bI IAHHBIX STAJOHHBIX 00bHeKTOB. [Ipe i1oKeH HOBBIH aJi-
TOPHUTM HIPHUOJINZKEHHOI'O TIONCKa OJIMKANIIEro Coce/la Ha OCHOBE CBe-
JIEHUS 331290 K IIPOBEPKE CTATUCTUYECKUX IUIIOTE3 00 OJHOPOTHOCTH
BBIJICJICHHBIX MPU3HAKOB. [locTpoeHa nreparuBHast IPOIEIypa IOUC-
K&, B KOTOPOIl CJIEYIOIINiT 9TAJOH 13 0a3bl JAHHBIX BBHIOMPAETCS 11O
NPUHIAITY MAKCUMyMa [IPaBIONOI00Us (COBMECTHOTO PACIIPEIeIeHIST
PaCCTOSHUI MezK/ly BXOJIHBIM H300payKeHHeM U IIPOBEPEHHBIMU Ha
LPEJBLAYIIUX Marax srajoHamu). st oneHKy 9Toro npasonoooust
it DOJIBIIOTO YHUCJIa TPU3HAKOB HCIIOJIB30BAJIOCH ACHMITOTHICCKA
HOPMAJIbHOE PaCIpe/ie/IeHne PacCOrIaCOBAHUI MEXK Ty M300parKeHu-
sivu. [Ipu Hamauy napasuieibHON Cpejibl BLIIOJIHEHNs (KJIacTep Ma-
IIUH, MHOTOSIIEPHBII ITPOIIECCOD U T. I1.) TIPeJICTaB/IeHa TTapasLIebHas
peaj3aIus IpeJJIozKEHHOr0 aJIFOPUTMA, B KOTOPOI BCE STAJIOHBI Pac-
PEIE/IAIOTC Ha MHOYKECTBO JIOCTYIHBIX y3JI0B (HAIPUMED, BBILIOJI-
HAEMbBIX [IOTOKOB). ¥Y3€JI, IePBbIM HAIIEANIUI STAJIOH, YI0BIETBOPSI-
FOIUIT yCJIOBUIO OCTAHOBA, IMOCHLIAET KOMAHy OCTAHOBA OCTAJIbHBIM
moTokaM. JJist HamirydImero nprucBOeHNs TAJIOHOB KazK/IOMY y3JIy UC-
nosib3oBasack Mogudukams Meroa kiacrepusanuun GAAC (group
average agglomerative clustering), B KOTOpOil pasMepsl KiacTepoB
GbUKCUPYIOTCsT A1 TOCTUYKEHNST HAMTYUIIeil CTEIeHN TapaJlIeim3Ma,
U UIIETCS He MUHUMYM, a8 MAKCUMYM CyMMbI paccrosiauii. [IpuBemennt
Pe3yJIbTaThl SKCIIEPUMEHTAIBHBIX HCCIIE0BAHNN JJIs CHCTEM HIEHTU-
dukarun gur. [okazano, 4To npe/yIozKeHHbI aJIrOpUTM II03BOJIIET
B HECKOJIBKO Pa3 CHU3UTH BPeMsl KJIaCCU(PUKAIIIH 110 CPABHEHUIO C U3~
BECTHBIMHU METOJIAMU [TPUOJIMKEHHOTO TTONCKA OJIMYKANIIIX COCEIEl.

Pabora Bemmosimena npu nomgep:xkke Jlaboparopun aaropurmMon
U TEXHOJIOTHWil aHau3a cereBbix crpykryp HIIY BIITD.

[1] Savchenko A.V. Search techniques in intelligent classification

systems. — Springer International Publishing, 2016. 83 p.
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Maximal likelihood approximate nearest neighbor
search techniques in intelligent image classification
systems

Savchenko Andrey avsavchenko@hse.ru
N. Novgorod, Russia, HSE

In [1, ch. 4], the problem of insufficient performance of image
classification methods has been studied in the case of large databases.
The novel approximate nearest neighbor algorithm is proposed by
considering the recognition task as a testing of statistical hypothesis
for homogeneity of extracted image features. The iterative search
procedure has been explored, in which the next instance from
the training database has been chosen to maximize the likelihood
(conditional joint probability density of the distances between the
input image and previously checked instances). The asymptotically
normal distribution of the dissimilarity measure has been used
for high-dimensional feature vectors. The author demonstrated
the possibility to implement this search procedure in the parallel
environment, if there are several tasks (CPU cores, nodes in a cluster,
and machines in distributed environment) which can be executed
in parallel. An efficiency of the proposed algorithm is increased,
when the reference objects are distant to each other. Hence, an
adaptive choice of distant clusters was proposed. In this algorithm,
the distances between each reference object and all other instances
in each cluster are summarized. This algorithm is quite similar to
the GAAC (group-average agglomerative clustering), but it looks for
a maximum sum of distances (not minimum, as in the GAAC). Also,
the sizes of each cluster are chosen identical. The experimental results
in face recognition prove that the proposed algorithm is much more
effective for the medium-sized databases, than the brute force and
the known approximate nearest neighbor methods.

The work is supported by Laboratory of Algorithms and
Technologies for Network Analysis, National Research University
Higher School of Economics.

[1] Savchenko, A.V. 2016. Search techniques in intelligent classification

systems. Springer International Publishing. 83 p.
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Ob6bekTHO-OpueHTUpoBaHHasn Knaccudurkaums

B 3aJla4e pacno3HaBaHus nogctunatouen
NMNOBEPXHOCTU B APKTUHECKNX IKOCUCTEMAX
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Paspaboran meron pacno3HaBaHUS TUIIOB 3€MHOI ITOBEPXHOCTH
10 KOCMUYECKUAM H300PaKEHUSM C UCIOJb30BAHUEM O0bEKTHO-OPU-
eHTUpoBaHHON Kiaaccudukarun. Kraccudukalims mponcxouT B 1Ba
srarma. Ha mepBom sTame 00beKTHOH KIacCUMUKAIUN MTPOUCKOTUT
CEerMEeHTAINS N300PaKEHNS Iy TeM CEMAHTUIECKON CerMEHTAIINN C UC-
nosb30BanneM MapKoBCcKuX ciydaitabpix moseir. Ha Bropom sTame
[IPOU3BO/INTCS KJIACCU(DUKAIINS IOy YeHHBIX HA IEPBOM dTAIle 00b-
eKTOB 6aitecOBCKNM KJIACCU(MDUKATOPOM.

PaborocmnocobnocTs MeToa MpoBepeHa Ha KOCMUYIECKUX M300pa-
xennsax Landsat 8, u npuBeneHbl pe3ysbTaThl ABYX BapUAHTOB Me-
TOJIa B CPDABHEHUHU C [TOTOYETHON Kitaccudukanueii. Meros maer mu-
POKHE BO3MOXKHOCTH II0 YILy YIIEHUIO PE3YIbTATOB IIyTEM 3aMEHbI UJTH
YILyHIIeHUs aJrOPUTMOB KJIACTEPU3AIUI U KJIACCU(MUKAIINT, KayKIbIi
U3 KOTOPBIX MOXKHO Pa3BUBATH HE3aBUCUMO [1].

Pabora Boimosnena mpu nojjepkke MuHuCTEpCTBA 0OPA30BAHMS
u naykn Poccwmiickoit @enepammn B pamkax PUII «MccmemoBanus
U pa3paboOTKHU 10 MPUOPUTETHBIM HAIPABICHUSM DA3BUTUsI HAYU-
HO-TeXHOJIOrn9IecKoro Komiuiekca Poccnn va 2014-2020 roapry (yHu-
KasbHbIH naeaTndukaTop npoekra RFMEFI57414X0086).

[1] TIypuenxos A. A., Myponun A. B., Tpexun A. H., Henamwves B. IO.
Meton 00BEKTHO-OPUEHTHPOBAHHON KJIACCUMPUKAINNA OOBEKTOB IO~
CTI/IH&IOLLIeﬁ IIOBEPXHOCTHU B 3aJa4d9e adPOKOCMHUYIECKOTO MOHHTOPHUHTA
COCTOSIHMSI MMIIAKTHBIX paiionoB Apkruku // Becruuk MoCKOBCKOro
roc. TexH. yu-ta umenu H.D. Baymana. EcrecrBennnre maykm. — M.:

Usn-Bo MI'TY um. H. . Baymana, 2016 (B neuarn).
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Object-oriented classification for recognition
of earth surface in Arctic ecosystems

Trekin Alexey'x alexey.trekin@gmail.com
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1,2

Matveev Ivan matveev@ccas.ru
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'Moscow, Russia, ISR “Aerocosmos”

2Moscow, Russia, FRC CSC RAS

The paper proposes a method for recognition of earth surface types in
space images using object-oriented classification. The classification is
conducted in two stages: Markov stochastic segmentation for object
extraction and supervised classification of the objects.

At the first stage of the object-oriented classification, the
image segmentation is conducted. Each region is characterized by
homogenous inner structure and significant difference to the adjacent
regions. Segmentation uses Markov random fields technique. At the
second stage, the regions gained are classified by supervised Bayesian
classificator as one of the previously specified surface types.

The method is tested with Landsat 8 multispectral space images,
the results of two variants of the method are compared with pointwise
classification.

While the current results require further evaluation and development,
the method gives wide opportunities for the results enhancement
with replacement or improvement of either clustering or classification
techniques [1].

This research is funded by the Russian Ministry of Education and
Science (Project identificator REMEFI57414X0086).

[1] Gurchenkov, A., A. Murynin, A. Trekin, and V. Ignatiev. 2016 (in
press). Object-oriented classification for recognition of earth surface
in Arctic ecosystems. Herald of the Bauman Moscow Stare Technical
University. Natural Sciences. Moscow: Bauman University Publs.
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HoBbIn meTOa MHTENneKkTyanbHOro aHanmsa
N pacno3HaBaHUs TPexXMepHbIX N300pa>keHwnii:
onuncaHue n npumepsbl
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fedotov@pnzgu.ru
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'Poccus, Ilensa, [lensenckuii rocyJapCTBEHHDBIH YHIBEPCATET

2Poccus, Tlenza, 000 «Komspd»
3Poccus, Ilensa, [lens'TY

Tpeyiozken HOBBII HOAXOJ K PACIO3HABAHUIO TpexMepHbIX (3D)
00bekTOB. JlaHO MaremMarwdecKoe OIMUCAHWE THUIepTpeiic-ipeodpa-
30BaHMsA, Pa3pabOTaHHOIO HA OCHOBE CTOXACTHYECKOIl IeOMeTpHu
u QYHKIMOHAJIBHOTO aHajn3a. [Ipoanann3upoBaHbl IPUHITUIILI UH-
TeJIEKTyaabHOTrO anaju3a 3D m3o0pakeHuil, MOCTPOEHHBIE HA €r0
ocaoBe. OHOI W3 WHTEJIEKTYaJIbHBIX CIIOCOOHOCTEN Ipe/iraraemo-
'O METOJIA SIBJISI€TCsI KOHCTPYUPOBAHUE TUIIEPTPUILIETHBIX ITPU3HAKOB
Pa3HOI CTPYKTYDbI («JIMHHbIE» U «KOPOTKHe» Ipu3Haku). PasHbre
THUIBI [IPU3HAKOB HAXOAT CBOE IIPUMEHEHWE B IPUHIUIAX HHTEJ-
JIEKTYaJIbHOI'O aHaJM3a U pacrosHaBanus 3D nzobpazkenwii (Bepu-
dunupyemocts u danbcudunupyemocrs nzobpazkenuii). B pabore
JIAHO OIUCAHNME TEOPETHUIECKUX [IPUMEPOB IMOCTPOCHUS < JJIMHHBIX»
U «KOPOTKHUX» NPU3HAKOB m300parkenuii. OBOCHOBAHO WX pa3jmdne
7 0COOEHHOCTH MPAKTUIECKOTO MpuMeHenusi. [ umneprpeiic-ipeodbpaszo-
BaHU€ UMeeT YHUKAJIbHYIO CIIOCOOHOCTH, AaHAJOTUYHYIO BO3MOXKHOCTI
9eJIOBEYECKOI 3PUTEIBHON CUCTEMBbI, KOT/a [PU JIOCTATOYHO OErJIoM
B3IJISIZIE YEJIOBEK MOYKET OBICTPO OTJIMYHUTBH APYT OT JpyTa JBa IIPO-
CTPAHCTBEHHBIX OObekTa. JlaHHOEe 00CTOATEIHCTBO TOBBIMIAET CKO-
pocTh paboThl CKAHUPYIONIEN CUCTEMBI U HAJIE2KHOCTb BCENl CHCTEMBI
pacro3HaBaHus U300parKeHuil B 11eJI0M, YJIydIlias HHTeJIJIeKTyaIbHble
criocobnocTu runeprpeiic-npeodbpazosanusd [1].

Pabora nognepxana rparrom PODU Ne15-07-04484.

[1] @edomos H.I., Cemos A.A., Moucees A.B. Hosblii meron muTEsN-

JIEKTYaJIbHOI'O aHaJIn3a U PacCllO3HaBaHUWA 3D H306pa>KeHHﬁ: OIIMcaHue

n npumeps! // Mamnunoe obydenne n ananu3 JaHsbix, 2016 (B meva-

™).
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New method for three-dimensional images intelligent
analysis and recognition: Description and examples

Fedotov Nikolay' fedotov@pnzgu.ru
Syemov Aleksey’« mathematik_aleksey@mail.ru
Moiseev Alexandr® moigus@mail.ru

!Penza, Russia, Penza State University
2Penza, Russia, Ltd “Comearth”

3Penza, Russia, PenzSTU

A new approach to the three-dimensional (3D) objects’ recognition is
proposed. A detailed mathematical description of method developed
on the above approach basis is shown. Hypertrace transform
technique scan is described and the scanning element choice is
substantiated. The principles of 3D images intellectual analysis and
recognition built on its basis are analyzed.

The suggested method is based on the stochastic geometry and
functional analysis. Hypertrace transform has many advantages and
data mining capabilities. For example, one of the suggested method
intellectual capabilities is the construction of different structure
hypertriplet features (“long” and “short” features). Different types
of features are reflected in the principles of 3D images intelligent
analysis and recognition (verifiability and falsifiability of images).

Due to the limited volume and conceptual orientation of article,
the practical results are missing. The theoretical examples description
of verification of “long” features and falsification of “short” features
of images is given. Their differences and practical application
specificities are substantiated.

Hypertrace transform has a unique ability which is a similar
possibility of human visual system when at sufficiently brief glance,
people quickly can distinguish from each other two spatial objects.
This fact increases the scanning system speed and the image
recognition system reliability in general, improving the intellectual
abilities hypertrace transform [1].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-04484.

[1] Fedotov, N.G., A.A. Syemov, and A.V. Moiseev. 2016 (in press).

Feature space minimization of 3D image recognition based on stochastic

geometry and functional analysis. Machine Learning Data Anal.
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MeTog AeTeKTMPOBaHUSA KUCTU PYKU Ha OCHOBE
OAHOKJ/1aCCOBOro KaaccudgukaTtopa n CKeneTHbIX
rpachos

1

I'pavesa Unecca AnexcardposHa x gial509@mail.ru
Konwiioe Andpeti Banepuesu' And.Kopylov@gmail.com
Cepedun Onez Cepzeesun' oseredin@yandex.ru
Kywrup Oaecs AnexcandposHa kushnir-olesya@rambler.ru
Japun Anexcarndp Oaezosur® ekzebox@gmail. com

'"Poccus, Tyma, Tynl'y
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Tounoe m HajeKHOE JIETEKTUPOBAHUE M300paAKEHUsT KUCTH PYy-
KU 4YeJIOBEKA B BUJIEOIIOTOKE fABJISETCA HEOOXOIUMBIM U KPUTUYECKHU
BasKHBIM ITAIIOM IIPHU IIOCTPOEHUU CHCTEM OECKOHTAKTHOI'O B3aMMO-
JIECTBUS 9€JI0BEKA M TEXHUIECKUX yCTPOUCTB, HAIPUMED B 3aa1ax
pAaCIO3HABAHUS 2KECTOB U OMOMETPUIECKON nIeHTU(DUKAINN.

IIpeioxennbIit METOM, AETEKTUPOBAHUS KACTH PYKU B BUIEOIIO-
TOKE Ha OCHOBE OJIHOKJIACCOBOT'O KJIACCU(PUKATOPA, BEPOATHOCTHOM
raMMa-HOPMAaJIbHON MOJIeJIn M CKeJIeTHBIX I'padoB onucan B pabo-
re [1]. leponavasibhas cerMeHTALUS YIACTKOB KOXKU BBIIOJIHIETCS
C MOMOIIBIO MOAMMUINPOBAHHON BEPCUE OJHOKJIACCOBOTO MHUKCETh-
HOTO KJIacCH(PUKATOPA, OOYIEHHOTO (DPArMEHTOM M300parKeHms da-
cTu Juna, u He Tpebyromnero opMupoBanus odydaionieit BhIOOPKN
JI7ISI TIOCTPOeHusT Mojienin ¢pona. PesyabraroMm KiacCupuKainm siBs-
€TCsl CTeIlleHb IIPUHAJJIEZKHOCTH K KJIACCY UHTepeca. Y TOUYHEHUE Iep-
BOHAYAJIbHOI CErMEHTAINN OCYINECTBIIAETCS 38 CUET COIJIACOBAHUS
JIOKAJIbHBIX DEIeHNI U IPUBJIEIEHUs JOMOJTHUTEIHbHON nH(MOPMAITT
0 CTPYKTYpe u300pazkenus. Jljiss 9TOro npuMeHseTcs CIeruaJIbHbIi
bUIBTP Co cBOiiCTBAMHU ITIEPEHOCA CTPYKTYPHI HA OCHOBE BEPOATHOCT-
HOIl raMMa-HOPMAaJIbHOI Mojesu. [ IpUHATHS OKOHYATEIBHOT'O Pe-
[IEHUsT O TOM, UTO HANJICHHBIN (PArMEHT SBJISIETCS M300pPaXKEHUEM
KHCTH 9IeJI0BEKa, UCIIOJIb3YeTCs METOI, CPABHEHUsT OMHAPHBIX N300pa-
JKEHUIl Ha OCHOBE WX CKeJIeTHBIX rpadoB. Pabora momiepkana rpaH-
Tamu POOU NeNe 14-07-00527, 16-57-52042 u 16-07-01039.

[1] Kopylov A., Seredin O., Kushnir O., Gracheva I., Larin A.

Background-invariant robust hand detection using one-class color

segmentation and skeleton description // J. Pattern Recogn. Image
Anal., 2016 (B meuarn).
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Background-invariant robust hand detection
using one-class color segmentation
and skeleton description
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2Moscow, Russia, MIPT

Accurate and reliable hand detection on video streams is a necessary
and crucial step in the human—computer interaction systems, such as
the gesture recognition or biometric identification.

The hand detection method is suggested on the basis of one-
class color segmentation, probabilistic gamma-normal model, and
skeleton description [1]. The initial segmentation of the skin is
performed using the modified one-class pixel-wise classifier, which
is trained by the face fragment image and does not require the
formation of a training set to construct the background model. The
classification result is the degree of belonging to the interest class.
Improving the initial segmentation is performed by combining the
local decisions and additional image structure information. For this,
the special filter with structure-transferring properties on the basis of
probability gamma-normal model has been used. The final decision
that detected fragment is the image of the human hand is done using
the method of comparing the binary images on the basis of their
skeleton descriptions.

This research is funded by the Russian Foundation for Basic
Research, grants 14-07-00527, 16-57-52042, and 16-07-01039.

[1] Kopylov A., Seredin O., Kushnir O., Gracheva I., Larin A. 2016 (in
press). Background-invariant robust hand detection using one-class

color segmentation and skeleton description. J. Pattern Recogn. Image
Anal.
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3ajiada OIEHKN CXOJCTBA M300pPaKEHUU OIHON CIIEHBI, ITOJIYJeH-

HBIX IPU PA3JIMIHBIX YCIOBUSX PETUCTPAIUU WM B PA3JINIHBIX

CIIEKTPAJIbHBIX JHalla30HaX, aKTyajbHa BO MHOIUX NPAKTHYECKUX

MPUJIOKEHUSX TeXHUIeCKOro 3pernsi. OJMH U3 M0JIX0/I0B K PEIIEHUIO

JIaHHOM 3ajiaun npejyiozked B pamkax Mopdosoruu FO.II. Ilbirbe-

Ba [1]. CpaBuenue uzobparkenuii npoussogurca 1o Gopme — reo-

METPUYECKOMY WHBAPUAHTY CIEHBI, OCTAIOIIEMYCsl HEU3MEHHBIM ITPU

PAa3/IMIHBIX sIPKOCTHBIX IIpeo0pa3oBanuax. B qaHHOi cTaThe mpeia-

raeTcsl HOBBII MeTo MOP(MOJIOIHYECKOi OIEHKHU CXO/ICTBA M300parke-

HUH ¢ UCIIOTB30BaAHIEM MOPMOJIOTTIeCKIX KOI(DDUITMEHTOB KOPPEIsi-

1y 1 riyGOKUX KOHBOIONUOHHBIX Hefiponubix cerell (DCNN — deep

convolutional neural networks) [2,3]. OramanTenbHONl 0COGEHHOCTHIO

METOJ[a SIBJISIETCsI OTCYTCTBHE JTAIA MOCTPOEHUsI MO3AMIHBIX (hopM

UCXOJIHBIX M300parkKeHuil 1, Kak CJieJICTBUE, Oojiee BBICOKAsT pobacT-

HOCTB K Imymy. B crarbe onmcanbl apxurekrypa DCNN ceru u mero-

Juka ee obyuenus. [IpuBosares pe3yrbTaThl paboThI MIPEII0KEHHOTO

MEeTOJ[a HA MOJIEJIbHBIX M300PaKeHMIIX.

[1] Pyt’ev Yu. Morphological image analysis // Pattern Recogn. Image
Anal., 1993. Vol. 3. No. 1. P. 19-28.

[2] Vizilter Y. V., Zheltov S. Y Geometrical correlation and matching of
2D image shapes // ISPRS Ann. Photogramm. Remote Sens. Spatial
Inf. Sci. 2012. Vol. 1. No. 3. P. 191-196.

[3] Krizhevsky A., Sutskever I., Hinton G. E. ImageNet classification with
deep convolutional neural networks // NIPS, 2012. Vol. 25. No.2.
P. 1106-1114.
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Morphological image matching using deep
convolutional neural networks
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Moscow, Russia, FGUP “GosNITAS”

Estimating similarities between two images of the same scene
but obtained in different light conditions or different spectral
ranges (e.g., TV and infrared) is the challenging problem in many
practical technical vision tasks. One approach to solving this problem
is proposed in the framework of Pyt’ev morphology [1]. Image
comparison is based on structural image description (image “shape”),
which is a geometrical scene invariant that remains constant in
case of various image intensity transformations. In the paper, a
new method of morphological image matching is proposed based on
morphological correlation coefficients and deep convolutional neural
networks (DCNN) [2,3]. The distinctive feature of the method is
the lack of the segmentation step and, therefore, higher robustness
to noise. The paper describes the architecture of the DCNN and
learning methodology. The examples of image matching are shown
on simulated images.

[1] Pyt’ev, Yu. 1993. Morphological image analysis. Pattern Recogn. Image
Anal. 3(1):19-28.

[2] Vizilter, Y. V., and S.Y. Zheltov. 2012. Geometrical correlation and
matching of 2D image shapes. ISPRS Ann. Photogramm. Remote Sens.
Spatial Inf. Sci. 1(3):191-196.

[3] Krizhevsky, A., I. Sutskever, and G.E. Hinton. 2012. ImageNet
classification with deep convolutional neural networks. NIPS. 25(2):
1106-1114.
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Knaccudpmkaumsa gsymepHbix cpuryp
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PaccvarpuBaercs 3a1a9a KiaaccuduKaIum By MEPHBIX OMHAPHBIX
duryp. Ijig ee penierns: B 9acTi NPU3HAKOBOTO OTIMCAHUSI IIPEJIJIAra-
€TCsl UCTIOJIBL30BATH CKEJIETHO-TE0I€3MIECKYI0 THCTOTPAMMY TOJIITH-
paccTogHuiA.

T'ucrorpaMma  TOJIUH-PACCTOSTHUI SIBJISIETCS  PA3HOBUIHOCTHIO
MOPGOTOrHIeCKUX TUCTOIPAMM, OCHOBAHHBIX HA CTATUCTHUKAX Iap-
HBIX PACCTOSHUN MKy djieMeHTamu (purypbl. OHa BBIYUCIAECTCS HA
OCHOBE CKEJIETHO-TEOJIE3MIECKIX PACCTOSHUI W PA3HOCTEH TOJIIUH
MeXK/Iy mapamu pebep ckesera (UTYPBI, ITUM OTJIUYIATCH OT OOBIU-
HBIX TeOJIE3UIECKUX THCTOIPAMM, KOTOPbIE BBIUUCIIAIOTCS IS BCEX
TodeK durypsl. [lepexos K uCIoB30BAHUIO pedEp CKeleTa, a TaKxKe
obsacTeil UX MPUTSKEHUS O3BOJISIET 3HATUTETHLHO YCKOPHUTH pPac-
YeT CKEJIETHO-TEOJIE3NIECKUX THCTOrPAMM TOJIIUH-PACCTOSHUHN, CO-
XPAHUB MPU ITOM PsiJ MOJE3HBIX CBONCTB, TPUCYIIUX OOBITHBIM T'€0-
JIE3UIECKUM THCTOTDAMMAM.

TTony4enubrie pe3ysbTaThl KJIACCUMDUKAIII TOTIEPKUBAIOT BBICO-
KW OTEHINAJ IPEJIOKEHHOTO Jeckpunropa [1].

Pabora nognepxana rpanrom POOU Ne15-07-01323 A u rpanTtom
PH® Ne16-11-00082.

[1] Jlomos H. A., Cudaxun C. B., Busuavmep 0. B. Knaccudukannsa asy-
MEpPHBIX (i)I/II‘yp C HUCIIOJIb30BaHMEM CKeJIETHO-I'€OJe3NICCKUX TI'UCTO-
rpammM tosmmH-paccroganii // Kommbrorepmas onruka, 2016 (B me-
qaTn).
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Classification of two-dimensional figures
using skeleton-geodesic histograms
of thicknesses and distances
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The paper considers the shape classification task. It is proposed to
use skeleton-geodesic histogram of thicknesses and distances to solve
the aforementioned problem.

Skeleton-geodesic histogram of thicknesses and distances is a kind
of morphological histograms, based on the statistics of pair distances
between shape elements. It is computed based on skeleton-geodesic
distances and thickness differences between pairs of skeleton bones
of a shape. This differs from conventional geodesic histograms that
are computed for all points of a figure. The switch to the skeleton
bones and areas of skeleton bones attraction can significantly speed
up the calculation of skeleton-geodesic histogram of thicknesses and
distances, while maintaining a number of useful properties inherent
in usual geodesic histograms.

Obtained classification results indicate the high potential of the
proposed descriptor [1].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-01323 A, and Russian Science Foundation,
grant 16-11-00082.

[1] Lomov, N., S. Sidyakin, and Yu. Vizilter. 2016 (in press). Classification
of two-dimensional figures using skeleton-geodesic histograms of
thicknesses and distances. Computer Optics.
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PacnosxaBanue undpossix wpudtos
Nno n3o00pa>keHnsiM Ha OCHOBE AUCKOBOrO MOKPbITUS
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KosmmaectBo coBpeMeHHBIX ITUQPOBBIX MIPUMPTOB UCIUCTACTCS ThI-
cagamu. HeobxoaumMocTh omnpefieieHns, KakuMm mpudToM HadpaH
TEKCT, BOZHUKACT Yy JM3aifHEPOB, pazpabOTINKOB MIPUMOTOB, KOMIIa~
nuit-mpaBoodbaaareseil. [Ipegmaraercs opurnHaIbLHBIH TOIXO, K 110~
CTPOEHUIO METPHUKH JIjIsi OIEHKH CXOJCTBA U PA3JUIHd MIPUMTOB
Ha OCHOBE M3MEPEHUs ILIOIIAINA JTUCKOBOIO MOKPBITHS N300PaKeHU
mpudTOBBIX CUMBOJIOB. PaccMaTpuBaercs: MOHATHE «ITUPUHA (DUTY-
PBI» C IEJIBIO UCIIOIH30BAHNS B KAIECTBE HHTEIPAILHOIO MOPMOIOTH-
9eCKOTO JiecKpunTopa ¢dopmbl nzobpazkennii. [Ipemraraercsa moaxo.n
K OIMCAHUIO ITOTO MOHSITUS HA OCHOBE MOKPBITUs (DUTYPBI JIUCKAMHI
ompeseIeHHOTO pa3mepa. s pacrmosnaBanus mpudTa m300parKe-
HUsI CHUMBOJIOB CKAHUPOBAHHOIO (pparMeHTa TEKCTa AIMTPOKCUMUPY-
FOTCSL MHOTOYTOJIbHBIMU (DUTY DAM.

C 1OMOIIBIO JIUCKOBOTO TOKPBITHSL CTPOUTCS JIECKPUIITOP hop-
MbIl — (YHKIUS 3aBUCHUMOCTH ILIOMIAN JUCKOBOI'O HOKPBITHSI OT
pa3mepa auckoB. [Ipeyiaraercss MeTO AHAJTUTAIECKOTO BBIYUCTIEHUS
9roit DYHKIUA JjIs MHOTOYTOJIBHBIX puryp. Merom ocHOBaH HA nC-
[TOJTb30BAHUN MEINAJIBHOTO IpEeCTaBjeHus (DUTYPBl B BUIE CKeJe-
Ta U paIuaJIbHON (DYHKIIUU. YHUBEPCATBHOCTH METO/IA OIIPEIEIISIeTCsl
BO3MOYKHOCTBIO AIMTPOKCUMAITUN MHOTOYTOJbHBIME (DUTYPAMU PACT-
POBBIX M300pakeHUil U OOBEKTOB ¢ HenaumHeiHnoit rpanuteit. Mertos
obecrieanBaeT BBICOKYIO TOYHOCTh M BBIYUCIUTEIBHYIO 3(DdEKTUB-
HOCTb pacdera MPeJIOKEHHOrO AecKpunTopa (opmbl. DdhderTus-
HOCTH TIPE/IJIATAeMOr0 I0JIX0/Ia JIEMOHCTPUPYETCS BBIUUCTUTEIHHBI-
MU 9KCIEPUMEHTAME C KOJUIEKIneil M poBbIX MPpUGTOB KOMIAHIT
Taparaiin, sraodatorieit 1884 mpudrosbix Havepranus [1].

Pabora nognepxana rparrom PODU Ne14-01-00716.

[1] Jlomos H. A., Mecmeurud JI. M. Ilnomaas 1ucKOBOrO IOKPLITAS — Jie-
ckpunTop dhopmbl nzobpakenus // Kommbrorepuas onruka, 2016 (B me-
gaTn).
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Recognition of digital fonts from images
based on the disk cover

Mestetskiy Leonidx mestlm@mail.ru
Lomov Nikita nikita-lomov@mail.ru

Moscow, Russia, MSU

Modern digital font library includes thousands of font styles. At
the same time, designers, font designers, companies, and copyright
holders need a tool to quickly determine what is the font of the typed
text. The paper proposes an original approach to the construction
of metrics to assess similarities and differences of fonts based on the
measurement of the area of disk cover of font character images. The
term “width of figure” is considered in order to use it as an integral
descriptor of the morphological features of images. The approach to
the description of this concept is based on figures cover by disks of
the certain size. To recognize the font, the scanned images of text
characters are approximated by polygonal figures.

Function area of disk cover as dependence of disk size is defined
as a shape descriptor. An analytical method for the calculation of
the area of disk cover for polygonal figure is proposed. This approach
is universal as polygonal figures approximate binary raster images
and objects with nonlinear boundary. The proposed method is based
on the medial representation of objects consisting of the skeleton
and the radial function. The method provides high accuracy and
computational efficiency. Using of the proposed shape descriptor is
demonstrated in the sample application to computer fonts recognition
problem. The effectiveness of the proposed approach is demonstrated
by computational experiments with a collection of digital fonts
ParaType including 1884 typefaces [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-01-00716.

[1] Lomov, N., and L. Mestetskiy. 2016 (in press). Area of the disk cover
as an image shape descriptor. Comput. Opt.

