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10 Teopust 1 METOABI MALIUHHOIO OO0y ICHUSI

Mogaenb n BblyncanTensHo 3(pdeKTUBHLIN MeTo,
aHcambneBoii knactepusayunm

Bepuxos Baadumup Bopucosuu'> berikov@math.nsc.ru

Hoeuxos Hsean Aaexcandposuy >

novikov.ivan.20150gmail.com
'Hosocubupck, Mucruryr maremarukn um. C.JI. CoGonesa CO PAH

?Hogocubupck, HoBocuGHpCeKmii rocy1apCTBeHHEIl yHIBEPCHTET

DOTI: 10.30826/IDP201801

B pabore ncciemyercst MeTo 1 MOCTPOEHUST KJIACTEPHOTO aHCaMOJIsT
Ha OCHOBE TI0/IX0/IA, UCHOJIB3YIOIEr0 YCPETHEHHYTO ¢ BECAMI MATPUILY
KOACCOIUAIINU. DJIEMEHTBI MATPHIIBI COOTBETCBYIOT HIapaM O0bEKTOB
BBIOODKM W PABHBI YaCTOTAM OTHECEHWs Iap B OJWH U TOT XKe KJia-
cTep MO BceM BapuanTaMm pasdmenns. PopMyaupyeTcss BEPOSTTHOCT-
Has MOJIEJIb, C IIOMOIIBIO KOTOPOW HAaXOJATCH 3aBUCUMOCTU MEXKLY
XapaKTEePUCTUKAMK aHcaMOJIs 1 OIeHKON KadecTBa pernenns. [Ipes-
JIOZKEH CITOCOD HAXOXK/IEHUST OINTUMAJILHBIX BECOB aHCAMOJISI, COOTBET-
CTBYIOIIUX BapuaHTaM pa3dmenns. Kpome Toro, paspaboraH BbIYuC-
JTebHO 3P DEKTUBHBIN AJITOPUTM IOCTPOSHIS AHCAMOJIEBOTO Perlre-
Hus (¢ GJIM3KOil K JIMHEHHOI TPY/I0eMKOCTBIO ), OCHOBAHHBIH HA MaJIo-
PaHTOBOM IIPEJICTABJIEHIN MATPHUIBI KOACCOIMAIMN B KOMOUHAIMHN C
AJICOPUTMOM CIIEKTPAJIBLHOIO KJIACTEPHOro aHasmia. Masopanrosoe
[IPEJICTABICHIE MATPHIIBI [TO3BOJISIET YCKOPUTD BBIMUCICHUS 32 CUET
npuMenennsi 3OGEKTUBHBIX Oeparuii MATPUIHON aareOpbl, a Tak-
K€ YMEHBIUThL 00beM Tpedyemoit mamarn. s mowmcka cobCTBEH-
HBIX YUCEJT U COOCTBEHHBIX BEKTOPOB Jlammacuana, chopMupoBanno-
o0 Ha OCHOBE MATPHIIbI KOACCOIUAINH, IPUMEHEH AJITOPUTM CTEeH-
Hoit ureparun. Pazpaborana Takzke MouMUKAIHST aJIrOPUTMa TTOUC-
Ka CBSI3HBIX KOMIIOHEHT I'pada, ¢ yIeTOM CIenndUKI COOTBETCTBYIO-
meit emy MaTpuilbl Koacconuanuu. C MOMOIIBIO YHCJIEHHBIX YKCIEPH-
MEHTOB H& TECTOBBIX M PEAJIbHBIX 33J/ia49aX IIPOBEJIEHO UCCJIE/I0BAHIE
[IPEJJIOKEHHOTIO METO/IA, TOKA3ABINEE ero IPENMYIIECTBO B TOTHOCTH
¥ CKOPOCTH BBIYWCJIEHUI, B CDABHEHUU C PSIJIOM aHAJOMUIHBIX METO-
JIOB.

Pabora nmomgnep:xana rparrom PODIU Ne 18-07-600.
[1] Berikov V. A Probabilistic Model of Fuzzy Clustering Ensemble //

Pattern Recognition and Image Analysis, 2018. Vol. 28(1). — P.1-10.

Me>xgynapoanast kougepennust MOWU-12. Uramnus, r. Tasra
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Model and computationally efficient method of
ensemble clustering

Berikov Viadimir'?> berikov@math.nsc.ru
Novikov Ivan® novikov.ivan.2015@gmail. com
'Novosibirsk, Sobolev Institute of mathematics SB RAS

2Novosibirsk, Novosibirsk State University

The method of constructing a cluster ensemble on the basis of the
approach using the weighted averaged co-association matrix is inves-
tigated. The matrix elements correspond to the pairs of sample ob-
jects and are equal to the frequencies of assigning pairs to one and the
same cluster for all variants of the partition. A probabilistic model is
formulated, with the help of which there are obtained relationships
between the characteristics of the ensemble and the estimates of the
quality of the ensemble solution. The method of finding the optimal
weights of the ensemble corresponding to the variants of the parti-
tion is proposed. In addition, a computationally efficient algorithm
for constructing an ensemble solution (with near linear time com-
plexity) was developed, based on the low-rank representation of the
averaged co-association matrix in combination with Spectral Cluster
Analysis. The low-rank representation of the matrix allows acceler-
ating calculations by applying efficient matrix algebra operations, as
well as reducing the amount of required memory. To find eigenvalues
and eigenvectors of Laplacian defined on the basis of the averaged
co-association matrix, Power Iteration algorithm was used. A modi-
fication of the algorithm for searching connected graph components
has also been developed, taking into account the specifics of the corre-
sponding averaged co-association matrix. With the help of numerical
experiments on artificial and real problems, a study of the proposed
method has been carried out, which showed its advantage in accuracy
and speed of computation, in comparison with a number of similar
methods.

This research is funded by RFBR, grant No 18-07-00600.

[1] Berikov V A Probabilistic Model of Fuzzy Clustering Ensemble // Pat-

tern Recognition and Image Analysis, 2018. Vol. 28(1). — P.1-10.

International Conference IDP-12. Gaeta, Italy
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3apava ayanusauumu Hag npov3BedeHueM Leneil:
acMMNTOTUKA TUMUYHOrO YUcaa peLueHui

/Toxoea Eaena Bcesonodosra'x edjukova@mail.ru
Macasaxoe T'ne6 Onezoeun’ gleb-mas@mail.ru
IIpoxopwes IIémp Anexcardposur’ p_prok@mail.ru
"Mocksa, ®@emepasbrerii nccrenoBaTenbekuii menTp «AabDOpPMATHKS, 1
yupasienne> PAH

2Mocksa, MockoBCcKuit rocynapcTBennblii yausepeurer um. M. B.
JlomonoOCOBa

3Mocksa, Uncruryt mamumoseerns uM. A. A. Brarompasosa PAH

DOTI: 10.30826,/IDP201802

PaccmarpuBaercs ojHa U3 EHTPAIBHBIX TPY/IHOPEIIaeMbIX 3319
JIOTMYECKOI'0 aHAJIM3a JAHHBIX — JyaJd3alus HaJl IPOU3BEICHIEeM
FACTUIHBIX MOPSIIKOB, KOTOpasg (hOPMYJIUPYETCs CJIeAYIONUM 00pa-
30M.

Ilyctre P = Py X ... x P,, tne Py,...,P, — KoHeuHble wa-
CTUYHO YIIOPsiIoYeHHble MHOXKecTBa. CUUTaercsi, YTO JIEMEHT Y =
= (Y1,-.-,Yn) € P ciemyer 3a snemenroM x = (1,...,2T,) € P,
ecan y; ciaenyer 3a x; upu ¢ = 1,2,...,n. Jng obo3nadenns: TOrO,
aro y € P cnenyer 3a x € P u y # = jajee UCIOJIb3yeTcsl 3aliCh
x < y. Illyetb R C P, R" = RU{x € P| 3a € P,a < z}. Bana-
“a MOCTPOEHUs! JBOHCTBEHHOTO K R MHOXKecTBa [(R), COCTOSIIErO 13
asementoB a € P\ RY takux, uro qsa moboro z € P\ RY, a # x,
OTHOIIIEHUE @ < & HE BBIIOJIHIETCS, HA3BIBACTCS Iyam3ariueil Hay
MIPOU3BEICHIEM YaCTUIHBIX MOPSIIKOB.

BaxkmocTs gyanuzarum o0ycaoBaeHa OOTBITAM TUCTOM TTPUIOKE-
HUM, Cpe/il KOTOPBIX IIPEXKJIe BCETO CJIEJyeT BbIJIEJNUTH JIOIMYECKU
aHaJIN3 JJAHHBIX B PACIO3HABAHNY (MAITMHHOE 00yUeHNe) 1 OUCK ac-
COIMATUBHBIX Npasui B 6azax ganubix (data mining).

OpauM u3 HamboJsiee BOCTPEOOBAHHBIX SBJISIETCH CJIydail, KOrzia
Kaxkj0e P; sBiseTcs mMenbio, T.e. Jo0Oble 1Ba djeMenTa B P; cpaBHU-
mbt. Ecm P; = {0,1} mpu ¢ € {1,2,...,n} w 0 < 1, To paccmarpu-
BaeMasl 3a/la9a U3BECTHBIM 00pa30M CBOJIUTCs K IIOCTPOEHHIO COKpPa-
MEHHOW U3 bIOHKTUBHON HOPMAJILHONM (POPMBI MOHOTOHHOI OyJ1eBOit
bYyHKIIUT OT N IEPEMEHHBIX, 38JAHHON KOHbIOHKTUBHOI HOPMAJIHLHOM
dbopmoit (KH®) u3 |R| sseMenTapHBIX AU3BIOHKIHMI (K Ayan3anim
monorornoit KHD).

Me>xgynapoanast kougepennust MOW-12. Uramnus, r. Tasra
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The problem of dualization over the product of
chains: asymptotics for a typical number of solutions

Djukova Elena'x edjukova@mail.ru
Masliakov Gleb? gleb-mas@mail.ru
Prokofyev Petr? p-prok@mail.ru

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

2Moscow, Lomonosov Moscow State University

3Moscow, Blagonravov Mechanical Engineering Research Institute of RAS

One of the Central problems of logical data analysis is a dualiza-
tion over the product of partial orders. The problem is formulated
as follows.

Let P = Py x...xP,, where Py, ..., P, are finite partially ordered
sets. It is believed that the element y = (y1,...,y,) € P follows the
element x = (x1,...,2,) € P, if y; follows z; for i = 1,2,...,n. By
x < y we denote that y € P follows x € P and z # y. Let R C P,
RT = RU{z € P| Ja € P,a < z}. The problem of constructing a
dual to R set I(R) consisting of elements a € P\ R* such that for
any © € P\ R", 2 # a, the relation a < z is not satisfied, is called
dualization over the product of partial orders.

The importance of dualization is caused by a large number of
applications, among which first of all it is necessary to distinguish
logical data analysis in recognition (machine learning) and search of
association rules in databases (data mining).

One of the most popular is the case when each P; is a chain,
i.e. any two elements in P; are comparable. If P, = {0,1} for i =
=1,2,...,n and 0 < 1, the problem under consideration is reduced
in a known way to the construction of a reduced disjunctive nor-
mal form for a monotonic Boolean function from n variables given
by a conjunctive normal form (KNF) of |R| elementary disjunctions
(monotonic KNF dualization). An equivalent task is the search for
irreducible coverings of Boolean matrix of |R| rows and n columns.

The number of dualization solutions grows almost always expo-
nentially with the problem size (input size). The most efficient algo-
rithm is the one with polynomial step from the input size. However,
polynomial algorithms were able to be constructed only for some spe-
cial cases of monotonic KNF dualization.

International Conference IDP-12. Gaeta, Italy
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OKBUBAJIEHTHOIT 3a/1a9€il SBJISIETCST TOUCK HENTPUBOAMMBIX TIOKPbI-
Tuit GyseBoit MaTpuibl U3 |R| ¢Tpok m n cTOIONOB.

Yucsio pentenuii jiyausaluy MOUTH BCETa PACTET SKCIIOHEHIU-
AJIbHO € POCTOM pa3Mepa 3aja4n (pa3mepa sxoza). Haubosee adbdex-
THBHBIM CIUTAETCS AJTOPUTM € TIOJTMHOMUAIBLHBIM OT pa3Mepa BXOJIa
marom. OJIHAKO TOJMHOMUAJIBHBIE AJTOPUTMBI YAJIOCH TIOCTPOUTD
JIMIIb JIJIsI HEKOTOPBIX YACTHBIX CJIydaeB JIyaju3alliid MOHOTOHHOM
KHO.

B ciywae nyanmuzanuu monoronnoit KH® numepamu 1o ckopo-
CTH CU6Ta SABJSIOTCS AJTOPUTMBI, OA3UPYIONIAECS HA ACHMIITOTHYE-
CKM ONTUMAJIBHOM NIEPETHUCIEHUE PEIeHnil 3aa91. ACUMITOTHIECKN
ONTUMAJILHOMY aJITOPUTMY JIyaJIN3AIMNA PA3PEIIEHO Je/aTh JIUITHUE
MOJIMHOMMAJIbHBIE IIArM [PU yCJIOBUHU, YTO UX UHCJIO MOYTH BCEIJa
JIOCTATOYHO MaJIO 10 CPABHEHWIO C YHCJIOM BCEX PelleHMil 3aJ1atdu.
TeopeTnaeckoe 0OOCHOBAHME TAKOTO AJTOPUTMa OCHOBAHO HA IOJIY-
YeHUN ACHMIITOTHK TUIWYHBIX 3HadeHuil Besmuanubl |[(R)| n ducia
€ro I1aros.

B [1] pacemorpena 3asada ayaqusanuyu HaJ| ITPOU3BEIEHIEM Iie-
neit B ciyuae, korma P, = {0,1,...,k =1}, k > 2,1 = 1,2,...,n,
7 3JIEMEHTHI B P; yHIopsiI0ueHbl B IOpsijIKe Bo3pacTanus. 1lokasaHo,
YTO MCXOJHAS 3a/1a9a MOXKET OBITH PEIeHa Ha OCHOBE TTOJIMHOMUATh-
HOI'O [IEPEYUCJIeHUs CleNUuaIbHOro nojamuoxkecrsa (Q(R) nabopos u3
P, conepxamero I(R). Ilpu yemosun |[R|® < n < d™, a>1, d =
=k/(k—1), n = oo, HallJleHbl ACUMOTOTHKH TUIUIHBIX 3HAYEHMUIT
pesimand |I(R)| u |Q(R)|. I3 paBeHcTBa MOTyYeHHBIX ACHMIITOTHK
CJIEJyeT, ITO ACUMITOTHIECKH ONTUMATLHBIM ABJISIETCST AJTOPUTM JLy-
asmsaru Hagl npoussegenneM neneii RUNC-M+, mocrpoennslii cra-
the: iokoBa E.B., Macmsikos I'.O., IIpokodbes I1.A. O ayanmzarun
HaJI IPOU3BE/IeHNeM YaCTUIHBIX opsyiko // Mammmaaoe 00y veHne
u anaju3 jgarabix, 2017. T. 3. Ned. C. 239-249.

Pabora nognepxkana rpaarom POOU Ne16-01-00445.

[1] [hoxosa E. B., Macasxos I. O., Ipoxogwes I1. A. O aucie Mmakcumasb-

HBIX HE3aBUCHMBIX 9JIEMEHTOB YaCTHIHBIX HOPIKOB (cirydait neneit) //

Hoxmaner Akajgemun Hayk, 2018. T. 483. Ne2. (B meuarn)
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In the case of monotonic KNF dualization, algorithms based on
asymptotically optimal enumeration of solutions are the leaders in
the calculation speed. The asymptotically optimal dualization algo-
rithm is allowed to make extra polynomial steps provided that their
number is almost always small enough in compared to the number
of all solutions to the problem. The theoretical justification of this
algorithm is based on obtaining the asymptotics for the typical values
of |[I(R)| and the number of it’s steps.

In [1] we consider the dualization problem over the product of
chains in the case P, = {0,1,....,k — 1}, k > 2,i=1,2,...,n, and
the elements in P; are ordered in ascending order. It is shown that
the original problem can be solved on the basis of a polynomial enu-
meration of a special subset Q(R) of elements of P containing I(R).
Asymptotics for typical values of |[I(R)| and |Q(R)| are found under
the condition |R|* < n <d™, a>1, d=k/(k—1), n — co. From
the equality of the obtained asymptotics it follows that the asymp-
totically optimal is the algorithm for dualization over the product of
chains RUNC-M+, built in article: Djukova E. V., Maslyakov G. O.,
and Prokofyev P. A. 2017. About dualization over the product of
partial orders. Machine learning and data analysis. 3(4): 239 — 249.

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

[1] Djukova E., Masliakov G., Prokofyev P. On the number of maximal
independent elements of partial orders (the case of chains) // Doklady

Mathematics, 2018. 483(2) (in press).
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MpumeneHue t-pacnpeaenertuns CrbloaeHTa npu
MEeTPUYECKON KOPPEKLUN MATpUL, NapHbIX CPpaBHEHWU

Jeoenxo Cepeeti Jarnunrosus'x dsd@tsu.tula.ru
IMuenuunouti Jdenuc Oaezosur’ denispshenichny@yandex.ru

Tyna, Tyabckuil rocyIapCTBEHHbIA yHIBEPCHTET

DOTI: 10.30826,/1DP201803

Wcxo/iible jlaHHble B COBPEMEHHBIX YCJIOBHAX HaCTO IIPeJICTaBIIe-
Hbl B3aUMHBIMH MapPHBIMHI CPABHEHUSAMHI CXOJCTBA U PA3INYUA dJle-
MEHTOB MHOKecTBa. JlaHHOe MHOXKECTBO CJIeJlyeT IIOIDY3UTb B MET-
pUUEeCKOe IIPOCTPAHCTBO ISl KOPPEKTHOI'O IIPUMEHEHUs METOJI0B Ma-
muHHOro 00ydenus. KoppekTHoe morpykemnue o0yCJIOBICHO HEOTPH-
IaTeIbHOI OMPEeeIeHHOCTHIO COOTBETCTBYIONMEN MaTPHUITBI TApHOTO
CXOJICTBA SJIEMEHTOB.

Ha mpakTnke npuMeHSIOTCS pa3/InvdHble MEPBI CXOJICTBA U pas-
suansd. Tem He MeHee, MHOIME U3 HHUX HE SABJISIOTCH KOPPEKTHBIMU
MeTputdecKnMu MyHKImamMu. [Josromy HE0OX0IMMO HCIIPABUTE PEaJIb-
HbIe MaTPHIIBI IIAPHBIX CPABHEHUI TaK, YTOOBI rapaHTUPOBATDH I10JIO-
JKATEIBHYIO OMPEAEJIEHHOCTh COOTBETCTBYIONIIX MATPHUI] CKATAPHBIX
IPOUBBEICHUIL.

IIpemyrokeHHBIi 110/1X0 K BOCCTAHOBJIEHUIO PEaIbHBIX MATPHUI] HA
OCHOBE MHHUMM3ALUU OTKJIOHEHUI MCIPaBJIEHHBIX JIEMEHTOB OT UX
HUCXONHBIX 3HAYEHNN BeJEeT K IJIOXO OIPEIEJIEHHBIM MaTPHUIAM CKa-
JISIPHBIX IIPOM3BEJIEHIIT C OOJIBIIMMU YUCJIAME 00YCJIOBIECHHOCTH

PaszBurue 1npe/iozkeHHOrO 110/1X0/1a 3aKJ/II0YAETCs B ITOUCKE OITHU-
MaJIbHOT'O YHCJIa 00YCJIOBJIEHHOCTH Ha OCHOBE JHarpaMM YHces 00y-
CJIOBJICHHOCTH U OTKJIOHEHUH B 3aBUCUMOCTHU OT IIapaMeTpa OITUMU-
saruu. [Ipennaraercs mpoBepaTh CTATHCTHYECKHE THIIOTE3bI HA OCHO-
Be t-pacupe/iesennst CTbIoeHTa JIJIsl 38/ JAHHOIO YPOBHSI 3HATHUMOCTH,
T.K. HODMHUPOBAHHBIE CKAJIAPHBIC MIPOU3BEACHUA MOYKHO PacCMaTpHU-
BATh KaK KOIMDDUITUEHTHI KOPPETISIINN.

Pabora mnomuepkana rpaatamu POOU Ne17-07-00319, 15-07-
02228, 18-07-00942, 18-07-01087.

[1] Dwvoenko S.D.,  Pshenichny D.O. On  metric correction and
conditionality of raw featureless data in machine learning // Pattern
Recognition and Image Analysis, Pleiades Publishing, 2018. Vol. 28,
No.4. (B meuarn)
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Using of Student’s t-distribution for metric correction
of pairwise comparison matrices

Dwvoenko Sergeyx dsd@tsu.tula.ru
Pshenichny Denis' denispshenichny@yandex.ru

I Tula, Tula State University

Modern raw data are usually represented by mutual pairwise compar-

isons of similarity and dissimilarity of set elements. This set needs to

be immersed in a metric space for correct using of machine learning
techniques. Correct immersing is subjected to a condition of non-
negative definiteness of the corresponding pairwise similarity matrix.

In practice, various similarity and dissimilarity measures are usu-
ally used. Nevertheless, many of them are not correct as metric func-
tions. Therefore, it needs to repair real pairwise comparison matrices
to guarantee the positive definiteness of corresponding matrices of
scalar products.

The proposed approach to repair real matrices based on minimal
deviations of their modified elements from initial ones leads to ill-
conditioned matrices of scalar products with large condition numbers.

We improve our approach to find optimal condition number based
on diagrams of condition numbers and deviations dependent on the
optimization parameter. We propose the statistical hypothesis test-
ing based on Student’s t-distribution relative to a significance level,
since normalized scalar products can be considered as correlation co-
efficients.

This research is funded by RFBR, grants 17-07-00319, 15-07-
02228, 18-07-00942, 18-07-01087.

[1] Dwoenko S.D., Pshenichny D.O. On metric correction and condition-
ality of raw featureless data in machine learning // Pattern Recogni-
tion and Image Analysis, Pleiades Publishing, 2018. Vol. 28, No.4.
(in press)
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Cratuctnyeckune Kputepumn corsiacmda Ha ocHoBe
OUEHKWN CKOJ1b3sAWero ak3amMmeHa

Hedeavko Buxkmop Muxatinosuywk nedelko@math.nsc.ru

Hosocubupck, Uncrturyr maremaruku um. C. JI. Cobonea CO PAH,

DOI: 10.30826,/IDP201804

B pabote uccieayiorcst CTaTuCTHIECKHE CBOMCTBA OIMEHKU CKOJIb-
3AIIEr0 IK3aMeHa KAK KPUTEPHs BLIOOpa MOJEIH pemenus (Merosa
[OCTPOEHHUsI perraorieii pyHKImm).

B 3amagax anasmsa qaHHBIX BMECTO THIIOTE3bI O (DOPMeE BHJE Pac-
[IpeJIeSIEHUIl MbI MOXKEM JIeJIaTh IIPE/IITOI0KEHN HEIIOCPEICTBEHHO O
BUJIE ONITUMAJIBLHOI permatomieit ¢pyukimu. Bu pemaroreit GyHKImm
B 9TOM CJIydae BBICTYIAeT B POJIM TI'MIOTe3bl. TakKoil I0JIX0J MOXK-
HO CYUTATh B HEKOTOPOM CMBICJIE ODODIIEHNEM KJIACCHYECKON Teo-
puu npoBepKu runores. B ciydae, Korga BIOOD BUIA PEIICHUS OTHO-
3HAYHO CBA3aH C BHIOOPOM BEPOSATHOCTHON MOJIEIU JIAHHBIX, KPUTE-
puil CKOJIB34IIEro dK3aMeHa (PaKTUIECKH ABJISETCH CTATHCTUIECKIIM
KpPUTEPUEM IIPOBEPKH I'UIIOTES.

Jtst 3a/1a9u AUCIEPCUOHHOTO aHAJN3a JIOKA3aHO, UTO KPUTEepuit
CKOJIB3IIIET0 K3aMeHa IKBUBAJIEHTeH Kpurepuio Durepa st mpo-
BEPKH TUIOTE3bI OJHOPOIHOCTH IPHU YPOBHE 3HAYUMOCTH, KOTODBIi
cooTBeTCcTBYeT 3Hadennio craructukn Purnepa, pasnomy 2. Hampu-
Mep, JJId CJIy4asl JIBYX IIOJIBBIOOPOK 3TOT YPOBEHb 3HAYUMOCTHU IIPU-
mepuo paset 0,16. IIpu aTom ¢ pocTom 1ncia MoaBBI0OPOK ITOT YPO-
BEeHb 3HAYMMOCTH CcTpeMuTcs K (.

VCTaHOBIEHO TaKKe, UTO IPUMEHEHNE KPUTEPUsT CKOJIB3SIIEr0 K-
3aMena, JIjIs BbIOOpa pernraionteil pyHKIUNT U3 HEKOTOPOTO OIHOIapa-
METPHYECKOI0 KJIACCa SKBUBAJIEHTHO ITOCTPOEHUIO ONTHMAJIBHON pe-
maoleil pyHKIUN B paMKax 0afleCOBCKON MOJe/ C HOPMAaJIbHBIM
pacipejiejieHneM Ha 3HAYEHUSAX 1apaMeTPOB.

Pabora BbImO/IHEHA TTPU TOIIEPKKE TPOrPAMMBI (DY HIAMEHTAJ b
bix Hay4dHbix uccieaoBanuiit CO PAH Nel.5.1., mpoexkt Ne0314-2016-
0015, u Poccuiickoro douma dyHmaMEHTAIBHBIX UCCJIETOBAHNIM, TIPO-
ekt Ne18-07-00600
[1] Nedelko V. M. Statistical Fitting Criterion on the Basis of Cross-

Validation Estimation // Pattern Recognition and Image Analysis,

ISSN 1054-6618, Pleiades Publishing, Ltd., 2018. Vol. 28, No. 3, —

p.510-515.
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Statistical Tests Based on Cross-Validation Estimation

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

In this work we investigate the statistical properties of the cross-
validation estimate as a statistical criterion for choosing a method
for constructing a decision function.

In data analysis we can make assumptions directly about the form
of the optimal decision function instead of the hypothesis about the
the form of distributions. The form of the decision function in this
case acts as a hypothesis. Such an approach can be considered as a
generalization of the classical theory of hypothesis testing. In some
cases, the crossvalidation criterion is in fact a statistical criterion for
testing hypotheses.

For the variance analysis problem it is proved that the cross-
validation criterion is equivalent to the Fisher’s criterion for testing
the hypothesis of homogeneity at a significance level that corresponds
to the value of Fisher’s statistics that is equal to 2. For example, for
the case of two subsamples, this significance level is approximately
equal to 0,16. At the same time, as the number of subsamples in-
creases, this level of significance tends to 0.

It is also found that the application of the cross-validation crite-
rion for choosing a decision function from a certain one-parameter
class is equivalent to constructing an optimal decision function in the
framework of the Bayesian model with a normal distribution of the
parameter values.

The work was supported by the program of fundamental scientific
research of the SB RAS No. 1.5.1., Project No. 0314-2016-0015, and
the Russian Foundation for Basic Research, grant 18-07-00600.

[1] Nedel’ko V. M. Statistical Fitting Criterion on the Basis of Cross-
Validation Estimation // Pattern Recognition and Image Analysis,
ISSN 1054-6618, Pleiades Publishing, Ltd., 2018. Vol. 28, No. 3, —
p.510-515.
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MccnepoBaHue cBoiicTB pacnpeaeneHui
0aliecoBCKMX HElPOHHbIX ceTewn
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Apbeav Tocyruan’

julyan.arbel@inria.fr
'Mocksa, MOCKOBCKHIl (PU3HKO-TEXHIIECKUHA HHCTHTYT
2T'penobas, Inria Grenoble Rhone-Alpes
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BaitecoBckuit 10/1x0/1 MO3BOJISIET OIEHUTH HEOIPE/IEIEHHOCTD
IpeICKa3aHusT MOJIE/IN U YTOUHUTD PACIPEJIETICHUs €€ TTapaMeTPOB.

HenaBuumu JIOCTHZKEHUAMU B HEHPOHHBIX CETSX CTAJJIH MOJETU
r1yOOKOTO 00ydeHwmst, COCTOSIIIE U3 DOIBIITOr0 KOJUIECTBA CKPBITHIX
cioes. Takue MO/Ie/IN ABJISIOTCH YHIBEPCAIBHBIME AIITPOKCUMATOPA~
MM, TO €CTh MOI'YT aIlIPOKCUMUPOBATH JIIOOYI0 (DYHKINIO, HO U3y4e-
HHE UX CTPYKTYP HE JIaeT HUKAKOrO HHTYUTUBHOTO 00bsaCHeHUs. Baii-
€COBCKUI TTOJIXOJT UCCTIEyeT TaKHe MOJEH, IPEIoIaras allpuopHoe
pacrpe/iejienre Ha UX TapaMeTpax U BBIYUCISIET allOCTEPUOPHOE Pac-
[pe/ieJieHne TP UMEIOITIXCA PEAIbHBIX JAHHbIX. B mocsesame ros
OBLIIO IIPEJIO?KEHO MHOXKECTBO BAPUAIMOHHBIX aJIIOPUTMOB, [T03BOJIs-
omnx 3P OEKTUBHO peain30BaTh 6afleCOBCKMiT BHIBOJL /TS TIYOOKUX
APXUTEKTYP.

Jlannast paboTa MOCBSINEHA WCCIEIOBAHUIO CBOMCTB AIIPUOPHBIX
pacmpeiesieHnil CKPBITBIX HEHPOHOB B 0aileCOBCKUX HEMPOHHBIX Ce-
1ax. [IpoBomuTcs acuMITOTHYECKOE CPDABHEHUE PACIPeIesIeHnil Heii-
POHOB ¢ cyOBeNOYIIJIOBCKAM, OIEHUBAIOIIUM TSAXKECTb XBOCTa PAaCIIpe-
nesienusi. [pu onpeiesieHHBIX yCJIOBUSIX Ha (DYHKIMIO AK TUBAIIMH PAC-
pejiejieHne CKPBITBHIX HEHPOHOB B /-M CJIO€ sIBJISIETCsi CyOBeiOyLI0B-
CKUM C TIapaMeTPOM paBHbBIM £/2. DT0 03HAYAET, YTO XBOCTHI PACIIPE-
JIeJICHUI CKPBITBIX HEMPOHOB B TAKMX HEHPOHHBIX CETAX CTAHOBATCH
Ts2Kesee IPHU yBeaudeHuu rryomasl mojenu. [lokazano, 4ro kKosa-
PUITHOHHAsST MATPHUIA C YBEJHICHUEM UHC/Ia CJIOEB CTAHOBUTCS OOJiee
pasperkeHa.

Pabora mommeprkana nccaeoBaTenbcKuM menTpom Inria Grenoble
Rhone-Alpes.

[1] Viadimirova M., Arbel J., Mesejo P. Bayesian neural networks become

heavier-tailed with depth // Preprint, 2018.

Me>xaynapoanast kougepennust MOWU-12. Uramnus, r. Tasra



Machine Learning 21

Distributional properties of Bayesian neural networks

Viadimirova Mariia'*+ mariia.vladimirova@inria.fr
Arbel Julyan® julyan.arbel@inria.fr
'Moscow, Moscow Institute of Physics and Technology

2@renoble, Inria Grenoble Rhéne-Alpes

Bayesian approach infers distributions in machine learning mod-
els. It estimates the uncertainty of model predicts.

Recent advances in neural networks are the deep models which in-
clude enormous number of layers. However, the deep models are not
interpretable in the sense that while it can approximate any func-
tion, studying its structure will not give any intuitive explanation.
Bayesian approach investigates such models assuming a prior distri-
bution on the weights and computes the posterior distribution ob-
serving real data. In the last years, variational inference algorithms
was proposed to make the Bayesian framework implementation ap-
plicable for deep architectures.

This study is devoted to the investigation of hidden units prior
distributions in Bayesian neural networks. We extend the theoretical
understanding of feedforward fully connected neural networks. The
weights are assumed to be independent and normally distributed.
We define a sub-Weibull distributional family whose parameter char-
acterizes the tails of the distributions. Under certain condition for
activation functions, the hidden unit distribution in the ¢-th layer is
sub-Weibull with tail parameter equals to £/2. It means that hidden
layer units in such neural networks follow heavier-tailed distributions
depending on increasing number of layer. It leads to increasing spar-
sity in hidden units with increasing depth.

This research is funded by Inria Grenoble Rhone-Alpes.

[1] Viadimirova M., Arbel J., Mesejo P. Bayesian neural networks become

heavier-tailed with depth // Preprint, 2018.
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Hosbii noaxoa k cneundnyHOCTN BO3MOXKHOCTHbIX
MEep 1N ero poJib B TEOPUN NPUHATUS pPeLLleHU
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B pabore uccienyercs mnpobiema ompejiesiennsi OTHOIIEHUsT Clie-
nuUIHOCTH B TEOpUU BO3MOXKHOCTEl [IbITheBa, B KOTOPOil BO3MOXK-
HOCTBb — 9TO MOHOTOHHasi Mepa 11, uncjioBbie 3HaYEHUST KOTOPOIi, KPO-
me 0 u 1, e umeror comepzKarebuoit uareprnperarnuu. CoeprKareiib-
HO UHTEPIPETUPOBAHBI MOTYT OBITH TOJIBKO CJIEYIONINE YTBEPIKIe-
nud u ux caegcrsus: 1I(A) = 0 (A meBosmoxkno), II(A) > II(B)
(A 6osee BosmoxkHO, ueM B), II(A) = TI(B) (A u B paBHOBO3MOXK-
bl). JII0ObIe BBIBOIBI TEOpUH BO3MOXKHOCTE! [IbITheBa HHBAPUAHTHDI
OTHOCUTEJIHHO CTPOTO MOHOTOHHBIX MOJIYHEIIPEPHIBHBIX CHU3Y MPE00-
pa3oBaHUil 3HAYEHNIT BO3MOYKHOCTEN ¢ HEMOIBUKHBIMU TOUKaMu O 1
1. D70 MO3BOJIAET IKCIIEPTY 3a/[ABATH UNUCJOBBIE 3HAUCHUS BO3MOXK-
HOCTell B CBOeil COOCTBEHHOII CyObEeKTUBHOI ITOPSIIKOBOI ITKAJIE.

B reopun BozmozkHOCTEl 3aj1e, OCHOBAHHON HA HEYETKUX MHOXKE-
CTBax, CIEIMU(PUIHOCTD PACIPEIEIEHI BO3MOKHOCTEI OIIpeIeIsieT-
¢Sl TIOCPEJICTBOM OTHOIIEHWsT BKJIIOYEHUsI HEUETKUX MHOYKECTB: PAaC-
npejiesieHne 71 He MeHee cHenuUIHO, YeM T, €CJU [MOTOYCTHO
m1(+) < m2(+). Ogaako, B Teopun Bo3aMozkHOCTel [IbIThEBA TAKOI T1071-
XOJI, HEIIPUMEHWM, €CJIA YUCJIOBble 3HAYEHUs PACIPEe/IeHNil 1 U Ty
3a/[aHbI B Pa3HBIX CYOBEKTUBHBIX MIKAJIaX (PA3HBIMU IKCIEPTAMH).
CortacHo OCHOBHOIT mee paboThl OTHOIIEHNE CIIEII(MUTHOCTH JOIK-
HO OBITH COTJIACOBAHO € BO3MOXKHOCTHBIMU METOJIAMU TIPUHSITUS Pe-
meHnii: YeM crernuduanee BO3MOKHOCTHAST MOJIEJIb, TEM YKe JIOJIK-
HO OBITh MHOXKECTBO OIITHMAJIBHBIX pelteHnii (perrenne onTuMabHo,
ecaM MUHHMU3UPYET BO3MOXKHOCTH ommbKm). B pabore onpejiesieHo
¥ WCCIEIOBAHO Takoe OTHOoIneHue crenuduanocta. [lomydennsie pe-
3yJIBTAThl TPUMEHUMBI HE TOJHKO B PAMKaX TEOPUU BO3MOXKHOCTEH
[IbrTheBa, HO U B paMKaxX CPaBHUTEIHLHON TEOPUN BO3MOXKHOCTEH, Ka-
YeCTBEHHOI TeOpHUH NMPUHSTHUS perieHnil u T. 1. Pabora momuepxana
rpaaTamu PODIT NeNe 17-07-00832, 18-07-00424.

[1] Zubyuk A. V. A new approach to specificity in possibility theory:

Decision-making point of view // Fuzzy Sets and Systems, Elsevier,

2018. (B meuarn). https://doi.org/10.1016/j.£fss.2018.06.017.
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A new approach to specificity in possibility theory:
Decision-making point of view
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"Moscow, M. V. Lomonosov Moscow State University, Faculty of Physics

The paper investigates the problem of defining a specificity rela-
tion in Pyt’ev possibility theory. That branch of possibility theory
developed by prof. Yu.P. Pyt’ev in the late 1990s defines possibility
as a monotone measure II which numerical values except 0 and 1 are
meaningless. The following information and its consequent implica-
tions are meaningful: TI(A) = 0 (A is impossible), or TI(A4) > TI(B)
(A is more possible than B), or II(A) = II(B) (A and B are equally
possible). All results obtained with Pyt’ev possibility theory are in-
variant to any strictly increasing lower semi-continuous transforma-
tion of all possibility values with the fixed points: 0 and 1. This
fact allows anyone to assign numerical values to possibilities using an
individual subjective ordinal scale of possibility values.

Unlike Zadeh possibility theory based on fuzzy sets, where speci-
ficity of possibility distributions is evaluated by means of fuzzy set
inclusion, and distribution 7 is more specific than my iff 71 (+) < ma(+)
pointwise, in Pyt’ev possibility theory such an approach can not be
applied if numerical values of 1 and 75 are assigned through different
subjective scales (do not commensurate). A thesis we put forward in
this paper states that the specificity relation definition has to be con-
sistent with the possibilistic decision-making approaches. The follow-
ing is intended to be true: the more specific an underlying possibility
and a corresponding possibility distribution are, the narrower a set
of the optimal decisions is (a decision is optimal if it minimizes the
possibility of error). A specificity relation satisfying such a require-
ment is defined and studied. The obtained results are not limited
to Pyt’ev possibility theory. They can be applied to comparative
possibility orderings, qualitative decision making, etc. as well. This
research is funded by RFBR, grants 17-07-00832, 18-07-00424.

[1] Zubyuk A. A new approach to specificity in possibility theory: Decision-
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MaTtemaTuyeckuii dpopmannsm CyObLEKTUBHOMO
MoAaeInpoBaHuns

IMTumwves FOpuii ITemposun' yuri.pytyev@gmail.com

Daromruna Onecs Baadumuposna

1

olesya.falomkina@gmail.com
Qyauukos Aanexceu Hearnosuw achulichkov@gmail.com

ITuwrun Cemen Anexcarndposur' darkshish@gmail.com

"Mockra, MT'Y um. M. B. JIomonocosa
DOTI: 10.30826/IDP201807

Paccvorpen maremarmaeckuit popMann3M CyObLEKTHBHOTO MO-
nemuposarus (MO®CM) B 3amave BOCCTAHOBJICHUS MOJEJH HM3ME-
penuii. Ilpu e€ pereHun WMCIOJIB30BAH HAYYHBINH OIBIT MOJE/Ibepa-
uccaenosaresis (M-u) 1 ero cyObLeKTUBHbBIE Cy¥KeHus 0 Mogeun. Mo-
JIeJIU JIATIUKA TeMIIEPaTyPhbl U MOTPEIIHOCTH U3MEPEHUl He 3aIaHbI.

MOCM cozpan s MOAEJIUPOBAHUS HEJOCTOBEPHOCTH CyObek-
TUBHBIX 3HAHWNA, HEYETKOCTH HUX COJEPYKAHWS U HEMOJHOTHI, Ha-
quHast ¢ “abCoJIFOTHOrO He3HaHWUsi BILIOTh JO0 “TOYHOIO 3HAHUS
obbekra uccnepoBanug (OU). OcmoBa MP®CM — mpocTpancTBo
(X,P(X),Plz,Beli) ¢ Mmepamu npacdonodobus Pli(~): PX) = L
u dosepus Bel®(-): P(X) = L, L(L) = ([0,1],< (=), +(+), x (%)),
cioxenust: a + b = max{a, b}, a+b = min{a, b}, ymaorkenus: a x b =
= min{a, b}, axb = max{a, b}, a,b € [0,1], X — MHOKeCTBO 3HAYCHHIT
HeusBecTHOro mapamerpa x Mogeau M (z) OU, P(X) — Bce noaMuo-
xecrBa X, HEoOnpedeaeHnvlll snemerm T co 3naveruamu B X Xapak-
TEPU3YET MOOAALHOCTIU CYOBERMUCHDIT CYHCOHUTE M-1U 06 UCTNUHHO-
emu ¢ € X npasdonodobuem P1*(Z = x) u dosepuem Bel” (T # x).
Mepsi PI” u Bel® moGoro E € P(X) cyms PI*(E) = PI*(Z € E) =
= supti(z), E+# @, PI(@) ¥ 0; Bel’(E) = Bel®(7 € E) =

reEE
= inf #(z), E£X, Bel(X) ¥ 1, rie t7(2) = PP (7 = 2),

zeX\E
i (z) = Bel®(Z # z), © € X, cyrb pacnpederenus npacdonodobudi
u dosepudi, 3aJlaHHbIE M-1.

Pabora nmognep:kana rpartavu PODI Ne17-07-00832 _a m Ne 18-
07-00424 _a.

[1] Hwmwves FO. II., @ansomruna O. B., Huwxun C. A., Yyasuuwkos A. H.

Maremarndeckuii hopMannsM cyGbeKTUBHOrO Mojeauposanus // Ma-

MUHHOE 00ydYeHne n aHau3 JaHHbix, Mocksa, 2018.
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Mathematical formalism of subjective modeling

Pytyev Yuri' yuri.pytyev@gmail.com
Falomkina Olesya’ olesya.falomkina@gmail.com
Chulichkov Alexey'x achulichkov@gmail.com
Shiskin Semyon' darkshish@gmail.com

'Russia, Moscow, M. V. Lomonosov Moscow State University

The mathematical formalism for subjective modeling (MFSM)
whithin the problem of reconstruction of the measurement model
is considered. To solve it the scientific experience of the researcher-
modeler (r-m) and his subjective judgments are being used. The
temperature and measurement error mathematical models are un-
known.

The MFSM was created for the modeling of the subjective knowl-
edge unreliability, its matter fuzziness and incompleteness rang-
ing from the “absolute ignorance” up to the “complete knowledge”
of the model of the research object (RO). The MFSM is based
on the space (X,P(X),PI”,Bel”), where PI”(:): P(X) — L and
Bel”(-): P(X) — L are the plausibility and belief measures, L(L) =
= ([0,1], < (=), +(+), x(x)), the additions are a + b = max{a, b},
a+b = min{a, b}, the multiplications are a x b = min{a,b}, axb =
= max{a, b}, a,b € [0,1], X is the set of all possible values of the
unknown parameter = of the RO model M(z), P(X) is the set of
all subsets of X, the indeterminate element ¥ € X characterizes the
subjective judgments modalities made by the m-m about the validity of
x € X by measures P1*(z = x) and Bel®”(Z # z). For any E € P(X)
P1” and Bel” are given by formulas P1*(E) = PI*(Z € E) = sup t* (z),

zeE
E + o, PI(2) & 0; Bel(E) = Bel*(7 € E) = eigl(f\Ef’f(x), E+X,
Bel® (X) 41, where t*(z) = PI*(Z = x), i%(z) = Bel®(Z # 2),
x € X, are plausibility and belief distributions defined by the r-m.

This research is funded by RFBR, grants 17-07-00832_a and 18-
07-00424 _a.

[1] Pytyev Yu, Falomkina O., Shishkin S., Chulichkov A. Mathematical
formalism of subjective modeling // Machine Learning and Data Anal-

ysis, Moscow, 2018.

International Conference IDP-12. Gaeta, Italy



26 Teopust 1 METOABI MALIUHHOIO OO0y ICHUSI

NHdopmaTueHbie anpuopHbie NpeanonoXxeHms
B 3aja4ve NPMBUJIErMPOBAHHOro oby4veHus

Hetines Padocaae Teopaues'x neychev@phystech.edu
Cmpusicoe Badum Burxmoposun' strijov@gmail.com

'Mocksa, JIaGoparopusi marmuasOro naTetekra MOTU

DOI: 10.30826,/1DP201808

Pemaercs 3a1a4a Bb160pa IPOrHOCTHIECKONR MOJIETN OITUMAIBLHO-
ro pasionoooust. s cHIKeHns BHIYUCIUTENIBHON CJI0KHOCTH MO-
JIeJIA UCIIOJIB3YeTCs CMECh SKCIIEPTOB — aHcaMOJib B KOTOPOM B Kade-
CTBe JIOKAJIbHBIX MOJIEJIeli-9KCIIEPTOB BBICTYIIAIOT HHTEPIIPETUPYEMbIE
mopenn. Jjist MHTepIpeTupyeMoil MOJIEIN U3BECTHO, KAK M3MEHEHUE
mapaMeTpoB MOJIEJIH BJIASIET HA TOYHOCTh U yCTONYINBOCTD AIITPOKCHU-
Marn. /s MOBBIeHnsT TPaBI0o 1001 IPUBJIEKAETCS AIPUOPHAS
npuBmiernposannas wHdopMmarug. B KadecTsBe dToit mHbOpMAIIT
BBICTYIIaeT allpuOpHasl pa3MeTka. B JaHHOil paboTe 3Toil pa3MeTKoii
SIBJISIETCsI allPUOPHOE 3HAHUE O IMPUHAJJIEXKHOCTH 00beKTa-00/1acTi
n300pazkeHusi K HEKOTOPOMY KJIACCY B 3ajade OIPeIeICHIs TPAHUITBI
pamayxRKu. BBoggaTcs 1Be MOesn: MO/IEb-YIUTEb U MOJIEIb-Y I€HUK.
Mo/iesb-yquTesb IPEeBOCXOIUT YIEHUKA B CJI0KHOCTH M TOYHOCTH, U
ee TpeJICKa3aHusl UCIOJIb3YIOTCsI B Ka4eCTBe allpUOPHOI IIPUBUJIEIU-
POBaHHOI WHMOPMAIIUN IPU TIOCTPOEHUN MO/IE/IU-YIeHUKA, KOTOPYIO
Tpedyercst ONTUMU3UPOBATh. VcIioip30BaHne allpUOPHOIT TPUBUIIET -
poBaHHOIl MHMOPMAIMH O PEIIAeMOil 3ajlade yCKOPSIET CXOIAMMOCTH
ONTUMUZAIIH TAPAMETPOB MOJIEJIH, OBBIIIAET KAYECTBO €€ IIPEe/ICKa-
3aHUI U CHUXKAET €€ CJIOXKHOCTD 663 3HaYMMBIX IIOTE€Pb B Ka4deCTBe.
JlaHHBI [10/IX0/] IPOUJIIIOCTPUPOBAH 3a/1a4eil OIpeie/IeHrs] TPAHUTIBI
pamayRKu Ha GoTOrpadusax IIas.

Pabora Bemmosinena npu nogmepzxke POOU Ne16-07-01163.

[1] Baxmees O. FO., Cmpuoicos B. B. Deep Learning Model Selection
of Suboptimal Complexity // Autom Remote Control, volume

79, Springer, 2018. — p.1474-1488. https://link.springer.com/

article/10.1134/5000511791808009X.
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Informative prior in privileged learning problems

Radoslav Neychev'x neychev@phystech.edu
Vadim Strijov' strijov@gmail.com

'Moscow, MIPT Machine Intelligence Laboratory

The problem of model selection of optimal likelihood is consid-
ered. The ensemble of several interpretable models is used to both
boost the likelihood and reduce the computational complexity. In-
terpretable model retains the interconnection between its robustness,
accuracy and parameters. External prior data markup is referred as
informative prior. Iris boundary localization problem serves as in-
spiration and for testing purpose. Teacher-model and student-model
are introduced. Teacher-model is more complex and reliable. Tts
predictions are used as privileged prior for student-model. Usage of
privileged information allows to speed up the convergence of student’s
parameters optimization and to boost the predictions quality of the
less complex model.

This research was supported by the RFBR project 16-07-01163.
[1] O. Yu. Bakhteev, V V. Strijov Deep Learning Model Selection of Sub-

optimal Complexity // Autom Remote Control, volume 79, Springer,

2018. — p.1474-1488. https://link.springer.com/article/10.

1134/5000511791808009X.
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BaiiecoBckunii BbIbOp Hanbonee npasBgonoaobHo
CTPYKTYpbl Mogenu raybokoro obdy4eHus

Baxmees Oaez FOpvesur' bakhteev@phystech.edu

Cmpuosicoe Badum Burxmoposun'?

strijov@ccas.ru
'MockBa, MOCKOBCKHIl (PU3HKO-TEXHIIECKUHA HHCTHTYT

2Mocksa, Beraucimrensasiii nearp um. A.A. Toponaumsma OUIT TY
PAH

DOI: 10.30826,/IDP201809

B pabore paccmarpuBaeTcs 3aata BLIOOpA CTPYKTYPHI MOJETH TUTy-
6okoro obydenus. Mojieslb — 3TO BBIYUCTUTENHHDBIN BEPOSITHOCTHBIH
rpad, T.e. rpad, B KOTOPOM peOpaMy BBICTYIAIOT HEJIMHEHHbIE PYHK-
WU, & BepIIMHAMU — Pe3yJIbTaTbl JAeficTBUsi (pyHKIMEl Ha BBIOOD-
Ky. Kaxmgomy pebpy mocraB/ieHO B COOTBETCTBHE MHOYKECTBO HEJIU-
HelHbIX (DYHKIWI, TaKOe 9TO JuHeiHas KOMOWHAIUS 9THX (QyHK-
nuit onpeensier auddepeHImpyeMyo pyHKIUIO 38 IaHHOf CUTHATY-
pol. CTPYKTYpO#l MOJIe/ HA30BEM Beca JIMHEIHO KOMOMHAIINN 9TUX
dyuknumii. s HaxoK 1eHUs ONTUMAJIBHON CTPYKTYPBI IIPeJjIaraeTcst
BBECTU BEPOSITHOCTHYIO MHTEPIPETANNIO MOJEIH, T.€. IPEJIIOJIOXKe-
HUS O PACIPEIETEHUSX TapaMeTPOB U CTPYKTyphl Mozesu. [Iposo-
JUTCA TPAIUEHTHAS ONTHMU3AINS [TAPAMETPOB U TUIIEPIAPAMETDPOB
MO/JIeJI HA OCHOBe 0aiteCOBCKOrO BapUAaIlMOHHOTO BbIBOMA. Perraercs
JIBYXyPOBHEBas 3aJ1a9a ONTUMHUIAINHI: HA [IEPBOM YPOBHE ITPOBOJINT-
CsT ONITUMU3AIINsT HIXKHE OIEHKU TPABJIONOI00US MOJIEN TI0 Bapua-
UOHHBIM IapaMeTpaM Mogmein. Ha BTopoM ypoBHE TPOBOIUTCS OI-
TUMHU3AIINs TUIIEPIAPAMETPOB MOe/ . B KadecTBe ONTUMU3UPYEMOit
GYHKIUN JIJTsT TUIIEPITApAMETPOB MOJIEIN Tpe/taraeTcst 0000IeHHast
dyukms npasaonoaobus. [lokazano, uTo JanHas GyHKITHS TO3BOJIsI-
€T MPOBOJIUTDH ONTUMHUIAIMIO HECKOJBKUMU AJITOPUTMAMU: TTOCIET0-
BATEJIBHBIM 00ABICHUEM U YIAJCHIEM TAPAMETPOB, TTOJTHBIM Tepebo-
pPOM, a TaKKe MaKCHUMU3aIeil HuyKHeH OIEeHKH [TPABI0ION00ms MO1e-
sm. [IpoBonuTes cpaBHeHne ¢ 9BPUCTUIECKIMU aJTOPUTMAMK BHIOODA
CTPYKTYPBI MOJIEH. BBIYUCIUTETbHBIN SKCIEPUMEHT IIPOBOIUTCS Ha
CUHTeTHYECKUX JIAHHBIX U BbIOOPKe pyKonucHbiX 1udgp MNIST.
Pabora mognepxkana rpantom PO Ne16-07-01154.
[1] Bazmees O. KO, Cmpuowcos B. B. Bbibop Mozmenu riryGokoro ofyde-
HUs CyGONTMMAJLHON cyiokHOCTH // ABTOMATHKA W TeJIeMEXaHWKA,

Mocksa, 2018. —No. 8, C. 129-147.
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Bayesian deep learning optimal model structure
selection

Oleg Bakhteev' bakhteev@phystech.edu
Vadim Strijov'? strijov@ccas.ru

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

The paper presents a method of deep learning model structure se-
lection. The model is a computation graph. Its edges correspond to
some nonlinear functions. Its vertices correspond to the intermediate
variables. Each edge refers to a set of primitive functions. A linear
combination of these functions is a differential function of some given
signature. The structure of the model represents a vector of weights
for linear combinations of primitive functions. The author proposes a
probablisitic interpretation of the model. The model parameters and
hyperparameters are optimized using gradient methods. The opti-
mization of the model is based on the Bayesian variational inference.
The optimization is a bi-level optimization problem. The first level
corresponds to the evidence lower bound optimization with regard
to variational model parameters. The second level corresponds to
the hyperparameter optimization. The author proposes a general-
ized loss function for this level. This function allows to optimize the
hyperparameters with different algorithms: sequential model growth
and pruning, bruteforce optimization and evidence lower bound op-
timization. The proposed method is compared with heuristic model
structure selection methods. The author performs computational ex-
periment on a synthetic dataset and on a dataset of handwritten
digits dataset MNIST.

