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10 HTesIeKTyaJIbHbIH aHAIN3 JAaHHBIX

Monck MUHUMANbHBLIX HEYACTbIX U1 MAaKCUMaJIbHbIX 4aCTbIX
HBGODOB B HaCTU4YHO ynopsago4eHHbIX OAHHbIX

Jpazyroe Huxuma Apxadvesun'x nikitadragunovjob@gmail.com
IToxoea Eaena Bcesonodoena® edjukova@mail.ru
"Mocksa, MT'Y um. M.B. Jlomonocosa

2Mocksa, BIT ®UIL 1Y PAH

3ajlaua NOMCKAa MUHUMAJbHBIX HEYACTHIX (MAKCHMMAJIbHBIX Y9aCThIX) HAGOPOB B
JIAHHBIX 3aHUMAET BayKHOE MECTO B 00JaCTH MWHMOPMAIIMOHHOTO MOuCKa. B ciytae
OMHAPHBIX JIAHHBIX 3Ta 3a/[a49a CTABUTCS CJIELYIOIUM 00pa3soM.

Hano muoxkectso 3ementoB V. ITogmuoxkecrsa X C  V mHasbiBaioTcs Habopa-
mu. [Tycrs D — 6aza jTaHHbBIX, cojiepyKaliasi HEeKOTOPbIe, He 00sI3aTeIbHO PA3INIHbIE
mabopol. Habopsr, comepxkarmuecs B [, Ha3pIBAIOTCS Tpan3akimaMu. 1lom gacroroi
nabopa v(X) nonumaercs josst rpansakiuit B D, conepxamux X . Ecin v(X) > s,
re s € [0,1], To Habop X Ha3BIBAETCS S-IACTHIM, HHAYE OH HA3BIBAETCSI S-HEUACTHIM.
Ecyin Habop HedacThIil 1 IIPU 3TOM OH He COJEPXKUT B cebe HUKAKOIrO JAPYroro Heda-
cTOro Habopa, TO TaKOW HaOOp HA3BIBAETCsI MUHUMAJbHBIM HedacThiM. Ecjm Habop
YACTBIA U OH HE COJEPXKUTCS HU B KAKOM JIDYTOM YaCTOM HabOpe, TO OH HA3BIBACTCS
MaKCUMaJIbHBIM dacThiM. Tpebyercs HaiiTu BCe MUHUMAJbLHBIE HEYACTbIE (MaKCU-
MaJibHble YacThble) HAGOPBI IpU 3aJaHHOM S. B Gostee obreil mocTaHOBKE KazKIblil
9JIEMEHT UMEET HEKOTOPOEe MHOXKECTBO YHCJIOBBIX 3HAYEHWI, 1 BMECTO HabOPOB 3Jie-
MEHTOB PACCMaTPUBAKTCS HADOPHI UX 3HAYECHMUIA.

BaxKabIM TIPUJIOKEHIEM TIOUCKA YACTBIX U HEYACTHIX HAOOPOB ABJIAETCS HAXOK-
JIeHUe aCCOIMATHBHBIX TPABII B 6a3aX JAHHBIX. [IOMCK accOMMaTHBHBIX TPABIIT OCY-
IECTBJIAETCS B JiBa dTama. Ha mepBoM aTare MpoucXouT MOUCK 9acThiX HADOPOB, HA
BTOPOM 3Talle U3 HalJIEHHBIX YaCcTbIX HAOOPOB (DOPMUPYIOTCsS ACCOIMATUBHBIE IIpa-
BujIa. 3ajada [MOUCKa HedacThIX HAOOPOB (hbaKTUIECKU PENIaeTcsi Ha BTOPOM JTalle.

C pocroM pasMepHOCTH COBPEMEHHBIX 0a3 JAHHBIX MCKATb BCe JacTble (Heda-
cThle) HAGOPBI CTAHOBUTCHA HEeIMDPMEKTUBHO KAK [0 BPEMEHU, TaK U 110 IAMITH B
CHUJTy 9KCIIOHEHITHAJIBHOTO POCTA YnCIa TaKuX HabopoB. OHUM U3 perreHuil JanHon
IPOOJIEMBI SIBJISIETCS TOUCK MAKCUMAJIBHBIX IaCTBIX HAOOPOB Xinax U MUHUMAJIb-
HBIX HEYACTBIX HADOPOB Yi,in, 9TO MO3BOJISIET KOMIAKTHO XPAHUTH WH(MOPMAIUIO O
BCEX YaCTBhIX U HEYaCThIX HAOOpax cooTBeTcTBeHHO. Hambosiee m3ydeHbl ajropuTMbl
moncka Xpax M Yin B OMHAPHBIX 0a3aX JaHHLIX. DOJIBIMMHCTBO W3 HUX paboTaeT
10 TTPUHITAILY, OCHOBAHHOMY Ha, TIOCJIEI0OBATEIBHOM Y/IAJeHUN OT/IEIbHBIX 9JIEMEHTOB
HEYACTBIX HADOPOB U TOCJIEIOBATEILHOM JTOOABIEHUN 3JIEMEHTOB YaCThIX HAOOPOB.
ITosromy Bpemsi paboOThI TaKUX aJrOPUTMOB CYIIECTBEHHO 3aBUCUT OT YHUCJIA BCEX
HevacThX (dacTbix) Habopos [Dao-I Lin, Zvi M. Kedem, 1999].