International Conference IDP-2016. Barcelona, Spain
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ANropntmbl YTOYHEHUS1 OCU 3epKaJibHOM
CMMMeTpuUKn, HalaeHHOW MeTo40M CpaBHEHUNA
nojguenoYvek ckeneTHblX NPUMNTUBOB

Dedomosa Copvsa AHMOHOBHAX fedotova.sonya@gmail.com
Cepedun Oaez Cepeeesun oseredin@yandex.ru
Kywnup Oaeca Aaexcardposhna kushnir-olesya@rambler.ru

Poccus, Tyma, TynlyV

B [1] 6bur npenjioskeH MeTo| MOMCKA OCH 3ePKAJLHONW CHMMeT-
puu GMHAPHOTO M300paYKeHUs, OCHOBAHHBIN HA (DYHKIIUU CPABHEHUS
[IO/IIIENIOYeK IPUMUTHUBOB, KOJIUPYIOMUX ckeser ¢urypsl. I[Ipemio-
JKEHHBI METO/I IT03BOJISIET UCKATH OCh CHMMETPHUH HE TOJIBKO HIea b~
HO CUMMETPUYHBIX, HO U HOYTH CUMMETPUYHBIX (KBA3UCUMMETPUI-
HBIX) n300pazkeHuii 3a BpeMsl, OJM3Koe K peasibHOMY. Jljisi OleHKn
CUMMETPUYHOCTH (PUTYPBI OTHOCHUTEIBHO HEKOTOPOIl OCH UCIIOJIB3Y-
eTCsl TEOPETUKO-MHOXKeCTBeHHOe 110100ue 2Kakkap/a, IpuMeHsemMoe
K [IOIIMHOXKECTBAM MHKCeseil (DUrypsl Ipu JeJeHIN ee OChI0. 3adac-
TYIO OCb, HAllJIEHHAsI CKEJIETHBIM METOJOM, OTKJIOHSETCS B OOJIbIIEi
WA MEHBINEH CTEleHNu OT ITAJOHHON OCH CHUMMETPHUH, OIIPEIeJIEeH-
HOIl 11epeOOPHBIM METOJIOM U3 BCEX BO3MOKHBIX OCEil, IIepeCceKaronnx
dburypy. IlosTomy mnpesararoTcs ajaropuTMbl, O3BOJIAIONNE YTOU-
HUATH HAWJIEHHYIO OBICTPBIM CKEJIETHBIM METOIOM OCbh, IIyTEM IIOUCKA,
6mKaiiiieit K Heit ocu ¢ GosbmnM 110 Mepe ZKakkap/ia 3HAYCHHEM
CHUMMETPUIHOCTH. DKCIEPUMEHTAIbHBIE UCC/ICIOBAHN Ha Oa3e m300-
paxennii Flavia nmokaspiBaior, 9To IpejIOyKeHHbIE AJIOPUTMBI 103-
BOJISIIOT HAiiTH 9TAJIOHHYIO OCh CHMMETPUH (UM OTIMYAIONLYIOCS 10
Mepe OT ITAJIOHHOM He Gosiee ueM Ha 2%) 3a BpeMsi, OJIN3KOE K Peallb-
HOMY, UTO SIBJISIETCS CYIIECTBEHHBIM YBEJIMYCHUEM IMIPOU3BOIUTEb-
HOCTH 110 CPABHEHUIO C JIFOOBIM U3 ONTUMU3UPOBAHHBIX METOIOB TIOJI-
HOTO Tlepe6opa, ONUCAHHBIX B [1].

Pabora nognepxkana rpantavu PODOU Ne14-07-00527 u Ne 16-57-
52042.

[1] Kushnir O., Fedotova S., Seredin O., Karkishchenko A. Reflection
symmetry of shapes based on skeleton primitive chains // Analysis
of images, social networks and texts. — Communications in computer

and information science ser. — Switzerland: Springer International
Publishing, 2016 (in press).
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The algorithms of adjustment of reflection symmetry
axis found by the skeleton primitive subchains
comparison method

Fedotova Sofiax fedotova.sonya@gmail.com
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Kushnir Olesia kushnir-olesya@rambler.ru

Tula, Russia, TulSU

In [1], the method of identifying a reflection symmetry axis of
binary images was proposed. This method is based on comparison
of skeleton primitive subchains. It allows computing the absolute or
approximate symmetry axis almost in real time. For evaluation of
reflection symmetry measure of a shape regarding to some axis, the
set-theoretic expression of Jaccard similarity is utilized. It is applied
to the subsets of pixels of the shape which are split by the axis. Often,
an axis found by the subskeletons comparison method diverges more
or less of the ground-truth axis found by the brute-force algorithm.

Thus, the algorithms of adjustment of reflection symmetry axis found

by the skeleton primitive subchains comparison method are proposed.

They are based on idea of searching the axis which is located near

the seed skeleton axis and has greater Jaccard similarity measure.

The experimental study on the Flavia Dataset shows that proposed

algorithms allow to find the ground-truth axis (or the axis which has

Jaccard similarity measure less than 2% under the ground-truth axis)

almost in real time. It is considerably faster than any of the optimized

brute-force methods performed [1].

This research is funded by the Russian Foundation for Basic

Research, grants 14-07-00527 and 16-57-52042.

[1] Kushnir, O., S. Fedotova, O. Seredin, and A. Karkishchenko. 2016
(in press). Reflection symmetry of shapes based on skeleton primitive
chains. Analysis of images, social networks and texts. Communications
in computer and information science ser. Switzerland: Springer
International Publishing.
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CermeHTauuns pagy>xHow 000/104KN MeTOA0M
NapHbIX rPagueHToOB N YTOYHEHME rpaHuubl 3payvka
Ha n3obparkeHnn rnasa

Egumoe FOpuii Cepzeesur'x yuri.efimov@phystech.edu

Mameeee Hean Anexceesur’ matveev@ccas.ru

YPocens, domaronpyausii, MOTY
2Poccust, Mocksa, NI Y PAH

Brizesrenue obractu paiyKHON 000/I0UKN HA M300PAXKEHIH 17138
OCyIIeCTBJIsIeTCH B /iBa dTara. Ha mepBoM sTalre /jid IOUCKa BHEITHE
U BHYTPEHHEI I'PAHUIL PAJTYKKH, ITPECTABICHHBIX KAK OKPYKHOCTH,
HCIIO/Ib3yeTCst Mo uKanms MeTogoorun Xada — METOJ TapHBIX
rpaguenToB. [locite obpaborku mzobpaxkenus dbuabrpoMm Ksnnu u3
[UKCeJIell MOy YUBIINXCS I'PAHUI] BEIONPAIOTCS Hapbl, ¢ O0JIBINO Be-
POSATHOCTBIO JIeZKalllie Ha OJHON OKpy2KHOCTH. s cokparenus re-
pebopa u u3baBJieHUs] OT IIYMOB BBOISTCS YCJIOBHUS BBIOODA Iapbl
C y9eTOM JIOKAJbHBIX CBOUCTB IOJIs sipKOCTH n3o0paxkenusi. Ha BTo-
POM 3Talle OCYIIECTBIIAETCS IIOUCK TOTHOI'O KOHTYPA 3padKa METOIOM
ONTUMAJIBLHOI'O KPYT'OBOI'O IIyTH C YY€TOM IIOCTPOEHHOII KPYTOBOil all-
[IPOKCUMAIIUU €ro IpaHuilpl. PaccMaTpuBaloTes IyTH MeXKTy JIeBOit
U IIPaBOii IPaHUIIAMHU IIOJIIPHOTO IIPEJICTABIEHUS KOJIbIIe0Opa3HOii 06-
JlacTu 3padka. BBoaurcst GYHKINS «CTOUMOCTH», 3aBUCSINAS OT UX
bOpMBI paccMaTpPUBAEMOIO0 KOHTYPa U JIOKAJIBHBIX CBOWCTB H300pa-
xenug. IlyTs, HA KOTOpPOM 3Ta (DYHKIMSA IPUHUMAET MUHUMAJIbHOE
3Ha4YCHUE, COOTBETCTBYET NCKOMOII TOYHON I'paHUIlC 3PAUKA.

IIpoBesien BBIMUCINTENBHBIN IKCIEPUMEHT C IEJIbI0 OIPEIETUTh
ONTUMAJbHBIE TAPAMETPHI IIPEJIAraeMOTr0 METOIA W IPOBEPUTH €ro
paboTOCIIOCOOHOCTD Ha JAHHBIX U3 OTKPBITHIX 0a3 M300parKeHmii pa-
nyxkkn. KadgecTBo cermMeHTanmn m300parkKeHnii palyKHOH 0060I09KH
JIAHHO CHUCTEMOIl MEeTO/I0OB CPABHUMO C TAKOBBIM Yy OIMCAHHBIX B CO-
BPEMEHHOH JIMTepaType aHaJgoros [1].

Pabora nognepxana rparrom PODU Ne16-07-01171.

[1] Egumos FO.C., Mameees M. A. CermeHranysi pamy»KHOH 06O0JOUKH
METOJOM ITapHBIX I'PAJUEHTOB U YTOYHEHNE I'DAHUIBI 3pavKa Ha I/I306—
pakennu riasa // MexarpoHuka, aBroMarusanus, yiupasienue, 2016
(B meuarn).
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Iris image segmentation by paired gradient method
with pupil border refinement

Efimov Yuriy'x yuri.efimov@phystech.edu
Matveev Tvan® matveev@ccas.ru
'Dolgoprudny, Russia, MIPT

2Moscow, Russia, FRC CSC RAS

The proposed method of iris image segmentation consists of two main
steps. The first step is rough iris center and boundary radii search
using the modification of Hough methodology, named Gradient Pair
method. Image is processed with Canny filter and pairs of pixels are
selected from the resulting boundaries, which most likely belong to
one circle-like iris area border. The selection criteria for the pair uses
local properties of image intensity gradient field. The second step
is the pupil boundary refinement using the circular shortest path
method. Polar representation of iris inner border is considered and
paths from its left border to the right are analyzed. “Cost” function
depending on local image properties and the shape of the contour
is introduced. The path with minimal “cost” corresponds to pupil
precise boundary.

Computational experiment is performed on data from the public
iris image databases to obtain the optimal parameters for Gradient
Pair method and check the overall efficiency of the algorithm.

The proposed method provides the high quality of eye center and
pupil boundary search. Iris segmentation accuracy is comparable to
that of modern state-of-the-art methods and outperforms many of
them [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01171.

[1] Efimov, Y., and I. Matveev. 2016 (in press). Iris image segmentation
by paired gradient method with pupil border refinement. Mechatronics

Automation Control.
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MeTtoa obHapy>XeHus No3uumnn Bek
npu pacno3HaBaHUM NO paay>XHoi obosoyke
rnasa Ha MobwabHOM ycTpoiicTBe

1,2

Oduroxux I'neb Andpeesun “* g.odinokikh@gmail. com

I'namiox Bumaauti Cepzeesun'?
Kopobrurn Muxaua Baadumuposur'?

mikhail.korobkin@hotmail.com
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Epemees Baadumup Aaexceesun'?

Poccust, Mocksa, ®UILL MY PAH
2POCCI/ISI7 3enenorpan, HarmoHaabHbBI UCCIEI0BATEIbCKUAN YHUBEPCUTET
MUST

IIpu pacroznaBanum gesoBeKa 10 pajyKke nHGOPMAIHs O H0JI0-
JKeHHN BeK Ha M300parXeHUM MCIIOJIb3yeTCs JIsl yAaJeHus IIyMa
OT BEK U DPECHUI], [E€PEKPbIBAIOIINX I0JIE3HYI0 00JIaCTh DPajlyzKKH,
OIIEHKH KadecTBa M300parKeHust 1 MHOIUX JApyrux eseil. Jlerexru-
pOBaHME BEK, KaK IPABIJIO, IPOU3BOIUTCA IIOCJIC BBIYUCIUTECIBLHO
CJIOZKHOM OIlepaliy HAXOXKICHUSA TPAHUI PATy’KKHI U CKJIephl. B ciry-
4Jae MCIOJIb30BAHUS JIjIsl PACIIO3HABAHHS MOOMIIBHOI'O YCTPOICTBA Ta~
KOH IIOJIXOJ, He BCerja OlpaB/aH BBUJLY OIlPAHMYEHHON IIPOU3BOJIN-
TEJIbHOCTU YyCTPOMCTBA, CJIOXKHOCTEH B3aUMOJICHCTBUA 110JIb30BaTEIId
C YCTPOMCTBOM M CHJILHO U3MCHAIOIMNXCA BHEIIHUX YCJIOBHHA OKpY-
JKaloliei cpespl. B nannom ciydae nudopMarys 0 MOJOKEHUN BEK
MOZKeT OBITh M3BJIeU€Ha CPa3y II0CJIE dTalla JIeTeKTUPOBAHUS 3padKa
1 HCIOJI30BAHA JJIsI OlIpeJie/IEHNs] IIPUIOJIHOCTH M300PasKeHnsl J1jIst
HIOCJIEJIYIONUX OOJlee CIOXKHBIX ITAIOB aI'OPUTMa PACIO3HABAHUSI.
IIpeyozken MeTOJ1 OIpesiesieHusT TIOJIOXKEHUsST BEeK Ha M300paykKeHnn
C LEJIbIO OIEHKH KavecTBa N300parkKeHus U MOC/IEIYIONIEro Olpe/iesie-
HUsl TPAHUIBI PaJly?KK1 U Beka. IIponssojmrenbHocTh MeTo1a ObLiIa
OIICHEHA B CPABHEHUN C HECKOJILKUMU CYIIECTBYIOIMMUMU PeIleHUsIMU
C UCIIOJIb30BaHUEM YeThIPEX Pa3/IMYHBIX OTKPBITHIX 6a3 JAHHBIX pa-
nyzxek [1].

[1] Oduroxuz I'. A. MeTonm oGHAPYKEHW TO3UIIUH BEK IIPU PACIIO3HABAHUT

10 paJy»KHOT 060JI0UKe IIa3a Ha MOOWIbHOM ycTpoiicrse // Marns-

Hoe oOydeHne u aHaau3 JaHHbIX, 2016 (B meuarn).
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Eyelid position detection method
for mobile iris recognition
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Eremeev Vladimir
Moscow, Russia, A. A. Dorodnicyn Computing Center FRC CSC RAS
2Zelenograd, Russia, National Research University of Electronic
Technology

Information about eyelid position in an image is used during iris
recognition for the eyelid and eyelash noise removal, iris image
quality estimation, and other purposes. Eyelid detection is usually
performed after iris-sclera boundary localization which is a fairly
complex operation itself. If the authentication is working on a hand-
held device, this order is not always justified, mainly, because of
the device limited performance, user interaction difficulties, and
highly variable environmental conditions. In this case, the eyelid
position information could be used to determine whether the image
should be passed for the further complex processing operations. This
paper proposes a method of eyelid position detection for iris image
quality estimation and further complete eyelid border localization
and compares its performance with several similar existing methods
on four open datasets [1].

[1] Odinokikh, G. A. 2016 (in press). Eyelid position detection method for

mobile iris recognition. J. Machine Learning Data Anal.
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OnpegeneHuve Bugnmoii obnactn pagyxku
KN1aCcCM(PMKATOPOM TEKCTYP C ONOPHbLIM MHOXXECTBOM
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novikvp@mail.ru

PacnoznaBanne wenoBeka 1o m300parkKeHUIO pPayKHON 000/104-
KM — aKTyajbHasg 3ajJa4a B OHoMerpuyecKkux cucremax. [lommmo
BBIJIeJIEHNS PAJIY?KKN KaK KOJIbIIEBOI 00JIacTU JJIst IIOBBIIIEHHUS TOY-
HOCTH PACHO3HABAHUS ONPEJENSIIOT 00JACTH 3aTeHeHus: (BEeKU, pec-
uunpl, Tenu, oauku — najgee BPTB).

Ha Bxox momarorcst wepro-6es10e m300parkeHne u KOJIbIeBas 00-
JIACTB JIoKaJm3anuu paaykku. Tpebdyercs Boiaesnts BPTB obiact,
1. e. nosryunth BPTB macky — 6unaproe uzobpazkenne. CyTb MeTO/IA
COCTOUT B TOM, YTO U300PaKeHNe [IEPEBOIUTCS B IOJISAPHBIE KOOD/IU-
HATBI, 32TE€M HA HEM HAXOJIUTCsl OMIOPHOE MHOXKECTBO It O0yJIeHUst
KJtaccuuKaTOpa, MOCIe Uero Pe3ysIbTaThl KIACCU(PUKAINNA TOIBED-
rarorcsd nocrobpaboTKe U ePeBOIITCS B JIEKAPTOBbI KOOPIUHATHI [1].

Metrou, 6611 peanuzoBan Ha C++ ¢ ucnosib3oBaHneM OUOJIMOTEKN
OpenCV. TecrupoBaHue MpOBOJAMIOCH Ha U300PAKEHUSIX DALy KKU
u3 6a3 CASIA u ICE B gBa srana. Ha nepsom 3rtale mosiydyeHHast
BPTB macka cpaBHEBaJIach ¢ 9KCIIepTHOI Mackoii. B kauecTBe dhyHK-
IUu OMUOKY UCIOJIB30BAJIACH CYMMa, OTHOCUTEIbHBIX OIMTHOOK IIePBO-
ro u BTOpOTro poja. s obenx 6a3 ObLIN MOCIUTAHDBI CPEJIHIE OTITHO-
Kit: BoASIA = 0,196 n Eicy = 0,321. Ha BTOpOM 3Tale TeCTUPOBAHUST
nosrygennbie BPTB Macku Ob11n nCoIb30BanbI 71 HACHTUMOUKAIIAN
qeJI0BeKa 0 pajykke ajropurmoM JIlmbopa Maceka. Macka 3naqn-
TEJIBbHO YIIydIaeT Ka9eCTBO UJICHTU(MDUKAIINN, OIHAKO YCTYIIAeT IKC-
nepruoit pasmerke. Hanpumep, mis 6a3er CASIA S: EERges macku =
= 0,0065, EERc¢ mackoit = 0,0039 u EER. SKCIIEPTHON MacKoO#i — 0,0029.

Pabora nmoepxana rpantom PO Ne16-07-01171.

[1] Conomamun U. A., Mameeee 1. A., Hosux B.Il. Oupenesenue Buiu-
MOt 00JTaCTH payKKU KJIACCH(PUKATOPOM TEKCTYP C OIMTOPHBIM MHOKE-
crBoM // Mzsectusst PAH. Teopus u cucremsr yupasienus, 2016 (B me-
JaTn).
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Detecting visible areas of iris by qualifier of textures
with support set
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A person recognition by the image of the iris is an actual problem.
Usually, to increase the accuracy of recognition, the areas of occlusion
are detected in addition to locating of the iris as an annular region.

The input of the algorithm consists of black and white image and
an annular region of iris localization. The problem is to find regions
of occlusions, i.e., to build an occlusion mask — binary image.

The method suggests to transfer image to the polar coordinates,
then to find a support set on the image, teach the classifier on it and
classify all the pixels into two classes “iris” and “occlusion,” after that
make postprocessing of the results of the classification, and, finally,
convert them back to Cartesian coordinates [1].

The method was implemented in C++, using OpenCV library.
Computer experiment was conducted on the iris images from CASIA
and ICE databases and consisted of two steps. On the first step,
the mask was compared to the expert mask. As the error function,
the sum of the relative errors of the first and second type was
used. Average errors were calculated for both databases: FEcoasia
= 0.196 and Ejcg = 0.321. On the second step, the masks obtained
by the algorithm were used to identify human by iris using Libor
Masec algorithm. The mask significantly increases the quality of
identification, but not as much as an expert one. For example, on the
base CASIA S: EERWithout mask — 0.0065, EERWith mask — 0.0039,
and EERwith expert mask — 0.0029.

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01171.

[1] Solomatin, I., I. Matveev, and V. Novik. 2016 (in press). Detecting
visible areas of iris by qualifier of textures with support set. J. Comput.

Syst. Sci. Int.

International Conference IDP-2016. Barcelona, Spain



118 Buomerpus

OnpeaeneHne o0bnacTv 3aTeHeHUN pafy>XKu
KhacTtepusaumein, OCHOBAaHHOM Ha JIOKaJIbHbIX
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Pemmaercs 3aa4a BolieIeHIS TOYEK 3aTEHEHNS 00JIACTH DALY KKH
pas3aumaHbIME 00 beKTaMu. VIcXoHbIMI TaHHBIME ABJISETCH M300parKe-
HUE PaJIy’KKHU IJIa3a 9e/IOBEKA U OKPYKHOCTH, AlIPOKCUMUPYIOIIIE
TPAHUITBI 3pAYOK—PAJIy’KKa U PaIyKKa—CcKjaepa. B kadecrBe meToma
PeIleHusT [IPe/JIAaraeTcs MCI0Ib30BaTh PACYeT JIOKAJIbHBIX TEKCTYD-
HBIX [IPU3HAKOB U KJIACTEPU3AIMIO ITOJIYYEHHOI'O BEKTODa IIPU3HA-
KOB. [les1b10 paboTh! ABISETCS TOCTPOCHUE AJITOPUTMA,, BBIJIEJISIIOIIETO
TOYKU 3aTEHEHUsl, U UCCJICIOBAHNE BO3MOXKHOCTU CEIMEHTAIINN 3aTe-
Henuii pajiyzkku 6e3 alpUOPHO 3aJIaHHOM MOJE/U ee TeKCTyphI [1].

B kadectBe nabopa JOKaIbHBIX TECTYPHBIX MTPU3HAKOB OBLIN HC-
[IOJIb30BAHBL: II€PBBII MOMEHT SPKOCTH B OKPECTHOCTH 7X7; BTO-
POl MOMEHT ${PKOCTH B OKPECTHOCTH 7X7; CTaHJIAPTHOE OTKJIOHE-
Hue B OKpecrHOCTH 3X3; mepemna] (pa3sHUIA MEXKJy MaKCUMAJIbHON
SIPKOCTBIO M MUHMMAJIbHOI) SPKOCTU B OKPECTHOCTU 3X3; IJIABHbIE
kommonenenTol ¢ 90%-Hoil 3HAYNMOCTBIO JIJIg MATPUIBI JAHHDBIX, [JIE
paccMaTpPUBAJINCH 3HAUEHUS sIPDKOCTH B OKPECTHOCTHU 7 X7 TOYKU KakK
BEKTOD; PACCTOsIHUE JI0 3PavKa, HOPMHUPOBAHHOE Ha PAJIIYC PaJLy K-
KHI; CIydaiiHoe MapKOBCKOe ToJie B okpectocTu 7 X 7. Ha manmom ma-
60ope MPOTECTUPOBAHBI PA3IMIHBIE METOIBI KJIACTEPU3AINH [IPU Pa3-
HBIX MeTpuKax. Jljisi Bcex MeToJ0B OOHAPYKUJIOCH, 9TO IeJICHhE Ha
TPHU KJacca JIaeT JIydIlnue Pe3yJIbTaThl, YeM JeJIeHHe Ha JIBa KJiacca.
HauGosbImas TouHoCTh pacnosznasanus B 79,2%+1,1% nonydena npu
UCITO/Ib30BAHNN HOPMAJIN30BaHHOTO EBKINIOBA PACCTOSHIS KAK MET-
puknu u k-medoids Kak MeTo/1a KJIacTepu3alny npu napamerpe k = 3.
Heobxomumo masbrelinee n3ydeHne HOBBIX JIOKAJIBHBIX TEKCTYPHBIX
[IPU3HAKOB U METO/IOB KJIACTEPU3AIIUN.

Pabora nmoep:xxana rpantom PODI Ne15-01-05552.

[1] Tasaunos K. H., Mameees U. A. Onpenenenne 06JaCTH 3ATEHEHHT Pa-

JIy2KKU KJIacTepu3alieil, OCHOBAHHON Ha JIOKAJIbHBIX TEKCTYPHBIX ITPU-

sHakax // Mammnaoe oOydenne u anains fganHbix, 2016 (B mevarn).
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Eyelids and eyelash detection based on clusterization
of vector of local features
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"Moscow, Russia, MIPT

2Moscow, Russia, FRC CSC RAS

An attempt to solve the problem of extracting areas where the iris is
occluded by various objects has been made. Initial data consist of an
image of iris and a circle approximating the boundary between the
sclera, the iris,nd the pupil. Calculation of local texure features and
clusterizing the data based on the extracted information is proposed
as a solution method. Two main goals of this particular work are to
introduce an effective algorithm for occluded point detection and to
study the possibility of their segmentation without a preset texture
model [1].

As local texture features, there were used: the first moment of
brightness in 7x7 area; the second moment of brightness in 7x7
area; standard deviation in 3x 3 area; difference between maximal and
minimum values in 3x3 area; principal components with 90 percent
information; normalized distance from the point to the center of pupil;
and Markov random field in 7x7 area. Different clustering algorithms
were tested on this set of local texture features. For all methods, it
was found that the division into three classes gives better results than
the division into two classes. The best precision 79.2% 4 1.1% was
shown by k-medoids algorithm and normalized Euclidean distance as
distance measure. Further study of new local texture features and
clustering techniques is needed.

This research is funded by the Russian Foundation for Basic
Research, grant 15-01-05552.

[1] Talipov, K., and I. Matveev. 2016 (in press). Eyelids and eyelash
detection based on clusterization of vector of local features. J. Machine

Learning Data Anal.
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Pemraercs 3a1ava moncka rpaHul; 3padka U pajlyKHON 0007109-
Ky Ha m3o0paxkeHuu riaza. OUpenessioTcs mapaMerpbl alllpOKCU-
MUPYIOIUX OKPYKHOCTEH, & UIMEHHO: KOODIUHATHI IICHTPOB U PAJINY-
cbl. [ljist pernierns 3a/1a9u BBITOJTHSETCS [TOC/IEI0BATEIBHOCTD IIIAT0B.
CuauaJia n3o0pazkeHue ojpepraercs MopgoJIOrnIeckoii 06paboTke
J1st m30aBJIeHUsT OT OJIMKOB U [TIOCTOPOHHUX MejKuX 1ryMoB. O6pabo-
TaHHOE M300parkKeHne OMHAPU3YETCs, U 3PAYKOM I0JIaraeTcs Hambo-
Jiee TIOX02Kast Ha KPYT KOMIIOHEHTA CBSI3HOCTU OMHAPU30BAHHOT'O N300~
paxenusi. 3aTeM Ha MOPMOJIOrTIECKr 00pabOTAHHOM U300pPaAXKEHUN
BBIJIEJIAIOTCS IPAHUYHbBIE TOYKHU C IIOMOIBIO orepaTropa Ksnnu u mo
9TUM I'PDAHUYHBIM TOYKAM C YY€TOM OIPEIEJIEHHOI'O IEHTPa 3padKa
OKOHYATEJIbHO OIIpeiesiercs ero rpanuna. [lonck rpanur pagyKHoit
000JIOYKN OCYIIECTBJISETCS IIyTEeM AHAJIN3a ILUIOTHOCTU PACIIPEjIesie-
HUsI TDAHUYIHBIX TOYEK M300PaYKEHUs TI0 PACCTOAHIAM 10 HAMIEHHOTO
LeHTpa 3padka. MakcuMyM Takoil IJIOTHOCTH COOTBETCTBYET OOIBIIO-
My KOJINYECTBY TOYEK, y/IAJ€HHBIX OT I[EHTPa 3pavyKa Ha PACCTOSHUS,
HaXOJIAIIECS B Y3KOM JIHalia3oHe 3Hadenuii. ['panureit pajryKHoit
000JI0YKY TI0JIATACTCS AIIPOKCUMUPYIOIIAsT 3TU TOUYKH OKPYZKHOCTb.

IIpoBesieH BBIYUCUTEBHBIN IKCIEPUMEHT C IEJIBIO OIpeesie-
HUsl OITHMAJIBHBIX [TApAMETPOB METO/a U CPABHEHUs ITOJIYIEHHBIX
pPe3yJIbTaTOB C pPe3yJbTaTaMU, II0JyYaeMbIMU IIPUMEHEHHEM MeTO/a
NAPHBIX TPAJIMEHTOB K PENeHNIO 3TOH ke 3amaan [1].

Pabora nognepxana rparrom PODU Ne16-07-01171.

[1] Yuepunckut B. B., Egumos I0. A., Mameees H. A. Buicrporii anro-

PUTM ITONCKA IPAHUI 3PAYKA U PaLy?KHOI 060109Kkn Tiasa // Mammn-

Hoe oOydeHne u aHaJIu3 JaHHbIX, 2016 (B meuarn).
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Fast algorithm for determining pupil
and iris boundaries
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The paper presents a method of pupil and iris boundaries determining
on eye images. The purpose is to find out the parameters of
approximating circles, namely, coordinates of centers and radiuses.
To solve the problem, several steps are implemented. First, to
remove highlights and small noise, the origin image is morphologically
processed. Then, the resulted image is binarized. The most similar
to a circle connectivity component of the binary image indicates
a pupil. After that, the edges of the image are obtained by applying
the Canny edge detector to the morphologically processed image.
Using these edges and just found pupil center, the pupil boundaries
are determined finally. To detect iris boundaries, the density of the
edge points distribution by their distances to the pupil center are
used. The maximum of this density of the distribution denotes a big
amount of the points that are remote from the pupil center to the
distances localized in the narrow range of values. The approximating
these points circle denotes the iris boundary.

The computational experiment was performed to find out the
optimal parameters of the method and to compare the obtained
results with the results given by the paired gradient method [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01171.

[1] Chigrinskiy, V., Y. Efimov, and I. Matveev. 2016 (in press). Fast

algorithm for determining pupil and iris boundaries. Machine Learning
Data Anal.

International Conference IDP-2016. Barcelona, Spain
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BPEMEHHbIX psifoB
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st coBMecTHOro aHa/IM3a JUCKPETHBIX BPEMEHHBIX PsJIOB, CO-
OpaHHBIX JATYMKAMU, PAOOTAIOIIMU C CYIIECTBEHHO PA3JIMYHON Jac-
TOTOM MPEJJIAraeTCs UCIOIb30BATH UX HEIIPEPBIBHOE IIPEICTAB/ICHIE.
IIpumensieTcss MeTpUIecKuil METO] AHAJII3a BPEMEHHBIX PSIOB, OCHO-
BAHHBII HA NpUMeHEHNN (DYHKIUNA JIUHAMUYICCKOTO BBIDABHUBAHUS.
Ona HAXOJIUT HAWJIYUIIee COOTBETCTBHE MEXK/IY JIBYMsI BPEMEHHBIMUI
PAJaMy IIPU UX HEJIMHEWHOi j1edopMaIui — pacTArMBaHUN, CKATUU
WIA CMEIIEHUs BIIOJIb OCA BPEMEHH.

Bomurcs norsTue hbyHKINN pACCTOSHNIS TUHAMIIECKOTO BHIPAB-
HUBAHUST MEXKJy HEIPEPBIBHBIMU BPEMEHHBIMU PSIIAMU, BHIDABHUBA-
IONIEr0 IIYTH M €ro CTOMMOCTH. B JHUCKDETHOM ciiydae IOWCK BbI-
PaBHUBAIOIIETO IIyTU OCYIIECTBJIAETCA IIPU ITOMOIIU JINHAMIYIECKOTO
[IporpaMMHUpOBaHus. B HempepbIBHOM 2Ke CJIydae BOCIIOJIb30BATHCS
repebOPOM HEBO3MOXKHO, TAK KAK MHOXKECTBO IryTeil HecaerHo. [Ipob-
JieMa TIOUCKa BHIPABHUBAIOIIETO Iy TU PEIIEHA IIyTEM AlIPOKCUMAIIT
peasibHOTO IIyTH IapamMmerpudeckoil dymukimeii. B kadecTse Kiracca
rmapamMerpudeckux (OyHKINH BbIOpaHbl crtaitunl. [louck myTtu cBo-
JUTCS K IIOUCKY OITUMAJIBHBIX IIaPAMETPOB, 33/JaI0IINUX ero IpubJm-
JKEHUeE.

VHUBEPCAJIBHOCTDh JAHHOTO IOAXO/Ja 3aKJ0YAeTCHd B BO3MOXK-
HOCTHU IPUMEHSTh PA3JIMIHBIE CIOCOOBI ATIIIPOKCUMAIINNA BPEMEHHOTO
pia, a TAKXKe AIlIPOKCUMAIIUU IIyTH HAUMEHbIIel CTOMMOCTHU C Ha-
JIOYKeHneM OorpaHudenuit [1].

Pabora Boimostrena npu nogaepxkke POOU, rpant 16-07-01163.
[1] Tonuapos A. B., Cmpuoicos B. B. Merpuieckas kinaccudukarms Bpe-

MEHHBIX PAJIOB aKcejliepoMeTrpa MOOMJILHOT'O Te.fle(bOHa CO B3BeEIlI€HHbIM

BBIPABHUBAHUEM OTHOCUTEILHO EHTPOUIOB Kinaccos |/ Undopmarnka

u ee mpumenenus, 2016. T. 10. Bem. 2. C. 36-47. http://mi.mathnet.

ru/rus/ia/v10/i2/p36.
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Warping path for continuous time series alignment
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Representing discrete time series with continuous objects is a useful
technique in the multiscale time series analysis because such
measurements are difficult to analyze using only their discrete
representation. In this paper, the metric method of time series
analysis in continuous space, based on the dynamic time warping
(DTW) distance measure, which performs the dynamic alignment
between two time series, is presented. The DTW distance finds
the best alignment between two time series if they are nonlinearly
deformed relative to each other.