[1] O. Yu. Bakhteev and V. V. Strijov Deep Learning Model Selection of

Suboptimal Complexity // Automation and Remote Control, Moscow,

2018, Vol. 79, No. 8, pp. 1474-1488.
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GLCM, kNN and Meanshift 8 3apaue
[EeTeKTUPOBaHNA HelipoHOB Mo U30bpa>keHnsam
Ccpe30B Mo3ra, okpauleHHbix no Huccnio

Hocosa Csemaara AaexcandpoeHax svetlana.nosova@itmm.unn.ru
Typaanoe Badum Eezenwvesun vadim.turlapov@gmail.com

YHuxumit Hosropox, HHT'Y um. H. 1. JIo6asueBckoro
DOTI: 10.30826,/IDP201810

Pazpaboran meros obHapyrkeHusT HEHPOHOB HA M300PAKEHUIX
cpe30B Mo3ra, okparreHHbIX 110 Huccoo. MeTos ncnosb3yer TekeTyp-
Hble TIPU3HAKNA HEHPOHOB, MIOCTPOEHHBIE HA OCHOBE 4X MaTpWIl B3au-
Mmoit Berpedaemoctr (GLCM). Merog, BkiouaeT B cebst CJIeLyoIie
STAIbBL: MpeIodpadoTKa M300parKeHnl, KIacCuMUKAIIS TUKCeel Mo
TEKCTYypPHBIM TTpu3HakaMm ajroputmMoM KNN u kiracrepuzamums mukce-
Jieit HeiliporoB ajiropurmoM Meanshift. IIpeno6paborka BKJtO4aeT B
cebsl cyieIyolue Marn: KOHBEPTallisl B OTTEHKU CepOro, BhIpaBHUBA-
HUEe TUCTOIPDAMMbI, KBAHTOBAHIE TUCTOrpaMMbI. [[puMeHeHbl 1 u3yde-
HBI Pa3JIMYIHBIE CIIOCOOBI TPe0OpPa30BaHUS IIBETHOIO M300PAXKEHUs B
oTTeHKN ceporo. Hammyammit pe3yabrar gaet mpeodbpa3oBaHue Mo Ch-
Heil KomroneHTe 1BeTa. 1lokazano, 9To HCIIOIb30BaHNe KBAHTOBAHUS
rucTOrpaMMbl Ha 2 1 4 6uHa j1aeT OJIM3K0e KAIeCTBO JeTEKTUPOBAHMS
¢ kBaHToBanueM Ha 8 6un (F'1 = 0,83..0,85). Pesynbrars! nokasbl-
Bator, uro kNN sBjsgercst jrydmmM BbIOOPOM JIJTsl TEKYIIEH 3a1adu
ruraccudukarun 1o cpasaennio ¢ NBC. Harr anropurm obecrieunBa-
eT CJIeflyIolee KadeCcTBO JeTekTupopanus:precision = 0, 82;recall =
= 0,92; F'1 = 0, 86. IIpeamoKeHHDbINT METOJT, TIOKA3a JIYIITUH Pe3y/Ib-
TaT 110 CPABHEHUIO ¢ aHAJoraMu. [IJTaHUpyeTCst IPOIOIKNATE UCCIIEI0-
BaHUsI HA PACIIMPEHHOM HAOOpe MaHHBIX U JIAHHBIX C COIMAJIbHO3HA~
AUMBIME 3200JIEBAHUSIMU MO3TA.

[1] Hocosa C. A.,Typaanos B. E. GLCM, kNN and Meanshift B 3azaue
JEeTEKTUPOBaHU A HeﬁpOHOB II0 I/I306p&)KeHI/IH1\4 Cp€e30B MO3Tra, OKpallleH-
Hbix 1o Huccoro // Mamnunoe o6Gyuenne u aHaims fgaHHbIX, Mocksa:
Boraucsimrenbuniii nentp um. A.A. JToponuunsina PAH, 2018.
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GLCM, kNN and Meanshift for neuron detection on
Nissl-stained brain slice image

Svetlana Alerxandrovnax svetlana.nosova@itmm.unn.ru
Vadim FEvgenievich vadim.turlaoiv@gmail.com
LCity, Institution
2City, Institution

The method for neuron detection on Nissl-stained brain slice im-
ages is proposed. The method uses textural features of neurons ex-
tracted from 4 GLC-matrices. The method includes the following
steps: image preprocessing, kNN classification by the textural fea-
tures and Meanshift clustering of neuron pixels. Preprocessing in-
cludes the following steps: grayscale conversion, histogram equaliza-
tion, histogram quantization. Gray conversion by blue component
gives the best result. It is shown that using 2-,4- bin histogram gives
close detection quality with 8-bin histogram (F1 = 0, 83..0,85). For
pixel classification kNN algorithm was used. The results demon-
strate that kNN is better choice for current task in comparing with
NBC. The reached detection quality for given approach is precision =
= 0,82, recall = 0,92, F'1 = 0,86. Is is shown that our results are
near the same or some better in recall characteristic in comparing
with other neuron detection method. In our future work we’ll prolong
this investigation for great volume of dataset and special dataset for
important diseases.

[1] Nosova S. A, Turlapov V. E GLCM, kNN and Meanshift for neuron de-
tection on Nissl-stained brain slice images // Machine Learning and
Data Analysis, Moscow: Computing Centre of. A.A. Dorodnicyn RAS,
2018.
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BecoBoii cny4aiiHbii nec gns NOCTpPoeHus
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Mendo Anna Aanexcandposna'?

anna.meldo@yandex.ru
LCankr-Tlerep6ypr, Canxr-Ilerep6yprekuii monurexHmdecKuii
yauBepcuret Ilerpa Bemukoro

2Canxt-Ilerep6ypr, CankT-IleTepGypreKimii KIMHIYeCKHil OHKOIEHT]

DOI: 10.30826/IDP201811

Bomwimoe ancio mojiesnteit BbRzKUBaeMOCTH OBLIO pa3paboTaHO B TO-
CJIeJTHYE JIeCATUIIETUs 171 0000IIeHnsT TaKuX Mojiesieil, kKak Karrana-
Maitepa u Kokca. 91o — mojesin Ha ocHoBe MeTosa Jlacco, SVM, Heii-
ponnbie cetu. st paboThI ¢ OrpAHMYEHHBIMI JIAHHBIME, CJIyJdailHbIe
neca BookuBaemocT (CJIB) kak o6obieHHe OOBIMHBIX CJIy9IaillHbIX
JiecoB OBLIN TIPE/ICTABIEHBI MHOTUMU aBTOPAMU U MOKA3AJIH JIYUIITNe
pe3yabTaThl s MHOTHX HAOOPOB JaHHbIX. B pabore mpesraraercs
B3semmennbiii CJIB kak momudukanus crangapraoro CJIB. B coor-
BETCTBUU C Heii, ycpegHeHrne (DYHKIWI PHCKA HA BBIXOJE KaXKJIOTO
JiepeBa peIreHnii, KOTOPOe UCIOIb3yeTCs ISt BEIIUCIenns: (pyHKIUN
PHCKa BCEro Jieca, 3aMEeHSIeTCs B3BEIIEHHOW CyMMON 9TuX (DyHKITHIA,
T.e. Beca IIPUCBAUBAIOTCS JIEPEBbSAM M PACCMATPUBAIOTCH KaK Iapa-
MeTpbl O0YYeHUs, BBIYUC/ISIEMbIE DEIlleHreM 3aJ[a9l ONTUMUBAIH,
MaKCUMU3UPYIOIIeil nHaeKe Konkopaaruu uian C-uHjieke. 3ajia4a or-
TUMU3AINAN JJI BBIUUCICHUS BECOB CBEJEHA K KBaJIPATHIHON 3a/a-
e ¢ JTUHEHHBIMY OTPAHNIEHUSIMN 3aMEHON WHIMKATOPHBIX PYHKITAIT
B C-unzekce nersieBbiMu GYHKIUAMEA TTO0TePh. OCHOBHON MPUIHHOMN
BBEJIEHNSI BECOB JIEPEBBEB SIBJISIETCsI YIIPABJIEHNE PE3YJIbTaTaMi aHa-
JIN3a BBXKUBAEMOCTH IIyTeM HU3MeHeHUs (DYHKIIUU IIOTEPh B COOTBET-
CTBUU C 33JladaMU IIPUJIOXKEHUsI TaK K€, KaK JIeJaeTcs B HepoH-
HBIX ceTdX. Jlpyras mpumumHa — ucnosb3oBanue B3pemeHHbIX CJIB
KaK 3JIEMEHTOB KACKaIHOW apXUTEKTYPbl, TAKON Kak TIyOOKMii Jiec.
YucieHHbIE 9KCIIEPUMEHTHI IOKA3bIBAIOT IIPEUMYIIECTBO IIpeJjIarae-
MOl MOJEIN 1O cpaBHEeHHIO ¢ 06bIHBIM RSF it MHOrHX HabOpOB
naHHbIX. VcemeqoBaHue BBIMOJTHEHO 3a cYeT rpanTa Poccuiickoro Ha-
yuanoro donga (npoexr Ne 18-11-00078).

[1] Utkin L.V., Meldo A.A. A deep survival forest for constructing
controllable survival models // Knowledge-Based Systems, 2018 (B me-
qaTn).
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A weighted random survival forest for constructing
controllable models

Utkin Lev'x lev.utkin@gmail.com
Meldo Anna*? anna.meldo@yandex.ru
1St Petersburg, Peter the Great St.Petersburg Polytechnic University
28t.Petersburg, St.Petersburg Clinical Oncology Center

A lot of survival models have been developed last decades to solve
many application problems and to generalize well-known models such
as the Kaplan-Meier estimator, the Cox model. These are the Lasso-
based Cox models, survival SVMs, neural networks. In order to deal
with limited survival data, random survival forests (RSF) as an ex-
tension of original random forests have been presented by many au-
thors and demonstrated outperforming results for many data sets. A
weighted RSF as a modification of the original RSF is proposed in
the paper. According to the modification, the standard averaging of
cumulative hazard functions produced by every decision tree, which
is used for computing the forest cumulative hazard function, is re-
placed by the weighted sum of these functions. In fact, the weights
are assigned to decision trees, and they do not depend on the training
examples. The weights are regarded as training parameters which can
be computed in an optimal way by solving an optimization problem
that maximizes the concordance error rate called the C-index.

It is shown that the optimization problem for computing optimal
weights can be reduced to the standard quadratic optimization prob-
lem with linear constraints if we replace indicator functions in the C-
index with the well-known hinge loss functions. The main reason for
introducing the weights of trees is to control the survival analysis re-
sults by changing the loss function in accordance with the application
tasks like neural networks. Another reason is to view the weighted
RSF's as components of a more complex cascade architecture like the
deep forest. Numerical experiments illustrate the weighted RSF and
show that the proposed model may outperform the original RSF.

This work is supported by the Russian Science Foundation under
grant 18-11-00078.

[1] Utkin L.V., Meldo A. A. A deep survival forest for constructing con-
trollable survival models // Knowledge-Based Systems, 2018 (in press).
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ABTomMaTunsnpoBaHHasa cuctema guddepeHumanbHoi
ANArHOCTUKKN 3aboneBaHnini Nérknx
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2Canxt-Ilerep6ypr, CankT-IleTep6ypreKimii KIMHIYeCKHil OHKOIEHT

DOTI: 10.30826,/IDP201812

Hecmorpst Ha pasnoobpasue cuctem JUATHOCTUKH PakKa JIEerKoro,
OOJIBINIMHCTBO M3 HUX OOy4YeHBbI Ha y3JI0BOil ero dopme um He 3h-
deKTUBHBI B PACHO3HABAHUM JPYyIuX (GOpM paka u juddepeHiu-
aJIbHOI Jmarnoctuke co cxoxkumu 1o KT-kaprune 3aboieBanusMu.
ITo mamabivm Cankt-Iletepbyprekoro OukonenTpa aumb 65% 60/1b-
HBIX PAKOM JIEPKOTO MMeJI THIIMYHYI0 KApPTUHY Y3J0BOTO paka, B
26% ciyuaes mzobpakenus KT cOOTBETCTBOBAIM HECKOJIBKUM 3a-
6oJICBAHUSAM, YTO TPEOOBAJIO JIOMOTHUTEIBLHBIX AUddepeHInaaIbHo-
JUATHOCTHYECKUX Kpurepues, B 9% ciydaesB pak JIErKOro ObLT Kpaiine
TpyaHo pacnozuasaeMm 1mo KT B c¢Basu ¢ arunuanoit kaprunoii. s
perienust mpodJIeMbl OOHAPYKEHIST PaKa MPEJIaraloTCsl YeThIpe MOJI-
xogta. [lepBblit — npuMeHeHne r’UCTOrpaMM JIJIMH XOPJ, JIJIsT TpecTaBiie-
HUsI IOBEPXHOCTU 00pa30BaHus. BTOpoii — IpuMeHeHHe THCTOPAMM
IUIOTHOCTEH, TIOCTPOEHHBIX M0 TOYKAM Ha XOpJax C yIeToM 3Hade-
uuit Xayachuiaga B 9TUX TOYKAX. 1'peTuil momxol — co3jganue Ga3bl
JAHHBIX, KOTOPBII COMEPXKUT “9K30THIecKue’ ciaydanm 0Opa30BaHUIL.
YerBepThlit — UCIOIB30BAHIE THCTOTPAMM JJIsi OOyUIeHUsT CHAMCKOM
HEITPOHHOII CeTH M CHaMCKOr'o IJIyOOKOro Jieca, KOTODBIE SABJISIOTCS
OCHOBOI1 IIpejjIaraeMoil apXUTeKTyPhbl CHCTEMbI JTUATHOCTHKH U 1103~
BOJISIFOT IPUHUMATD PEIICHNE aHAJIOITIHO TOMY, KaK 9TO JIeJIaeT Bpad.
Cuanckas HelipOHHas ceTh 00yJaeTcs Ha OCHOBE BCeX map o0pa3oBa-
HUl W3 co3/mannoil 6a3bl. B pekuMe MCHoIb30BaHus CEMaHTHIECKT
Osu3KMit TpuMep u3 6a3bl COOTBETCTBYET JIUATHO3Y ISl HOBOIO 00-
pasoBanusi. Takasi apXUTEKTypa KONHMPYET BBIBOJIBI Bpada W IO3BO-
JIseT MHTEPIPETUPOBATh Juartos. VcciemoBanue BBIIOJIHEHO 38 CIET
rpanTta Poccuiickoro nayanoro dona (mpoekr Ne 18-11-00078).

[1] Meldo A. A., Utkin L.V. A computer-aided system for differential

diagnosis of lung diseases // Artificial Intelligence in Medicine, 2018

(B meuarn).

Me>xaynapoanast kougepennust MOWU-12. Uramnus, r. Tasra



Machine Learning 35

A computer-aided system for differential diagnosis of
lung diseases

Meldo Anna'?x anna.meldo@yandex.ru
Utkin Lev' lev.utkin@gmail.com
1St Petersburg, Peter the Great St.Petersburg Polytechnic University
28t.Petersburg, St.Petersburg Clinical Oncology Center

In spite of a wide variety of computer-aided systems (CAS) for
diagnosing lung cancer, most of them are trained by using the nodule
cancer form and may be not effective when we deal with different
forms of cancer and with the differential diagnosis with similar CT
images (tuberculosis, aspergilloma, hamartoma, etc.). According to
the data obtained in the St.Petersburg Oncology Center, only 65% of
patients with lung cancer have a typical nodular cancer representa-
tion, 26% of patients have different diseases. This requires additional
differential diagnostic criteria. Moreover, 9% of patients have the
lung cancer which is extremely difficulty recognized due to its atypi-
cal visualization. To solve the problem of detecting all types of lung
cancer, it is proposed four ideas. The first idea is to apply the length
chord histograms for representing the shape peculiarities of a tissue.
The second idea is to apply the density value histogram constructed
on the basis of points on the chords and the Hounsfield unit values at
these points. The third idea is to collect and to use a special dataset
which contains a lot of “exotic” cases of cancer and non-cancer tis-
sues. The fourth idea is to use the obtained histogram representation
for training a Siamese neural network and the Siamese Deep Forest
which can be regarded as a key element of the proposed CAS archi-
tecture and allows us to make decision in a way similar to the doctor’s
decision making. The Siamese network is trained by using all possi-
ble tissue pairs from the “exotic” dataset. This architecture “copies”
the doctor’s reasoning and allows us to interpret the diagnosis. This
work is supported by the Russian Science Foundation under grant
18-11-00078.

[1] Meldo A. A., Utkin L. V. A computer-aided system for differential di-

agnosis of lung diseases // Artificial Intelligence in Medicine, 2018

(in press).
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Pabora mnocssinena onTuMu3aIE CTPYKTYPbI HEHPOHHON ceTu.
Yucsio mapaMeTpoB HEWPOCETH MOXKHO CYIIECTBEHHO CHHU3UTH 0e3
3HAYUMON MOTEPU KAYeCTBa W 3HAYUMOTO IMOBBIMICHUS JIUCIEPCUN
dbyukun omubku. [IpemraraeTcss MeTOT TPOPEKNBAHNS TTAPAMETPOB
HEHPOHHOI ceTH, OCHOBAHHBII HA ABTOMATHYIECKOM OIPEJICICHIN Pe-
JIEBAHTHOCTH TTapameTpoB. [ljst onpeiesieHuss peJIeBAHTHOCTH apa-
METPOB, AHAJIN3UPOBAJIACH KOBAPUAIIMOHAS MATPHUIIA AITOCTEPUOPHOTO
pacupeiesieHns mapaMeTpoB U U3 HePOCeTH YA sJINCh HAnMeHee pe-
JIEBAHTHBIE U MYJIBTHKOJIJINHEAPHBIE apaMerpbl. st ompeesennst
MYJIBTUKOJUTHHEAPHOCTH MCIOIB30BaJICd MeTo Bescm.

B kadecTBe 6a30BBIX MOjIe/IEHl NCIIOTB30BAINCH METO/] OIITHMAb-
HOT'O TIPOPEXKNUBAHMA ¥ METOJ| OCHOBAHBIN Ha BapHUAIIMOHHOM BBIBO/IE.
B pabore paccmarpuBaeTcs HOBBIH METOJ] IPOPEKUBAHUS TTAPAMET-
poB. IlpeioyKeHHBI METOJ] yIUTHIBAET 3aBUCHUMOCTH MEXKIy Mapa-
MeTpaMU HepoceTr BHYTPH KayKJIOT0 CJIOS U YIaJIseT Te apaMeTphl,
KOTOPBIE SABJIAIOTCS MAKCUMAJIBHO 3aBUCUMBI MEXKJTy COOOI.

Jst anajin3a KadecTBa IIPEJICTABJIEHHOIO aJIPOPUTMA [IPOBOJIH-
JINCDH SKCIIepuMeHTHI Ha BhIOOpKe Boston Housing, a Takke na cunTe-
TUYECKUX JIAHHBIX. B X0Jie 9KcmepuMeHTa ObLIO MOy YeHO, 9TO Heli-
poceTn pOpeReHbl MeTOIoM Besicn aBIstioTcst 6osee yeToianBbl K
MIyMy Ha BXOJHBIX JIAHHBIX. TakzKe OBLIO IIOKAa3aHO, 9TO KadeCTBO
[IpOrHO3a HeWpoceTeil mocse yIaJeHusl 3HAYNTEIbHOIO IUCa Hapa-
METPOB HE YXV/IIIAETCS.

Pabora nognepxkana rpanrom POOU Ne16-07-01154.

[1] I'pabosoir A.B. Baxmees O.I0. Cmpuoicos B.B. ABromarudeckoe

OlIpe/IeJIEHNE PEJIEBAHTHOCTHU apamMeTpos Heitpoceru // Uudopmarnuka

u ee npumenenusi, 2019 (B neuarn).
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Assessment of the relevance of the Neural network
parameters with Belsly method

Grabovoy Andrey'x grabovoy.av@phystech.edu
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Strijov Vadim!? strijov@ccas.ru

"Moscow, Moscow Institute of Physics and Technology
2Moscow, FRC CSC RAS

This paper investigates methods of optimisation neural network
structure. A number of neural network parameters can be reduced
without significant loss of quality. The paper proposes a method for
automatically determining the relevance of parameters to prune the
neural network. This method analyses the covariance matrix of the
posterior distribution of the model parameters and removes the least
relevant and multicollinear parameters. It uses the Belsly method to
search the multicollinearity in the neural network.

Optimal Brain Damage and Practical Variational Inference were
used as basic methods. The paper proposes a new method to prune
a neural network. This method is looking for the most dependent
parameters in each layer of a neural network and removes them.

The proposed method was tested on the Boston Housing dataset
and synthetic data. The experiments shown that neural networks,
which were pruning by the Belsly method, are more resistant to noise
in input data. It was also shown that the quality after removing a
significant number of the neural network parameters does not dete-
riorate.

The research was supported by the RFBR, project 16-07-01154.
[1] Grabovoy A. Bakhteev O. Strijov V. Automatic search for the relevance

of neural network parameters // Informatics and Applications, 2019

(in press).

International Conference IDP-12. Gaeta, Italy



38 Teopust 1 METOABI MALIUHHOIO OO0y ICHUSI

BbicTpoe npubnun>xxeHHoe obyyeHne ABYXKJ/1aCCOBOMY
pacno3HaBaHMWIO MO METOAY OMOPHbLIX BEKTOPOB B
ycnoBusix 6onbLworo Yncna obbLeKToB

Maxaposa Anexcardpa Uzopesrax aleksarova@gmail.com
Cyaumosa Basrenmuna BavecnaasosHa vsulimova@yandex.ru

Poccusa, Tyna, Tynl'V
DOI: 10.30826/IDP201814

OpauM u3 HamboJiee YIOOHBIX W HAJIEYKHBIX HHCTPYMEHTOB pe-
[MIeHUs 331291 00y IeHUs JBYXKIACCOBOMY DACIIO3HABAHUIO SIBJISI€TCS
MeToJ| onopHbIX BekTopoB (Support Vector Machines, SVM). Oco6en-
HOCTBIO COBPEMEHHBIX NPUKJIAIHBIX 3324 SABJIETCS HEOOXOIMMOCTh
obyd4eHUsI B yCJIOBHAX OOJbIIOro ymciaa obbexkToB. IIpm sTom mpo-
1mecc OOyUIeHUsI OKA3bIBAETCsl BECbMa, TPYJIOEMKUM U TpeOyeT MOBbI-
MIEHUST TPOU3BOIUTEILHOCTHA CYIIECTBYIONIUX PEAJTM3aIuil MeTOI0B
obydenus n pa3paboTKu HOBBIX. B amHoil pabore mpejiaraercs mpo-
CTOW TIO/IXOJT, OCHOBAHHBIN HA YCPEJIHEHUN Peraonux mpasuia SVM,
[IOCTPOEHHBIX B JINHEHHOM IIPU3HAKOBOM IIPOCTPAHCTBE 110 HEGOJIhb-
UM TIOJBBIOOPKAM OOBEKTOB, CJIyYalHBIM 0Opa30M BBIODAHHBIM U3
00y JaroIeil COBOKYITHOCTH. DKCIEPUMEHTAIbHBIE HCCJICIOBAHUS Ha,
MOJIEJIBHBIX W PEATHHBIX JTAHHBIX MOKA3AJIN, 9TO JAHHBIN [TOIXO 03~
BOJISIET B YCJIOBHUAX OOJIBIIIOTO YUHUCJIa OOBEKTOB JOCTATOYUHO OBICTPO
HaWTH TPUOJINKEHHOe, HO HE CHJIBHO OTJIMYAIOIIeecs OT TOYHOIO pe-
menne 3agaan SVM. Bosee Toro, B psjie ciydaeB IOJIydaeMoe pe-
[IEHUE XapaKTePU3yeTCsi MEHBIITUM IIPOIEHTOM OIMNOOK Ha TECTOBOI
COBOKYITHOCTH II0 CPABHEHUIO C PE3YJILTATOM, ITOJIYIaeMbIM IIPH ITOMO-
U TPAIUIIIOHHBIX MOJIXOI0B, B YACTHOCTU IIPU IIOMOIIN OHOINOTEKN
LibSVM. Kpome Toro, 1peijio?KeHHbBIN [10/IX0J] SIBJISIETCS SKOHOMU Y-
HBIM 110 IIAMSITH, OOeCIedrBasi BO3MOXKHOCTb €r0 IPUMEHEHUs JIJIst
o0yJeHUsT Ha OJIHOW BBIYUC/IUTEIbHOI MAallliHe, U, B TO YKe BpeMsl,
00J1aIaeT BBICOKON CTEIEHBIO MapasiIen3Ma 110 JTaHHBIM U MOXKET
OBITH 9D PEKTUBHO PeaTn30BaH ¢ IPUMEHEHNeM TeXHOJIOTUIl mmapaJ-
JIEJILHBIX U PaCHpee/IeHHbIX Bbluucsenuii. Pabora BoimosHena mpu
nojiiepkke PODIL, rparT Ne18-07-01087.

[1] Maxaposa A. H., Cysumosa B. B. Beicrpoe npubinzxkeHnoe obydeHne
JABYXKJIACCOBOMY paClHO3HaABaHUIO II0 METO/LY OIIOPHBIX BEKTOPOB B
yCI0BUAX 60JIbIIOro uncia o6bekTos // Mamunnoe obyvenue n anaims
JnaHHbIX, 2018 (B mevarn).
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Fast approximate two-class SVM learning in the case
of a large number of objects

Makarova Alexandrax aleksarova@gmail.com
Sulimova Valentina vsulimova@yandex.ru

Tula, Russia, TulSu

One of the most convenient and reliable tools for solving the two-
class recognition problem is Support Vector Machines (SVM). A fea-
ture of modern applied recognition problems is the need for learning
in a large number of objects. At that the learning process is very
laborious and requires increasing the productivity of existing realiza-
tions of learning methods and developing new ones.

In this paper we propose a simple approach based on averaging
the SVM decision rules, which are constructed in a linear feature
space using small subsamples of objects randomly selected from the
training set.

Experimental research on model and real data have shown that in
the case of a large number of objects this approach allows to quickly
find an approximate solution of the SVM problem that is not very
different from the exact one. Moreover, in a number of cases it al-
lows to reach a lower error rate in the test set in contrast to results
obtained using traditional instruments, such as LibSVM library.

In addition, the proposed approach is memory-efficient and so
provids the possibility training on a single computer, and, at the same
time, has a high degree of parallelism in data and can be effectively
implemented using parallel and distributed computing technologies.

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

[1] Makarova A. 1., Sulimova V. V. Fast approximate two-class SVM learn-
ing in the case of a large number of objects // Machine Learning and

Data Analysis, 2018 (in press).
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MeTtoa ObICTPOro MHOXXeCTBEHHOro NonapHoOro
BblpaBHUBaHUS HA OCHOBE MPeUKCHbIX AepeBbeB

Sxoenes Ilasen Andpeesur'x yakovlev@biocad.ru

LCankr-TlerepGypr, 3A0 BIOKA T
DOTI: 10.30826/IDP201815

MoHnoKJ/IOHAIbHBIE AHTHUTE A yXKe 0oJiee MBAJIATU JIET SIBJISIOT-
CsI OCHOBHOIT JI7TsT CO3MAHNs OMOJIOTUIECKAX JIEKAPCTBEHHDBIX CPEICTB
MMPOTUB OHKOJOTMYECKNX W ayTOMMMYHHDLIX 3aboseBanuit. Boicokast
3bdEKTUBHOCTD TAKOHM TepaIny CBsI3aHa ¢ YHUKAJILHBIME CBOHCTBa-
MU TOJ00HBIX MOJIEKYJI, BKIIOYAIOMIMME B ce0sl KAK BBICOKYIO U3MEH-
YUBOCTH, 00ECIIEYNBAIOILY 0 BO3MOYKHOCTD ITOJIYyIUTh MOJIEKYJIbI, CBsi-
3BIBAIOIIIECS C KaXKIBIM HeOOXOINMBIM OEJTKOM, TaK W KPaitHIoI0 KOH-
CepPBATUBHOCTH OPTAHU3AINY UX TI0C/IeI0BaTeTbHocTH. Heyracarormmit
MHTEPEeC K AaHTUTEJIAM TI0/ICTETUBAET UCIIOIb30BAHNE HOBEHIITIX METO-
JIOB UX aHAJIN3a, B TOM YHUCJIe BBICOKOIIPOU3BOIUTEIbHOE CEKBEHUPO-
BaHUe, CIOCOOHOE IMOJIydaTh MUJIIMOHBI MTOC/IEIOBATEILHOCTEN pas-
JINIHBIX aHTUTE].

AHam3 1oJyyaeMbIX JaHHBIX BKJIIOYAET B c€Osl aHHOTAIMIO — OT-
HECeHMsT KaXKJIOW MPOYNTAHHON TOCJIEI0BATEILHOCTH K OJIHOMY W3
JIECSITKOB THICSY KJIACCOB, & TaK:Ke BbIJEJIEHHe Ha I10CJIe/I0BaTe b-
HOCTH OCOOBIX PErrOHOB. BBIYHC/IUTEIBHO 9TO TpebyeT CpaBHEHUS
KarKJI0f CIMBOJILHOM TOCIEI0OBATEILHOCTA U3 OJHOTO MHOYKECTBA CO
BCEMHU CTPOKAMHU W3 Apyroro. B pabore mpemacTaBieH METO, perna-
IO JAHHYTIO 33184y CYIIECTBEHHO OBICTpee, IeM IpsMoit mepedbop
CpaBHEHMiI CO BCEMH CTPOKaMu opsil. Jjisi yCKOpeHUsl POy phl
[pe/IJIaraeTCsi OPUTMHAIBHBIN AJITOPUTM, 00beIMHSAIONINN UCIIOIB30-
BaHUe NMPepUKCHOrO JepeBa U CTAHIAPTHOIO AJTOPUTMA JTHHAMUAYIE-
CKOTO TTPOTPaAMMHUPOBAHUS JJIsI TONCKA PEIAKIIMOHHOTO PACCTOSTHUS
(merpuku JleBeHmireitna) MKy CTPOKAMH.

[1] “Txosaes II. A. Meron GBICTPOrO MHOXKECTBEHHOT'O IIOIIAPHOIO BBIPAB-

HUBaHMs Ha OCHOBE MPpepUKCHBIX JgepeBbes // Jloknaapr AkagemMun na-

yK, Mocksa: PAH, 2018 (B neuarn).
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Fast Trie-based method for multiple pairwise sequence
aligment

Yakovlev Pavel'x yakovlev@biocad.ru
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For more then twenty years monoclonal antibodies are the main
origin of novel biopharmaceuticals for oncology and autoimmune dis-
eases. The high efficiency of such type of therapy is caused by ex-
ceptional properties of these molecules, such as high variability that
allows to obtain molecules that bind to every treatment target. De-
spite this variability antibodies have a very conservative organization
of amino acid sequence. Unceasing interest in the use of antibodies
leads to the use of advanced biological methods of analysis, includ-
ing next generation sequencing (NGS). So millions of sequences of
different antibodies are obtained from every NGS experiment.

Sequencing data analysis includes antibody annotation — classifi-
cation of sequences to one of tens thousands classes and functional
regions determination. This procedure requires a comparison for each
sequence from some NGS-obtained set with every single sequence
from some other one. In this work I present a method that makes
possible to solve this task sufficiently faster than direct use of pair-
wise comparisons. The prefix tree (or trie) is combined with standard
dynamic programming algorithms to find edit distances for each pair
of sequences from two different sets.

[1] Yakovlev P. Fast trie-based method for multiple pairwise sequence
alignment // Doklady Mathematics, Moscow: Pleiades Publishing,

2018 (in press).
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Tepyun «kBazucenapabebHas GYHKIUA» K HACTOAIIEMY BpeMe-
HU HE UMeeT OONIEIPUHSITON O/IHO3HATHON TPAaKTOBKHU. B nokiae 0y-
JIeM Ha3bIBaTh KBasucenapabeabHoi (hyHKInei 1BaK 16l HeIIPEPHIBHO
muddepeHnupyeMyo pyHKIINIO, TeCCHAH KOTOPOit OJIM30K B KAKOM-TO
cMBICTe K JmaronasbHoMy. OCHOBHOM Hjeeil mperaraeMoro mojxo-
J1a fABJIIeTCs y4eT crenndudecKuX 0cobeHHOCTeH 3a/1a4 0e3yCI0BHOM
ONTUMU3AINN, (DOPMYJIIPYEMBIX B OTHOIICHUN KBA3UCEIIAPAOETHHBIX
dbyHKIMIA.

Cpeu MHOXKeCTBa CYIIECTBYIOIINX AJTOPUTMOB OITHM3AIUH,
ocoboe mecro 3ansu Merog, B.T. ITorsaka (1969 r.), a Takke HEMOHO-
TouHbIH MeTox Barzilai-Borwein (1988 r.). [taBHbIMEI 0COGEHHOCTSIMI
9TUX METOJOB SIBJISIETCS IIPOCTasi CTPYKTYPa OTIEJLHON UTepanul u
OTCYTCTBHE BBIYUCIUTEHHO 3aTPATHOI IPOIEYPbI OJJHOMEPHOTO I10-
ucka. [Ipemroxkennas apropavu momudukarus merona B.T. [Toska,
COXPAHSIONAsi MOHOTOHHYIO CXOJINMOCTD HA UTEPAINsdX, IOKA3aJa B
UTOre HAWIYUIINE Pe3yJbTaThl Ha UCCJENYEMBIX 3aJadax OOJIbIINX
pasMepHOCTel.

IIporpammuast peasusanysi ajJrOpUTMOB BBIIOJTHEHA Ha SA3BIKE
C++ ¢ mpuMeHeHneM TeXHOJIOTUH MapasiIeIbHbIX BhrancieHuit MPI.
BoraucimrebHbIe 9KCIIEPUMEHTHI IIPOBEIEHBI HA BBICOKOIIPOM3BOIU-
TesibHOM BeraucauTesbHoi cucreme K-100 UTIM PAH. Ilpesgcrasie-
HBI PE3YJIbTATHI PEIleHns] MOJEIbHBIX 33a/[aY ONTUMU3AINI KBa3uCe-
mapabebHbIX yHKImit ¢ pasmeprocTsavu 10 101! mepemeHHbIX.

Pabora mognepzkana rpantom PODIU Ne16-07-00664.

[1] Andrianov A.N., Anikin A.S., Bychkov I.V., Gornov A.Yu. Numerical

Solution of Huge-Scale Quasiseparable Optimization Problems //
Lobachevskii Journal of Mathematics. 2017. Vol. 38. No. 5. P. 870-873.
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Computational technologies for solving quasi-separable
problems of unconditional minimization
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The term jjquasi-separable function;j; by the present time does
not have a generally accepted interpretation. In this paper we shall
call a quasiseparable function a twice continuously differentiable func-
tion, the Hessian of which is close to the diagonal. The main idea of
the proposed approach is to take into account the specific features of
the unconditional optimization problems formulated with respect to
quasi-separable functions.

Among the many existing optimization algorithms a special place
was taken by the method of B.T. Polyak (1969), and also the non-
monotonic method of Barzilai-Borwein (1988). The main features of
these methods is the simple structure of a single iteration and the ab-
sence of a computationally expensive one-dimensional search proce-
dure. The modification proposed by the authors of Polyak’s method,
which preserves monotonous convergence on iterations, showed the
best results for the large dimensions problems.

Software implementation of algorithms was realized in C ++ lan-
guage using parallel MPI technology. Computational experiments
were carried out on a high-performance computer system K-100 TAM
RAS. Tt is presented the results of solving model optimization prob-
lems for quasi-separable functions with dimensions up to 10! vari-
ables.

This research is funded by RFBR, grant 16-07-00664.

[1] Andrianov A.N., Anikin A.S., Bychkov I.V., Gornov A.Yu. Numeri-
cal Solution of Huge-Scale Quasiseparable Optimization Problems //
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870-873.
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Bajaua pasmemienus (Facility Location Problem, FLP) — oxua u3 Tu-
MIOBBIX B MCCJeoBannm oneparuii. B obmem ciay4dae ona NP-tpyana
KaK B MHOT'OTAITHOW, TaK U B OJHOSTAITHON MOCTAHOBKAax. B ciry-
4yae JPEBOBUIHBIX ceTell 3ajada pemaerca 3a Bpems O(mn), rae n
— 9UCJIO TIYHKTOB CIPOCA, 1M — YUCTO0 BO3MOYKHBIX MECT Pa3MeIeHusT
npenpustuii. O HAKO, IPU OIPAHUYCHHUSAX HA OOBEMBI IIPOU3BOJI-
CTBa IIPEIIPUATUNA 3a/1a4a Tpy/HOpelIaeMa JlazkKe Ha JIUHEHHO ceTH.
B nmannOoM nokjajsie paccmorpena 3agada Uniform FLP wa myreBom
rpade B MPEeIIoIoKe NN, 9T0 00beMbl ITPOU3BOJICTBA IPEIIIPUATHI
omarakoBsl. Tpymoemkocts O(m?n?) mssecTHOro pamee ajropuTMa
yaydiena B m pa3 [1]. Jps NP-rpyanoit B obiem ciiydae MHOro-
sTamHON 3ajaun B pabore [2| mokasano, uro pesynbrar TpyOuna n
[MMapudosa (1992) o0 mosMHOMUATIBHON PA3PENTIMOCTH MHOTOITAITHO
381491 Ha JIPEBOBUJIHOI ceTn He KoppekTeH. Hapsiy ¢ arum B [2] npu-
BEJICH PsiJI IPUMEPOB MOJUHOMUAIBHO PAa3PEIINMbIX CJIYIACB 331291
Ha JPEBOBUIHBLIX ceTsx. Takum obpaszom, Bompoc 06 NP-tpymamocTn
3aJ1a90 Ha JIPEBOBUJIHOM CETH B CJIydae JYHUCJIa ITAoB OOJIBINE JIBYX
0CTaeTCs OTKPBITHIM. Pabora dacTutno nojepxkana rpantom POOU

Ne16-07-00168 u rparrom PAH Ne0314-2016-0015.

[1] Gimadi E.Kh., Kurochkina A.A. Time Complexity of the Known
Algorithm to Solve the Uniform Hard Capacities Facility Location
Problem on Path Graphs // Lecture Notes in Computer Science,
Springer, 2018 (accepted).

[2] Edward Gimadi and Yury Shamardin. On Multi-level Network Facility
Location Problem // CEUR-WS.org, online http://ceur-ws.org, 2018
(B meuarn)
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The Facility Location Problem (FLP) is one of the typical operations
research problems in the study. Its The Facility Location Problem
(FLP) is one of the typical operations research problems in the study.
Its many different modifications, both in a multi-stage and in a one-
step setting, are generally NP-hard.

In the case of tree networks the problem is solved in time O(mn),
where n is the number of points of demand, m is the number of pos-
sible locations for facilities. However, in the presence of restrictions
on the facility capacities, the problem is difficult to solve even on a
linear network.

In this report, the problem of Uniform FLP on the line graph
is considered, assuming that the capacities of all facilities are the
same. The complexity O(m*n?) of the previously known algorithm
we improve in m times [1].

This work was partially supported by RFBR, grant N 16-07-00168
and by the Russian Academy of Science, grant 0314-2016-0015.
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B xnaccudeckoit NP-tpymamoit 3ajade pasmerieHusl Ha CETH
(Facility location problem wiu FLP) 3anan n-sepumnnbiii rpad G =
= (V,E), B xax/10i1 Beprmee i € V HAXOJUTCH KJIHEHT ¢ 00BHEMOM
crpoca b(i) U BO3MOXKHO OTKDBITHE IIPEIIPUATHS CTOUMOCTBIO f (7).
Hast kaxkgoro pebpa e € F ussecTHa CTOMMOCTH ¢(€) TPAHCIOPTH-
POBKH €JIMHUIIBI TOBapa BJIOJIb €. TpebyeTrcs pasMecTuThb IPe/IIpusi-
TSI, TAK ITOOBI YIOBJETOBPUTH CIIPOC U MUHUMHU3UPOBATH CYMMAap-
HbIE M3JIEP’KKHU, CBI3aHHBIE C TPAHCIIOPTUPOBKON TOBAPOB M OTKPBI-
THEM penpusaTuil. B oKIaje paccMaTpuBalOTCS €CTeCTBEHHBIE MO-
mudukannn 3agaqu FLP, B KOTOpbIx 00beM MpOn3BOJICTBA HA TIPE/I-
[PUSITHH, OTKPBITOM B i-Oil BepIlMHE, OIPDAHMYEH 3aJ[aHHON BeJIu-
qunoii a(i) (Capacitated FLP waun CFLP), wiau BBesieHbI OrpaHu-
YeHUs Ha UPOIYCKHYIO crocobnocth pebep rpada (Restricted FLP
mwm RFLP), umu BBesenst orpanmuenns obonx tumos (Restricted
Capacitated FLP win RCFLP). IIpegaraercs TOUHBI 1ICEBIOIONH-
HOMUAJIBHBI ajiroputM pernerns 3agadu RCFLP s coryyast, Korma
HCXOJHBIN I'pad — JepeBo, a KaxKIblil KJIMEHT MOYKET OBbITh OJIHOBPE-
MEHHO 00CJIy2KeH HEeCKOJIbKUMU npeanpusituayu. s 3amaan RFLP
Ha JIMHEHHOM Tpade, Kak B CIydae, KOTJa KayKIbli KJIUEHT JIOJIXKEH
OBITH 00OCJTY?KEH POBHO OJTHUM IPEJIIPUITHEM, TaK U B CIydae, KOrja
JIOIYCKAeTCsT OOCITY>KUBAHME OJHOTO KJIMEHTA HECKOJbKUMU IIPEJIITPsi-
THSMH, TIOCTPOEHBI TOYHbIE AJTOPUTMbI ¢ BpemeneMm paborer O(n?).
Pabora wactuuno nomuepxkana rpanrom PODI Ne 18-31-00470.

[1] Gimadi E. Kh., Kurochkina A., Tsidulko O. On Exact Solvability of the
Restricted Capacitated Facility Location Problem // CEUR-WS Vol
1987, 2017. — P.209-216. http://ceur-ws.org/Vol-1987/paper31.
pdf.
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The well-known NP-hard network Facility Location Problem
(FLP) states as follows. Given an n-vertex network graph G = (V, E),
in each vertex i € V there is a client with demand b(7) and the cost of
opening a facility in 7 is f(¢). For each edge e € E given cost ¢(e) of
transportation of a unit of product along e. The problem is to open
a subset of facilities such that all the cients are served, and the total
transportation and facility opening costs are minimized. We consider
the natural modifications of this problem, where for each ¢ € V the
facility capacities a(7) are given (Capacitated FLP or CFLP), or the
edge capacities of the network are given (Restricted FLP or RFLP),
or we have both of these capacity constraints (Restricted Capacitated
FLP or RCFLP).

We propose an exact pseudopolynimial algorithm for the tree-
network RCFLP, where each client can be served by multiple facil-
ities. For the line-network RFLP, for both cases when each client
should be served by only one facility and when each client can be
served by multiple facilities, we present exact algorithms with O(n?)
running-time.

The authors were partially supported by RFBR, grant 18-31-
00470.

[1] Gimadi E. Kh., Kurochkina A.,Tsidulko O. On Exact Solvability of the
Restricted Capacitated Facility Location Problem // CEUR-WS Vol
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pdf.
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[Mycrs 3a1a8 noanblii Heopuentuposanubiii rpad G, = (V) E) ¢ muo-
:kecrBoM Beprma Vo= {1,...,n}, B KOTOpOM KaxKIoMy pebpy e =
= (4,j) € E mpunucana cromMocts (Bec) w;; > 0, 1<i<j < n
3ajiaua 3aK/I0YaeTCs B HaxoxKieHuu B rpade (G, OCTOBHOIO JiepeBa
D,, MUHMMAaJIBHOI'O BeCa NP YCJIOBUU OMPAHUYEHHOCTH €0 JTUaMET-
pa. Ilox mnamerpom nckomoro noarpada G € G monuMaercs JIMHa,
MaKCHMAJILHON, OTHOCUTEIBHO 4mcaa pebep, nmpocroii nerm B G'. B
obrrem ciryvae Jannas 3ajada sBisgercs N P-TpyaHoit.

Panee sra 3asiaua paccmarpuBajiach IpU OTPAHUYCHUN Ha JIHA-
MeTp CHH3Y. B HACTOSIIEM COODIIEHNN TIPeIaraeTcs IPUOJIMKeHHBII
AJICOPUTM C y9IETOM BEPXHErO OIpPaHUYeHUs] Ha JUAMETP HUCKOMOI'O
OCTOBHOTO JIepeBa. AJITOPUTM PEIIeHUsl 3a][a9l COCTOUT U3 JBYX ITa-
mos. 1. Crpoum 1emnn C((f) = (i1,82,...,04,,) W3 d pebep. Braua-
Jle B KadecTse i1 GepeM MPOU3BOJIbHYIO BepITHHY rpada u mojaraem
C(0) = (i1). Korga nocrpoena nems C(k), k < d, B kauecrse ijiq
Gepercst epmuna BHe niern C'(k), Gamxkaiimast K i. 2. Kaxyo Bep-
muny BHE tern C' (cf)7 COeJIMHSIEM KpATIaiImM pedpoOM ¢ BEpIIHHOIA,
sexareit sayrpu renu C (cf) B urore mocTpoeHo ocToBHOE JEPEBO €
JMAMETPOM, He IpeBbIIAoeM d.

B noknaje mpejmosaraerTcs J0J0KUTH PE3YIbTAThl BEPOSITHOCT-
HOrO aHajim3a PaboOThl AJTOPUTMA KBAJIPATHIHON TPYIOEMKOCTH Ha
CIIyUaiiHbI3 BXOJIAX, PACCMATPUBAEMBIX B IIPEJIBIBIYIINX paboTax ¢
HUPKHUM OUDAHUYIEHUEM Ha JIHAMETD.

Pabora gactuano nojepkana rpaatTom PODI Ne16-07-00168 u
rpanrom PAH Ne(0314-2016-0015.

[1] Edward Gimadi, Aalexsey listomin and Ekaterina Shin. On Bounded
Diameter MST Problem on Random Instances // CEUR-WS.org,
online http://ceur-ws.org, 2018 (accepted)
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We give an approximation deterministic algorithm for solving the
Random bounded diameter minimum spanning tree (BDMST) prob-
lem on an undirected graph. The algorithm has a quadratic time
complexity. A probabilistic analysis was performed under conditions
that edge weights of given graph are identically independent uni-
formly distributed random variables on an interval (ay;by,). Condi-
tions of asymptotic optimality are presented.

This work was partially supported by RFBR, grant N 16-07-00168
and by the Russian Academy of Science, grant 0314-2016-0015.
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Paccmarpusaercst 3a/1at1a 00beMHO-KAJIEHIAPHOTO ILIAHIPOBAHNS
B YCJIOBUSX OIDAHUYEHHBIX PECYPCOB C KPUTEPUEM MUHUMUIAIIN
CpOKa OKOHYAHUS mpoekTa. IIpepbiBanust paboT He MOMyCKAIOTCT

Mpsbr npesgaraeM jJiBa MeTOJIa PeIIeHUs 3aJa49i C BO30OHOBHMBI-
Mu pecypcamu. [lepBbIM U3 HUX SBJISIETCS TOYHBIH METOJ, BETBEH
TPAHUIL C HOBOH CXeMOI BETBJIEHUS HA OCHOBE TPEJICTABJICHUS CETE-
BOro rpaduka B BHjie CIUCKa PabOT. P HEKTUBHOE IOCTPOCHNE HUK-
Hell TPAHUIIGI OCHOBAHO HA, TOJAHOMHUAJILHON PA3PEITMMOCTH 331291
B CJIy4ae 3aMeHbl BO30OHOBHMOI'O THIIA Pecypca Ha KyMYJIATHBHBIH
(cryIaampyemsbtit).

Bo BTopom MeToie pertieHus 3a71a4M1 ¢ BO30OHOBUMBIME PECYPCAMU
MBI HCIOJIB3YEM METa3BPUCTHUKY.

Mpbr npejicTaBiseM pe3ybTaThbl YUCIEHHBIX SKCIIEPUMEHTOB, HJI-
JIIOCTPUPYIONMINX KAYECTBO IpeJjiaraeMoro ajropurma. /i mpose-
JIEHUs PACYeTOB ObLIIN MCIIOJIb30BAHBI TECTOBBIX 9K3EMILISPOB U3 M3-
BecTHOIT 6ubsmoreku PSPLIB. HucienHble 3KCIIEpUMEHTHI IIPO/IEMOH-
CTPUPOBAJIM KOHKYPEHTOCIIOCOOHOCTH ajropurma. Jljist HeCKoJIbKuX
9K3eMILISPBI n3 Habopa maHHbIX j120M ObLIn HallEHBI PEKOPIHO JIy U-
[IKe PelIeHusl 110 CPABHEHUIO C PaHee MOJIyYeHHbIME [1].

Pabora wacruano nognep:kana rpantamu POOU Ne16-07-00168,
Ne16-07-00829 u rpanrom PAH Ne(0314-2016-0015.

[1] E.Kh. Gimadi, E.N. Goncharov, D.V. Mishin On some
implementations of solving the resource constrained project scheduling
problems // Yugoslav Journal of Operations Research, Beograd, 2018
(B meuarn).
http://yujor.fon.bg.ac.rs/index.php/yujor/article
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We consider the resource-constrained project scheduling problem
with respect to the makespan minimization criterion. The prob-
lem accounts for technological constraints of activities precedence
together with resource constraints. Activities preemptions are not
allowed. We consider renewable and cumulative resources.

We introduce that the problem with cumulative resource con-
straints can be solved in strongly polynomial time. We propose two
methods for solving the problem with renewable resources. One of
them is the exact branch and bound algorithm with a new branch-
ing scheme based on the presentation of a schedule in the form of a
activity list.

We use two variants of constructing the lower bound. In another
method we use metaheuristics.

We present results of numerical experiments illustrating quality
of proposed algorithm. The test instances were used from the library
of test instances PSPLIB. Numerical experiments demonstrated al-
gorithm’s competitiveness. We have found the best solutions for a
few instances from the dataset j120 [1].

This research is partially supported by RFBR, grants 16-07-00829,
16-07-00168 and by the Russian Academy of Science, grant 0314-
2016-0015.
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OpHOI U3 TOMYJISPHBIX B HPUJIOKEHUIX 33Jad SIBJISIETCS 3a/a-
9a AlIPOKCUMAIIUU HEBBIYKJ/IbIX MHOXKECTB B KOHEYHOMEDHOM IIPO-
crpancrBe. IIpobieMbl TaKOTO THITA BO3HUKAIOT B IIEJIOM psage 00-
JlacTell MPUKJIAIHON MaTeMaTHKU — B 3aJa49ax (a30BOTO OIEHNBA-
HUS, 38/1a9aX HEBBIMYKJION ONTUMHU3AIINN, 33/Ia9aX MMOUCKA TJT00aTh-
HOTO 3KCTpeMyMa (HYHKITMOHAJOB, 33/ladaX CUHTE3a OINTUMAJILHOTO
yIpaBjeHust © MHOTUX Jpyrux. OMHAKO paboT, MOCBSIIIEHHBIX JaHHON
1pobJiemMe, OIyOJIMKOBAHO YAUBUTEIHHO MaJjo. B jokitaje obcyxia-
TOTCSI HAOOp aJrOPUTMOB AIMMTPOKCUMAIIAN HEBBITYKJIOTO MHOXKECTBA,
OCHOBAHHBIX Ha HJEE «OOJATHDBIX AIMTPOKCUMAIINY — MTPUOIUKEHUST
CeTKaMM KBa3UCIIyYaifHOro xapakrepa («HeperyasipHbIMI CETKAMUI» ).
PaccmaTrpuBaembie ajqropuTMbl OPUEHTUPOBAHBI Ha IMOJYyUYCHUE WH-
dopMaru 0 reoMeTpur MHOXKECTBA B IPOCTPAHCTBAaX, BOODIIE TO-
BOpsI, TTPOM3BOJILHON pa3MepHOocTH. C TPUMEHEHUEM IPEIIOKEHHO-
O TIO/IXO/A PEeATN30BaHbl METO/bI JIJIT T€OPETUKO-MHOYKECTBEHHBIX
omeparuit 00beIMHeHUsI, TIePeceveHusI, JIOMOTHEHNsT U OBBITYKJ/ICHUSI,
ATTPOKCUMAITIH T'PAHUI] MHOXKeCTBa. {1 crienualibHOTo ciryvas pac-
CMaTpPUBaEMO TPOOIEMbI — IIPU HAJUIUHU [OTEHIINAIBHON DYHKINH,
OIIPEIC/IEHHON Ha MCKOMOM MHOYKECTBE — PEATN30BAHBI TaAKKe AJIr0-
PUTMBI KJIACTEPUIAIIH JJIsI OIIEHKU 00JIACTell ¢ «HU3KUMU TOTEHITN-
aJI0M», aJTOPUTMBI OTEHKHU IJIOTHOCTU OOJIAYHON ATTPOKCUMAITIH B
BBISBJIEHHBIX KJIACTEpax U JApyrue. B KadecTBe NMPUIOKEHUsT 00CY K-
JIAeTCs IPUMEHEHNE MTPEJIOYKECHHBIX aJITOPUTMOB JIJIsT UCCJICIOBAHUS
CBOMCTB MHOXKECTBa JOCTUXKUMOCTHU YyIIPaB/IgdeMON HeJIMHEHHOA 1u-
HAMWIECKOI CHCTEeMBI 1 OTEHKH «00JacTell 3ajIeranusy TI00aJIbHOTO
IKCTPEeMyMa, MHOTOMEPHOI HeBBIyK/I0i dynkiuu. Pabora mosep-
»xkana rpanToM PP Nel18-07-00587.