B [1] paccmorpena 3azada m0UCKA Xpax U Y B YACTUYHO YIIOPSAIOYEHHBIX
JIAHHBIX.

IIycts P =Py X ... X P, — 1eKapTOBO POU3BE/IEHNE YACTUIHO YIIOPI0YEHHBIX
MHOKECTB ¢ opsiikoM =< u 1mycth R C P. Torna R~ = {a € P|3a € R,z < a}. MHo-

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. Mockba, 26—29 Hosi16ps 2019 1.
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xkecrBo I(R™), cocrosiinee U3 BceX MUHMMAJBLHBIX JeMEHTOB MHOxKecTBa P\ R,
HA3bIBAETCS MUHUMAJBHBIM HE3aBHCUMBIM OT R. AHAJIOTUYIHO OIPEJIESTeTCs MaK-
cumasibHoe Hezasucumoe oT R muoxectso [(RT). Bagauun noucka [(R™) u I(RT)
SIBJISTFOTCS OJTHUMU W3 IEHTPAJBbHBIX TPYIHOPEIIAEMBIX TE€PEUNCTUTETbHBIX 3a/1a9
JUCKpeTHON MaremMaruku. KaxKias 3 9TuX 3a7a9 HA3BIBACTCs 3aJadeil Tyasin3a-
M7 HAJ[ IPOM3BEJICHUEM YACTUYHO YIOPSIOYEHHBIX MHOXKeCTB. [IponsBosbnast co-
BOKYIIHOCTH HAOOPOB U3 P HA3bIBAETCH YaCTUYIHO YIOPsIOUYeHHOH 0a30i1 MaHHBIX U
obozuataercsa D(P).

IMouck Xpax u Yiin pu 3agannoii D(P) 1myTeM I10C/Ie0BATEIHHOIO MOCTPOe-
HUST MHOYXKECTB Xpax U Yinin ABJIFETCS JTOCTATOYHO 04eBUIHBIM. [lepBoe MHOXKeCTBO
crpoutcst ajiropurMoM Apriori, a Bropoe — myTém Jryasm3anuu mepsoro. Ilpu mo-
CJIEJIOBATEILHOM TOCTPOEHUN Xpax U Ypyin HCIOJIB3YeTCs CBONCTBO JIBOHCTBEHHO-
CTH: I(Xr;nax) = vainﬂ I(Yvrrfm) = Xmax~

ITpetoxkennsiit B [1] moxxoz K moucky Xpax U Yinin OCHOBAH Ha «COBMECTHOM»
[IEPEYNCICHIN TUX MHOXKECTB U aBTOPOM 3IKCIIEPUMEHTAJbHO He m3ydeH. Meror
paboraer urepaTuBHo. B pe3ysbrare crposiTes siBe mocsenoBarenbaocT: X1 C Xo C
v C Xpax, Y1 C Yy C -+ C Yipin. Ha nepsom mare X; = {z}, Y1 = {y}, tue «
u y mmyTcs agropurmom Apriori. Ha ¢+ 1 (¢ > 1) mare crpoures mau6o I(X; ),
Jmbo I (Yf) u dopmupyoresa X1, Yit1. Takum 06pa3oM, IPOUCXOIUT TyaATHIAIHS
BCE OOJIBIIUX TI0 MOIITHOCTU MHOXKECTB, BCJIEJICTBUE U€r0, KAaK MTOKA3aHO B HACTOSIIEH
paboTe, METOJT He IPUMEHUM Ha IMPAKTHUKE JJIs 3329 OOJIBIION pa3MepPHOCTH.