The DTW defines the distance between discrete objects. It is
impossible to use the standard method to find the warping path in
continuous space; so, the concept of DTW distance function between
continuous time series, warping path between them, and its cost is
introduced. The path searching problem is solved by approximating
the path with parametric functions. Searching the path is equal to
searching the best approximation. The versatility of this approach
gives the ability to use any type for approximation of the warping
path. A novel approach is introduced to analyze continuous time
series. The properties of warping path and its cost are investigated in
the experimental part. The metric classification problem is solved for
describing the merging and splitting ability of new distance function
in the space of the continuous functions. Centroids of classes are
build and classification is made according to the nearest neighbor
method [1].

This study was supported by the Russian Foundation for Basic
Research, project 16-07-01163.

[1] Goncharov, A.V., and V.V. Strijov. 2016. Metric time series
classification using weighted dinamic warping relative to centroids

of classes. Informatika i ee Primeneniya — Inform. Appl. 10(2):36—

47. Available at: http://www.ipiran.ru/journal/issues/article/

19922264160204.html (accessed September 15, 2016).
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MopsiakoBble puNbTPLI: HEKOTOPbLIE acnekTbl
00paboTkn nepuognyecknx CUrHasios

3nax Baadumup Uavun znak@opg.sscc.ru
Poccust, Hosocubupck, UBMuMI" CO PAH

DuiabTphl B3BENIEHHBIX MOPAIKOBLIX craTuctuk (weighted order
statistics, WOS) 061a1a10T psijioM JOCTOUHCTB [0 CPABHEHUIO ¢ HAU-
6oJiee pacrpocTpaHeHHbIME — JinHeTHbIMU drtbTpaMu. OIHAKO 1TpU
obpaboTke nepuoanyeckux curaasioB Ha WOS GuibTp HaK/Ia bIBa-
eTCsl OrpaHUYeHNe: ero OTKJIUK CTPEMUTCHA K HOJIIO, €CJIM JIJINHA Bbl-
6OpKHU cHUrHaja Ha BXOAE (DUIbTpa MPUOIUKAETCS K IEJIOMY UUCITY
epuoioB curHasia. JlaHHOe OrpaHuYeHne MO3BOJIAIOT IIPEOI0/IEBATH
Tak HasblBaeMble Ko-(asHble nopgaakosbie dbuabrpol [1]. Apyras cre-
nuduyeckas 4epra MOP:AIKOBBIX (DUIBTPOB — UX HEJIUHEHOCTh, YTO
00yCJIOBJIMBAET 3HAYUTEIbHBIE TPY/IHOCTU aHAJIUTUYIECKOI OIEHKN UX
noBejieHust. [Ipu 9ToM UX OTK/IMK 3aBUCUT OT psijga pakToposB. Takmm
00pa30M, MOXKHO TI0JIATaTh, YTO KadecTBO 00paboTku curaaia WOS
GUIBTPOM ecTh CiryuaiiHasi BeJIUYUHA. B 9TUX YCIOBUSX BHUMAaHUE
[IPpUBJIEKAET METOJ] CTATUCTUYECKUX MCIBITAHWI s Iiesieil BbIOOpa
naunbosiee 3pdpexruBHoro npoekra WOS duiibrpa. Ureparusuas 06-
paboTKa CHI'HAJIA [IO3BOJIAET PACIHINPUTH BO3MOXKHOCTH HA3BAHHOI'O
METOJIA.

Ilepuognyeckne cUrHAJIBI UCIIOIB3YIOTCS BeChbMa IMUpPoKo. B pac-
CMaTPUBaEMOM Caydae 3PpHEeKTUBHOCTH UTEPATUBHOI 0OpaOOTKI CUT-
HaJIa B yCJOBHUSAX cesieKiun mpoekToB WOS GuiibTpoB B mporiecce ux
CTATUCTUYECKUX UCIBITAHUN JIEMOHCTPUPYETCS C IIPUBJICYEHIEM TaH-
HBIX PEAJIbHOIO IKCIEPUMEHTA, IMOJYIeHHBIX B IIPOIecce BUOpoceiic-
MHUYECKUX UCCJIEeJOBAHUA.

B mepcrniekTuBe paccmarpuBaeMasi METOIOJIOTHS [TO3BOJIAET IPU-
BJIEKaTh JIJIsi BbIOOpa HanboJiee 3¢ dexkrusHoro npoekra WOS duibr-
pa Takue MeTO/bl, KAK MeTOJ[ MAKCHMAJILHOIO IIPABJOIIOI00MS WK
METO/I TIOCJIEI0BATE/IBHBIX TTPUOJIMKEHUIA.

[1] Znak V. Towards a statistical adaptation of order filters for processing
periodic and frequency-modulated signals using a graphical interface //
Pattern Recogn. Image Anal., 2015. Vol. 25. No.2. P. 281-290. doi:
10.1134/51054661815020273.

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Signal and Time Series Analysis 125

Order filters: Some aspects of the periodic signals
processing
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The weighted order statistics (WOS) filters possess a number of
merits as compared to other ones, e.g., linear filters. However, the
restriction is imposed on the WOS filters when processing periodic
signals: input approaches an integer number of periods of a periodic
signal. The given restriction allows to overcome the so-called co-
phased order filters [1]. Another specific feature of the order filters
is their nonlinearity that causes the considerable difficulties of an
analytical estimation of their behavior. At the same time, their
response depends on a number of factors. Thus, it is possible to
suppose that the quality of processing a signal by the WOS filter
is a casual case. In these conditions, the method of statistical trials is
attractive for choosing the most effective WOS filter project. Iterative
processing of a signal allows one to expand possibilities of the method
described above.

Periodic signals are used sufficiently often. In the considered case,
the efficiency of the iterative processing of a signal in the conditions
of selecting a qualitative project of the WOS filter in the course of
its statistical trials is demonstrated using the data obtained in real
vibro-seismic investigations.

In the prospects, the use of such methods as the method of
maximum likelihood or the method of sequential approaches are of
interest with respect to selecting appropriate qualitative results.

[1] Znak, V. 2015. Towards a statistical adaptation of order filters
for processing periodic and frequency-modulated signals using

a graphical interface. Pattern Recogn. Image Anal. 25(2):281-290. doi:
10.1134/51054661815020273.
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Ornncan crrocob aHaIN3a BapuaIruii KOCMIYIECKUX JIydeil, TT03BOJIs-
IONUil BBIIEIATh AHOMAJIbHBIE N3MEHEHHUS U 10JIyYaTh KOJUIECTBEH-
HbIE OIEHKA O MOMEHTAX WX BO3HUKHOBEHUS, BPEMEHHOU JJINTEsIh-
HOCTH U WHTEeHCUBHOCTU. Crocod BKJIIOYAET JIEKOMITO3UINK JAHHBIX
HEHTPOHHBIX MOHHTODOB Ha OCHOBE BeWBJIET-IIPEOOPA30BaHUA U UX
AIIIPOKCUMAIINIO Ha OCHOBE a/[AIITUBHBIX HEIIPOHHBIX CeTeil ImepeMeH-
HOi#l cTpyKTyphl. Ha ocHOBe mpuMeHeHusI Criocoba BBIIIOJIHEH aHAJIN3
Bapualiili KOCMUYCCKUX JIy4eldl B IE€PUO/bI IOBBLIIMICHHON COIHECYHON
U TEOMArHATHONW AKTUBHOCTH W BBIIEJCHBI aHOMAJIbHBIE M3MEHEHUS,
BOBHUKAIOIIHE 38 HECKOJBKO 9aCOB [0 T€OMArHUTHBIX Oypb, BO Bpe-
Mg Oypb ITPOUCXOIMIH JINTEIbHBIE U TyIyOoKHe PopOyIT-TIOHMKEHU ST
(aHAIM3UPOBAJINCH JAHHBIE HETPOHHBIX MOHUTODOB CTaHIMi Ara-
turel 1 Mpic [IIvmuara). COBMECTHO ¢ JAHHBIMU KOCMUYECKUX JIy9eit
AHAJIN3UPOBAJIACH BaPUAIUN €OMATHUTHOTO IOJIA M HOHOChEpHBIE
mapaMerpbl, 00pabOTKa KOTOPBIX BBIMOJIHSIIACH HA OCHOBE METOIOB,
PEJUIOKEHHBIX aBTopaMu [1].

Pabora mojep:kana rpanTtom Poccmitckoro mayaHoro ¢GoHa
Ne14-11-00194.

[1] Manodpuxosa O. B., 3aases T.JI., Iloaozos FO. A., Conoeves U. C. Mo-
JEeJINPOBAHUE W AHAJIM3 BapUaldil KOCMHYECKHX JIydYeil B IEePHUOJIbI
MOBBINIEHHON COJTHEYHON U TeOMarHUTHOH akTusHOCTH // Mammunoe
obydenne u ananus ganubx, 2016 (B megarn).
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A method for analysis of cosmic ray variations, which allows to
allocate anomalous changes and obtain quantitative estimates of their
occurrence time, duration, and intensity is described. The method
includes decomposition of neutron monitor data based on wavelet
transform and their approximation based on adaptive variable
structure neural networks. By using this method, analysis of cosmic
ray variations during periods of increased solar and geomagnetic
activity is performed and anomalous changes that occurred a few
hours before geomagnetic storms are allocated. Long and deep
Forbush decreases took place during the storms (neutron monitor
data from Apatity and Cape Schmidt stations were analysed). Cosmic
ray data were analysed together with geomagnetic field variations and
ionospheric parameters, which processing was performed on the basis
of methods proposed by the authors [1].

This research is supported by the grant of the Russian Science
Foundation No. 14-11-00194.
[1] Mandrikova, O., T. Zalyaev, Yu. Polozov, and I. Solov’ev. 2016 (in

press). Modeling and analysis of cosmic ray variations during periods

of increased solar and geomagnetic activity. Machine Learning Data
Anal.
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IIpemmaraercsa momaxom K HPOTHO3UPOBAHUIO HADOpPa pPa3HOMAC-
mTabHBIX BPEMEHHBIX pAJ0B. PaccmarpuBaercs 3ajada ITPOrHO3U-
poBanus cocTosgHusi ycrpoiicrBa MurepHera Bereil. YcTpo#cTBO
cHA0XKEHO HADOPOM CEHCOPOB, TEHEPUPYIONINX BPEMEHHBIE PsIIbl Pa3-
JIMYHOTO MacinTada ¢ Pa3audHONl JacTOTON COMILIUPOBaHUA. 1 pedy-
€TCsl CIIPOTHO3UPOBATD 3HAYEHUS KAYKI0TO BDEMEHHOI0 Psijia B 3a/aH-
HOM IIPOMEZKYTKE BPEMEHHU.

Jlannasg 3a/1a4a cBouTCA K 33/1a4e perpeccun. llpearaercs me-
TOJ IIOCTPOEHUs IPU3HAKOBOI'O OIMCAHUS JJIs PErPECCHOHHOIN 3a-
a9, OCHOBAHHBIN HA MOPOXKJEHUU 3aBEIOMO U30BITOYHOIO HADO-
pa IPU3HAKOB C MOCJIEAYIONUM 0TOOPOM Ipu3HAKOB. [lopoxKieHHbIe
[IPU3HAKK BKJIIOYAIOT MPEJIBICTOPHUIO BCEX BPEMEHHBIX DsJIOB U3 Ha-
Oopa 1 ux JIoOKaJIbHbIE ITpeobpa3oBanusd. [[puMenenue mpejiaraeMoro
[I0/IX0/Ia PACCMOTPEHO HA IIPUMEPE HECKOJIbKUX PEI'PECCUOHHBIX aJl-
ropuTMOB. Vlcciie10BaHO KAa4eCcTBO TPOTHO30B B 3aBUCUMOCTH OT T'O-
pPU30HTA OPOrHO3upoBanus [1].

Pabora nognepxana rparrom PODU Ne16-07-01160.

[1] Hetues P.I., Kampyua A. M., Cmpuoicos B. Bbibop onruMmasibHOIo

Ha60pa IIPU3HAKOB U3 MYJIbTUKOPPE/JIMPYIONIEI'0 MHOXKeCTBa B 3a/lave

nporunosuposanusa // BaBogckas naboparopus. Imarnocrnka marepu-

asos, 2016. T. 82. Ne3. C. 68-74.
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The paper presents a framework for the massive multiscale time
series forecast. The focus is on the problem of forecasting behavior
of a device within the concept of Internet of things. The device is
monitored by a set of sensors, which produces large amount of multi-
scale time series during its lifespan. These time series have various
time scales since distinct sensors produce observations with various
frequencies from milliseconds to weeks. The main goal is to predict
the observations of a device in a given time range.

The authors propose a method of constructing efficient feature
description for the corresponding regression problem. The method
involves feature generation and dimensionality reduction procedures.
Generated features include historical information about the target
time series as well as other available time series, local transformations,
and multiscale features. Several forecasting algorithms have been
applied to the resulting regression problem and the quality of the
forecasts has been investigated for various horizon values [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01160.

[1] Neychev, R., A. Katrutsa, and V. Strijov. 2016. Slecting optimal subset
from a set of multicollinear features in forecasting problem. Industrial

Laboratory 82(3):68-74.
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Pemaercs 3amada nporao3upoBanusi 60JIBIIOTO YACIA B3AUMOCBSI-
3aHHBIX BPEMEHHEIX PAI0B. VX HCTOYHHKOM CJIyKaT JATIUKN MOHU-
TopuHra ycrpoiicts Unrepuera Bereit. [Ipeamosaraercs, 4To mpo-
CTPAHCTBO ITapaMeTPOB ONHUCAHUS BPEMEHHBIX DPAJIOB HEOIHOPOJIHO,
BBIOODKA HE SBJISIETCS ITPOCTOM.

3aj1ava MoCTPOEHMS ITPOTHO3a CBOIUTCH K 3ajiade perpeccun. st
IIOJIyY€eHNs] TOYHOI'0 U YCTOMYIHBOIO IIPOTHO3a IIPEeJIJIaraeTcsl UCIIOIb-
30BaTh CMeCh 9KCIIEPTOB — IIPOrHOCTUYECKHUX MOJIeJIell JIjisl ee pellle-
Hud. B kadgecrBe Mosesieil ucrob3ytoTcs Heitponnble cetu. Vcciemy-
IOTCA 331491 ONTHMHU3AIUN ITPOCTPAHCTBA apaMeTPOB HEWPOHHBIX
cereill, BRIOOpa HEMPOHHBIX CeTeil ONTUMAJIbHON CJI0KHOCTH, BBIOODA
ONTUMAJIBLHOI'O YUCJIa IKCIEPTOB. B X0/1e BEIYUCINTEIBHOTO SKCIIEPU-
MeHTa CPaBHUBAIOTCS TPU KJIACCa MOJEJeil: CMeCh 9KCIIEPTOB, I'Pa/Ii-
EHTHBII OYCTUHT, PEIIaIoIe JepeBbsl. DKCIEPUMEHT BBIITOJHEH Ha
peaIbHBbIX JTAHHBIX, COJIEPKAINX MHMOPMAIUIO O TOTPEOJICHIH dJTe-
KPOIHEPI'UU U HOroAHbIX yeaoBugx B [lobme [1].

Pabora nognepxana rparrom PODU Ne16-07-01158.

[1] Hetues P.I., Kampyua A. M., Cmpuscos B. B. Beibop onruMaibHOIo
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The paper presents an approach to forecasting multiple intercorre-
lated time series that can be generated by different sensors of devices
within a concept of Internet of things. In this case, generated data are
not independent and identically-distributed and there feature space
has a complex structure.

The forecast construction is considered as regression problem.
To solve it, the authors propose mixture of experts approach where
several forecasting models are used. Neural networks are chosen as
the forecasting models. The optimal structure of neural networks,
their parameters, and quantity of experts are analyzed. The proposed
method has been tested within computational experiment where it
was compared to gradient boosting and decision tree methods. The
experiment was conducted on real data containing information about
electricity consumption and weather conditions in Poland [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01158.

[1] Neychev, R., A. Katrutsa, and V. Strijov. 2016. Selecting optimal
subset from a set of multicollinear features in forecasting problem.

Industrial Laboratory 82(3):68-74.
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Mouck NnaBHO MEHAOLWMXCA MoAenen OueHKN
BeposiTHOCTU gedhonTa
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B mexaynaponoit 0aHKOBCKON MpaKTUKe 3ajada pa3paboTKu
MOJIeJIell OIEHKN BEPOSTHOCTHU JepoJITa SBJSIeTCS KpailHe aKTyallb-
woit. Ilpu srom pasmmuaior PIT-mogemu (or Point-In-Time), ko-
TOpBIE XApaKTEPU3YIOT KPEJIUTHBIA PHUCK 3aeMIIUKa HA TEKYIUi
moment, u TTC-momenu (Through-The-Cycle), onenusaomue Kpe-
JIUTHBI PUCK KOHTPAIEHTA Ha MPOTSYKEHUN BCEr0 SKOHOMUYIECKOTO
KA.

PIT-mozesin mcnob3yrtoTes Mpu NPUHSTHW PENIeHnsT O BbIJade
KpeJuTa Ha JAHHBIT MOMEHT U B pacueTe OXKUJIAEMbBIX MOTEPb B CO-
orBercTBun co crapgaprom MC®PO-9. TTC-momenn uCmoab3yoTcst
[IPU OIIEHKE PEryJisiTOPHOTO KAIUTaJja, B TOM YHUCJIE B COOTBETCTBUM
¢ TpeboBanusmu bazemrbckoro Komurera.

Tpaaunuonasie MeToabl peobpaszopanust PIT-monesneit 8 TTC
7 HA0O60POT OOBIYHO PEAMIYIOTCS IIyTeM JI00ABJICHUs TOMOTHUTE b=
HBIX [TapaMeTPOB KaJIuOPOBKU. Takue Mmoaxonpl He TIO3BOJISIOT BbISB-
JIITH CTPYKTYPHBIE U3MEHEHUsT MOJIEJIN OIEHKN BEPOSATHOCTHU J1ehosi-
Ta, HAIIPUMED YCUJEHUE OJHUX XapPAKTEPUCTHK B KPUIUCHBIE TOJIbI
u ocsabJieHne JPYIrUX XapaKTEePUCTUK B TOT YK€ BPEMEHHOU IepUO/I.

B macrosmeit pabore mpemiaraeTcsa TMOIXOI, OCHOBAHHBIN Ha
ujiee MOWCKA IIJIABHO MEHSOIINXCsl 3aKOHOMEPHOCTEN, M3JI0YKeHHOMN
B IpebLAyIuX paborax aBTOpoB. Vjest moxoa mpeInoiaraer mo-
HCK 3aKOHOMEPHOCTEl Ha KaXKJIOM U3 YIACTKOB SKOHOMUIECKOTO K-
Ja, a 3aTeM O0beJMHEHHE WX B EIUHYI0 MOJIEIb Ha OCHOBE Mep
€x0JIcTBa 3aKoHOMepHOCTel. Takum 06pazoM, npejaraercst CTpOUTh
TTC-Mmomenb Kak MOCTIETOBATEIHHOCTD IIIABHO MeHsommxces PIT-
mogeseit. Takoit Moaxo 1 MO3BOJIAET YAUTHIBATD CTPYKTYPHBIE H3Me-
HeHMsI MOJIEJIN ¢ TeYeHneM Bpemenn [1].

Pabora noiep:xana rpantom PODI Ne16-07-01156.

[1] @uaunenxos H. B., Ilemposa M. A. Ilonck naaBHO MEHSIIOIIIXCS MOJE-
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Building PD (Probability of Default) models is a key area for
risk management in the financial institutions worldwide. There are
different types of PD models. Point-In-Time (PIT) PD-models reflect
the borrower’s credit risk at a certain moment of time. Through-The-
Cycle (TTC) PD-models estimate the borrower’s credit risk through
the whole economic cycle.

The PIT models are widely used at the moment of the bank’s
decision to lend the money. IFRS-9 also requires banks to calculate
Expected Credit Losses (ECL) based on PIT models. The TTC
models are used when calculating the regulatory capital based on
Basel Committee standards and local regulations.

The traditional methodologies transforming PIT-models to TTC-
models and vice versa normally use different calibration parameters.
These approaches are limited in identifying the structural changes in
PD-model, e.g., the increase of information value of some variables
and the decline of others during the same time period.

In this paper, the approach to build TTC PD-models is introduced
based on the idea of mining slightly changing patterns developed
in the authors’ previous papers. The idea implies mining PIT PD-
models on each segment of the economic cycle and then uniting them
in one TTC PD-model based on the model similarity measure. So,
TTC PD-model is combined of slightly changing PIT PD-models.
This approach allows one to find the structural changes in the models
through the economic cycle [1].

This research is funded by the Russian Foundation for Basic
Research, grant No. 16-07-01156.

[1] Filipenkov, N.V., and M. A. Petrova. 2016 (in press). Building the
changing probability of default models. Machine Learning Data Anal.
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Paspaboran criekTpasbHO-aHAJIUTHIECKHIT METOT, MOJICIUPOBAHUST
peabeda [1]. Merox npennasHauen mist 06paboTku nudPOBBIX MO-
neseit peabeda (IIMP) B pamMkax eIuHON CXeMbl, BKIIOUAOIIEN TJ10-
batpayto ammmpokcnmanuio [IIMP, renepanuzaruio, mmoraBaeHue myma,
a TaKKe pacdeT JaCTHBIX MPOM3BOIHBIX BBICOTHI U MOPQOMETpUIe-
CKUX XapakTepucTuk. MeTo/1 OCHOBaH Ha OPTOTOHAJIBHBIX Pa3JI0Ke-
HUAX BBICOKOI'O HOPSIKA C UCIOJIH30BAHUEM IIOJMHOMOB UeObIéBa
¢ cymmnposanneMm ®@eitepa (C®). st onenku poan CP Gbuia nc-
nosbzosana IIMP Kennn (marpuna 480 x 481, paspemterne 30"). ITpu
anmpokcumaruu [IMP ¢ C® u 6e3 CO npuMeHSINCh pa3InIHbie Ha-
6opbl K03 dunuentos paznoxenus (or 30 g0 7000). ITo BoccranoB-
genasiM [IMP paccunTansl Mojien TOPU3OHTAIBLHON M BEPTHKAIb-
HOIl KPUBU3H, a TAK2Ke IOJIyYeHbl MOJIEJIN HEBA3Z0K BOCCTAHOBJIEHHBIX
IIMP. Annpokcumanuu ¢ CO u 6e3 CO xapakTepusyTcsi MOHOTOH-
HOMl CXOJUMMOCTBIO, HO CKOPOCTh CXOJIUMOCTH amnmnpokcumarmu 6e3 CP
Boimme. Hesasku jura [IMP, Boccranosiennnix, HampuMmep, ¢ 2880 Ko-
acpdunmentamu paznoxenns 6e3 CO, me npesbimator 1,3% or aua-
rna3oHa BbicoT B ucxomHoit [IMP. OnHako Ha KapTax KpUBHU3H, pac-
cuntanHbix 110 [IIMP, KoTopsie 66111 BoccTanoB/ieHbI 0e3 CP, X0poIIo
BUJIHBI ocImpyomue apredaxrel (apiaerne ['nb6ca). Bocecranos-
sennbie [IMP rakrke nmeror 3Tu apredaKkThbl, HO OHU BBIPAYKEHBI CJIa-
60 u He BUIHBI Ha KapTax BeicoT. JluddepeHmpoBanne yCcuimmBaeT ux
BBIPAXKEHHOCTD Ha KapTax KpuBu3H. Bmecre ¢ Tem, 3Tn apredakThl He
BO3HHUKAIOT HA KapTax KpuBu3H, ecian amnmnpokcumarus [IMP mposo-
mutack ¢ CP. Takum obpazom, CD, 1o1aBiisisi 3TH BBIYUCIUTE/IbHBIE
[Ty MBI, SBJISETCA HEOOXOIUMBIM ITAIIOM MOJEJIMPOBaHUS peibeda.

Pabora nognepxana rparrom PODU Ne15-07-02484.

[1] Florinsky I. V., Pankratov A. N. A universal spectral analytical method

for digital terrain modeling // Int. J. Geogr. Inf. Sci., 2016, Vol. 30.

doi: 10.1080,/13658816.2016.1188932.
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A spectral analytical method for terrain modeling is developed [1].
The method is intended for the processing of digital elevation
models (DEMs) within a single framework, including DEM global
approximation, denoising, generalization, as well as calculating the
partial derivatives of elevation and morphometric variables. The
method is based on high-order orthogonal expansions using the
Chebyshev polynomials with the Fejér summation (FS). To evaluate
a role of FS, a DEM of Kenya was used (the matrix 480 x 481,
resolution 30"). Various sets of expansion coefficients (from 30
to 7000) were evaluated to approximate DEMs with and without
FS. The models of horizontal and vertical curvatures were computed
from the reconstructed DEMs. Residual models for the reconstructed
DEMs were also calculated. Approximations with and without FS are
marked by a distinct monotonic convergence, but the convergence
rate of the FS-free approximation is higher. The residuals for the
DEM reconstructed with, for example, 2880 expansion coefficients
without FS does not exceed 1.3% of the elevation range in the
initial DEM. However, pronounced oscillatory artifacts (the Gibbs
phenomenon) emerged on the maps of curvatures derived from the
FS-free approximated DEMs. The reconstructed DEMs include these
oscillations but they are weakly expressed and cannot be seen on
the elevation maps. Differentiation amplifies their manifestation on
the curvature maps. However, such artifacts do not appear on the
curvature maps if the DEM approximation included FS. Thus, FS
suppressing this computational noise is the necessary stage of the
terrain modeling.

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-02484.
[1] Florinsky, I.V., and A.N. Pankratov. 2016. A universal spectral

analytical method for digital terrain modeling. Int. J. Geogr. Inf. Sci.

30. doi: 10.1080/13658816.2016.1188932.
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O0CyKIaI0TCsT PE3YJIBTATHI IPUMEHEHUsI OCHOBAHHOTO HA MHOTO-
MacmTabHOM KOPPEJIAIMOHHOM aHAaJIM3e IMOJX01a K 33 a4aM OIeHKH
PUTMOB ToJI0BHOrO Mosra [1]. st aHaIM3a SIUIENTHIECKUX Pa3psi-
JI0B, HAXOJSIINXCA B IEHTPE BHUMaHUsS pabOTHI, MPEIOKEHHOE Pa-
Hee OolHOIIapaMeTpudeckoe (9acToTHOE) MPEJICTABJICHUE PACIIUPEHO
JI0 JBYXIIAPAMETPUIECKOro (MacmTabHO-9acTOTHOrO). DTO CIEIAHO
Ha OCHOBE 0D0DIIEHHO MOJIEJIN STUIEIITUIECKIX Pa3PsA/I0B KaK KJIac-
ca IIIPOKOIIOJOCHBIX UMITYIbCHBIX CUIHAJIOB C IIEPEMEHHBIM PUTMOM
CJIeJIOBAHUSA M, BO3MOXKHO, U3MeHsdoIIeiicsa popMoil UMITYJIbCOB.

CuHTe3upoBaHHOE I TIeJIeil aHAJIM3a SJIEKTPOIHIIEDATOTPAMM
(99T") MaciTabHO-9aCTOTHO-BPEMEHHOE IPEJICTABIICHNE SIBJISETCS
KBaJ[PATUYIHBIM [TpeJICTaB/IeHIeM KOHnYecKoro tuna. CemeiicTBO pac-
[peJiesieHnil KOHUYECKOro THIAa XapaKTePU3yeTcs CBOMCTBOM 3d-
deKTUBHOIO OJaBeHNs NHTePMEPEHIINI MEXK /Ty JaCTOTHBIMUA KOM-
moHeHTaMu. Takyke ODHAPYKEHO, UTO CHHTE3UPOBAHHOE B pabore
[IPEJICTABIEHUE XOPOIIO MOMIEPKUBAIOT HECTAIIMOHADHOCTH U IIe€pe-
XOJIHBIE IIPOTIECCHI, CBA3aHHbIE, B YACTHOCTHU, C TEePECTPORKAME CIIEK-
TPaAJILHOI'O COCTaBA CUI'HAJIA.

IIpuBeniennl pe3ynbraThl IPUMEHEHHUS IIPEJJIOZKEHHOIO I0/IX0/Ia
K aHaJm3y peajbHbIx JDI-3ammceil, comepkamux GparMeHThbl SIU-
JIEIITUIECKUAX PA3PSI0B.

Pabora BeimosiHena B pamkax mpoekTa «Pa3paboTka 9acTOTHO-
BPEMEHHBIX MoJieslell CyJOPOKHOI 3JIeKTPUIeCKO aKTUBHOCTU MO3-
ray uporpammbl [Ipusuaunyma PAH  NeI1.3311.

[1] Anuunepos B. E., Obyzos FO. B., Kysneyosa I. /., 'nezduyrui B. B.
AHajM3 TUIEPCUHXPOHU3AIUU CTPYKTYP TOJOBHOIO MO3Ta BO BpPEMsi
SMUJICTIITUICCKUX Pa3pAJ0B Ha OCHOBE CII€IUAJIbHBIX KOHUYECKHUX IIPEI-
crapiennit DI curnana // 2K. paguosnekrponuku, 2014. Ne11. 20 c.
http://jre.cplire.ru/jre/novi4/18/text.pdf.
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The paper is devoted to the developing of a new approach to
the problem of cortical rhythms analysis [1]. For the analysis of
epileptic discharges, which are in the focus of the work, one-parameter

(frequency) representation is extended to the two-parameter (scale—

frequency) representation. This was done on the basis of a generalized

model of epileptic discharges as a class of broadband pulse signals
with variable rhythm and, perhaps, repeatedly changing pulse
waveform.

Synthesized for the aim of electroencephalogram (EEG) analysis,
a scale—frequency—time representation is a quadratic cone kernel.
It belongs to a great family of distributions characterized by the
effective reduction of spurious interference (RID) between frequency
components. The authors have also discovered that synthesized
representation can emphasize unsteadiness and transients associated,
in particular, with the restructuring of the signal specter.

Also, the results of the analysis of real, containing the fragments
of an epileptic discharges EEG records, are presented.

The work is done in the framework of project “Development of
time—frequency models of convulsive electrical activity of the brain”
of the Presidium RAS program No.1.33P.