[1] Gornov A.  Zarodnyuk T. Anikin A., Finkelstein E. Technology of
nonlocal search in optimal control problems, based on the property

of hidden convexity // Journal of Global Optimization, Springer, 2018

(B meuarn).
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One of the popular problems in applications is the problem of
approximating nonconvex sets in a finite-dimensional space. Prob-
lems of this type arise in a number of areas of applied mathematics
— in problems of phase estimation, nonconvex optimization, find-
ing a global extremum of functionals, optimal control synthesis, and
many others. However, few papers devoted to this problem have been

published.
The paper discusses a set of algorithms for approximating a non-
convex set based on the idea of “cloud approximations” — approx-

imation by grids of a quasi-random nature (“irregular grids”). The
algorithms under consideration are oriented to obtaining information
about the geometry of a set in spaces, generally speaking, of arbi-
trary dimension. With the application of the proposed approach,
methods are implemented for set-theoretic operations of union, in-
tersection, complementing and convexification, approximation of the
boundaries of a set. For the special case of the problem under consid-
eration, in the presence of a potential function defined on the desired
set, clustering algorithms for estimating regions with “low potential”,
algorithms for estimating the density of cloud approximation in the
clusters detected, algorithms for estimating the distances between the
cluster centers, and others are realized.

The use of the proposed algorithms for investigating the proper-
ties of the reachable set of a controllable nonlinear dynamical system
and estimating the “location areas” of a global extremum of a mul-
tidimensional nonconvex function are discussed as an application.

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

[1] Gornov A. Zarodnyuk T. Anikin A., Finkelstein E. Technology of non-
local search in optimal control problems, based on the property of
hidden convexity // Journal of Global Optimization, Springer, 2018
(in press).
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B pabore paccmarpuBaioTcs JiBe ONTUMUA3AINOHHDIE 3a/1aYH.

Bamava 1. Jlano: N-37eMEeHTHOE MHOXKECTBO ) TOYEK B €BKJIM-
JI0BOM npocTpancTse pasmepuoctu d u auciao « € (0,1). Hatimu:
noaMuoKecTBO C C ) HambOIbINEH MOIHOCTA TaKOe, ITO

Slly=g@I1P+ Y IwliP<ad ly—a)I*.

yeC yeY\C yey

e Y(C) = ‘71| Eyec yuyy) = ‘71| Zyey y — tenTpoubl C u ).

Bama4va 2. Jlano: N-37eMEeHTHOE MHOXKECTBO ) TOYEK B CBKJIU-
JIOBOM IIpocTpaHcTBe pasmepHocTu d. Hatimu: moamuoxkectso C C Y
HauOOJIBINEHl MOIIHOCTH TaKoe, UTO

> My =31+ 1¥\Cl > yllP <aN Y ly-g))*.

yec yeY\C yey

O6e 3ajiauu UHIYIUPYIOTCS MPODJeMaMU PeJIaKTUPOBAHUS JIAH-
HBIX. B pabore ycranoBjeno, aro obe 3agauun NP-TpyaHbl B CHIbHOM
cmbiciie. OBOCHOBAHBI TOYHBIE AJTOPUTMBI JIJIsl CJIy9IaeB ITUX 3a/ad,
B KOTOPBIX TOYKU BXOJ/IHOI'O MHOXKECTBa MMEIOT IEJIOUNCIEHHbIE KO-
opauHaThl. Ecimm pa3zmepHOCTh MpocTpancTBa (hUKCUpPOBaHA, TO 00a
MIPEJIJIOYKEHHBIX aJITOPUTMA IICEBI0IOJIMTHOMUAIBHBI.

Uccnenosanme 3agaun 1 momaepxxkamo rpaaroM PH® 16-11-10041.
UccnemoBanne 3agatn 2 momuepxkano rpantamu PODU 16-07-00168,
18-31-00398-mour-a, a Takzke rpanrom PAH (npoexr 0314-2016-0015).
[1] Kelmanov A., Khandeev V., Panasenko A. Exact Algorithms for the

Special Cases of Two Hard to Solve Problems of Searching for the

Largest Subset // Lecture Notes in Computer Science, Springer, 2018

(B meuarn).
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We consider two optimization problems.

Problem 1. Given an N-element set ) of points in d-dimensional
Euclidean space and a number « € (0,1). Find a subset C C Y of
the largest cardinality such that

Slly=g@I1P+ Y wliP<ad lly-a)I*.

yeC yeY\C yey

where 5(C) = ﬁ > yecyand y(Y) = ‘71| >_yey Y are the centroids of
the subset C and the given set ), respectively.

Problem 2. Given an N-element set ) of points in d-dimensional
Euclidean space and a number « € (0,1). Find a subset C C ) of
the largest cardinality such that

1> My =71+ 1v\Cl > yll> <aN Y ly—g))*.

yel yeY\C yey

Both problems model the data editing problems. In this paper,
we prove the strong NP-hardness of these problems and present exact
algorithms for their special cases (integer-valued coordinates of the
input points); if the space dimension is fixed, both algorithms are
pseudopolynomial.

The study of Problem 1 was supported by the RSF, project 16-11-
10041. The study of Problem 2 was supported by the RFBR, projects
16-07-00168, 18-31-00398, and by the Russian Academy of Science,
project 0314-2016-0015.
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Largest Subset // Lecture Notes in Computer Science, Springer, 2018
(in press).
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Paccemarpupatorcst NP-TpyiHble B CHIIBHOM CMBICTIE 3aJ1a9H:
Bama4va 1. Jlano: N-smemenTHOE MHOXKECTBO ) TodeK m3 RY u
marypasibaoe gucao M. Hatmu: nmommuoxkectBo C C ) MOMIHOCTH
M Ttakoe, 9TO
_ 2 .
> " ly = 9(C)|I* — min,
yeC
rue g(C) = \%I >~ y — nenrpou nogmuoKecTBa C.
y€ec
Bama4da 2. /lano: N-smeMenTHOE MHOXKECTBO ) TodeK m3 RY u

HarypasbHoe uuciao M. Hatimu: pa3buenme MHOXKecTBa ) Ha JBa
nommuokectBa C (mormaoctn M) n Y\ C (monaoctn N — M) Takoe,

9gTo
1> Ny —g@)2 + v\l >yl — min.

yeC yeY\C

O6e 3amaun WHIYIUPYIOTCH TPOOJIEMaMU KJIACTEPU3AIUN JAH-
HBIX. B pabore mpesioyKenbl PaHIOMU3UPOBAHHbBIE AJTOPUTMbI, KO-
TOpbIE HAXOAT NPUOJIMKEHHbIE PEIleHns 3a/1a9 338 BPeMs, JIMHEHHO
3aBUCSINEE OT PA3MEPHOCTH [IPOCTPAHCTBA U OT MOITHOCTH BXOIHOT'O
MHOXKecTBa. HaiijileHbl yCcIoBust, IPU KOTOPBIX aJrOPUTMbI ITOJIHHO-
MUAJbHBL U aCHMITOTUIECKU TOYHBI.

Uccnenosanue 3ajaqn 1 nojepxkano rpanrom PH® 16-11-10041.
Uccnenopanue Sagaqu 2 nouepxkano rpanramu PODU 16-07-00168,
18-31-00398-mo1-a, a Takke rpaatom PAH (nmpoekt 0314-2016-0015).
[1] Kelmanov A., Khandeev V., Panasenko A. Randomized Algorithms

for Some Clustering Problems // Communications in Computer and

Information Science. Vol. 871, P. 109-119, 2018.
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We consider the following strongly NP-hard problems.
Problem 1. Given an N-element set ) of points in R?, and a
positive integer M. Find a subset C C ) of size M minimizing the

value of
>y -w©)?,

yel
where 7(C) = Ifl\ > y is the centroid of C.
yeC

Problem 2. Given an N-element set ) of points in R?, and
positive integer number M. Find a partition of ) into two non-empty
clusters C (of size M) and Y\ C (of size N — M), such that

> ly=g©IP+v\cl Y vl — min.

yel yeY\C

Both problems induced by the data clustering. In this paper, we
present randomized algorithms for these problems. Our algorithms
allow one to find an approximate solution in a time that is linear
in the space dimension and the input size of the problems for given
upper bounds of the relative error, failure probability and for an
established parameter value. The conditions are found under which
the algorithms are polynomial and asymptotically exact.

The study of Problem 1 was supported by the RSF, project 16-11-
10041. The study of Problem 2 was supported by the RFBR, projects
16-07-00168, 18-31-00398, and by the Russian Academy of Science,
project 0314-2016-0015.

[1] Kelmanov A., Khandeev V., Panasenko A. Randomized Algorithms
for Some Clustering Problems // Communications in Computer and

Information Science. Vol. 871, P. 109-119, 2018.
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B paboTe npeIozKeHbl TOYHbIE aIrOPUTMBI IS IIe0YUCICHHBIX
BapuanToB ciaeayomux NP-TpyIHBIX B CHIILHOM CMBIC/IE 33129,

Problem 1. Jano: maoxectBo YV = {y1,...,yn} ToueKk u3 R? u
qucio « € (0,1). Hatmu nommuozxkectso C C ) HanboIbIIIeH MOIIHO-
cru Takoe, uto 3, o [y = YOI < a3 oy lly (V)% rae 7(C) =
= ﬁ dyecynyY) = ﬁ > ey ¥ — nenrpomipt C u Y.

Problem 2. /lano: nocnenoBarenabroctb Y = (Y, ..., YN ) TOUEK
u3 RY, marypanbabie quciaa Tinin, Tmax, 1 9uciao « € (0,1). Had-
mu: mommuOoKecTBO M = {ny,...,ny} CN ={1,..., N} nauboman-
et MOTITHOCTU Takoe, 9T0 Thin < My — Nan—1 < Tmax < N, m =

=2,...,.M, n

oy =M <a Y lly; — NI,

JjEM JEN

rue g(M) = Wll Yiem Vi ngN) = % Y ien Yi — menTponst {y; €

YVieMlu{y;eV|ic N}

O6e 3a1a41 MOIEJUPYIOT HPOOJIEMbI PEAAKTUPOBAHUS JAHHBIX.
[Ipemoxkennble aJIrOPUTMBI TICEBIOTIOJTMHOMHUAIBHDBI, €CJIM Pa3Mep-
HOCTDH ITPOCTPAHCTBA OIPAHUYEHA CBEPXY KOHCTAHTOIN.

Pabora wactuano nojyepxkana rpaatamu PODI 16-07-00168, 18-
31-00398 u rpantom PAH 0314-2016-0015.

[1] Kelmanov A., Khamidullin S., Khandeev V., Pyatkin A. Exact
Algorithms for Two Quadratic Euclidean Problems of Searching for
the Largest Subset and Longest Subsequence // Lecture Notes in
Computer Science, Springer, 2018 (B neuarn).
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In this paper we present exact algorithms for the special cases (the
instances are integer) of the following strongly NP-hard problems.

Problem 1. Given a set ) = {y1,...,yn} of points in R?, and
a number « € (0,1). Find a subset C C Y of largest cardinality such

that
Slly=g@I° <> ly—aV)IP,

yeC yey

where 7(C) = ﬁ doyecy and y(Y) = ‘71| >_yey Y are the centroids of
C and )Y, respectively.

Problem 2. Given a sequence Y = (y1,...,yn) of points in RY,
some positive integer numbers Tinin, Timax, and a number « € (0, 1).
Find a subset M = {ny,....,ny} CN = {1,...,N} of largest size
such that Thin <N — N1 <K Thax SN, m=2,..., M, and

S iy —aMIP <y — TN,

JEM JEN

where g(M) = Wl‘ Siem¥i and TN) = % 3.\ v are the cen-

troids of {y; € V|i € M} and {y; € Y |i € N'} respectively.

Both problems can be treated as data editing problems. If the
space dimension is bounded by some constant, our algorithms run in
a pseudopolynomial time.

This research is partially funded by RFBR, grants 16-07-00168,
18-31-00398, and by the Russian Academy of Science, grant 0314-
2016-0015.

[1] Kelmanov A., Khamidullin S., Khandeev V., Pyatkin A. Exact Algo-
rithms for Two Quadratic Euclidean Problems of Searching for the
Largest Subset and Longest Subsequence // Lecture Notes in Com-
puter Science, Springer, 2018 (in press).
http://www.caopt.com/LION12/program. php.
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B pabore paccmarpuBaercs ciieryomasi

Bamaua. /Jlano: nocienoBaresbHoctb Y = (y1,...,YN) TOUEK
B €BKJIMJIOBOM IPOCTPAHCTBE PA3MEPHOCTH d, HATYPAJbHBIE YUCJIA
Tiny Tmax, 1 auciao « € (0,1). Hatmu: mogMHONKecTBO M =
= {ny,...,ny} € N = {1,..., N} maunbosbiiero pasmepa Taxoe,
970 Thin < M — M1 < Tax KN, m=2,..., M, n Zje/\/l lly; —

—IM)I? + Zjenm lwill? < aXjen llys = NI, tre (M) =
= ﬁ Siem ¥i nYN) = & .o Yi — HeHTpompl (reoMerpuiecHe
nenrpsl) {y; € V|i € M} and {y; € V|i € N'} coorsercrBeHHO.

Bajada MOJEIUPYET, B 9aCTHOCTH, TIOMEXOYCTONYMBEBIN TOUCK BO
BPEMEHHOII 110CJIe/I0BATeIbHOCTI PE3YJIbTATOB U3MEPEHNU 110/ IMHOKe-
CTBA MaKCHUMAaJIBHOI'O Pa3Mepa, COCTOSIIEro U3 IIOXOXKUX MEKJy CO-
6011 0O'BEKTOB.

B pabore nokazana cuabaas NP-TpyaHocTs 3a1a9u U IpejIoKenH
TOYHBII aJITOPUTM IS CITydast 331891, B KOTOPOM KOOPJANHATHI TOUEK
IEJIOYUC/IEHHBI. EcIn pa3MepHOCTh IPOCTPAHCTBA OI'PAHUYEHa CBEP-
Xy KOHCTAQHTOH’, TO IPeIJIOZKEHHbBIN aJIl'OPUTM IICEBI0OII0JIMHOMUAJIEH.

Pabora wactuano nogyepxkana rpaatamu PODI 16-07-00168, 18-
31-00398 u rpantom PAH 0314-2016-0015.

[1] Alexander Kelmanov, Artem Pyatkin, Sergey Khamidullin, Viadimir
Khandeev. An Exact Algorithm of Searching for the Largest
Size Cluster in an Integer Sequence 2-Clustering Problem //
Communications in Computer and Information Science, 2018 (B me-
JaTn).
http://agora.guru.ru/display.php?conf=optima-2018.
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In this paper we consider following

Problem 1. Given a sequence Y = (y1,...,yn) of points in d-
dimensional Euclidean space, positive integers Tiin, Tmax, and a num-
ber a € (0,1). Find a subset M = {ny,...,np} CN ={1,...,N}
of largest size such that Thin < 7 — M1 < Thmax < N, m =
=2,...,M,and

Dol —gMIP+ D wl® <a s lly — g,

JEM JEN\M JEN

where g(M) = Wl‘ Siem i and N) = 3.\ y; are the cen-

troids of {y; € V|i € M} and {y; € Y |i € N'} respectively.

The problem, in particular, models the noise-prove search for the
maximum subset of objects close to each other in the set of time-
ordered measurement results.

In this paper, the strong NP-hardness of the problem is shown and
an exact algorithm is suggested for the case of integer coordinates of
input points. If the space dimension is bounded by some constant
this algorithm runs in a pseudopolynomial time.

This research is partially funded by RFBR, grants 16-07-00168,
18-31-00398, and by the Russian Academy of Science, grant 0314-
2016-0015.
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in Computer and Information Science, 2018 (in press).
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B pabore paccmarpuBaeTcst Cemayonas SKCTpeMaibHas

Bamaua. Jano: nocsiepoBareabnoctb Y = (y1,...,YN) TOUEK U3
R?, marypasbuble gucia Tiin, Tmax ¥ aucio o € (0,1). Hatmu:
noxmuokecrBo M = {ny,...,ny} €N = {1,..., N} nauGonbueii

MONIIHOCTHU TaKoOe€, 9TO

Tiin € N = N1 < Tax KN, m=2,..., M,

>y —gMIIP < @) lly; — 3N,
JEM JEN
e GM) = g Diem ¥i 1 TN) = § Zicn Ui
Sajiaua MMeeT NPUJIOXKEeHMs, B YacTHocTH, B data editing, data
cleaning, data mining, machine learning. B macrosmeit pabore ycra-
HOBJICHO, UTO OHa NP-TpyjHa B CHJIBHOM CMBICJIE U JIJI €€ PEICHUsT
MIPE/JTOZKEH TIOJIMHOMUAJIBHBIN IPUOJINYKEHHBIH aJITOPUTM C OIECHKO
TouHOCTH, GJIN3KOI K 1/2.
Pabora nmomnepkana rpantamu POPU 16-07-00168, 18-31-00398-
Most-a, a Takxke rpaatom PAH (mpoekt 0314-2016-0015).
[1] Kelmanov A., Pyatkin A., Khamidullin S., Khandeev V., Shamardin
Y.V., Shenmaier V. An Approximation Polynomial Algorithm for
a Problem of Searching for the Longest Subsequence in a Finite

Sequence of Points in Euclidean Space. Communications in Computer
and Information Science, Vol. 871, P. 120-130, 2018.
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The problem under consideration is stated as follows.

Problem. Given a sequence Y = (y1,...,yn) of points in RY,
some positive integer numbers Tinin, Tmax, and a number « € (0,1).
Find a subset M = {ny,...,ny} CN ={1,...,N} of largest size
such that

Tnin < M — Np—1 nganga m:27~--7M7

Do lly —TMIP <Dy — W2,
JEM JEN
where y(M) = ﬁ Zie/\/[ y; and y(N) = % Zie/\/ Yi-

The problem is important for the applications related, in partic-
ular; to data editing, data cleaning, data mining, machine learning.
In the current paper, we show that the problem is strongly NP-hard
and we propose an effective tool for solving it — a polynomial-time
approximation algorithm with preciseness bound close to 1/2.

This research was supported by the Russian Foundation for Ba-
sic Research, projects 16-07-00168, 18-31-00398, by the Russian
Academy of Science, project 0314-2016-0015.

[1] Kelmanov A., Pyatkin A., Khamidullin S., Khandeev V., Shamardin

Y. V., Shenmaier V. An Approximation Polynomial Algorithm for a

Problem of Searching for the Longest Subsequence in a Finite Sequence

of Points in Euclidean Space. Communications in Computer and In-
formation Science, Vol. 871, P. 120-130, 2018.
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NP-TpyaHOCTb HEKOTOPbLIX MAaKCUMUHHbIX 3a4a4
KnacTtepusauum

Keavmaros Anexcandp Bacuavesun'? kelm@math.nsc.ru

1,2
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B pabore paccmarpuBaroTCcs CIeayoIme 3a1aun.

Bama4a 1. Jano: N-3/1eMeHTHOE MHOYXKECTBO ) TOUEK B d-MEPHOM
eBKJINIOBOM npocrpancrse u uuciao « € (0,1). Hatimu: nemycrbie
Henepecekaomuecs moamMuoxkecrsa Cp, Co U TOUYKH Y1, Yo BO MHOXKE-
crBe )) Takue, 4To

min{|Cy |, [C2|} — max (1)

IIPU OT'PAHUYEHUAX

Noly-wlP<ad lly-3@)2 i=12,

yel; yey

e y(Y) = ‘71| >_yey Y — UEHTPOmJ MHOXKeCTBa V.

Bama4a 2. J[ano: N-3/1eMeHTHOE MHOYXKECTBO ) TOUEK B d-MEPHOM
eBKJIMIOBOM TpocTpancTse, uncao « € (0,1) m Touxm 21,2y € RY.
Find menycrbie Henepecekaromuecs noaMuoxkecrsa Cp, Co Takue, 910
umeer Mecto (1) mpu orpaHMYeHusIX

Slly—zl*<ad lly—g)P i=1,2.

y€eC; yeY

O6e 3371291 MOIEIUPYIOT OYUCTKY JaHHBIX OT BHIOpOCOB. B pabo-

Te ycranosjena NP-tpyamnocrs 3amad 1 u 2, a Tak:ke ux 00600meHmit

Ha CJIydail TPOU3BOJIBHOIO YHC/Ia KJIACTEPOB.

Pabora nmognepxkana rpantom PH® 16-11-10041.

[1] Kel’'manov A., Khandeev V., Pyatkin A. NP-hardness of Some Max-
Min Clusterization Problems // Communications in Computer and
Information Science, 2018 (B meuarn).
http://agora.guru.ru/display.php?conf=optima-2018.
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The problems under consideration are stated as follows.

Problem 1. Given an N-element set ) of points in d-dimensional
Euclidean space and a number a € (0,1). Find non-empty disjoint
subsets Cy, Co and points y1,ys in the set ) such that

min{|Cy |, |C2|} — max (1)
under constraints

Yoly—wlP<ad ly-gIP i=1.2,

y€eC; yeY

where 7()) = ﬁ > yey ¥ is a centroid of V.

Problem 2. Given an N-element set ) of points in d-dimensional
Euclidean space, a number « € (0,1), and points 21,22 € R, Find
non-empty disjoint subsets C;, Cs such that (1) holds under con-
straints

Sly-zalP<ad ly-gd)IP i=12.

yel; yey

Both problems can be treated as data cleaning from outliers. In
the current paper, we prove NP-hardness of Problems 1 and 2 and
their generalizations for the case of an arbitrary number of clusters.

This research was supported by the RSF, project 16-11-10041.
[1] Kelmanov A., Khandeev V., Pyatkin A. NP-hardness of Some Max-Min

Clusterization Problems. Communications in Computer and Informa-

tion Science, 2018 (in press).

http://agora.guru.ru/display.php?conf=optima-2018.
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B pa6ore paccMaTpuBAETCS CIIELYIOMIAsT
Bamaua. Jlano: cemeiicteo S = {{sl(n), oy sp(n)} si(n) €

Ry,e = 1,...,L,n = 1,..., N} rnocJieoBaTeIbHOCTE W HaTy-
pambunoe [wmcio J, takme uyro JL < N. Hadmu: wadbop HOMe-
poB (ny,...,ny ), tae ni € {1,...,N}, k = 1,...,JL, u nabop
(m1,...,my) n3 J nepecranoBok Ha L 3jileMeHTax Takue, 4To

S (3) (n(j—l)LH) — min

J
= 1

L

j=11

MIPU OTPAHUIEHUSIX
1<y <no<...<nyrp <N

Ha JieMeHTHl Habopa (ny,...,n7r).

Sajiaua UHIYIUPYeTCsi, B YAaCTHOCTHU, ITPOOJIEMONl MOHUTOPUHTA
HECKOJIBKUX JIBUKYIIUXCsT OObEKTOB IIPU BO3MOYKHBIX ITPOU3BOIBHBIX
nepeynopsiiodeHusgx (IepecTaHoBKax) ITuX 00bLEKTOB.

TlocTpoen TOUHBIH MOMMHOMUATILHBIN AITOPUTM PEITeHHsT ITOH 3a-
Jadu, uMeronuit Tpyaoemkocts O(N®).

Pabora mnojuiepxkana rpaarom PODPU 16-07-00168 u rpanTOM
PAH 0314-2016-0015.

[1] Kel’'manov A., Mikhailova L., and Romanchenko S. On a Problem
of Summing Elements Chosen from a Family of Finite Numerical
Sequences // Lecture Notes in Computer Science, Springer, 2018 (s ne-
qaTn).
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In this paper we consider following
Problem. Given a family & = {{sl(n)7 s} si(n) €

Ry,i =1,...,L,n = 1,...,N} of sequences and a positive inte-
ger J such that JL < N. Find an index tuple (ni,...,n;5), where
ng €{l,...,N} k=1,...,JL, and a tuple (7y,...,ms) of J permu-
tations on L elements such that

Sy (4) (”(j—l)LH) — min

J
= 1

L

J=1q

subject to constraints
1<y <ne<...<nyp <N.

The problem is induced by the remote monitoring of several mov-
ing objects with possible arbitrary displacements (permutations) of
these objects.

We present an exact polynomial-time algorithm with O(N®) run-
ning time for this problem.

This research is partially funded by RFBR, grants 16-07-00168
and by the Russian Academy of Science, grant 0314-2016-0015.

[1] Kelmanov A., Mikhailova L., and Romanchenko S. On a Problem
of Summing Elements Chosen from a Family of Finite Numerical
Sequences // Lecture Notes in Computer Science, Springer, 2018
(in press).
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Sajaua MapIpy TH3AIUE TPAHCIIOPTa ¢ ONPAHMIEHUSIME HA TPY30-
MOTBLEMHOCTH TPAHCIOPTHBIX CPEJICTB M BPEMEHHBIE IIPOMEXKYTKU 00-
cayxkupanust kimenTos (arn. CVRPTW) siBisiercst mmpoKo u3BecT-
woit NP-tpymaHoii 3aja4eii koMOMHATOpPHOI onTuMusanuu. B pabo-
re [1] onucana nosmHOMUAIBHASA PUOJIMKEHHAS CXEMA, SBJISIONIA-
scs yurydIienneM Kiaccudaeckoir cxembl M. XadimoBuaa u A.Punnoii-
Kamna, cocrosimas B JIEKOMITO3UIINI MHOXKECTBA 00CIIY KUBAEMBbIX KJIU-
entoB X Ha TpU MOAMHONKECTBA Xout, Xmid U Xin. I KIMEHTOB
Xout U X nig CTpoOUTCs onTuMaJibHOE perienre U Takoe, 4TO BCe KJIH-
eHTBl X,y 00SI3aTE/IbHO MOCemaroTes Mapipyramu u3 U, a KJjineH-
TOB X,iq TOCEIIATh He 00A3aTebHO, OJHAKO 34 IIPOIYCK KayKIO0TO
U3 HAX HAKJIABIBAETCH MTPpad, 3aKIIOYAIONIIICA B OTIEILHOM 0Ce-
IEHNN JJAHHOrO KJywmeHTa. Jlns MuoxkectBa X, HIPUMEHSETCS IBPU-
cTHKa nuTepupoBaHHoro pazbuenus maprpyTos ['TP. IIpemoxkennbrit
aJaropuT™ Jyist pousBosibHoro £ > 0 3a spema TIME(TSP, p,n) +
+ O(n?) + 0(60<q<%)3<w>21°g<1w)>) naxoaur (1 + €)-upubimkenHoe
pertenne 3aa5u CVRPTW Ha eBKIIHI0BOM TIJIOCKOCTH, TJI€ ¢ — BepX-
HsIs OIEHKA I'PY30TO/LEMHOCTA TPAHCIOPTHBIX CPEJCTB, P — UUCJIO
IPOMEXKYTKOB 00¢yKuBanus (Bpementbix okon) u TIME(TSP, p, n)
— TPYIOEMKOCTH TIOUCKA, P-TIPUOJINYKEHHOTO PEITeHNs] BCIIOMOTATE b~
HOI OCTAHOBKU METPUYECKON 3a/1a4¥ KOMMUBOAZKEPA.

Pabora nmognepxkana rpantom PH® Ne14-11-00109.

[1] Xauad M. IO., Ozopodnuros FO. FO. IlonmuaoMuanbHast IpUOIMZKEHHAST

CXeMa JJIsd 3aJia49i MapliuipyTu3alui TpaHCIopTa C OrpaHUYeHUAMU 110

IPY30I0ILEMHOCTH U BpeMeHHbIM okHaM // Tp. Ma-ra MaTemaruku u

mexauuku YpO PAH. 2018. T. 24, Ne3. (B neuatn).
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Capacitated Vehicle Routing Problem with Time Windows (CVRPTW)
is the well-known combinatorial optimization problem that is NP-
complete. In paper [1] the improved polynomial approximation
scheme based on M.Haimovich and A.Rinnoy-Kan is proposed. The
main idea of this scheme is to decompose a client set X onto three
subsets Xout, Xmiqg and X;,. For clients X,,,; U X,,,;4 there should be
find an optimal solution U that visits all clients from X,,; but not all
from X,,;q. If any client from X,,;4 is not visited, it should be penal
by separate visiting. For clients of X, the iteration partition tour
heuristic is applied. So, for any fixed € > 0, the scheme proposed
finds a (1 4 ¢)-approximate solution of CVRPTW in time

q)\3 2
TIME(TSP, p,n) 4+ O(n®) + O <e0(q(s) (pP) log@"))) :

for capacity ¢, number of time windows p to service customers, and

time TTM E(TSP, p, n) needed for finding p-approximate solution for

an auxiliary instance of the metric TSP. It can be noticed, that the
proposed scheme is EPTAS for the fixed capacity ¢ > 1 and the
number of time windows p > 1 that finds (1+¢)-approximate solution
for the planar Euclidean CVRPTW in time O(n?+exp((1/¢)?)). The
scheme remains PTAS, when p3¢* = logn.

This research was supported by Russian Science Foundation,

grant no. 14-11-00109.

[1] Khachay M., Ogorodnikov I. Improved Polynomial Time Approxima-
tion Scheme for Capacitated Vehicle Routing Problem with Time Win-
dows // Trudy Instituta Matematiki i Mekhaniki URO RAN, 2018, vol.
24, no. 3. (in press)
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O HoMepHas 3a/1at1a Kiracrepusaimn k-medians paccMaTpuBaeTCs
B KOHTEKCTE UTPHI JBYX JIUIL C HYJeBOH cymmoii. MHOXKecTBO cTpa-
Teruii MepBOr0 UIPOKa COBIAIAET C COBOKYITHOCTHIO BBIOOPOK (hUK-
cupoBaHHO jyinHbL 13 orpeska [0, 1]. CrparerusMu Broporo urpoka
ABJIAIOTCA BCEBO3MOXKHDBIE Pa30uMenusi MPOU3BOJILHON BLIDODKHU IAH-
HOHl JIIMHBI Ha 33/[AHHOE YNCJIO KJIACTEPOB. B KavuecTBe IIaTe’KHOM
BBICTyTIaeT (DYHKITNs, OIEHNBAIONIAsST KAIeCTBO KJIACTEPU3AINU, 3HA~
YeHUEe KOTOPOH YUCJIEHHO COBIAJIACT C CYMMON YKJIOHEHU 9JIEMEHTOB
BBIOOPKH OT IEHTPOB OJIMKANINNUX K HUM KJacTepoB. Kak HeTpyHO
yOeINThCs, 38 UCKJIIOYEHNEM DEJIKAX CJIy9IaeB JaHHas Ur'pa He MMeeT
nenbl. J{yis MpOM3BOJIBHBIX HATYDPAJIBHBIX N U K CTPOUTCS BEPXHSIS
onenka 0.5n/(2k — 1) amxHeit 1ensl urpbl. OGOCHOBBIBAETCST JIOCTH-
JKUMOCTb HafiJIeHHOI OIeHKu 1pu k > 1 1 J0CTaTOIHO OOJIBIINX T =
= n(k). Tem caMbIM [IOKA3BIBAETCsI, UTO JJI IPOU3BOJIBHON BLIOOPKU
JJIMHBL 1 MOXKET OBITH MOCTPOEHA KJIACTEPHU3AIlns METOIOM Kk Men-
aH Tak, ITO 3HAYECHNUE TJIATEXKHOM (DYHKITUU He MPEBLICUT HAMICHHOM
OIEHKM, IPUYEM JIAHHAS OIeHKA JJOCTUZKUAMA IIPHU IPOU3BOJILHOM HYNC-
Jie KJIACTEPOB U BBIOOPOK JIOCTATOYMHO OOJIBIION JAuHbl. [loyuenubie
Ppe3yJIbTaThl HAIILIN IPUMEHEHNE B KOMOMHATOPHOM ONITUMU3AIIAN [TPU
00OCHOBAHUY TIOJUHOMHUAJIBHON PAa3PENIIMOCTHU MOIKJIACCOB TPYIHO-
PeIaeMbIX IKCTPEMAJIBHBIX 33184

Pabora mnommepxkana rpanrom PODIT Ne 16-07-00266, 16-01-
00505, m 17-08-01385.

[1] Khachay, M., Khachay, D. Attainable accuracy guarantee for the k-
medians clustering in [0,1] // Optim Lett (2018). Springer, 2018.
https://doi.org/10.1007/s11590-018-1305-3.
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We consider the famous k-medians clustering problem in the con-
text of a zero-sum two-player game, which is defined as follows. For
given integers n > 1 and k > 1, strategy sets of the first and sec-
ond players consist of n-samples drawn from the unit segment [0, 1]
and partitions of the index set {1,...,n} into k nonempty subsets
(clusters), respectively. As a payoff, we take a loss function of the
k-medians clustering evaluated in terms of the sample chosen by the
first player and the partition taken by the second one. Actually, the
payoff coincides with the sum of distances between points of the sam-
ple and the nearest center of a cluster. It is easy to verify that this
game has no value.

In this paper, for any n > 1 and k& > 1, we show that 0.5n/(2k—1)
is an upper bound for the lower value of this game. Furthermore, for
any k, we prove attainability of this bound for some 7 = n(k) and
an arbitrary n > n. As a consequence, we show that any n-sample
from [0,1] can be partitioned into k clusters, such that the value of
k-medians clustering criterion does not exceed the bound obtained
and this bound is tight for sufficiently large n.

This research is supported by RFBR, grants no. 16-07-00266,
16-01-00505, and 17-08-01385.

[1] Khachay, M., Khachay, D. Attainable accuracy guarantee for the k-
medians clustering in [0,1] // Optim Lett (2018). Springer, 2018.
https://doi.org/10.1007/s11590-018-1305-3.
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B pabore paccmorpena eBk/nIOBa 00OOIIEHHAST 3aJata KOM-
muBosizkepa Ha cetke (Euclidean Generalized Traveling Salesman
Problem in Grid Clusters, EGTSP-GC), apnsgiomasicsa reomMerpude-
CKUM TOJIKJIACCOM KJIACCUYECKON ODODIIEHHOM 33,19 KOMMUBOSIZKE-
pa (Generalized TSP, GTSP), Benennoii Bxarrauapus u coaBropa-
Mu. B ux crarse nokasano, uro EGTSP-GC NP-rpyasa B cujibHOM
CMBICJIE B CJIyYae, €CJIU KOJUIECTBO KJIACTEPOB K SBJISETCS YacThIO
BXOJIa, U TIPEJJIOKEH MEPBbIH TOJUHOMUAIBHBIA AJIFOPUTM C TapaH-
TUPOBAHHOW OIEHKON TounocTu. HemaBHO HaM yiaji0Ch TOCTPOUTH
st EGTSP-GC PTAS upu k = O(logn) u k = n — O(logn). dus
moboro durcuposannoro k EGTSP-GC moxker ObITh periena TOTHO
32 MOJUHOMHUAJIBHOE BpeMs Kak JacTHblil ciaydait GTSP. Unrepecno
6bLI0 OBbI omnucarh Hanbojiee OOIYIO ITOCTAHOBKY 3aJiadu, 00/1a/1a10-
Y10 9TUM cBoicTBOM. HemasHo, onupasich Ha TEOPUIO 0OODIIEHHBIX
MUPAMUJIAJIBHBIX MaPIIPYTOB, MbI MPEJJIOXKUIN TOYHBIH AJITOPUTM €
KyOm9IecKkoit Tpy10eMKOCThIo s ioctanoBky 3ajaan EGTSP-GC, B
KOTOPOIl BBICOTA CETKH HE IMPEBBIMAET 2. DTOT PE3YJIbTAT Y/IAJI0Ch
0600IUTD Ha CJIy4ail CeTKU IPOU3BOJIbHON (DUKCUPOBAHHON BBICOTHI.
B pabore 6bL10 mOKa3aHO, 9TO € MOMOIILIO METOJa JIUHAMIIECKO-
ro mporpaMMupoOBanus npon3BosbHas mocranoska EGTSP-GC, 3a-
JIaHHAsT HA CeTKe BBICOTBI N, MOXKET OBITH pelleHa TOYHO 33 BpeMsi
O 2 Mt +3) "rre 1(h) = 15h% + 2h.

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

[1] Khachay M., Neznakhina K. Towards Tractability of the Euclidean
Generalized Traveling Salesman Problem in Grid Clusters Defined by
a Grid of Bounded Height // In: Eremeev A., Khachay M., Kochetov
Y., Pardalos P. (eds) Optimization Problems and Their Applications,
OPTA 2018. Springer, 2018. — P.68-77.
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We consider the Euclidean Generalized Traveling Salesman Prob-
lem in Grid Clusters (EGTSP-GC), a special geometric subclass of
the famous Generalized TSP, introduced by Bhattacharya et al. They
showed that the problem is strongly NP-hard if the number of clus-
ters k belongs to the instance and proposed the first polynomial time
algorithm with a fixed approximation ratio. Recently, we proved
that EGTSP-GC belongs to PTAS when k = O(logn) and k = n —
— O(logn). Meanwhile, being the special case of GTSP, for any
fixed k, EGTSP-GC can be solved to optimality in polynomial time.
Therefore, it seems interesting to describe the most general case of
the problem sharing this property. Recently, by virtue of generalized
pyramidal routes, we provided an optimal algorithm with O(n?) time
complexity bound for the case of EGTSP-GC, whose grid height does
not exceed 2. We extend this result to the case of EGTSP-GC de-
fined by a grid of any fixed height. It was shown in the paper that
any instance of the EGTSP-GC on a grid of height h can be solved
to optimality in time O(2/)n!M+3) where I(h) = 15h% + 2h.

This research was supported by RSF grant 14-01-00109.
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OCHOBHBIE BBIYUC/IMTENLHBIE 32TPATHI IPU PEIIEHNN 3aJ1a9 OITH-
MaJIbHOT'O yIPAaBJIEHHUS B OOJILIIMHCTBE CJIy4YaeB IIPUXO/ATCH Ha UH-
TerpupoBaHue cucreM auddepeHIna bHbIX YPABHEH TP Pa3/Ind-
HBIX «IIPOOHBIX» ylIpaBjeHusx. [Ipu pereHnn TpUKIaIHBIX 3829 C
JKECTKUMU YIIPABJISIEMBIMU CACTEMaMU COOTHOIEHNE 3aTPAT HA BbI-
qucienne QYHKITMOHAJIOB MOXKET JOCTUTATh HECKOJIHKUX ITOPHAIKOB.
B TakoMm cirydae MOXKHO TPaKTOBAaTh 3aJa49d OINTHUMAJIBLHOIO YIIPaB-
JIeHWsI KaK 3a/[a9i BBIUACIUTENBHO TpypoeMKue («expensive function
optimization problemss). TTomy/IsIpHBIM IOAXOJOM K ITOMY KJIACCY
9KCTPEMAJILHBIX IPOOJIEM B ITOCJIE/IHAE TOIbI CTAHOBUTCH METOIMKA
Model Based Algorithms («asropurMbl, OCHOBAHHbIE HA MOJIEJISX > ).

B noximaze paccmarpuBaeTcs IBPUCTUYECKHUIT aJTOPUTM ITOMCKA
9KCTPEMyMa, B HEBBINYKJION 3ajiate ONMTUMAJIHLHOTO YIIPABICHUsI, OC-
HOBaHHbII HA UJ[ee HAKOIJIEHUs NH(MOPMAIMK O 3HAYEHUSX (PyHKIU-
OHAJIA U TPOTHO3UPOBAHUS 3HAYEHUS HA «HOBOM» yIipaBjeHuu. Kou-
CTPYKIIUS AJTOPUTMA [TO3BOJISIET HESBHO CTPOUTH HA MHOYKECTBE I10-
CTU2KAMOCTU CHCTEMbI ITOBEPXHOCTH YPOBHS ONTUMHU3UPYEMOIO TEP-
MHUHAJILHOTO (DYHKITHOHAA ¢ TPUMEHEHUEM aJITOPUTMOB TeHEePaInu
KBa3UCJIyYalHbIX yIPaBJICHUNA KYCOYHO-JIMHEHHOI0 MU CIIAHOBO-
ro tuma. B KadecTBe MoJe/n, MO3BOJISIONIENH aKKyMYJIHPOBATD YK€
UMEIOILYI0cst THPOPMAINIO O (DYHKITMOHAJE, UCIOIb3yeTcs (DyHKITS
[MTenapa, meMOHCTPUPYIOMAS XOPOIIHE BBIYUCIUTEIbHBIE XapaKTe-
PUCTHKY Ha IIEJIOM Psi/ie PA3HOPOIHBIX MHOTOMEDPHBIX 3324 allIPOK-
CUMAIIWH.

Pabora mognepkana rpantom PODIU Ne17-07-00627.

[1] Gornov A. Zarodnyuk T. Anikin A. The computational technique for
nonlinear nonconvex optimal control problems based on a modified
gully method // Communications in Computer and Information
Science, Springer, 2018 (B neuarn).
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reinforcement learning
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The main computational costs in solving optimal control problems
in most cases are to integrate systems of differential equations for
various “trial” controls. When solving applied problems with rigid
controllable systems, the ratio of the costs of calculating functionals
can reach several orders. In this case, one can treat optimal control
problems as “expensive function optimization problems”. A popular
approach to this class of extreme problems in recent years is the
Model Based Algorithms.

The paper deals with a heuristic algorithm for the extremum
search in the nonconvex optimal control problem based on the idea
of accumulating information about the values of the functional and
predicting the value on the “new” control. The algorithm allows im-
plicitly constructing the surface of the level of the optimized terminal
functional on the reachable set of the system, using algorithms for
generating quasi-random controls of piecewise linear or spline type.
We use Shepard’s function for accumulate already available informa-
tion about the functional.

This research is funded by RFBR, grant 17-07-00627.

[1] Gornov A. Zarodnyuk T. Anikin A. The computational technique for
nonlinear nonconvex optimal control problems based on a modified
gully method // Communications in Computer and Information Sci-
ence, Springer, 2018 (in press).
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Paccmorpum 3aj1ady MaImmHHOIO 00yYeHHs] ¢ BEKTOPOM [TapaMeTpoB
y € R? u pynxmmeit moreps L(A,y). ITycrs, BbiGopka A He MOXKeT Ha-
XOJMTHCS B MAMATH OJIHOTO KOMITHIOTEPA M3-3a CBOETO pa3Mepa, U 1Mo-

9TOMY pazjescHa Ha n dacreit {A;}_ | 1 pasmernnena Ha n MallHHAX.
n

Basaua npuanMmaer sux L(A,y) = ZL(Ai,y) — mir(li. 1o npu-
i—1 yeR

BOAWT K 3agaue Buma p(y) = Y i pi(y) — min, e ¢; : R? — R
yER?

ABJISIETCS BBITYKJIONH Jutd ¢ = 1,--- ,n. B pabore paccmarpuBaeTcs
pacrpeie/IéHHOE pellleHne 3aa9u, pu KoTopoM GyHKIub ; comep-
2KaTCd JIOKAJIbHO Ha OTJEJbHBIX y3J1aX BBIYMCJIUTEIbHON ceTH, a ca-
Ma CeTb MeHdeTCs BO BPEMEHM M3-3a TeXHUYECKUX HenclpaBHOCTel
i UHBIX npuduH. OCHOBHBIM pe3yJIbTaTOM PabOThI SBJISETCS TEO-
peTrudeckoe 0OOCHOBAHUE U IKCIIEPUMEHTAbHAS TPOBEPKA JTUHEHHOI
CXOJIUMOCTHU YCKOPEHHOTO MeTojia HecrepoBa g pacrpeie IeHHOrO
peIleHNsT TTPU MEHSIIOIIECsT CO BPEMEHEM CeTU. JTOT PE3yJIbTaT I0-
JIY9eH MIPHU OIPEIEIEHHBIX IIPEIIOJIOKEHNIX, TAKIX KaK OrpaHnde-
HUA Ha YaCTOTY HM3MEHEHHsl CEeTH BbIUYMCIINTEJIeH, a TaKxKe CHUJIbHAad
BBIIIYKJIOCTh ¥ JIUIIIIIUIIEBOCTD I'PAJUEHTA JIJI KaXKJI0TO (0;.
[1] A. Rogozin, C. A. Uribe, A. Gasnikov, N. Malkovsky, A. N’edic.
Optimal distributed convex optimization on slowly time-varying
graphs // arXiv, https://arxiv.org/pdf/1805.06045.pdf.
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Suppose one is given a machine learning problem with a vector
of parameters y € R? and a loss function L(A,y). Moreover, assume
that the dataset A is divided into n parts {A;}; and placed on n
different machines. The corresponding empirical loss minimization
problem can be written as

L(Ay) = ZL(Ai,y) — min .
i=1

yER?

This leads to optimization problem of the form

n
ply) = 2 #ily) — min,
where ¢; : R? — R is convex for each i = 1,--- ,n. We focus on the
distributed problem where each of the functions ¢; is privately held
by separate computational units over a network, and the network
changes in time due to technical malfunctions or other reasons.

As a result, we theoretically show and empirically verify linear
convergence of accelerated Nesterov method. This result is obtained
under certain assumptions, which include a constraint on the fre-
quency of the network graph changes and also strong convexity and
smoothness of each ;.

[1] A. Rogozin, C. A. Uribe, A. Gasnikov, N. Malkovsky, A. N’edic. Opti-
mal distributed convex optimization on slowly time-varying graphs //
arXiv, https://arxiv.org/pdf/1805.06045 . pdf.
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B nannoit pabore paccmarpuBaeTcs 3aj@ada paclpejiesieHus pe-
CypCOB KaK 3aJ/iada BBIITYKJI0H MUHUMU3AIUKN C JIMIIEHBIMU OT'DaHU-
qeHusiMu. JJist perieHust JaHHON 3aja49u OBbLIM HCIOJIb30BaHBI Me-
TOJ, TIPOEKINU CyOrpajeHTa U IPAUEHTHBI CITyCK, TPUMEHsIEMbIe
K JIBOHCTBEHHOI 3asade. Bblra goKa3zaHa CXOAUMOCTH U IOJIYI€HBI
OIIEHKHU CKOPOCTH CXOJIMMOCTHU KaK JIJId IPAMBIX UTepaIuii, Tak 1 Jjid
JIBOMCTBEHHBIX. TaK 2Ke JaHHbIe MEeTO/1a OBLIN SKOHOMUIECKHU TTPOUH-
TePIPETUPOBAHBI. DTO 03HAYAET, UTO UTEPAIUU AJITOPUTMOB MOXKHO
COOTHECTHU C IPOIECCY KOPPEKTUPOBKU IIEH W MIPOM3BOJCTBA, YTOOBI
MMOJIYYHUTD KeJIaeMblil 00beM MTPOM3BOJCTBA B 9KOHOMUKE. B 1esioMm,
MBI IIOKa3bIBaeM, KaK 3THU JIeUCTBUA SKOHOMUYECKUX areHTOB IIPUBO-
JAT BCIO CUCTEMY K PaBHOBECHIO.

Pabora A. B. Tl'acaukosa u II. E. JIBypeueHcKOro mnojiepkaHa
rpanrom PODU Ne8-29-03071. Padora A. C. sanosoii nojiepxana
rparToMm npesugenTa Poccuiickoit @eneparmu MJ1-1320.2018.1.

[1] Hsanosa A. C., Heypeuwencrud II. E., Tachuxos A. B. Sanaga pacrpe-

JIeJIEHHsI PECYPCOB € TOUKH 3PEHUsI KOMIIO3UTHON onrumusarmn,/,/ Ma-

MUHHOE OOyJYeHre U aHau3 JaHHbIX, Mocksa, 2018.
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In this paper we consider resource allocation problem stated as a
convex minimization problem with linear constraints. To solve this
problem, we use subgradient method and gradient descent applied
to the dual problem and prove the convergence rate both for the
primal iterates and the dual iterates. We also provide economic in-
terpretation for these two methods. This means that iterations of the
algorithms naturally correspond to the process of price and produc-
tion adjustment in order to obtain the desired production volume in
the economy. Overall, we show how these actions of the economic
agents lead the whole system to the equilibrium.

The work of A.V. Gasnikov and P.E. Dvurechensky was supported
by RFBR grant 18-29-03071 mk. The work of A.S. Ivanova was
supported by Russian president grant MD-1320.2018.1.

[1] Ivanova A., Dvurechensky P., Gasnikov A. Composite optimization for

the resource allocation problem // Journal of Machine Learning and
Data Analysis, 2018.
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s ypaBHeHUI MaTeMaTnaecKOil (DU3NKH, ABJISIONINXCS YPaBHEHNEM
Ditnepa-Jlarpanka COOTBETCTBYIOIIIX BAPUAIMOHHBIX 3a/1ad, BayK-
HBIIl KJIaCC DENIeHUil — 3TO COJIUTOHHBIE pemieHus. V3ydenme co-
JINTOHHBIX PEITeHNI OCHOBAHO HA CYIIECTBOBAHUU B3aUMHO OJTHO-
3HAYHOTO COOTBETCTBUS MEYKJY COJMTOHHBIMH PENIeHUSIMU JIJIsT WC-
XOJHBIX CHCTEM ¥ PEIIeHUAME HHIYIIUPOBAHHLIX (DYHKIMOHAILHO-
nuddepennmanbabix ypasHenuit rogednoro tumna (@IYTT). Teope-
Ma CyIIEeCTBOBAHUS WU €TMHCTBEHHOCTH PEIIEHH JJIs WHIYIHPOBAaH-
woro @JIYTT rapanTupyer cynecTBOBaHUE U €JIMHCTBEHHOCTD COJIU-
TOHHOT'O PENIeHUs C 33IaHHBIMI HAYAJIBHBIMA 3HAYEHUSIMU JIJIS CH-
CTeM € KBa3WJIMHEHHBIM ITOTEHIHAJIOM. i cucTeM ¢ KBasmjnHei-
HBIM ITOTEHITHAJIOM TaKKe yHAaeTcs cOpMyINpPOBaTh YCIOBUS CYIIle-
CTBOBAHUS ITEPUOIUIECKOr0 perennsi. Cucremy ¢ IMOJTHHOMHUAIBLHBIM
MTOTEHIINAJIOM MOXKHO [T€PEOIPE/IETUTD TAK, ITOOBI BOZHUKAIOIIHI 110-
TEHITIAJ OKa3aJICs KBa3UIMHEHHbIM. e rapanTupoBaHHOe IMepuo-
JUYIeCKOe COJTMTOHHOE PEIeHne JJIsl TAaKOU Iepeonpeie/IeHHO crucTe-
MBI OY/IET JIE2KATH B IIape, BHE KOTOPOT'O IIEPEOIIPEIEAIICS TOTEHIU-
aJI, TO MbI ITOJIyYHUM YCJIOBUS CYIIECTBOBAHUS IT€PUOJINYECKOTO COJIU-
TOHHOTO DEIIeHUsl IS UCXOJHON CHCTEMBI C IOJMHOMHUAJIBHBIM IIO-
TeHIIaIoM. BajkHol 3amadeil ABIdeTCA YHCICHHAS Peajn3allnd IIe-
PHOINYIECKAX COTUTOHHBIX PENIEHUIT JJIsl CUCTEM € TTOJTMHOMUAIBHBIM
MIOTEHITUAJIOM, KOTOPasl YCIENTHO PeNIeHa.

WccnenoBanme 9acTUYIHO BBIITOJTHEHO 3 cUeT rpanTa Poccuiickoro
nayqnoro donga (npoekr 17-71-10116), a Takxke paboTa BbIIOJIHEHA
npu gactuanoil nomnepxkke PODU (rpant 16-01-00110 A).