OCHOBHBIM Pe3yJIBTATOM MPEJICTABIISIEMOl PabOThI ABJIAETCS pa3paboTKa 1 060C-
HOBAHME HOBOTI'O IOIX0/IA K IMOUCKY Xnax U Yiin B CJIy4Uae YACTUIHO yHOPSIOIEHHBIX
JlaHHBbIX. [IpeyIoKEeHHBIIT MeTOJ, sSIBJIIETCS] CHHTE30M I10CJIEI0BATEILHOTO U «COB-
MECTHOI'O» ITOJIXOJIOB, OIMCAHHBIX BbIIE, U paboraer ureparusHo. [lomoxum Xo =
= @. Crpoutcsa omna mocaenoBaTeabHOCTE X1 C Xo C -+ C Xpax. Ha mepsom
mare X; = {z}, rae « mmerca anropurmom Apriori. Ha ¢ + 1 (i > 1) mare pe-
maercs 3ajada gryanausain MuokecrBa X; \ X;—1 u dopmupyercsa X;41. Muoxe-
cTBO Yinin = I(X,,,,) moIydaercs myTémM myanms3anin X pay. KOPPEKTHOCTh METO/IA
Gasupyercsi Ha MPUBEIEHHBIX HUXKE YTBEPKIEHUX 1 1 2.

VYreepxkaeuue 1. Ilycrs X C Xpax. Torma I(X ™) comepkur gacrble u He9aCThie
nabopel. Ilpu srom, ecom y € 1(X~) — Hewacrbli HAbOp, TO Yy — MHHUMAJbHBII
HEJIaCThIH HAOOD.

VYreepxkaenune 2. Ecim X C Xpax, Y C Yy u I(X7) =Y, 10 X = Xpax
nyY = Ymin~

[IpoBejieHo SKCIIEPUMEHTAIBHOE CPABHEHNE TPEX ONMCAHHBIX BBIIIE METOJIOB B
ciydae, Korja P — Ipou3BejieHne Teleil, U BhISBJIEHbI YCIOBUS UX 3(PPEKTUBHOCTH.
DKCIIEPUMEHTAIBHO [TOKA3aHO, YTO 3D (MEKTUBHOCTH PACCMATPUBAEMBIX TIOIXO0/I0B 3a-
BHCHT KaK OT YHCJIA BCEX MAKCHUMAJIbHBIX JACTHIX U MUHUMAJIBHBIX HEIACTHIX HADO-
POB, TaK U OT COOTHOIIEHUSI MEYKJIy IUCJIOM YACTHIX HAOOPOB UM UUCJOM HEYACTHIX
nabopos. Ecu qucio qacThix HaOOPOB MPUMEPHO PABHO YUCTY HEIACTHIX HADOPOB,
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T0 Hanbosree 3PHEKTUBHBIM ABJIAETCH TOCIIEI0BATETLHO-COBMECTHDIIN ITO/IXO, TIPEI-
JIOKeHHBINT B HacTosmei padore. Mnade nanbosee 3pHEKTUBHBIM SIBISIETCS METOT,
ITOCJIEI0BATETBHOTO TTOUCKA Xinax U Yin-
Pabora wactuuno ¢unancuposana PODPU (mpoext Ne19-01-00430-a).
[1] Elbassioni K. M. On Finding Minimal Infrequent Elements in Multi-dimensional Data
Defined Over Partially Ordered Sets // arXiv,
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Finding Minimal Infrequent and Maximal Frequent Sets in
Partially Ordered Data

Nikita Dragunov'x nikitadragunovjob@gmail.com
Elena Djukova® edjukova@mail.ru

'Moscow, Lomonosov MSU
2Moscow, CC FRC CSC RAS

Finding minimal infrequent (maximal frequent) sets in data is an important task
of information retrieval. In binary case this problem is formulated as follows.

Given an arbitrary attributes set V. Subsets X C V are called sets of attributes.
Given database D containing some sets of attributes, which are not necessarily dif-
ferent. Sets of attributes contained in D are called transactions. Set frequency v(X)
is the ratio number of transactions containing X to the number of all transactions.
If v(X) > s, s €0,1], then set X is called s-frequent, else it is called s-infrequent.
If set is frequent and it does not contain another frequent subset then it is called
minimal infrequent. Similarly, you can define maximal frequent set of attributes. It
is required to find all minimal infrequent (maximal frequent) sets of attributes with
given s. In a more general statement, each attribute has a set of numerical values,
and sets of values are considered instead of the sets of attributes.

An important application of finding frequent and infrequent sets of attributes is
an association rules mining. Association rules mining consists of two steps. First,
frequent sets are searched, then association rules are constructed from frequent sets.
During the association rules constructing the problem of infrequent sets searching is
solved.