[1] Antsiperov, V.E., Y. V. Obukhov, G. D. Kuznetsova, and
V.V. Gnezditskiy. 2014. Analysis of brain structures hyper-
synchronization during the epileptic discharges on the basis of
conical kernel representations of EEG signal. J. Radioelectronics 11.
20 p. Available at: http://jre.cplire.ru/jre/novi4/18/text.pdf
(accessed July 26, 2016).
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B mammoit pabore aBTOPBI HCIOJIB30BAJN CIEKTPAJIbHBIA aHa-
JIN3 C MYJIBTATAIlEPAMU U TEOPUIO CJIyYaHbBIX IOJIel JJIsd ITOIPABKU
Ha MHOYXKECTBEHHBbIE CPABHEHHSI, YTOOBI IIOKA3aTh HAJUYINE BBICO-
KOJacTOTHO# ramma-aktuBHOCTH B MOIT'-curaase B ncuxodusnoso-
TUYIECKOM 3JKCIEPUMEHTe 10 m3ydeHuio 3ddexra 3epKaabHON py-
ku. Maraurosunedanorpabus (MII') — 910 HeMHBA3UBHBINA METOIL
JIJI. PErUCTPAaIii cJIabblX MArHUTHBIX IIOJIEl, TIOPOXKTAeMbIX aKTHB-
HOCTBIO HEDOHOB B MO3Te 4ejoBeKa. 13 nHBa3uBHBIX pabOT U3BECT-
HO, 4TO BbICOKO4YacTOTHAst akTuBHOCTH (40-100 ') Bo3HUKAaeT 0vYeHb
JIOKAJIBHO B 00JIACTHAX KOPBI TOJIOBHOT'O MO3Ta, KOHTPOJIUPYOIINX Pe-
aJIbHBIE JIBUKEHUsT KOHETHOCTENH. DDPEKT 3epKaIbHON PYKU 3aKJIIO-
qaeTcs B TOM, 9TO IIepeJ] YeJIOBEKOM yCTaHABJINBAETCS 3€PKAJIO TaK,
9TO OHO 3ar0PasKMUBAaET OJIHY PYKY, & BTOpasl pyKa OTPaXKaeTcs B 3ep-
KaJle Ha MecTe 1epBoil. Pyka, cupsitanHas 3epKaJjioM, OCTaeTCs Helo-
JBUYKHOM, a HADJIIOJCHNE 38 JIBUKEHUEM BUJINMON PDYKH M €e OTpa-
JKEHUs B 3ePKaJjie BBI3bIBAECT y HUCIIBITYEMOI'O OIIYIIEHUE JIBUZKEHUS
obommu pykamu. [[jist HABUTAIUU B IPOCTPAHCTBE U 9ACTOTE aBTOPBI
HCIIOJIB30BAJIA JIAHHBIE PeasIbHOIO JBH2KeHus pykoit. I[Ipu momoru
MYJIBTUTAIIEPOB CUTHAJ ObLJI II€EPEBEJIEH B IIPOCTPAHCTBEHHO-YACTOT-
HOE TIPEJICTABJIEHUE U, UCIIOIb3Ys TEOPUIO CJIYYalHbIX TOJIEH, OIIpe/ie-
JIEHBI CEHCOPBI U YaCTOTHAS T0JIOCA, TJI€ CUTHAJ [IPU JBUKEHUU OBLI
HeCJIyJaiiHO OOJIbIle, YeM JI0 HAYaJIa JIBUYKEHUS. ITO ObLIN CEHCO-
PBI HAJ[ CEHCOMOTOPHO# KOpoit m wacToTHas mojoca 55—85 I'm. Ilpu
CPaBHEHUU CHI'HAJIOB, OT(UIBTPOBAHHBIX B IOJIyYE€HHON BBICOKOYA-
CTOTHOMI 110JIOCE OT JIBUXKEHUSI OHUM IAJIbIEM U OT JBUXKEHUS ITUM
JK€ MAJIbIEM, HO C 3€PKAJIOM, OBbLIa MOJIyIe€HA CTATUCTAIECCKU 3HATM-
Masl pasHUIA cpasy Hocje Hadaa asuzkenus [1].
[1] Butorina A., Prokofyev A., Nazarova M., Litvak V., Stroganova T. The

mirror illusion induces high gamma oscillations in the absence of

movement // Neurolmage, 2014. Vol. 103. P.181-191.
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Use of spectral analysis and random field theory
for magnetoencephalography data analysis

Butorina Anna'x armature@yandex.ru

Litvak Viadimir? v.litvakQucl.ac.uk
'Moscow, Russia, MEG-center, MSUPE
2London, U.K., Wellcome Trust Centre for Neuroimaging — UCL

Multitaper spectral analysis and random field theory were used to
test whether mirror hand illusion induced high gamma oscillation.
Magnetoencephalography is a noninvasive technique for mapping
brain activity by recording magnetic fields produced by electrical
currents occurring naturally in the brain. In invasive researches, high
gamma power (40-100 Hz) responses following the movements of
somatotopically defined regions in the sensorimotor cortex consistent
with maps generated by cortical electrical stimulation. Mirror hand
phenomenon refers to the illusory percept of moving a hand while
moving the opposite hand and viewing its reflection in a mirror.
To induce the illusion, the mirror is placed sagittally giving the
impression that the stationary hand is performing the task. The
real movement data were used to define the spatiospectral region
of interest. For efficient spectral estimation from a relatively small
number of trials, a multitaper spectral analysis was used. Then,
random field theory was used to solve the multiple comparison
problem which is common in functional imaging. As a result, 55—-85-
hertz high gamma activity was maximal at the pair of sensorimotor
sensors. Those sensors were used for the subsequent analysis.
Significant differences in high gamma power between unilateral
movement and unilateral movement with mirror were found in
postmovement time window [1].
[1] Butorina, A., A. Prokofyev, M. Nazarova, V. Litvak, and T. Stroga-
nova. 2014. The mirror illusion induces high gamma oscillations in the
absence of movement. Neurolmage 103:181-191.
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AnNropntm geTtekTupoBaHuUs 3NNNENTUYeCKNX
pPa3psiioB N COHHbIX BEpeTeH Yy KpbIC B paHHEM
NoCTTpaBMaTU4eCKOM nepuoge

1,2
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IIpoBoauocs uccaenoBaHne MHOTOCY TOYHBIX 3AIACEH 3JIEKTPOIH-
tedasorpamm (D) KpbIC, MOy YEHHBIX € BXKUBJICHHBIX 9JIEKTPOJIOB
JIO U TIOCJIe 9EePEeITHO-MO3TOBOM TPABMBI.

B kavecTBe 00beKTOB nCCIe0BaHN ObLIN BHIOPAHBI MU THYE-
CKHe pa3psijibl U COHHBbIE BEPETEHa, BOZHUKAIONINE HA KOPOTKOE BpPEe-
v B 9L s ux m3ydeHus Heitpodu3nojgoraMu BPYIHYIO ObLIN
0TOOPaHBI XapaAKTEPHBIE MIICHTUICCKUAE PA3PAJIbI U COHHBIE BEpeTe-
na. JIja Hux 6611 pa3paboTaH aJrOpUTM JeTEKTUPOBAHMS, KOTOPDLIH
[IO3BOJISIET BBLIEJIUTH COOBITUE (SIMICHTHIECKUIl Pa3psll NIl COHHOE
Bepereno) u3 dona. Iloce merekTupoBanust cobupanach nHbOpMa-
st 00 9TOM COOBITUU: YACTOTHBINA JUANA30H, JJIUTETHLHOCTD U MaK-
cUMaJjIbHAS CIEKTPAJIbHAS IIOTHOCTh MOIIHOCTH, B KOTOPOM OH Ha-
XOIUTCS.

TTony4aenubie JaHHbIE B TAJIBHENRIIIEM MOTYT CJIy?KUTH OMOPOH J1J1st
ABTOMATUYIECKOTO PACIIO3HABAHUSI SMUJICITUICCKUX PA3PIIOB CPEJIn
COHHBIX BEPETEH, a TaKKe JIJIsI HAXOXKJIeHUsI COOBITUN HA JTUTETbHON
zammcu DI

WccnenoBanne BHIMOTHEHO 3a ¢YeT rpanTa Poccuiickoro HayIHoro
donna (npoext Ne16-11-10258).
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Detection algorithm of epileptic discharges and sleep
spindles in rats in early posttraumatic period
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Multiple recordings of the electroencephalograms (EEG) of rats
obtained from implanted electrodes before and after traumatic brain
injury was conducted.

Epileptic discharges and sleep spindles occured for a short time in
the EEG were chosen as research objects. Typical epileptic discharges
and sleep spindles were manually selected by neurophysiologists.
Detection algorithm which allows selecting event (epileptic discharge
or sleep spindles) from the background was created by this sample.
After the process of event detection, information about them such as
frequency range, duration, and maximum of power spectral density
were collected.

The obtained data can further serve as a basis for automatic
recognition of epileptic discharges among sleep spindles as well as
for finding events from long EEG recordings.

This research is funded by the Russian Science Foundation, grant
16-11-10258.
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MHo>XeCcTBEHHbIVi AUCKPUMUNHAHTHbIA aHaNN3
ANs1 pacno3HaBaHuUsi OMOCMIHAN0OB B HaCTOTHOIA
obnactu

Maruno Jlrodmuna Anexceesrax lmanilo@yandex.ru
Hemupro Anamoauti Ilasrosuy apn-bs@yandex.ru

Poccusi, Cankr-Ilerepoypr, CIIGIDTY «JI9TU»

Pacemorpen meronr pacnosHaBaHUsi 3JIEKTPOKAPIUOCUTHAIOB IO
CIIEKTPAJILHOMY OIMCAHUIO C IPUMEHEHHEM MHOXKECTBEHHOIO JINC-
KPUMHUHAHTHOIO aHaJim3a. OOOCHOBBIBAETCS BBIOOD BECOBBIX (DPYHK-
nuii, npubsmkaomux Kpurepuit Puinepa K OIeHKEe TOYHOCTU KJIac-
cudukammu 06beKToB. s 3aaun pacno3HaBanns OUOCUTHAJIOB 110
mapaMerpaM HOPMHUPOBAHHOI'O CIEKTPA IMOJIyueHa (POPMYJIa BBIUHIC-
JleHusi BecoBbIX KoaddurmernToB. Ocoboe BHUMAaHUE YJEJEHO IIPO-
ne/ype 1npeobpas3oBaHus IIPOCTPAHCTBA CIEKTPAJIbHBIX IIPU3HAKOB,
KOTOpas II03BOJIET COKPATUTH €ro Pa3MEPHOCTh M 3a CYET ITOTO
YIPOCTUTH aJTOPUTM IIOCTPOEHUs peraronux ¢yuknuii. [IpuBoasar-
Csl PE3yJIbTATHI YKCIIEPUMEHTAIbHBIX HCCJICOBAHNIT, HAIIPABICHHBIX
Ha PACIO3HABAHNE PA3HBIX BUJIOB OMACHBIX apuTMmuii. B wactroCTH,
pernaercs 3asa4a OOHAPYXKEHUs II0 SJIEKTPOKAPIUOrPDAMME KeJry-
JIOYKOBON (bUOpMILIANINY, & TaKKe PACIO3HABAHUSA apUTMUIl, ABJIS-
FOIUXCsl [IPEIBECTHIKAME OMMAacHBbIX Hapytrenuil. [lokaszano, daro wnc-
oJIb30BaHme ucKpuMuHanTa Puinepa ¢ y9IeToM BeCOBBIX (DYHKITHI
[TO3BOJISIET YMEHBIINTD OMUOKHY Kjaccudukaruu. Pesyabrars uccire-
JIOBAHUI UCIIOJIB30BAHBI [IPU PEIIeHNN TPAKTHIECKNX 3329 Kap/nuo-
Habonenus [1].

Pabora nopiepxana rpantamu PODOU 15-07-01790 u 16-01-00159
u memunuackuM npoekroM CardioQVARK — kapauorpamma ¢ mo-
Mornpio Tenaedona (www.cardiogvark.ru).

[1] Maruao JI. A. MHOXKeCTBEHHBIA JAUCKPUMHHAHTHBIA aHAIN3 JJIsi pac-

IIO3HaBaHUA JIEKTPOKAPJANOCUTHAJIOB B YaCcTOTHOM objacTh // Buome-

JUIAHCKAs paauodaekTponnka, 2016 (B mewarn). NeO.
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Multiple discriminant analysis for recognition
of biosignals in frequency domain

Manilo Ludmilax Ilmanilo@yandex.ru
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Saint Petersburg, Russia, ETU

The problem of linear decision functions creation for several classes
of biomedical signals recognition is considered. Importance of the
solution for the problem of dangerous arrhythmias detection at
early stages of their occurrence is shown. The conclusion about the
expediency of the electrocardiogram analysis in frequency domain
with application of the multiple discriminant analysis is drawn. For
the purpose of approach of Fischer’s criterion to the groups of signals
classification accuracy, it is suggested to use weight functions. For
the problem of electrocardiogram recognition using the parameters of
a normalized spectrum the formula of weight coefficients calculation
is received. The special attention is paid to the procedure of spectral
feature space transformation which allows to reduce its dimension and
to simplify the algorithm of decision functions creation. The results of
the experimental research on different types of dangerous arrhythmias
recognition are given. In particular, the problems of ventricular
fibrillation detection and also the recognition of arrhythmias which
are harbingers of dangerous violations by electrocardiogram are
solved. It is shown that use of the Fischer’s discriminant taking
into account the weight functions allows to reduce classification
errors. The conclusion about high reliability of ventricular fibrillation
detection according to the electrocardiogram spectral description is
drawn [1].

This research is funded by the Russian Foundation for Basic
Research, grants 15-07-01790 and 16-01-00159 and by medical project
CardioQVARK — Cardiogram by Phone (www.cardiogvark.ru).

[1] Manilo, L. 2016 (in press). Multiple discriminant analysis for
recognition of electrocardiosignals in frequency domain. Biomed.

Radioelectronics 9.
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MeTtpuyeckas knaccucpukaums paHHero
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Ornncanbl HOBbIE METOJIBI AHAJIN3A JUHAMUKH JIEKTPOdHIIedhaI0-
rpamm DI, asiekrpomuorpamm (M) u Tpemopa, Moy 9eHbl IIpu UX
[TOMOIIY HOBBIE MAPKEPhI INArHOCTUKY paHHel craauu 6osesnn [lap-
kuncona (BII) u npezicraB/ienbl pe3yIbTaThl KIACCUu(MUKAIMA PAHHE-
o NapKUHCOHU3MA 110 ITUM MapKepaM.

IIpoBeseno DIT-ob6cieoBanue 73 Jroseii, U3 HUX 42 HalUeHTa
¢ paziunaabivu popmamvu BIT u 31 gestoBek rpymnmnbl korTpoIs. Takxke
[IPOBEJIEHBI COBMecTHBIE 00ctemoBanns DI, DMI u tpemopa apyroit
rpymsl, coctodmeit m3 31 manumenta ¢ BII n 18 yemoBek n3 KOHTPOIIb-
HOH I'DYIIIBL.

AHayim3 CUrHAJIOB BBIOJHSJICS C TOMOIIBIO BeiBJIeT-11peodbpaso-
Banugd Mopie. g KoJMdecTBEHHOrO aHajN3a JUHAMUKU YacTOT-
HO-BPEMEHHBIX PACIIPEIE/IEHUl JIOKAJbHBIX MAKCUMYMOB HUCIIOJIB30-
BAJINCh JUHAMUYIECKUE U WHTETIPAJIbHBIE TUCTOTPAMMBI IKCTPEMYMOB.
st knaccuduranun BIl #Ha HavaabHOW CTaIMH UCIOIL30BAJIACDH
JIOTECTUYECKas MOJeJb OMHAPHON KiacCU(UKAIMKI B IIPOCTPAHCTBE
99T upusuakos BII, B KoTopoii 3aBucuMasi IepeMeHHasi IPUHUMAET
muozkecTBo 3uadenuii Y = {0,1}, rue 0 o3navaer «310poB», a 1 —
«bosern». CoBmagenne nUarno3os HadaabHoM craguu BII mo mabopy
npusHakoB DI ¢ KIMHUIECKAMU J@arno3aMu coctasiseT 78%, a 1mo
nabopy npusnakos I3 u rpemopa npessimaer 90% [1].

Pabora noep:xana rpantom PODI Ne 15-07-07846.

[1] Cywxkosa O. C., I'nbosa A. B., Kapabaros A. B., Kepunep 1. A., O6y-
zoe K. 0., Obyxos IO. B. Meroa 4YacTOTHO BPEMEHHOTO AHAIN3A

COBMECTHBIX HM3MEpPEHU 3JIeKTPOdHIIedATOrpaMM, JIEKTPOMUOTPAMM

U MEeXaHMYEeCKOro TpeMopa npu 6osiesun [lapkunacona // Pajguorexauka
u smektponnka, 2015. T. 60. Ne10. C. 1064-1072.
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Classification of early stage Parkinson’s disease based
on electroencephalography feature set
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2Russia, Moscow, Kotel’nikov IRE RAS

The new methods of dynamical analysis of electroencephalography
(EEG), electromyography (EMG), and tremor are presented. Ac-
cording to these methods, the new features of early stage Parkinson’s
disease (PD) were extracted and disease classification model based
on these features was built.

The EEG analysis of 73 people was performed, among which there
were 42 patients with various forms of PD and 31 people from the
control group. Moreover, joint analysis of EEG, EMG, and tremor
was performed based on other group, which contained 31 patients
with PD and 18 people from the control group.

The signal analysis was done via wavelet transform with Morlet
mother function. Dynamical and integral histograms were used
for quantitative analysis of time-frequency dynamics of the local
extrema. Binary logistic regression model was built as a disease
classification model in EEG features space. The binary target variable
from the set of values Y = {0,1} was used where 0 indicates
nondisease observation and 1 indicates a disease observation. The
overlap of EEG-based diagnosis and clinical diagnosis is 78%, and in
case of EEG- and tremor-based diagnosis is higher than 90% [1].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-07846.

[1] Sushkova, O., A. Gabova, A.Karabanov, I.Kershner, K. Obukhov,
and Yu. Obukhov. 2015. Time-frequency analysis of simultaneous
measurements of electroencephalograms, electromyograms, and

mechanical tremor under Parkinson disease. J. Comm. Technol.
Electronics 60(10):1064-1072.
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Omnwmcan HOBBINT METOJ PA3JIMYEHUs] COHHBIX BEPETEH W SIUJIEITH-
YEeCKHUX Pa3pAlioB B CUIHAJAX 3JekTposniedasorpamm (IT') mocse
YEPENHO-MO3TOBBIX TPABM Y 9KCIIEPUMEHTAIBHBIX KUBOTHBIX (KPbIC),
ABJIAIOIINXCA KJIMHUYECKU PEJIEBAHTHOI MOJIEJIBIO TPABMATUYECKOIO
oBpezkJIeHus Mo3ra. Jljis J1leTeKTUpOBaHus COHHBIX BEPETEH U Pas-
PSIZIOB UCIIOJIB3YIOTCS XPeOThI BeliBjeT crekTporpamm. OupeneieHue
CXOXKHMX CUTHAJIOB CBOJUTCS K WX KJIACTEPU3AIUU METOJOM k-means
B IN-MEpHOM IIPOCTPAHCTBO, TJ€ KAaXKI0€ WM3MEDPEHUE CJIyKUT CO-
OTBETCTBYIOIIEN BpeMEHHO KOMIIOHEHTE MOIIHOCTH, JHOO YacTOTHI
curnaja. IleHTpouabl KIacTepoB MOTyT OBITH 0OpaTHO OTOOpazke-
Hbl B XapaKTepPHBIH /I KJIAaCTePa CUTHAJ. BbISIBJIEHO, YTO Pa3iiu-
qre B KPUBBIX IEHTPOUJ] MOIIHOCTU HAMOOJ/Ie€ XaPAKTEPHO B TPETHEM
U YeTBEPTOM KAHAJAX IOCE TPABMBI. 3& METPUKY IUCIEPCHH TP
JIOKEHO B35Th OTHOIIIEHNE CPE/IHEKBAIPATUIHOIO OTKJIOHEHHS YaCTO-
ThI K CPEJIHEMY 3HAYEHUIO YaCTOTHI JJIs KayKJIoro m3 curnajos. Ilo
3aICAM, IIPOU3BEIEHHBIM YePe3 O/INH JIEHb I10CJIe TPABMbI, BbIsIBJIEHO
pasnmane B pacipejeneHnn merpuku. [locsie mpoBemenust Kiacrepu-
3aliy 10 MOIIHOCTH CUTHAJIOB OBLJIO TOJIYIEHO IBa KJIACTEPA, Pac-
[peJIeIeHIsT OTHOCATEIbHOTO OTKJIOHEHUST YaCTOThI B KOTOPBIX IPaK-
TUYECKH HE TIEPEKPBIBAINCH B TPETHEM U IeTBEPTOM KaHasax [1].

WccnemoBanue BBITTONHEHO 3a cueT rpanTa Poccuiickoro Hay<Horo
donga, mpoext Ne16-11-10258.

[1] Kepwmnep U. A., Komoavues U.I., Mamoma U. A., Ob6yxos K. IO.,

O6yxos 0. B., Tuwxuna A. O. O6 ogHOM TIOJXOJIE K AETEKTUPOBAHUIO

u KJI&CCI/I(IJI/IKa.LH/II/I COHHBIX BE€pPEeTEH U IUNJICTITUICCKUX Pa3psA/10B B 9T

nocste aepenno-mo3rosuix TpasM // Pattern Recogn. Image Anal., 2016

(B meuarn).
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The classification method of sleep spindles
and epilepsy seizures in electroencephalograms
after traumatic brain injury
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The new method of electroencephalography (EEG) signal classification
between sleep spindles and epilepsy seizures after traumatic brain
injury is described. The EEG data was measured on experimental
rats. The traumatic brain injury can be considered as a relevant
clinical model of post-traumatic epilepsy. For the detection of sleep
spindles and seizures the wavelet spectrogram ridges were used.

The identification of similar signals starts from the mapping of
time-dependent data to N-space dimension, where each space is
dedicated to a specific value of signal power or frequency. In this
N-dimensional space, k-means clustering algorithm is used to cluster
the data in predefined number of classes. The centroids of these
clusters can be reversely transformed to time-dependent data of
signals power or frequency. It was found that the difference in the
shape of centroids is more significant in the 3rd and 4th channels after
the brain injury. The relation of frequency standard deviation to mean
was selected as a metric of this variance for each signal. According to
the initial data before injury, there is no significant difference between
sleep spindles and seizures. However, the variance becomes visible
after the brain injury. The significant difference between spindles and
seizures was found after clustering in signals power. The two clusters
were built, and the relative deviation distributions did not overlap in
the pair of clusters in the 3rd and 4th channels [1].

This research is funded by the Russian Science Foundation,
project No. 16-11-10258.

[1] Kershner, I, I. Komoltsev, I. Maliuta, K. Obukhov, Yu. Obukhov, and
A. Tishkina. 2016 (in press). The discovery and classification method
of sleep spindels and epilepsy sezures in EEG after traumatic brain
injury. Pattern Recogn. Image Anal.
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Pabora nocssiimena ornenke mCuxoMU3UIOTHIECCKOTO COCTOSTHUS Te-
JIOBEKa-0IepaTopa, KOTOpOe BO MHOTOM OITPE/IE/ISETCS CTEIEHbIO ero
yromiieHus. Pa3paboraH MeTOMOIOTHIeCKUil OIX0/I, COCTOSIIII U3
rpex sranos: (1) dopmMupoBanue Kpurepus UCCIELYEMOIO COCTOSHUS
orepaTopa Jisi KOHKPETHOH 06JacTu ero JesiresbHOCTH; (2) ompe-
JeeHne Habopa MH(POPMATUBHBIX MOKa3aTe e, XapaKTepU3yIOmImX
COCTOsTHUE OIeparopa; (3) MOCTPOEHME DPeIIaoNiero MpaBuia JJist
OIIPEIeJIEHUsI TUIIA COCTOSIHUSI OIIEPATOPA, IIPU STOM CYIIECTBEHHO UC-
[OJIB3Y€eTCsl IyJIbCcOBOM curnajt Jiydesoii aprepuu (IIC) oneparopa [1].
i pemenug npo6iembr (1) pazpaboTana METOJIUKA MHOIOBAPUAHT-
HOIi 9KCIEPTHU3BI, I pereHnst mpobaeMbl (2) aBTOPBI HCIOIb3YIOT
UMEIOITUICS 3a/1e/1 TI0 BBIABICHNIO NHMOPMATUBHDBIX ITOKa3aTeseil u3
TIC, nyis pemenus nupodseMbl (3) UCHIOIB3YIOTCA COBPEMEHHDIE CXEMbI
U TOPOIEAYPhl paclo3HaBanmnss 00pa3oB. OmUCaHbI METOJBI BbIJEJIe-
Hust PYHKIIMOHAIBHO-3HAINMBIX 31eMeHTOB [1C, a Takake ajropuTMbl
CIIEKTPAJILHOTO aHaJN3a KO/1e0ATeIbHBIX KOMIOHEHT JUHAMUIECKAX
psios TIC.

B nacrosimee Bpemst mpoBoiATcs paboOTh IO cOOPY MACCUBA JTAH-
HBIX PabOTHI YEJOBEKA-OIEPATOPA B IKCIIEPUMEHTAIBHBIX yCJIOBHUAX
C perympyemMoii Harpy3KOoil U CJI0KHOCTBIO, Ha 6a3e KOTOPOro OyIyT
YTOYHEHBI KPUTEPUH OIEHKN COCTOSTHHS OTIEPATOPA.

Pabora BbImosiHEHa TIpM YacTHIHON (DUHAHCOBON TIO//IEpIKKe
POOU, npoextnr NeNe 14-07-00463-a, 15-07-06713-a u 16-07-00896-a.
[1] Hopogerox A. A., lywyx B. B., /lecosa A. A., Jlopogerrx FO. A. Ouenka

paboOTOCTIOCOOHOCTH YeI0BEKa-OIIePATOPa IO WHMOPMAIIMH U3 IIYIbCO-

BOIO CUTHAJIA JIydIeBOii aprepun // YIpaBjeHHe B HHTEJJICKTYaIbHBIX,

9pPraTUvIecKuX ¥ OPraHU3AIMOHHBIX cUcTeMax. — Pocros-Ha-lony: 13-
Bo FODY, 2013. T. 3. C. 173-179.
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The paper is devoted to assessment of human operator psycho-
physiological status, which in significant part is determined by the
degree of his fatigue. The methodological approach to the solution
of this problem was developed, which includes three main stages:
(i) formation of the criterion of the studied operator state for
a specific field of his activity; (i) definition of an informative
indicators set that can adequately characterize the operator state;
and (i) the decision rules construction to determine the class (type)
of the operator situation. The implementation of this approach takes
place in the direction of an operator radial artery pulse signal (PS)
maximum use [1]. For issue (i), the methodology for conducting
a multivariate examination among experts in this field was developed;
for issue (ii), the authors use the existing backlog to identify
informative indicators of the PS in medical diagnostics solving
problems; and for issue (ii7), the authors use the modern schemes
and procedures of pattern recognition. The methods of functionally
significant elements of the PS isolation as well as algorithms for
spectral analysis of the time series PS oscillatory components are
described.

Currently, the data array of the work of the human operator in
the experimental conditions with variable load and complexity are
collected. On the basis of this array, the criteria for assessing the state
of the operator, previously obtained by expertise, will be specified.

This research is executed at partial financial support of the
Russian Foundation for Basic Research, grants Nos. 14-07-00463-a,
15-07-06713-a, and 16-07-00896-a.

[1] Dorofeyuk, A.A., V.V. Guchuk, A.A. Desova, and Y.A. Dorofeyuk.
2013. Assessment of the human operator productivity according to the
radial artery pulse signal. Management in an intelligent, ergonomic and
organizational systems. Rostov-on-Don: SFU Publs. 3:173-179.

International Conference IDP-2016. Barcelona, Spain



150 Ananms 6UOMEIUIMHCKUX CUTHAJIOB

MNapunanbHble cNeKTpbl CNOHTAHHOW aKTUBHOCTHU
roJIOBHOrO MO3ra 4yesioBeka

Puxyrnos Cmanucaas Jmumpuesus'x
stanislavrykunov@gmail.com

Botixo Anna Heanoena a.boyko@list.ru
Cruiues Bavecaas Buxmoposun sychyov@yahoo . com
Yemunun Muzaua Huxoaaesumw' ustinin@impb.ru
Puxyrnosa Eaena Imumpuesna’ alenarykunova@gmail.com

Hlymuno, Poccus, UMBII PAH
2 Mosronpyauerii, Pocenss, MOTU

Co3as HOBBII METO JjIs BBIUUC/ICHUS CIIEKTPAJbHBIX XapaKTe-
PUCTHK PA3JIUIHBIX OTIEJOB FOJOBHOIO MO3Ta. JTOT METOJ 00beIu-
HSIET J[BA THIA NPOCTPAHCTBEHHBIX NaHHBIX: (1) dyHKIHOHAIBHYTO
TOMOI'DAMMY, IIPEJICTABJIAIONIYIO0 CODOIl TpeXMepHOe pacIIpejiesieHne
MOIIHOCTH 3JIEKTPUIECKUX UCTOUHUKOB, 1 (2) AHATOMUYECKYIO CTPYK-
TYPY MO3Ta, IPEJICTABICHHY 0 MATHUTHO-PE30HAHCHON TOMOTPaAMMOIA.
B mammoit pabore dyHKIMOHAIBHAS TOMOTPAMMa PACCIUTHIBACTCH
110 JIAHHBIM MHOTOKAHAJbLHOM MarunTHo suredanorpadun. B dynk-
[UOHAJIBHONU TOMOI'PaAMMe KazK/I0H 3J1eMEHTAPHON OCHUJIIAIIAN COIIO-
CTaBJIEHO €€ IIPOCTPAHCTBEHHOE IIOJIOXKEHHE Ha JIMCKPETHOH CeTKe.
IIpocrpancTBeHHAasT CTPYKTypa OTIeIa MO3ra OIPEIe/Isercs: C IO-
MOIIHIO AHHOTUPOBAHHOMN CEIrMEHTAIINN MATHUTHO-PE30HAHCHOM TOMO-
rpammbl. lapruanbHblil CIEKTP OT/esia MOJOBHOrO Mo3ra (popMu-
pyeTcsi M3 YacTOT, JIOKAJIM30BaHHBIX B 3TOM oOTjese. Pazpaborano
IporpaMMHOe ObecliedeHne, peaju3yioniee 3TOT MeToJl. DBeimosHnen
aHAJIM3 NAPHUAJbHBIX CIEKTPOB ajbda-purma [1].

Pabora Boinosena pu nopgepxke PODU (npoexror NeNe 16-07-
00937, 16-07-01000 u 14-07-00636) u I[Iporpammbl dyHIaMEHTATIBHBIX
uccaenoanuii [pesuauyma PAH Nel1.3311.

[1] Pwxynos C. /1., Yemuwuw M. H., Iloasnun A.I., Cwwues B. B., Jlu-
nac P. P. Kommieke mporpamMm Jijisi pacdera MapIiidaJbHBIX CIEKTPOB

rOJIOBHOTO MoO3ra 4ejioBeka // Maremarndeckasi Guosiorust u GHOUH-
dopmaruka, 2016 (B meuarn). T. 11. Nel.
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The new methodology was developed to calculate the spectral
characteristics of various compartments of the human brain. This
technology combines two types of the spatial data: (i) functional
tomogram presenting spatial distribution of the electric sources;
and (i4) anatomical structure of the brain as determined by the
magnetic resonance imaging. Presently, the functional tomogram is
calculated from the multichannel magnetoencephalograms. In the
functional tomogram, unique spatial location corresponds to each
elementary oscillation. Spatial structure of the brain compartment
is generated by the segmentation of magnetic resonance image. The
partial spectrum is composed by the selection of frequencies belonging
to this compartment. The software implementing this methodology
was developed and applied to partial spectral analysis of the alpha
rhythm [1].

The research was partly supported by the Russian Foundation
for Basic Research (grants Nos. 16-07-00937, 16-07-01000, and 14-07-
00636) and by the Program of the Presidium of RAS No.1.33P.

[1] Rykunov,S.D., M.N. Ustinin, A.G. Polyanin, V.V. Sychev, and

R.R. Lin’as. 2016 (in press.) Software for the partial spectroscopy of

the human brain. Math. Biol. Bioinformatics 11(1).
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Paspaboran mMeros KoJIMYeCTBEHHON OIEHKH BCILIECKOOOPA3HOM
9JIEKTPUYECKO AKTHBHOCTH MO3ra Ha OCHOBE BeiiBJIeT-aHAIN3a
U HelapaMeTpuieckoir craructuku. llpm momoru pa3padboTaHHoro
Meroia ObLia OOHApYKEHa HOBas HEHPOMU3MOJIOTHIECKAs 3aKOHO-
MEpHOCTb y IAIMeHTOB Ha paHHUX cTajausax Oojesnn [lapkuncona.
CpaBHenne pazpabOTaHHOIO METO/IA C APYTUME METOAaMu 00pabOTKI
sstekTposuedasorpamm (III), a umenHo: ¢ BeilBIIeT-CLIEKTPOrpaM-
MaMHU Ha OCHOBe KOMILIEKCHOro BeiiBjera Mopise n cramgapTHBIME
criektpamu Dypbe, oKa3aso, YTO ITH METObI SABJIAIOTCSA B3AMMO/I0-
MOJTHSIOIIMME METOJIAMU aHAJM3a. B 9acTHOCTH, ¢ TOMOIIBIO CTAH-
JapTHBIX METOMOB aHajn3a ObLIO OOHAPYZKEHO CTATUCTUYIECKHU 3HA-
qUMOe yBeJUYeHne MOIIHOCTU y HAIMeHTOB ¢ bose3nbio [lapkuncona
B orBejiennsx C3 u C4 B jnuamnasone ajbda, a ¢ IOMOIIBI0 METOJA
OIIEHKM BCIIECKOOOPA3HOM 3JIEKTPUYIECKOIl AaKTUBHOCTU MO3Ta OBLIO
0OHAPYKEHO, 9TO KOJIMIECTBO BCILIECKOB B YACTOTHOM JIHAIIa30HE Oe-
Ta B 9TUX OTBEICHUAX Yy MAIIMEHTOB CTATUCTUIECKU 3HATUMO yMEHb-
[IEHO 1[I0 CPABHEHUIO C KOHTPOJIbHON Ipytoii [1].

Pabora nojep:xana rpaaramu PODU NeNe 16-37-00426 u 15-07-
07846.