[1] Beklaryan L. A., Beklaryan A. L. On the existence of soliton solutions
for systems with a polynomial potential and their numerical

realization // MammuHoe obyduenue n ananu3 naHubx, 2018.
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For equations of mathematical physics, which are the Euler-Lagrange
equation of the corresponding variational problems, an important
class of solutions are soliton solutions. The study of soliton solutions
is based on the existence of a one-to-one correspondence between soli-
ton solutions for initial systems and solutions of induced functional-
differential equations of pointwise type (FDEPT). The existence and
uniqueness theorem for an induced FDEPT guarantees the existence
and uniqueness of a soliton solution with given initial values for sys-
tems with a quasilinear potential. For systems with a quasilinear
potential, one can also formulate the conditions for the existence of a
periodic solution. A system with a polynomial potential can be rede-
fined so that the resulting potential turns out to be quasilinear. If a
guaranteed periodic soliton solution for such an overdetermined sys-
tem lies in a sphere, outside which the potential is redefined, then we
obtain the conditions for the existence of a periodic soliton solution
for the initial system with a polynomial potential. An important task
is the numerical realization of periodic soliton solutions for systems
with a polynomial potential, which has been successfully solved.
The reported study was partially supported by Russian Science
Foundation, Project 17-71-10116. Also this work was partially funded
by RFBR according to the research project 16-01-00110 A.
[1] Beklaryan L. A., Beklaryan A. L. On the existence of soliton solutions
for systems with a polynomial potential and their numerical realiza-
tion // Machine Learning and Data Analysis, 2018.

International Conference IDP-12. Gaeta, Italy



82 AHanu3 CUrHAJIOB U BPEMEHHBIX DsiJIOB

NaeHTudmnkayma curHanos Ha oOCHOBE MaKCUMaJsbHO
NpaBaonoaobHOro COOTBETCTBUSA UX CAY4HaliHOM
BbIOOPKM CTOXaCTUYECKUM ONMCaHUSIM NpeueaeHToB

Anyunepos Bauecaas Eszenvesun'?

'"Mocksa, IPD um. B.A Koreasunkosa PAH

2Mocksa, MOCKOBCKHMIi (PH3MKO-TEXHUIECKHT HHCTATYT

DOI: 10.30826,/IDP201836

antciperov@cplire.ru

B noknane obcyKiaoTcst pe3ysibTaThl CHHTE3a U AHAJN3 Kade-
cTBa PabOTHI HOBOTO METO/1a MACHTU(MDUKAIINY CUTHAJIOB TI0 (hOpMe UX
orudaromux. [lox npentndukamnmeil TOHUMAETCI COOTHECEHUE (Op-
MBI OrubaroIeil TeCTUPyeMOro CUTHAJA ¢ POPMOii orubaromeil oHo-
ro U3 paHee HaOJIIOJEHHBIX IpereaeHToB. [Ipu 3ToM moapasymeBaeT-
Cs1, 9TO UCXOJHBIMU JAHHBIMUA PErUCTPAIUN KAK TECTUPYEMOrO CHI-
HaJla, TaK W UMEIOIINXCs MPENEICHTOB SIBISIOTCS BBIOOPKHU WX JTUC-
KpeTHBIX 0TcYeToB. [Ipemiaraemast mocTaHOBKA 38/Ia9U MOTHBHPOBA-
HA OCOOEHHOCTSIMU BOCIIPUSITHS BHEITHUX CUIHAJOB—CTUMYJIOB >KU-
BBIMU CHCTEMAaMM, B YACTHOCTHU, dejjoBeKOM. CHUHTEe3 IpejjiaraeMoro
MEeTOJ[a YIAJIOCh OCYIIECTBUTh HA OCHOBE CTAT. METOJOB TEOPUHU TO-
YEUHBIX TPOIECCOB, (HOPMATU30BAB PACCMATPUBAEMYIO MPODJIEMY B
3a/1a9y O MJIEHTU(MUKAIUN OIEHUBAEMOIl 110 PeaTU3aIu CJIyJailHbIX
TOYeK (DOPMBI HHTEHCUBHOCTH IIYACCOHOBCKUX TOYETHBIX IMPOIECCOB
[1]. OpuenTupysich ¢ caMoro Hauasa Ha METOJIbI, IPUMEHsieMbIe B che-
pe MaIrHHOrO 00y YeHus, B KOHTEKCTe BHIOPAHHOTO (bopMasin3Ma mo-
CTABJIEHBI W PEIIEHbI TPOBJIEMBI BHIOOPA JIECKPUIITOPOB, COCTABJIAIO-
X OICAHKE IMPEIEe/IEHTOB, U 3aJaHUsI MEPhl COOTBETCTBUS, MTOJI0-
Ousi B TEpMHUHAX BBIOPAHHBIX OMUCAHWI MHTEHCUBHOCTEH WICHTUMON-
UPYEMbBIX IIPOIECCOB U IpereeHToB. st BIOpaHHON Mepbl 11010~
6ust paspaborana 3pdeKTUBHAS IPOIELy Pa BbIYUCIEHUsI, OJIN3KAasI 110
CTPYKTYpe BapuarmoHHo-6aiecoBckuM BbiBojiaM. [Iportierypa noseie-
HA JI0 AJITOPUTMUYIECKOI PEeAN3aIlni, HHTEPIPETAIINN aJITOPUTMOB B
nyxe asgropurmon cemeiicrsa (VB) EM nocssiena 3akirounrebHast
JacThb JIoKJaa. Pabora mosiepkana rpantom PO Ne 18-07-01295.

[1] Anyunepos B. Onpenenenne GhopMbl MHTEHCUBHOCTH TOYEIHOTO PO~
[ecca ¢ MOMOIIBI0 MAKCUMAJIBHO MTPABJIONIOIO0HBIX PACIIPEIEIEH I OT-
cueros mpenenentos //2Kypuan pammosnexrponuku, M.: UPD nwm.
B.A Korenpaukosa, N 12, 2017. http://jre.cplire.ru/jre/decl7/.
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The report is devoted to the synthesis and quality analysis of a
new method for identifying signals by the shape of their envelopes.
By identification is meant the comparison of the shape of the tested
signal envelope with the shape of one of the previously observed prece-
dents. It is implied that the registered data of both the tested signal
and the available precedents are initially represented as their discrete
samples. The statement of the problem proposed is motivated by
the mechanisms of signals — stimuli perception by living systems, in
particular, by man.

The synthesis of the method proposed was realized on the basis
of the statistical methods of the theory of point processes, after for-
malizing the problem in question in the problem of identifying the
form of intensity of Poisson point processes by the realization of its
random points [1]. Focusing from the very beginning on the methods
used in the field of machine learning, two main problems were formu-
lated and solved: the problem of selecting descriptors, which are the
basis for precedent description, and the problem of choosing a mea-
sure of conformity, similarity of identifiable processes and precedents
in terms of selected descriptions.

For a selected similarity measure, an effective calculation proce-
dure is developed that is close in structure to variational Bayesian
inference. The procedure is brought to the algorithmic realization.
The final part of the report is devoted to the interpretation of devel-
oped algorithms in the spirit of the (VB) EM approach. This research
is funded by RFBR, grant 18-07-01295.

[1] Antsiperov V. Identification of the point process intensity shape with
the precedents maximum likelihood distributions // Zhurnal Ra-
dioelektroniki — Journal of Radio Electronics, M.: Kotelnikov Institute
of Radioengineering of RAS, N 12, 2017. http://jre.cplire.ru/jre/
decl7/.
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B macrosimee Bpemst 6ypHOoe pa3BuTne reonHGOPMaTUKU U OOJIb-
e 00bEMBI JAHHBIX, UMEIOIIUX TPUBSI3KY K MECTHOCTH, [TO3BOJISIIOT
MIPUMEHSTh METO/bl MHTEJIJIEKTYaIbHOTO aHAJIN3a, JAHHBIX K IOUCKY
3aKOHOMEPHOCTEH B IIPOCTPAHCTBEHHBIX JAHHBIX. B HacTosmeil pabo-
Te HpeIIPUHITa HONBITKA aJallTUPOBATh AJIFOPUTMbI, paspadarbiBa-
eMble aBTOpaMU JjIsi BpEMEHHBIX PsJIOB, K IOUCKY 3aKOHOMEPHOCTEN
B IIPOCTPAHCTBEHHBIX JAHHBIX. TakuM 00pa3oM aBTOPBI UCCJIELYIOT
3aKOHOMEDPHOCTH, ILIABHO MEHSIFOIIUECs] B IIPOCTPAHCTBE.

I mutrocTpanun mojxoma B paboTe MCIOJIb30BAHBI  TAHHBIE
Coepbanka Poccun o cromvmoctn kBapTup B MoCKBe, paccMOTpPEHHBIE
aBropaMu B JI0KJaJe Ha KoHdepernuuu MMPO-18. Oanako B or/iu-
qpe OT UpeablIyIeil paboThl, aKIeHT JeIaeTcsl He Ha BPEeMeHHOIl, a
MIPOCTPAHCTBEHHOW COCTABJISAIONIEN JIAHHBIX. AHAJIM3UPYETCsT 3aBUCHU-
MOCTb IIEJIEBOI IIePEMEHHOI (CTOMMOCTH KBAJPATHOIO METPA YKUJIb )
OT paifoHa, a TakyKe OJU30CTU K TEHTPY TOPOJIA, CTAHIUSAM OOIIe-
CTBEHHOI'O TPAHCIIOPTa, KPYIHBIM MaruCTpajisiM, MarasuHaM, CIIOp-
TUBHBIM M Pa3BJIeKaTeIbHBIM IIEHTPAM, HHCTUTYTaM 3PaBOOXpaHe-
HUsI, 00pa30BaTE/IbHBIM YIPEXKIEHUIM, oprucam, mapkam u T.i1. Orme-
THUM, 9TO IIPEJJIOKEHHBII B paboTe MO/IX0/] K AHAJIN3Y IIPOCTPAHCTBEH-
HBIX JAHHBIX, [IUPOKO MPUMEHUM U B JAPYIUX OOJACTSIX, HATIPUMED,
aHaAJIU3y Pa3/IMYHBIX JAHHBIX CO CIIyTHHUKOB, M€OTapreTUPOBAHHOMY
MapKeTUHI'Y U T.II.

Pabora nmojpnepxkana rpantom POOU Ne16-07-01156.

[1] Puaunenxos H. B., Ilemposa M. A. Tlonck IIABHO MEHSIIOIIUXCST LIPO-

CTPAHCTBEHHBIX 3aKOHOMepHocTel // MamunrHOe o0ydeHne U aHAIN3

nannabix, Mocksa: Uznarenscrso, 2018.
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Mining the Slightly Changing Patterns in Geospatial
Data
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The rapid growth of geospatial data in the world enables the
implementation of data mining techniques to mine the patterns in
geospatial data. In this paper the authors have modified the al-
gorithms for mining slightly changing patterns in time series and
adapted them to work with geospatial data. So the paper discusses
mining the patterns that slightly change in space (instead of time).

The paper uses the same data on the property prices in Moscow
provided by Sberbank of Russia that has been discussed in MMPR-18
conference paper by the authors. However in this paper the major
focus is made on the space dimension of the data compared to the
focus on time in the previous paper. The predicted variable (square
meter price) is analyzed respective to the district, distance to the
city center, stations of public transport, highways, shops, sports, en-
tertainment, healthcare, education centers, offices, parks etc. The
proposed approach for mining slightly changing patterns in geospa-
tial data is highly applicable to any data with geo-tag, e.g. space
image recognition, geo-targeted marketing etc.

This research is funded by RFBR, grant 16-07-01156.

[1] Filipenkov N. V., Petrova M.A. Mining the Slightly Changing Pat-
terns in Geospatial Data // Machine Learning and Data Analysis,

Moscow: Publisher, 2018.
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CHu>xeHue pa3mMepHOCTU C NOMOLLbIO NPOeKuun Ha
CKpbITOE NPOCTPAHCTBO B 3ajayve AeKOAMPOBaHUA
CUrHanos
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Pabora mocssImena CHIXKEHNIO pa3MEPHOCTH B 3a/1ad9e JTeKOTUPO-
BaHUsl curaaja. llcxoiHoe mpocTpaHcTBO 00J1a/1aeT BBICOKOM paszMep-
HOCTBIO U sIBJIsI€TCsI M30BITOYHOM. B paboTe paccMaTpuBaeTcst Crydail
BEKTOPHOII 11eJ1eBoil iepemenHoil. Koppesisiun HabIoga0Tcs KaK BO
BXO/IHOM IIPOCTPAHCTBE OOBEKTOB TAK M B IIPOCTPAHCTBE II€JIEBOIT I1e-
pemennoit. J[st mOCTpoeHMsST MPOCTON U YCTONIMBON MOJIETN UCIIOTb-
3YIOTCsI METOJIbl CHUYKEHMSI Pa3MEPHOCTH U BbIOOpa Ipu3HakoB. Mo-
nesab PLS ucrnosib3yercst B KadecrBe 06a30Boit Mojesn. Mojesnb 1mpo-
enupyeT BXOJHBIE U BBIXOJHBIE OOBEKTHI B CKPBITOE ITPOCTPAHCTBO
U MaKCHUMHU3UPYET KOBAPUAIMIO MEXKJIY MpoeKiusaMu. s mosryde-
HUAA Pa3PEXKEHHOW MOJEIN HPUMEHSIOTCHS METOJbI BhIOOpa IPU3HA-
KOB. DOJIBIIMHCTBO METOMOB BBIOOpA IPU3HAKOB HE YYUTHIBAIOT 3a-
BHCHUMOCTH B II€JIEBOM IIpocTpaHcTBe. B pabore mpejiaraercsi HO-
BBII TIOJXOJT K BEIOOPY MIPU3HAKOB B 3a/1a9€ MHOIOMEDHOIl Perpeccun.
[IpemoxkenubIil 101x01 0600ITAET METO/T BHIOOPA MIPU3HAKOB € TTOMO-
mpio KBagparuguoro nporpamvuposanusg (QPFS). Asropurm QPFEFS
BBIOMPaET HEKOPPEJNPOBAHHBIE IPU3HAKU, PEJIEBAHTHBIE TEJIEBOIA ITe-
pemenHoii. [Ipejiaraemblie METOBI YyUUTHIBAIOT 3aBUCUMOCTH B IIeJIe-
BOM IIPOCTPAHCTBE U 0TOMpatoT nH(MOPMaTUBHbIE TPU3HAKU. Bbranc-
JINTETbHBIA 9KCIEPUMEHT ITPOBOIUJICH HAa HAOOpPE JAHHBIX JIEKTPO-
KopTuUKOrpaMm. IIpeitozkeHHbie aJIropuTMbl TPEB3OILIN PE3YILTATHI
6a30BBIX MojeJieit. JIydmmuit pe3ysbraT mosyyueH KoMoOnHaImei aaro-
purmoB QPFS un PLS. Pabora nomuepkana rpanrom PODOU Ne16-
07-01155 u IIpaBurennscrBa P®, cornamenne 05.Y09.21.0018.

[1] Hcauwenwo P. B., Cmpuoicos B. B. Cuuxenune pasMepHOCTH C  IIO-
MOIIBIO  IIPOEKIUN Ha  CKPbITOE€ IIPOCTPAaHCTBO B 3a/la4ve Jie-
KOJIMPOBAHUS CHTHAJIOB // http://www.mathnet.ru/links/
bfec367d16826750ba3d8bfadd51c3d8/iad15. pdf.
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Dimensionality Reduction for Multicorrelated Signal
Decoding with Projections to Latent Space
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'Moscow, Moscow Institute of Physics and Technology
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The study is devoted to the problem of dimensionality reduction
for signal decoding. The challenge of the investigation is redundancy
in data description. High correlation in measurements leads to cor-
relation in input space. The study considers multivariate problem,
the target variable is a vector. In this case the correlations occur in
both input and target spaces. Dimensionality reduction and feature
selection are used to build simple and stable model.

Projection to latent space (PLS) regression is used as a base model
for the dimensionality reduction. The model projects input and tar-
get data into the joint latent space and maximizes the covariances
between the projections. To obtain the sparse model the feature
selection is applied. The majority of feature selection methods ig-
nore the dependencies in the target space. The study suggests a
novel approach to feature selection in multivariate regression. The
proposed approach extends the ideas of the quadratic programming
feature selection (QPFS) algorithm. The QPFS algorithm selects
non-correlated features, which are relevant to the targets. The pro-
posed methods take into account the dependencies in the target space
and select features which are informative to all targets jointly.

The computational experiment was carried out on the electrocor-
ticogram dataset. The proposed algorithms were compared by differ-
ent criteria such as stability and their prediction performance. The
algorithms give significantly better results compared to the baseline
strategy. The best result is obtained by combination of QPFS and
PLS algorithms.

The research was supported by the RFBR, project 16-07-01155
and by the Government of the Russian Federation, agreement
05.Y09.21.0018.

[1] Isachenko R., Strijov V. Dimensionality Reduction for Multicorrelated

Signal Decoding with Projections to Latent Space // http://www.
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Pabora mampassiena Ha MOCTPOEHHE METOJIOB MOJIEJIUPOBAHUS U
aHaJIu3a IPUPOIHBIX BPEMEHHBIX PSJJIOB U CO3J/IaHUE ABTOMATH3UPO-
BAHHBIX CUCTEM Ha UX ocHOBe. IIpenoxkena 0600MIeHHAST MHOTOKOM-
MIOHEHTHAS MOJIEb IIPUPOJIHOTO BPEMEHHOT'O PsiJia CJIOYKHON CTPYK-
rypol (OMKM), 103B0JIgIOIIAsl OUCATL UPPEryJsiDHbIE BapUaIiu
JAHHBIX. PeKyppeHTHas COCTABJIAIONIAs MOJEJN UMEET MapaMeTpu-
YeCKUil BUJ ¥ ONKUCHIBAET PErYJIsIPHBIA BPEMEHHOM X1 JIaHHbIX. AHO-
MaJIbHbIE KOMIIOHEHTBI MOJICJIM UMEIOT BUJI HEJIMHEHHBIX aIIPOKCHU-
MUPYIONIX CXEM W OIHICBHIBAIOT HUPPETY/IsipHble m3MeHeHus. Ha mpu-
Mepe BPEMEHHBIX PsI0B KPUTHIECKONW YacTOThl F2-cjios monocde-
pbl (UCHOJIB30BAJIUCH JIAHHBIE MUPOBOIi ceTr nOHOChEPHBIX CTAHIHA)
OIHMCAaHA Peasin3alins MOJEIN U ITOKA3aHbl Pe3yJIbTaThl ee IIpUMeHe-
nus. [IpuBesieHo cpaBHEHNE C MEXKTyHAPOIHOM IMITUPUIECKON MOoJIe-
sbto IPU u MemaHHBIM MeTOIOM, MMOATBep uBIIee 3 (MEeKTUBHOCTH
OMKM. IIpemmaraemas OMKM B oTimmame oT aHAJIOTOB ITO3BOJISIET
B aBTOMATHIECKOM DEXKUME BBIJIEJUTh aHOMAJIbHbIE M3MEHEHUs JTAH-
HBIX U OIEHUTDH UX XapaKTepuctuku. Momesb peasn3oBana IucJIeHHO
u nocrynHa yepes cerb Unreprer (http://aurorasa.ikir.ru:8580). Pe-
3yJIBTATHI UCCJIEJOBaHUSI BaXKHbBI B 3a/la9aX reo(pU3MIeCKOro MOHUTO-
PUHTa ¥ ONMEPATUBHOTO TPOTHO3a KOCMUYIECKON ITOTOJIBI.

WccemoBannst BoimoHeHb! Tipu mofep:kke ['panrta PHOD Nel4-
11-00194.

[1] Mardpuxosa O. B., ®emucosa H. B., Ilososzos FO. A. Monenmuposanue
¥ aHAJIM3 TPUPOJIHBIX BPEMEHHBIX PSJI0B HA OCHOBE OOOOIIEHHONW MHO-
POKOMITOHEHTHOI Mozenu // Mammunnoe oOytdeHHe U aHAIU3 JIaH-
woix, Mocksa: Borauciurensuniii menrp wm. A.A. JlopomHunbiaa
PAH, 2018. — C.74-88. http://jmlda.org/papers/doc/2018/no2/
Mandrikova2018Mcm.pdf.
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Modeling and analysis of natural time series on the
basis of general multicomponent model
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Radio Wave Propagation FEB RAS

The work is focused on the development of methods for model-
ing and analysis of natural time series and the construction of auto-
mated systems on their basis. The present paper proposes a general
multicomponent model (GMCM) of complex time series that allows
describing irregular variations in the data. The GMCM recurrent
component is represented by a parametric form and describes the
regular time course of the data. The GMCM anomalous components
are represented by nonlinear approximating schemes and describe
irregular variations. On the example of the ionospheric critical fre-
quency time series of F2-layer (data from the world network of iono-
spheric stations were used), the implementation of the model is de-
scribed, and the results of its application are presented. A comparison
with the IRI international empirical model and the median method
confirmed the efficiency of the GMCM. The proposed GMCM, in
contrast to analogs, allows us to detect anomalous changes in the
data and to estimate their characteristics in automatic mode. The
model is implemented numerically and is available from the Internet
(http://aurorasa.ikir.ru:8580). The results of the research are impor-
tant in the tasks of geophysical monitoring and operational forecast
of space weather.

The investigation is supported by RSF Grant No14-11-00194.

[1] Mandrikova O, Fetisova N., Polozov Yu. Modeling and analysis of nat-
ural time series on the basis of general multicomponent model // Ma-
chine Learning and Data Analysis, Moscow: Computing Centre of.
A.A. Dorodnicyn RAS, 2018. — p.74-88. http://jmlda.org/papers/
doc/2018/no1/Author2018Title.pdf.
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B pabore mpejiyiozken MeTO, U BBIMUCIUTEIbHBIC aJITOPUTMbBI aHa~
JIN3a JIAHHBIX KOCMHUYECKUX JIydell W BBIJEJIEHUST CIIOPAIUIECKUIX
adbdekToB. MeTon ocHOBaH Ha NpPUMEHEHWHM HEHPOHHBIX CeTel u
BefiBeT-ipeoOpa3oBannsa. Vcrmoab3yioTes HEefpOHHBIE CETH BEKTOP-
HOI'O KBAHTOBAHUS U MHOT'OCJIONHBI rtepcentpor. Ha ocrHose meToma
10 JTAHHBIM MUPOBON CEeTH HEHTPOHHBIX MOHUTOPOB HM3yUeHA JIMHA-
MUK, BapuaIuil KOCMHUYCCKUX JIY9el W ONpeJIe/IeHbl TPU3HAKU BO3-
HUKHOBEHNsT cropaandeckux sddexton. [Tokazana s¢dppekKTuBHOCTD
IpUMeHeHnsT HEPOHHBIX ceTell BEKTOPHOIO KBAHTOBAHUSA I 3a/a-
91 KJIACCU(MUKAIIH TAHHBIX HEHTPOHHBIX MOHUTOPOB. IIpuBeien cro-
€00 AITPOKCUMAITNT BPEMEHHOT'O X018, KOCMIIECKUX JIydeil Ha OCHOBE
MHOTOCJIORHOTO TiepcenTpoHa. ONucaH BBIYUCIUTEIbHBIN AJrOPUTM
JETAJIBHOTO aHAIN3a JAHHLIX HEHTPOHHBIX MOHUTOPOB W BbIJE/e-
HUS Pa3HOMACIITAOHBIX CIOPAINIECKIX I(P(DEKTOB, OCHOBAHHBIN Ha
HElPepPBLIBHOM BelBJIeT-1peo0pa3oBanuu (aJropuTM PEaJM30BAH THC-
serno (http://aurorasa.ikir.ru:8580)). TIpeyioxKeHHbIH MeTO TO3BO-
JISIET B aBTOMATHUYICCKOM PEYKUME BBIIOJHATD KJIACCUMUKAIUIO JTAH-
HBIX HEHTPOHHBIX MOHUTOPOB U BBIIEJISTH ClIOpaaudecKue 3pPeKThI
Pa3IMIHON MTPOJOIKUTETLHOCTH U UHTEHCUBHOCTH. Pe3ynbraThl nc-
CJIeJTOBaHUS IPEJICTABIIAIOT UHTEPEC B 33/Ia9aX ITPOTHO3a KOMUIECKOT
[IOTO/[bI U IIpPeJCKa3aHusd MarHuTHBIX Oypb. Vccienosanue BoIoJiHe-
HO npu duHaHCOBOI nomepxkke rpanta PH® No 14-11-00194-11.

[1] Mardpurosa O. B., 3annes T.JI., TI'ennenep B. B., Mandpuxosa B. C.

AHa.HI/I3 JAaHHBIX HeﬁTpOHHI)IX MOHHUTOPOB U BbI/IEJICHUE CIIOPaJINICCKUX

3 dexToB HA OCHOBE HEHPOHHBIX ceTell u BeliBaeT-npeobpasosanus //

Mamwunnoe obydenne M aHaJIn3 JaHHBIX, MockBa: BrraumcaurenbHblit

nentp um. A.A. Jopoguumema PAH, 2018.
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The work is aimed at developing of automated methods for analy-
sis of cosmic ray variations. The present paper proposes a method and
computational algorithms for analysis of cosmic ray data and detec-
tion of sporadic effects. The method is based on the use of the neural
networks and the wavelet transform. The neural networks of vector
quantization and multilayer perceptron are used. Using the proposed
method, we studied the dynamics of cosmic ray variations and iden-
tified the signs of the occurrence of sporadic effects (the data from
the world network of neutron monitors were used). The efficiency of
the application of the neural networks of vector quantization for the
problem of classification of neutron monitor data in automatic mode
is shown. A method for approximating of the cosmic ray time course
is presented. The method is based on the neural network of a mul-
tilayer perceptron and the fast wavelet transform. A computational
algorithm for the detailed analysis of neutron monitor data and de-
tection of multiscale sporadic effects is described. The algorithm is
based on the continuous wavelet transform (the algorithm is imple-
mented numerically. The proposed method, in contrast to analogs,
allows us to classify neutron monitor data and to detection sporadic
effects of various duration and intensity in automatic mode. The re-
sults of the research are of interest in the tasks of the forecasting of
space weather and predicting of magnetic storms. The investigation
is supported by RSF Grant No14-11-00194.

[1] Mandrikova O, Zalyaev T., Geppener V., Mandrikova B. Analysis of
neutron monitor data and detection of sporadical effects on the basis
of the neural networks and the wavelet-transform // Machine Learning

and Data Analysis, Moscow: Computing Centre of. A.A. Dorodnicyn
RAS, 2018.
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MeTop aHanusa ncesgodpa3oBoro noprpera npu
pacno3HaBaHunM BMOCUTHANOB C HENIMHEHbLIMMN
cBONCTBaMm
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DOI: 10.30826/IDP201841

Paccmorpen Mmeros pacnosnaBanus OMOMEIUITUHCKUX CHUTHAJIOB
C HEeJTMHEHHLIMHM CBOHCTBAMHU, OCHOBAHHDLIN HA PEKOHCTPYKINU da-
30BOT'O MOPTPETA AHAJU3UPYEMONl BPEMEHHOH IOCIEI0BATETLHOCTH.
WccnenoBanbl BO3MOXKHOCTH OTIEHKN KOPPEJISAIIMOHHON pa3MepHOCTH
BPEMEHHOTO PSa U PA3MEPHOCTHU ITPOCTPAHCTBA BJIOXKEHUS C UCITOJThb-
zoBanueM ajropurma I'paccbeprepa-Ilpokauuna (P. Grassberger, I.
Procaccia, 1983). Ilokazano, uro kiaaccuduKaiuio CUIHAJIOB MOXKHO
peanu3oBaThL HA OCHOBE 60JIee TTPOCTBHIX OIUCAHUN, HAIPUMED, TIPEe/I-
CTaBJICHUN TICeB0(A30BOr0 MOPTPETa B IPOCTPAHCTBE MEHBIIEH pas-
meprocTu. OCHOBHOE BHUMAHUE YEJEHO MOPQOJIOrnIecKOMy aHa-
Jgm3y crposiieiicss $Ha30Boil TPAEKTOPUH U BBIOOPY MPU3HAKOB JIJIS
pacro3HaBaHus OMOCUTHAJIOB C XaOTHYeCKUMU cBoiicrBamu. IIpuse-
JICHBI PE3YJILTATHI UCCTCTOBAHUN, HAIIPABICHHBIX HA PACIO3HABAHUE
o KT apurMuil, OT/IMIAONIIXCS 3HAYUTEIBHBIM Pa30pOCOM U Hepe-
TYJISIPDHBIM XapaKTePOM U3MEHEHUs [JINTEJIbHOCTEH KapIHOIUKJIOB.
B xome sKCIlepuMeHTOB YyCTAHOBJIEHO, UTO 3319y aBTOMATHIECKOTO
obHapyKeHnsT (GparMeHToB (PUOPUIIAINN TIPEICEPIIil MOXKHO 3]~
GbEeKTUBHO PENUTD, UCHOIb3Ysl JIMHEHHBIN JTUCKPUMUHAHTHDBIN aHa-
JIn3 MOPOJIOITIECKOr0 OIUCAHUS TICEBI0(A30BOr0 MOPTPETA PUTMO-
rpaMMbl Ha IJIOCKOCTH CMEXKHBIX KapauornukjaoB. OOG0CHOBaH BBIOOD
nanbosiee nHGOPMATHBHBIX TPU3HAKOB, IIPEJJIOZKEH AJTOPUTM KJIAC-
cudukanuu apuTMAl 0 puTMOrpaMme. Pe3ysbraThl MccJie10BaHmit
MOT'YT OBITH MCIIOJIb30BAHBI IIPHU PEIIEHUH 33189 KapHOJIOTMTIeCKOr0
HaOJIFO/IeHU .

Pabora momuepkana rparmtamu PODU Ne16-01-00159, 18-29-
02036.
[1] Xauwampan K. C.,Manunao JI. A. Meron anammsa ncesaoda3oBoro mopr-

pera B 3aJiaue paclno3HABAHUS OMOMENUIMHCKUX curHasios // Buorex-
nocdepa, 2016, 5 (47). — C. 14-18.
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The method of analysis of pseudo-phase portrait in
recognition of biosignals with nonlinear properties

Manilo Ludmila Imanilo@yandex.ru

Saint Petersburg, St. Petersburg Electrotechnical University “LETI”

The method of recognition of biomedical signals with nonlinear
properties based on the reconstruction of the phase portrait of the
analyzed time sequence is considered. The possibilities of estimating
the correlation dimension of the time series and the dimension of the
embedding space are investigated using the Grassberger-Procaccia
algorithm (P. Grassberger, I. Procaccia, 1983). Tt is shown that the
classification of signals can be realized on the basis of simpler descrip-
tions, for example, on the representation of a pseudo-phase portrait in
a space of smaller dimension. The main attention is paid to the mor-
phological analysis of the phase trajectory under construction and the
choice of features for recognition of biosignals with chaotic properties.
The results of studies aimed at the arrhythmias recognition by ECG,
characterized by a significant spread and irregular changes in the du-
ration of cardiocycles are presented. During the experiments it was
established that the problem of automatic detection of atrial fibril-
lation fragments can be effectively solved using a linear discriminant
analysis of the morphological description of the pseudophase portrait
of the rhythmogram on the plane of adjacent cardiac cycles. The
choice of the most informative features is justified, the algorithm of
arrhythmia classification according to the rhythmogram is proposed.
The results of the research can be used in solving the problems of
cardiac monitoring.

This research is funded by RFBR, grants 16-01-00159, 18-29-
02036.

[1] Khachatryan K. S., Manilo L. A. The method of analysis pseudophase

portrait in the problem of recognition of biomedical signals // Biotech-
nosphere. - 2016, No 5 (47). — p. 14-18.
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ITenn aToit paboThl 3aKaII0IaeTCs B COOpE JIYIIMUX MTPAKTUK U T0-
cTpoeHnn HauboJiee 0bIIell MO/ TapHOTO II0OAJIHHOIO BHIPABHU-
BaHUsI C BO3MOXKHOCTBIO BbIDABHUBAHUS KAK MOXKHO O0Jjiee JIJIMHHBIX
nocJiesioBaTesibHOCTe. B pesysibrare yHUBEpCAIbHBIH aJrOpUTM TJI0-
6aIBLHOIO BBIPABHUBAHUS IMOCTPOEH HA OCHOBE MApAJLIEILHON pea-
suzarun FastLSA asropurma Needleman-Wunsch’a ¢ mpousBosibHO#
MaTpHIeil moJcTaHoBOK u ajropurmoM Gotoh’a st adbdunHOM Ccn-
cTeMbl TITPad OB 3a TPOOEIIBI.

IIpu nocrpoenuu ajaropuTMa HCIOJIB3YETCsl CTPATErHsl OTKA3a OT
XpaHEHUsT MPOMEYXKYTOYHBIX JAHHBIX B MOJb3Y MOBTOPSIONIUXCS BbI-
YUCJIEHUN ¢ OTKPBIBAIOIIEHCS BO3MOYKHOCTBIO DACHAPAJIICTHBAHUS
BBIYUCJIEHUI I MUHUMU3BAIINT UCIOJb30BaHus aMsiTu. HaiiieHs! ana-
JINTUYECKH OIITUMAJIbHBbIE 3HAYEHUS IAPAMETPOB paClapaJlIenBa-
HUsST MeTOfa. AJIrOpUTM peajin30BaH Ha sI3bIKEe IMPOrPAMMUPOBAHUS
Javascript kak BeO-nmpuiokenue. PacripesiesieHHbIe BBIYUCICHUS pe-
aJM30BaHbl Ha g3bIKe mporpammupoBannsg PHP n mpoussomgarcsa ma
KJINEHTaX, KOTOPbIE UCIOJIB3YIOT JIAHHBIN BeO-CepBUC.

AJIrOpUTM MOYKET HCII0JIb30BaThCsl IIPU BBIPABHUBAHUU TEKCTO-
BBIX I[1OCJIEJIOBATEILHOCTEH B IPOU3BOJILHOM aJjihaBuTe.

Pabora nognepxana rpaarom POOU Ne 16-01-00692.

[1] Temyes P. K., Ilamwxos M. H., Ianxpamos A. H. TlapamienbHbrii aJ-

TrOpUuTM I‘JIO63,JII>HOFO BbIpaBHUBaHUA HpOTH)KéHHI)IX AMMWHOKMCJIOTHBIX

7 HYKJICOTHUAHBIX IMOcaegoBarenabHocreit // Mar. Gumosn. u Guound.,

2017.12(1). — C.137-150. http://www.matbio.org/2017/Tetuev_12_

137.pdf.
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Optimization of parallel algorithm for global alignment
of long sequences
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The goal of this work is to collect the best practices and to build
the most general model of a pairwise global alignment with the pos-
sibility of aligning as long sequences as possible. As a result, the
versatile algorithm for global alignment is constructed on the basis
of parallel implementation FastLSA of the Needleman-Wunsch algo-
rithm with an arbitrary matrix of substitutions and Gotoh algorithm
for the affine system of penalties for gaps.

When constructing an algorithm, the strategy is used to avoid
storing intermediate data in favor of repetitive calculations with the
opening possibility of parallelizing computations and minimizing the
use of memory. The optimal values of parameters of parallelization
of the method are found analytically. The algorithm is implemented
in the Javascript programming language as web application. Dis-
tributed computing is implemented in the PHP programming lan-
guage and is produced on clients that use this web service.

The algorithm can be used when aligning text sequences in an
arbitrary alphabet.

This research is funded by RFBR, grant 16-01-00692.

[1] Tetuev R., Pyatkov M., Pankratov A. Parallel algorithm for global
alignment of long aminoacid and nucleotide sequences // Math. Biol.
Bioinf., 2017.12(1). — P.137-150. http://www.matbio.org/2017/
Tetuev_12_137.pdf.
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1

PaccmarpuBaerca Borpoc m3menenust dHIedaIOrpaMM P ICH-
xXudeckKux paccrpoiicrax. lIpescrasiennniii 0630p JUTEPATYPHI T10-
Ka3bIBAET, ITO IJECKTPUIECKAST aKTUBHOCTH NOJIOBHOTO MO3Ta B 9TUX
cIydasix UMeeT KaK CIeKTpaJibHble 0COOEHHOCTH, TaK U OCOOEHHOCTH
JIOKQJTM3AIINYA UCTOYHUKOB MTATOJIOTTIECKON aKTUBHOCTH B PA3HBIX Ya-
CTOTHBIX JHAITa30HAX. BOIPOC O MPOCTPAHCTBEHHOM PACIIOJIOKEHUN
MCTOYHUKOB ITATOJIOTHIECKON aKTHUBHOCTH SIBJISETCS KJIOUYEBBIM IIPU
n3y4eHnn padoThl MO3ra M PENIAeTCs € IMOMOIIBIO PA3IMYIHBIX MeTO-
JI0B Jtokasm3aruu. 1Ipeyioyker MeTo JIJisi TOYHOTO KOJTHUIECTBEHHO-
o aHaJIM3a AKTUBHOCTHU IO JAHHBIM 3HIedaaorpadun. PesyabraTb
JIOKAIN3AIuN 0TOOPAXKAIOTCH HA MATHUTHO-PE30HAHCHON TOMOTpaM-
Me cyObekTa, Ha OCHOBE Uero CTPOSITCS THUIIOTE3bI O Heifpodusno-
JIOTMYECKOM MeXaHnU3Me U3ydaeMoil nartosioruu. Merom, mpeioxKeH-
HBIF B JaHHON pabore, ommpaercs Ha mpeodbpasoBanne Pypbe MHO-
FOKaHAJIbHBIX JIAHHBIX HIIe(hAIOrpadun U JIOKAJIU3AIUIO OTIETbHBIX
CHEKTPATHHBIX KOMIIOHEHT. DTO ITO3BOJISIET JIETAIBHO U3y IAThH T€ WJIN
WHBbIE YaCTOTHBIE TPU3HAKH MTATOJTOTTIECKON aKTUBHOCTU MO3Ta 1 OT-
BedYaTh Ha BOIPOCHI 00 UX CBS3U C aHATOMUEN MO3ra.

Pabora Bemmonnena npu nomuepxkke lIporpammbr [Ipesnanmyma
PAH Ne27 «DyHaMeHTaIbHBIE TTPOOJIEMbBI PEIIEHUsT CJIOXKHBIX TPaK-
TUYIECKUX 33J1a49 C IIOMOMIBIO CyNEePKOMIIBLIOTEpOBy 1 rpanToB POOU
17-29-02178, 18-29-02087, 16-07-00937, 16-07-01000, 17-07-00677, 17-
07-00686.

[1] Hawxpamosa H. M., Puwxynos C./JI., Botxo A.H., Moawanosa /1. A.,
Vemunun M. H. Jlokanusamnust CeKTpaIbHBIX 0COOEHHOCTEH dHIeda-
JIOTPAMM TPH NICHUXMYECKUX paccrpoiictBax // Maremarmiaeckas 6no-
siorust 1 bmonnpopmaruka, 2018. T. 13. Ne 2. C. 322-336.

doi:10.17537/2018.13.322.
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Spectral and spatial features of encephalograms in
mental disorders
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The issue of changing encephalograms in mental disorders is con-
sidered. The presented review of the literature shows that the elec-
trical activity of the brain in these cases has both spectral features
and features of localization of pathological activity sources in differ-
ent frequency ranges. Spatial position of the sources of pathological
activity is a key issue of brain studies and it is solved by various local-
ization methods. A method is proposed for an accurate quantitative
analysis of activity from encephalography data. Localization results
are displayed on the magnetic resonance tomogram of the subject,
on the basis of which hypotheses about the neurophysiological mech-
anism of the pathology under study are constructed. The method,
proposed in this paper, is based on Fourier transform of multichannel
encephalography data and on the localization of spectral components.
Such approach permits to study in detail some or other frequency fea-
tures of the brain pathological activity and to reveal their connections
with the brain anatomy.

This research is funded by Programs of the Presidium of the Rus-
sian Academy of Sciences No.27 <Fundamental problems of solving
complex practical problems with the help of supercomputerss> and
RFBR, grants 17-29-02178, 18-29-02087, 16-07-00937, 16-07-01000,
17-07-00677, 17-07-00686.

[1] Pankratova N., Rykunov S., Boyko A., Molchanova D., Ustinin M.

Localization of Encephalogram Spectral Features in Psychic Disorders

// Mathematical Biology and Bioinformatics, 2018;13(2):322-336. doi:

10.17537/2018.13.322..
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Mmuorue npukiaaHble 33291 SKOHOMETPUKHU CBA3aHbI C AHAJIN30M

He CTaIlMOHAPHBIX BPEMEHHBIX PAIO0B. KCTh passimdHble TUIIBI HECTa-

nunonapuoctu. Hampumep, HECTAIIMOHAPHOCTH MOXKET OBITH CBsI3aHA

C PeAIbHO CYIIECTBYIOMIMMI BPEMEHHBIMU TEHICHIUAME (TPEHIaMu,

muKJIamMu 1 T.11.). Takxke oHa MOxKeT ObITh CBA3aHA € TE€M, YTO U3Me-

HEHUsI BO BPEMEHHOM PsIIy UMEIOT XapaKTep TUIa OPOyHOBCKOTO IBU-

keHud. IIpakTuka u 9KCIIEPUMEHTHI ¢ CT€HEPUPOBAHHBIMU JIAHHBIMHI

MOKA3BIBAIOT, UTO [IPU HECTAIIMOHAPHOCTH TIOCJIETHETO TUIIA BO3ZHUKA-

101 3 dekTol J0xKHO0I perpeccun. [log stozkHON perpeccueil moHnMa-

I0TCSl CJIydaifHO BO3HHUKIINE DPErPECCHOHHBIE 3aBHCUMOCTH, KOTOPbLIE

[IPU MCIIOJIL30BAHUH CTAH/IAPTHBIX CPeJICTB Bepuduxkanuu hopMaiib-

HO SABJISIOTCS CTATUCTUYECKN JocToBepHbIMU. [lesibio mpoBenénnbIx

HAMH UCCJIEOBAHUIT HA OCHOBE BDEMEHHBIX PsJ/I0B, BKJIIOYAIOIINX 3HA~

qeHus JTorapudMOB 3aHATOCTH, OCHOBHBIX (DOHIOB U BAaJOBOTO PEru-

OHAJILHOTO TPOJIYKTA JIJIsT 79 POCCUUCKHUX PErMOHOB SABJISIIOCH H3Y-

YeHHe BePOSITHOCTH BO3HUKHOBEHHsI (POPMAJIBLHO JIOCTOBEPHBIX JIOXK-

HBIX PErpeccuii, a TaKyKe BO3MOYKHOCTH BepUMUKAIMN TAKIX Perpec-

CHIi € HCIOIB30BAHIEM TEXHOJOIHH Oy TCTPeI-aHaIn3a. JKCIEePUMEH-

THI IIPOBOJIUJIUCH IIyTEM I'€HEPAIINN UCXOHBIX BBIOOPOK, OUHINEHHBIX

OT JIETEPMUHUPOBAHHBIX TPEHJIOB, HOBBIX CJIyYaiHBIX BLIOOPOK, T/I€

[IPUPOCTDI 3HAYEHUIT IIEPEMEHHBIX BBIOMPAJINCH U3 MHOXKECTB HCXOJI-

HBIX TPIPOCTOB € BO3BPAIICHNEM. JKCIIEPUMEHTHI TIOKA3AIH BHICOKYTO

BEPOSITHOCTD MOsABICHNA perpeccun ¢ R? > 0.5. BepoaTHocTh 0SB~

JIEHUs TAKUX 3aBUCUMOCTEN orleHnBaeTcs Ha yposHe MeHee (0.0001 uc-

XOJIsl M3 THIIOTE3bl O HE3ABUCUMOCTHU HAOJIIOIECHUIA.

[1] Kirilyuk I. L., Kuznetsova A. V., Senko O.V. Data Mining in
Institutional Economics Tasks // EPJ Web Conf., 173 03013,
2018. — p.1-4. https://www.epj-conferences.org/articles/
epjconf/pdf/2018/08/epjconf _mmcp2018_03013. pdf.
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Many applied problems of econometrics are connected with the
analysis of non-stationary time series. There are different types of
non-stationarity. For example, nonstationarity can be associated with
real time tendencies (trends, cycles, etc.). It can also be related to
the fact that changes in the time series have a character like the
Brownian motion.

Practice and experiments with artificially generated data show
that non-stationarity of latter type may cause so called spurious re-
gression effect. Spurious regressions are randomly arising regression
dependences that are formally proved to be statistically valid if stan-
dard verification tools are used. Our researches were made on the
basis of the time series including values of logarithms of employment,
fixed assets and a gross regional product for 79 regions of Russia. The
goal of the studies was to evaluate probability of spurious regressions
emergence and also assess if bootstrap-analysis technique may be
used for their correct verification. Experiments were made by gener-
ation of new random samples from the initial samples cleaned from
the determined trends. At that increments of variables values were
chosen with returns from initial samples. The experiments showed
a high probability of regression with R? > 0.5. The probability of
such regression must be less 0.0001 if they are verified with the help
of method based on hypothesis about independence of observations.
(1] Kirilyuk I., Kuznetsova A., Senko O. Data Mining in Institutional

Economics Tasks // EPJ Web Conf., 173 03013, 2018. —

p-1-4. https://www.epj-conferences.org/articles/epjconf/pdf/

2018/08/epjconf_mmcp2018_03013.pdf.
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DOI: 10.30826,/IDP201845

Metojtonorust BOCCTaAaHOBJIEHUST CKPBITOTO COCTaBA WHBECTHUITUOH-
HOTO TTOPT(eEJisi IO HADJIIOIAEMOMY BPEMEHHOMY PsIIy €ro MepPUO/IU-
9eCcKUX JIOXOJHOCTEl M3BECTHA B SKOHOMeTpHKe Kak Returns Based
Style Analysis. Ee cozmarens Yuibam [lapn chopmynuposast 3aia-
qy aHAJIN3a JAHHBIX KaK 33/1a9y PErpecCHOHHOIO aHAJIN3a B IIPEIIIo-
JIOYKEHUHU, UTO MHOYKECTBO KJIACCOB IEHHBIX OyMAar, Cpeju KOTOPBIX
WINETCS paclpejie/ieHne KalnuTaJia, U3BeCTHO U MAaJIO MO0 CPABHEHUIO
¢ aucjiom Habsoaenuit. Jlomosasst mocranosky [Ilapma mbr momycka-
€M, UTO HEeM3BEeCTHAsl COBOKYITHOCTH IEHHBIX OyMar, COCTABJIAIONINX
HCCJIEyEMbIIl MHBECTUIIMOHHBIN MTOPTdEIb, ABISETCA JIUIb MaJIbIM
[IOJIMHOKECTBOM CP€JI OOPAIIAIOIINXCS HA PBIHKE OMPXKEBBIX aKTHU-
BOB, YHCJIO KOTOPBIX MHOTOKPATHO ITPEBOCXOJIUT THUCJIO HAOJIIOICHUIA.
O4eBHUIHO, UTO TaKasi PErPECCHOHHAs 3ajiada HeKOppeKTHA. Mbl nc-
MIOJTb3Y€EM B KAUEeCTBE PEryJIsipU3aTOPa €CTECTBEHHOE MTPEIITOIOKEHNE,
9TO UCKOMBIN TOPTdesb chOPMUPOBAH C IEIBI0 COXPAHEHUS U YMHO-
JKEHUs KaluTaja, 9TO M03BOJIseT (PYyHIAMEHTAIbHO COKPATUTH MHO-
2KE€CTBO paCcCMaTPUBAEMBIX BAPUAHTOB €0 PACIIPEICICHUS MEKTY aK-
TuBaMu. MaTeMaTuIecKuM UHCTPYMEHTOM PEAJTU3AIMH ITOrO MPE/I-
MTOJIOYKEHUS CJIY2KUT TOHsTHE 3DheKTuBHOTO noprdes, chopMy/iu-
posamnoe ['appn Mapkosuiiem, jraypeaToM TOit XKe HOOEJEBCKO mpe-
Muu. PerpeccroHHbIi aHAIN3 JTOXOMHOCTEN MUCCIIeLyeMOro mopTdests
1 OMPYKEBLIX AKTUBOB CBOJIUTCH K OIPEJICJIEHUIO OJIHOTO TIapaMeTpa,
nasbiBaeMoro Risk Tolerance — cKJIOHHOCTH MHBeCTOPa K PUCKY. Pa-
6ora nomiepxkana rpanramu POOU 17-07-00436, 17-07-00993.

[1] O. Krasotkina, M. Markov, V. Mottl, D. Babichev, I. Pugach, A.
Morozov. Constrained Regularized Regression Model Search in Large
Sets of Regressors // Lecture Notes in Artificial Intelligence, Vol. 1035,
Springer, 2018, pp. 1-15.
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The methodology of recovering the hidden sharing of the capital
in the portfolio of an investment company from the time series of pe-
riodic returns is commonly adopted in econometrics as Returns Based
Style Analysis. Its author, Nobel Prize winner William Sharpe, for-
mulated the respective problem as that of regression analysis under
the assumption of the known set of securities, among which the cap-
ital sharing is sought for, is small in comparison with the number
of observed holding periods. As an extension of Sharpe’s problem
statement, we admit that the unknown set of securities in the invest-
ment portfolio under analysis is not known in advance and makes a
small subset in the universe of stock market assets, whose number far
exceeds the length of the registered retuns time series. It is obvious
that such a regression problem is ill posed. We issue from the nat-
ural assumption that the sought-for portfolio is composed with the
purpose to retain and enlarge the capital, which suggestion results in
the possibility to fundamentally shrink the variety of capital sharing
versions. We harness the notion of an effective portfolio formulated
by Harry Markowitz, winner of the same Nobel prize, as the mathe-
matical instrument of such a regularization. The computer assisted
analysis of the returns time series on both portfolio under study and
stock market assets boils down to finding only one parameter of the
regression model, which has the sense of Risk Tolerance — propensity
of the investor to risk.

This research is funded by RFBR, grants 17-07-00436 and
17-07-00993.

[1] O. Krasotkina, M. Markov, V. Mottl, D. Babichev, I. Pugach, A. Mo-
rozov. Constrained Regularized Regression Model Search in Large Sets

of Regressors // Lecture Notes in Artificial Intelligence, Vol. 1035,

Springer, 2018, pp. 1-15.
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Cortacuno npuanuny nobegeBckoro jaypeara appun Mapkosuria,
pacupeiejieHne KalmnuTaja HTHBECTOPA 10 MHOYKECTBY OUPIKEBBIX aKTU-
BOB 00pa3yeT 3hPeKTUBHBII TOPTdETh TOJBKO IIpU cobJII0IeHNN Oa-
sarca [TapeTo Mexkiy JBYMsi IPOTUBOPEUYMBBIMU YKEJIAHUSIMU — yBe-
JINIUTH KAIWTAJ U yMEHBIIUTh PUCK ero MoTepu. DTHU JBa KPHUTe-
pUs ONPEIEISIOTCHS BEKTOPOM CPEIHUX 3HAYCHUI U KOBAPUAITMOHHOMN
MaTpHIE caydaitubix Oyaymumx goxomaHocreit. B ntore okasbiBaeTcs,
YTO 3Ta Tapa U CBODOJIHO BBHIOMpaEMbIil KOIMDMUINEHT CKJIOHHOCTH
nusecropa K pucky (Risk Tolerance) Bmecre moJgHOCTBIO Olpeesisi-
10T OJTHOIIApAMETPHUYIecKoe ceMeiicTBO noprdesteii Mapkosuma, KOTo-
pO€e HCUepIbIBAET MHOYKECTBO BCEX «Pa3yMHBIX» moptdereii. Oanako
WHBECTOPY JIOCTYIIHBI JIUIIb OIMEHKN OXKWIAEMBIX JOXOTHOCTEN M UX
KOBapHuaImii, caMu 1Mo cedbe o0pas3yronme CIyIaifHyio mapy «BEeKTOP-
MaTpuiay. B gaHoit paboTe Mbl UCIOIB3yeM pacipejenenue [aycca-
Vumapra Ha MHOYXKECTBE TAKUX Iap KaK €JUHOEe IapaMeTPUIECKOe
CceMefiCTBO AIPUOPHBIX W AITOCTEPUOPHBIX PACIPEIEICHU, HaIe/Is-
forree mouaATHe 3MPEKTUBHOTO MopTders MapKroBuiia crmocoOHOCTHIO
YUIUTBIBATH HETOYHOCTH 3HAHUS OYIY X IOXOTHOCTEN ONPIKEBBIX aK-
TUBOB. B JaCTHOCTH, MbI paCcCMaTpHuBaeM HEKOTODPbIE ClieluaJIbHbIe
CJIydau IpU pa3HbIX COYETAHUSIX CTEIeHell HeJI0BepUsl K IIPe/ITojiara-
€MBIM CPEIHUM 3HAYEeHUsIM U KOBAPHUAIUSIM TOXOIHOCTE.

Pabora nmommeprxkana rpanramu PO 17-07-00436, 17-07-00993.
[1] O. Krasotkina, M. Markov, V. Mottl, D. Babichev, I. Pugach, A.

Morozov. Constrained Regularized Regression Model Search in Large

Sets of Regressors // Lecture Notes in Artificial Intelligence, Vol. 1035,

Springer, 2018, pp. 1-15.
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The commonly adopted principle of investment portfolio compo-
sition, formulated by Nobel prize winner Harry Markowitz, states
that the capital allocation over a set of stock market assets is effective
only under the condition of Pareto balance between two contradic-
tory desires — to enlarge the capital and diminish the risk of losing
it. These two criteria are functions of the mean-values vector and
covariance matrix of the anticipated random stock market returns.
It turns out that such a vector-matrix pair, coupled with a free co-
efficient of the assumed Risk Tolerance of the investor, jointly define
a one-parametric family of Marlowitz Portfolios, which completely
exhaust the set of all “reasonable” ones. However, the investor can
rely only on some estimates of the anticipated returns and their co-
variances, which, in their turn, make a random vector-matrix pair.
In this work, we consider the conjugate family of prior and posterior
Gauss-Wishart distributions over the set of such pairs as a means
to endow the notion of Markowitz effective portfolio with the ability
to perceive the uncertainty of the investor’s knowledge on the asset
returns in the next holding period. In particular, we consider some
special cases under different combination of reliance degrees put on
the expected values of returns and on their covariances.

This research is funded by RFBR, grants 17-07-00436 and
17-07-00993.

[1] O. Krasotkina, M. Markov, V. Mottl, D. Babichev, I. Pugach, A. Mo-
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C BBIYHUCIUTETHHON TOUKM 3PEHUsT 3a/1a9a BOCCTAHOBJICHUST CKPbI-
TOr'O0 COCTaBa MHBECTHUIIMOHHOIO HOpPTdess 10 HabJII0aeMOMy Bpe-
MEHHOMY PsIJIy €ro MEePUOTMIECKUX JTIOXOJIHOCTEH eCTh 3a/1a1ua, perpec-
CHOHHOTO aHAJIN3a IIPU COBOKYITHOCTHU JIOMOJTHUTETbHBIX JOITYIIEHUH.
Bo-uepsbix, koaddunuents perpeccun (HCKOMOE J10JI€BOE pacIpe/ie-
JICHUE KAallUTajla) OrPAHUYEHbl HEPABEHCTBAME HEOTPUIATEIHLHOCTU
BMECTE C PABEHCTBOM €JIMHUIIE UX CyMMBbI. BO-BTOPBIX, mperoara-
€TCsl, UTO YUCJIO PErpeccopoB (UHCIO BO3MOXKHBIX OUPIKEBLIX AKTH-
BOB) HAMHOT'O IIPEBBIMIAET PasMep BBIGOPKH. JoNosHUTEIbHOE TIPEeJI-
[TOJIOYKEHNE COCTOUT B TOM, 9TO KOI(DMUIMEHTHI PErpeccuu OTIrmda-
FOTCSL OT HYJIsl TOJIBKO B IIPEEJIAX PEAJTHHO CYIIECTBYIOIIErO MAJIOTO
[IOJIMHOZKECTBA PErPEcCOPOB (MCKOMOIO cocTaBa IOpTQesisi) B MHO-
TOKPATHO OOJIbIIIEM MHOXKECTBE BCeX aKTHUBOB. B KadecTse Henm3bek-
HOIl TTPOOJIEMHO-OPUEHTUPOBAHHON PEryISpPU3AIIMU MbI UCIOIb3yEM
€CTEeCTBEHHOE IPEIIOJIOKEHNe, YTO aHAJIU3UPyeMblil moprdesb pa-
[MOHAJIBHO TIOCTPOEH €ro aJIMIHUCTPAIINENl B COOTBETCTBUU C TEOPU-
eit acdexTuBabIX TOpTdeseit lappu Mapkosuria. Mbr obecrieanBaem
JINHEWHYIO BBIYUC/INUTENbHAs CJI0KHOCTH aJITOPUTMA, IIONCKA COCTaBa
nopTdesisi B 04eHb OOJIBIIIOM MHOXKECTBE BCEX OMPIKEBBIX aKTHUBOB,
B TO BpeMsl, KaK CJIOKHOCTHb 110 OTHOCUTEJIbHO HEOOJIBIIIOMY YUCITY
HaOJIIOACHUN OCTaeTCsl HOJTUHOMUAILHOM.

Pabora nmommeprxkana rpanramu PO 17-07-00436, 17-07-00993.
[1] O. Krasotkina, M. Markov, V. Mottl, D. Babichev, I. Pugach, A.

Morozov. Constrained Regularized Regression Model Search in Large

Sets of Regressors // Lecture Notes in Artificial Intelligence, Vol. 1035,

Springer, 2018, pp. 1-15.

Me>xaynapoanast kougepennust MOWU-12. Uramnus, r. Tasra



Signal and Time Series Analysis 105

Algorithmic Implementation of Factor Search in
Returns Based Analysis of Investment Portfolios

Vadim Mottl' vmottl@yandex.ru
Olga Krasotkina® okrasotkina®markovprocesses.com

Alexzey Morozov®

ao.morozov@phystech.edu
Alexey Medvedev fortunato.mav@gmail.com
"Moscow, Computer Science and Control, Russian Academy of Sciences
2Summit, NJ, USA, Markov Processes International

3Moscow Institute of Physics and Technology

“Moscow State University

From the computational point of view, the problem of recover-
ing the hidden sharing of the capital in an investment portfolio from
the time series of its periodic returns (Returns Based Style Analy-
sis) is that of regression analysis under some additional assumptions.
First, the regression coefficients (the capital shares to be found) are
constrained by nonnegativity inequalities and by the unit-sum equal-
ity. Second, it is assumed that the number of regressors (number of
all stock market assets) far exceeds that of samples. An additional
assumption is that the regression coefficients differ from zero only
within a really existing small subset (the sought-for portfolio com-
position) within a much greater universe of all regressors, and the
search for this subset (Factor Search) is the main aim of data pro-
cessing. It is obvious that such a regression problem is ill posed. As a
problem-oriented means of the inevitable regularization, we harness
the natural assumption that the portfolio is composed by its adminis-
tration in accordance with the theory of effective portfolios by Harry
Markowitz. We provide the linear computational complexity of the
Factor Search with respect to the huge number of all stock market
assets, whereas the complexity relative the much smaller number of
samples remains polynomial.

This research is funded by RFBR, grants 17-07-00436 and
17-07-00993.
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CemaHTunyeckasn cerMmeHTauuna asapokoCcMmn4yeckmnx
VI306pa)KeHI/II7I MPOMDbILUJIEHHDbLIX MAJIbMOBbLIX
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WccnenoBanme MOTHBAPOBAHO MPOOIEMO MOHUTOPWHTA PACIPO-
CTpaHeHUsT IPOMBIILIEHHBIX HanbMOBbIX 1utanTanuii (I1IT), GeieTphril
pOCT KOTOPBIX B TponumdeckoM mosice Adpuku, FOxuoit Asun n ga-
ctr Bpasuiuu Biieder 3HAYUTETBHOE COKPAIIEHUE JIMBHEBBIX JIECOB,
CrocoOCTBYs TVI00AJIBHOMY MOTEIJICHUIO M3-33 CHUXKEHUs ITOTJIOIIE-
HU YIVIEKHCJIOro ras3a. llpeyiaraemblii OXO0/I OCHOBAH Ha CBe/le-
HUU K 3a/lade CEMaHTUYECKON CerMeHTAINu adpPOMOTOCHUMKOB 3€M-
HOI1 TIOBEPXHOCTH, MOJIy9IaeMbIX O ciyTHHKOB Landsat, u npumene-
HUM BIIOJIHE KOHBOJIIOIMOHHLIX cBeprounbix cereil (FCN). Ipeara-
emas namu cerb FCN-8s-EL, passusaromas apxurexktypsr FCN-8s u
VGG-16, 3Ha9UTEIHLHO OITEPEeKAeT TPAJUIINOHDIE JIJTsT TUCTAHIIMOHHO-
IO 30H/IUPOBAHUS METO/IbI IIOIMUKCEJIHHON KJIACCU(MUKAIINN, OCHOBAH-
weie Ha Random Forest ¢ mcronb3oBanneM TEKCTYPHBIX TPU3HAKOB,
NDVTI u Bcex puanasonos Landsat (ALL, ALL+G(10)). Cerb upo/ie-
MOHCTPUPOBAJIA BBICOKYIO YCTOWIMBOCTH K IPOCTPAHCTBEHHBIM U BPe-
MEHHBIM CMEIEHUSM UCXOIHBIX MAHHBIX U BO3MOXKHOCTD YCIIEITHOTO
MOHHUTOPHUHI'A PACITUPEHIS TPOMBINIJIEHHBIX AJIbMOBBIX IIJIAHTAIIMIH.

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

Tabsuma 1. Cpasuenue kauecrsa anropurmos (5-fold CV)

ALL | ALL1G(10) | FON-8s-EL
Overall accuracy (OA) 0.82 0.86 0.95
OPP precision (UA1) 0.71 0.73 0.95
OPP recall (PA;) 0.48 0.5 0.96
non-OPP precision (UAg) 0.87 0.89 0.99
non-OPP recall (PAy) 0.95 0.95 0.08

[1] Baklanov A. et al. Application of Fully Convolutional Neural Networks
to Mapping Industrial Oil Palm Plantations // LNCS, 2018, Vol. 11179.
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This research is motivated by sustainability problems of oil palm
expansion. Fast-growing industrial Oil Palm Plantations (OPPs) in
the tropical belt of Africa, Southeast Asia and parts of Brazil lead
to significant loss of rainforest and contribute to the global warming
by the corresponding decrease of carbon dioxide absorption. We pro-
pose a novel approach to monitoring of the expansion of OPPs based
on an application of state-of-the-art Fully Convolutional Neural Net-
works (FCNs) to solve Semantic Segmentation Problem for Landsat
imagery. The proposed approach (FCN-8s-EL) significantly outper-
forms per-pixel classification methods based on Random Forest using
texture features, NDVI, and all Landsat bands (ALL, ALL+G(10)).
Moreover, the trained FCN is robust to spatial and temporal shifts
of input data. The paper provides a proof of concept that FCNs as
semi-automated methods enable OPPs mapping of entire countries
and may serve for yearly detection of oil palm expansion.

This research was supported by Russian Science Foundation,
grant no. 14-11-00109.

Table 1. Results obtained by 5-fold cross-validation

ALL | ALLTG(10) | FON-8s-EL
Overall accuracy (OA) 0.82 0.86 0.95
OPP precision (UA1) 0.71 0.73 0.95
OPP recall (PA;) 0.48 0.5 0.96
non-OPP precision (UAg) 0.87 0.89 0.99
non-OPP recall (PAy) 0.95 0.95 0.98

[1] Baklanov A. et al. Application of Fully Convolutional Neural Networks
to Mapping Industrial Oil Palm Plantations // Analysis of Images, So-
cial Networks and Texts: Revised Selected Papers 7th Internat. Conf.
(AIST-2018), Cham: Springer International Publishing, 2018, LNCS,
Vol. 11179.
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3ajiaua aBTOMATHIECKOI0 OOHAPYKEHUsI Ye/I0BEKa U JIPYIUX 00b-
€KTOB Ha M300parKeHUsiX BOCTpeOOBaHa B TAKUX ODJIACTAX KaK BHJIEO
AHAJINTUKA, BUJICOHAD/IONEHNE U JIOPOXKHBIN KOHTPOJIb, WHJIEKCHPO-
Banne m300parkennii B 6OIbINX 0a3ax JAHHDBIX.

B pabore pasBuBaercst moIX0 1 MOCTPOEHUS JTOKAJIHHOTO JTeCKPUTI-
TOpa JIsl JIETEKTUPOBaHUsT 0ObEKTOB HA OCHOBE JIy4YeBOr'O Ipeodpa-
30BaHusl PajioHa IpaJIneHTHOrO I0Jisi n300pazkenus. lIpocTparHcTBO
JIy9I€BOTO IIpeobpa3oBanusi PajoHa paccMaTpuBaeTcst KaK aKKyMyJIsi-
TopHOe npocTpancTBo Xada, B Koropom crpostcs npoekiun (HAH,
Hough Accumulator Histograms). CoBOKyIIHOCTb JIOKAJIbHBIX IIPOEK-
uuit popmupyer HAH-neckpunrop obiactu nzodbpazkeHus: 00beKTa,
o6obmaronuit HOG-neckpunrop (Histograms of Oriented Gradients).

B pabore nokazsiBaercst, uro Boraucsaenne HAH-eckpunropa mo-
KeT OBITH MPOU3BEICHO MO CXeMe CBEPTOYHON HeHpOHHOIT ceTn crre-
UAJTBHOTO BUA. VccieyoTcst BOMPOCHI BJAUSHUAST TOYHOCTH ATIIPOK-
cuMannu GyHKIUE BKIa/1a B IpeobpasoBannn Pajiona, BUIa JIOKAIb-
HOIl HOpMAaJIU3aIlUN, KOJIMYeCTBa OUHOB B IIPOEKIUOHHBIX IUCTOTPaM-
MaxX Ha Pe3yJIbTaT JeTeKTUPOBAHUS MEIIeX0/I0B. Tak ke OleHuBaeTCs
yeroitauBocth HAH-terekTropa or Bapuanuii Maciraba JIeTeKTUPY-
eMoro oobekTa. Ilpusenens! pesysnbrarsl paborsl HAH-neckpunropa
B cpaBHennn ¢ HOG-1ecKkpunTopoM, a Tak ¥Ke ¢ pe3yJbTaTaMi pa-
060TBI CBEpTOUHON HelponHoit cetn apxuTeKTypbl ResNeXt na 6azax
INRIA u Cityscapes.

Pabora mognepxkana rpantom PO Ne16-07-01171.

[1] I'nmeywes A. H., Camcornos H. A. MeTos npoeKIyii B IPOCTPAHCTBE JIy-
9eBoro npeobpasoBanns Pamgona rpaJueHTHOrO oI n300parKeHNs TSt

JleTeKTUpOBaHus memexonos // Mammuaoe obydeHne n aHagus JaH-
HbIX, 2018.
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The method of projections in the Radon ray transform
space for pedestrian detection
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The task of automatic pedestrian and other objects detection on
images is actual in such areas as video analytics, video surveillance
and road monitoring, image indexing in large databases.

In the article the approach of constructing a local descriptor for
object detection based on the Radon ray transform of the gradient
image field is expanded. The Radon ray transform space is con-
sidered as the Hough accumulator space, in which the projections
(HAH, Hough Accumulator Histograms) are constructed. The set
of local projections defines the HAH-descriptor of the object image
area, which generalizes the HOG-descriptor (Histograms of Oriented
Gradients). In the article it is shown that the calculation of the
HAH-descriptor can be performed according to a Convolutional Neu-
ral Network approach with a special archtecture. The questions of
the influence of the Radon transform contribution function approxi-
mation accuracy, the type of local normalization, the number of the
projection histograms bins on the pedestrians detection result are
investigated. The stability of the HAH-detector depended on the
object scale variations in the image is also estimated. The results
of the HAH-descriptor in comparison with the HOG-descriptor and
the ResNeXt Convolution Neural Network on INRIA and Cityscapes
databases are presented.

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

[1] Gneushev A., Samsonov N. The method of projections in the Radon
ray transform space of the gradient image field for pedestrian detec-

tion // Journal of Machine Learning and Data Analysis, 2018.
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B nacrositiiee Bpems Bce 6oJibIliee pacpoCTPpaHEHIe Oy YaioT Ka-
MepBbI BBICOKOI'O Pa3peIlleHns C TEXHOJOTHell ChbeMKU M300paKeHuii ¢
GourbiM HAMIYeckuM jmanazonoM (High dynamic range, HDR).
OHaKo, OOJIBIIIMTHCTBO COBPEMEHHBIX YCTPONCTB 0TOOPAYKEHIS HE MO-
IYT TOJHOCTBIO OToOpasuTh Bee orrenku HDR uzobpaxkenuit (1m0
100000:1), noCKOIBKY MX JUHAMUYECKHUE JUAIA30HBI HAMHOI'O MEHb-
e (okosto 1000:1). B ¢Bsi3u ¢ pocToM IPOCTPAHCBEHHOI'O Pa3peleHust
KaMep 3aj1ava pa3paboTKH ObICTPOIEHCTBYIOINIETO METO A OTOOPaXKe-
uust HDR u306pakenuii 6e3 morepn KauecTBa OCTAeTCs aKTyaJbHOIA.
B nmanmnoit pabore npesaraercs MeTos ToHOBOro orobpaxkenus HDR
n300paKeHuil ¢ NCIoIb30BaHneM (PUILTPAINN C COXPAHEHNEM CTPYK-
TYpBI HA OCHOBE BEPOSITHOCTHOH TramMMa-HOpMasabHON momean [1]. B
paMKax IMpeiaraeMoro MoJIxo/a 3HaYeHNsT THTEHCUBHOCTHA U3BJIEKa-
rorcst u3 ucxoauoro HDR uzobpazkenust B jorapuMUIECKOil MIKaJIe.
BazoBerit ciioit n3006parkeHnst BBIMUCISETCS U3 JOrapUPMIIECKOTO C
IOMOIIBIO (PUIBTPAIUN ¢ COXpaHeHueM CTPyKTyphl ucxogaoro HDR
n300pakeHns Ha OCHOBE BEPOSTHOCTHON raMMa-HOPMAJILHON MOJIENH,
a JIeTAJILHDBIN CJION TOJIy9YaeTcsl BBIYUTAHUEM 0Aa30BOTO CJIOS U3 JIO-
rapuMUIECKOTO. 3aTeM CIIEIUAJBHBIA OllepaTop OTOOPaYKEeHUsI TO-
HOB I1peoOpas3yer 6a30BbBIN U IETAIBHBIN CJIOU B KAPTY TOHOB U300pa-
JKeHWsI, Ha OCHOBE KOTOPOU OCYIIMECTBIISIETCS CKATHe JTUHAMUIECKOTO
JMana3oHa ¢ coxpanenneM jeraseil. [Ipegmaraemprit MeTom nmeer co-
IIOCTaBUMOE KadeCcTBO U HaWMeHbIIlee BpeMsI BBIUNCIIEHNN 110 CpaBHe-
HUIO C JPYTUMHU OllepaTopamMu oToOpakenust ToHoB. Pabora mojiep-
xkana rpaaTom POOU Ne16-07-01039, 16-57-52042.

[1] I'pauwesa U. A., Konvinos A. B. AIropuTM c2KaTusl IUHAMIYECKOTO JHa~
nazona HDR wuzobpaxkenwmit na ocHoBe uibTparum ¢ COXpaHEHUEM
crpykrypsl // Uss. Tyal'V, Texu. nayku Tyna: Usa-so Tyal'V, 2018.
(B meuarn)
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High-resolution cameras with high dynamic range (HDR) image
capture technology are now becoming increasingly popular. However,
most modern display devices cannot fully display all the shades of
HDR images (up to 100000:1) because their dynamic ranges are much
smaller (about 1000:1). Taking into account the growth of spatial
resolution of cameras, the task of developing a high-speed method of
HDR imaging remains relevant.

In this paper, we propose the tone mapping method for HDR
images with using structure-preserving filtering on the basis of the
probabilistic gamma-normal model [1]. In the framework of the pro-
posed approach, intensity values are extracted from the original HDR
image in a logarithmic scale. A base layer of the image is calculated
from the logarithmic layer by the structure-preserving filtering of the
original HDR image on the basis of the probabilistic gamma-normal
model, and a detail layer is obtained by subtracting the base layer
from the logarithmic one. Then, the special tone mapping operator
converts base and detail layers into a tone map of the image, on which
the dynamic range compression with preserving details is done. The
proposed method has comparable quality and least computation time
in comparison to other tone mapping operators.

This research is funded by RFBR, grant 16-07-01039, 16-57-52042.
[1] Gracheva I., Kopylov A. Dynamic range compression algorithm of HDR

images on the basis of the structure-preserving filtering // TSU News,

Technical sience, Tula: Publisher of TSU, 2018. (in press).
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Cpeu npuMEeHNMBIX B 00pabOTKe M300parKeHuil METOMOB KJla-
CTEPHOrO aHaIu3a 0cob0e MECTO 3aHUMAET KJIACCHIECKHU MeTo Yo-
p/la, KOTOPBIit 00pabaThIBAET IBETHBIE N300PAYKEHUSI U BO3BPAIAET
aJIeKBaTHbIe pe3y/ibraThbl. Ho XxapakTepHasi METOJy BBICOKAsl BBIUUC-
JINTETbHAS CJIOZKHOCTD CYIIIECTBEHHO OIPDAHUIMBAET €r0 IPUMEHEHUE.
PaccmarpuBaemas B pabore [1] Mozenb mpeojosieBaeT yKa3aHHBII
HEJIOCTATOK 3a CYeT pas3jieleHus mporecca o0paboOTKU Ha TPU THUITO-
BBIX dTama. [lepBroIit aTam 66ICTPO CTPOUT IPYyOYIO UEPAPXUIO CBIA3ZHBIX
CEerMEeHTOB, MeHepallsl KOTOPOU JOCTYITHA, JIBYMsI Pa3HBIMU BapUAHTA~
vu. [lepseorit BapuanT — npumenenne mozgen Mamdopma-ITlaxa ayst
YKPYITHEHUsT CErMEHTOB Ha KaxKJOM Iare. Bropoii BapuanT — pas-
JleJieHrne n300pakenuss Ha (BpParMeHThl PEryJIsIPHON CeTKOW JIJIst WX
00pabOTKN KAK CAMOCTOSITETbHBIE M300paKeHUsT KJIACCHIECKUM Me-
TOJIOM YOp/ia € TOCIEIYIONNM 00 beIuHEeHneM Hepapxuii B ojiny. Bro-
poii aTane popMHUpPyeT 3aIaHHOE TUCJIO CYIIEPIIUKCe e, (PaKTUIeCKH,
BBITIOJIHSS YJIYUIIEHEe KadecTBA 3a[aHHOr0 pa3dueHusi mpu (hbUKCH-
poBaHHOM umciie nBeToB (Kiacrepon). g dero paspaboranbl JBa
6azoBbix ajaropurma: Sl-meroxn (Segmentation Improvement) u K-
meanless meton (meron K-cpemanx-6e3-cpesanx). MHOXKECTBO mpo-
rPaMMHBIX peaJin3alinii 00yCI0BJIEHO KaK BO3MOXKHOCTHIO KOMOUHU-
POBAHHOrO coueTanug mapbl 6a30Bbix MeTonoB SI u K-meanless (o1-
JIEJIBHO, [OCJIEIOBATENbHO, UKJIUYIHO), TaK M BEPCUIMU CAMUX Me-
TOJOB (cerMeHTapHasi, KjiacrepHas). Tperuii sral BLIIOJHAET KJjla-
CTEPU3AIUIO0 CyTEPIUKCeIeil MeToJoM Yopia. DKCIePUMEHTAIbHBIE
pe3yJIbTaThl, OIMCAHUE STAIIOB M OIEPAIil IIPEJCTABJIEHbI B JIOKJIa~
Je.

[1] Khanykov I. G., Kharinov M. V, Patel C. Image segmentation
improvement by reversible segment merging // Soft Computing and its

Engineering Applications (icSoftComp), International Conference on.
- IEEE, 2017. — C.1-8. DOI: 10.1109/ICSOFTCOMP.2017.8280096
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The Model of the High-Speed Clustering of the Image
Pixels on Ward’s Method Basis

Khanykov Igor'« igk@iias.spb.su

!Saint Petersburg, Institute for Informatics and Automation of the
Russian Academy of Sciences

Among the methods of cluster analysis that are applicable in im-
age processing the classical Ward’s method, which processes the color
images and returns adequate results, takes a special place. But the
high computational complexity characteristic of the method consid-
erably limits its use. The considered in [1] model of the high-speed
clustering of the image pixels overcomes the indicated drawback by
virtue of splitting the image processing into three typical stages.

The first stage quickly builds a coarse hierarchy of adjacent seg-
ments, which generation is available in two different ways. The first
option is to use the Mumford-Shah model to enlarge the segments at
each step. The second option is the division of the image into frag-
ments by a regular grid for their processing as stand-alone images
using the classical Ward’s method followed by merging of hierarchies
into one.

The second stage forms a given number of superpixels, in fact,
performing a quality improvement of the specified partition for a
fixed number of colors (clusters). Two basic algorithms have been
developed for this: SI-method (Segmentation Improvement) and K-
meanless method (K-means-without-average). The variety of soft-
ware realizations is specified both by the combinational possibilities
of the pair of basic SI and K-meanless methods (separately, sequen-
tially, cyclically), and by the versions of the methods themselves (seg-
mental, clusteral).

The third stage is the clustering of the superpixels using the
Ward’s method.

The experimental results, description of the stages and the oper-
ations are presented in the report.

[1] Khanykov I. G., Kharinov M. V, Patel C. Image segmentation improve-
ment by reversible segment merging // Soft Computing and its En-

gineering Applications (icSoftComp), International Conference on. —
IEEE, 2017. — pp. 1-8. DOIL: 10.1109/ICSOFTCOMP.2017.8280096

International Conference IDP-12. Gaeta, Italy



114 ObpaboTka n306pazkeHuit

06 ncnonb3oBaHUM UHBAPUAHTOB OTPa>keHUs B
NPaKTUYECKOM peLleHnu 3agayqdun onpegeneHust
3epKasibHOW CUMMMeTpuUmn

Pedomosa Codvs AnmorosHax fedotova.sonya@gmail.com
Cepedun Oaez Cepeeesun oseredin@yandex.ru
Kywrup Oaeca AanexcandposHa kushnir-olesya@rambler.ru

Poccus, Tyuma, Tynbckuil rocy1apCTBEHHBIN YHIBEPCUTET

DOTI: 10.30826,/IDP201852

Tlouck oceit 3epKaabHON CUMMETPUN Ha OMHAPHBIX M300PAKEHU-

SIX SIBJISIETCSI BBIYUCINTENLHO CII0XKHOIM 3a1a1eit. B uccaenosannm [1]

[pe/IJIATAETCsT UCIOJIb30BATh MHBAPUAHTHI OTPAXKEHUsI JJIsi OIIPe/Ie-

JieHust camoro (pakTa HAJUIUS 3€PKAJIbHON CHMMETPHUH, UTO MO3BO-

JII€T BBISIBJIATH aCHMMETPUYHbIE OOBEKTHI Ha N300PaKEHUAX €IIle J10

3aIrycKa POy phI TIONCKa ocH cuMMerpun. B pabore [2] sxcnepn-

MEHTAJIbHO [IPOBEPSIETCsI IPUMEHUMOCTb HHBAPUAHTOB JIJIs OIIPe Ie Ie-

HUSI 3ePKAJIbHOM CUMMETPHUH Ha PeabHbIX n300pakerusx. /st sToro

OIEHKY CUMMETPUIHOCTH, TIOJIY I€HHBIE C UCIIOTb30BAHNEM MHBAPUAH-

TOB OTPaYKEHNs, CPABHUBAIOTCS ¢ OOBEKTUBHOIT MEPOit, paCCINTAHHOIT

Ha ocHOBe nofobus 2Kakkapa. DKcrepuMeHTAIbHBIE UCCIEI0BAHNS,

IIPOBeJIeHHbBIE Ha O0a3axX OMHAPHBIX PACTPOBBIX n300pakeHuit Baboukn

u MPEG 7 CE Shape-1 Part B, nokazaJin HeBO3MOKHOCTb UCIIOJIB30-

BAHUsI NHBADUAHTOB OTPAXKEHUsI JJisi OBICTPOTO BBISBJICHUS TPUOJIU-

JKEHHOU CHMMEeTPHUH HA OMHAPHBIX PACTPOBBIX M300PaKEHUAX.
Pabora Bemonnena npu nomuepkke POOU, rpantsr Ne 16-57-

52042, Ne18-07-00942.

[1] Li E., Li H. Reflection Invariant and Symmetry Detection // arXiv
preprint arXiv:1705.10768, 2017.

[2] @edomosa C. A., Cepedun O. C., Kywnup O.A. O6 ucnonbzoBaHumn
WHBAPUAHTOB OTPAXKEHN B MPAKTUIECKOM PEIIeHUN 3aJau OIrpeaese-
Hus 3epKasibHOi cummerpun // M3Bectus TynbcKoro rocyaapcTBeHHO-
ro yHusepcureTa. Texmmueckue Hayku., Tyna: Usmarenscrso Tynal'y,
2018 (B meuarn).
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On practical solution to the problem of reflection
symmetry detection using reflection invariants

Fedotova Sofiax fedotova.sonya@gmail.com
Seredin Oleg oseredin@yandex.ru
Kushnir Olesia kushnir-olesya@rambler.ru

Tula, Russia, Tula State University

The task of reflection symmetry axis searching applied to bina-
rized real-world images is very time-consuming. In [1], it is proposed
to use reflection invariants for symmetry detection. This would allow
us to determine asymmetric objects in images before starting the pro-
cedure of symmetry axis searching. In [2], the possibility of applying
reflection invariants to the task of symmetry detection on binarized
real-world images is experimentally tested. To do this, we compare
values of reflection invariants to the objective symmetry measure cal-
culated on the basis of Jaccard similarity. Experimental study was
performed on Butterfly and MPEG 7 CE Shape-1 Part B datasets.
Results show that it is impossible to use reflection invariants for fast
detection of approximate symmetry on binary raster images.

This research is funded by RFBR, grants 16-57-52042, 18-07-
00942.

[1] Li E., Li H. Reflection Invariant and Symmetry Detection // arXiv
preprint arXiv:1705.10768, 2017.

[2] Fedotova S., Seredin O., Kushnir O. On practical solution to the
problem of reflection symmetry detection using reflection invari-
ants // Izvestiya Tula State University. Technical science, Tula, 2018
(in press).
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3apayva pacno3HaBaHUsi CMMBOJ1IOB
B XYA0XECTBEHHbIX U300pa>keHnsax

Jlemmroocrnurosa lapvsa Baadumuposra darabbt@gmail.com

Mockpa, MOTU
DOTI: 10.30826/IDP201853

Teneparnusi IOTOKA HOBBIX NPOM3BEIEHUI YKUBOIUCUH U UX DJIEK-
TPOHHBIX M300paxkenuii B IHTepHETE TPUBOAUT K HEOOXOIMMOCTH aB-
TOMATH3AIUN UX TIEPBUYHOTO UCKYCCTBOBEIIECKOTO AHAIN3A, B 9aCT-
HOCTH, OTIHMCAHUS XYIOXKECTBEHHBIX MTPOU3BEJIEHUI B TEPMUHAX CHM-
BOJIOB. [loHSITHE «CHMBOJIA» B HMCKYCCTBOBEJIEHUHU SIBJISIETCS] OJTHUM
U3 KJIFOYEBBIX U, B TO K€ BpEeMsl, OIHUM M3 CaMbIX TPYIHO (opma-
sm3yembix. Hanbosiee ecTeCTBEHHBIM SIBJISIETCSI IPEIIEIEHTHBIN CII0CO0
ero bopMajm3aIum — IKCIepTHAs Pa3MeTKa M300parKeHuit u hopMu-
poBanme 00y dJaromieil BRIOOPKY /s PEIIeHns 381291 KJIACCUDUKAIIT
(rerupoBanus) u3obparkenuii. B KadecTBe TEroB Ipearaercs Hc-
[0JIb30BaTh OUOIMOTEKY CMMBOJIOB http://www.symbolarium.ru ua
pycckoM a3bike u https://www.symbols.com na anrmuiickom. Kpome
TOTO, MPEJJIAraeTCsl UCIIOIb30BATH TEKCTOBBIE OIUCAHUS KAK CAMUX
MPOU3BEJICHUH, TAK U CTaTeil SHITUKJIONE NN CUMBOJIOB.

Jlmst perieHnst 3a/1a9M TETUPOBAHUS M300paKeHUT e IaraeT-
Csl UCHOJIB30BATh TJIyOOKHe CBEPTOUHBIE HEHPOHHBIE CETH, MYJIHTH-
MOJIaJIbHBIE U MYJIBTHS3bIYHbIE BEPOSITHOCTHBIE TEMATHIECKUE MO/Ie-
JIW, & TaKKe METOJIbl PeIlleHus] PA3PEXKEHHBIX 3a/a4 JIMCKPETHOI OIl-
TUMHU3AIAN. 3aJa9a TErHPOBAHUS 3aKJII0YaeTCsi B TOM, YTOOBI I10-
CTPOUTH OTHOIIEHWS] MHOTHE-KO-MHOTHM MKy TPEeMsi KOHEYHBIMHU
MHOYKECTBAMU: MHOXKECTBOM CHMBOJIOB-TETOB S, MHOXKECTBOM KJIIO-
4eBbIX CJIOB W U MHOYXKECTBOM BBIXOJIHBIX HEHpOHOB cetu H, uH-
TEPIPETUPYEMbIX KAK JIE€TEKTOPBI KJIFOUEBBIX 3JIEMEHTOB M300parKke-
auit. [Iperaraercs nCIOIb30BATH JIOKAJBHBIN SJIMMAHAITUOHHBINA aJI-
ropurma (JIDA), npeyoxkennsiii O. A. [llepbunoit. JIDA cBopur nc-
XOJIHYIO 33129y OOJIBIIOM Pa3MEPHOCTH K TIOCJIEI0BATETLHOCTI 3189
MeHbBINX pa3mepHocTeil. B [1] mpoBeieHbI 9KCIEpUMEHTEBI 110 UCCIIe-
JIOBAHUIO BBIYUCIUTEIbHOI 3ddexkTuBHOCTH JIDA.

[1] JTemmiooicrurosa /1. B., Koexos /. B. TectupoBanme aJropurTMoB Jist
[[EJIOUNCJICHHBIX KBA3UOIOUHBIX 3a1ad onTuMu3annyu // Becrauuk MI'-
TV wum. H.9.Baymana, cepust Unudopmanumonnsie texuosoruu. 2017.
NeG.
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Towards recognition of symbols in painting images

Darya Lemtyuzhnikova darabbt@gmail.com
Moscow, MIPT

The enormous flow of new paintings and their electronic images
in the Internet evoke the need of automatization of their primary
analysis from the art history point of view, particularly in terms
of symbols. The key concept of “symbol” is one of the keystone
in the art and one of the most difficult to formalize at the same
time. The precedent-based approach seems to be most natural for
the formalization. It implies the creation of a training set of images
tagged by symbols and considering the tagging problem as a ma-
chine learning task. We propose to use the libraries of symbols,
signs, and glyphs, arranged by categories such as culture, country,
religion, and more, such as http://www.symbolarium.ru in Russian
and https://www.symbols.com in English. We propose to use text
descriptions of paintings themselves and the articles from the ency-
clopedia of symbols in order to better associate images and symbols.

We propose to use deep convolutional neural networks, multi-
modal and multilingual probabilistic topic models, and sparse discrete
optimization to tackle the problem of tagging images by symbols. The
tagging problem is to build a sparse many-to-many relationships be-
tween three finite sets: a set .S of symbol tags, a set W of keywords,
and a set H of output neurons of the convolution network interpreted
as graphical primitive detectors. We proposed to use a local elimi-
nation algorithm (LEA), proposed by O.A.Shcherbina. The LEA
reduces the original large-dimensional problem to a sequence of prob-
lems of smaller dimensions. We show the computational efficiency
of LEA experimentally in [1].

[1] Lemtyuzhnikova D. Parallel representation of local elimination algo-
rithm for accelerating the solving sparse discrete optimization prob-
lems // Computer Research and Modeling, Moscow: Institute of com-
puter science, 2015. — vol. 7, no. 3. — p.699-705 (in Russian).

International Conference IDP-12. Gaeta, Italy



118 ObpaboTka n306pazkeHuit

N3mepeHne nAoTHOCTM XosCTa KapTUH NO
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Pabora nocssmena perennto 3a/1a9u MoIcaera KOJInIecTBa HUTeil
Ha M300parXKEeHUsIX XOJICTOB KAPTUH, UTO HEOOXOIMMO I OIIpeiesie-
HUS XapaKTEPUCTUK, UCIIOIb3YEMbBIX NCKYCCTBOBEIAMU LIS TATUPOB-
KU TIPOU3BEJIEHUIN YKUBOIIMCH.

B nocsteiHne HECKOIBKO JieT ObLIN pa3paboTaHbl aBTOMATH3UPO-
BAHHBIE AJTOPUTMbI BBIUUCICHUS XAPAKTEPUCTUK XOJICTOB IO PEHT-
PEHOBCKUM ¥ BBICOKOKAYECTBEHHBIM TE€PArepPIiOBBIM H300PAKEHUSIM.
11 KOHTPOJIS IJIOTHOCTU TKAHU B TEKCTHJILHOM IIPOU3BOJCTBE HC-
oJIb3yIoTcs poTorpadun, MoJIydeHHbIE IIPU [IPOCBEYNBAHUN YIacT-
K& TKaHU MCTOYHUKOM cBeTa. OCOOEHHOCTBIO HAIETO UCCJIe0BaHUS
SIBJISIETCsI UCIIOJIb30BaHNe M300PAKEHUH, MOy I€HHBIX (DOTOCHEMKOI
[IPY HAITPABJIEHHOM I10JT OCTPBIM yTJIOM II0 OTHOIIIEHUIO K XOJICTY OCBe-
mennn. Takoit crmocob moTydIeHnsT T300PaXKeHNH TTO3BOJIAT TOTIEPK-
HYTh TEKCTYPY XOJICTa B BHIODAHHOM HAIIPABJIEHUN.

Just anaJim3a n300parkeHnii 00pa3IioB MPeJIosKeHHB MOAuUKa-
Y U3BECTHOTO AJTOPUTMA, OCHOBAHHOIO Ha (uibrpanun B OPypbe-
00JIaCTH W TOPOrOBOI OMHApU3AINM, a TaKyKe HOBBIM aJrOPUTM Ha
OCHOBE JIOKAJIU3aIun XpeOTOB IOJyTOHOBLIX M300parkenwii. B n3-
BECTHBIX paboTax KOJUYECTBO HUTEN OIpeesseTcs 110 IUKaM CIIEeK-
Tpa Pypbe miu 1Mo 0A30BBIM JIMHUSAM Ha M300pakKeHun XoJjcTta. B
rnpejiyraraeMoii pabore Iojcuer HUTEHl BBIIOJIHSIETCS 10 BCEM CTPO-
KaM/cToJibaM MaTPUIbl U300paykeHusl, U [0 Pe3yJIbTaTaM CTPOUTCS
rucrorpaMma. Vckomoe 4ncsio HUTEl Onpeesercs 0 MAKCAMY 10~
JIy9€HHOU THCTOrpaMMbl. l[IpuMeHeHme rucTorpamMm MO3BOJISET CHU-
3UTDH BJIUSHUE HA PE3YILTAT apTedaKTOB, MOy IEHHBIX TPH 00paboT-
Ke n3obpaxkenuii. J[jisi moporopoii GuHAPU3AIUN IPUMEHSLINCh METO-
ab1 Orcy n Hubnaka.

Me>xaynapoanast kougepennust MOWU-12. Uramnus, r. Tasra
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Measuring canvas density from images
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This paper deals with the problem of painting thread counting
from images. It is necessary to determine the characteristics used by
art historians for dating works of art.

In the last few years, automated algorithms for calculating can-
vas characteristics from x-ray and high-quality terahertz images have
been developed. To control the fabric density in textile industry,
microscopic photographs, obtained when the fabric sample is illumi-
nated by a light transmitted source, are used. The peculiarity of
our research is acquiring canvas images in raking light. This way
of acquiring images allowed to emphasize the texture of the canvas
in the specified direction. For the analysis of canvas sample images
we propose modifications of known algorithm based on a filtering in
the Fourier domain and thresholding, and the new algorithm based
on localizing grayscale image ridges. In known works, the number
of threads is determined by the Fourier spectrum peaks or by the
baselines in the canvas image. In this paper, the counting of threads
is performed over all rows / columns of the image matrix, and a his-
togram is constructed based on the results. The desired number of
threads is determined by the maximum of the histogram obtained.
The use of histograms allows to reduce inaccuracy produced by arti-
facts obtained during image processing. For thresholding, Otsu and
Niblack methods are applied.

A computing experiment on the study of canvases of five portraits
of the work of Russian artists of the 18th century was carried out. The
results of the experiment show the following. The algorithm based
on the Otsu method does not require parameters and has acceptable
accuracy and high speed.

International Conference IDP-12. Gaeta, Italy
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IIpoBejien BBIYUACINTENBHBIH IKCIIEPUMEHT 0 UCCIIEI0BAHUIO XOJI-
CTOB IIATH ITOPTPETOB paboThl pyccKknx XymoKHUKOB X VIII Beka. Pe-
3YJIBTATHI [IPOBEJICHHBIX MCCACTOBAHNN MO3BOJIMIN CIIETIATH CJIE/TYTO-
I¥e BBIBOJIBI. AJIropuT™ Ha OcHOBe MeTozia OTCy HE MMeeT mapaMer-
POB U 00JIaJIaeT XOPOIIeil TOYHOCTHIO M BBICOKUM OBICTPOIEHCTBUEM.
O1HAKO HA HECKOJBKUX N300ParKEHUAX ITOT AJITOPUTM JIAJT HEIIPUEM-
JIeMblii pe3yibrar. AjiropurMm Ha 6ase merosga Hubjnaka Tpebyer Ha-
CTPOMKM JBYX IIApaMeTPOB U OOJIBIINX BBIYMC/IUTEIBHBIX 3aTPAT 110
CPABHEHHIO C AJITOPUTMOM € IVIODAJIBHBIM METOJIOM OMHAPU3AINN, HO
OKa3aJl B CpeHeM 00Jiee BBICOKYIO TOYHOCTD OIPEIE/IeHUsT TIJI0THO-
cTi. AJIropuT™ U3MepeHust Ha OCHOBE XPeOTOB MOy TOHOBOT'O M300pa-
JKeHus TpedyeT HACTPOUKU OOJIBIIEro KOJIMYeCTBA [1apaMeTPOB U Cy-
IIECTBEHHO OOJIBIIIX BBIYUCIUTELHBIX 3aTPAT, 10 CPABHEHUIO C JPY-
CUMHU aJrOPUTMAaMU, HO HOKAa3aJ HAWIYUIIHI pe3ysbTaT IO TOYHO-
CTU U3MEPEHUsS B MPEJIEIax AOIyCKA, IPUEMJIEMOTO JJjIs SKCIIEPTU3bI
u arpubymuu. VccaemoBaHHble aJropuTMbl 00ECIIEINBAIOT TOIHOCTH
U3MepeHns IIJIOTHOCTH XOJICTA B IIPEJIEIax O/IHOM HUTH HA CAHTUMETD
na 70 — 97 mporenTax n3o6pazkeHnit 00pa3IoB.

PesynbraThl BEIYUCIUTETHLHOTO S9KCIIEPIMEHTA COOTBETCTBYIOT Pe-
3yJIbTATaM U3BECTHBIX AJIFOPUTMOB U3MEPEHUs IIJIOTHOCTH XOJICTA 110
PEHTTEHOBCKUM M300parkeHnsiM KapTuH. J[Jis MOBBIEHNS HAEXKHO-
CTU U3MEPEHuil IJIOTHOCTH XOJICTA, [IPU UCCJIEIOBAHUSX KAPTUH IIPE/I-
MMOYTUTENHHO UCIOJIb30BATh HECKOJIBKO AJITOPUTMOB.

Janpueiiinme uccieoBanust Oy/LyT HAIPABICHBI Ha IOBBINICHIE
OBICTPOJIEIICTBYST AJITOPUTMOB ¥ MTOBBIIIIEHNE TOTHOCTH.

IMonnas Bepcus paboThl npejcrasiena B [1].

Pabora nognepxkana rpanrom PODOU Ne18-07-01385.

[1] Mypawos /. M., Bepesun A.B., Heanosa E. IO. Onpenenenne KoJu-

YecTBa HUTEH XOJICTOB KapTuH I10 I/I3O6P8,)K€HI/I${M7 IIOJIYYEeHHBIM IIpU

HanpaBJIeHHOM OcBerennu // Mamunrnoe obydenne 1 aHaIN3 JTaHHBIX,
Mocksa: ®UII 1Y PAH, 2018.
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However, on several images this algorithm gave an unacceptable
result. The algorithm based on the Niblack method requires setting
up two parameters and computationally expensive compared to the
algorithm with the global threshold method, but showed on aver-
age a higher density measurement accuracy. The measurement al-
gorithm based on localizing grayscale image ridges requires setting
more parameters and significantly higher computational costs than
other algorithms, but has shown the best result in measuring accu-
racy within the error limit acceptable for expertise and attribution
of paintings. The researced algorithms provide the accuracy of mea-
suring the canvas density from within one thread per centimeter for
70 — 97 percents of the sample images. The results of the computing
experiment correspond to the results of known algorithms for mea-
suring canvas density from x-ray images of paintings. To improve
the reliability the canvas density measurements in painting analysis
is preferable to use several algorithms.

Further research will be aimed at improving the accuracy and
speed of the algorithms.

The full version of this work is presented in paper [1]

This research is funded by RFBR, grant 18-07-01385.

[1] Murashov D., Berezin A., Ivanova E. Painting canvas thread counting

from images obtained in raking light // Machine Learning and Data
Analysis, M: FRC CSC RAS, 2018.
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Pabora mocesrmena meTomaM IUCTAHIIMOHHOTO M3MEPEHUs IPO-
CTPAHCTBEHHBIX CIEKTPOB BOJIH, BO3HUKAIONINX Ha MOBEPXHOCTU MO-
peit u okeanoB. IIpocTpaHcTBEHHDBIE CIEKTPBI, MOJTyYIaeMble IIpH 00-
paboTKe a’pPOKOCMUIECKUX M300PaKEHUl, MO3BOJISIOT UCCTIEI0BaTh
pasnuaHble (PU3NIECKUE IPOIECChl W $BJICHUS B CHCTEME OKEaH-
aTMocdepa Ha OOIMUPHBIX aKBATOPHUAX B MIHPOKOM TUATIA30HE MTPO-
CTPAHCTBEHHBIX vacTOT. [IpoBenén ananm3 PpU3MIECKUX MeXaHU3-
MOB, OTBETCTBEHHBLIX 33 (DOPMUPOBAHUE ONTUICCKUX AIPOKOCMUTIEC-
CKIX M300pazkKeHuit B3BOJHOBAHHOI MOpckoil oBepxuoctu. [Tokaza-
HO, 9TO B OOJIBITUHCTBE €CTECTBEHHBIX YCIOBUIT (POPMUPOBAHUS TAKUX
n300paKeHuil MPOUCXOAUT HEeJTUHEHHAST MOJIYJIANNAs MO APKOCTH
VKJIOHAMHU 3JIEMEHTOB BOJHONW MOBEPXHOCTH. [IpemosKeHbl MeTo bl
BOCCTAHOBJIEHUSI CIIEKTPOB IIOBEPXHOCTHOI'O BOJIHEHUS IIO CIIEKTPaM
ONITHYECKUX M300PAKEHUN € YIETOM TaKOW MOJLYJISIIINI,0CHOBAHHDBIE
Ha YUCJIEHHOM MOJIEJIMPOBAHUN M300pPaKEHUN B3BOJIHOBAHHON BOJI-
HOH MOBEPXHOCTU C yYIETOM YCJIOBUIT BOJTHOOODA30BAHUS U YCJIOBUIL
[IOCTYILJIEHUs CBETa K MOPCKOI moBepxHocTu. C UCHOJIb30BaHUEM pe-
3yJIBTATOB TAKOI'0 MOJEJIMPOBAHUSI CTPOSITCS CIeluabHbIe OllepaTo-
PBI IS BOCCTAHOBJIEHHSI CIIEKTPOB BOJIHEHUS 110 CIIEKTPaM a’3pPOKOC-
MUYecKuX n300pazkeHuil, 3aBucsiiue or HabOPOB ApaMeTpOB, OIpe-
JeJITeMBIX  yCaoBusaMEU (opMupoBaHus u3obpaxkenuit. [lpuBemensr
Pe3yAbTATHI IKCIIEPUMEHTAIHHBIX HWCCIIEJOBAHNN CIIEKTPOB MOPCKUX
BOJIH B PA3JIMUHBIX aKBATOPUAX C UCIOJIb30BAHNEM KOCMHUYIECKNX OII-
TUYIECKUX U300PaXKEHUIl BHICOKOT'O TPOCTPAHCTBEHHOTO Pa3PeIeHus .
Pa6ora nomuepxkana Munobpuayku PD, npoexr Ne5.9330.2017/8.9.
[1] Bondur V.G., Murynin A.B. Measurement of Sea Wave Spatial Spectra

from High- Resolution Optical Aerospace Imagery // in book Surface

Waves, IntechOpen, 2018. — C.71-78. http://www.intechopen. com/

books/surface-waves-new-trends-and-developments
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Measurement of sea wave spatial spectra from high-
resolution optical aerospace imagery

Alexander Murynin'?« AMurynin@bk.ru
Valery Bondur? VGBondur@aerocosmos.info
'Moscow, ISR AEROCOSMOS

2Moscow, FRC CSC RAS

The work is devoted to the development of methods for remote
measurement of spatial spectra of waves arising on the surface of
seas and oceans. The spatial spectra obtained during the process-
ing of aerospace images allow us to study various physical processes
and phenomena in the ocean-atmosphere system over vast areas of
water in a wide range of spatial frequencies. The analysis of the
physical mechanisms responsible for the formation of optical images
of the rough sea surface recorded by remote sensing instruments is
carried out. It is shown that in most natural conditions of such im-
age formation, a nonlinear modulation of the brightness field occurs
by slopes of water surface elements. Methods for reconstructing the
spectra of surface waves from optical image spectra with allowance
for such modulation are proposed. The methods are based on the nu-
merical modeling of images of an agitated water surface taking into
account wave formation conditions and conditions of light entering
the sea surface from the upper and lower hemispheres. The results
of numerical modeling of water surface images under various exter-
nal conditions are presented. Using the results of this simulation,
special operators are built to retrieve wave spectra from the spectra
of aerospace images. These retrieving operators are presented in the
form of analytical expressions, depending on the sets of parameters,
which are determined by the conditions for the formation of images.
The results of experimental studies of the sea wave spectra in various
water areas using satellite optical images of high spatial resolution
are presented. This research is supported by Ministry of Education
and Science of the Russian Federation, project 5.9330.2017/8.9.

[1] Bondur V.G., Murynin A.B. Measurement of Sea Wave Spatial Spectra
from High- Resolution Optical Aerospace Imagery // in book Surface
Waves, IntechOpen, 2018. — p.71-78. http://www.intechopen.com/
books/surface-waves-new-trends-and-developments
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Mouck onTMManbHbIX NapamMeTpoB BEPOSITHOCTHOrO
anropnTma nosbliwieHnsa NpocTpaHCTBEHHOIoO
pa3pelleHns MyNbTUCNEKTPasibHbIX CNYTHUKOBbIX
n3obpa>keHnii

Mypvinur Aaexcardp Bopucoeuu1 2y AMurynin@bk.ru

Topoxoscruti Koncmarwmun FOpvesuw!
Henamwves Baadumup FOpvesun'?
vladimir.ignatiev.mipt@gmail.com
Paxosa Kpucmuna Oaezosna’
'Mocksa, HU1 ASPOKOCMOC
2Mocksa, PUIT 1Y PAH
3Mocksa, MOTHU

DOTI: 10.30826,/IDP201856

IIpetoxken BEpOSTHOCTHBIN METO/T TOBBIIIEHUST TPOCTPAHCTBEH-
HOT'O pa3perneHnst MyJIbTUCIECKTPATILHBIX KOCMIYIECKUX N300ParKeHmit
C UCITOJIb30BAHUEM OIIOPHOIO M300parkeHus. Berauc/isiercst MaTeMaTu-
YeCKOe OYKUJIaHNE STPKOCTHU MUKCENIS B PA3JIMIHBIX KaHAIAX YJTydIITeH-
HOTO MYJBbTHUCIIEKTPAIBLHOTO M300paskeHnss Ha OCHOBE BEPOATHOCT-
HBIX XapaKTEPUCTUK OKPECTHOCTU MUKCEIS Ha MYJIbTUCIEKTPATHLHOM
n300pakeHnn 1 O0TIeH MHTEHCUBHOCTH STPKOCTH MAHXPOMATHUIECKOTO
n300pazkeHns B 3Toi Touke. [IpoBojinTcs aHaAM3 MPUMEHUMOCTH Pa3-
JIMTYHBIX METPUK OIEHKH KadeCcTBa YJIYUIIEHUT TPOCTPAHCTBEHHOTO
pa3perienns CIyTHUKOBBIX m300paxkenuii. Vcmosb3yercs Habop Han-
boJtee aJIEKBATHBIX METPHUK OIEHKN KaTIeCTBa, CTPOUTCS OMTUMMI3AIIN-
OHHAsI TIPOTIE/Iypa J/IsT HACTPONKN MapaMeTpOB IPEJI0KEHHOTO Be-
POSITHOCTHOT'O METOJIa TIOBBIINIEHNsT pa3pernienns. [IpegcraBiaeHnr pe-
3yJIBTaThl TECTUPOBAHUST METO/IA HA MYJIBTUCIIEKTPAJIbHBIX M300parKe-
HUSIX, [TOJIYIEHHBIX C PA3JIUIHBIX CIIYyTHUKOB B PA3JTUYHBIX ITPOCTPAH-
CTBEHHBIX pa3perteHusx. PaboTocrmocobHOCTh alropuTMa IpoBepeHa
Ha Pa3IMIHBIX MacimTabax yBenudenus. [IpoBenen cpaBHUTEILHBII
aHAJIM3 PE3YIbTATOB PAOOTHI MPEIOKEHHOTO METO/IA ¢ AHAJTOTHIHbI-
Mu noaxonamu. Pabora momgep:kana PODU, rpant Ne16-51-55019.
[1] K. FO. I'opoxosckuti, B. FO. Henamwves, A. B. Mypwnun, K. O. Paxosa

HOI/ICK OIITUMaJIBHBIX ITapaMEeTPOB BE€POATHOCTHOI'O aJIrOPpUTMa ITIOBbI-

HieHus IIPOCTPAHCTBEHHOI'O pa3pelleHnsl MYJIBTUCIIEKTPaJIbHbIX CIIyT-

HUKOBBIX m306paxkenuii // Uzsectus PAH. Teopus u cucreMbl ynpas-

stenns, 2017, Ne 6. — C.112-124.
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Parameters Optimization of the Novel Probabilistic
Algorithm for Improving Spatial Resolution of
Multispectral Satellite Images
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A probabilistic method for improving the spatial resolution of
multispectral space images using a reference image is proposed. The
developed method calculates the mathematical expectation of pixel
brightness in different channels of an improved multispectral image
based on the probabilistic characteristics of the pixel neighborhood
on the multispectral image and the overall brightness intensity of
the panchromatic image at that point. The applicability of different
metrics for evaluating the quality of the spatial resolution of satellite
images is analyzed. A set of the most adequate quality evaluation
metrics is used. An optimization procedure is developed to adjust
the parameters of the proposed probabilistic resolution improvement
method. The results of testing the method on the multispectral im-
ages obtained from different satellites in different spatial resolutions
are presented. The efficiency of the algorithm is tested at different
magnification scales. A comparative analysis of the results of the pro-
posed method with similar approaches is conducted. This research is
supported by RFBR, grant 16-51-55019.