[1] Cywrkosa O. C., Moposos A. A., T'abosa A. B. Craructudecku 3Ha9IH-
MO€ YMEHBbIICHNE KOJINYIeCTBa 6eTa,—BCHI>IH_IeK Yy HIamueHTOB Ha paH-
meit cragum Gosesnu Ilapkuncona // Hesmumeiinpni wmup, 2016.
T. 14. Nel. C. 59-60. http://www.radiotec.ru/catalog.php?cat=
jril&art=17554.
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A method of analysis of electroencephalogram (EEG) wave packets

based on wavelets and nonparametric statistics is developed. The

method reveals a new statistically significant difference between

a group of de novo Parkinson’s disease patients and a control group.

The method is compared with standard methods based on Fourier

spectra and complex Morlet wavelets by the example of Parkinson’s

disease experimental data. The authors demonstrate that these
methods are complementary, that is, the standard methods and the
wave packets analysis method reveal sufficiently different effects in the

EEG data. It means that the standard methods indicate a significant

increase of the power spectral density in the Parkinson’s disease in the

C3 and C4 electrodes in the alpha frequency band and the method of

wave packets analysis indicates a significant decrease of the quantity

of the wave packets in these electrodes in the nearby beta frequency

range [1].

This research is funded by the Russian Foundation for Basic

Research, grants 16-37-00426 and 15-07-07846.

[1] Sushkova, O., A.Morozov, and A.Gabova. 2016. Statistically
significant decrease of the quantity of beta peaks in de novo
Parkinson’s disease. Nonlinear World 14(1):59-60. Available
at: http://wuw.radiotec.ru/catalog.php?cat=jrill&art=17554
(accessed July 26, 2016).
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IIpensoxken HOBBII MeTOJ It PEKOHCTPYKIIUU SJIEKTPHYECKOIT
AKTUBHOCTH YeJOBEYECKOI'O TeJla II0 MHOTI'OKAHAJJIBHBIM 3allUCAM
BHEIITHEI'0 MArHuTHOro moJis. IIpeobpasoBanune @ypbe mOIHOTO Bpe-
MEHHOI'O pdJia IPUBOJIUT K JIEeTaJbHOMY CIEKTDPY, COAEpzKalieMy
JIECATKN THICAY YACTOTHBIX KOMIOHEHT. Iy KazK/10#f 4acToThl BOC-
CTaHABJIMBAETCHd MHOI'OKAHAJIbHBINL BPEMEHHOIl pdAJ U IHIPOBOIUTCS
OIleHKa KOTepEeHTHOCTH. Ecm KOrepeHTHOCTh HUKe HEKOTOPOTO T0-
pora, MeTOJ0M aHaJJIN3a HE3aBUCUMbBIX KOMIIOHEHT BbIIECJAIOTCHA KO-
repeHTHBbIE COCTABJIAIONINE, KaXKJas M3 KOTOPBIX HMEeT IIO0CTOSH-
HBII [IATTEPH MArHUTHOT'O 1oJid. JIoKasm3arus BceX NCTOYHUKOB I10
rnaTTepHaM IIPUBOJUT K ITOCTPOEHUIO (PYHKIMOHAJIBHON TOMOIDaM-
MBI — pacIpeJleJIeHdsl HEPIUuu CIeKTpa B mpocTpancTse. Mertos
ObLT BepuUIIUPOBAH HA CUMYJIMPOBAHHBIX JAHHBIX U HA (DU3UICCKOM
danTOME, TIOCJIE Yer0 UCIOJIH30BAJICS JJIsi BOCCTAHOBJICHUS (DYHKITU-
OHAJILHON CTPYKTYPBI MO3Ta, CEPAIa U CKeJeTHbIX MbIill. [Toxyden-
HBIE PE3YJIbTAThl PA3yMHO MHTEPIIPETUPYIOTCsl aHaTOMUIecKn [1].

Pa6ora Beinosaena pu nopaepxke POOU (npoexrsr NeNe 16-07-
00937, 16-07-01000 u 14-07-00636) u [Iporpammbl dyHIaAMEHTATIBHBIX
ucciepoanuii [pesummuyma PAH NeT.3311.

[1] Llinds R. R., Ustinin M. N., Rykunov S. D., Boyko A.I., Sychev V. V.,
Walton K. D., Rabello G. M., Garcia J. Reconstruction of human
brain spontaneous activity based on frequency-pattern analysis of
magnetoencephalography data // Front. Neurosci.,, 2015. Vol. 9.
P. 373. http://journal.frontiersin.org/article/10.3389/fnins.
2015.00373/full.
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A new method was proposed to reconstruct the electric activity of

the human body from multichannel recordings of external magnetic

field. The Fourier transform of the long time series produces detailed
spectrum, containing tens of thousands of frequency components.

For each frequency, the multichannel time series are reconstructed

and the coherence is estimated. If this coherence is lower than

some threshold, then coherent components are extracted by the
independent component analysis. Each coherent component manifests
the constant magnetic field pattern. Localization of all sources from
those patterns gives the functional tomogram — spatial distribution
of spectral energy. The method was verified on simulated data
and on physical phantom. Then, it was used to reconstruct the
functional structure of the brain, heart, and skeletal muscles. The
results obtained can be reasonably interpreted anatomically, leading
to the conclusion about good prospects of the proposed method in

diagnostics [1].

The research was partly supported by the Russian Foundation
for Basic Research (grants Nos. 16-07-00937, 16-07-01000, and 14-07-
00636) and by the Program of the Presidium of RAS No.1.33P.

[1] Llings, R.R., M.N. Ustinin, S.D. Rykunov, A.I. Boyko, V.V. Sychev,
K.D. Walton, G.M. Rabello, and J. Garcia. 2015. Reconstruction
of human brain spontaneous activity based on frequency-pattern
analysis of magnetoencephalography data. Front. Neurosci. 9:373.
Available at: http://journal.frontiersin.org/article/10.3389/
fnins.2015.00373/full (accessed July 26, 2016).
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IIposesen craTucTuaeckuii aHAIN3 PACIIPEIETIEHUsT MEYKCITUPAIIb-
HBIX PACCTOSHUN B Mapax CBA3AHHBIX MEXKJY CODOI MepeTsykKKaMu
crupaJeil B IpOCTPAHCTBEHHBIX CTPYKTYpax 6eTKOBbIX MOJIeKYJI. [1o-
JIy9EeHHOE T10 OIPEJIEJICHHBIM [TPABIIAM MHOXKECTBO CIIUPAJILHBIX TIap
BCeX OEJTKOBBIX MOJIEKYJT, BK/IIOUeHHBIX B Protein Data Bank, pazouto
HA TPU MOJIMHOYKECTBA 110 KPUTEPHIO MMEPECeUCHUs TTPOEKIIUN Criupa-
Jieil Ha mapaJiiesibHbIe TIII0CKOCTH, TIPOXOJIAIINE Y€PEe3 OCU CIIUPAJICH.
TTokazano, 9To pacrupejeenust PacCTOSHUA JJIsi CIUPAJIBHBIX Tap,
[IPOEKITUH KOTOPBIX HE NMEIOT IIePeCcevueH i, MMeIoT 6oJiee naIbHO el
CTBYIOIIHIT XapaKTep, 9eM Te, IPOEKINHI KOTOPBIX Tepecekaiorcs. [1pu
[IOMOIIA PErPECCHOHHOTO AHAJIM3a MCCJIEJ0BAH XapaKTep pacipejie-
JIEHU}, B YACTHOCTH TOKA3aHO, YTO B MOJIMHOXKECTBEe 6e3 mepecede-
HUI pacipeieIeHusl pa3INIHbIX PACCTOSTHUN MEYKJLy OCSAMU CIIUPAJIEit
OTHOCATCs K TaMMa-pacipeiesennsiM. [TokazaHo, 9To MoIMHOKECTBA
map ¢ rnepecedeHreM UMEIOT ¢ OOJIBIION BEPOSTHOCTHIO MAJIOe OTHO-
[eHre MUHUMAJIBHOTO PACCTOSIHUAST K MEXKILJIOCKOCTHOMY, B OTJIHYINE
OT MOJIMHOYKECTBA Tap 0e3 mepecedeHus, e HabIo1aeTcst IPOTUBO-
noJiozkHas KapruHa. OBOCHOBBIBAETCSI BBIBOJL O TOM, 9TO CIIUPAJILHBIE
apbl, TPOEKIIUN CIUPAJIEH KOTOPBIX HEPECEKAIOTCsI, JIOTIOTHUTETHHO
CTaOUIM3UPYIOTCS 38 CYeT BHYTPEHHUX B3aumMogeiicTsuii [1].

Pabora Boimosnena npu nosiaepxkke rpaantos PODPU NeNe 16-01-
00692, 14-07-00924 u 15-29-07063.

[1] Tuzonos /. A., Kyaukosa JI. ., Epumos A. B. CrarucTnaecknii ana-

I3 BHYTPEHHUX DPACCTOSHUI CHUPAJBHBIX Map B OETKOBBIX MOJIEKY-

nax // Maremarndeckasi 6uosorust u 6uonndopmaruka, 2016. T. 11.
Ne2. C. 170-190. doi: 10.17537/2016.11.170.
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A statistical analysis of interhelical distances in pairs of connected
helices found in known proteins has been performed. In accordance
with the certain rules, a database of the pairs found in the Protein
Data Bank has been compiled. This set was subdivided into three
subsets according to criterion of crossing helix projections on the
parallel plane passing through the axis of the helix. It was shown
that the distribution of distances between the pairs of helices whose
projections are not crossed has a more long-range nature than those
whose projections are overlapped. Using the regression analysis, the
nature of distributions is investigated. In particular, it is shown that
the distributions of interhelical distances in the subset of pairs of
helices without intersections belong to the gamma distributions. It is
also shown that the subset of the pairs with crossing projections have
a smaller ratio of the minimal distance between the helical axes to
the interplanar distance that is contrast to the set without crossing
projections. It was concluded that the helical pairs with crossing
projections are additionally stabilized by internal interactions [1].
This work was supported by the Russian Foundation for Basic
Research, grants Nos. 16-01-00692, 14-07-00924, and 15-29-07063.
[1] Tikhonov, D., L. Kulikova, and A. Efimov. 2016. Statistical analysis of

the internal distances of helical pairs in protein molecules. Math. Biol.
Bioinform. 11(2):170-190. doi: 10.17537,/2016.11.170.
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st anamm3a OMOMOJIEKYISIPHDBIX ITOC/Ie0BATEILHOCTEN HEOOXO0-
JUMO YMETh CPaBHUBATH WX MexKjay coboii. C TOYKu 3peHus Ie-
DPEIOBBIX METOJIOB aHAJM3a JAHHBIX HAWOOJIEE MPEIITOYTUTETHHBIM
crrocobOM  CpaBHEHUsI SIBJISIOTCS MEpPBI HECXOJICTBA, O00JIaJaromniue
cBoficrBamu MeTpuku. C TOUKM 3peHUsl MOJIEKYJISPHO# OmoJiornn
BaXKHO, ITOOBI CIIOCOO CPABHEHUST YIUTHIBAJ OMOJIOTUTIECKIE 0CODEH-
HOCTH OOBEKTOB cpaBHeHHs. Kpome TOro, BaKHa BBIUUCIUTE/IbHAS
3 HEKTUBHOCTH U BO3MOXKHOCTD UCIOJIb30BATH B JTaJbHENIIIEM Y100~
Hble MHCTPYMEHTHI aHAJIN3a JaHHBIX. HU ONWH U3 M3BECTHBIX CIIOCO-
00B cpaBHEHHUS OMOMOJIEKYJ/ISIPHBIX ITOCIEI0BaTeIbHOCTEH He 0bJtaia-
eT BCeMH TPeOyeMbIMU CBOHCTBAMI.

B nanmoit pabote mpearaercs mpocToi crocod moCTPOSHUsT MeT-
PUK HA MHOXKECTBE OMOMOJIEKYJISIDHBIX MocjenoBaTesbaocTeir. OH,
KaK U TPAIUINOHHBIE CIIOCOOBI CPABHEHUS OMOMOJIEKYJIAPHBIX [TOCIE-
JIOBATEJILHOCTE, OCHOBBIBAETCS HA IOUCKE WX ONTHMAJILHOTO IMap-
HOTO BBIDABHUBAHMS U MOJICIM MYTAIMOHHBIX 3aMEH aMUHOKHCJIOT
B XOJI€ IBOJIIOIHH.

B mammoit pabore nmpuBOanTCS IOKA3ATEIHCTBO TOTO, 9TO IPEI-
JIO2KEHHBIE MEPBI HECXOJCTBa 00JIA/IaI0T CBONCTBAMEM METPHUKH, UTO
[TO3BOJISET UCIIOJIB30BATD UX B IIEPEJOBBIX METOIAX AHAIN3A JAHHBIX,
COXPAHSIIONIMX BBIMUCJIUTENbHbIE nocTonHCcTBa SVM (support vector
machine), Ho He TpeGyOIMX BBEEHN IIPU3HAKOB HOCJIEI0BATELHO-
crell u(uin) CKaJgpHOro IPOU3BEIeHU . Pe3y IbTaThbl 9KCIEPUMEHTOB
[TOITBEPKIAIOT aJIEKBATHOCTD IIPE/JIO?KEHHBIX METPUK [TPUKJIATHBIM
3ajadaM Ha IpUMeEpe KJIacCHUKAINU MeMOPAHHBIX TJIMKOIPOTEN-
HOB [1].

Pabora noepxana rpantom PODIT Ne 15-07-08967.

[1] Cyaumosa B.B., Cepedun B.B., Mommav B. B. Merpuku na ocHO-

B€ OIITHUMAaJIBHOI'O BbIpaBHHUBAaHUA 6I/IOMOJIeKyII5{prIX IIocjae10BaTeIb-

nocreit // Mammuzoe obyuenue u ananu3 nanseix, 2016 (B neuarn).
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For biomolecular sequences analysis, it is important to have an
appropriate way for comparing them. From the point of view of
the advanced methods of data analysis, the most preferred way for
comparing objects is a dissimilarity measure, possessing metric’s
properties. From the other side, from the point of view of the
molecular biology, it is important to take into account biological
features of the compared objects. Besides, the computational
effectiveness and the possibility of futher using convinient instruments
of data analysis are also important.

There are a number of ways for comparing biomolecular
sequences, though no one of them possess the all required properties.

This paper proposes a simple way for computing metrics for
biomolecular sequences.

The proposed approach, following the traditional ways for
biomolecular sequences comparing, is based on finding an optimal
pairwise alignment and on the model of mutual changes of amino
acids at the process of evolution.

In this paper, it has been proven that the proposed dissimilarity
measure is a metric. So, it can be used at the advanced methods
of data analysis, saving computational advantages of SVM (support
vector machine) without introducing features of objects or(and) an
inner product. The experimental results confirm usability of the
proposed metric for membrane glicoprotein classification [1].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-08967.

[1] Sulimova, V., O. Seredin, and V. Mottl. 2016 (in press). Metrics on
the basis of optimal alignment of biomolecular sequences. Machine

Learning Data Anal.
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JlaTenTHas mpoduIbHaS IEPUOTUTHOCTH 00OIIAET MOHITHE HETOU-
Horo Tangemuoro nosropa (TII). Tounstit TIT — 310 TekcTOBasK CTPO-
KA, IIPEJICTABJISIONTAs COOO0 YepeoBaHne KOMHiA TOICTPOKU, KOTOPAast
Ha3bIBaeTCd MaTTepHoOM IepuogmanocTu. B nerounsix TII B Kommsax
[aTTepHa JOIYCKAETCH HAJUYNEe BCTABOK, BBINAJEHAN U 3aMEH CHUM-
BoJioB. Korjia peus ueT o jJareHTHOH HTPOMUIBHOM IEPUOINIHOCTH,
UCKaXKEHUs B KarKJOU IMO3UIUH KONl TaTTePHA OIICHIBAIOTCS HEKO-
TOPBIM CJlydaiiabiM pacupeaesernes [1]. s obuapyzkenus paitoHoB
JIATEHTHOH TEePUOAMIHOCTA B HYKJICOTHIHBIX MOCIEI0BATEIHHOCTSIX
OBLT pa3pabOTaH CIEKTPAJIbHO-CTATUCTUIECKUI TOIX0/T, TOCTOBEPHO
JIeTEKTUPYIONIIil HAJIn4ne reTePOreHHOCTH B KOIusAX rnarrepra. [lox-
XOJI UCIIOJIb3YeT X 2-CTATUCTHUKY JIJIs TIPOBEPKHU THIIOTE3BI O TOMOTeH-
noctu JIHK ma ypoBHe 3HaYmMoOCTH, XapaKTEpPHOM LI HETOYHBIX
TII, xoTOpBIE SIBIAIOTCA TE€TEPOTEHHBIMU ITOCJIEI0BATEIHHOCTIMU.
OHaKO HAJIMYINE 3HAYUMOI e TePOTEHHOCTH SIBJISETCsT HEOOXOIMMBIM,
HO He JIOCTaTOYHBIM yCJIOBAEM JIATEHTHOI nepuoauynoctu. [Ipobrema
HaJIE?KHOCTH B noncke mpudbsmkeHubix TII mpu yciaoBun neboJIbINO-
ro pasmepa BBIOOPKH PEIIaeTcs C IOMOIIBI0 CTOXACTHYECKOH MOJIeIn
[IPOSABJICHUST T€TE€POreHHOCTH. J[oCTOBEpHBbIE M HEM30BITOYHBIE JTAH-
wvble 0 CKPBITHIX 11l B psiile TeHOMOB OBLIN TOJIyYEHBI B PE3Y/IbTATE
[IPUMEHEHNs] aBTOMATHYECKOI BBIUNCIUTEHHON IPOIELYPhI U IIOMe-
mennl B B/] HeteroGenome (http://www.jcbi.ru/lp_baze).

Pabora nmoep:xana rpantom PODI Ne 15-07-05783.

[1] Chaley M., Kutyrkin V., Tulbasheva G., Teplukhina E., Nazipova N.
HeteroGenome: Database of genome periodicity // Database: The
Journal of Biological Databases and Curation, 2014. Vol. 2014. P. 1-18.
doi: http://dx.doi.org/10.1093/database/bau040.
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Notion of latent profile periodicity expands on the notion of
approximate tandem repeat (TR). Perfect TR is a textual string
which consists of sequential copies of its substring called a periodicity
pattern. In approximate TR, a number of characters in pattern
copies are distorted by insertion/deletions and point mutations. If
latent profile periodicity exists in DNA sequence, distortion of the
characters in each position of pattern copies occurs in accordance
with the corresponding probability distribution [1]. The spectral-
statistical approach was developed which reveals latent periodicity
by detecting significant heterogeneity at the pattern copies of an
analyzed nucleotide sequence. The approach employs y2-statistics
for testing homogeneity in DNA sequence at significance level
characteristic for approximate TRs which sequences are obviously the
heterogenic ones. However, a significant heterogeneity is a necessary,
but insufficient condition for determining latent periodicity. The
authors searched for latent periodicity by identifying significant
heterogeneities in overlapping windows of various sizes in analysis of
multiple-scanned DNA sequences with variable steps. The problem of
reliability in locating approximate TRs under the condition of small
sample size is resolved using the stochastic model of heterogeneity
manifestation. This model allows employing the additional statistical
tests to check the hypothesis of heterogeneity presence in DNA
sequence. Reliable approximate TRs were revealed and collected in
the HeteroGenome database (http://www.jcbi.ru/lp_baze).

The research is funded by the RFBR, grant No. 15-07-05783.

[1] Chaley, M., V. Kutyrkin, G. Tulbasheva, E. Teplukhina, and
N. Nazipova. 2014. HeteroGenome: Database of genome periodicity.
Database: The Journal of Biological Databases and Curation 2014:1—
18. doi: http://dx.doi.org/10.1093/database/bau040.
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ConocTaBneHne v nHTerpaunsa nNoaxonos
K aewndpoBKe APEeBHEPYCCKUX 3HAMEHHbIX
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IIpobaema HOTOJIMHEHHON peKOHCTPYKIUY (1emudpoBKI) JIPeB-
HEPYCCKUX IEPKOBHBIX IIECHOIIEHUI B 3HAMEHHOI dopMe 3amucu
SIBJISETCs OJHOI W3 Hambojiee aKTYAJbHBIX B MY3BIKAJIBHON Me.Iu-
eBUCTUKe. PaccmarpuBaioTcs HamboJiee MEePCIEKTUBHBIE I Perle-
HUs yKa3aHHOI 1POOJIEMBbI KOMIIBIOTEPHO-OPHEHTUPOBAHHBIE I10/IX0-
el IIpennourenue ornaercs HIpejIOyKEHHOMY aBTOPAMU IIOIXOY,
OCHOBAaHHOMY Ha WCIIOJb30BAHUN BHYTPHUIJVIACOBBIX WHBAPUAHTOB
(BII) — nenovek 3uaMeH, XapaKTePU3yIONUXCad MUHUMAJIbHBIM YPOB-
weM Heomuo3HauHOCTH. CjI0BApM WHBApPUAHTOB (HOPMUDPYIOTCS Ha
pyKonucHBIX gBo3HamMenanKax Koumna X VII - nagama XVIII BB., aBs-
IONUXCs CBOErO POJia OMIMHIBaMK 3HAMEHHOT'O paciieBa. B HuX mecHo-
[eHUd IIPeJICTAaBJICHbl [IapaJljIe/IbHO B 3HAMEHHON U HOTOJIMHEHHON!
dopme 3anmucu U CHHXPOHU30BAHBI CO CTUXOTBOPHBIM TekcToM. Cie-
JIaH BBIBO[I, O TiesiecoobpazHocTu popmupoBanus cioBapeit BU u KBU
(BHYTPUIJIACOBBIX KBA3UMHBAPUAHTOB) IO OT/AEJILHBIM THIIAM [EBYe-
cknx kuur (Okrouxw, Ilpasmaukn, Vipmosornu u T.11.) 1 HeoGXoU-
MOCTH COIJIACOBAHUS THUIIOB AenndPyeMOro IeCHOIEHUS U HCIIOJIb3Y-
€MOr0 CJIOBapsi. DTO MOBBIMAET TOUHOCTD Jemudposku [1].

Tlostyuensr onenkn 3HHEKTUBHOCTH PA3HBIX IOAXOJ0B HA KOH-
TPOJIbHOM MaTepuaJie, He 3a/IefiCTBOBAHHOM Ipu 00y4denun. Paccmor-
peHa BO3MOYXKHOCTb MHTErDAIMH PA3HBIX IIOJXOJ0B, YTO IIO3BOJIIET
obecrieunTh B cpegHeM 65—80-TIPOIEHTHYIO e pyeMOCTh 0 pas3-
HBIM Tv1acaM (KJIaccam IeCHOTIEHNH ).

Pabora nognepxana rparrom PODU Ne16-07-00812.

[1] Baxmymosa HU. B., lyces B. /. Mupownuuenxo JI. A., Tumxosa T. H.
CorocTaBieHne U WHTETPAINs TMOAXOI0B K AemudpPOBKE IPEBHEPYC-
CKIUX 3HAMEHHBIX ITECHOIIEHU // Mammmnnnoe O6y‘{eHI/Ie n aHaJIUu3 JTaH-
ueix, 2016 (B nevarn).
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The problem of noted reconstruction (deciphering) of ancient Russian
hymnals presented in neumatic (znamenny) form is the most vital
in musical medieval history. The most promising computer-oriented
approaches to the solution of this problem are considered. Preference
is given to the approach, suggested by the present authors, that
is based on use of echos-specific invariants — the neume chains
characterized by minimal level of ambiguity. The dictionaries of
invariants are formed on the base of dvoeyznamenniks of the XVII-
XVIIT centuries that are some kind of bilinguas of znamenny chant.
Here, the hymnals are presented in parallel: in neume, in note, and
synchronized with verses. The conclusion has been done that it is
very reasonable to form the dictionaries of invariants and quasi-
invariants by separate types of cantorum manuscripts (Octoechos,
Holidays, Hirmologion, etc.) and it is necessary to fit the type of
deciphering hymnal to the type of the used dictionary. This increases
the faithfulness of deciphering [1]. The performance evaluations of
various approaches are obtained on checking material not related
to learning. The possibility of integration of various approaches was
considered that provided the deciphering 65%-80% (on average) for
different ichoses (classes of hymnals).

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-00812.
[1] Bakhmutova, I., V. Gusev, L. Miroshnichenko, and T. Titkova. 2016 (in

press). Comparison and integration of approaches to deciphering of

ancient Russian hymnals. Machine Learning Data Anal.
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Ilens ganrOro coobenus — Mpe3eHTAIS CTEraHOTPAMPDUIECKOTO Me-
TO/Ia, AJITOPUTMOB €r0 Peasin3allid U IPOrPAMMHOIO CPEJICTBa JIJIs
BCTpamBaHus u u3BjedeHus. Merosn 6asupyercs Ha MopuduKaiun
BEKTOPa OTCYETOB AYAMOCUTHAJIA, IPEJICTABJIEHHOTO B (popMaTe UM-
MyJIbCHO-KO,10BOM Momy s, CoolIeHne mpeacTaBiIsgeT coboit BeK-
TOP OTCYETOB CUTHAJIA, IIOJIy YEHHOI'O IIyTeM JBOMYHON YACTOTHON Ma-
HUTYJISIIIAA U3 BEKTOPA OUT COOOIIECHUSI.

Ha maganbaoM sTane ayanodaili-KOHTeRHED ClenuaabHbIM 00pa-
30M TIOTOTaBINBaeTCs K BerpanBanuto. Konreiinep pa3buBaercs: Ha
orpesku. Ha Kazk/10M 0Tpe3Ke OCYIIeCTBIISIETCS PEKEKTOPHAS (DUTBT-
panusi. CKpbIBaeMoe COODINEHNE TIPEJICTABIIAETCS B BUjle OMHAPHOMN
rocsieioaTesibHOCTH. Jlasiee coobIeHe MOTYIUPYETCS METOIOM Yac-
TOTHOW MAHUITYJISIIIANA. 3ATEM Oy I€HHbIE OTCUYETHI MOJLYITMPOBAHHO-
ro COOOINEHNsT CyMMUPYIOTCS C OTCYeTaMu KOHTeliHepa. B mrore na
BBIXO/I€ (DOPMUPYETCsI CTErOKOHTEWHED.

st u3BJIedeHns COODINEHN IIPEe/IJIaraeTCs UCI0Ib30BaATh CJIe/Ly-
ot criocob. Aymauodaili-cTerokoHTeiiHep TakxKe pa3dbuBaercsl Ha
orpe3ku. Ha KaKJ10M OTpe3Ke OCYIIEeCTBJISETCS TOJI0COBast (PUIHT-
parust. Takum 0O6pa3oM, BBIIAEISETCA MOIYJIUPOBAHHOE COOOIIEHUE.
1t ToJTydaeHusi CKPBITOrO COODIINEHUsT UCIIOIb3YeTCsl KOPPEJISAIInOH-
HBII METOJ, JIEMOTYJISAINN.

Ha ocHoBe u3/102KeHHBIX aJIropuTMOB Ha sizbike C# ObLIO CcO3J1a-
HO IIPOTPAMMHOE CP€JICTBO, IIO3BOJISIOIIEE OCYIIECTBIATH BCTPANBA-
HU€ CKPBITBIX COOOIIeHn! B aynuodailibl, a TakKe UX U3BJIEICHUE
u npourenue [1].

[1] Kapxux A.A., Topbyrnos A.B. Peanmsanmsa makera mporpamm st

BCTpaMBaHUsI ¥ M3BJICUEHUs CKPBITHLIX COOOIIeHMi B aynnodaititax //

MarmunaHOoe 06y denne u aHaau3 JaHHbIX, 2016 (B meuarn).
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The purpose of this contribution is the presentation of the
steganographic method, its implementation algorithms, and software
tool for embedding and extracting. The method is based on the
modification vector of audio samples represented by a pulse-code
modulated format. Message is a vector of signal samples obtained
by a binary frequency shift keying from bit vector message.

At the initial stage, an audio file container is specially prepared
for embedding. The container is divided into segments. The container
is divided into segments. Each segment uses a notch filter. Concealed
message is represented as a binary sequence. The duration of
embedding one bit of the message is assessed. Then, a message is
modulated by frequency shift keying. Then, the received reports of
the modulated messages are added to the samples of the container.
As a result, at the output, stego container is generated.

To retrieve the messages from the container, the following method
is proposed to use. Stego audio file is also divided into segments.
Each segment uses a bandpass filter. Thus, the modulated message is
allocated. Further, the duration of the transmission of one bit of the
message is assessed. The modulated message is divided into segments
of a single bit transmission, within each of which the frequency
is assessed. At this frequency, a decision is made on which bit is
transmitted. For this purpose, the correlation demodulation method
is used.

On the basis of the described algorithms, a software tool has been
created in the language C#, which allows one to embed the hidden
messages in audio files as well as the extraction and interpretation.
[1] Zharkikh, A., and A. Gorbunov. 2016 (in press). Implementation of

the software package for embedding and extracting hidden messages in

audio files. Machine Learning Data Anal.
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Ornncan OnbIT BBIOOPA PEIEHN B CHCTEME PACIIO3HABAHUST SMOIIU-
OHAJIbHOI'O COCTOAHUA YeJIOBeKa 110 PeYUd B OTHONICHUU IIPaBIUBOCTHI
U UCKPEHHOCTHU TOBOPsiiero. Axanusupyercs naHdOPMATHBHOCTD U3-
MEpUTEIbHOM 0a3bl PACIIO3HABAHUS HA OCHOBAHUU TAPAJTUHIBUCTH-
9eCKUX, APTUKYISIMOHHBIX U SKCTPAIUHIBUCTUIECKUX OCOOCHHOCTEH
pedu ¢ y4eToM MHIMBUILYaJIbHBIX dMOIIMOHAJIBHO-CMBICJIOBBIX KOHHO-
TalUil UCIBITYEMOI'0, OIIUCBHIBAIOTCA aJITOPUTMBbI PACIIO3HABAHUA SMO-
Uil 10 Pevu, OCYIIECTBJISAETCH BBIOOD M3 MHOXKECTBA PENIeHUil U ux
BepuUKAINs B OTHOIIEHUN UCKPEHHOCTH U IIPABIUBOCTU TOBOPSIIIE-
IO C Y4eTOM CUTYaTUBHOI'O KOHTEKCTA.

AHayin3 SMOIMOHABHBIX TIPOSABIEHUN ¢ WX IMOIUOHATHHO-CMbIC-
JIOBBIMU KOHHOTAITUSIME O€3 COOTHECEHHs C PEKOHCTPYUPYEMOil Kap-
THUHON IIDOUCHIECTBUA M CHUTyalldeil JO3HaHUdA II0Ka3blBaeT HEOIHO-
3HAYHOCTDb 9TUX KOHHOTAIMI, YTO MOXKET IIPUBECTH K CYIIECTBEHHBIM
OIIOKAM PACIIO3HABAHMS.

IIpemoxkena crparernu BEIOOpA PEIIEHNN PACITIO3HABAHUS SMOIH-
OHAJIbHOI'O COCTOSHUSA YeJIOBeKa 110 Pe4Yd B CBA3AHHON cUCTeMe TeM-
[IOPAJIbHO-aKyCTUYECKUX, dMOIIMOHAJIbHO-CMBICJIOBbIX U CUTYallMOH-
HbIX 3aBucuMocTeil. [Ipu HacTosem 1moixo/1e BepuduKalms CMbICIOB
SMOIMOHAIBHBIX PEUEBBIX PEAKIINIT CTAHOBUTCSI BO3MOXKHOMN OJraro/ia-
DS MMEHHO COIIOCTABJICHUIO ¢ CUTYATUBHBIM KOHTEKCTOM [1].

Pabora nognepxana rparrom PODU Ne11-01-00900.

[1] Kaavsan B. II. BeiGop penieHnii npu paciio3HaBaHUU SMOLWIA 110 peyun //

MarmuaHOoe 06y denne u aHaau3 JaHHbIX, 2016 (B meuarn).
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An experience of the choice of decisions in system of recognition
of an emotional condition of the person on the speech concerning
truthfulness and sincerity of speaking is described. Informational
content of measuring base of recognition on the basis of paralinguistic,
articulation, and extralinguistic features of the speech taking into
account individual emotional and semantic connotations of the
examinee is analyzed, algorithms of recognition of emotions according
to the speech are described, and the choice from a set of decisions
and their verification concerning sincerity and truthfulness speaking
taking into account a situational context is carried out.

The analysis of emotional manifestations with their emotional
and semantic connotations without correlation with the reconstructed
picture of incident and a situation of inquiry shows ambiguity of these
connotations that can lead to essential errors of recognition.