[1] Bondur V.G., Murynin A.B. Parameters Optimization of the Novel

Probabilistic Algorithm for Improving Spatial Resolution of Multispec-

tral Satellite Images // Journal of Computer and Systems Sciences
International, 2017, Vol. 56, No. 6, — p.1008-1020.
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Pa3paboTka n uccnegoBaHne aBaxkabl
CTOXaCTUYeCKNX mMogenein cny4vaiHbix nonen ans
npeacTasieHnsa n obpaboTku n3obpa>keHuit co
C/IOXXHOW CTPYKTYpOW

Andpuanoe Hurxuma Andpeesun’?x nikita-and-nov@mail.ru

Bacuaves Koncmanmun Koncemanmurosuw' vkk@ulstu.ru
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2VnbsinoBek, Poccust, YIbsHOBCKHII MHCTUTYT MPaXKIAHCKON aBUALIN
umenu ['maBuoro mapinaJia asuanuu b. 1. Byraesa

DOI: 10.30826/IDP201857

Pabora mocssmena cuHTE3y W aHaIM3y HOBOTO THITA MOJIEJeit
n300parKeHuit, TTO3BOJIATONIETO aJIeKBATHO OIMCHIBATH HEOTHOPOIHBIH
B IIPOCTPAHCTBE PEAJTbHBIN MaTepuaJt. Jljis yaydienus Ka1ecTBa Onu-
caHnsl M300paKeHUil BBOISTCS JUHAMWYECKUE MAPAMETPBI MOIEIH.
Taxoit OAX0/1 TO3BOJIAET AJANTUPOBATHCA K M3MEHEHUIM, BCTpeda-
OMUMCS Ha PeAbHBIX n3obpakeHusx. [Ipm cuaTese ncmoiblyercs
MaTeMaTUYeCKUil amnmapar JiJI aBTOPErPECCUOHHBIX CJIYYalHBIX T10-
JIefl, 9TO TO3BOJISET MOJIYYUTH JOCTATOYHO ITPOCTOE OIUCAHUE MOJIe-
smn. Ipenyozkena MeTouka (pOpMUPOBaHUS N300PAKEHUIT ¢ U3MEHsI-
TOTIIMUCS CBOMCTBAMHU Ha OCHOBE OTIEHUBAHUS ITAPAMETPOB B CKOJIb-
3sreM okHe. [IpuBeieH psii IpUMEPOB reHEPUPYEMbBIX Ha OCHOBE /1Ba-
JKJIBI CTOXACTUIECKON Mogenn n3obpazkenuii. Ocoboe BHUMAHEE y/ie-
JIEHO 3aj[a4aM OIEHUBAHUS [apaMerpoB mojeseit. Ouucana MeTou-
K&, MMO3BOJIAONIAS 110 PeabHBIM M300parkKeHusiM (hOPMUPOBATH JIBa~
ZKJIBI CTOXACTUIECKYIO MOJIe/b. TakzKe pacCMOTPEHBI aJlfOPUTMBI 00-
HapY2KEHUsI TOUEIHBIX aHOMAJINN Ha (DOHE TBAXKIIBI CTOXACTHIECKUX
cayvaifiubIx moseit. Pazpaboran aaroput™ oOHAPYKEHUS JTeTEPMITHU-
POBAHHBIX AHOMAJINH, 00ECTIETNBAIONINI BBLIUTPLIII IO CPABHEHUIO C
obHapyKuTesleM Ha 0a3e aBTOperpecCHoHHBIX Mojeseit [1]. Pabora
nomiepzkana rpantamMu POOI NeNe 17-01-00179 u 18-31-00056.

[1] Vasiliev K. K., Andriyanov N. A. Synthesis and analysis of doubly
stochastic models of images // 2nd International Workshop on Radio
Electronics and Information Technologies, REIT 2017, Yekaterinburg;
Russian Federation; CEUR Workshop Proceedings, Volume 2005, 2017,
p. 145-154 http://ceur-ws.org/Vol-2005/paper-17.pdf.
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Development and investigation of doubly stochastic
random fields for representation and processing
images with complex structure

Andriyanov Nikita'?x nikita-and-nov@mail.ru
Vasiliev Konstantin' vkkQulstu.ru
'Russia, Ulyanovsk, Ulyanovsk State Technical University
2Russia, Ulyanovsk, Ulyanovsk Institute of Civil Aviation

The research is devoted to the synthesis and analysis of a new type
of image models, which makes it possible to adequately describe the
real material, which is inhomogeneous in space. To improve the qual-
ity of image description, it is proposed to introduce the dynamic pa-
rameters of the model. This approach allows you to adapt to changes
that occur on real images. The synthesis of such models requires
a mathematical apparatus for autoregressive random fields, which
makes it possible to obtain a quite simple description of the model.
The universal technique for creating images with varying correlation
properties based on estimating parameters in a sliding window has
been proposed. We give a number of examples of images generated
by using doubly stochastic model. Particular attention is paid to the
problems of estimating the models’ parameters. A technique is de-
scribed that allows for real images to form a doubly stochastic model
and its implementation. An algorithm for identifying parameters by
real data is proposed. This algorithm is based on a two-dimensional
autoregressive model with multiple roots of the characteristic equa-
tions of multiplicity (2.2). Algorithms for detecting point anomalies
against a background of doubly stochastic random fields are also con-
sidered. An algorithm for detecting deterministic anomalies has been
developed. The algorithm provides a gain in comparison with the
detector based on autoregressive models [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 17-01-00179 and 18-31-00056.

[1] Vasiliev K. K., Andriyanov N. A. Synthesis and analysis of doubly
stochastic models of images // 2nd International Workshop on Radio
Electronics and Information Technologies, REIT 2017, Yekaterinburg;
Russian Federation; CEUR Workshop Proceedings, Volume 2005, 2017,
p. 145-154 http://ceur-ws.org/Vol-2005/paper-17.pdf.
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st orpeiesieHnst XKUBOCTH TJ1a3a Ha MIPEJICTABICHHOM N300parke-
HUU B JIAaHHON paboTe IpeJjlaraeTcsi MeTOo I, OCHOBAHHBIN Ha IIPUMEHe-
HUU HEOOJIBINOI CBEPTOYHON HEMPOHHOW CeTH, CIIOCOOHBI 00padaThI-
BATh BXOJIHBIE TAHHBIE HA MOOWIBHOM yCTPOUCTBE C OTPAHUICHHBIMUI
BBIYHUCJIUTETHHBIMI BO3MOXKHOCTSIME B peajbHOM Bpemenu. Kiaccu-
dbuKanus OCyIecTBIISAeTCS ¢ UCIOJIH30BAHUEM TAPhl PaCTPOB, COOT-
BETCTBYIOINUM OOJIACTH IVIa3a HA UCXOTHOM M300PazKeHNN U HOPMaJIU-
30BaHHOI pajykke. PaccmMaTpuBaroTcs CJeIyIoOnue TUIIBI TOJJIE/IbI-
BAHUsI TEKCTYPBI PAIy?KHBIX 000JI0YEK: PACIedaTKn NH(MPAKPACHBIX
CHUMKOB Ha OyMmare, pacredarki, HOKPLITbIE IPO3PAYHON KOHTAKT-
HOIT JIMH30#, U paclevYaTKu, OKPBIThIE TPO3padHbiM KireeM. OrneHka
KadecTBa pabOTHI MIPEIaraeMoOro METOJIbl OCYIIECTBIISIETCS TIPU T10-
MoIm cOOpaHHOI BpyUHYI0 6a3bl n300pazkenuii. MerTo/ mokasbiBaeT
BBICOKYIO TOTHOCTD KJIACCU(DPUKAINNA 1 CKOPOCTb 0OPabOTKU BXOIHBIX
JAHHBIX, & TAKYKe yCTONYNBO PAbOTAET B IIEPEMEHHBIX YCIOBHUSIX OCBe-
IMEHHOCTH.

Pabora nmognepxkana rpantom POOU Ne16-07-01171.
[1] E¢umos FO. C. Meron nereKTUpOBaHUsI IIOAJEIOK B MOOUIIbHOM crCTe-

Me pacIo3HaBaHUs 110 PaLyKHOi obosouke // Pattern Recognition and

Image Analysis, Moscow: Pleiades Publishing, Ltd., 2018 (B neuarn).
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Iris Anti-spoofing Solution for Mobile Biometric
Applications
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3Zelenograd, National Research University of Electronic Technology

The ability to provide reliable protection against counterfeiting
is one of the key requirements for a biometric security system. Iris
recognition as the technology emerging on mobile market is assumed
to handle various types of spoof attacks to prevent compromise of the
user’s personal data.

The method of iris anti-spoofing is proposed in this work. It’s
based on applying of a convolutional neural network and capable to
work in real-time on the mobile device with highly limited compu-
tational resources. Classification of iris sample for spoof and live is
made by a single frame using pair of images: eye region and nor-
malized iris. The following types of iris spoof samples are considered
in this particular work: printed on paper, printed on paper with
imposition of a contact lens, printed on paper with application of
transparent glue. Testing of the method is performed on different
datasets, both open and manually collected, and revealed its high
performance on both the classification accuracy and processing speed.
The method also showed its robustness under uncontrollably chang-
ing environmental conditions, which are specific and significant when
interacting with the mobile device.

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

[1] Efimov I. Iris Antispoofing Solution for Mobile Biometric Applica-
tions // Pattern Recognition and Image Analysis, Moscow: Pleiades

Publishing, Ltd., 2018 (in press).
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Anayiuz uaMeHeHUt 3eMHON TIOBEPXHOCTU B PA3HOBPEMEHHBIX O~
CJIEZIOBATELHOCTAX adPO(MOTOCHIMKOB $BJISETCST BayKHOU YaCThIO
MHOTHX IIPUJIOXKEHUIT, TaKUX, HallpuMep, KaK aHaJIM3 Pa3BUTHUHA I'O-
POJICKOI 3aCTPOWKM, aHAJJIU3 IOCACJICTBUN CTUXUWHBIX O€/ICTBHIA,
CeJILCKOXO3AMCTBEHHBINT MOHUTOPHUHT U T.JI. PydHas 06paboTKa CHIM-
KOB 3€MHOII IOBEPXHOCTH TPYJIOEMKas 3ajlada, 3aHUMAalolas MHO-
0 BPEMEHH, [TO3TOMY aBTOMATHYIECKOe ODHAPYKEHHME M3MEHEHUU Ha
a’pOoOTOCHIMKAX SIBJISIETCS BAXKHOM 0OJIACTHIO MCCIETOBAHMTIA.

B nannoit pabore npesjaraercss MeTO/ BbIJIEJEHUS OTJINYNN HA
Pa3HOCE30HHDBIX A3PO(MOTOCHUMKAX MPU TTOMOIN T€HEPATUBHBIX CO-
cTa3aTe/bHbIX ceTeil. [Ipeuraraercss apxuTekTypa ceTH Jijist IOCTpoe-
HUST KaPThI OTIMIUIT Ha, OCHOBE OPUTHHAJIHLHON apXUTEKTYPHI PIX2Pix.
B pabotre onmceiBaioTcs pe3yIbTaThl TPEX MOCIEI0BATEHHBIX HCCIIe-
JIOBAHUIl: BbI/IeJIEHNE OTIMIHI HA MOJIEIbHBIX N300parkKeHnsAxX 0e3 oT-
HOCHUTEJILHOTO CJIBUTA O0BEKTOB, BBIJICJICHUE OTINYIUI Ha MOJIETHHBIX
n300pakeHusX B CJIydae HeDOJIbIIOTO OTHOCUTEIBHOIO CJIBUTa O0bEK-
TOB W BBIJIeJIEHUE OTJINYWIl HA PeajbHBIX PA3HOCE30HHBIX M300pazKe-
HUAX 3eMHOI noBepxHOocTH. [IpuBossgTces pe3ysnbrarsl paboThI Ipe/I-
JIO2KEHHOT'O METOJIa Ha ODIIEO0CTYITHOM HAOOpe MAHHBIX 110 BbIeJe-
auio ormanii AICDDataset.

Pabora Boimosnena mpu nojgepxkke PH®, rpant 16-11-00082.

[1] Lebedev, M. A., Vizilter, Y. V., Vygolov, O. V., Knyaz, V. A.,
and Rubis, A. Y. Change detection in remote sensing images using
conditional adversarial networks, Int. Arch. Photogramm. Remote
Sens. Spatial Inf. Sci., XLII-2, 565-571 c., 2018. https://doi.org/10.
5194/isprs-archives-XLII-2-565-2018
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Change detection in remote sensing images using
conditional adversarial networks
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Change detection in the time-varying sequences of remote sens-
ing images acquired on the same geographical area is an important
part of many practical applications, e.g. urban development analy-
sis, environmental inspection, agricultural monitoring. In most cases,
solving the change detection task in manual mode is a highly time-
consuming operation, which makes an automation of this process an
important and practically demanded filed of research.

We present a method for change detection in season-varying re-
mote sensing images using Generative Adversarial Network approach.
The original network architecture based on pix2pix is proposed and
evaluated for difference map creation. The paper address three types
of experiments: change detection in synthetic images without objects
relative shift, change detection in synthetic images with small relative
shift of objects, and change detection in real season-varying remote
sensing images. The results of the proposed method on the publicly
available data set for change detection AICDDataset are presented.

This work was performed with the support of Russian Science
Foundation (RNF grant 16-11-00082).

[1] Lebedev, M. A., Vizilter, Y. V., Vygolov, O. V., Knyaz, V. A., and
Rubis, A. Y. Change detection in remote sensing images using con-
ditional adversarial networks, Int. Arch. Photogramm. Remote Sens.
Spatial Inf. Sci., XLII-2, 565-571 p., 2018. https://doi.org/10.5194/
isprs-archives-XLII-2-565-2018
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B GosibimHCTBE METO/IOB PACIIO3HABAHUS PaJLy?KHOI 000JI0UKH
r1a3a MCIOJIb3YIOTCs JIOKAJbHBIE TEKCTYPHbIE HMpu3Haku. KadecTBo
pacIO3HaBaHUsl CyIIECTBEHHO 3aBUCUT OT TOYHOCTH UX COBMELICHUS
npu cpapHeHun. IIpeiyioxkeH MPOCTOIl B CpaBHEHHH C CYIIECTBYIO-
MUMU aHAJIOIaMU, IIPU ITOM CTOJIb Ke 3D MEKTUBHBIA METOJI ITOBbI-
IIIeHKsT TOYHOCTH COBMEIIEHUsI, OCHOBAHHBII Ha IIOMCKE OIITHMAaJIbHO-
ro IMyTH B MPOCTPAHCTBE CMEINEHUI JIOKAJIBHBIX YIaCTKOB PaJLy K-
ku. Mcenemyercst BOpoc BEIOOPa ONTHMAJILHBIX [IapaMeTPOB BIiBIIe-
T0B, popMuUPYIOMIX MAOJOH PALyKHOM 000109KY TUia3a. [lokazano,
9TO yJIy4IlIeHue TOYHOCTH COBMEIEHUs I03BOJISIET UCII0JIb30BaTh 0O-
Jiee TH(POPMATUBHBIE BBICOKOYACTOTHBIE BI#BJIETHI. UMC/IEHHBIE SKC-
[MepUMEHTHI IIPOBeJIeHbl Ha Oa3ax jaHHbX m306paxkenuit ICE2005 u
CASTA, naxoasmuxcst B CBOOOTHOM JIOCTYIIE.

Pabora nognepxkana rpaarom POOU Ne16-07-01171.

[1] Hosux B. Il., Mameees U. A., Jleonos B. FO. Cpasuenune nadopMaTus-

HBIX ITPU3HAKOB I/I306p8.)KeHI/Iﬁ PalyzKKu 1Jjia3a MeTOL0M OIITUMaJIbHOT'O

nytn // adopmanuonnnie Texnonorun, Mocksa: Hosble Texnosornm,
2018. — N.10. (B mevarn) .
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Matching of informative features of iris images with
the optimal path method

Novik Vladimir' novikvp@mail.ru
Matveev Ivan'>x matveev@ccas.ru
"Moscow, Iritech Inc.

2Moscow, FRC CSC RAS

The majority of iris recognition methods use local textural fea-
tures. The accuracy then depends significantly on the precision of
local textural features alignment. A simple (in comparison with state
of the art) yet efficient method of enhancing the alignment accuracy
is proposed. It is based on locating the optimal path in the space of
displacements of local iris patterns. The problem of choosing the op-
timal parameters of wavelets forming the iris template is studied. It is
shown that improvement of alignment accuracy allows using more in-
formative high-frequency wavelets. Computational experiments were
carried out with ICE2005 and CASIA bases from public domain.

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

(1] Novik V., Matveev I., Leonov V. Matching of informative features of
iris images with the optimal path method // Information technologies,

Moscow: Novye tehnologii, 2018. N.10 (in press).
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TeopeTnyeckne oCHOBbI
runeprtpeiic—npeobpasoBaHus

®edomos Huxonati Faspusosur' fedotov@pnzgu.ru
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mathematik_aleksey@mail.ru
Moucees Aaexcarndp Baadumuposun'« moigus@mail.ru
lensa, PI'BOY BO «IlenseHckuii rocy1apCTBEHHELl yHIBEPCHTET >
Tlemsa, 000 «Komapd»

DOTI: 10.30826/IDP201861

B crarbe onmnceiBaeTcs TeopeTnveckast OCHOBA HOBOI'O [€OMETPH-
YEeCKOTO METOJA AHAJIM3a U PACIO3HABaHUS TpexMepHbIX (3D) mn306-
paxenuii. [IpuBe/ieHa TeXHUKa CKAHUPOBAHUS I (DOPMUPOBAHUSI
runeprpeic-mpeodpasoBaHs U €ro MareMarudeckas Mojesb. JlaH-
HBII METO/I B OTJIMYHNE OT CYIMIECTBYIOMNX IO3BOJISET AHATU3UPOBATH
3D-uzobpakenus 06e3 mpeaBaAPUTEILHOIO UX YIPOIIEHUS, aHAJIN3U-
pPysl HEIOCPEeJICTBEHHO UX TpexMmepHyio (opmy. O6ocHOBaH BHIOOD
CKaHUPYIOIIEro MHCTPYMEHTa U ITOCTPOEHUE OIIOPHOI CeTKM Ha cde-
pe, HeoOXOMUMOM JIJisi peleHus Mpo0eMbl HHBAPUAHTHOCTH PaCIIO-
suaBanns 3D-u300parkennsi Kk moBopory. Paspaboran maremarude-
CKHUIl anmapar peajn3aliil TeXHUKN CKAHNPOBAHWUS Ha OCHOBE CTO-
XaCcTUIeCcKoil reomeTpun U HYHKIMOHAJIBLHOIO aHajm3a. BBenen Ho-
BBIIl MaTeMaTUIECKIIT MHCTPYMEHT JjIst aHa/m3a 3D-n300pazkeHuit —
TUMIEPTPERCc—MaTPHIA, TO3BOJISIONINN PACIO3HABATE IPOCTPAHCTBEH-
HBIE O0BEKTHI CJIOYKHOI (DOPMBI U CTPYKTYPBI OJIAr0apsi TOCTPOEHITIO
€/INHOM MaTeMaTHIeCcKOil Mozesm. /laHo onucanne HOBOrO THUIA MIPU-
3nak0B 3D-n300pakeHunil, UMEIONNX AHAJIUTHIECKYIO CTPYKTYDY, —
UIEPTPUILJIETHbIE IPU3HAKHY, OsIarofgaps aHAJIUTUYIECKON CTPYKType
KOTOPBIX BO3MOXKHA& aBTOMAaTHYeCKasi NeHepaliusi OOJIbIIOTO KOJIMYIe-
CTBa IPU3HAKOB C 3apaHee 3aJ[aHHbBIMU CBOMicTBamMu. PaccmarpuBaroT-
Csl pe3yJIbTaThl TPOBEPKH, JEMOHCTPUPYIONINE TOTHOCTD BHIIUCICHIS
MIPU3HAKOB /I pacno3HaBanns 3D-n300pakeHus n JTOKA3bIBAIOIIIE
aJIEKBATHOCTH Pa3pabOTAHHOIO MATEMATUIECKOrO alllapara.

[1] @edomos H.I. Teopermueckne OCHOBBI rmueprpeiic—peobpa3oBaHusI:
TeXHUKa CKaHUPOBAHWA, MaTeMaTUIeCKII alrapaTr W SKCIEepUuMeH-
ranbHag uposepka / H.I. @enoros, A.A. Cémos, A.B. Moucees //
Komnbrorepnast ontuka, Camapa: TCOU PAH, 2018. T.42, Ne2. —
C.273-282. — DOI: 10.18287/2412-6179-2018-42-2-273-282. http://
www.computeroptics.smr.ru/KO/PDF/K042-2/420213.pdf.
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Theoretical Foundations of Hypertrace—transform

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

!Penza, Penza State University
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We consistently describe the theoretical basis of a new geometric
method of analysis and recognition of three—dimensional (3D) images.
The description of a scanning technique for forming a hypertrace
transform and its mathematical model are given. This method, un-
like the existing ones, enables 3D images to be analyzed directly from
their 3D shape, without first simplifying them or constructing plane
projections. We substantiate the selection of a particular scanning
tool and the need to construct a reference spherical grid to address
the problem of the rotational invariance of the 3D image recognition.
A mathematical apparatus of the stochastic realization of the scan-
ning technique based on stochastic geometry and functional analysis
is developed. We introduce a new mathematical tool for 3D image
analysis — a hypertrex matrix that allows spatial objects of complex
shape and structure to be recognized by constructing a single math-
ematical model of the 3D image. We describe a new type of 3D im-
age features that have an analytic structure — hypertryplet features,
whose analytical structure makes possible an automatic generation
of a large number of features with predetermined properties. Results
of the experimental verification are presented, demonstrating the ac-
curate calculation of features for 3D image recognition and proving
the adequacy of the developed mathematical apparatus.

[1] Fedotov NG, Syemov AA, Moiseev AV. Theoretical foundations of hy-
pertracetransform: scanning techniques, mathematical apparatus and
experimental verification // Computer Optics, Samara: IPSI RAS —
Branch of the FSRC “Crystallography and Photonics” RAS, 2018;
42(2): 273-282. — DOI: 10.18287/2412-6179-2018-42-2-273-282. http:
//www.computeroptics.smr.ru/K0/PDF/K042-2/420213.pdf.
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2VibsiHoBek, Poccnst, YiIbsTHOBCKHIT HHCTHTYT MDAy JAHCKON aBHAIIN

umenu [maBaoro mapinasia asuanuu b. 1. Byraesa

DOTI: 10.30826,/IDP201862

B pabote paccmoTpena 3a/1ada mpeICTaBICHHUS CJIOKHBIX W HEO/I-
HOPOJIHBIX MHOI'O30HAJIBHBIX N300PaskeHUil ¢ TTOMOIIBIO JIBAXKIBI CTO-
XaCTUIECKUX aBTOPEIPECCUOHHBIX MOJeJieil cirydaitHbix moJseit. Jls
MTOBBIMICHNS KAYECTBA ONMCAHUS PEaJbHBIX CHIMKOB IIPE/JIOZKEHO UC-
MIOJTB30BATH JBAXK/IBI CTOXACTUIECKYIO MOJIE/Ib HA Da3e aBTOPerpeccuii
€ KPATHBIMHU KOPHSIMU XapaKTePUCTHIeCKUX ypaBHenuii. Cunresupy-
ercsi aJITOPUTM OIEHUBAaHUS M300parKeHuii ¥ UX IOCJIe]0BaTe/IbHO-
cTeil ¢ MCIoab30BaHueM HeauHeiHnoro ¢gpuibrpa Kammama. Paspaba-
TBIBAEMBIN (DUJIBTD IIPECTAB/IEH B MATPUIHOM POpME, UITO TO3BOJIsI-
eT BecTu 06pabOTKY MHOTOMEPHBIX n3obparkenuit. [IpoBoguTes cpas-
HEHUEe C M3BECTHBIMU AJITOPUTMAaMU JIOKAJIHHONU (DUIBTPAINMN U AJl-
ropuTMaMu Ha 0ase aBroperpeccuii. [losyaensr xapakTepucTuku 3d-
deKTUBHOCTH (DUJIBTPAIIUAHN TIOCJIEI0OBATEIbHOCTH CITY THUKOBBIX 1300~
paKeHuii B 3aBUCHMOCTH OT JIJIMHBI TIOCIEI0BATEIBHOCTH U KO3 hu-
[UEHTa MEXKKaJIpOoBOil Koppessnun. [ogydenpl BBIMTPHINT [0 JIAC-
nepeuu omubkyu pUILTPanum, cocrasisionme B cpeaaem 25-30% [1].

Pabora nmoggepxkana rpantamu POOI NeNe 17-01-00179 u 16-41-
732027.

[1] K. Vasiliev , V. Dementiev and N. Andriyanov Representation and
processing of multispectral satellite images and sequences // Procedia
Computer Science 126 (2018), p. 49-58 https://ac.els-cdn.com/
S1877050918311827/1-s2.0-51877050918311827-main.pdf?_tid=
1733dbal-18dc-4183-9f2c-6cc78fcbf66e&acdnat=1536635582_
£339a7b54c16c0fe960da7ddbfe32452.
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Analysis of nonlinear filtering efficiency in processing
multizone satellite images and their sequences
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Andriyanov Nikita'?x nikita-and-nov@mail

'Russia, Ulyanovsk, Ulyanovsk State Technical University
2Russia, Ulyanovsk, Ulyanovsk Institute of Civil Aviation

The problem of representation of complex and inhomogeneous
multizone images using the doubly stochastic autoregressive models
of random fields is considered. To improve the quality of the de-
scription of real images, it is proposed to use a doubly stochastic
model based on autoregressions with multiple roots of the charac-
teristic equations. An algorithm for estimating images and their se-
quences using a nonlinear Kalman filter is synthesized. The filter
being developed is presented in matrix form, which allows process-
ing multidimensional images. Comparison with known local filtering
algorithms and algorithms based on autoregressions is carried out.
The characteristics of the efficiency of filtering the sequence of satel-
lite images are obtained depending on the length of the sequence and
the coefficient of interframe correlation. The gains are obtained for
dispersion of the filtering error, which averaged 25-30% [1].

This research is funded by the Russian Foundation for Basic Re-
search, grants 17-01-00179 and 16-41-732027.

[1] K. Vasiliev , V. Dementiev and N. Andriyanov Representation and
processing of multispectral satellite images and sequences // Procedia
Computer Science 126 (2018), p. 49-58 https://ac.els-cdn.com/
51877050918311827/1-s2.0-S1877050918311827-main.pdf?_tid=
1733dbal-18dc-4183-9f2c-6cc78fcbf66e&kacdnat=1536635582_
£339a7b54c16c0fe960da7ddbfe32452.
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MeTtoga BblaeneHnsa pagy>Xkm Ha nsobpakeHuu,
NOJTyYEHHOM B CJIOXKHbIX YCNIOBUSIX OKPY>XEHUS
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Bouesnenue (cermenrarust) 00JaCTH PaJyKKU HA M300parKeHUN

- OJIMH W3 OCHOBHBIX 9TANlOB pacnosHaBanus. OmmOKN cerMeHTaInn

BJIEKYT 3a cOo0O#l pocT OIMmubOK, Je/ias CHCTEMY MeHee HaJeKHON u

y/106HO#1 B ucosib3oBanuu. [loasisirornee 60IbITUHCTBO CYIIECTBY O

MUX TOJIXOJI0OB OPUEHTUPOBAHBI HA, MCIIOJIb30BAHUE CUCTEM B yCJIOBU-

SIX CJ1a00 M3MEHSTIOIIEerocs OKpyKeHnst. Kiaccuaeckne MeToIbl, OCHO-

BAHHbBIE HA IBPUCTUKAX, XOPOIIO 3apeKoMeH1oBam cebds 3mech. [ln-

POKOE PacIpoCTpaHeHNe TEXHOJOTUI PACIIO3HABAHUS CO3/aeT Heo0-

XOJIMOCTHL OOecIIedeHusT MOHOM (DYHKIIMOHAJILHOCTA CUCTEM B OoJiee

9KCTPEMAJIBHBIX YCJIOBUSIX U, KAK CJIEJICTBUE, CO3IaHus DOJiee THOKUX

¥ yCTOWYMBBIX peleHuil. B maHHON paboTe paccMaTpuBaeTcsi MpU-
menenne CNN 11 BbIZeIeHNs PALYKKHA B YCIOBUAX, MAKCUMAJIbHO

MPUOIMKEHHBIX K PeabHBIM CIIEHAPUIM HCIOIb30BaHust. B pabdore

[IPEJJIOXKEHBI HOBBIE aDXUTEKTYPBI CeTell, coueTaonue B cebe moce -

HUE JIOCTHXKEHUsI B 00JIACTU CEMaHTUIECKON CerMEeHTAIlUU U KJIACCHU-

dukanun nzobpakennit. Apxurekrypsl FCN u SegNet ObLin B3saThI

3a ocHOBY 1 "ycmrenst" octarounbivu Omokamu. [Ipemnmoxkennstit mot-

XOJI, TIO3BOJIHUJI IIOHU3UTH TPEOOBAHNUS K IIPOU3BO/INTEIHHOCTH I1EJI€BOIT

wrardopMbl, a Tak ke jocTurayTh 0.93 u 0.92 IoU na opurunaasnom

u MomucunupoBanHoM Habopax jaHHbiX CASIA-Iris-Lamp, uyro sis-

JISIeTCsI 3HAYUTEJIbHBIM YJIyUIlIeHHeM B CDABHEHUN C CyIeCTBY FOIIMMUI

meromamu. Pabora noamep:kamna rpagTom POOU Ne16-07-01171.

[1] Korobkin M., Odinokikh G. Iris Segmentation in Challenging
Conditions // Proc. of IAPRAI, Montreal: CENPARMI, 2018, 656
660. https://users.encs.concordia.ca/ icprail8/ICPRAIY202018%
20Proceedings.pdf.
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Iris Segmentation in Challenging Conditions
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Iris segmentation is an irreplaceable stage of iris recognition
pipeline. Wrong segmentation decreases recognition performance and
makes the technology inconvenient for users. Previously when con-
ditions were mild and controlled the task was solved by image pro-
cessing techniques and rule based approaches. Nowadays widespread
of biometric technologies has relaxed operation conditions for such
systems demanding more flexible and robust solutions.

Deep learning and convolutional neural networks represent a class
of machine learning methods that secured top results in many com-
puter vision tasks. The latest contribution to iris segmentation was
also made by neural networks. In spite of previously achieved great
results this work addresses even more challenging conditions that al-
lows iris recognition to be used in wide range of real life cases. Novel
CNN architectures are proposed in this work. They were designed to
combine the latest achievements in classification and semantic seg-
mentation fields. FCN and SegNet architectures have been picked
up as prototypes and were strengthened by residual blocks. This al-
lowed to make lightweight networks that could be shipped on various
embedded platforms to successfully operate under less controllable
environmental conditions. The approach allowed to obtain 0.93 and
0.92 IoU on original and modified CASTA-Iris-Lamp datasets which
is a significant improvement in comparison with the results achieved
before.

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

[1] Korobkin M., Odinokikh G. Iris Segmentation in Challenging Con-
ditions // Proc. of TAPRAI, Montreal: ~CENPARMI, 2018,
656-660. https://users.encs.concordia.ca/~icprail8/ICPRATY,
202018%20Proceedings.pdf.
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MNcnonb3sosanne Microsoft Kinect V2 gns
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Mo/tysib CBOEBPEMEHHOI'O U HAJIE?KHOTO OOHAPYKEHUsI MAICHII 9es10-

BeKa dBJIAeTCH OJHON M3 KJIIOYEBBIX KOMIIOHEHT CHCTEM YJIAJIEHHOTO

MOHHUTOPHHTA 38 COCTOAHUEM HOXKUJIBIX Jofieii. Bmecre ¢ Tem, kame-

PbI TUIyOUHBI 3aHUMAIOT BCe DOJIbIIIEE MECTO B CHCTEMAaX PacIO3HaBa-

HUSI COOBITUI, TIOCKOJIbKY OHU CTaju JocTyiHee. HekoTopbie n3 HUX

[TO3BOJISFOT HEITOCPEICTBEHHO MOy YU Th CKEJIETHOE OMUCAHIE (PUTY P

qesI0BeKa. BO3MOXKHOCTD Oy 9eHnsT TOUEK CKEJIETHOTO OIMCAHUS 110

KapTe TIyOWHBI JaeT CII0COO KOMIIAKTHOIO MIPEJCTABJICHNUS [T03bI de-

JIOBEKA U IPEJOTBPAIIAET BBIXOJ J€TAJIHHON HHMOPMAIINU O IIyOnHe

WJIN UCXOJTHOTO BU/JIEO 3a IIPEJIEJIbl CUCTEMbBI, YTO TO3BOJISAET TIOTHATH

MIPUBATHOCTH BCell cuctembl. B mcciieoBannm Ha OCHOBE CpaBHEHUST

pasmmaabix RGB-D kamep, BeiOpana Hanbojiee MEePCIEKTUBHAS It

JagbHeRmx pazpaboTok Mojesb - Microsoft Kinect v2. B pabore B

KadecTBe 6a3bl j1st dxcriepuMerTos ucnosbdyercs T'ST Fall Detection

Dataset v2. IIpemoxken aaroput™ Ha OCHOBE TMPU3HAKOB KOJIUPOBa-

HUS CKeJleTa Ha I10CJIeJ0BATETbHOCTU COCETHUX KaJIPOB, UCIOIb3YeT-

¢l KJIaCCH(PUKATOP HA OCHOBE METO/Ia OITOPHBIX BEKTOPOB U MIPOIIE/LY-

PBI Ha OCHOBE KyMYJIATHBHOII CYMMBI JIJIS COIVIACOBAHHS DENICHUN B

[I0CJIeI0BATEILHOCTU KaaApoB. 1 0oTOpakoBKM HEKAIECTBEHHBIX CKe-

JIETOB IIPEJJIOZKEHO HCII0JIb30BaTh OJIHOKJIACCOBBIM KJaccuuKaTop.

[Tosryueno kavecTBO JleTeKTUpOBaHUs TajeHus Ha yposue 0.95 s

IPOTIE/LyPhl KPOCC-IIPOBEPKH Ha OCHOBE Y/IAJIEHUS 3amluceil KOHKpeT-

HO#l mepconbl n3 0a3pl. Pabora mommep:xana rpantom POOIT Ne16-

57-52042, 18-07-00942.

[1] Seredin O.,Kopylov A.,Rodionov D. A skeleton features-based fall
detection using Microsoft Kinect v2 with one class-classifier
outlier removal // IEEE Transactions on Pattern Analysis and
Machine Intelligence. Special Issue on RGB-D Vision: Methods
and Applications, Ha penensupoBanuu. http://lda.tsu.tula.ru/
publication/.
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Microsoft Kinect v2 for fall detection
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The module of real-time and robust fall detection is one of the key

components of elderly people care and monitoring systems. At the

same time, depth sensors, as they became more available, occupy an

increasing place in event recognition systems. Some of them can di-

rectly produce a skeletal description of the human figure. The ability

to obtain skeletal descriptions from the depth map provides a way of
compact representation of a person’s posture and prevents the output
of source video or detailed information about the depth outside the
system, which allows raising the privacy of the entire system. Based
on a comparative study of different RGB-d cameras, the most promis-
ing model for further development was chosen - Microsoft Kinect v2.

The TST Fall Detection Dataset v2 with records of 11 persons is

used in the work as a base for experiments. The proposed algorithm

is based on the skeleton features encoding on the sequence of neigh-

boring frames and support vector machine classifier. A version of a

cumulative sum method is applied for combining the individual de-

cisions on the consecutive frames. It is offered to use the one-class
classifier for detection of low-quality skeletons. The 0.95 accuracy of
our fall detection procedure was obtained in the cross-validation pro-
cedure based on the removal of records of a particular person from
the database (Leave-one-Person-out).

This research is funded by RFBR, grants 16-57-52042, 18-07-

00942.

[1] Seredin O.,Kopylov A.,Rodionov D. A skeleton features-based fall de-
tection using Microsoft Kinect v2 with one class-classifier outlier re-
moval // IEEE Transactions on Pattern Analysis and Machine Intel-
ligence. Special Issue on RGB-D Vision: Methods and Applications,
under review. http://lda.tsu.tula.ru/publication/.
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W aentudukarius qeoBeka Mo paLy?KHOM 000I0TKe T1a3a — aKTy-
aJIbHas 3aJla4a B OMOMeTpUIecKux cucremax. JIjist BBIIIOJTHEHWST U I€H-
TUdUKAIIT HEOOXOIUMO HAWTH 00JIACTH JIOKAJIU3AIUNA PAJLy?KKI Ha
n3obpazkenuu. [lepBbrit sTan eé jiokaau3anuu — BbleeHne 001aCTH
raa3a Ha m300parKeHWU. 3aTeM, B 9TONH OOJIACTH HAXOIATCS I'DAHU-
bl PAIY2KKH, KOTOPbIE AllIPOKCUMHUPYIOTCS HEKOTOPHIMUA KPUBBIMH,
OOBIYHO — OKPY2KHOCTSIMU.

B nanHOii pabore omnmcaH ajropuTM, OCHOBAHHBIA Ha KJIACCH-
dunupyromeil cBEpTOYHON HEHPOHHOI ceTH, TMO3BOJISIOMINIA IOJTY-
9UTH APAMETPBhI AINMIPOKCUMAIINN TDAHUIL PAJIYKKHA OKPYZKHOCTIMEI
¢ ommubkoii me 6oee 5% oT mmameTpa pamyKKH. 3aJada HAXOKIe-
HUs KayKJIOr0 U3 IIapAMEeTPOB AllIPOKCHMANUy (KOOPAMHATEI IEHTPOB
U PaJInyChbl OKPYKHOCTEI, 33/ al0IUX BHYTPEHHIOK U BHEIHIOK I'Da-
HUILY PaJy?KKH) CBOAUTCS K 3a1aue Kiaaccudukanuu. Cauraercs, 9To
Ha KBaPATHOM BXOJIHOM H300DarKEHUN W X W MOJTHOCTHIO COIEPIKUT-
cs TJIa3, IPUYIEM IaMeTD BHEITHEH TPAHUIIBI DALy ?KKH HE MEHee iw.

ToumnocTb paboTH agropuTMa ObLIA H3MEpPeHa Ha HECKOJIBLKAX OT-
KDBITHIX 0azax M300paskeHnii pajry»kHoit obomouxn ruasa (CASTA3-
Iris-Lamp, CASTIA-Iris-M1, ICE DB), a tak xe na 6a3e, coOpaHHOit
aBTOPOM C ITOMOIIbIO MUKPOKOMITbIoTepa Raspberry pi. Cpemauss Tou-
HOCTBH AJATOPUTMa Ha BBINIEONMCAHHBIX Oa3ax cocrasuia ~ 99%.

Jms obydenunst HEHPOHHON ceTn OBbLIa WMCIOJb30BaHa OUOIIOTE-
ka keras jyisi si3bika python. Ajiropurm Tak ke ObLI peajin30BaH Ha
si3bike C.

Pabora mogmepzkana rpantom PODIU Ne16-07-01171.

[1] M.Korobkin, G.Odinokikh, Y.Efimov, I.Solomatin and I.Matveev Iris

Segmentation in Challenging Conditions // Pattern Recognition and

Image Analysis, Springer, 2018 (B nmewaTu).
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Iris boundaries approximation by classifying
convolutional neural network

Solomatin Ivan'x ivan.solomatin@phystech.edu
Odinokikh Gleb® g.odinokikh@gmail.com
Efimov Yurii* yuri.efimov@phystech.edu
Matveev Ivan® matveev@ccas.ru

"Moscow, MIPT
2Moscow, FRC CSC RAS

Person identification by the iris image is an actual problem in
biometric systems. To perform the identification, it is necessary to
find the region of iris localization in the image. The first stage of this
localization is finding eye region on the image. In this region there
are iris inner and outer boundaries, which are usually approximated
by circles.

This paper describes an algorithm based on a classifying convolu-
tional neural network, which obtains parameters for approximating
iris boundaries by circles with an error of no more than 5% of the iris
diameter. The problem of finding each of the approximation parame-
ters (coordinates of centers and radii of circles defining the inner and
outer boundaries of the iris) is solved as classification problem. Input
image is supposed to be a square w x w and to contain entire iris.
Outer iris boundary diameter is supposed to be not less than %w.

The accuracy of the algorithm was evaluated on several open iris
image databases (CASIA3-Iris-Lamp, CASIA-Iris-M1, ICE DB), as
well as on a database which was collected by the author using a
Raspberry pi microcomputer. The average accuracy of the algorithm
on these databases was ~ 99%.

To train the neural network, the keras library for the python lan-
guage was used. The algorithm was also implemented on C.

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

[1] M.Korobkin, G.Odinokikh, Y.Efimov, I.Solomatin and I.Matveev Iris

Segmentation in Challenging Conditions // Pattern Recognition and

Image Analysis, Springer, 2018 (in press).
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Mepa TF-IDF, cnna cBsian cnoB n 3TanoH s13bIKOBOIro
onucaHus eguHNLblI 3HAHUW B OTKPbITbIX TecTax
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Muxatinos Jmumpuii Baadumuposurx mdv74@list.ru
Kosnoe Anexcardp Ilasaosun caleo@yandex.ru
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PaspaboTka OTKPBITBIX TECTOB IMPEIIIOJaraeT HAKOILIEHUE U CH-
CTEeMATU3AINIO SKCIEPTHBIX 3HAHWI, NCXOTHO MPEICTABISIEMBIX TEK-
CTaMH €CTECTBEHHOIO #A3bIka. KoHedHas 1es1b — HaiiTn Hanbosee pa-
IIMOHAJIBHBII BapUaHT IepeIadn CMBIC/Ia JIJIS MHOXKECTBA CeMaHTHIe-
CKI 9KBUBAJEHTHBIX (popM ero Buipaxkenus. /lannas 3a1ada B pabore
pelaercsi BO B3aMMOCBSI3U € IIOMCKOM COCTABJISIFOIINX 00pa3a MCXO/I-
noit dpassr (COUD) B TercTax TeMaTU4ecKOro kopiyca. Ilpu srom
ocuopoit Boiieerns COU® spisgercss COBMECTHOE HCIOIB30BAHNE
OIEHKH CHJIBI CBSI3U COYETAHUN €€ CJIOB, BCTPEYAIONINXC BO (dpazax
AHAJIM3UPYEMOTr0 TEKCTa, U pa30MEHNUs STUX CJIOB Ha KJIACCHI I10 3HAME-
auio TF-IDF ornocuTenbHO TekcTOB Kopiryca.Pacmupenuem cBs3eit
CJIOB 710 TPEX u GoJiee 3JeMeHTOB (¢ IpuBjedeHrneM 6a3bl U3BECTHBIX
CUHTAKCUYECKUX OTHOIICHUI u 6e3 Hed) BBOAUTCS OLEHKA PeJIeBAHT-
HOCTH KODIIyCa €JMHUIlEe 3HAHMUN II0 CTEIeHN OXBATa CJIOB MCXOJIHOM
dpazel HanbOJIEE 3HAYUMBIMUA COBOKYITHOCTSIMU CBSA3€Hl OTHOCHTEIhb-
HO JOKyMeHTOB, B KoTopbix COU® mnpejcrapiensl Hanboiee MOJHO.
[Ipenmoxkeno ncnob30BaHMe JIAHHON OTICHKU JIIs TIeJIeHATTPABIEHHO-
ro orbopa m3 TEKCTOB KOpIryca (hpas3, B3ANMHO SKBUBAJEHTHBIX JTHOO
JOMOJIHAIONINX JIPYT JApyra 1o cMmbicay. s pamkupoBanus dpas
110 OJIM30CTH CMBICJIOBOMY STAJIOHY BBOJATCS TPU AJIbTEPHATHBHBIE
OIEHKM: HA OCHOBE KJACCU(MUKAIIUU CJIOB UCXOIHON (Dpas3bl 1Mo 3HAYTE-
uuio TF-IDF u #a ocHOBE OIEHKH CHJIbI UX CBA3U (C yIETOM MPEJIo-
OB U 010308 U 6e3 uux). [Ipu 93ToM JoCTUraeTcs MUHIMYM JBYKpPaT-
HOE COKDPAIeHNe TEKCTOBOI MH(MOPMAIIH, HEOOXOIUMON I IIpe/I-
CTaBJICHUS BbI/IeJIsIeMOil e uHuIbI 3HaHuil. PaboTa mojiepkana rpam-
Tom POOU Ne16-01-00004.

[1] Emeavsanos I'. M., Muzaiinos /. B., Kosaos A. II. PeseBaHTHOCTH MHO-
KeCTBa TEeMaTHYECKHX TEKCTOB €IMHUIE 3HAHUU " OIIEHKa 6.HI/ISOCTI/I
SI3BIKOBBIX (POPM €6 BhIPpasKEeHMs CMBICJIOBOMY dtasiony // Pacnosnasa-
Hue 06pa30B u aHau3 nzobpazkenuii, 2018 (B neuarn).
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TF-IDF, coupling strength of words and standard
for lingual description of knowledge unit in open tests

Emelyanov Gennady Gennady .Emelyanov@novsu.ru
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Kozlov Aleksandr caleo@yandex.ru

Russia, Veliky Novgorod, Yaroslav-the-Wise Novgorod State University

Development of open form tests requires the accumulating and or-
dering an expert knowledge initially represented by natural-language
texts. The main goal is finding the most rational variant to express
the sense for the set of semantically equivalent forms of its expres-
sion in a given human language. In current paper this problem is
solved in interrelation with the search of initial phrase’s image con-
stituents (IPhICs) in texts of topical corpus. Here a basis for selec-
tion of IPhICs be the estimation of coupling strength of words from
initial phrase jointly occurring in phrases of the analyzed text to-
gether with classifying these words according to TF-IDF metrics in
relation to corpus texts. Herewith the extension of links of words
from bigrams to three and more elements allows to estimate the rel-
evance of text corpus to knowledge unit defined by initial phrase
or their set using the coverage degree of words of initial phrase by
the most significant sets of links concerning the documents which
are the best in reflection of IPhICs. Variants of link revelation with
and without application of a database of known syntactical relations
are considered with regard to this relevance estimation. It was dis-
cussed how to use the offered estimation for the purposeful selection
in corpus texts the phrases mutually equivalent or complementary
in sense. For ranking these phrases according to the affinity to sense
standard three alternative estimations were proposed: basing on clus-
tering of words of initial phrase according to their TF-IDF and on
the base of coupling strength of these words Herewith at least a two-
fold reduction in the textual information necessary to represent the
extracted knowledge unit is achieved. This research is funded by

RFBR, grant 16-01-00004.

[1] Emelyanov G., Mikhaylov D., Kozlov A. 2018 (in press). Relevance
of textual set to knowledge unit and estimation of affinity to sense
standard for its linguistic expressional means. Pattern Recognition and
Image Analysis: Advances in Mathematical Theory and Applications.
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TemaTtnyeckuin NHPOPMALUNOHHBI NOUCK
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TemaTuueckoe MoJIeTMPOBAHNE TIO3BOJISIET IIPEJICTABIATH TEKCTHI
€CTEeCTBEHHOIO sI3bIKa, HEOTPHUIATE/IbHBIMI PA3PEKEHHBIMHI BEKTOPAa~
MU HU3KOW pa3MepHOCTHA U UCKATH JOKYMEHTBI, OJIM3KHE [0 CMBICITY
K TEKCTy 3arpoca. B oriimdne or 0OBIYHOTO MOUCKA, 3alIPOCHl MOTYT
OBITH ITPOU3BOJILHON JIJIMHBL.

B nokiazne paccmarpuBaercs cepusi MoJiesieil, B KOTOPBIX KOMOU-
HUPOBaHUe NEePApXUIECKOro pasjesnerus TeM Ha nojgrembl (hARTM),
Pa3peRUBAOININX PEryJIsipU3aTOPOB U MOJIAJILHOCTEl aBTOPOB, KaTe-
ropuit, reros u 6urpamm (ARTM) npeBocxoguT 1o Kpurepusm Tod-
HOCTHU ¥ TIOJTHOTHI IIE€PBBIX k IMO3UIHIT TOMCKOBOW BBIJIAYH HE TOJIb-
ko nosiHoTekcrosble Metonsl (TF-IDF, BM25) n sarentunie Momen
(PLSA, LDA, word2vec), HO u pe3ysbTaThl paboThl aceCCOPOB.

OrneHnuBaHIEe KavecTBa MOUCKa ITPOBOIUIOCH HA KOJLIEKIIUSIX TeX-
HOJTIOTHYIeCKUX HoBocTei habr.com u techcrunch.com ¢ momorbio Kpa-
yacopcunra 1mo 100 monckoBbIM 3aganusaM. Karkmoe 3aganme He3aBu-
CHMO BBIIIOJIHAJIN TPH aceccopa. IIpu sTom aceccopsl TpaTaT Ha Kaxk-
J0e 3ajiaHue B cpejHeM O0Kojio 30 MUHYT, TOrja KaK TeMaTHdeCKuit
[IOUCK BbIIAET 60Jiee KaUeCTBEHHBIN pe3yJibTaT MEeHEee YeM 3a CEKYH/LY.

Pabora nognepxana rpaarom PODOU Ne17-07-01536.
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[1] Ianina A., Golytsin L., Vorontsov K. Multi-objective topic modeling
for exploratory search in tech news // CCIS, vol.789, Springer, 2018.
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Topic-based information retrieval

Anastasia Ianina x yanina@phystech.edu
Konstantin Vorontsov voron@forecsys.ru

Moscow, MIPT Machine Intelligence Laboratory

Topic modeling produces a non-negative low-dimensional sparse
vector representation of texts. Topic-based information retrieval uses
these representations to find semantically similar documents for long
text queries.

We present a bunch of models based on hierarchical topic mod-
eling (hARTM), sparsing regularizers, and additional modalities in-
cluding authors, categories, tags, and bigrams. Combining all these
features together, we obtain a topic-based search engine that outper-
forms not only common full-text search methods (TF-IDF, BM25) or
latent models (PLSA, LDA, word2vec), but also human assessors.

In our experiments we use two tech news collections: habr.com
(in Russian) and techcrunch.com (in English). We evaluate the mod-
els with precision and recall at top-k search result positions. Human
rankings are obtained through crowdsourcing for 100 search tasks,
where each task is independently processed by 3 assessors.

We observe that assessors spend about 30 minutes on each task
on average, while the topic-based search yields better quality results
in a second.