The strategy of the choice of solutions of recognition of an
emotional condition of the person on the speech in the related system
of temporal and acoustic, emotional and semantic, and situational
dependences is suggested. At the present approach, verification of
meanings of emotional speech reactions becomes possible thanks to
comparison to a situational context [1].

The work is supported by the Russian Foundation for Basic
Research, grant No. 11-01-00900.

[1] Kalyan, V. 2016 (in press). The choice of decisions at recognition.

Machine Learning Data Anal.
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BapuaruBHOCTD IPOU3HOIIEHHS CJIOB M CJIOBOCOYETAHUIT B ecre-
CTBEHHOW PA3TOBOPHOI peYN SIBJISI€TCsSI OJHUM M3 OCHOBHBIX HMCTOY-
HUKOB OIMUOOK TIPU aBTOMATHIECKOM paclo3HaBanuu pean. [losromy
UCIOJIb30BAHUE MOJIeIeil BAPUATUBHOCTH TPOU3HOIIEHUS IIPEJICTAB-
JISIETCSI BAXKHBIM HAITPABJICHUEM TOBBITIEHUsT 9D HEKTUBHOCTH PAOOTHI
CHCTEM paclio3HaBaHus pedn. PaccMmarpuBaercs: mpobieMa MoJIesH-
pPOBaHUsI BAPUATUBHOCTU TPOUZHOIIEHUsI, KOTOPAs BbI3BAHA HEYET-
KO, HEIOJIHOW apTUKYJISIIel, HAIPUMED B pe3y/IbTaTe HAPYIICHUS
CHHXpOHM3AIMN pabOThl OPraHoOB pevecobpazoBanus. llpegmaraercs
UCIOJIb30BATH HESBHBIE [TPOU3HOCUTEIbHBIE MOJEJN, OCHOBaAHHBIE Ha
KOMOMHUPOBAHNN aKyCTUIECKUX MOJIeIell coceqHnx 3ByKoB. Kombu-
HUPOBAHUE MOXKET 3aKI0YATHCS B CTVIAXKUBAHIY WU UHTEPIIOJISITIT
mapaMerpoB aKyCTHYECKHX MOJIeeil TEeKyIHUX 3BYKOB IapameTpa-
Mu cocenaux mogeseit. CrerneHb MPOsIBICHUS BaPUATUBHOCTU 3aBU-
CUT OT CHHTAKCHIECKOTO U IIPOCONIECKOI0 KOHTEKCTA 3BYKa, TOITO-
My [peJJIaraeTcs BbIOMPATh 3HAYEHUs] [1APAMETPOB HHTEPIIOJISAIINN
B 3aBUCHMOCTU OT HAJIMYHUS MO3UIUOHHBIX, (DOHETUIECKUX, CUHTAK-
CHYECKUX W TPOCOAMIECKUX MPU3HAKOB. 1107X0/1 ¢ KOMOMHUPOBAHY-
€M aKyCTHYECKHX MOJIe/Iell Ha OCHOBE CIVIA’KWBAHUs UX IIAPAMETDPOB
OBLI OIUCAH B HAYYHOI JUTEpAType, OJHAKO aBTOPY HEU3BECTHBI UC-
CJIeJIOBAHUsT ¢ KOMOMHUPOBAHUEM COCEJIHUX aKyCTUYICCKUX MOJIEJIeH,
a Takke rje Obl IapaMeTpbl KOMOMHUPOBAHUS 3aBUCEJN OT TEKYIINX
KOHTEKCTHBIX TPU3HAKOB. UUCJEHHBIE SKCIEPUMEHTHI HA KOPILYCaX
C YUTaeMOi U PA3rOBOPHOI PEUbIO MOKA3AJ/IM CIIPABEJINBOCTD IIPE/I-
[TOJIOYKEHMIT O T[eJIeCO00PA3HOCTHU UCIIOJIH30BAHU ST MHTEPIOJISIITUOHHBIX
MOJIeJIell U CYTIEeCTBOBAHUS 3aBUCUMOCTH IIAPAMETDPOB CIUIAKUBAHUSI
MoJIeJIell OT HAJNYIHS TO3UIMOHHBIX U CHHTAKCHIECKUX TTPU3HAKOB.

Pabora nognepxana rparrom PODU Ne14-01-00607.

[1] Yyuynas B. . HesiBHasi MoIe/b BapUATHBHOCTU IIPOM3HOLICHUs |/

Marmunnoe o0ydenne u anaan3 JaHbix, 2016 (B meuarn).
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Implicit pronunciation variation model

Chuchupal Vladimir v.chuchupal@gmail.com
Moscow, Russia, FRC CSC RAS

Variations in pronunciation of words in natural speech are considered
as one of the main sources of speech recognition errors. This is
the reason for development and implementation of the advanced
pronunciation models in modern automatic speech recognition
systems. The paper considers the pronunciation variations caused
by a fuzzy or incomplete articulation that is frequently observed in
spontaneous speech. The implicit pronunciation model is proposed
that is implemented in the form of a combination of the acoustical
models of the adjacent phones. Such a model can be realized by
smoothing or interpolation of the corresponding model parameters.
Also, it is proposed to use the context-dependent interpolation,
so that the values of the smoothing parameters are conditioned
by the current position, syntax, and prosodic contexts of the
phoneme. The pronunciation modeling approach on the base of
combination of acoustical models (including the interpolation) has
already been discussed in literature; however, the method based on
the combination of the adjacent models with the use of the context-
dependent smoothing parameters has not already been published as
far as the author knows. The numerical experiments on the databases
that contained both a readable and spontaneous speech showed that
the implementation of the described acoustic model combination
with the variable smoothing parameters could bring the gain in
performance of a recognition system [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-01-00607.
[1] Chuchupal, V. 2016 (in press). Implicit pronunciation variation model.

Machine Learning Data Anal.

International Conference IDP-2016. Barcelona, Spain
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ApauTunBHas perynsipmsaumns TeMaTuyecknx
Mogaenen AN NOUCKa 3THUYHOrO AUCKypca
B CcouMasibHbIX Meauna

2

Anuwes Mypam Asamamosury great-mel@yandex.ru

Koavuyoe Cepeeti Huxonraesun' skoltsov@hse.ru
Koavyosa Eaena FOpveena' ekoltsova@hse.ru
Huxonenxo Cepzeti Hzopesun'? sergey@logic.pdmi.ras.ru
Boponuoe Koncmarnmun Bavecaasosuw'« vokov@forecsys.ru
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2Poccust, Mocksa, MI'Y
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B mocnennee Bpemsi TexHOoSIOTMM aHAIN3a OOJIBIINX TEKCTOBBIX
KOJIJIEKIIAI BCE YAIlEe UCIOJIb3YIOTCs JIJIsi COIUOJIOTMIECKUAX UCCIIEI0-
Bauuit B Marepuere. OjiHa U3 Takux 3a/a9 — BBISIBJICHIE TEMATUKN
STHUYHOIO JINCKYPCa JJIs PAHHETO OOHADYKEHUS ME2KHAITMOHAIBHBIX
KOHMJINKTOB B COIUAJIBHBIX MeIua. Jalre BCero Jjis 3TOro UCIoJIb3y-
10TCs H6aileCOBCKIE BEPOSITHOCTHBIE TEMATHIECKIE MOJIEN HA OCHOBE
aamenmmozo pasmewenus Jupurae (LDA). Oamnako addumuenas
pezyaapusayus memamuveckuxr modeaett (ARTM) npemocrasisier
00JTbIIIe TUOKOCTHU JIJIT KOMOWMHUPOBAHUS KPUTEPUEB U HCTOTHUKOB
JIAHHBIX, YIPABJIEHUS KaI€CTBOM M UHTEPIPETUPYEMOCTHIO TEM.

B nammnoit pabore ucnosb3yercs 6ubIMOTEKA ¢ OTKPBITHIM KOJOM
BigARTM u onpejiesisiercst TpobIeMHO-OPHEHTUPOBAHHAST KOMOUHA-
Us PeryIsapu3aTopoB, YTOObI HANTH KaK MOYKHO OOJIbIIIE 9THO-PeJIe-
BaHTHBIX TeM. Hanbosiee BayKHBIM SIBJIETCS PETYIIAPU3IATOD, UCIIOb-
3YIONIUil CJI0Baph U3 HECKOJIBKUX COTEH STHOHMMOB, BOKPYT KOTOPBIX
KOHIIEHTPUPYIOTCS ITHO-PEJIEBAHTHBIE TEMBI. DKCIIEPUMEHTHI TTOKa-
3BIBAIOT, YTO PErYJISPU30BAHHBIC MOJIE/IN JIYUIIe TOMXO/ST JIJI BbI-
sIBJIGHUs OOJIBITIOrO YUCJIA PEIKUX TEM, IMOCKOJIbKY HAXOIAT OOJIbIIe
TeM JIYUIIero Ka4ecTsa.

Pabora mojzmep:kana rpanTtom Poccmitckoro wmayaHoro ¢GoHaa
15-18-00091.

[1] Apishev V., Koltcov S., Koltsova O., Nikolenko S., Vorontsov K.
Additive regularization for topic modeling in sociological studies
of user-generated text content // 15th Mexican Conference
(International) on Artificial Intelligence, 2016.
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Recently, social studies of the Internet have started to adopt various

techniques of large-scale text mining for a variety of goals. One of

such goals is the unsupervised discovery of topics related to ethnicity
for early detection of ethnic conflicts emergent in social media.

Probabilistic topic modeling used for such goals usually employs

Bayesian inference for one of the numerous extensions of the latent

Dirichlet allocation (LDA) model that has been widely popular

over the last decade. However, recent research suggests that a non-

Bayesian approach of additive reqularization of topic models (ARTM)

results in more control over the topics purity and interpretability,

more flexibility for combining topic models, and faster inference.

In this work, ARTM framework and BigARTM open-source software

are applied to a case study of mining ethnic content from the Russian-

language blogosphere. A problem-specific combination of regularizers
for ARTM is introduced and ARTM is compared with LDA. The most
important regularizer uses a vocabulary of a few hundred ethnonyms
as seed words for ethnic-related topics. One may conclude that ARTM
is better suitable for mining rare topics, such as those on ethnicity,
since it obviously finds larger numbers of relevant topics of higher or
comparable quality. This work was supported by the Russian Science

Foundation grant no. 15-18-00091.

[1] Apishev, V., S. Koltcov, O. Koltsova, S. Nikolenko, and K. Vorontsov.
2016. Additive regularization for topic modeling in sociological
studies of user-generated text content. 15th Mexican Conference
(International) on Artificial Intelligence.
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BepositTHOoCTHas Mopenb Ans crna>knsBaHus ueneBblxX
MeTPUK KayecTBa pPaH>XMUpOBaHUA
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Kyrosckuti Maxcum Eezenvesuu'’
'Pocensi, Mocksa, MOTH
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zhukmax@yandex-team.ru

Samaga nHGOPMAIIMOHHOIO IIOMCKA — HAXOANTDH PEeJIEBAHTHBIE J0-
KYMEHTBI II0 3alpocy moJib3osaTessd. OnHoN U3 BayKHEHINX 3324
nHQPOPMAIMOHHOI'O IIONUCKA SIBJISETCs 3a/a4a PAHKIPOBAHUS PE3YJIb-
TATOB MONCKa. B HacTosmee BpeMs IMIPOKO PACIPOCTPAHEH IIOIXO/T
oty deHust (pyHKIIMN PEJIEBAHTHOCTHU C IIOMOIIBIO METOJIOB MAIIUHHO-
ro obydeHns: Ha, OCHOBe 0Oy4Jarorieil BEIOOPKH. Jljist OIeHKN KavdecTBa
[IPUHATO UCIIOJIL30BATh METPUKH KadecTsa, Haupumep pFound. Ox-
HAKO OOJIBITMHCTBO U3 HUX SIBJISIOTCS JUCKPETHBIME, UTO YCJIOXKHSIET,
HAIpUMED, 0TOOP IPU3HAKOB.

Hesp pannoit paboTbl — HOJMYYUTH IVIAJIKANA aHAJOr JUCKPET-
HOI MeTpuKH. PaccmarpuBaroTcs HECKOTBKO BAPHAHTOB OIIPEIEICHUS
QKO METPUKH, JIyYIINd M3 KOTOPBIX 3KCIEPUMEHTAJIbHO Ollpe-
JesisieTcs 110 KPUTepUaM IVIaJIKOCTH U IIOXOXKeCTH Ha JHUCKPETHYIO
MeTpuKy. Kpurepuii moxokectu, B OTJIMIHE OT KPUTEPHS IVIaIKOCTH,
YUCJIEHHO BBIPA3UTH JOBOJILHO TPYJ/HO BBUJLY OOJIBIIONO MHOYKECTBA
Pa3/IMYHBIX CIydaeB IIOBEJEHUd METPHUK, HIO3TOMY OT YHCJIECHHOI'O
OIIMCAHUsI IIPUIILJIOCH OTKa3aThcsl. 110 pe3ynbpraramM MHOIOUYHC/IEHHBIX
SKCIIEPUMEHTOB Obljla HailjleHa ONTHMaJIbHasl MOJIEb IVIJIKONH MeT-
PHUKH B COOTBETCTBUU C IPEIbsIBIIsieMbIMU TpeGoBanusamu [1].

[1] Boakxos H. A., 2Kykosckuti M. E. BeposiTHOCTHAasT MOJIeJIb JIJISI CIIAYKH-

BaHUs LEJIEBbIX METPHK KadeCcTBa paHykuposanust // Mammuauaoe o6y de-

HU€e U aHau3 JaHHbIX, 2016 (B mevarn).

Me>kaynapoanast kougpepennust MOW-2016. Bapcenona, Mcnanust



Text Analysis and Information Retrieval 173

On a probabilistic model for smoothing discrete
ranking quality metrics
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"Moscow, Russia, MIPT
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The information retrieval aim is to find relevant documents by
given user’s query. One of the main information retrieval task is
the ranking problem of searching results. Currently, the method of
getting relevant function with machine learning methods based on
train sample is widely distributed. The quality of ranking is assessing
with quality metrics, for example, pFound. However, most of them is
discrete, it is difficult for feature selection.

The aim of this work is to get a smoothing analogue of the discrete
metric. The present authors consider some different definitions of
smoothing metric, the best of which has been found by the smoothing
criteria and the criteria of a similarity to discrete metric by means of
experiments. In comparence with smoothing criteria, it is difficult to
obtain numerical description of the similarity criteria because there
are a lot of different cases of metric behavior. So, it was decided
not to use numerical description. As a result of the large number
of experiments, an optimal model of a smoothing metric was got
according to the necessary requirements.

[1] Volkov, N.A., and M. E. Zhukovskii. 2016 (in press). On a probabilistic
model for smoothing discrete ranking quality metrics. J. Machine

Learning Data Anal.

International Conference IDP-2016. Barcelona, Spain



174 Ananu3 TeKCTOB U MHMOPMAIMOHHDBIN TOUCK

MNocTpoeHue nepapxnyecknx TemaTnyeckux moaenen
KOJINEKLNIA KOPOTKNX TEKCTOB
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Adyenrxo Anexcandp Anexcandposu’ aduenko1@gmail.com
Cmpuowcose Badum Buxmoposu® strijov@ccas.ru
'Poccust, Mocksa, MOTHU
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Pemraercst mpobiiema mocTpoeHnst HePapXuIecKoil TeMaTuIeCKO
MOJIe/IM KOJUIEKITUU KOPOTKUX TEKCTOB U BEPUMPUKAIMS IKCIEPTHOMN
remarudeckoii mogeu [1]. Ilpemnaraorcs ajiropurMbl BBIGOpa ONTH-
MaJIbHONH METpUKM U 0TOOpa MPU3HAKOB. AHAIU3UDYIOTCS CIOCOOLI
[peJICTaBIeHNs JIOKYMEHTa B BUJIE JeiCTBUTEILHOTO BeKTopa. Cpas-
HUBAIOTCH arJIOMEPATUBHbBIE U JUBU3UMHBIE ITOXO/IbI IIPU IOCTPOEHUN
MePAPXUIECKON TEMATUIECKON MOJIEIIN.

IIpemmaraerca mepapxudeckasi B3BelleHHAas (DYHKIINUS CXOICTBA
TS KJIACCU(DUKAINY HEPA3MEUEHHBIX TOKYMEHTOB KOJLJIEKITUU, B KO-
TOPO#l BECOM KazKJIOT'O CJIOBA U3 CJIOBAps KOJUIEKIIUU $IBJISETCH €ro
BasKHOCTBb /I KJlacTepusanuu u Kiaccudukanuu. lIpennaraercs
SHTPONUNHDBIN METOJ OTEHKN BECOB JAHHOW (DYHKIIUUA C TOMOIIHIO
9KCIIEPTHOI TeMaTu4aecKoil momenu. [Ipemnioxkennas GpyHKIUS CXO1-
CTBa aJalTUPYETCs MJIs y9eTa BEKTOPHOTO IIPE/ICTABJIEHNUS] CJIOB C TI0-
MOIIIBIO A3BIKOBBIX MOJIEJIEH U IIPEJICTABIISIETCS B BUJE Y€THIPEXCIION-
HOI HEpOHHOI ceTu.

IIpeyioxkennble METO/IBI UCIIOIB3YIOTCS IIPU IIOCTPOEHIH IKCIIEPT-
HOH CHCTEMBI /i KJIACCH(DUKAIINKA HOBBIX TE3UCOB KPYITHON KOH-
depernmun EURO ¢ 1OMOITBIO0 9KCIIEPTHBIX TEMATUIECKUX MOJIEsIei
nannoit Koudepenrmu ¢ 2006 mo 2016 rr. Pesysibrarser cpaBHUBaOT-
CsI C MepapXuIecKuM MyJIbTHKJIACCOBBIM SVM, BeposTHOCTHOI Tema-
THYecKoit Mojiesibio SuhiPLSA u nepapxudyeckum HauBHBIM GaiiecoB-
CKUM IIOJIXOJIOM.

Pabora nognepxana rparrom PODU Ne16-07-01160.

[1] Kysvmun A. A., Adyenxo A. A., Cmpuorcos A A. Temarnaeckas Kiaac-

CI/I(I)I/IKa.LH/IH TEe3nuCOB prHHOﬁ KOH(I)epeHLII/H/I C MCIIOJIB30OBaHHEM 3KC-

neprHoit Mmonenu // Mudopmanmonnsie Texuosorun, 2014. T. 6. C. 22—
26.
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The aim of this study is to construct and verify a hierarchical
thematic model of a short text collection. The present authors
consider the ways for metrics learning and features selection.
Agglomerative and divisive methods to construct a hierarchical model
are compared.

A hierarchical weighted similarity function is suggested for
unlabeled data classification. Weights in this function are the
importance values of the terms from the collection dictionary.
Entropy-based approach is used to estimate these weights according
to the expert model. The proposed similarity function is represented
as four-level neural network to consider vector representation of the
words given by a trained language model.

The proposed methods are used to construct an expert system
that helps experts to classify unlabeled abstracts of the major
conference EURO. The parameters of this model are estimated
using expert models of EURO conference from 2006 till 2016. The
results are compared with hierarchical multiclass SVM, probabilistic
thematic model SuhiPLSA, and hierarchical naive Bayes approach.

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01160.

[1] Kuzmin, A., A. Aduenko, and V. Strijov. 2014. Thematic classification
using expert model for major conference abstracts. Informational

Technologies 6:22—26.
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Cwuna cBsi3m cnoB un OUEHKa penieBaHTHOCTU TEeKCTa
eanHuue npeacrtassieHusA 3HaHUN B OTKPbITbIX TeCTaX
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Emenvarnos I'ennaduti Mapmurosuw Gennady.Emelyanov@novsu.ru

Bemuknit Hosropos, Poccusi, Hosl'Y

Pazpaborka OTKPBITBHIX TECTOB IIPEIIOIAraeT HAKOIIJIEHUE U CUC-
TEeMATU3AINIO SKCIIEPTHBIX 3HAHUIA, MCXOMHO MPEICTABJISEMbBIX TEK-
cramu ecrecrBentoro a3pika (E). ITomumo orbopa dpas u3 roroso-
0 TEKCTOBOTO KOPILYCa BarKHEHIEl COCTABIIAONIEN 37eCh SIBJISETCS
dbopmMupoBaHUEe caMOro KOpILyca C BKJIIOYEHHEM B HEro IIyOJIHKAaIuil,
MaKCHMAaJbHO PEJIEBAHTHBIX 3aJIaHHBIM CHUTYAIUAM IIPEIMETHOH 00-
sgactu Tecta u Ef-dbopmam ux onucanus. [Ipu sTom peseBanTHOCTH
TEKCTa OIPEIEeIeTCs CyMMapHOU YHUCIEHHONW OIEHKON 3HAYUMOCTHU
(«cuiIbl» ) CBSA3U JJisl BCTPEYAIONIUXCS B €ro (bpasax codeTaHuii cjios
ncxo/Hoi dpasbl. COPTUPOBKOIT TI0 yOBIBAHUIO OIEHKU 3HATHMOCTH
C ToCJIeyIoNIell KJacTepu3alueil Hanbosiee 3HAYNMBIX BBIIEJISIOT-
Cs CBS3M M3 KJlacca OJIM3KUX MAKCHMAaJbHOMY 3HAYEHUIO YKa3aHHOMN
oreHkd. Torga /it TEKCTOBBIX JOKYMEHTOB, MAKCUMAJIHHO PeIeBaAHT-
HBIX MCXOIHOI (bpaze, OymeT HaiimeH MaKCUMyM TaKHX CBsI3eil mpu
MaKCUMaJIbHONW CyMMapHOil crie Bcex HaMJIEHHBIX B UCXO/IHOM (paze
cBazeil. B pabore paccMarpuBaiOTCs BApUAHTHI OIEHKU 3HAYUMOCTHU
CBSI3U CJIOB U UX HCIIOJIb30BAHUE IS BbIJIEJIEHUS COCTABJIAIONNX 00-
pa3a ucxoHoil ppasbl B BUE CJIOB U UX COUETAHUI IPU POPMUPOBa-
HUAU KOPITyCa TEKCTOB IO TeMaTukKe Tecta. 1[0 cpaBHEHUIO ¢ MOMCKOM
COBOKYITHOCTEH YKa3aHHBIX COCTABJISIIONINX HA TOTOBOM CUHTAKCHIE-
CKI pa3MeYeHHOM KOpIIyCe IIPeJJIOyKEeHHbIN B pabore meTos orbopa
TEKCTOB MO3BOJIIET B CpPeJIHEM B 15 pa3 cOKpaTHTh BbIXOJ (hpa3, He
PEeJIEBAaHTHBIX WCXOJHOW HU IO ONUCHIBAEMOMY (DparMeHTy 3HAHUS,
HU 110 s3bIKOBBIM hopMaM ero Bbipazkenus [1].

Pabora noguepxkana PODU (upoexr Ne16-01-00004) u Munobp-
Hayku P® (6GasoBas 1acTh rocsajanusi).

[1] Muzatinos J. B., Kosaos A. Il., Emeavanos I. M. Boinenenue 3nanmit,
A3BIKOBBIX (DOPM MX BBIPAYKEHUsI U OleHKA 3P PEKTUBHOCTH (POPMHUPO-
BaHUsA MHOXKECTBa TEeMaTHUYIEeCKHUX TEKCTOB // KOMHBIOTepHaH OIITHUKA,
2016. T. 40, Ned4. C.572-582. http://www.computeroptics.smr.ru/K0/
PDF/K040-4/400417 . pdf
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Development of open form test assignments requires the accumulating
and ordering an expert knowledge initially represented by natural-
language (NL) texts. In addition to selection of phrases from a ready
text corpus, the most important task here is the formation of
corpus itself with adding the publications most relevant to given
situations of test subject area and forms of their NL-descriptions.
In this paper the text relevance to initial phrase is defined by total
numerical estimation of coupling strength of words (CSoW) from
initial phrase jointly occurring in phrases of analyzed text. Sorting
the word combinations by descending values of CSoW with the
further clustering as the most significant, the word combinations
closest to maximal value of the given estimation are selected. Then,
for text documents which are maximally relevant, the maximum
of such word combinations at maximal summary CSoW in initial
phrase will be found. The paper considers the variants of coupling
strength estimation for word combination and their application for
search of distinct components which reflect the initial phrase in texts
selected to the topical text corpus for given test. These components
correspond to words and their combinations. In comparison with
the search of such combined-together components on a ready
syntactically marked corpus, the method suggested in the present
paper for text selection can reduce, on average, by 15 times the
output of phrases which are not relevant to initial neither at described
knowledge fragment nor at its expression forms in a given NL [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., A.Kozlov, and G. Emelyanov. 2016. Extraction
the knowledge and relevant linguistic means with efficiency estimation
for formation of subject-oriented text set. Comp. Opt. 40(4): 572-582.
http://www.computeroptics.smr.ru/K0/PDF/K040-4/400417 .pdf
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ABTOMATHYECKOE JIETEKTUPOBAHNE 3aUMCTBOBAHUII TEKCTa Ha Ce-
TOMHAITHUN JIEHDb ABJISIETCSA OJHON M3 aKTyaJbHBIX 33/lad B 00J1acTh
aHaJIM3a TEKCTOB U WHMOPMAIIMOHHOTO IOUCKA. Kpocc-si3bIKOBbIE
3aMMCTBOBAHNUSA — SIBJICHUE, OODEIUHSIONIEE CAy9Ial TEKCTOBBIX 3a-
UMCTBOBaHUI, B KOTOPBIX JOKYMEHT-UCTOUYHUK W JOKYMEHT, COIEp-
JKaIuil 3aMMCTBOBAHN, MPEICTABISIIOT CODOI TEKCTHI Ha Pa3HBIX
€CTECTBEHHBIX s3blkax. PopMupoBanmne Kpyra JO0KYMEHTOB-KAHIN/1a-
TOB — O/IUH U3 JIOTUYECKUX ITAIIOB IIPOIlecca JIeTEKTUPOBaHN KPOCC-
A3BIKOBBIX 3aMMCTBOBAHUIA.

IIpemmaraerca amropurM orbopa KaHIUIATOB, KOTOPBIA MOMKET
OBITH UCIOIHL30BAH JJIsI PEIICHHS 3aIaH TONCKA KPOCC-I3bIKOBBIX 3a-
MMCTBOBaHU. AJIrOpUTM HaIIpaBJIeH HA CIJIaKUBaHKE HETOYHOCTEN
epeBo/jia, IPOU3BOJIUMOIO CHUCTEMON CTATUCTUYECKOT'O MAIIMHHOT'O
epeBojia, 3a CcUYeT KJIACTepU3alluU CJIOB IIeJIeBOTO dA3bIKa U II0C]Ie-
JLyIOIIeil 3aMEeHbI CJIOB JOKYMEHTa Ha MeTKHU KJjacrepos [1].

Ommcan aaropuT™ KIaCTEpU3aIlii, U B COOTBETCTBUH C HUM IIPO-
u3BeJleHa KJlacTepu3allisl BEeKTOPHBIX IIpeCTaBJIEHUIl aHIVIMHCKNIX
CJIOB, TIOJIYIEHHBIX C ITOMOIIBIO JTUCTPUOYTUBHON MOJIE/I HA KOPITY-
ce AHTJIOA3BIYHBIX TEKCTOB; IMPEJJIOKEH METOJ, 0TOOpa KaHIUIATOB,
OCHOBAHHBII Ha TAKOU KJIACTEPU3AINN; B COOTBETCTBUU C METPUKAMU
KadecTBa MHMOPMAIMOHHOTO MONCKA Ha MPEIBAPUTEIHHO MOATOTOB-
JICHHBIX JaHHBIX OIEHEHO KAYIeCTBO AJTOPUTMa O0TOOpa KaHIUIATOB
7 IPOJEMOHCTPUPOBAHA 3D HEKTUBHOCTD MPEI0KEHHOTO METO/IA.
[1] Pomanos A.B., Kysneuosa M. B., Bazmees O. FO., Xpumanxos A. C.

Machine-translated text detection in a collection of Russian scientific

papers // Kommbiorepnas JuHrBECTHKA ¥ MHMDOPMAIMOHHBIE TE€XHO-

gorun. — M.: PI'TY, 2016. C. 578-589. http://www.dialog-21.ru/
media/3422/romanovavetal.pdf.
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Candidate document retrieval for cross-lingual
plagiarism detection

Romanov Alexey"?« romanov@ap-team.ru
Khritankov Anton® anton.khritankov@gmail.com
"Moscow, Russia, JSC Anti-Plagiat

2Moscow, Russia, MIPT

Automatic plagiarism detection is an important task of natural
language processing and information retrieval. Cross-language plagia-
rism comprises cases of plagiarism from the source document in one
language to the plagiarized document in another language. Candidate
retrieval is one of the stages of cross-language plagiarism detection.

The present authors propose a method of candidate retrieval that
can be used for cross-language plagiarism detection, given a tool
that translates suspicious documents into the language of potential
plagiarism sources. The method is aimed at smoothing of statistical
machine translation inaccuracies by means of target language word
clustering and subsequent mapping of words of the suspicious
document onto corresponding cluster labels [1].

A clustering algorithm is descrtibed for English word embeddings
that saves information about semantic relatedness of words. The
authors propose a method of candidate retrieval, which is based
on this clustering, and evaluate it on the prepared corpus of
plagiarized texts in accordance with information retrieval quality
metrics. Preliminary results show the feasibility of the approach.

[1] Romanov, A.V., M.V. Kuznetsova, O.Yu. Bakhteev, and

A.S. Khritankov. 2016. Machine-translated text detection in

a collection of Russian scientific papers. Computational linguistics and

intellectual technologies. Moscow: RSUH. 578-589. Available at:

http://wuw.dialog-21.ru/media/3422/romanovavetal . pdf

(accessed September 29, 2016).
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MynbTMoganbHast TemaTuyeckass Moaeslb TEKCTOB
n n3obpa>keHnii Ha OCHOBE MCMNOJIb30BaHUS
UX BEKTOPHOro npeacraB/ieHus

Cwmeaur Huxonati Jmumpuesun smelik@rain.ifmo.ru
Dunvuenros Andpet Aaexcandposuwx afilchenkov@corp.ifmo.ru

Poccust, Cankr-Ilerepbypr, Yausepcurer UTMO

CoBMecTHasl TeMaTHIeCKas MOJIETb JJis TEKCTOB W n300parke-
HUIl T03BOJISIET ABTOMATHYIECKHU BBLJIEJISATH TEMbI U3 N300parKeHuil Ha
OCHOBE WX OIMCAHUs U Jajiee MpeJjiaraTh OIMMCAHUsT HOBBIX M300pa-
xenuii. lenpro mauHONl PabOTHI SIBJISIETCS CO3aHUE TAKOUW MOJIEIN.
IIpemoxken momxol K MOCTPOEHUIO MYJIbTUMOJIAIBHON MOJIEIN Ha
OCHOBE BEKTOPHOIO IMPEJCTABJIEHUS TEKCTOB W U300pazkeHwii. Bek-
TOPBI 3HAYUMBIX CJIOB CTPOSATCS 3a cdeT npumenenns Word2Vec, st
n300parKEHUIT — KaK BBIXOJ] [TOCJIEIHET0 HEIOTHOCBSI3HOTO CJIOS CBEP-
TOYHOI HEUPOHHOM ceTu. 3aTeM BEKTOP U300PAKEHUs IIPE/ICTABIISIET-
cd B BUJIE TICEBIIOJIOKYMEHTA, B KOTOPOM CJIOBAMU OYJIyT BEKTOPHBIE
npejicTaBieHus cjaoB. Jlajiee Mo KOJIEKINH TICEBI0I0OKYMEHTOB CTPO-
UTCS TeMaThudecKasi MOJesb. [Ipemiokenpl aaropuTM o0y deHus Te-
MATHIECKON MOJIETH 110 KOJIIEKIINN aHHOTUPOBAHHBIX M300ParKeHuit,
a TakKyKe aJIrOPUTMbI AHHOTUPOBAHWST HOBOTO M300DAKEHU U HILIIO-
CTPUPOBAHUS HOBOI'O TEKCTa. BBIUUCIUTEIbHBIE IKCIIEPUMEHTBI TPO-
Boamuchk Ha Habope marabix Microsoft Common Object in Context,
comepkareM 21 000 uzobparkeHuit, ¢ He MeHee UeM MATHIO aHHOTA-
OUSIME JIJIsT KayKJ0r0. DKCIEPUMEHTBI ITOKA3aJH, U9TO C TOYKH 3pe-
HUsI KavdecTBa MoJesn ucnosb3osanne ARTM (additive regularization
of topic models) maer CymecTBeHHBIN BBIUIPBIIN 110 BCEM MeTPH-
kam, yeM PLSA (probabilistic latent semantic analysis). B zama-
9e aHHOTHPOBaHUS M300PaKEHUN MOJIEJb CPABHUBAJIACH C MOJIEJIs-
v CORRLDA (correspondence latent Dirichlet allocation (LDA)),
MIXLDA u sLDA (supervised LDA), B 3a1aue WILIIOCTPUPOBAHMUSI
texcroB — ¢ MIXLDA. B obeux 3amauax peIoxKeHHas MO 110~
KazaJia 6oJiee BHICOKUE PE3YJIbTaThl, YeM anajoru [1].