This work was supported by RFBR grant 17-07-01536.
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[1] Ianina A., Golytsin L., Vorontsov K. Multi-objective topic modeling
for exploratory search in tech news // CCIS, vol.789, Springer, 2018.
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Mneprpad)oBbie MHOroMmoganbHbie BEPOATHOCTHbIE
TemMaTuyeckue Moaenn TPaH3aKLUUOHHbIX AaHHbIX
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BeposTHocTHas TeMaTmdaeckast MOJAETb KOJIJIEKIINA TEKCTOBBIX JI0-
KYMEHTOB CTPOUT PACIPE/IEIEHUs CJIOB U JIOKYMEHTOB TI0 KJIACTepaM-
TemaM. TeMaTuueckas MOIEIb JAHHBIX PEKOMEHIATEHHON CHCTEMbI
pacIpeiesisieT MHOXKECTBa I0JIb30BaTesIeil 1 06bEKTOB 110 KJIaCTepaM-
uHTepecaM. B 3Tux 3ajiauax BbIOOPKA JIAHHBIX OIMCHIBAET IIAPHBIE
B3aUMOJIEHCTUST «CJIOBA—IOKYMEHTBI» U «CYyObEeKT-00bEKT» COOTBET-
cTBeHHO. B 0b1em cirydae MOYXKHO TOBOPUTH, 9TO BBIOOPKA COCTOUT
u3 pébep aBymoabHOro rpada. B mamnoit pabore mpejaraeTcs aji-
JINTUBHO peryjisipu3oBaHHas TeMarndeckas Mojeib (ARTM) mis 60-
Jiee OOIIETO CiIydasi, KOIJIa KaxKJoe B3anMmoJieiicTue (TpaH3aKus)
MIPOUCXOUT MEXKJYy TpeMsi Wi 0ojiee OObEeKTaMU Pa3JIMIHBIX MO-
nasbHOCTER. B 9THX cirydasx BEIOOPKaA IPEACTABIIAETCS MHOXKECTBOM
pébep rurneprpada. Perymsipuzosannbiit EM-amropurm TransARTM
JJIsT TAKAX CJIy9IAeB Peain30BaH HAMU B IIPOEKTE C OTKPBITHIM KOJIOM
BigARTM. org. Takue 3a/1a4y BO3HUKAIOT [IPU aHAJIM3E JTAHHBIX COIU-
aJIbHBIX MeJHa, PEKJIAMHBIX U TOPIOBBIX CeTeil, PEKOMEHIATeIbHBIX
cucreM u 6aHKOB. B TekcTax 00beuHeHNe CJIOB IIPEJIOKEHIS B OTHY
TPAH3AKIINIO COOTBETCTBYET JIMHTBUCTUIECKON TUIIOTE3€E, ITO KAXK IO
BBICKA3bIBAHUE €CTECTBEHHOI'O SI3bIKA OTHOCHUTCH TOJIBKO K OIHOMN Te-
Me. B skcnepumenTax Ha MoJeabHBIX JaHHBIX TransARTM okaszai-
cs 6ojiee YCTOMIMBBIM, OBICTPEE CXOJMJICSI U JIEMOHCTPUPOBAJ JIy -
e pe3yJibTaThl HA MAJIbIX BBIOOPKAX 110 CPABHEHUIO C OOBITHBIMU
MyJIBTUMOJAJIBHBIMIA TeMAaTHIeCKUMU Mojiesissmu. Ha peasbHbIX qaH-
HBIX MY3BbIKAJIBHON peromenarenbuoit cucrembl TransARTM moka-
3aJ1 3HAYUTEJHHO JIyUIlne Pe3yJbTaThl, YeM 0a30Bas MOJe/b, OCHO-
BaHHAas Ha PEKOMEHJAINN HAnOOIee MOIMYJIIPHBIX TPEKOB.

[1] 2Kapuxos M. H. MHOroMoma/IbHbIE TEMATHYECKAE MO/ HA TUIIEPIPa~

dax. MOTH, 2018.

[2] Boponuyos K. B. BeposTHOCTHOE TEMATUYIECKOE MOJEINPOBAHUE: 0630D

MoJjiesielt u ajuTuBHasA perynsapusanus. 2018.
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Hypergraph multimodal probabilistic topic modeling
of transaction data
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Probabilistic topic models of text documents infer distributions
of words and documents over topics. Similarly, probabilistic topic
models for recommender systems infer distributions of users and items
over topics. The datasets of these tasks consist of “word-document”
and “user—item” transactions respectively. More formally, in these
and other similar cases the input data can be represented by a set of
edges of a bipartite graph.

In this work we consider a more general case, where a transaction
may be formed by three or more objects of arbitrary modalities. This
corresponds to a set of edges of a hypergraph as the input. We gen-
eralize the framework of additively regularized topic models (ARTM)
for this case and implement a transactional EM-like algorithm, that
we call TransARTM. It is now available in the open source project
BigARTM.org.

Hypergraph topic models can be applied in many domains, in-
cluding social media, advertising networks, recommender systems,
and banking. In texts, considering all words of a phrase as one trans-
action corresponds to a linguistic assumption that the whole phrase
refers only to one topic.

In our experiments on synthetic transactional data, TransARTM
demonstrated greater stability, faster convergence, and better results
for small datasets if compared to conventional multimodal topic mod-
els. On the real data of the music recommender system, TransARTM
showed significantly better results if compared to a baseline that rec-
ommends the most popular tracks.

[1] Zharikov I. Multimodal topic modeling on hypergraphs. MIPT, 2018.
[2] Vorontsov K. Probabilistic topic modeling: the survey of models and
additive regularization. 2018.

International Conference IDP-12. Gaeta, Italy



150 Amnanu3 TeKCTOB U MH(MOPMAIMOHHBIA TOUCK

dopmanusauyns 3agady Noucka CrylieHuin B
pa3pe>keHHbIX DyneBbix MaTpuuax
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B orpomuoMm KonmmiecTBe MPUKIQTHBIX 33/1a9 HHTEJLIEKTYATHHOTO
aHaJIN3a JaHHbBIX, TAKUX KaK UCCJIeT0OBAHNE TeHHOM SKCITPECCUN U TKa-
Hell, TEeKCTOBOI 1 BeO-UHMOOPMAITUN, PHIHOIHBIX KOP3WH, KJIMEHTCKAX
cpesi, BxoaHas nH(MOPMAIHS eCTeCTBEHHBIM 00pa30M IIPEJICTABIISACT-
¢sl B BUJIE JIByMEPHON MATPHUIILI «CyOBEKTHI-00bEKThI» ( «KJINEHTbI-
cepBuChl» ). OCHOBHOII 1eJIbIO B pAMKaX yKa3aHHbBIX 00JacTeil saBjig-
eTcda TaK Ha3bIBaeMasi OMKIACTePU3AINs JAHHBIX, TO €CTh BBIICICHIE
TPYIII B ONPEIETIEHHOM CMBICJIE CXOKUX CTPOK 1 cTosI010B. Hemasrast
YacTh TAKUX 33/la4 XapaKTepPU3yeTcsl CUJIbHOI pa3peKeHHOCTHIO CO-
OTBETCTBYIONMMUX MATpuUIl. BayKHBIM acleKTOM OUKJIACTEPU3AIUN STB-
JISIETCSI TIOUCK B HEKOTOPOM CMBbIC/I€ TIJIOTHBIX TOAMATPHI] B OYyJIEBBIX
MATPUIAX, YTO U sIBJISIETCS OCHOBHOM MEJIbIO JAHHOTO MUCCJIETOBAHUA.
[TonaTust pa3peKeHHOCTH U MJIOTHOCTHU SIBJIAIOTCS TIITOX0 (POPMAJT30-
BAHHBIMH, 9ITO JIeJTAET TeJeCO00Pa3HbIM ITPUMEHEHNEe METO/I0B aIred-
panmvecKoro MoXoa s TMONCKa TaKUX moaMaTpuil. B padore mpei-
JIOZKEHO OIIMCAHUE MPEIMETHON 00JIacTH B paMKax aJiredpamdecKoro
MTOIXO/1a, TPUBEIEHBI CUCTEMbBI YHUBEPCAJIHHBIX U JIOKAJTBHBIX OTPAHU-
qeHuit, chopMyIMPOBAHBI U JOKA3AHLI COOTBETCTBYIONINE KPUTEPUI
Pa3pernmMoCT! pacCMaTpUBAEMbIX 3a/1a4.

Pabora nmojgnepxkana rpantom POOU Ne17-20-02200.

[1] Anewun H. C. O dopmanbHOi OCTAHOBKE 33/1a4 IIOUCKA CTYIIEHUH B
paspexennbrx OyneBbix Marpumax // Mndopmarnka m eé mpumMene-
uus, 2018, Tom 12 Nel, ctp. 40-48 // http://www.ipiran.ru/journal/
issues/2018_12_01/Vol12_Issuel.pdf.
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Formalization of tasks searching dense submatrices in
boolean sparse matrices
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In a significant part of data mining applications such as microbi-
ology, gene expression data, text and web information, market bas-
kets, customer enviroments, input information is represented as a
two-dimensional matrix jjsubjects-objects;; (jjclients-servicesj;). A
great quantity of such problems is characterized by strong sparse
data. Therefore, the important part of such problems is the so-called
biclustering of data, based on the selection of homogeneous groups
of rows and columns. In this paper we consider the boolean sparse
matrices. The main goal of our research is to search in some sense
dense submatrices within the theory framework of the algebraic ap-
proach. The concepts of sparsity and density are poorly formalized,
which makes expedient to use methods of the algebraic approach
for the search such submatrices. In this paper subject area is de-
scribed, the systems of universal and local constraints are proposed,
the corresponding criteria for the solvability of the problems under
consideration are formulated and proved.

This research is funded by RFBR, grant 17-20-02200.

[1] Aleshin Ilya On the formalization of tasks searching dense submatri-

ces in boolean sparse matrices // Informatics and applications, 2018

volume 12 issue 1.
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Mogenb knaccudmkauum Ha OCHOBE CpeaHei
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IIpemmaraercs TeopeTHKO-MHMOPMAIIMOHHAS MOIEIb KJIACCU(U-
KaIliU JIAHHBIX HA OCHOBE CXEMbI KOJMPOBAHUs COOOIIEHUI ¢ 3a/1aH-
HOIl TOYHOCTBIO, IEPEJAHHBIX 110 KaHay ¢ mrymoMm. Ilycre Q¢ =
= {w1,...,we}, ¢ = 2 — MHOXKeCTBO KJaccoB (asidasur coobuieHnii )
¢ anpuopubiMu BepogTHocTsMu P(w;) > 0, ¢ = 1,...,¢ u X — mHo-
JKeCTBO OOBEKTOB HA BBIXOJE KaHaja HAOJIOJICHWS C YCJOBHBIMU TI0
KJIaccaM IJIOTHOCTAME pacupenenenus {p(x|w;),i =1,...,¢c}, x € X.
MmuozkecTBo pertennii 2 = ¢ o obbekTam u3 X (opmMupyercss Ha
BBIXOJIE TECT-KaHAJA, 3aJAHHOIO YCJIOBHBIMU BEPOSITHOCTSIMU DeEIIie-
mit Q = {Q(wj|x)},j = 1,...,¢}, w; € Q, mo obvekry x € X.
Tpoiika Q2°, X, €2, mopoxaeT MOJeIb KIacCupuKanm

Q° = [ {pxlw)i=1,...,c}|= X =[{Qw;[x),j =1,....c}| = @

B KOTODOIl cpennss s3aumuas undopmarms Iq(X;€2) > 0 u sepo-
araocts ommbru Eq(X,Q) > 0 zasucar or tecr-kanana Q. s
MIPUHATON MOJIETN BBOJUTCS yCAOBHBIA MHUHUMYM
R(e) = min Iq(X; )
Q:Eq(X,Q)<e

mo Q, KOTOPBIH JaeT HANMEHBIIYIO BEPOATHOCTL omubKu £ > 0 mpu
dbuKcupoBaHHONl cpegHeill B3anMHONW WHMOPMAINN, OIpe/Ie/IArorIeit
BBIYHUCIUTEILHYIO CJIOYKHOCTD IOMCKA, PeIleHHs.

TMosyuena unxKHsist rpanuna Ry (e) < R(e) B ¢dbopme MOHOTOHHO
yObIBatoIeil OyHKITII

RL(E) = I(X, QC)_h(E_emin )_(E_Emin ) 111(6—1), Emin < 3 < Emax

e Emin > 0, Rr(émax) = 0 m h(z) = —zlnz — (1 —
— 2)In(1 — 2z). Hanbosbinee sHauenwe Rp(emim) = (X, 02°) go-
cruraercss Ha OaitecosckoM TecT-Kamane Q. . = {P(w;lx) =

= P(wj)p(x|wj)/Z§:1 P(wj)p(x|w;),j=1,...,c}.

Me>xgynapoanast kougepennust MOWU-12. Uramnus, r. Tasra
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A data classification model based on the average
mutual information

Mikhail Lange*x lange mm@ccas.ru
Andrey Lange lange_am@mail.ru

'Moscow, FRC CSC RAS

Using the known source coding model with a given fidelity for the
symbols transmitted by a noisy channel, an information theoretical
classification model is suggested. Let Q¢ = {w1,...,w.}, ¢ = 2, be
a set of classes (source alphabet) of prior probabilities P(w;) > 0,
i=1,...,cand X be a set of the channel outputs (objects) with the
class-conditional probability densities {p(x|w;),7 =1,...,¢c}, x € X.
A set of decisions 2 = ¢ on the objects from X is made at an output
of a test-channel Q = {Q(w;|x)},j =1,...,c}, w; € Q, that is given
by the probabilities of the class estimations on the object. The triple
Q°, X, Q, together with the above distributions and densities produce
the classification model

QC:’{p(x|wi),i:1,...70}‘:>X:>’{Q(wj|x),j:1,...,c}‘z>ﬂ

in which the average mutual information Iq(X;€2) > 0 and the error
rate Eq (X, 2) > 0 are the functionals of the test-channel Q. There
is known the rate-distortion function as follows

R(e) = min Io(X;Q),
() Qo <. Q(X;Q2)
where the minimum is taken over Q satisfying the error rate limita-
tion by a given € > 0. This function yields the minimal error rate
subject to a fixed value of the average mutual information.

It has been obtained the lower bound Rp(¢) < R(e) as the de-
creasing function

RL(E) = I(X, ﬂc)_h(g_gmin )_(E_Emin)ln(c_l)a Emin < 9 < Emax;

where emin > 0, Rr(emax) =0 and h(z) = —zInz — (1 — 2) In(1 — 2).
The largest value Ry, (emin) = I(X, Q) is provided by the Bayes test-
channel Q. = {P(wjlx) = P(w;)p(x|w;)/ 3251 Plw;)p(x|w;),j =
=1,...,c}

International Conference IDP-12. Gaeta, Italy



154 Amnanu3 TeKCTOB U MHMOPMAIMOHHBIH ITOUCK

Tloryaeno obobIeHNE JI1T MOJEIN KJAACCU(MUKAIIIN C OTIHeil OT-
Ka3a, B KOTOPO#l MHOXKecTBO KjiaccoB QT = Q°Uwy, ¢ > 1, ¢
HEH3BECTHBIME AIIPUOPHBIME BeposiTHocTsiME 6 = Y 7| Plw;) u 1 —
— 6 = P(wp) BrJIOUAET KJIacc wy ¢ ¢ s peayusanuu orkasa. [pu
0 — 1, aust MozesH ¢ OTKa30M moctpoena dynkums R(eg) = OR()
oT BeposgTHOCTH OmbKY £9 = 0% +20(1 — ) > ¢ u Haiijena ee HUXK-
Hesl TPaHUIA RL(FJ@) = OR(¢) B AuanasoHe €9 min < €9 < €0 max-
B ciayuae § < 1 yMeHbIeHIe BEPOSTHOCTH OMIHOKH MOYKET ObITH J10-
crurHyTO Ha amcambie ncrounmkos XM = (Xi,...,Xjs) pasmepa
M > 2, nna xoroporo I(XM:0¢) > I[(X,,;Q°), m=1,..., M.

PaccmorpeHnbl JiBe cXeMbl KOMILJIEKCUDOBAHUS JIAHHBIX UCTOIHU-
KOB: Ha OCHOBE T'0JIOCOBaHMs pemeHuil 1o ucrounukam (Weighted
Majority Vote) u Ha ocHOBe 06OOLIEHHOI MepblI pa3andus 00'bEKTOB
na ancambusie (General Dissimilarity Measure). Huzke jansl sxcnepu-
MEHTaJIbHbIE OIEHKU BEPOSITHOCTEH ONMMOKM PACIIO3HABAHMS JIHI] 110
JIEKOPPEJIMPOBAHHLIM KOMITOHEHTaM X1, Xo, X3, RGB nsobpazkennii
u 1o ancambimio (Xi, Xo, X3) ¢ HCHOIB30BAHUEM CX€M KOMILIEKCUPO-
Banusg WMV u GDM. Orenku norydaenst st NN u SVM knaccudu-
KaTOpOB THIla "Kiacc nporus Beex'"6e3 orkaza (f = 1) u ¢ orkazom
(f = 0.5). DKcrepuMeHTAIbHBIE PE3YIBTATHI MOITBEPIKIAIOT OBBI-
[IEHNE BEPOSITHOCTHU OIIMOKU JIJIsT MOJEJIM C OTKA30M 10 CPABHEHUIO C
MOJIeNIbIo Oe3 oTKaza. Bo Bcex ciiydasix IpUBEIEHHbBIE OIEHKN JeMOH-
CTPUPYIOT YMEHBIIIEHNEe BEPOATHOCTH OIMMUOKU Ha AHCAMOJIe UCTOIHU-
KOB 1 mpenmyTtiectBo cxembl GDM 1o cpaBrenuio co cxemoit WMV.
IMosnnast Bepcust paboThI NpejcTaBieHa B [1].

0 X1 Xy X3 WMV GDM

NN 1 | 0,0042 | 0,0010 | 0,0016 | 0,00004 | 0,00002
SVM | 1 | 0,0024 | 0,0027 | 0,0025 | 0,00020 | 0,00001
NN 0.5 | 0,0055 | 0,0145 | 0,0295 | 0,0035 | 0,0030
SVM | 0.5 | 0,0190 | 0,0500 | 0,0540 | 0,0080 | 0,0025

Pabora mognepxana POOU, mpoexr 18-07-01231.

[1] JIanee M.M., Jlanee A.M. O TteopeTuko-uHMOPMAIMOHHON MOJIEIN
knaccudukanyu JaHabx // MammbaHoe o0ydYeHne W aHa/Iu3 JIaHHBIX,

2018.
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For the model with a reject option, a generalization is developed.
Such model contains a set of the classes Q7! = Q°Uwy, ¢ > 1
of unknown prior probabilities § = >"7 | P(w;) and 1 — 0 = P(wyp),
where the zeroth class wo ¢ ¢ is used for making a reject decision.
For § — 1, the similar rate-distortion function R(gg) = OR(e) of
the error rate g9 = 0% + 20(1 — ) > ¢ has been constructed and
its lower bound Ry (gg) = ORy () has been found in the segment
Comin < €9 < €max. For 0 < 1 the error rate can be decreased in
an ensemble of the data sources XM = (Xy,...,Xy) of size M > 2
subject to the condition I(XM;Q°) > I(X,,;Q°), m=1,..., M.

Two fusion schemes are investigated, namely the known WMV
scheme by weighted majority voting the individual source decisions
and by the original GDM scheme, which decision rule uses a general
dissimilarity measure in the ensemble of the sources. The experimen-
tal face recognition error rates are shown for the decorrelated com-
ponents X, X5, X3 of RGB images and for the ensemble (X;, Xo,
X3) using WMV and GDM fusion schemes. The results have been
obtained by the multiclass NN and SVM classifiers of type ”class-
vs-all”without reject (# = 1) and with the reject option (6 = 0.5).
The experimental results support the higher error rates for the clas-
sifiers with reject as against the classifiers without reject. In all of
the cases, the ensemble yields the less error rates in comparison with
the individual sources. Also, GDM scheme demonstrates some ad-
vantage with respect to WMV scheme. The full version of the paper
is prepared in [1].

X1 X X3 WMV GDM

NN 1 | 0,0042 | 0,0010 | 0,0016 | 0,00004 | 0,00002
SVM | 1 | 0,0024 | 0,0027 | 0,0025 | 0,00020 | 0,00001
NN 0.5 | 0,0055 | 0,0145 | 0,0295 | 0,0035 | 0,0030
SVM | 0.5 | 0,0190 | 0,0500 | 0,0540 | 0,0080 | 0,0025

The research is supported by RFBR project 18-07-01231.

[1] Lange M., Lange A. On Information Theoretical Model for Data Clas-
sification // Journal of Machine Learning and Data Analysis, 2018.
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MeToabl n3y4yeHus loKanbHbIX CBOWCTB
(bYyHKLMOHANLHOW CTPYKTYPbl 4YesloBe4ecKoro tesna

Yemurnun Muzaua Huxonaesun'x u_m_n@mail.ru
Pwryrose Cmarnucaas ,ZI./\/tumpueeuu1 stanislavrykunov@gmail.com
Purynosa Eaena Jmumpuesna alenarykunova@gmail.com
Botixo Anna Heanoena' a.boyko@list.ru

Mymao, UMIIB PAH - dwmman UTIM uv. M.B. Kenaprma PAH
DOI: 10.30826/IDP201871

CoziaH MeTOJ] BUPTYAJIbHBIX 3JIEKTPOJIOB JIJIsl U3y YeHUSs JJIEKTPU-
YeCKOM aKTUBHOCTHU I'OJIOBHOI'O MO3Tra 4eJjIoBeKa C ITOMOIIBIO HEMHBA-
3UBHBIX BHENTHUX M3MEPEHUil MarmuTHOro mnoJs. [lo mammbiM mar-
HuUTHON SHIEehaorpadun crpontcs GpyHKIIMOHATbHAS TOMOIDAMMA,
KOTOpas 0oToOparkaeT Ha ITPOCTPAHCTBO TOJIOBBI MHMOPMAIUIO, CO-
JIepKAIIyOCsi B MHOIOMEDHBIX BPEMEHHBIX PsijlaX. DTO JIOCTUTAeT-
csl perieHueM OOpATHOM 3aJatu I BCEX IJEMEHTAPHDBIX OCITHJIIS-
Ui, BBIJEISEMbBIX C IOMOIIbI0 TpeobpaszoBanus Pypre. Kax1oit ga-
CTOTE OCITUJIISITINA COOTBETCTBYET y3€Jl TPEXMEPHOU CETKH, B KOTO-
POM pactoaraeTcsa UCTOIHUK. [lob3oBaTeb 3a/1aeT MECTOIIOTOXKE-
Hre, pa3zmep u (Gpopmy 00aCTH MO3Ta JJIs JIETAJTHHOTO U3y ICHUsT Ta-
CTOTHOU CTPYKTYPBI (DYHKITHOHAIHHON TOMOTPAMMBI — BUPTYaJIbHBIH
31ekTposi. COBOKYITHOCTD OCIUJIJISINI, TONABIINX B 3aJaHHYI0 00-
JIACTB, TPEJICTABJIsIeT cOOOM HMapIUAIbHBIN CIEKTD JTaHHONW 00JIaCTH.
C MOMOIIBIO 9TOTO CHEKTPa MOYKHO BOCCTAHOBUTH BPEMEHHBIE PSIThHI
sHIIedaTOrPAMMBI, U3MEPEHHON BUPTYAJbHBIM 3JIEKTPOIOM. AHajau3
KOPPEJIAINii MeXKTy BPEMEHHBIMU PsI/IAMU, PACCIUTAHHBIMU JIJIsT pa3-
HBIX TOYEK MO3Ta, MO3BOJUT M3yYaTh €r0 KOHHEKTUBHOCTHL. Takike
MOYKHO OIEHHUTDH IIPEUMYIIECTBEHHOE HAIIPABJIEHIE UCTOYHUKOB, PAC-
MTOJIOYKEHHBIX B 00beME BUPTYAJBHOTO IJIEKTPOIA.

WccnenoBanme BBITOTHEHO 38 ¢1IeT TpanTa Poccuiickoro HayvIHoro
dbonza (npoext Ne 18-11-00178).

[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. // Frontiers in Neuroscience, 2015 9,
373. http://doi.org/10.3389/fnins.2015.00373

Me>xaynapoanas kougepennust MOWU-12. Uramnus, r. Tasra
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Methods to study local properties of the human body
functional structure

Ustinin Mikhail'« um n@mail.ru
Rykunov Stanislav' stanislavrykunov@gmail.com
Rykunova Elena' alenarykunova@gmail.com
Boyko Anna' a.boyko@list.ru

'Pushchino, IMPB RAS - Branch of KIAM RAS

The method of virtual electrodes for studying electrical activity
of the human brain using non-invasive external measurements of the
magnetic field was developed. From the magnetic encephalography
data, a functional tomogram is calculated, projecting onto the head
space the information contained in multichannel time series. This is
achieved by solving the inverse problem for all the elementary oscilla-
tions that are separated by the Fourier transform. For each oscillation
frequency the node of a three-dimensional grid is found, where the
source is located. User specifies the location, size and shape of the
brain region for a detailed study of the frequency structure of the
functional tomogram - a virtual electrode. Set of oscillations that fall
in the given region is the partial spectrum of the given region. Us-
ing this spectrum, it is possible to reconstruct the time series of the
encephalogram measured by the virtual electrode. Analysis of corre-
lations between time series calculated for different points of the brain
will make it possible to study its connectivity. Also it is possible to
estimate the dominant direction of the sources inside the volume of
the virtual electrode.

The research was supported by the Russian Science Foundation
(grant 18-11-00178).

[1] Llinds R. R., Ustinin M. N., Rykunov S. D., Boyko A. 1., Sychev V. V.,
Walton K. D., Rabello G. M., Garcia J. Reconstruction of human brain
spontaneous activity based on frequency-pattern analysis of magne-
toencephalography data. // Frontiers in Neuroscience, 2015 9, 373.
http://doi.org/10.3389/fnins.2015.00373
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NccnepoBaHue npobiembl MHOXECTBEHHOIO
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3/IeKTPUYECKOA aKTUBHOCTU MO3ra U MblLL,
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Moposzos Aaexceti Anerxcarndposuy' morozov@cplire.ru
Tabosa Aanexcandpa Bacuavesna®
Kapabanos Aaexceti Bauecaasosuy® doctor.karabanov@mail.ru
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Pazpaboran mHOBBIIT MeTOs aHan3a BCILIECKOOOPA3HON 3IJIEK-
TPUYECKO aKTUBHOCTU MO3r'a W MBIIIIl, OCHOBAHHbBIN Ha BeiBJIET-
anasuze 1 ROC-anau3e, KOTOPBI TO3BOJISIET BBISIBJISTH YaCTOTHO-
BPEMEHHBbIE OCOOEHHOCTU CUIHAJIOB djieKTpodunedatorpamm (IT),
sekrpomuorpamM (OMI') u akcenepomerpa (AKC) mnammenTtoB ¢
6osiesnbio [lapkuncona (BID). Muaes meroma 3akiodaercs B IIOHUC-
Ke JIOKaJIbHBIX MaKCHUMYMOB Ha BeﬁBﬂeT—CHeKTpOFpaNIMe 1 BBbIYUC-
JIEBHUU PA3JIUYIHBIX XapPaKTEPUCTHUK, OMUCHIBAKOIINX ITU MAKCHMYMbI
(Berteckn). Merog niperycMarpusaet 1epebop GOJIbIIOro KOJIMIecTBa
JMANA30HOB BBIOPAHHBIX XAaPAKTEPUCTUK, [TOITOMY IPU CTATUCTIIE-
CKOM OIIEHUBAHUU PA3IMIHBIX THUIIOTE3 BOSHUKAET IIPODJEMa MHOXKE-
CTBEHHOrO cpaBHeHUs. HeobxoumMo HANTH KOMIPOMECC MEXK/1y CTe-
[IEHBIO JIETAJIM3AINH U3YyIaeMbIX XapaKTePUCTUK U BEJIUYUHON I10-
npaBku Boudepponu. B nokiraje paccka3biBaeTcsi O IpUMEHEHUN CTa-
TUCTUIECKOTO OIEHUBAHUS CTATUCTUYIECKUX TMIIOTE3 HA JTAHHBIX IT1a-
[IMEHTOB C PAHHUM APKAHCOHI3MOM.

Pabora BoImosTHEHA 38 CIET CPEJCTB TOCYTAPCTBEHHOTO 33/ IaHUsT
Ne0030-2015-0189, ctunennu [pesugenta PO MooapiM yaéHbiM 1
acrmmpanTam Ne CI1-5247.2018.4 u noauepzkana Poccuiickoii akagemu-
eil Hayxk.

[1] Cywrosa O. C., Moposos A. A., Tabosa A. B, Kapabanos A. B. Ilpume-
HEHUEe MeTo/a aHaJl3a BCIJIECKOOOPA3HON 3JIEKTPUIECKON aKTHUBHO-
CTHU MO3Ta JJid BBIABJICHUA OCO6€HHOCTeﬁ 991_‘ IIaIlUeHTOB Ha paHHeﬁ
craaun 6onesnn [lapkuucona // ZKypHays HEBPOJIOIMU W NICUXUATPUN
nMm. C.C. Kopcakosa. — 2018. — T.118, Ne 7. — C.45-48. — DOLIL:
10.17116/jnevro20181187145.
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the wave train electrical activity analysis of the brain
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We have developed a new method for analyzing wave train electri-
cal activity of the brain and muscles based on wavelet analysis and
ROC analysis that enables to study the time-frequency features of
electroencephalograms (EEG), electromyograms (EMG), and accel-
eration (ACC) signals in patients with Parkinson’s disease (PD). The
idea of the method is to find local maxima in the wavelet spectro-
gram and to calculate various characteristics describing these max-
ima (named wave trains). The method involves a search of a large
number of ranges of selected characteristics; therefore a problem of
multiple comparison appears during statistical estimation of different
hypotheses. It is necessary to find a compromise between the degree
of detail of the investigated characteristics and the magnitude of the

Bonferroni correction. The report describes the use of statistical es-

timation of statistical hypotheses on the data of patients with early

Parkinson’s disease.

This research is funded by the Ministry of Science and Higher
Education of Russian Federation, project No. 0030-2015-0189; the
Scholarship of the President of the Russian Federation to Young Sci-
entists and Post-graduate Students, grant No. CTI-5247.2018.4; and
Russian Academy of Sciences.

[1] Sushkova O.S., Morozov A. A., Gabova A.V, Karabanov A. V. Appli-
cation of brain electrical activity burst analysis method for detection of
EEG characteristics in the early stage of Parkinson’s disease // Zhur-
nal nevrologii i psikhiatrii imeni S.S. Korsakova. — 2018. — V. 118,
No. 7. — P.45-48. — DOI: 10.17116/jnevro20181187145.
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OCHOBaHHaFl Ha TeCTOBbIX MeTOAaX pacno3HaBaHuA
00pa30B npuknagHasa uHTennekTyanbHasi cucrtema
onpegeneHna CoOCtoAaHns np06y>Kp,eH|/|9| nauneHTa BO
BpemMsi obuien aHecTe3umn

Anxoscran Anna Epumosna 2
3,4

* ayyankov@gmail .com
ITexxep fxoe Cemernosun pekker@ssmu.ru
Bpasosckuli Koncmanmun Cmanucaasosuy 34 pks_20056mail.ru
'Poccus, Tomckx, TTACY

2Poceus, Tomck, HA TI'Y

3Poccus, Tomck, Cu6I'MY

4Pocensi, Tomek, HI TITY

DOTI: 10.30826/IDP201873

[IpobyxkieHne manuenTa BO BpeMs OOIIeil aHECTE3UN sBJISIETCS Cce-
pbe3HOi KiimHnIeckoit mpobsiemoii. [IpakTuka, HanpaBieHHas Ha CHU-
JKEHHUE PUCKA TMPOOYKJICHU, 3aK/TI0YAETCS B HEIIPEPBIBHOM BHYTPHO-
repanuoHHoM HefipomonuTopuare. K coxkajennio, B HEKOTOPBIX CJIy-

JasgxX MpUMeHseMble MeTOJbI 00pabOTKHU dJIeKTPodHIIedaTIOrpaMM He

MOTYT IpeJICKa3aTh HACTYIIEHUE TPOOYKJICHUST U HAJIEXKHO €ro jie-

TeKTHPOBaTh. IIperaraercs MoIxo1 K OIPE/IeICHIIO COCTOSTHUST IIPO-

Oy2K/eHusi BO BpeMsl HAPKO3a, OCHOBAHHBIN HA TECTOBBIX METOIAX

pacro3HaBaHus 00pa30B U PEAJMIOBAHHBINA B IPUKJIATHON NHTEJJIEK-

TYaJIbHOI CHUCTEME OIPEJIEJIeHIs COCTOSHIA TPOOYKICHNUS AIEeHTa

(1C OCIIII) Bo Bpems obmeit anecresun. VIC OCIIII korcTpynUpyer-

¢ Ha 0a3e MHTEJNIEKTYaJIbHOIO HHCTPYMEHTaJIbHOro cpejictBa MIMC-

JIOT', ocHOBaHHOM Ha MATPUYHOM IIPE/ICTABICHUN JTAHHBIX U 3HAHUI

U [IPEIHA3HAYEHHOM JIJIsi BBISIBJICHUs] 3aKOHOMEPHOCTEH M MPUHATUS

JUATHOCTUYECKUX, OPIaHU3AIINOHHO-YIIPABIEHIECKIX U KJIaCCUPUKa-

IMMOHHBIX peIIIeHI/II‘/.I7 a TaKXKe O6OCHOBaHI/IH IIPpUHUMaEeMbIX peIIIeHI/Iﬁ

C WCIIOJIb30BAHUEM CPEJICTB KOTHUTHUBHOI rpaduku. IIpemiokeHnbii

[I0/IX0JI CUTHAJU3UPYET C BBICOKOH CTENEHBIO UyBCTBUTEJbHOCTH U

CIENUUIHOCTH O BO3MOKHOM MPOOYIKICHUN TaleHTa. Pabora BbI-

rnostHeHa 1pu nomeprkke rpanra PODU Ne 16-07-00859.

[1] “Anwoscran A. E., Ilexkep 4. C., Bpasoscrud K. C. OcnoBanHas Ha Te-
CTOBBIX METO/IaX PaCIIO3HaABaHU A 06pa30B IIpUKJIaJHad NHTEJIJIEKTYaJIb-
Had cucTeMa OIIpeae/IeHUA COCTOAHUA HpO6y)K,ZLeHI/I$I IIalImyeHTa BO Bpe-
Mst obuieit anecresuu // Mamuunoe obydenue u anains JaHHbix, 2018
(B meuarn).
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Awareness during general anesthesia, when a patient undergoes
surgery, is quite a serious clinical problem. Frequently, complications
manifest itself as a severe pain and post-traumatic stress disorder.
Common practice to reduce the risk of developing such a condition is
to monitor electrical activity of the patient’s brain. Unfortunately, in
some cases conventional methods to process electroencephalography
(EEG) data fail to predict the upcoming state of awareness and can
not indicate the awareness when it appears. A new approach to de-
tect state of awareness based on test methods of pattern recognition
is proposed and realized as an Intelligent Awareness State Detection
System (IA SDS) intended to use during general anesthesia. The TA
SDS is constructed over IMSLOG, an intelligent software tool real-
izing a matrix model to represent both data and knowledge. This
software allows data mining and exploring variety of interconnec-
tions as well as making diagnostics, management and classification
decisions. The software is also capable to substantiate the decisions
using cognitive graphics.

The proposed approach can be used to detect the awareness state
with both high sensitivity and specificity.

The research is supported by RFBR grant # 16-07-00859.

[1] Yankovskaya A.E., Pekker J.S., BrazovskiiK.S. Intelligent system
based on test methods of pattern recognition to detect awareness state
during general anesthesia // Machine Learning and Data Analysis, 2018
(in press).
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IIpumenenre KOHBEPIEHITNN HECKOJIBKIX HAYK U HAYIHBIX HAIPAB-
JIGHUI TIpY PeIeHn’ 33/ WHTEJJIEKTYAJIbHOIO aHajIn3a JIaHHBIX W
3HAHWI He BbI3bIBAET COMHEHUil. J[ONMOJIHUTETbHO K IIPUMEHSIEMbIM
MEeTOJ[aM B KOHBEPI'CHIINIO BKJIIOYUEH METO/T MAIIMMHHOTO 00y 9eHUs, OC-
HOBaHHbII Ha HefpoceTeBOM momxoje. g nHTeIeKTyasbHOrO aHa-
JI3a IMHAMAYECKUX JAHHBIX IPUMEHSIIOT IVIyOOKIe HEffPOHHbBIE CETH.
[Tpobsiemoit obydeHnsT TaKUX ceTeil sABJsIeTCs 3aTyXaHue JIOKAJIbHO-
ro rpajiierTa. JacTudHO perraeT JaHHYK ITPoOJIeMy UCIOJIb30BaHUe
ajropurma Resilient propagation. Ilpu obyuenun cereit ajaropurm
Resilient propagation ucmosb3yer KOppEKIUio Beca, OCHOBAHHYIO Ha
JUHAMUKE 3HAKA [IPOM3BOJHBIX K COBMECTHO IIPUMEHSIEMBIM BecaM t
pa3, e t — 9TO KOJIMYIeCcTBO pa3BepThiBaHuit Heitpoceru. Ilpum sTom
HabJII0IAeTCsI 3aBUCUMOCTDh KOPPEKIMHI BeCa OT BPEMEHHOI'O HHTEPBa-
Jla, Ha KOTOPOM TIOJTy YeHbl UCXOJ/IHBIE JaHHble. B Moaudukanmm aaro-
puTMa 00yUeHUs IPUMEHSIETCsI KOPPEKITUS BeCa B 3aBUCUMOCTH OT [~
HaMUKHU 3HAKA CYMMBI IPOM3BOIHBIX 11EJI€BOI (DYHKITIH 110 COBMECTHO
HCIIOJIb3YEMOMY BECOBOMY KO DUIMEHTY, T.e KOPPEKIINs IIPUMEeHs-
eTCsl OJIUH pa3, ITO MO3BOJISIET UCKJIIYUTH IIPOOJIEMY 3aBUCUMOCTH OT
JJTMHBI PACCMATPUBAEMOIO BPEMEHHOI'O MHTEPBaJjia U IPEe3MEPHO Bbi-
COKOII KOppeKInuu Beca. PaHee peam30BaHHBIE METOIBI JIEXKAT B OC-
HOBE MHTEJLUIEKTYaJbHOIO WHCTpYyMeHTa bHoro cpegcrea UMCJIOT.
B nmanbmeiiinem OyieT oCyIIecTBIEH aHAIN3 PE3YIBTATOB UCCIIEI0BA-
HUS C IPUMEHEHNEM IIPEe/[JIAraeMoil KOHBEPIeHIIUN MeTO0B C YIETOM
ux BecoBbIx KoabdunuenTos. [1].

Pabora nognepxkana rparrom PODU Ne16-07-00859 u I'3 «Hay-
kay» Ne Ne 17.8205.2017
[1] SHmxoscran A. E., Iepezem O. M. KoHBepreHuusi HECKOJBKHX MeTOJOB

JIJIS MHTEJIEKTYAIbHOTO aHAIN3a JAHHbIX 1 3Haanil // Mammurnoe o6y-

JeHue U aHanu3 gaHHbx, 2018 (B neuarn).
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Convergence of several methods for intelligent
analysis of data and knowledge
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Application of convergence of several sciences and scientific di-
rections in solving problems of data mining and knowledge is be-
yond doubt. In addition to the methods used earlier this publication
uses convergence with machine learning method based on the neural
network approach. Deep neural networks are now being used very
successfully for analysis dynamic data. However, the well-known
problem of learning networks is the attenuation of the local gradi-
ent. The Resilient propagation algorithm partly solve this problem.
When learning deep neural networks, the Resilient propagation al-
gorithm uses a weight correction based on the dynamics of the sign
of the derivatives to the jointly used weights t - times, if t is the
number of neural network deployments. In this case, it is the ob-
served dependence of the weight correction on the time interval. The
proposed modification of the learning algorithm uses weight correc-
tion depending on the sign dynamics of the sum of derivatives of the
goal function by the jointly used weight coefficient. Thus, the cor-
rection is applied once to use in combination with weight coefficient,
that solves the problem of dependence the function on the length of
the time interval and excessively high weight correction. Previously
implemented methods are the basis of the intelligent integration soft-
ware IMSLOG. In the future, it is proposed to analyze the results
of the research with making use of the convergence of methods with
account to weight coefficients [1].

This research is funded by RFBR, grant # 16-07-00859 and State
Assignment “Science” No. # 17.8205.2017.

[1] Yankovskaya A. E., Gerget O. M. Convergence of several methods for
intelligent analysis of data and knowledge // Machine learning Data

Analysis, 2018 (in press).
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B mocneanee Bpemst mosiBUIach TEHJIEHIINS TPUMEHEHUST UHTEP-
deiica MO3r-KOMIIBIOTED JJIsi OOHAPYKEHUsT Pa3HOOOPA3HBIX IEJIEBBIX
00BbEKTOB Ha N300paKeHWsX. B YaCcTHOCTH, HECKOJIBKO JIET HA3a]l
HAIIIMU KoJiIeraMu u3 BeankoOpuTannm ObLIa MpeToXKeHa TeXHO-
JIOTHsT OOHAPYZKEHUST OTKJIOHEHHWI Ha MaMMOTPaMMaX, OCHOBAHHAST
Ha aHaJM3e MO3TOBONW aKTUBHOCTHU KCIIEPTa B IPOIECCE TTPOCMOTPA
OBICTPO MPEIbIBJISIEMBIX €My H300parKeHuil MaMMorpaMM. Bbicokast
MPOIYCKHAs CIIOCOOHOCTH JIAHHOIO IOJX0/1a 00YCJIOB/IEHA OBICTPOTOM
paboOThI IETOBEIECKOTO MO3Ta, CIIOCOOHOTO 3a JOJN CEKYHIbI Y3HATH
38J1aHHBIIA OO'bEKT.

B nammoit paboTe MbI yCOBEPIIIEHCTBYEM YKA3AHHYIO TEXHOJIOTHIO
3a CYeT, BO-IIEPBBIX, IPUMEHEHNS CIICIIUAJILHON IpeIBapuTeIbHO 06-
pabOTKU CUTHAJIOB MO3TOBOM aKTUBHOCTHU, IMOCTYHAONUX ¢ 66 3J1eK-
TPOJIOB, 3aKPEIJICHHBIX HA TOJIOBE UCIBITYEMBIX B IIPOIECCE TTPOCMOT-
pa nMu n300parkeHnii MaMMOTpaMM U, BO-BTOPBIX, IPUMEHEHUST Me-
TO/1a, OTIOPHBIX BEKTOPOB C JIBYMsI BUJIAMU PETY/ISIPU3AINN, YINTHIBA~
IOIMUMHU OCOOEHHOCTH PACCMaTPUBAEMOIT 38/1a4H, ITO TIO3BOJISET OIILY-
THUMO MOBBICUTH KQ4eCTBO ODHAPYZKEHUsI MAMMOIPAMM C OTKJIOHEHU-
M.

Pabora Bermosnena mpu nmommepkke POOU, rpant Ne 18-07-01087.
[1] Sulimova V. V.,  Krasotkina O. V.,  Buchonov S.A., Mottl V. V.,

Windridge D. Regularized SVMs for classification of image evoked

EEG potentials captured from an observer.
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Last few years a trend of using brain-computer interfaces (BCIs)
for identifying targets within different image types has emerged. Par-
ticularly, some years ago our collegues from Grait Britain first pro-
posed to use BCI as a novel high throughput screening technology
for mammography. This technology is based on rapid serial visual
presentation of mammograms images to experts end recgnition of its
brain activity that corresponds to seenig mammograms with abnor-
malities. High performance is provided by the advanced computing
power of the human visual system, which has been found to be able
to identify and classify the image content as target or non-target with
a frequency of more than 10 Hz.

In this paper, we improve this technology by, firstly, applying
special pre-processing of brain activity signals coming from 66 elec-
trodes fixed on the head of the test persons while they are viewing
mammogram images and, secondly, by applying the support vector
machines method with two kinds regularization, taking into account
the peculiarities of the considered problem, which makes it possible
to significantly improve the quality of detection of abnormal mam-
mograims.

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

[1] Sulimova V. V., Krasotkina O. V., Buchonov S. A., Mottl V. V., Win-
dridge D. Regularized SVMs for classification of image evoked EEG
potentials captured from an observer.
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B nmammoit pabore mpoBeeH aHaIn3 pacupeaeeHnss TOPCHOHHBIX
yriIoB §) MEXKJy OCSME CIHpaJieil B Iapax CBI3aHHBIX MEXKJy CODOM
HepeTsKKaMU CIIIpaJieil B IPOCTPAHCTBEHHBIX CTPYKTYPaxX OEJIKOBBIX
MoJieKys1. VlccteioBanne IIpOBOJIMIIOCH HA MHOYXKECTBE CIUPAJIBHBIX
nap, OTOOPAHHBIX U3 CTPYKTYP OEJIKOBBIX MOJIEKYJI, TIPEICTABICHHBIX
B PDB. Tlony4yerroe MHOXKeCTBO CIIUPAJILHBIX AP ObLIO TPOAHAIN3U-
pOBaHO 1 Pa30MTO HA TPU MOJIMHOYKECTBA [0 KPUTEPHUIO [IEPECeTCHNU s
HpOGKIH/Iﬁ CHI/Ip&J'IQﬁ Ha ITapaJijieJIbHbIC IIJIOCKOCTH, IIPOXO/dNIine ve-
pe3 ocu crmpaJeii. [TokazaHo, 94To crimpaJsibHbIE [Taphl, 00PA30BAHHBIE
JBYMsI Q-CIIMPAJISIMU, MIPEJICTABJISIOT 3HAUUTEIbHYIO 9aCTh HOIMHO-
JKECTBa € TepecedeHneM MPOeKINil CiupaJieil, u pacrupeesieHue Ta-
KX CTPYKTYD HMEET MAKCHUMyM B OOJIACTU 3HAYEHUIT TOPCHOHHOTO
yIila Mexkly ocsiMu crupadeit B obsactu 20° < Q < 25°. Abcosor-
HOe DOJIBIIIUHCTBO AP MOJIMHOXKECTBA C llepeceveHneM oceil crimpaJieit
COCTABJISIIOT CIIUPAJIbHBIE TTAPBI, 00PA30BAHHBIE IBYMSI (--CIIUPAJISIMIE.
Jlist HUX XapakTepHO PACIPEIEIEHUe ¢ TPEMsI MAKCUMYMAaMU, JIeYKa-
MUMU B OOJIACTH OCTPBIX YTJIOB: OJIMH — B OOJIACTU OTPUIATETHHBIX
snadennit —50° < ) < —25°, Apyroit — B 00JIACTH TOJIOKUTETHHBIX
s3Havenuit yrimos 20° < 0 < 25° wu eme ogHUM B OOJIACTH MPSIMOTO
yria 70° < £ < 110°.

Pabora mommep:xana rpantamMmu POOU Ne16-01-00692 u Ne 18-07-
01031.

[1] Tuxonos J. A., Kyauxosa JI. U., Efumos A. B. Ananms TOPCHOHHBIX

YIJ1i0B MeK/1y OCAMU CHI/IpaJIeﬁ B CIIUpPaJIbHBIX ITapaX OEJIKOBBIX MOJIe-

kyn // Maremarmaeckas Guosorust u 6uonndopmarnka, 2017. T. 12.
Ne2. C. 398-410. doi: 10.17537/2017.12.398.
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In this study, an analysis of distribution of the torsion angles
between helical axes in pairs of connected helices found in known pro-
teins has been performed. The database for helical pairs was compiled
using the Protein Data Bank taking into account the definite rules
suggested earlier. The database was analyzed in order to elaborate its
classification and find out novel structural features in helix packing.
The database was subdivided into three subsets according to criterion
of crossing helix projections on the parallel planes passing through
the axes of the helices. It was shown that helical pairs not having
crossing projections are distributed along the whole range of angles
2, although there are two maxima at 2 = 0° and = 180°. Most
of helical pairs of this subset are pairs formed by a-helices and 31(-
helices. It is shown that the distribution of all the helical pairs having
the crossing helix projections has a maximum at 20° < Q < 25°. In
this subset, most helical pairs are formed by a-helices. The distribu-
tion of only a-helical pairs having crossing axes projections has three
maxima, at —50° < 2 < —25°, 20° < Q < 25°, and 70° < 2 < 110°.

This research is funded by RFBR, grants 16-01-00692, 18-07-
01031.

[1] Tikhonov, D., L. Kulikova, and A. Efimov. Analysis of Torsion An-
gles between Helical Axes in Pairs of Helices in Protein Molecules //
Math. Biol. Bioinform., 2018. 13. Suppl. pp. t17-t28. doi:
10.17537/2018.13.t17.
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Pabora mHTEpBEHITMOHHOTO KapIMOJI0Ta apUTMOJIOTa COTPSI?KEHA
C BBICOKOH KOHIICHTpAaIlneil BHUMAHUS B XOJ€ OIEPAIMU II0 yCTpa-
HEHWIO apuTMuii. Bpad oJIHOBpeMEHHO KOHTPOJIUPYET IOKA3aTe N
HECKOJILKUX MOHUTOPOB M WHIUKATOPHBIX MaHeseit mpuobopos DU
(371eKTPODU3NOIOrTIECKOl) J1aGOPATOPUN M HABUIAIUOHHON CHCTe-
Mol (Carto).

Mpr npeiaraem naTEpdEic, KOTOPBIH TTO3BOJISIET MTOJIH30BATEIO
B3aMMOJIEICTBOBATh C TPEXMEPHON MOJIE/IBI0 Cep/Iia, IMPU ITOMOIIN
JKECTOB, KOTOPbIE MOTYT BBIIOJHSTHCSI OJHOU PYKOil 6e3 B3anMoieii-
CTBUSI C MBIIIBIO W JAPYTUMH (DUBUTECKUMHI YCTPOHCTBAMU BBOIA, U
TAaKIM 00Pa30M TEepPeMeIaTh, MACIITabNPOBATL U BPAIAThL MOJIED.

Wcnonb3oBanue TOIBKO OIHON PYKHU JIJTsT B3AUMOJIEHCTBUS ¢ MOJIE-
JIBIO DoJiee YI00HO sl Ye/IOBeKa, IeM UCII0/IL30BAHUE BYX PYK, a B
OIPEJIEJIEHHBIX CUTYAIUSX SIBJISETCS €JIMCTBEHHO BO3MOYKHBIM TUIIOM
B3aMOJIENCTBUS.

B xome ncenenoBanmit 66110 CO3AHO TEMOHCTPAITMOHHOE TTPUITO-
JKeHne, 9TOOBI TOKA3aTh MPENMYIIECTBA ITOTO TOIXOA.

Pabora nomepkana Munucrepcrsom Obpazosanust n Hayku Poc-
cuiickoit @enepanun (Konrpaxr Ne 02.G25.31.0157)

[1] Bacuaves E. II., Komuro T., Typaanos B. E., Hukxoavckui A. B. ZKe-
CTOBO€ YyIpPAaBJICHUE JIOTOJHEHHON PeaIbHOCTHIO TPU Kap/IMOJIOTHYe-
CKHUX MHTEPBEHIUAX // Marmmunnoe Oﬁy'—[eHI/Ie u aHaJnu3 JJaHHbIX,
Mocksa: znarenscrso, 2018. — C. 89-96. http://jmlda.org/papers/
doc/2018/n02/Vasiliev20180neHand. pdf.
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We consider the problem of interaction of the operating surgeon
with medical software during the operations.

We propose an interface that allows the user to interact with a
cg model using one hand gestures, executing operations that can be
performed with one hand are moving, zooming and rotating.

Using only one hand to interact with the model is more convenient
for a person than using two hands.

We implemented three type of cursor: Without pointer (This op-
tion is suitable for touch panels, because in this case the user’s finger
acts as pointer), simple dot (Easy to create, but not very descriptive,
especially when moving in three dimensions), virtual hand (Very de-
scriptive in 3D space, but very difficult to create, off the shelf imple-
mentation is not available)

We created a demo application to show the advantages of this
approach.

This research is funded by Ministry of Education and Science of
Russia (Contract 02.G25.31.0157).

[1] Vasiliev E., Komuro T., Turlapov V., Nikolsky A. One hand aerial ges-
ture control for AR-based cardiac interventions // Machine Learn-
ing and Data Analysis, Moscow: Publisher, 2018. — p.89-96. http:
//jmlda.org/papers/doc/2018/no2/Vasiliev20180neHand. pdf.
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Hamu pazpabarbiBaercss HHMOPMAIIMOHHO-BBIMUC/IATEIbHAS CH-
creMa, JIjIsi MOP(OMETPUYIECKOr0 MOojie/inpoBanust pesibeda jHa Ce-
BepHoro Jlegosuroro okeana [1] PaspaboTka BKIIFOUAET CJieLyoIye
ITAIbl: AJJAITTaINs] BBIYUCTUTEIBHBIX aJITOPUTMOB TeOMOPMOOMETPUT
u naTepakTuBHO 3D Busyasmsaruu k padore ¢ Gosbiumu udpo-
BeiMu Mogiesisivu pesibeda (IIMP); Cosmarne nmporpaMmmuoro obecre-
YeHUs, PeATUIYIONIEro yKazaHHbie aJIropuTMbl; Beioop nanbosiee TO4-
ot orkpoiToit [IMP 7Ha okeana /st MOCTIEIYIONIAX PACIETOB U MO-
nemmpoBanust; Punbrparus Beiopannoit [IMP; Pacuer moneseit mop-
domerpuaecknx xapakrepuctuk 1o LIMP mirs meckompkux macmrrad-
HbIX ypoBHeit; Co3ane MHTepaK TUBHBIX MHOIOMACIITAOHBIX MOPGO-
Merpudeckux 3D mogeseit penbeda aHa; Cosmanue reomopralia Jijis
XpaHeHUsI MOjleJiell U X WHTePaKTUBHOW MHOromacinrabuoit 3D Bu-
gyammuzanuu. Cucrema obecnieunt: a) xpanenue Gosbinoi [IMP nua
okeana; 6) pacdyer Ha ee OCHOBE Mojiesieil MOPOMETPUIECKUX XAPaK-
TEPUCTHK; B) MHTEPAKTUBHYIO 3D MHOroMacirabHyIo BU3yau3aIuio
Moiedteif; ) cBOOOIHBILIT JoCTyI K 910l nHdopMmarmu yepes Murepuer.
Cucrema co3aercst JJisl MOJIEPKKU THAPOrPpaUIECKUX, MOPCKUX
reoMOPGOJIOTUIECKIX, Te0JIOIMTIECKNX, Me0O(U3NIECKUX U OKEAHOJIO-
PUYECKUX UCCJIe0OBaHN APKTIHIeCKOTO pernona. Pabora moiepKa-
na rpaaTom PO Ne18-07-00223.

[1] Florinsky 1. V., Filippov S. V., Abramova A.S., Zarayskaya Yu. A.,
Selezneva E. V. Towards geomorphometric modelling of the topography
of the Arctic Ocean floor // Bandrova T., Koneiny M. (Eds.),
Proceedings of the Tth International Conference on Cartography and
GIS, June 18-23 2018, Sozopol, Bulgaria, Vol. 1. — Sofia: Bulgarian
Cartographic Association, 2018, pp. 166—173.
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We develop an information computing system for geomorphomet-
ric modelling of the topography of the Arctic Ocean floor [1]. The sys-
tem development includes the following main stages: (1) Adaptation
of previously developed computational methods of geomorphometry
and algorithms of interactive three-dimensional (3D) visualization to
handle and process big digital elevation models (DEMs); (2) Devel-
opment of software implementing these methods and algorithms; (3)
Selection of the most accurate, free, publicly available DEM describ-
ing the topography of the Arctic Ocean floor; (4) Filtering (noise and
artefact reduction) of the selected DEM; (5) Derivation of models
of morphometric variables from the filtered DEM for several scales;
(6) Creation of interactive multiscale 3D morphometric models; (7)
Development of a geoportal.

The system will provide: (a) Storage of a big DEM of the ocean
floor; (b) Derivation of models of morphometric variables from this
DEM; (c) Interactive multiscale 3D visualization of the obtained mod-
els; and (d) Free access to this information via Internet.

The system is created to support hydrographic, marine geomor-
phological, geological, geophysical, and oceanological studies of the
Arctic Region.

This research is funded by RFBR, grant 18-07-00223.

[1] Florinsky, I. V., S. V. Filippov, A.S. Abramova, Yu. A. Zarayskaya, and
E. V. Selezneva. 2018. Towards geomorphometric modelling of the to-
pography of the Arctic Ocean floor. In: Bandrova, T., and Konecny,
M. (Eds.), Proceedings of the 7th International Conference on Cartog-
raphy and GIS, June 18-23 2018, Sozopol, Bulgaria, Vol. 1. Bulgarian
Cartographic Association, Sofia, pp. 166-173.
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W3sydenne Te0OTTIECKOr0 pa3pe3a W BLISBJICHUE IOJE3HBIX HCKO-

MaeMbIX B CKBaXKMHAX IPOBOJATCS C KCIIOJH30BAHUEM DPA3JTMIHBIX

BUOB reodusmdeckux wuccienoBanuii. [lo anammsy dopwm, amiuim-

TYJ U BUIY KApPOTAXKHBIX JUAIPAMM (CHIHAJIOB OT JIATYUKOB pas-

JIMYHOI 1IPUPO/IbI) HIPUHUMAETCS pelllenue o nocseiayomeM (6osee

JIeTaJIbHOM) DPACCMOTPEHHH OOHAPYZKEHHBIX HHTEPBAJIOB KOMAHJIOM

9KCIepToB (IeTpodhU3NKOB, CElCMUKOB, Ie0JI0T0B, PaspaboTINKOB U

1.71.).CymiecrByer psii crienuduIHBIX TPOOIIEM, 3HAUNTEIBHO YCIO0K-

Heaomux pabory reosora. OmHON M3 HUX SBJISETCH YACTHIHOE WU

MOJIHOE OTCYTCTBHUE JAHHBIX MO HEKOTOPBIM (DU3UIECKUM HMCCIIET0BA~

HUSM JIJTsT PSIJia CKBAYKIMH MECTOPOXK IeHus1. B pabore paccMmaTpuBaeT-

¢ 1pobiieMa BoccTaHoBseHus oTcyTerBytomero yaacrka ['MC (win

KPUBO#i [IEJIMKOM) IIyTeM HCIIOJb30BAHMsI CKPBITBIX 3aKOHOMEPHOCTEH

MEXKJIy Pa3JUIHBIMU TeO(PU3NICCKIMU WCCJICIOBAHUSIMIA CKBaYKIH.

Jliist periennst maHHOW 3ajadu mpejjaraercs ucnosb3osanne 'KHC

OPUTHUHATLHONW apXUTEKTYpPbI./I/IsT TOBBIIIEHNST KaIeCTBa BOCCTAHOB-

JIEHUST TIPUMEHSIIICSI CITOCOD OOYyYIeHUsT T€HEPATUBHBIX KOHKYPHUPYIO-

mux 'KHC. Pesysibrarsl TecTupoBaHHs I[TOKa3a/d, YTO B paMKax

9TOro 00beKTa IpejjiaraeMblil aJfOPUTM ITO3BOJISIET BOCCTAHAB/IU-

Barb ['VIC ¢ KagecTBOM, JTOCTATOYHBIM JIJIsi MTOCJIEIYIOMIETO AHAJII3A,

KCIIEPTOM-TE€OJIOTOM.

[1] Busuavmep IO. B. Topbayesun B. C. Xaiidapos A. C. Hxosaes A. A.
Cunres kpusbix ['MIC ¢ ucnonb3oBaHmeM TeHEpATHBHBIX KOHKYPUPYO-
mux rIyb6OKMX KOHBOJIIOIMOHHBIX HEHPOHHBIX cereii // BecTHMk KOM-
IBIOTEPHBIX ¥ MHMOPMAIMOHHBIX TexHoJoruii, 2018 (B neuarn).
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Geoinformatics 173

Well LOG synthesis using generative adversarial CNN

Vizilter Yury ' vis@gosniias.ru
Gorbatsevich Vladimir’x gvs@gosniias.ru
Khaydarov Arthur > Khaydarov.AS@gazpromneft-ntc.ru
Yakovlev Andrei Yakovlev.AAle@gazpromneft-ntc.ru
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The practice of well logging in order to identify minerals in the
wells is carried out using various types of geophysical techniques. Af-
ter performing the primary analysis of the shapes, amplitudes and
types of geophysical logs (signals from sensors of different nature),
the decision is made about the necessity of subsequent (and more de-
tailed) examination of the detected intervals with the involvement of
experts (petrophysicists, seismologists, geologists, developers, etc.).
There are a number of specific problems that can significantly com-
plicate a geologist’s work. Among them is the partial or total lack of
well logging records for a number of wells in the field. The paper ad-
dresses the problem of restoration(synthesys) of missing parts of well
logging curve (or the whole curve) by retrieving hidden data patterns
in different well logging. To solve this task, the special architecture of
a deep convolutional neural network (CNN) is proposed. To improve
the restoration quality, the generative adversarial network (GAN) ap-
proach is used for CNN training. The obtained experimental results
show that for the considered task the proposed algorithm allows a
well logging record to be restored with a quality that is sufficient for
its subsequent analysis by an expert geologist.

[1] Vizilter Y. Gorbatsevich V. Khaydarov A. Yakovlev A. Well log syn-
thesis using generative adversarial CNN // Vestnik komp’iuternykh

i informatsionnykh tekhnologii (Herald of computer and information

technologies), 2018 (in press).
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DOI: 10.30826,/IDP201880

OO6OCHOBBIBACTCS U U3JIATAETCS IIPEJJIOKEHHBII ABTOPAME OPUTHU-
HAJIBHDBI MHCTPYMEHTAJBHBIA METOJ, HAIPABJICHHDLI Ha LPEILyIpe-
JKJIEHUE TEOIKOJOTMIECKIX PUCKOB JIIsi COIMAIBHON W IPHUPOIHOM
CPEJIBI OT MOITHBIX TEXHOTEHHBIX W MPUPOHBIX B3PHIBOB. 3BeCTHO,
YTO MOC/IE/IHUE SABJISTFOTCST KICTOUHUKAMMI YJIAPHBIX BO3/LYIIHBIX U Ceii-
CMUYECKUX BOJIH, OKA3BIBAIOIIUX Pa3pyIIATEJbHOE BO3JICHCTBHE Ha
[POMBIIIJICHHBIE U KUJIbIe OOBEKTHI. 1Ipu 9TOM KOMILIEKCHOE BO3-
zeficTBue BHEMHUX MeTeOhaKTOPOB (HAIIPABJIEHUE U CKOPOCTD BETPA,
TeMIIEpATyPa U BJIIAKHOCTb OKDPYZKAIONIEro BO3/yXa Jp.) Ha Pacipo-
CTpaHeHne aKyCTUIECKUX BOJH MOKET IIPUBOJUTH K MHOTOKDPATHO-
My YCHJIEHHIO Pa3pyIINTEIHHOTO BO3/IEHCTBIA NH(MPa3ByKa OT B3DbI-
BOB Ha OKDPYZKAIOILYIO CPey Ha ONPEIEICHHBIX a3UMYyTAJIbHBIX Ha-
[PABJICHUSIX. DTO OUPEIEIAET HEOOXOMMOCTh IPOTHO3UPOBAHUS Ha~
NIPaBJIEHAs] TJIABHOTO YJIAPHOTO BO3JEHCTBHA ¢ yIeTOM MeTeo(haKTO-
POB. ABTOpaMM NPEIATAeTCA U AHAJM3UPYETCS MOAXO, K PENIEHUTO
POOJIEMBI ¢ MPUMEHEHNEM BUOPAITMOHHBIX UCTOUHUKOB. Takoi 1mo;i-
XOJI YIUTBIBACT B cebe COBOKYITHOCTH (DAKTOPOB, 00YC/IaABINBAIOIIIX
[OBBIIIEHHBIE METEO3ABUCUMbBIE PUCKU. SHAUYCHUE PUCKOB OLEHUBAET-
sl YAEJIbHON IJIOTHOCTLIO aKyCTHYIECKON sHeprun F = ﬁ [ PA(t)dt.
31ech pc — yIENbHOE aKyCTHIECKOE CONPOTUBJIEHUE BO3IYyXa, PaB-
noe 42 r/(cm?-¢); p(t) — permerpupyemoe akycTudaeckoe napiaenue, T
— JJINTEeJIbHOCTD a.KyCTH‘JeCKOﬁ BOJIHBI. ,HOIIyCTI/IM])Ie aKyCTU4vIeCKHnue
BO3JIEHCTBHS HA 00BEKTHI COUANBLHON MH(DPACTPYKTYPBI U 9eI0BEKa
OIIPEIEJIAIOTCs TabyJIMPOBAHHBIMU 3HAYCHUSIME YJIeJLHO [LJIOTHOCTH
suHepruu B ejuHuTAxX K /M2

Me>xaynapoanas kougepennust MOW-12. Uramnus, r. Tasra
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Multifactorial method of geoecological prediction
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"Novosibirsk, Institute of Computational Mathematics and Mathematical
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2Moscow, Moscow Institute of Physics and Technology

3Novosibirsk, Novosibirsk State Technical University

The report presents and substantiates theoretically and experi-
mentally the original instrumental method proposed by the authors
aimed at preventing geoecological risks for the social and natural en-
vironment from powerful technogenic and natural explosions. It is
known that they are sources of shock air and seismic waves, which
have a destructive effect on industrial and residential objects. In this
case, the complex effect of external meteorological factors (direction
and speed of wind, temperature and humidity of the surrounding air,
etc.) on the propagation of acoustic waves can lead to a multiple
increase in the destructive effect of infrasound from explosions on
the environment on certain azimuthal directions. This determines
the need to predict the direction of the main impact taking into ac-
count meteorological factors. The authors suggest and analyze the
approach to solving the problem with the use of vibration sources.
This approach takes into account a set of factors that cause increased
meteodependent risks. The significance of risks is estimated by the
specific density of acoustic energy E = é J p?(t)dt. Here pc is the
specific acoustic resistance of air, equal to 42 g / (cm? - s); p (t)
is the registered acoustic pressure, T is the duration of the acoustic
wave. Admissible acoustic effects on social infrastructure and human
objects are determined by tabulated values of the specific energy
density in J/m? units. Acoustic pressure is a function of many pa-
rameters determined by the radiation conditions and the long-range
propagation of acoustic oscillations. The multifactorial model of in-
tegral pressure as the equation of energy balance can be represented
in the form:

PE(ta fa T) = Ps(f) + Pabs + Pmeteo(ea T, W, 90) + Rspher + Psur
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AKycTuueckoe JiaB/ieHUE sIBJISIeTCsl (PYHKIMEN MHOIUX IapaMer-
POB, OIIPEJIEJISIEMBIX YCJIOBUSAMU U3JIyY€HHUS U JAJIbHETO PACIpOCTpa-
HEHUsl aKyCTHYecKnx Kojiebanmit. MuorodakTopHas MOJIEIb WHTE-
rPAIBHOTO JIABJICHUS KAK YPABHEHUE SHEPIeTUIECKOTrO OaJiaHca Mo-
2KeT IIpeJICTaB/IsAeTCA B BUJIE:

Pz(ta f,T’) = Ps(f) + Pups + Pmeteo(eaTawv@) + Pspher + Psyr

3necy Ps(t, f,r) — AaBjeHWe B TOUKe PErMCTPAIMN HA Y/IAJEHUN T
or ucrounuka; Ps(f) — 9acTOTHO 3aBUCHMOE AKyCTUYIECKOE JIaBJie-
Hue or BubOparopa; P,,s — moriomienne nHppa3ByKa 110 PaCCTOSHUIO;

Prcteole, T,w, ) — naBienue, Kak (GyHKIHMs MeETEONapaMeTPOB: OT-

HOCHTEJIbHOI BJIA2KHOCTU, TEMIIEPATYPbI, HAIIPABJIEHUS U CKOPOCTH

BeTpa; ( — yroj MeKJly HallpaBJEeHUEM BeTpa U BOJIHOBBIM (DPOH-

TOM OT MCTOYHUKA; Pspper — Cepudeckast pacxoJiMOCTb BOJTHOBOT'O

dponrta; P, — Bapuamyun JaBacHUS U3-3a TOTJIONIEHUs THEBHON 110~

BEPXHOCTHIO 3EMJIN.

Tlonyaenme orenok puckoB F B aHAJUTHIECKOM BHUIE B OOJb-
IIUHCTBE CJIyYaeB HATAJIKUBAETCS HA CJIOYKHOCTH HM3-32 OTCYTCTBUS
HEOOXOIMMOII ITOJTHOTHI AIIPUOPHBIX CBEJEHUI, KACAIOIINXCsT HE TOJIhb-
KO MeTeoIlapaMeTpOB, HO U CBEJEHUI O IePECEeIeHHOCTH ITOBEPXHOCTH
Semsin 1 ee HOKpOBe (PACTUTEIBHBI U CHEXKHBIA [MOKPOBBI) U JIP.
dakroper. [lonydenne anHaMTHIECKOI 3aBUCUMOCTA BO3MOXKHO JIJIsT
HEKOTOPBIX YaCTHBIX cIydaeB. pyroit myTh IpeooieHns anpruopHoit
HEOIIPE/IEJIEHHOCTH CBSI3aH C M3y4YeHHEeM 3aKOHOMEPHOCTHU 3aBHCHMO-
CTU WHTETrPAJbHOIO JIABJICHUSI HA OCHOBE JKCIIEPUMEHTOB C IIpUMe-
HEHUEM BUODATOPOB, a TAaKKe B3PBIBOB B KAYeCTBE U3JIydaTeseil nH-
bPaHN3KOIACTOTHBIX aKyCTUIeCKuX Kosebanuit. [Ipu srom yunrteiBa-
ercs BCA TOJIHOTA (PAKTOPOB, OIPEIEAIONINX YCIOBUS H3JIyIeHUus 1
pacipocTpatenus B arMocdepe akycTudeckux kosiebanuii. Oba myTu
pellleHns 3aJiadu paccMaTpuBaioTcs B pabore. Pabora mosepkana
rpaaTom POOU Ne17-07-00872, 16-07-01052.

[1] M. Khairetdinov, V. Gubarev, et al. Prediction of Environmental Risks
from Explosions Based on a Set of Coupled Geophysical Field//
Optoelectronics, Instrumentation and Data Processing, New York:
Allerton Press, INC, 2014, Vol. 50, No. 4. P.3-13. Pycckuit BapuanT
B xkypnaJjie "Asromerpus". 2014, T.50, Ne4, c.c. 3-23 .



Geoinformatics 177

Here Px(t, f,r) is the pressure at the point of registration at a dis-
tance r from the source; Ps(f) is frequency-dependent acoustic pres-
sure from the vibrator; P, is absorption of infrasound by distance;
Prreteo(€, T,w, ) is pressure, as a function of meteorological parame-
ters: relative humidity, temperature, direction and wind speed; ¢ is
the angle between the direction of the wind and the wave front from
the source; Pspper is spherical divergence of the wave front; Py, is
pressure variations due to absorption by the Earth’s surface.

The obtaining of risk assessments of E in analytical form in most
cases encounters difficulties due to the lack of necessary completeness
of a priori information concerning not only meteorological parame-
ters, but also information on the intersection of the Earth’s surface
and its cover (vegetation and snow cover) and other factors. Obtain-
ing analytic dependence is possible for some particular cases. An-
other way to overcome a priori uncertainty is to study the regularity
of the dependence of integral pressure on the basis of experiments us-
ing vibrators, as well as explosions as emitters of infralow-frequency
acoustic oscillations. In this case, all the factors that determine the
conditions for the emission and propagation of acoustic vibrations
in the atmosphere are taken into account. Both ways of solving the
problem are considered in the paper.

This research is funded by RFBR, grants 17-07-00872 and 16-07-
01052.

[1] M.S. Khairetdinov, V. V. Gubarev, V. V. Kovalevskii, S. A. Avrorov,
G. M. Voskoboinikova, G. F. Sedukhina, A. A. Yakimenko Prediction
of Environmental Risks from Explosions Based on a Set of Coupled
Geophysical Field// Optoelectronics, Instrumentation and Data Pro-
cessing, New York: Allerton Press, INC, 2014, Vol. 50, No. 4. P.3-13.
(Scopus).
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B pabote mpejcraBiier HOBBINM TOIXO0/, K UCIIOJIH30BAHUIO aIllapa-

Ta 00OOIEHHBIX TIPETE/IEHTOB B 3a/Ia9aX aHAJIN3a U TPOTHO3UPOBAHUS

TUPOJIOrTIecKuX psijtoB. OBOOIMIEHHBIE MTPETEIEHTHI TPEJICTABIISIOT

cO0Oi BBIYNCIINTEJIBHBI WHCTPYMEHTAPHil, ITO3BOJISIONNI Ha YHU-

dunMpoBaHHON OCHOBE 3aJIefiCTBOBATH AIIPUOPHBIE, HEIOCPeICTBEH-

HO HADOJIIOIaeMble WK MPEIITOYTUTE/bHBIE 110 TeM WJIN UHBIM IPU-

qUHAM JIOKAJbHBIE 3aKOHOMEPHOCTH B JaHHBIX. IIpemcraBiensr oc-

HOBHBIE ITAIIBI CXEMbI [IPUMEHEHUs ODOOIIEHHBIX IIPEIEeHTOB, II0-

Ka3aHa TecHas CBA3b CO CXeMoil mpeobpaszoBanust Xada. Vccrmemy-

IOTCSI BO3MOYKHOCTH COIIOCTABJICHUSI U COBMECTHOI'O aHAJU3a METEO-

JAHHBIX U (PAKTUIECKUX JIAHHBIX 110 OOBbEMY PEYHOrO CTOKA. B 3ToM

caydae 0OOOIEHHBIE MTPEIEIEHTHI IIPEICTABIISIIOT OO0 HEJMHEITHbIE

3aBUCHUMOCTH MEXKJIy OIpeesieHHbIMU mapamerpamu. llenbio sBiis-
eTcs BhIgBIeHUE U dEepeHITnanl PEruoHOB bacceiina peKu 1Mo nUx

AKKYMYJIUPYIONIUM BO3MOXKHOCTSIM. PaccMarpuBaeTcss METOJ, Ha OC-

HOBE aHAJ U3¢ OTPAHUYECHHON 110 BPEMEHU COBPEMEHHONW CTATUCTHUKMU.

[Tosrygennble XapaKTEPUCTUKHA CTOKA B PErMOHAX MOTLYT JaJjee WC-

MIOJIB30BATHCA JJ7IsT KPATKOCPOTHOI'O ITPOTHO3a BapUAIMil yPOBHS pe-

KH U JAPYTUX T'HIPOJOTUIECKUX IIPOIECCOB U SIBJIEHUI, B TOM YHCIIE

[ABOJIKOB U TOMY HOJOOHBIX CUTYAIHiT. DTH XapAKTEPUCTUKH CJIy2KAT

BasKHBIM (PaKTOPOM IIPU UCCJIEIOBAHUM YKOCUCTEM, T€0JIOTUN PErHO-

Ha u Japyrux nejeit. Pabora nmogaep:kana rpaarom PODI.

[1] Haymos B. A., Hemobuna E. A., Psasanos B. B., Bunozpados A. II.
AHaju3 U TPOrHO3UPOBAHUE THUIPOJIOIMIECKOrO PgAJia Ha OCHOBE 0600-
MEHHBIX IpereneHToB // Mamunnoe ofyueHne W aHaIN3 JIAHHBIX,
Mocksa: Beraucurenbusriii ieatp um. A.A. Jlopoguunsiaa PAH, 2018.
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The paper presents a new approach to the use of the apparatus of
generalized precedents in the problems of analysis and prediction of
hydrological series. Generalized precedents are computational tools
that yield to use various a priori, directly observed or preferred for
some or another reason local regularities in the data on a unified
basis. The main stages of the scheme for applying generalized prece-
dents are presented, and a close relationship is shown with the Hough
transform scheme. The possibilities of comparison and joint analysis
of meteorological data and actual data on the volume of river flow
are investigated. In this case, the generalized precedents are typi-
cal nonlinear relationships between certain hydrological parameters.
The goal is to identify the differentiation of the regions of the river
basin by their accumulating capabilities. We show how this can be
done on the basis of an analysis of time-limited contemporary statis-
tics. Obtained flow characteristics in the regions can be further used
for short-term forecasting of river level variations and other hydro-
logical processes and phenomena, including flood and drought situ-
ations. These characteristics can also serve as an important factor
in the study of ecosystems, geology of the region and other similar
purposes.

This research is funded by RFBR.

[1] Naumov V., Nelyubina E., Ryazanov V., Vinogradov A. Analysis and
prediction of hydrological series based on generalized precedents //

Machine Learning and Data Analysis, Moscow: Computing Centre of.
A.A. Dorodnicyn RAS, 2018.
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SajiaHne TOYHBIX 3HAYCHUI THAPOMU3NIECKIX TTOIBEHHBIX Tapa-
METPOB B T'HJIPOJIOTUYECKIX MOJIEIAX HMEEeT BaKHeillllee 3HAYEHHe
[P MOJIEJINPOBAHUK BOJHOI'O ITOTOKA M IIEPEHOCA PACTBOPEHHBIX Be-
IECTB B 30HE adpAIliM, OIEHUBAHUU OIACHOCTU KATACTPOPUIECKUX
HaBogHeHnit. VX sKcriepuMeHTa IbHOE OIPE/IE/IEHNE SBJISIETCS TPY/I-
HOIT 3a/1a4eil. AJIBTEPHATUBHBIMU [TOJIXOAME SIBJISTIOTCSI TIPUMEHEHUE
nejorpancdepubix Gyuknunit Rosetta, moryaaeMbix METOI0M HEHPOH-
HBIX ceTeii, 1 obpaTHOe MojesinpoBanue. [lepBriil Tpedyer GOJIBIIOTO
KOJIMYeCTBa BXOJHBIX JaHHbIX. OUpesesenne mapaMerpoB B paMKax
BTOPOI'O IOJIXOA OCYINECTBIISIETCs, KAK IIPABUJIO, HA OCHOBE HAOJIIO-
JTAeMbIX KPUBOW BOJOYIEPXKHUBAHUS U THAPABINIECKON ITPOBOIIMO-
ctu. B macrosineii pabore paccMaTpuBaeTCs MOIENb HePeIBUKEHIS
BOJIbI B HEHACHIIIIEHHON TIOYBE, B KOTOPOIl JIBUYKEHNE BOJIbI OIMCHIBA-
ercsi ypaBHeHHeM Pudapjca. 3ajiada HaX0XKIeHUs TapaMeTpoB (hop-
MYyJIHPYETCs KaK 3a/1a9a 00PATHOTO MOJIEJINPOBAHNUSI, B KOTOPOIi HCKO-
MbI€ TTAPpAMETPBI OMPEIEIIIOTCH B PE3y/IbTaTe MOATOHKI MOJEIUpye-
MBIX 3HAYEHUI IIOYBEHHOM BJIAYKHOCTH K MX HADJIIOIAEMbIM 3HAYEHU-
aM. Yucsennoe perenne 3a/1a4u OCYIIECTBIISETCA METOJOM HANUCKO-
peiitiero ciycka. IIpu 95TOM TOYHBIE 3HAYEHHs] IpaJHeHTa Ie/1eBOi
GYHKIUU BBIYUCISIOTCS 110 (DOpMYyJIaM OBICTPOrO aBTOMATHIECKOTO
nuddepennupoBanns. dnuCI€HHBIE PACIETHI TOKA3BIBAIOT, UTO IIPEI-
JIO2KEHHBII METO/T II03BOJIAET HAXOIUTH IIAPAMETPHI C XOPOIIIel TOTHO-
ctbio. OCOOEHHOCTH MeTO/a 3aKII0YAIOTCS B ITPUMEHEHUH OBICTPOTO
aBTOMATHUYECKOrO T depeHIInpOBaHNs B IIPOIECCE ONTUMUBAINY U
B TOM, YTO IapaMeTPbl HAXOJSITCS B PE3YJIbTaTe MMOJAIOHKHU PElIeHus!
ypaBHeHUs Pudapica K IpeIIncaHHbIM 3HAYCHUSM BJIAYKHOCTH.

Pabora nognepxkana rpanrom POOU Ne15-07-08952.

[1] Bacyzun C. B., 3acyzumna E. C. Wnenrudukanus napaMeTpos MoJie-
au // Mashine Learning and Data Analysis,, Mocksa: Berauciuresns-

worit neaTp um. A.A. Topomgaunsina Poceuiickoii akagemun nayk, 2018.
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Identification of model parameters

Zasukhin Sergey' s.zasukhin@yandex.ru
Zasukhina Elena’x elenazet2017@yandex.ru
!'Dolgoprudny, Moscow Institute of Physics and Technology

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

Exact knowledge of soil parameters is of critical importance in
modeling water flow and transfer of dissolved substances in the aera-
tion zone, for assessment of the danger of catastrophic floods. Their
experimental determination is a difficult task. Alternative meth-
ods for finding parameters are the pedotransfer functions of Rosetta,
obtained by the neural networks method, and inverse modeling ap-
proach. The first requires a large amount of input data. As a rule,
the parameters determination by the second method performed on
the basis of observed water retention curve and hydraulic conductiv-
ity. In the present paper, a model of water movement in unsaturated
soil is considered. The movement of water is described by Richards
equation. The parameters determination problem is formulated as an
inverse modeling problem in which the desired parameters are deter-
mined as a result of fitting simulated values of soil moisture to their
observed values. The numerical solution of the problem is carried out
by the steepest descent method. The exact values of the objective
function gradient are calculated by formulas of fast automatic differ-
entiation. Numerical results show that the proposed method allows
to determine the parameters with good accuracy. A feature of the
proposed method is that the parameters are determined as a result
of fitting the solution of the Richards equation to the observed values
of soil moisture. Another feature is application of exact formulas of
fast automatic differentiation for computing the objective function
gradient in optimization process.

This research is funded by RFBR, grant 15-07-08952.

(1] Zasukhin S., Zasukhina E. Identification of model parameters //

Mashine Learning and Data Analysis, Moscow: Dorodnicyn Computing

Centre of the Russian Academy of Sciences, 2018.
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Apxutektypa Mathbrain.ru - obnayHoro pewexus
ANS aHann3a AaHHbIX 3Huedanorpacdpun
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Yemunun Muzaua Huxonraesunw! u_m_n@mail.ru

HIymmao, UMIIB PAH - dumman UIIM um. M.B. Kenapima PAH
DOI: 10.30826,/IDP201883

Mathbrain.ru - 370 9acTHOE 00JIAYHOE pelleHne Jjis XpaHeHUs U
aHaju3a JTaHHbIX 3HIedasorpadun. OHO MOCTPOEHO C HUCIOIH30Ba~
HEUeM Takux TexHojoruii, kak Docker Swarm - cucrema OpKecTpoB-
KU 0DJIA9HBIX KOHTeHHepoB, xpanusmiie Minio S3, a3bIK mporpaMmmu-
posanust Python s Boraucienuii. Obsadnast peaausarus HEOOXO0-
uMa u3-3a 00JIBIIIX O0OBEMOB JAHHBIX U UX BBICOKOW CJIOXKHOCTH,
U UCKJIIOYAET HEOOXOIUMOCTb B YCTAHOBKE JOIIOJHUTEIBHOTO IIPO-
rPAMMHOTO 0DeCIIeYeHNsT Ha CTOPOHE M0JIb30BaTe N A. Bribop Mexanns-
Ma opkecTpoBkHU Docker Swarm mo3Bosiser pu HeOOGXOINMMOCTH Jier-
KO I\/Ia.CIIITa6I/IpOBaTb CUCTEMY, UCIIOJIb3Yys O6HI€)10CTYHHBI€ O6Ha.‘{HbIe
mwrardopMmbl, Takne kak Microsoft Azure, Google Compute Engine
wim Amazon EC2. Ou npegocraBisieT WHCTPYMEHTBI Jijisi OBICTPO-
0 Pa3BEePTHIBAHNS BBIYUCIUTEIBHBIX 3aJ1a9, YIIPABJIEHUs DPecypca-
MU 1 00JIa/IaeT MUHUMAJILHBIM BJIMSHUEM Ha [TPOU3BOJUTEIHLHOCTD.
Mathbrain.ru mpegocTaBisieT CeIyonine MeTOIbl AHAIN3a, JTAHHBIX:
- upsiMmoe u obpaTHOoe mpeobpaszoBanne Oypbe BPeMEHHBIX PsJIOB; -
aHaJIN3 HEe3aBUCUMBIX KOMIIOHEHT; - aHAJIU3 IJIABHBIX KOMIIOHEHT; -
KOJIMIECTBEHHBIN aHan3 dHIedATOrpaMM; - PeIleHne 00paTHO! 3a-
gaan MDD o crieKTpasibHBIM KOMITOHEHTAM, HE3aBUCUMBIM KOMITO-
HEHTAM WJI TJIABHBIM KOMITIOHeHTaM. [Tosib30Baresb B3anMoeificTBy-
et ¢ Mathbrain depe3 BeO-mHTepdeiic, KOTOPBIil MO3BOJIET 3arpy-
JKaTh JaHHBIE, BBIOMPATh MAapaMeTphl JjIs aHaIu3a U CMOTPETH pe-
3yJIBTATHI C IIOMOIIBIO TpaduKoB. PaboTa BhITOTHEHA TTPU HOIIEPIKKE
[Iporpammer [Ipesuamyma PAH Ne27 «Dynnamenraibibie mpodIeMbl
PEeIeHNsT CJIOKHBIX MPAKTUIECKUX 33J1a9 C TIOMOIIBIO CYIEPKOMITHIO-
TepoB» u rpantoB POOU 17-29-02178, 18-29-02087, 16-07-00937, 16-
07-01000, 17-07-00677, 17-07-00686.

[1] Oplachko E., Rykunov S., Ustinin M. SaaS Platform for Time Series

Data Handling. // EPJ Web of Conferences, 2018, vol. 173, — p. 05013

https://doi.org/10.1051/epjconf/201817305013
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Architecture of Mathbrain.ru - cloud solution for
encephalography data analysis

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

!Pushchino, IMPB RAS - Branch of KIAM RAS

Mathbrain.ru is a private cloud solution for storing and analyzing
encephalography data. It is built using such technologies as Docker
Swarm — a cloud container orchestration system, Minio S3 storage,
Python programming language for computations. Cloud design is
a necessity, due to large data volumes and high complexity. Also
it eliminated the need for additional software installation on user’s
side. Choice of Docker swarm orchestration engine allows an easy
scalability in case of need, using public cloud platforms, such as Mi-
crosoft Azure, Google Compute Engine or Amazon EC2. It also pro-
vides tools for rapid computational tasks scheduling and deployment,
resource allocation and has a little to none performance overhead.
Mathbrain.ru provides following data analysis methods: - forward
and inverse Fourier analysis of multichannel time-series; - indepen-
dent component analysis; - principal component analysis; - quantita-
tive encephalogram analysis; - MEG inverse problem solution from
spectral components, independent components or principal compo-
nents. User interacts with Mathbrain through web interface which
allows to upload and download data, select parameters for analysis
and review results using interactive plots. This research is funded by
Programs of the Presidium of the Russian Academy of Sciences 27
<«Fundamental problems of solving complex practical problems with
the help of supercomputers> and RFBR, grants 17-29-02178, 18-29-
02087, 16-07-00937, 16-07-01000, 17-07-00677, 17-07-00686.

[1] Oplachko E., Rykunov S., Ustinin M. SaaS Platform for Time Series

Data Handling. // EPJ Web of Conferences, 2018, vol. 173, — p. 05013

https://doi.org/10.1051/epjconf/201817305013
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O BeposATHOCTM N BpeMeHu nHeepcum 00NbLLIOro
CnuHa
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"Mocksa, ®enepanbHblil nccaenoaTenbekuii nenrp "Mudopmarnka n
yupasyienne" Poccniickoit Axkagemun Hayk

2®openrus, HCTHTYT KOMILTEKCHEIX CHCTEM

DOI: 10.30826,/IDP201884

Koadbdunuent |b,,(t)]|?, koTopblit onpeie/sieTcst Kak BEPOATHOCTh
HafTU CHCTEMY B 1 -OM CIIMHOBOM COCTOSIHUU, OBIJI BBIYHCJIEH U OKa-
3aJ1ca HEKOTOPOH CJIOYKHON TPUTOHOMETpUHIecKoit cymmoit. I[Ipumep-
Hoe BbIpazkenue st by, (t) mocpeacrBoM cooTBeTcTBYOMUX MOYHKIHI
Beccemns 6b110 mostydeno ToabKO mpu yesaosun, 9to N <K N, at < N
(N ecTb 0fImee YKCII0 CHMHOBBIX COCTOSIHUMN, (v — IAPAMETD ), HOCKOJIb-
Ky TOJIBKO B 9TOM CJIydae MOXKHO OOOCHOBAHHO 3aMEHHUTH TPHUTOHO-
METPUYECKYIO CYMMY II0 BCEM CIIMHOBBIM COCTOSHHUSAM COOTBETCTBY-
omuM UHTerpasioM. VIcnonb3ys 9BpUCTUYECKHE PACCYKIEHUS, ITO
COOTHOIIIEHUE IIpeIaIIojiaracTcs CIpaBEJIJIMBbIM TaKzKe IIpu N = N,
9TO COOTBETCTBYET IEPEXO/Ly OT COCTOSIHUSI CIIMH-BBEPX K COCTOSTHITIO
CIUH-BHU3, ¥ TaKUM OOPA30M MOXKHO BBIYUCIUTH BPEMsi WHBEPCHH.
Omno omnpejiensiercst mepBbIM MakcuMymom dbyuxmmn by (t)[2. Omna-
KO M3-33 3HAYUMOCTH MOMEHTA BPEMEHU WHBEPCHUU, CBA3BIBAIOIIETO
TEOPUIO C IKCIEPUMEHTAIBHBIMI JIAHHBIME, HY>KHBI ObL7IN O0JIee TOU-
Hble 1 ODOCHOBaHHBIE BBIYUC/IEHMs. HaCTOsIuii JOKJIaJ1 HOCBAIIEH
uccsieioBannio by (t), nposejeHHoMy B [1], mie st aMIUIATy/ 6 Be-
pogrnoctu by (t) Oblia BbiBeleHa HoOBag (opmyla depe3 byHKIUU
Beccensa ¢ 6oapmmmvu nnpekcavu, mpu N > 2 u gy goboro t. Ilo-
JIy9€HO aCHMITOTUYECKH TOYHOE BbIPDAXKeHUe [1JIsi BDEMEHN MHBEPCUU
cuuHa. [IpuMenenune Toil 110J1e3H0# GOPMYJIbI TOKA3aHO Ha IIPUMeEpPe
Kaacrepa Fe8.

Pabora mepsoro asropa mommepxkana rpantamu POOU PODOU
13-01-00657 A u PODU-P2K/1:13-07-13136 opu_ v P2K/T.

[1] Kapauyba E. A., Mopemmu I1. BepoaraocTh MHBEPCUH GOJIBIIONO CIIH-

Ha B popMe acCUMIITOTHIECKOTO Pa3JIoXKeHus B psaiabl dyHKnit Becce-

nga. // Maremarmaeckoe mogenuposanue, 2018 (ma penensun).
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On the probability and time of the inversion of a large
spin

Ekatherina Karatsuba'x author_ekaratsuba®@gmail.com
Paolo Moretti® pmoretti56@gmail.com

'Research Center 'Informatics and Control’ of RAS
2Via Madonna del Piano 10 - 50019 Sesto Fiorentino, Florence - Italy

The coefficient |b,,(t)|?, that gives the probability of finding the
system in the n-th spin state, has been calculated and it is found to be
a somewhat involute trigonometric sum. An approximate expression
for b, (t) by means of the corresponding Bessel functions was obtained
only if n < N, at < N (N is the total number of spin states, « is a
parameter), since the trigonometric sum which runs through all the
spin states can be replaced by an integral in a careful way only in this
case. Using a heuristic argumentation, this form has been assumed
to be valid also for n = N, which corresponds to the transition from
spin-up to spin-down, and the inversion time has been calculated in
this way. It is given by the first maximum of |by (¢)|>. However, due
to the important role of the inversion time, which connects the theory
with the experimental spectra, a better calculation is in order.

The present talk is about investigations performed in [1] where a
new formula for the probability amplitude by (t), for N > 2 and for
any t, was derived in terms of the Bessel functions with large indexes.
An asymptotically exact expression is obtained for the spin inversion
time. An application of this useful formula is shown in the example
of the Fe8 cluster.

[1] Karatsuba E., Moretti P. The inversion probability of a large spin as
an asymptotic expansion in series of Bessel functions // Mathematical

Models and Computer Simulations, 2018 (submitted to a journal).
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IBpUCTNYECKUI NOAXO0L K TECTUPOBAHUIO

HelpOHHbIX ceTeil Ha OCHOBE KOHLUenuui

TeCTUpOBaHUS NPOrpamMMHOro obecneveHus
1
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DOTI: 10.30826/IDP201885

Ha npakTuke BbIOOp apXUTEKTYPhI HEHPOHHOI CETH IIPU PEIIEHUN
KOHKDETHO! 331291 [IPOM3BOIUTCS HAYTA I, HA OCHOBE OIbITA pa3pa-
6otunkoB. [Ipn mocTpoennn riry0OKNX HEHPOHHBIX CeTel 9TO MOXKET
[PUBECTU K BBIOOPY, CHJIBHO OTJIMYAIOIIEMYCs OT Haury4drirero. Or-
Jinare HEeMpPOHHBIX CeTefl OT MPOrPAMMHBIX CHCTEM, PEaJIH3yONuX
AJITOPUTMUIECKIE METObI PEMIeHUs 3a/1ad, JTOCTATOYHO CYIIECTBEH-
uo. [Ipu mporpamMMuoil peasu3anuy aJrOPUTMOB MOYKHO ITPOCIEIUTH
JBUKEHIE JTAHHBIX, TECTHPOBAHUE IIPOIPAMMHON CHCTEMBI MOXKET I10-
MOYb OOHApPYKUTh OMIUOKKM. B IPOTUBOIOJIOKHOCTD 3TOMY HEpOH-
Hasl CeTh UHOIJA BOCIIPUHUMAETCSI B BUJIE YEPHOIO SAIUKA W BBIBOJL
0 NPaBUJILHOCTH PABOTHI JIeIaeTCsl Ha OCHOBAHUM HAp (BXOJI, BBIXOJ).
Opmako 1o He Beerja Tak. CTpyKTypa HepOHHO CeTH, UCIOIb3Y-
eMOil TIpU pellleHny KOHKPETHOH 3a/1aur, MOXKeT ObITh XOPOIIO n3-
BecTHa. Bosiee TOro, XoTs ajropuTMUYecKas CBA3b JIEMEHTOB ITO
CTPYKTYPBI JIPYT C JIDYTOM He BCErja siCHa, 3a9acTyi0 XOPOIIO U3-
BECTHBI HEKOTOPBIE TIAPAMETPBI CTPYKTYPHBIX 3JIEMEHTOB, KOPPEKITUS
ommOOK pabOThI KOTOPBHIX MOXKHO ITPOBOJUTH MIPUMEPHO TaK¥Ke, KaK
MIPOBOJIATCS IPUHITUITHAIBHO 3BPUCTUIECKIE IPOIIE/LyPhI TECTHPOBA-
HUA U OTJIQJIKA IPOTPAMMHBIX CHCTEM.

Me>xgynapoanast kougepennust MOWU-12. Uramnus, r. Tasra
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Heuristic approach to testing neural networks that
meets software testing concepts
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In practice, the choice of the neural network architecture for solv-
ing a specific problem is based on the experience of developers. When
constructing deep neural networks, this can lead to a choice that is
far from the best.

The difference between neural networks and software systems that
implement algorithmic methods for solving problems is quite signif-
icant. In software implementation of algorithms, one can trace the
movement of data, testing the software system can detect and localize
errors. In contrast, a neural network is often considered as a black
box, and the conclusion about correctness of operations is based on
its jinput, output; pairs. However, this is not always the case. The
structure of the neural network used to solve a particular problem
can be well known a priori. Moreover, although the algorithmic con-
nection among the elements of this structure is not always clear, some
parameters of structural elements can be corrected in the same way as
in essentially heuristic procedures for testing and debugging software
systems.

In applied problems, type of input and output data and its di-
mension are determined by the specific nature of the problem and by
the particular system within which the problem is being solved.

International Conference IDP-12. Gaeta, Italy
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B KoHKpeTHBIX IPUMEHEHNAX PA3MEPHOCTH U TUI BXOJIHBIX U BbI-
XOJTHBIX JAHHBIX OIIPEJIEJIIOTCS CIEIU@UKON 337141 ¥ KOHKPETHO
CHCTEMOil, B paMKaxX KOTOpOil 3ajada peraercs. Onmupasch Ha 9TH
JIAHHBIE CO3/IaTeJI HEHPOCETEBhIX CHCTEM BBIOMPAIOT KOJIMYECTBO U
TUIBI HEHPOHOB, WX pa30uWeHne Ha CJIOM, BUIbI STUX CJIOEB, CIIOCO-
OBl B3aMMO/IENCTBIA MEXKy HEIPOHAMH, BECA CUHAIICOB, KOJTUIECTBO
00y JaloIuX IPUMEPOB, CTEIIeHb UX BJIMAHUSA HA BBIXOJHBIE BEKTODHI,
MEeTPHUKH OJIM30CTH BXOJHBIX M BBIXOJIHBIX BEKTOPOB, QJITOPUTMBI IO~
CTPOEHMs MaTPUIL BECOB CBA3EH U IpyTHe XapakTepucTuku. IIpm stom
HanboJiee MPOAYKTUBHBIM IIPEICTABIIAETCS MTOIX0/l, OPraHN30BaAHHBII
Ha 6a3e MO TMPOBaHNs HEHPOHHON CceTH B BUIAE 0DOOIMEHHOTO nepap-
XUYECKOI'0 HEJ/IETEPMUHUPOBAHHOIO aBTOMATA, JOIIYCKAIOIIEro CIIOH-
TaHHBIE M3MEHEHUST CBOET'O COCTOSTHIS. DTOT ITOJIXOJL, XOPOIIIO COOTHO-
CAIUICS ¢ IPUHSTBIMA HOPMaMU M CTAHIAPTaMH, Pa3pabOTaHHBIMI
JJIs TIOJEPKKU [IPOIECCOB TECTUPOBAHUS IIPOIPAMMHOrO obecriede-
HUs, B HACTOSINEE BPEMs PEAM3yeTCs aBTOPAMU B PAMKAaX IIPOEKTa,
noiepkantoro rpantom PODI Ne 18-07-00697. Ilorras Bepcus cra-
ThHU ObLIa omybsmKkoBaHa B xKypHaste «Programming and Computer
Software» [1].

[1] Karpov Yu., Karpov L., Smetanin Yu. Heuristic approach to testing
neural networks that meets software testin concepts // Programming
and Computer Software, 2018. Vol.44. No.5. P.5-25. https://doi.
org/10.1134/S0361768818050031.
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Based on these initial data, the designers of neural network sys-
tems select the number and types of neurons, their partition into
layers, the types of these layers, the methods of interaction between
neurons, the weight of the synapses, the activation functions, and
some other characteristics.

The most promising seems the approach based on modeling a neu-
ral network by a generalized hierarchical nondeterministic automaton
with spontaneous changes of its states. This approach complies with
the accepted norms and standards for testing software systems. It is
now implementing by authors in their research project supported by
Russian Foundation for Basic Research (grant No. 18-07-00697).

Full version of the article was published in ‘Programming and
Computer Software’ journal [1].

[1] Karpov Yu., Karpov L., Smetanin Yu. Heuristic approach to testing
neural networks that meets software testin concepts // Programming
and Computer Software, 2018. Vol.44. No.5. P.5-25. https://doi.
org/10.1134/S0361768818050031.
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DOI: 10.30826,/IDP201886

Ilenabro paboTHI ABJISIETCST CO3MAHNE METOIOB M CPEJICTB Teparep-
IOBOTO WHTEJIJIEKTYaTbHOTO BUICOHADIONEHNS, TO €CTh, aBTOMATH-
TEeCKOTO aHAJIM3a BUICOM300PaKeHNii B TEPAreprioBOM JTHAITA30HE Ta-
crotr. TepareprioBoe BHCOHAOIONCHIE OTKPBHIBACT HOBBIE BO3MOK-
HOCTH B obecrieyeHusi 0e30MaCHOCTH, B YaCTHOCTH, OHO II03BOJISIET
JIMCTAHITMOHHO BBISBJIATH ONACHBIE IIPEJIMETHI, CKPBITHIE IO, OJIeK-
moii. BmecTe ¢ Tem, OCOBEHHOCTH TEpareproBoro BHIEOM300parke-
HUS, TaKWe KakK HU3Koe paspernenne, caadblii KOHTPpACT W HU3KOe
COOTHOIIIEHNE CHUTHAJI/TIIyM, MPUBOJAT K HEOOXOJUMOCTH pa3paboT-
KM HOBBIX METOJIOB M IIOJXOJIOB K aBTOMATUYECKOMY AHAJJIU3Y BU-
Jneon3obparkennii. B craTbe ommcaHbl SKCIIEPUMEHTAJBHBIE CPEICTBA
00BEKTHO-OPUEHTHPOBAHHOTO JIOTUIECKOTO TPOrPAMMUPOBAHMST, Pa3-
paboTaHHbIe [ perteHns 3a/1a9 TPEXMEPHOTO BUIEON300PAXKEHHIA.
Pa6ora nomepxana PODOU (npoekr Nel6-29-09626-ou-m).

[1] Moposos A. A., Cywxosa O. C., Ioaynanos A. @., Anuyunepos B. E.,
Mancypos I'. K., Ianpouyxui C. K., dnywxo A. B., [lemposa H. I'., By-
2aés A. C. Paszpaborka cpejicTB 00 beKTHO-OPUEHTUPOBAHHOIO JIOTAYe-
CKOT'O TIPOTPAMMUPOBAHMUS JIJIsI CJIMSIHUS U COBMECTHOI'O aHAJIN3a Tepa-

repIoBoOro n TpéxMepHoro sueonsobparkennii // POHCUT. — 2018. —
T. 10, Ne2. — C.265-274.

Me>xgynapoanast kougepennust MOWU-12. Uranus, r. Tasra



Software Engineering 191

Development of means of object-oriented logic
programming for fusion and joint analysis of terahertz
and 3D video images

Alexei Morozov' % morozov@cplire.ru
Olga Sushkova’ o.sushkova@mail.ru
Alexander Polupanov' sashap55@mail.ru
Viacheslav Antsiperov':? antciperov@gmail.com
Gennady Mansurov' gmansurov@mail.ru
Stanislav Paprotskiy" s.paprotskiy@gmail.com
Alexander Yanushko' yanushko@gmail.com
Nadezda Petrova' petrova@cplire.ru

Alexzander Bugaev'?

"Moscow, Kotel’'nikov IRE RAS
2Dolgoprudny, MIPT

bugaev@cplire.ru

The aim of the work is to create methods and software tools for the
terahertz range intelligent video surveillance, that is, for automatic
analysis of video images in the terahertz frequency range. Terahertz
video surveillance provides unique prospects in the area of public
safety; in particular, it allows you to remotely identify weapons and
dangerous items hidden under clothing on the human body. How-
ever, such characteristics of terahertz video, as low resolution, low
contrast, and low signal-to-noise ratio, lead to the need to develop
new approaches to automatic video analysis. A new method of the
terahertz video surveillance based on the fusion of the terahertz video
with 3D video is proposed. New means of the object-oriented logic
programming for the semantic fusion of the terahertz and 3D video
images are described. The developed method provides a real-time fu-
sion of the terahertz video acquired using the THERZ-7A (Astrohn
Technology Ltd) subterahertz scanning device (0.23-0.27 THz) and
3D video data acquired using the Kinect 2 time-of-flight (ToF) sensor.
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[IpodeccnonapubIil MHMOOPMAIMOHHO-aHAJIUTHIECKHIT PECype, Io-
CBSIIIEHHBI MAIUHHOMY OOYYEHUIO, PACIO3HABAHUIO OOPA30B U WH-
TeJUIEKTYaJIbHOMY aHaau3y JaHHBbIX. lleanm pecypca — CKOHIICHT-
pupoBaTh WHMOPMAIAIO O JOCTUXKEHWS BEIYINX HAYIHBIX IITKOJ;
CITOCOOCTBOBATH OOMEHY OITBITOM, HAKOILJIEHUIO U PACIPOCTPAHEHUIO
HayIHBIX 3HaHHI7I; IpeJoCTaBUTD IIJIOMAAKY JJIs1 BUPDTYaJIbHBIX Hay -
HBIX CEMHHApPOB 1 O6Cy)K,HeHHfI.

XKypHan«MawunHHoe obyyeHne 1 aHanNn3 gaHHbIX>»
http://jmlda.org

2Kypnan Mamubanoe obyvueHne u aHAJIN3 JTAHHBIX MTyOJIUKYeT HOBBIE
TeopeTudecKre U O0O30pHBbIE CTATHU C PEe3yJbTaTaMi HAayIHBIX HUC-
cJIeIOBaHUi B 0OJIACTH UCKYCCTBEHHOTO MHTE/JIEKTA, TEOPETHIECKOM
nudopmaTuku u npuiaoxkenunit. leap KypHasia — pasBuTHe TEOPUU
MAIIIMHHOTO O0YYeHUsl, NHTE/JIEKTYaIbHOTO AHAIN3a JAHHBIX W Me-
TOJIOB MTPOBEJICHNUST BBIYHCIUTEIbHBIX SKCIIEPIMEHTOB. [IpuHnMarorcs
CTAThU HA PYCCKOM U aHTIUHCKOM SI3bIKAX.
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