Pabora Beimosaena mpu nozzepxke [Ipasuresnscra Poccuitckoit
®eneparun, rpauat 074-U01.

[1] Cwmenux H. /., Quavwenros A. A. MynbrumonanbHas TeMaTUIeCKast

MOJ€EJIb TEKCTOB U I/I306pa.7KeHI/II>'I Ha OCHOBE€ HCIIOJIb30BaHUA UX BEKTOP-

Horo npegcrasienns // Machine Learning Data Anal., 2016 (B nearn).
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Multimodal topic model for texts and images utilizing
their embeddings

Smelik Nikolay smelik@rain.ifmo.ru
Filchenkov Andreyx afilchenkov@corp.ifmo.ru

St. Petersburg, Russia, ITMO University

A joint topic model for texts and images allows to extract image topics
based on their text annotations and to suggest annotations for new
images. In this paper, a novel multimodal topic model is introduced
for images and texts.

The proposed model utilizes vector representation of texts and
images. Vector representation for a text is based on Word2Vec
embedding. Vector representation for an image is convolutional
neural network feature map. Vector of image then is considered as
a pseudodocument containing vectors of words instead of words. The
proposed model is learnt on the resulting pseudodocument collection.
An algorithm to learn the model, as well as an algorithm for image
annotating and an algorithm for text illustrating with a learnt model
are proposed.

For experiments, Microsoft Common Object in Context dataset is
used. It contains 21,000 images, each has at least 5 annotations. The
results show that usage of ARTM (additive regularization of topic
models) leads to much more quality than usage of PLSA (probabilistic
latent semantic analysis). The model was compared with CORRLDA
(correspondence latent Dirichlet allocation (LDA)), MIXLDA, and
sLDA (supervised LDA) in image annotating problem and with
MIXLDA in text illustrating problem. In both cases, the proposed
model shows better results [1].

The research was supported by the Government of the Russian
Federation (grant 074-U01).

[1] Smelik, N., and A. Filchenkov. 2016 (in press). Multimodal topic model

for texts and images utilizing their embeddings. Machine Learning Data
Anal.
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ApavTuBHas perynsipnsauus MynbTUMOOANbHbIX
nepapxmyeckux TeMmaTnHeckmx mogenen
Yuprosa Hadeorcda Anexcarndposra' nadiinchi@gmail.com

3

Boponuyos Koncmarnmun Bsauwecaasosuy voron@forecsys.ru

'Pocensi, Mocksa, 3AO «AHTHIIATHAT>
2Poccust, Mocksa, MI'Y
3Poccnsi, Mocksa, I Y PAH

BepogaTrnoctable TeMaTHUYeCKHE MOJEIN BBIABIAIOT CEMAHTUKY
TEKCTOBBIX KOJIIEKITU, OMUCHIBAs KaXKIbIH JTOKYMEHT IUCKPETHBIM
pacrpe/ieJleHrIeM BeposTHOCTEN Ha MHOXKecTBe TeM. Vepapxudaeckne
MOJIEJIN JIEJISAT TeMBI Ha IOJITEMbI, YTO YIIPOInaeT HHMOPMAIMOHHBIHI
[IOMCK U HABUTAIIMIO IO OOJIBIINM MYJIbTUIUCIUIIIIHHAPHBIM KOJLIEK-
nusiM. B OosbImuHCTBE pabOT MO MEPAPXUICCKOMY TEMATHICCKOMY
MOJIE/IMPOBAHUIO ITPUMEHSAETCs 6afleCOBCKUI BBIBOJ, 9TO 3aTPYIHSIET
BBEJICHUE TEeMATUIEeCKUX HePApXuil B TeMATHIECKHEe MOJIETN JIPYTUX
BuoB. He-0OaitecoBckast aiuTHUBHAS PEryIApU3aIs TeMATHIECKIX
mozesteit (ARTM), naobopor, 1103B0JIsIeT KOMOMHIPOBATH JIIOObIE Te-
MaTHIeCKHe MOJIEJIN, eCJIM UX crenndudeckne ocobennocTu popma-
JIN3YEMBbI B BUJIe KPHUTepUEB-peryasapu3aTopoB. OJIHAKO /10 CUX IIOD
nepapxuvuecKue MOJIe/U He UMeJIN TakKoil hopMaIn3aliim.

B nannoit pabore pejiararoTcs peryisapusaTopbl TEMaTHIeCKUX
nepapxuil, aJalITUpyeMble JJI TIHTPOKOro Kjacca 3a/1ad, B JaCTHOCTH
JJ1sI TeMaTH3alUl MYJIbTUMOJAJIBHBIX U MYJIbTUA3BIYHBIX JaHHBIX.

PaccvarpuBatorcs mepapxnun, B KOTOPBIX KazK/Iasl TOJITEMA MOYKET
MMETb HECKOJIBKO POJUTEIHCKIX, ITO OCODEHHO aKTYaJbHO JIJIsT MEXK-
JUCIUATIMHAPHBIX KOJIJIEKITNIT Hay4dHbIX craTeit. [Ipegmaraemsrit mom-
XO/1, II03BOJIsIeT KOHTPOJIUPOBATH PA3Pe’KEHHOCTh OTHOIIEHUS TeMa—
IoJTeMa 1 aBTOMATUYIECKU OIIPeJeIATh YUCIIO IOATEM KazK 101 TeMBI.
IIpu mocrpoennn Momenm 3amaeTcd TOJBKO YHCJIO TeM Ha KasKIOM
YPOBHE uepapxuu. AJINTUBHAS PEryJIgpU3alis He YCIOKHSIET MpPOo-
mmecc oOyJIeHUs TeMATHIECKON MOJIEIN, YTO JeJAeT JTAHHBIA [TOIXO/T
MacmrabupyeMbiM Ha GOJIbIIne TEKCTOBbIE Kosutekun [1].

Pabora nmomnepxxkana rpanramu PO 16-37-00498, 14-07-00847
u 14-07-00908.

[1] Chirkova N., Vorontsov K. Additive regularization for hierarchical

multimodal topic modeling // J. Machine Learning Data Anal., 2016

(in press).
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Additive regularization for hierarchical multimodal
topic modeling

Chirkova Nadezhda'?x nadiinchi@gmail.com
Vorontsov Konstantin® vokov@forecsys.ru
"Moscow, Russia, JSC Anti-Plagiat

2Moscow, Russia, MSU

3Moscow, Russia, FRC CSC RAS

Probabilistic topic models uncover the latent semantics of text
collections and represent each document by a multinomial distribution
over topics. Hierarchical models divide topics into subtopics re-
cursively, thus simplifying information retrieval, browsing, and
understanding of large multidisciplinary collections. The most of
existing approaches to hierarchy learning rely on Bayesian inference.
This makes difficult the incorporation of topical hierarchies into other
types of topic models. The authors use non-Bayesian multicriteria
approach called Additive Regularization of Topic Models (ARTM),
which enables to combine any topic models formalized via log-
likelihood maximization with additive regularization criteria.

In this work, such formalization is proposed for topical hierarchies.
Hence, one can easily adapt the hierarchical ARTM to a wide class
of text mining problems, e.g., for learning topical hierarchies from
multimodal and multilingual heterogeneous data of scientific digital
libraries or social media.

The authors focus on topical hierarchies that allow a topic to
have several parent topics, which is important for multidisciplinary
collections of scientific papers. The regularization approach allows one
to control the sparsity of the parent-child relation and automatically
determine the number of subtopics for each topic. Before learning the
hierarchy, one needs to fix the number of topics for each layer. The
additive regularization does not complicate the learning algorithm;
so, this approach is well scalable on large text collections [1].

This research is funded by the Russian Foundation for Basic
Research, grants Nos. 16-37-00498, 14-07-00847, and 14-07-00908.

[1] Chirkova, N.; and K. Vorontsov. 2016 (in press). Additive regularization

for hierarchical multimodal topic modeling. J. Machine Learning Data
Anal.
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MapameTpuyecknii noaxon K NOCTPOEHUIO
CUHTaAKCUYeCKUX AepeBbeB AN HYAaCTUYHO
cdopmann3oBaHHbIX TEKCTOBbIX AOKYMEHTOB

Yysusurn Kupuanr Baadumuposun'?

kirill@chuvilin.pro
YPocens, Jomaronpyaubii, MOTH

2Poccus, IIporsuno, UOTU

Pabora mocssiiieHa mcciieIoBaAaHUI0 BO3MOXKHOCTHA aBTOMaTHYEC-
KO0 MOCTPOeHUsT abCTPAKTHOIO CHHTAKCHIECKOTO JIepeBa JIJIs TeK-
CTOBBIX JOKYMEHTOB, (OpMAT KOTODPBIX HE SIBJISETCS IOJHOCTHIO
OIPE/ICJIEHHBIM CTAHIAPTAME WM JIPYTUME OOIMUMHU JIJIsi BCEX J10-
KYMEHTOB IIpaBWjaMu. B Takux ciydasx HET BO3MOXKHOCTH B aBTO-
MaTUIEeCKOM PEXKHMe MOCTPOUTH CHHTAKCHYECKMil aHaaun3arop. Vc-
caenyiorcss Tekcrosble daitiel B dopmare INTEX. ArryasbHOCTD
X aHAJu3a OOYCJIOBJICHA TeM, UTO MHOIHME HAaydHbIE H3JATE/IbCTBA
u KOH(MEpEHIN UCHoJb3yoT cucrteMy Bepcrku MTEX, u 3T0 1O-
POXKTaeT BaXKHbIE MPUKJIAIHBIE 381291 10 aBTOMATH3AIN PyOpuKa-
U, KOPPEKINHU, CPaBHEHUsI, cOOpa CTATUCTUKHU, OTOOPAXKEHUS IIJIst
WEB u 7.1. IIpu cunrakcuteckoM aHajm3e JOKYMEHTOB B (hopma-
te WTEX Tpebyiorcs BHeIHEE JaHHbIe 0 cTuisX. [Ipeqmaraercs me-
Toj ux onucanus B popmare JSON, KOTOPBI O3BOJISIET 3a/]aBATh
HE TOJBKO WHMOPMAINIO, HEOOXOIUMYIO JJIsi CHHTAKCHICCKOTO aHa-
Jin3a, HO U MeTamH(OPMAINO, YIPOIIAIONIYIO MaJIbHEHITNI HHTE/ -
JIEKTYyaJbHBIH aHau3. TaKoil [0/IX0 1 UCIO0IB30BaH BiiepBbie. Onnch-
BaIOTCsI pa3pabOTaHHBIE aJTOPUTMbI CHHTAKCHIECKOTO aHasu3a. 11o-
JIy9eHHBbIe Pe3yJIbTaThl YCIEIHO TPUMEHEHbI B 3aja9aX CPaBHEHUSI,
ABTOMATUYIECKON KOPPEKINHU U PyOpUKAIy HayIHBIX cTaTeil. Peasu-
3aIus pa3paboTaHHBIX AJTOPUTMOB JIOCTYIIHA B Bue Habopa 6ubmo-
Tek, pacrnpocrpansgeMbix 1o Jjuiensnn LGPLv3. KoueBbiMu oco-
GEHHOCTSIMU IIPEJIJIAraeMOT0 MOX0/Ia ABJIAITCs THOKOCTD (B paMKax
paccMaTpUBaeMOl 3a/1a9n) U IMPOCTOTA ONMUCAHUS apaMeTpos [1].

Pabora Beimosinena npu dunancoBoii nomgepxkke PODIU, npoek-
o1 N2 16-37-60049 u Ne 16-07-01267.

[1] Yysuaun K. B. IlapameTpudaeckuii moaxo K MOCTPOCHUIO CUHTAKCUIe-

CKHUX JI€PEeBbEB JJIsd TaCTUIHO @OpMaJH/I3OBaHHbIX TEKCTOBBIX JJOKYMEH-

ToB // Mamunnoe ob6ydenue n aHaau3 JaHubix, 2016 (B meuarn). T. 2.
Nel.
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Parametric approach to the construction of syntax
trees for partially formalized text documents

Chuwilin Kirill'? kirill@chuvilin.pro
!Dolgoprudny, Russia, MIPT
2Protvino, Russia, ICPT

This article investigates the possibility of logical structure (abstract
syntax tree) automatic construction for text documents, the format
of which is not fully defined by standards or other rules common to all
the documents. In such cases, there is no way to build the parser
automatically. Text files in BXTEX format are used for the research.
The relevance of ITEX document analysis is due to the fact that
many scientific publishings and conferences use KTEX typesetting
system, and this gives rise to important applied task of automation for
categorization, correction, comparison, statistics collection, rendering
for WEB, etc. The parsing of documents in IXTEX format requires
additional data about styles. In this work, a method to describe
them in JSON format is proposed. It allows to specify not only
the information necessary to pars, but also metainformation that
facilitates further data mining. This approach is used for the first
time. The developed parsing algorithms are described. The results
are successfully applied in the tasks of comparison, autocorrection,
and categorization of scientific papers. The implementation of the
developed algorithms is available as a set of libraries released
under the LGPLv3. The key features of the proposed approach
are flexibility (within the framework of the problem) and simplicity
of the parameter descriptions [1].

The research was supported by the Russian Foundation for Basic
Research (grants 16-37-60049 and 16-07-01267).
[1] Chuwvilin, K. 2016. Parametric approach to the construction of syntax

trees for partially formalized text documents. Machine Learning Data
Anal. 2(1).
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MyJ'IbTI/IMO,EI,aJ'IbeIe TemMmaTmnydeckume Mmogenn
AnAa pa3Bego4dHOro noNcCka B KOJIJIEKTUBHOM 6nore
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Paseedownoiti ungopmayuonmsid nouck HaleleH Ha Tpuobpere-
HU€ U CHCTEMATH3aIUI0 IPOdECCHOHAIBHBIX 3HAHUI, B OTJIMYHUE OT
OOBIYHOIO TIOMCKA, OTBEYAIONIEr0 HA KOPOTKHE 3aIlPOChl MacCOBOI'O
nosib3oBaTess. McemeryoTes MeTo/Ibl TEMATHIECKOTO MTOUCKa JTOKY-
MEHTOB IO JJIMHHBIM TEKCTOBBIM 3aIpocaM. TemaTndeckas MOAETb
CTPOUTCST € MOMOIBIO OUOJIMOTEKN € OTKPBITHIM KojoM BigARTM
(bigartm.org), OCHOBAHHOM HA adUMUEHOT Pe2YAAPUSALUL TNEMA-
muveckur modenets. OHA TO3BOJISIET CTPOUTH MOJIETH C 33/ IAHHBIME
cBoOlicTBaMM, KOMOMHUDPYsl PA3HOPOIHBIE TPEOOBAHUSI W HUCTOYHUKHU
JaHHbIX. TeMaTrdaecKuil MONCK pean3yeTcsd IMyTeM CPaBHEHUSA CXKa-
TBIX TEMATUIECKUX OMHUCAHMII 3alpoca W JOKyMeHTOB. g ormenn-
BaHMs KAa4vecTBa IIOMCKA Pa3paboTaHa KOJUIEKIINs 3aIPOCOB — 3aJa-
HUII pa3BeJIOYHOIO IIONCKA, KOTOPhIE CHaYAJIa BBIIIOJIHAIOTCS JII0JbMI
(aceccopamn), 3aTeM CHCTEMOIl TEMATHIECKOTO MOUCKA, 3aTEM PeJje-
BAHTHOCTH HAHJIEHHDBIX €10 JIOKYMEHTOB CHOBA OIIEHIUBAETCS aceccopa-
mu. JlanHasg MeTOIMKA MO3BOJSET, €IUHOXKIBI CIAeIaB Pa3MeTKy pe-
3yJIBTaTOB IIOMCKa, MHOI'OKPATHO OIIEHUBATH KadeCTBO IIOUCKa JIJIs
PA3JIMIHBIX TEMATHIECKUX MOJEJIeHl ¥ MEeXaHM3MOB IOUCKA. DKCIIe-
PUMEHTHI Ha KOJIeKInu u3 132 Thic. cTaTeil KOJIEKTUBHOTO OJiora
habrahabr.ru mokasajm, 9TO TEMATHIECKAN TOUCK HAXOIUT OOJIbIIE
PEJIEBAHTHBIX JIOKYMEHTOB, Y€M aCeCCOPbI, COKpallas cpejHee Bpe-
Mg TOUCKA € moJrydaca 70 cekyHz. [lombop Temarmdeckoit momean
110 KPUTEPUSIM TOYHOCTH U IIOJIHOTHI IIOMCKa IIO3BOJIUJI OIITUMHU3UPO-
BATh YUCJO TEM M IOKa3aTh, YTO HCIOJb30BaHUE MeTanHMOpMAIun
(TeroB, KOMMEHTADPHUEB) YIIydIIaeT Ka4ecTBO MOMCKa [1].

Pabora mommepxkana rpanramu PODOU 16-37-00498, 14-07-00847
u 14-07-00908.

[1] Hnuna A. O., Boponyos K. B. MysbTUMOIAILHBIE TEMATHICCKHE MO-

JeJ JJ1s1 pa3dBeJOITHOI'O ITIOUCKa B KOJIJIEKTHUBHOM oJtore // Mamnunnoe

obydenne u ananus ganubx, 2016 (B megarn).
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Multimodal topic modeling for exploratory search
in collective blog
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Exploratory Search is a new paradigm in information retrieval
focused on the acquisition and systematization of knowledge by
professionals, unlike major Web search engines that answer short text
queries of mass users. The present authors develop an exploratory
search engine based on probabilistic topic modeling for seeking
information thematically relevant to the long text queries. Additive
Regularization for Topic Modeling (ARTM) is used to combine many
requirements such as sparsity, diversity, and interpretability of topics
and incorporate heterogeneous modalities such as authors, tags, and
categories into the model. The parallelized online implementation
of ARTM in open source library BigARTM (bigartm.org) has
been used. The thematic search is implemented by maximizing
cosine similarity between query and document both represented by
their sparse distributions over topics. The present authors evaluate
precision and recall of the thematic search by a two-step procedure.
First, human assessors perform exploratory search tasks manually
using any available search utilities (it takes them about 30 min
per task in average). Second, they evaluate the relevance of search
results found by the developed thematic search engine for the same
tasks. The experiments on the collection of 132,000 articles from
habrahabr.ru collective blog showed that thematic search provides
comparable precision and better recall, also reducing search time from
half an hour to seconds. With data labeled by assessors, the optimal
number of topics was determined and it was shown that the joint use
of all modalities (authors of articles, authors of comments, tags, and
hub categories) significantly improves the search quality [1].

This research is funded by the Russian Foundation for Basic
Research, grants 16-37-00498, 14-07-00847, and 14-07-00908.
[1] Ianina, A.O., and K. V. Vorontsov. 2016 (in press). Multimodal topic

modeling for exploratory search in collective blog. J. Machine Learning
Data Anal.
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AreHTHOe moaenupoBaHune pernoHanbHo
3K0J10r0-3KOHOMMYECKO CucTemMbl. TemaTunyeckoe
nccneposavune ans Pecnybnukun Apmenus
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3Pecry6immka Apmennst, Epesan, IleHTp 9K0I0r0-HOOChHEPHBIX
nccnenoBannii HarmonanbHoit akagemun Hayk Pecriybiunku Apmennst

PaccmarpuBarorcesi akTyasbHbIE BOIPOCHI MOJIEUPOBAHUSA SKOJIOIO-

9KOHOMUYECKON cucTeMbl Ha npumepe Pecrybinku Apmenns (PA).

OcHOBBIBasiCh Ha, METOJIaX Ar€HTHOI'O MOJECJIMPOBAHUS U CUCTEMHOM

JUHAMUKHI, CO3/JaHa IMUTAIMOHHAS MOJIETb YKOJIOT0-9KOHOMUIECKOH

CUCTEMBbI, TO3BOJIMBINIAS TOCTPOUTH DKOJOrmIecKyto kapry PA. Bax-

HOH IIeJIBIO IIPeJJIaraeMoro II0IXo/da sBJISeTCs IIOUCK CIleHapueB pa-

[MOHAJIBHON MOJIEPHU3AIMH [IPEIIPUSTHI, ABJISIONINXCS OCHOBHBIMU

HUCTOYHUKAMU BBIOPOCOB BPEJIHBIX BEINECTB, C OJHOBPEMEHHBIM OIpe-

nesterreM 3MGEKTUBHON CTpaTernu rocyIapCTBEHHOIO PEryinpoBa-

uusi. CopmymupoBana u perneHa OUKpuTepraIbHas 3a1a9a OMTUMU-
3aIun XapaKTEePUCTHUK IKOJIOI0-9KOHOMHUIECKOI CUCTEeMBI Ha IIpUMepe

PA [1].

Pabora nojsepxkana rpantom PO®OU Ne15-51-05011 Apm_ a.

[1] Beklaryan L. A., Akopov A.S., Beklaryan A. L., Saghatelyan A. K.
Agent-based simulation modelling for regional ecological-economic
systems. A case study of the Republic of Armenia // Machine Learning
and Data Anal., 2016 (B neuarn).
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Actual problems of modeling of ecologic-economic systems on the
example of the Republic of Armenia (RA) are considered. Based
on methods of agent modeling and system dynamics, the simulation
model of ecological-economic system, which has allowed constructing
the RA Ecological Map, was created. The important purpose of the
suggested approach is search of scenarios of rational modernization
of the agent-enterprises, which are the main sources of emissions
with simultaneous definition of effective strategy of the government
regulation. The bi-criterial optimization problem for the ecological-
economic system of RA is formulated and solved with the help of the

developed genetic algorithm [1].

This research is funded by the Russian Foundation for Basic

Research, grant 15-51-05011 Arm_ a.

[1] Beklaryan, L. A., A.S. Akopov, A. L. Beklaryan, and A. K. Saghatelyan.
2016 (in press). Agent-based simulation modelling for regional
ecological-economic systems. A case study of the Republic of Armenia.
Machine Learning and Data Anal.
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MpumeHeHne NHpPOPMaALMOHHO-3HTPOMUIAHOIO
noaxoga ANnsa nccnegoBaHus ocobeHHocTei
agantaumu CTyAeHToB K oDy4eHuio B By3e
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Kak 6mostormaeckue, Tak u COIUAJIBHBIE CHCTEMBI CYIIECTBYIOT,
MIPUCIIOCAO/IMBAIOTCS U PA3BUBAIOTCS OJarojapsi oOMeHy Hepruei,
BerecTBOM 1 uHdopmarmeil ¢ BHernrHeit cpemoit. s momydennst Ko-
JINYECTBEHHBIX XapPaKTEPUCTHUK IIPOIECCa aJAIlTAINN ObLIN BBE/IEHBI
SHTPONUNHBIE MOKA3ATEIN COCTOSTHUS OMOCUCTEMbI. ABTOpaMU pac-
CMOTPEHA BO3MOXKHOCTH NPUMEHEHHUs JTAHHOTO TOJXOIA I HCCJIe-
JIoBaHUs OCOOEHHOCTeHl aJallTallii CTY/JIEHTOB K OOYYEeHHIO B BY3e.
Jutst mceneioBanust 0COOEHHOCTEH aIANITAIINN CTYJIEHTOB K yIeOHOMY
mporieccy ObLJT HCIIOJIB30BAaH Pa3pabOTAaHHBIN aBTOPAMHU METOJ[ MO-
JeJINPOBaHUsS AJANTAIMOHHBIX cTpareruii. B sroMm ciyuae B Kade-
CTBE aJIAITAIIMOHHON (DYHKITMU BBICTYIAET 3HAUCHUE UHTErPAIbHOIO
mokazaTensd ladapt B MOMEHTHI BpeMmeHH. IIpwm nemosms3oBanmm mHTe-
I'PAIbHOIO0 KPUTEPUs laqapt IPEAIoIaraercs, 9To CyIecTByeT HEeKo-
TOPOE «ITAJOHHOE» (<«IPEJIOUTUTENHHOE» ) COCTOSTHIE GHOCHCTEMBI,
CTEeIeHb OTKJIOHEHUS OT KOTOPOTO B TEKYIIHil MOMEHT BPEMEHH U 03~
BOJIsieT OTleHnTh [-Kpurepuii. [IpoBeieHbIe aBTOpaMU UCCIEI0BAHUS
0CODEHHOCTE aanTanuu MePBOKYPCHIUKOB K yIeOHO e TeIbHOCTH
[I0Ka3aJid, YTO B JAHHOM CJIy4ae IPHUCYTCTBYIOT YeThIPe OCHOBHBIX
THUIIAa peaKIy OpraHn3Ma Ha BHellHee Bo3jeiicrBue. Kpome ueTsi-
PeX OCHOBHBIX THIIOB DEAKIINH OPraHU3Ma YeJOBEeKa Ha SKCTPeMasib-
HbIE BO3/IEHCTBUS OKPY2KAOIIE Cpe/Ibl OBLIO BBISIBJICHO €ITle TPU THIIA,
aJAITAIMOHHBIX peakimii [1].

WccieoBanust BBINOJHEHBI [IPU YACTUYHON (PUHAHCOBOI IOJ-
nepxkke Poccuiickoro donia pyHmaMeHTaIbLHBIX UCCIETOBAHUIT, TTPO-
exThl N 14-06-00026 u Ne 15-07-08922
[1] Bepecmmesa O.I., Mapyzuna O.B., Illaponur K.A. Ilpumenenue nn-

(i)OpMaILI/IOHHO-3HTpOHI/H‘/’IHOI‘O II0/IX0/1a JIJIgd HCCJICTOBAHUA 0CODEHHO-

CTell aZianTaluy CTYIEHTOB K 00y4aennio B By3e // Haykosomenne, 2013.

Ne3. http://naukovedenie.ru/PDF/53tvn313.pdf.
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Biological and social systems exist, adjust, and develop due to the

power, substance, and information interchange with the external

environment. To get the adaptation process quantity characteristics,
the entropy parameters of biosystem state have been introduced.

The authors considered the possibility of applying this approach

to the research of students adaptation to the university training

characteristics. The method of adaptation strategies modeling that
was developed by the authors was used to study the characteristic
properties of students adaptation to the academic activity. In this
case, the adaptation function is an integral index value [ qapt at time
periods. When the integral index I,qapt is used, it is supposed that
there is some “reference” (“preferential”) state of the biosystem and
the deviation degree from this state in real time allows evaluating

I-criterion. The studies of adaptation characteristic properties of the

first-year students to the academic activity that were carried out

by the authors showed that in this case, there are four main types
of organism excitation response. In addition to the four main types
of the human body’s response to extreme environmental influences,

there were identified three types of adaptive reactions [1].

The research is conducted with partial financial support from the
Russian Foundation for Basic Research, projects Nos. 14-06-00026
and 15-07-08922.

[1] Berestneva, O.G., O.V.Marukhina, and K.A. Sharopin. 2013.
Application of information and entropy approach to study the
peculiarities of students adaptation to teaching at the university.
Naukovedenie 3. Available at: http://naukovedenie.ru/PDF/
53tvn313.pdf (accessed July 26, 2016).
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Panee asropamu pazpaborana MeTo/uKa IIOCTPOEHUS MAaTEMATHU-
9eCKON MOJe/IN YHUBEPCAJbHON XapaKTEePUCTUKU MOJEJbHON TIHJI-
POTYPOUHBL 110 pe3yJibTaTaM dHepreTudeckux ucubiranuii [1]. Yuu-
BepcajibHAs XapPaKTEPUCTUKA, SBJISIETCS OCHOBHBIM JIOKYMEHTOM JIJIst
BBIOOpA MTAPAMETPOB HATYPHON I'MIPABIMIECKO TypOUHBI (uaMerp
pabodero KoJieca, 4acTOTa BPAIIEHUS U JIP.), ITOOBI 00eCIIeunTh HAN-
6oJtee 3 PEeKTUBHY IO PAOOTY TYPOMHBL IPU BCEX PEKUMAX €€ FKCILITY-
aTalnyd HA KOHKPETHOW ruapoajiekrpocranimu. s nHTerpajprHoro
ONHUCAHUS THIPABINIECKIX KAIECTB TYPOUHBI 110 CKOPOCTHU BPAIIEHUST
U TPOIYCKHON CIOCOOHOCTH, & TaKKe JJIsi CPABHEHUsT MEXKIy CODOit
Pa3IMYHBIX TYPOUH B THAPOTYPOOCTPOEHIH BBEIEH TaK HA3bIBAEMBbIi
K03 DUmenT ObICTPOXOIHOCTH.

IIpemmaraercsa MeTonuKa pacdera OCHOBHBIX [IAPAMETPOB IHJIPO-
TYpOUHBI U €€ YHUBEPCAJIHHON XapaKTEPUCTUKHU IO ITPOMEXKYTOIHO-
MY 3HAYEHUIO KO PUImeHTa OBICTPOXOTHOCTH OTHOTUITHBIX MOJIe/ et
rUIPOTYPOUH 6e3 TPOBeIeHNs dHEpreTHIecKux ncnbitanuit. [1oapoo-
HOe M3JI0’KEeHVe METOJIMKI PUBEJIeHO B pabore [2].

Pabora nognepxana rparrom PODU Ne15-07-07530.

[1] Boaxos IO.C., Mupownuuenxo B.JI., Caauenxo A.E. Maremarn-
YecKoe MOJEJMPOBaHNE yHUBEPCAJbHOM XapaKTEPUCTUKU ITOBOPOTHO-
JIONACTHOM runporypbunsl // MamuuHOoe 00yUeHne 1 aHAIN3 JTaHHBIX,
2014. T. 1. Ne10. C. 1439-1450. http://jmlda.org/papers/doc/2014/
no10/Volkov2014KaplanTurbine.pdf.

[2] Boaxos FO. C., Bozdaros B. B., Mupownuwenxo B. JI., Caruenro A. E.
Pacuer mapamMeTpoB MOJEIBHOM THAPOTYPOUHBI TI0 3HAYEHUIO KO D U-
muenTa 6eicrpoxognocru // Cub. k. nngycrpuanbHoii mat., 2016 (B me-
qaTn).
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Earlier, the authors developed a method of mathematical modeling of
the hill diagram of model hydraulic turbine model on the power test
results [1]. The hill diagram is the basic document for choice of full-
scale hydraulic turbine parameters (turbine wheel diameter, rotating
frequency, etc.) to ensure the most efficient operation of the turbine
at all modes of its exploitation in a particular hydropower station.

The integral parameter so-called specific speed was introduced

in a hydroturbine constructing to characterize the properties of

hydraulic turbines such as rotation speed and conveyance capacity,
and also to compare different turbines.

The paper presents a method of calculating the basic parameters
of hydraulic turbine and its hill diagram on the intermediate value of
the specific speed of similar model hydraulic turbines without power
tests. A detailed description of techniques is given in [2].

This research is funded by the Russian Foundation for Basic
Research, grant 15-07-07530.

[1] Volkov, Yu.S., V.L. Miroshnichenko, and A.E. Salienko. 2014.
Mathematical modeling of hill diagram for Kaplan turbine.
Machine Learning Data Anal. 1(10):1439-1450. Available at: http:
//jmlda.org/papers/doc/2014/n010/Volkov2014KaplanTurbine.pdf
(accessed September 27, 2016).

[2] Volkov, Yu.S., V. V. Bogdanov, V. L. Miroshnichenko, and
A.E. Salienko. 2016 (in press). Calculation of parameters of model
hydraulic turbine by value of the specific speed. J. Appl. Ind. Math.
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Mero BepruKaabHO-HAKIOHHOTO 30HIMPOBAHUS [TO3BOJISIET TIOJIY-
9aTh HH(MOPMAIMIO O MECTEe, OTKY/Ia BEIETCs 30HIMPOBAHUE, O PAC-
CEMBAIONINX 00JIACTAX, YAAJEHHBIX OT HEr0 Ha THICAYN KUJIOMETDOB.
Pesynbrars! onepaTnBHON JUATHOCTUKHU PaJIMOKAHAJA 110 TEKYIIIM
JIAHHBIM BO3BPATHO-HAKJIOHHOTO 30HupoBaHus nonocheps (BH3)
MOI'YT OBITH MCIIOJIb30BAHbBL JIJIsi BOCCTAHOBJICHHUS [TPOCTPAHCTBEHHO-
IO pacIpee/ieHnsl JeKTPOHHON KOHIEHTPAIIMN B CEKTOPE 30HIIU-
posaHust noHOCGhEDPDI JMHEHHO TaCTOTHO-MOXYUpoBaHHbM (JTIM)
nOHO30HI0M B pezkume BH3, 1. e. onpesiesienne Mo10B pacipocTpaHe-
HUs B 3aBUCHUMOCTH OT OTPa’KEHHUs PAJINOCUTHAJA OT MOHOCKEPHBIX
cjtoeB. PaccMOTpeHBI METOIMKYM M aJITOPUTMBI ITPOTPAMMHOTO KOM-
ILUIEKCA ABTOMATUYIECKON MHTEPIPETAIINY PAaIuodU3nIecKoii nHdOp-
maruu, nosrydaemoit Ha 6ase JIYM-uonozonna MacTuTyTa COTHEIHO-
zemuoit pusuku CO PAH, paboratomiero B pexkumax BH3. B pamkax
JIAHHOH TIPOBJIEMBI PACCMOTPEHBI CJIEIYOIIIE 3a1a41: (&) IPOBEJIeHNe
1pe100pabOTKU JJIs yAAJCHUS IIyMa ¢ M300parKeHUsi U YLy dIleHUs
AMILIATY/IHBIX XaPaKTePUCTUK; (6) cxKaTue JAHHBIX ¢ UCIIOJIb30BAHU-
€M KJIETOYHOro aproMara; (B) unrepnperanus nonorpamy BH3. Me-
TO/IUKA UHTEPIPETAINN NOHOIPAMM OCHOBAaHA Ha MCIIOJIHL30BAHUN Pe-
3yJIbTATOB MOJIEJINPOBAHUS YACTOTHBIX 3aBUCUMOCTEH MUHUMAJIBHOTO
IPYIIIOBOIO IIYTH B PEKUME JIOJTOCPOYHOIO IIPOTHO3a U PE3YJILTATOB
00pabOTKU IKCIEPUMEHTAJIBHBIX JaHHBIX. [IpescTaBieHsr pes3yibra-
ThI OIEPATUBHON TUATHOCTUKU KOPOTKOBOJIHOBOI'O PAJ/IMOKAHAJA II0
TeKymuM JanabiM BH3.
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backscatter sounding data

Grozov Viktork grozov@iszf.irk.ru
Ponomarchuk Sergey spon@iszf.irk.ru

Irkutsk, Russia, ISTP SB RAS

Techniques and algorithms for program complex of automatic
interpretation of the radiophysical information obtained on the basis
of chirp ionosonde located at the Institute of Solar-Terrestrial Physics
of the Siberian Branch of the Russian Academy of Sciences working in
the mode of backscatter ionosphere sounding are considered. Within
this problem, the following tasks are discussed: (a) carrying out
preprocessing for removal of noise from the image and improvement
of amplitude characteristics; (b) compression of data with use of
the cellular automaton; and (c) backscatter ionograms interpretation
and determination of propagation modes depending on reflection of
radiosignal from ionospheric layers. The interpretation technique for
ionograms is based on the results of frequency dependences modeling
for the minimum group way in the mode of the long-term forecast
and results of the experimental data processing. Also, the results of
operative diagnostics for high-frequency radiochannel on the base of
backscatter sounding current data are presented.
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IIpescraBiaenbl pe3yIbTaTbl MATEMATHYECKOTO MOIETUPOBAHUST
OUHAMUKA 370POBbS HACETIEHUS C IeJIbI0 aHaJm3a U TPOrHO3MWPOBa-
HUS IKOJOTHICCKU 00YCJIOBIEHHBIX U3MEHEHNH 3a00/I6BAEMOCTH TIPH
n3MeHeHUn (HaKTOPOB BHEINTHEH cpejibl. BBIMOHEHO u3ydeHne Im-
HaMUKH 3a00J1€BAEMOCTH HACEJIEHUS U KAadeCTBa CpeJIbl OOMTAHUS
MIPOMBITILIEHHBIX TIEHTPOB; pa3paboTaHbl MATEMATHICCKHIE MOJIEIH,
VIATHIBAIONINE TUHAMUKY (PaKTOPOB OKPYZKAIOIIEH TPUPOIHOA 1 co-
MUAJBHON CpeJIbl.

ApropaMu paszpaboTaH IPOrPaMMHBIN KOMILJIEKC, BKJIIOYAIOIIMIL
COBpEMEHHbIE KOHKYPEHTOCIIOCOOHBIE HEJIOKAJIbHBIE METOJIbBI M BCIIO-
MoTraTeJbHble JIOKAJIbHBIE aJITOPUTMbI, C TOHKUMHU HACTPOHKaMu aJj-
TOPUTMUYIECKUX ITAPAMETPOB JJIsT TTOBBIMIEHIS UX 3(PHEKTUBHOCTH HA,
U3y9aeMOM KJiacce 3a1a4. Anpobalys IpeajIozKeHHbIX II0AXO0I0B IIPO-
BeJieHA Ha MpUMepe Pa3BuTHs Ha Tepputopun VIpKyTcKoit obactu
IPOMBINIJIEHHBIX ITPEIIIPUITHIH.

IlocTpoenubie MaTeMaTHIECKHE MOJEIN CUCTEMBI  «3aboJieBa-
€MOCTD — (PaKTOPBI OKPYKAIOIIEH CpPeIbl» MMO3BOJIUIN HOJYIUTH T0-
CTATOYHO TOYHBIE MPOTHO3BI U Pa3padoTaTh Ha WX OCHOBE YIIPABJIA-
IOIIUe PEIeHUs 110 MUHUMU3ALIUN PUCKOB 3J10POBbIO HaceeHus [1].

WccnemoBanust BBIOJHEHBI MPU YACTUIHON (DUHAHCOBOW ITOJ-
nepxkke PODU, npoekr p_cubups__a Ne 14-47-04089.

[1] Edwumosa H.B., 'opros A. 1O., Tounckux 1. B., Bapoxuiok T. C., Axu-
kun A. C., Endumosa T. A. Meroguueckue moaxoapl K U3y I€HUIO POJIU
dakTopoB, HGOPMUPYIOIIIX 3a00JI€BAEMOCTD HACEJIEHUsI KPYITHOIO IIPO-

MblnuIeHHOro enTpa // CoBpeMeHHBIE HayKoeMKue TexHosornu, 2015.
T. 12. Ne5. C. 781-785.
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The paper presents the results of mathematical modeling of the public
health dynamics for the purpose of analysis and forecasting environ-
mentally induced morbidity changes when changing environmental
factors. The dynamics of morbidity and quality of habitat industrial
centers have been studied; mathematical models which take into
account the dynamics of the natural and social environment factors
have been developed.

The authors have developed a software including advanced
nonlocal techniques practices and supporting local algorithms with
settings of algorithmic parameters for increase of their effectiveness
in the considerable class of problems. Testing of the proposed
approaches was carried out on the example of development of
industrial enterprises in the Irkutsk region.

Constructed mathematical models of “morbidity — environmental
factors” system allowed to get the accurate predictions and to develop
the control solutions on their basis to minimize the risks to public
health [1].

The research was carried out with the partial financial support of
the Russian Foundation for Basic Research, project No. 14-47-04089.
[1] Efimova, N., A. Gornov, I. Donskih, T.Zarodnyuk, A. Anikin, and

T. Elfimova. 2015. Methodological approaches to the study of the role

of factors forming the morbidity of a large industrial center. Modern
High Technologies 12(5):781-785.
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M37102KE€HBI OCHOBHBIE PE3YJILTATHI HCCIEAOBAHUI B 061aCTH TIPH-
MEHEHUS] TeXHOJIOTUI NHTE/IJIEKTYAIbHOIO aHAJIN3a OOIBIINX MACCH-
BOB JaHHBIX B Memunune. Onmcana mH(GOPMAIMOHHAS TEXHOJOTHUST
UHTEJLIEKTYAJBLHOIO aHAJN3a PA3IUIHBIX KJIACCOB JIUAIHOCTHIECKUX
n306pazkeHnii, OCHOBAHHAsI HA METOJOJIOIMN BbIJIEJIEHUST JTUATHOCTU-
YECKU 3HAYMMON MH(MOPMAIUY U MOCTPOCHUN HH(POPMATHBHDBIX IIPHU-
snakoB [1]. ITokazano, uro mcnosib3oBaHue TexHosoruii Big Data
B pa3pabaThbIBAEMbIX CUCTEMAX MEJIHUIUHCKON JMArHOCTUKE TTO3BOJIN-
JIO 3a CYeT NPUBJIEYEHUs] PA3HOPOJIHBIX MCTOYHUKOB JIMATHOCTHYIE-
ckoit nadopmarun u 60bIIero 06beMa JTAHHBIX YCOBEPITEHCTBOBATD
00y YaIOILy 0 BBIGOPKY U IIOBBICUTH JOCTOBEPHOCTH MTOCTAHOBKU JIHAa~
ruo3a 10 0,95 (cm. Tabauiy). Pabora nomuepxkana rpaaramu PODU
Ne15-29-07077 u Ne16-41-630761.

[loBbiienne mocroepHocTn auarnoctuku ¢ BigData

IloBbirenne
Hab6op
pasnenumoctu | JlocroBepHOCTH
JIAHHBIX
KJIACCOB
Pentren xocreit 8% 0,90
YVAbTpa3ByKOBOE UCCIEIOBAHNE TTOUIEK 23% 0,87
Kommbiorepraast Tomorpadust JIerkux 17% 0,95
Kposenocubie cocy bt 21% 0,94

[1] Havsacosa H.IO., Kynpusnos A.B., Ilonos C.B., Iapuneep P.A.
Ocobennoctn ncnonb3osanusa texuonaornii BIG DATA B zagagax me-
aunuHCKoN fquarHoctuku // CucreMmbl BbICOKOH mocrynuocTH, 2016.
T. 12. Nel. C. 45-52. http://wuw.radiotec.ru/catalog.php?cat=
jrib&art=1773.
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The paper presents the main research results in the area of data
mining application to medicine. A new information technology of data
mining is proposed for different classes of biomedical images based
on the methodology of diagnostically relevant information selection
and creation of informative characteristics [1]. Application of Big
Data technologies in the proposed systems of medical diagnostics
has allowed to improve the learning set quality and to reduce
the classification error. Based on these results, the conclusion is
made, that the usage of many heterogeneous sources of diagnostic
information made it possible to improve the overall quality of the
diagnostics (see the table).

This research is funded by the Russian Foundation for Basic
Research, grants 15-29-07077 and 16-41-630761.

Changes of classes separability and diagnostic reliability for different types
of diagnostic data

Data Rising of classes C e
set separability Reliability
Bones X-rays 8% 0,90
Blood vessels 21% 0,94
Ultrasonography of kidneys 23% 0,87
Computer tomography of lungs 17% 0,95

[1] Tlyasova, N.Yu., A.V. Kupriyanov, R. A. Paringer, and S.B. Popov.
2016. Particular usage characteristics of BIG DATA in medical
diagnostics tasks. Highly Available Systems 12(1):48-55. Available
at: http://wuw.radiotec.ru/catalog.php?cat=jrib&art=17734
(accessed September 14, 2016).
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Mcnonb3oBaHne metoaos Data Mining
Npv NPUHATUN MEAULUHCKUX
AVNarHOCTUYECKUX peLueHunii

Moxura Eaena EgzenvesHa Alisandra@tpu.ru
Mapyxuna Oavea BaadumuposHax Marukhina@tpu.ru
ITlazaposa Mapus Imumpuesra mds1@tpu.ru
yburuna Hpuna Anamoavesra Dubinina@tpu.ru

Poccus, Tomck, TITY

Crarbs MOCBSIIEHA PACCMOTPEHUIO BOIIPOCOB UCIIOIH30BAHIS Me-
tosoB Data Mining npu ucciesoBannyu MeIUIMHCKUX JAHHBIX U I10-
cTpoenus cucreMbl nojuiep:kku npubgarus pemenuii (CIIIIP) na
OCHOBE Pe3yJ/IbTaTOB UCCJICIOBAHNS, B JAHHOM CJIydae BbISBJICHUS Ha-
JINYUs HEBPOJIOTMYECKUX 3a00JIEBAHNUI 110 PE3YIBTUPYIONIUM [T0Ka3a-
TeJIIM OIPOCHUKOB Ka4YecTBa KU3HU U TPEBOI'H U JEIIPECCUN.

B mannowm uccienoBannn 6a3a 3HaHUIT CONEPYKUT JIOTUYECKHE [IPa-
BUJIA B BHUJE IPOJYKIMOHHBIX Mozeseil. MeTos, ncroib3yembrii 1jis
[TOCTPOEHUST JIOTUIECKUX MPABUJI, — JEPEBbs PEIIeHU.

Tlomnepxkka mporecca MOCTAHOBKHU JUATHO3a, HAIUEHTY C I0-
Mmoo CIIIIP BrmoyaeT B cebsd Takue 3a/1a491, KaK aHAJIA3 JAHHBIX
OIPOCa MAIMEHTA M COIOCTABJIEHHUE €r0 C MOJEJIBIO JIJIs TIOCTAHOBKU
AMAarHo3a; OTC/ICXKUBAHNE U3MEHEHUI [MoKa3are/ell KauecTBa KU3HU
[aryeHTa B JUHAMUKE, [TOCKOJIbKY B XOJI€ JICUCHUs JOTOJTHUTE/IbHAS
JMATHOCTUKA MO3BOJISIET YIIYUIIUTh JIEIeOHBIN MIPOIECC U MPOTHO3U-
poBaTh M3MEHEHUs [T0Ka3aTesell Ka4eCTBA KU3HI.

B kadecrBe mHCTpYMeHTapus s IIOCTPOEHUs JePeBa PeIIeHud
7 JIOTUIECKUX paBmI BeiOpana cpeja RapidMiner, mpejicraBiisrorniast
c000#1 KOMIIJIEKCHYIO CHCTEeMy, KOTopasi 00/1ajiaer HabopOM aJIropuT-
MOB Jij1st 00pabOTKU U aHAJIM3a, JJAHHBIX, B TOM IuCjIe 00paboTKy 60/Ib-
IIIX MaCCHBOB.

WccieioBanust BBIOJHEHBI [IPU YACTUYHON (PUHAHCOBOI IOJI-
nepxkke rpantos POOU, mpoektor Ne 14-06-00026 u Ne 14-07-00675
[1] Moxuna E.E., Mapyzuna O.B., Illazaposa /1. B., Iyburuna H. A.

UcnonszoBanne wmeromoB Data Mining npw npuasTAM MeIUIIMH-

CKUX JUAT'HOCTUYIECKUX peHIeHI/Iﬁ // (DyH,HaMeHTaIIbHBIe UcCcgae10BaHnsd,

2013. Ne5(2). C. 269-274.
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The paper considers the application of Data Mining techniques for
studying medical data and building the decision support system on
the basis of research results being, in the present case, the detection
of the neurological disorders by the result indicators of the surveys
on living standard, anxiety, and depression.

Knowledge should describe the new relationship between the
properties to predict the values of some attributes on the basis of
others. In this research, the knowledge database contains the logical
rules in the form of production models. The method used to construct
the logical rules is decision trees building.

Diagnosis, including the one of neurological disorder, influences
the indicators of living standards and patients anxiety level. Support
of establishing diagnosis in patients with a certain nosology via the
decision support system includes such tasks as: analysis of patients
survey outcomes and comparison them with the model of establishing
diagnosis; monitoring of the changes of a patients living standard in
dynamics, while additional diagnostics enables to improve treatment
and foresee the changes of living standard indicators.

RapidMiner environment was used as a tool for a decision tree
building and logical rules establishing. RapidMiner is a complex
system which implements the set of algorithms for data processing
and analyzing, including the ones for processing large data arrays.

The research is conducted with partial financial support from the
Russian Foundation for Basic Research, projects Nos. 14-06-00026
and 14-07-00675.

[1] Mokina, E. E., O.V. Marukhina, D.V. Shagarova, and I. A. Dubinina.

2013. Applying data mining techniques when making medical

diagnostic decisions. Fundamental Research 5(2):269-274.
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O npobneme BBeaeHusi cpeacTs pacrnpenesiéHHOro
MHOroareHTHOro NPorpaMMmMpoBaHUS B JIOrMYecKunii
A3bIK CO CTPOroi Tunusaunen

1,2
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2Poccust, Mocksa, ®T'BOY BO MTIIITY

Paccvorpena mpobsiema BBeJieHUST CPEJICTB MHOTOAT€HTHOTO TTIPO-
PAMMUPOBAHUS B JIOPUYECKUH 3bIK CO CTPOroil (CHJIbHOI) Tuu-
zammeii. st obecrniedennsi KOPPEKTHOI'O B3aMMOJNIEHCTBUS areHTOB
[IPEJIJIOZKEH TTOIXO0JT Ha OCHOBE KOMOMHUPOBAHHOI CHUCTEMBI THUIIOB,
njiest KOTOPOro 3aKJII0YaeTCA B TOM, 9TO IPUHITUI CTATHIECKON IPO-
BEPKH THIIOB B JIOTMYECKOM $I3bIKE CMSIYaeTCs, a UMEHHO: IIPOBEp-
K& KOPPEKTHOCTHU WCIIOJIb30BAHUSA O0BEKTA, ITOJIYIeHHOTO U3 JAPYTOoil
IporpamMMbl (areHTa), OTKJ/IQIbIBAETCA J0 TEX MOP, [OKA OH HEe HOHA-
[0buTC I YAAJEHHOTO BBI30BA MIPEIUKATOB. BO BCEX OCTAJIBHBIX
CJIydasdxX OCYIIECTBJISETCd CTaTU4decKas Iposepka TuroB. Ha ocHo-
Be IIPEJIOKEHHOT'O II0JIX0J[a PEeaJIM30BaHO pacCIIupeHne O0beKTHO-
OPHUEHTHUPOBAHHOTO JIOTHIECKOTO si3bika AKTOpHBIH [Ipostor, mojiep-
JKHABAIOIIEEe pacipeie/iéHHoe TporpaMMupoBanue. KoHedHOi 11e/1bio
CO3MIaHUsI ITOT0 PACIIUPEHUS sI3bIKA sABJISETCH Pa3paboTKa CPEJICTB
pacCIpeIesIEHHOTO JIOTHYECKOT0 IIPOI'PAMMUPOBAHUS [IJIsi MHOTOAre€HT-
HOIT 006PabOTKM BUICONHMOPMAIINN U PACIPEIETEHHOT0 HHTEIEKTY-
AJIbHOTO BHIeoHAOIONeHus [1].

Pabora nojsepxkana POOU, npoext Ne16-29-09626-ou_ M.

[1] Moposos A. A., Cywwxosa O. C., Hoaynarnos A.®. O npobreme BBe-

JEHUS CPEJICTB PACIPEJICTIEHHOIO MHOI'OAr€HTHOTO IIPOI'PAMMUPOBAHU S

B JIOTUYECKUIA SI3bIK €O cTporoii tunm3arueii // 2K. paauosnekrpoHuky,
2016. Ne7. http://jre.cplire.ru/jre/jull6/9/text.pdf.
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The paper addresses the problem of the development of agent logic
programming means. The Actor Prolog object-oriented logic language
extension that supports distributed logic programming and remote
predicate calls is described. This is intended for the multiagent visual
surveillance system implementation, that is, for the development
of logic programs (agents) that acquire, analyze the video stream
semantics in real time, and communicate with each other to facilitate
the analysis and share obtained information/conclusions. The Actor
Prolog language has a strong type system that is an important
feature of the language and is necessary for the fast and reliable
executable code generation. Thus, the contradiction between the
language strong type system and the idea of the software agents’
independency was a problem to be resolved in the course of adapting
the Actor Prolog language to the multiagent paradigm. The problem
of incorporation of distributed multiagent programming means into
the strongly typed logic language is considered. The approach to
the multiagent interaction based on the dynamic and static typing
fusion is proposed. This approach combines the advantages of the
static type-checking for the high-performance code generation with
the flexibility of the dynamic type-checking that is necessary for the
multiagent systems programming [1].

This research is funded by the Russian Foundation for Basic

Research, grant 16-29-09626.

[1] Morozov, A.A., O.S. Sushkova, and A.F. Polupanov. 2016.
Incorporation of distributed multiagent programming means
in a strongly typed logic language. Zh. Radioelektroniki
[J. of Radioelectronics| 7. Available at: http://jre.cplire.ru/
jre/jull6/9/text.pdf (accessed September 16, 2016).
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NH(POPMALMOHHBLIX CUCTEM Ha OCHOBE
becnpusHakoBOro pacnosHaBaHus obpasos
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Poccus, Tyma, TynlyY

B macrosiiee BpeMst akTMBHO pa3BUBAIOTCS TEXHOJIOIMHU PACIIpe-
JIEJIEHHBIX BBIYHMCJIEHNN M CTAHOBUTCHA aKTyaJbHO PeEIleHHe 3a/a4un
obecrievenust THGOPMAIIMOHHOH 6E30TTACHOCTH TAKUX CUCTEM.

B pacnpenenennsix nadopmarmonnbix cucremax (PUC) neBos-
MOXKHO YIIPABJIEHAE I MOHUTOPUHT CPEJICTB OE30IIACHOCTHU CO CTOPOHBI
BJIaJIe/IbIIa nHpOpMaImu. TakuM 00pa3oM, akTyasbHa 3a/ada pa3pa-
OGOTKH METOJOB, IIO3BOJIAIONINX OIEHUTH BJIAJENbIEM HH(MOPMAIIT
asiemenTl PYIC ¢ Touku 3peHust 6€301MacHOCTH U OJHOBPEMEHHO CO-
XPAHUTH KOH(PUIEHIINATIBHOCTD CBEJIEHN O CPEJICTBAX 3aIUTHI U CO-
crosgaun 3memeHToB PUC.

TTousTne 6e3omacmoctn smementa PUC 3aBucuT oT BEIUIHHDI JT0-
BepHs K IJIEMEHTY, KOTOPas OIPEIEIsieTCsi BEPOATHOCTHIO TOTO, UTO
Janable, nepenannbie Ha y3eqa PUC, u pe3yabrarsbl BRIMUCTEHUN He
Oy/yT CKOMIIDOMETUPOBAHBI U UCKaxKeHbI. 1Ipeyiaraerca anaan3upo-
BATh MEpY IIOXOXKECTU COCTOSHUS JIEMEHTa HA 3apaHee 3aJaHHBII
6a3uc ¢ M3BECTHBIM 3HAYEHUEM J0Bepus. Takum oOpas3oM, K mpejia-
raeMoMy IOJIXOY MOXKHO IIPUMEHUTH METOJIbI OECIIPU3HAKOBOTO PAC-
Mo3HABAHUS 00PA30B.

B ocnoBy nocrpoenust dyHKIun J0Bepust IpejiaraeTcs 3aJ0KUTh
CJIEJIYIOIINIT IIPUHIAII — JOBEPHEe BBINIE K TOMY 3JIEMEHTY, Ube Oy-
JyIee COCTOsHME DoJiee MpeCcKa3yeMo. Db MOCTaBIeH YMC/IEHHbII
9KCIIEPUMEHT, KOTOPBI MOKa3a/I BHICOKYIO TOYHOCTH PACIIO3HABAHUS
JUISL OT/EJIbHBIX 9JIEMEHTOB.

IIpeyiokeHHBIN METO/T HE MOXKET SABJIATHCS €INHCTBEHHBIM CIIOCO-
6oM zamuTel napopMarun B PYC, HO ero ucnoJib3oBaHue Mo3BOJIUT
[OBBICUTH CJIOXKHOCTD B3J10Ma UH(MOPMAIMOHHBIX CUCTEM B 1ie10M [1].

Pabora nognepxana rparrom PODU Ne16-07-01008.

[1] Pyones /1.0., Coiuyeos A.A. Amanmms 6e30maCHOCTH PACIPEIETCHHBIX

I/IH(i)OpMaLLI/IOHHbIX CUuCTeM Ha OCHOBE 6eCHpI/I3HaKOBOFO PacCIioO3HaBaHU A

obpasos // Ussectuss Tyal'Vy. Texundeckue Hayku, 2016. Bomm. 10.
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Analysis of the security of distributed information
systems based on featureless pattern recognition
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There are currently actively developing distributed computing
technology. It is important to find a solution to the problem of
information security of such systems.

It is impossible to control and monitor the security features in the
distributed information systems. Thus, task of developing methods to
assess the elements of the distributed system in terms of security and
at the same time preserve the confidentiality of information about
elements state is actual.

The concept of security distributed system‘s element depends on
trust to the element. Trust is determined by the probability that
the data transmitted to the distributed system site and the results
of the calculations will not be compromized and distorted. It is
proposed to analyze the similarity measure of the state of an element
on a predetermined basis with a known value of the trust. Thus,
the methods of featureless pattern recognition can be applied to the
proposed approach.

In the basis of confidence-building function, it is proposed to put
the following principle: trust up to the element whose future state
is more predictable. Numerical experiment was raised which showed
high recognition accuracy for individual items.

The proposed method cannot be the only way to protect the
information in the distributed systems, but its use will increase the
difficulty of hacking information systems in general [1].

This research is funded by the Russian Foundation for Basic
Research, grant 16-07-01008.

[1] Rudnev, D., and A. Sychugov. 2016. Analysis of the security
of distributed information systems based on featureless pattern

recognition. News of Tula State Univ. Technical Sciences 10.
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KomnnekcupoBaHue gaHHbIX U3 pa3HOPOAHbIX
NCTOYHMNKOB B 3a4ad4ax MogesimnposaHusA
TPaAHCNOPTHbIX NOTOKOB

Cmapootcuney, Beesoaod Muxatinosun' >« starvsevol@gmail.com
Yexosuyw FOputi Buxmoposuy'?

'Pocensi, Mocksa, ®ULL TY PAH
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Uccnenyercs 3aja4a arperamuu JaHHbIX ¢ GPS-TpekoB u j10pox-
HBIX JATYUKOB JIJIsI TOCTPOEHUsI U PEIIeHUs PA3HOCTHON CXEMbI, CO-
OTBECTBYIOIEHl BEIOpAHHON MaTeMaTHIeCKOW MOIE/IN TPAHCIIOPTHOT'O
noToka. PaccMaTpuBaioTest OTIEIbHO 38291 I JAHHBIX C ABTOMa-
TUCTPAJIA U C BbE3JIOB U Che3JI0B.

Jist TAHHBIX € aBTOMATHMCTPAJIN MPEJJIOXKEH MEeTOJ, aArperaryn
nauabix GPS-TpekoB n JOPOXKHBIX JATYNKOB, OCHOBAHHBIN HA I10-
CTPOEHUU JIMHEHHON MOJIe/In Jijisl CKOPOCTH M YUCJIA aBTOTPAHCIOPT-
ubix cpegcrs (ATC). Kpurepuem KadecTBa MOJIYYEHHON MOJIEN gB-
JISIETCSL  CPEJIHEKBAIPATUIHAS OIMNOKA MEXKJIy OIEHEHHBIM YHCJIOM
npoexaBiux ATC u peasibabiM. OTMETHM, YTO IOJIYyUYEHHAS MOJIEb
MOKeT OBITH WCIIOJIb30BAaHA Ha ydacTKaxX aBTOMATrHCTpaJeil, Ha KO-
TOPBIX OTCYTCTBYIOT JIOPOXKHBIE JATUYUKU. JlJjisl JJAHHBIX C BbHE3JIOB
U Cbe370B ObLT pa3paboTaH METOJI BOCCTAHOBJICHUS CYMMAPHOTO I10-
TOKA, OCHOBAHHBIM HA ypaBHEHUsIX HajaHca.

s obenx 3aja9 MPOBEJEHBI SKCIIEPUMEHTHI Ha PeabHbIX JIaH-
HBIX C HCIOJIb30BAHMEM IIPE/IOYKEHHBIX aJropuTMoB. ljis mpose-
JIEHUST BBIYUCJIATEJBHBIX SKCHEPUMEHTOB HCIOIL30BAINCH JTaHHBIE
¢ GPS-tpekoB ot ceppuca Aunekc.Ilpobku u mamHbBIE C JOPOKHBIX
gaTaukoB oT llenTpa opranu3aruu JOPOKHOIO JBHXKEHUs. B Kade-
CTBEe aBTOMATUCTPAJINA paccMaTpuBaiach MOCKOBCKas KOJIbIEBas aB-
ToMobmIIbHas Jopora [1].

Pabora noep:xana rpantom PODI Ne 14-07-00685.

[1] Cmapoocusey B. M., Hexosuw [O. B. KoMiuiekcupoBanue JaHHBIX W3

Pa3HOPOAHBIX NCTOYHHUKOB B 3aJavaX MOIECJIUPOBaAHUA TPAHCIIOPTHBIX

noTokoB // MammunHoe obydenne u anaau3 Janueix, 2016 (B nevarn).
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Data aggregation problem, where data are taken from GPS-tracks
and traffic detectors, has been studied. Aggregated data are used
to state and solve finite differences equation corresponding to the
chosen traffic flow mathematical model. The problem is separated in
two ones: the first one is about highway data and the second one is
about entrances and exits data.

The authors propose to use a linear model to estimate speed and
number of cars taking into account the highway data from GPS-
tracks and traffic detectors. The quality criteria are mean squared
error and correlation coefficient. Note that the built model can be
used on highway data, which do not have data from traffic detectors,
but have only data from GPS-tracks. For entrances and exits data,
a method to recover summary total flow has been developed. This
method is based on the preservation of cars in transport network.

For both problems, on real data, the computational experiment
is provided and the performance of the proposed approaches is
demonstarated. Data from GPS-tracks were provided by
Yandex.Traffic and data from traffic detectors were provided by
Moscow traffic management center. Moscow Ring Road was used as
a highway [1].

This research is funded by the Russian Foundation for Basic
Research, grant 14-07-00685.

[1] Starozhilets, V., and U. Chehovich. 2016 (in press). Aggregation of data
from different sources in traffic flow tasks. Machine Learning Data Anal.
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IIpodreccronambubiit nHGOPMAITMOHHO-AHAJIUTUIECKUIT PECype, To-
CBAMIEHHBI MAITUHHOMY OOYYeHUIO, PACIO3HABAHUIO OOPA30B U WH-
TEIEKTyaaIbHOMY aHaimu3y maHHbiX. Lleam pecypca — CKOHIEHT-
pupoBaTh UHGOPMAIMIO O JIOCTUKEHUS BEJIYIINX HAYIHBIX IIKOJI;
CHOCOOCTBOBATH OOMEHY OIBITOM, HAKOIJIEHHIO U PACIPOCTPAHEHUIO
HAYIHBIX 3HAHUIT; TIPEIOCTABUTD IJIOMIAJIKY JJIsl BUPTYAJIBHBIX HAY -
HBIX CEMUHAPOB U 00CYKJCHUI.

XKypHan«MauwunHHoe oby4eHre 1 aHanNn3 JaHHbIX>»
http://jmlda.org

2Kypran Mamuanoe obyueHne u aHAIN3 JAHHBIX TyOJIUKYET HOBBIE
TeopeTudecKue u 0O30PHBIE CTATHU C PE3YIbTATAMU HAYJIHBIX WC-
cJieJIoBannit B 00JIaCTH UCKYCCTBEHHOT'O MHTEJIJIEKTA, TEOPETUICCKOM
nadopMaTuKu u npuioxkenuit. [lens KypHaia — pa3BUTHE TEOPUU
MaIlIMHHOI'O O6y‘{eHI/Iﬂ, NHTEJUVIEKTYaJIbHOT'O aHaJIn3a JaHHbIX U Me-
TOOOB IIPOBEACHNA BEIYUCTIUTE/ILHBIX 3KCIICPUMEHTOB. HpI/IHI/IMaIOTCH
CTaThbn Ha PYCCKOM H AHTJIMNCKOM SI3bIKAX.

OTKpbITbIA KOHKYPC Ha N4y TEXHOJ0rnto
AewndpnpoBaHNs a3poOKOCMUNYECKO nHpopmaumm
http://fpi.gov.ru/activities/konkurs/spacemap
http://dataring.ru

DoHT IEePCIEKTUBHBIX HccaenoBaHuit coBMecTHO ¢ Pormom «CKo-
KOBO» IIPOBOJSAT KOHKYDC IIO DEIIEHHIO CJIEIYIONINX 3a/Jad: PACIO-
3HABAHNE MHUIHBIX CTPOCHUI HA a3pOodOTOCHUMKAX MOBEPXHOCTH
Semun B nH(MPAKPACHOM JUAITA30HE; PACIO3HABAHNE U KJIACCH(DUKA-
I[UsI TPAHCIIOPTHBIX CPEJICTB Ha CIyTHUKOBBIX CHHMKAX B BHIUMOM
JIIAIIA30He.
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