With the growth of the dimension of modern databases, it becomes inefficient to
search for all frequent (infrequent) sets both in time and in memory due to the expo-
nential growth of the number of such sets. One solution to this problem is to find set
of all maximal frequent subsets X,,.x and set of all minimal infrequent subsets Yiin,
that allow to store information about all frequent and infrequent subsets compactly.
Typically, the search of X.x and Yi,in is reduced to the binary case. Most of the
algorithms works sequentially decreasing infrequent sets and sequentially decreasing
frequent sets. Thus the running time of such algorithms sufficiently depends on
number of all infrequent (frequent) sets [Dao-I Lin, Zvi M. Kedem, 1999].

In [1] the concept of non-binary partially ordered databases was introduced.

Assume P = Py x ... x P, — Cartesian product of partially ordered sets with
binary relation <, RCP. R~ = {x € P|3a € R,z < a}. Set I(R™) containing all
minimal elements of set P\ R~ is called minimal independent of R. Similarly, you can
define maximal independent of R set I(R™*). Problems of mining I(R~) and I(R™)
are computationally hard discrete problems called dualization. Arbitrary collection
of P subsets is called partially ordered database and denotes D(P).

Sequential finding of X,.x and Y., with given D(P) is quite obvious. The
first set is enumerated by Apriori algorithm, then the second one is enumerated
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14 WHrenekTyanbHbIil aHAJIN3 JTAHHBIX

by dualization. Duality property is used during sequential finding: I(X,,.) =
= Ymirn I(Yntn) = Xmax

In [1] a method of finding Xpax and Y, based on joint sets enumeration was
proposed, but was not studied experimentally. The method works iterative. Two
sequences are constructed: X7 C Xo C -+ C Xpax, Y1 C Y2 C +-- C Yiin. In the
first step X1 = {z}, Y1 = {y}, where x and y are found by Apriori algorithm. In i+1
(i > 1) step I(X,; ) or I(Y;") is constructed and sets X; 1, Y;41 are found. Thus, on
every step dualization of sets with increasing cardinality is solved, thus the method
can not be used on big tasks in practise.

The main result of this work is the development and rationale for a new approach
to finding X,ax and Y, in case of partially ordered data. Proposed method is a
synthesis of sequential and joint approaches and works iterative. Assume X, = @.
A sequence X; C Xy C -+ C Xpax constructing. In the first step Xy = {z},
where z is found by Apriori. In the i +1 (i > 1) step the dualization of X; \ X;_; is
solved and X, is enumerated. Set Yiin = I(X,,,.) is constructed by dualization
of set Xax. The method is based on statements 1 and 2.
Statement 1. Assume X C Xpa. Then I(X ™) consists of frequent and infre-
quent sets. If y € I(X~) — infrequent set, then y — minimal infrequent set.

Statement 2. If X C X, Y C Yy and I(X7) =Y, then X = Xpay and Y =
- Ymin-

The three methods described above are experimentally compared in the case
where P is the product of chains, and the conditions for their efficiency are revealed.
It is shown experimentally that the efficiency of the considered approaches depends
both on the number of all maximal frequent and minimal infrequent sets and on the
ratio between the number of frequent sets and the number of infrequent sets. If the
number of frequent sets is approximately equal to the number of infrequent sets,
then the sequential-joint approach is the most efficient. If the number of frequent
sets is substantially greater (less) than the number of infrequent sets, then sequential
search of X .x and Yin is the most efficient.

This research is partially financial supported by RFBR, grant 19-01-00430-a.

[1] Elbassioni K. M. On Finding Minimal Infrequent Elements in Multi-dimensional Data
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O nowucke aCCoumnaTuMBHbIX NpaBun B He6I/IHaprIX AaHHbIX

Tenpuxos Hzopv Eszenvesur'x ingvar1485Qrambler.ru
Toxosa Eaena Bcesoaodoena® edjukova@mail.ru
Xumxn, 000 «Mobaiin napk UT»

2Mocksa, BIIl ®UIL 1Y PAH

Baava monckKa acCONUATHBHBIX TPABUJ B JJAHHBIX SIBJISI€TCS OHON U3 IEHTPAb-
HBIX 33/1a9 MHTEJJIEKTYaJbHOIO aHaan3a MHMOPMAIUN U aKTyaJbHA I MHOIUX
NPUKJIAIHBIX obJiacTeil. DTa 3aja4a Buepsble mocrasieHa B 1993 r. P. ArpasaJjiom,
T. Nmemuackum u A. Camu. IlpuBeném €€ craHgapTHYIO IIOCTAHOBKY B CiIydae Ou-
HapPHBIX JAHHBIX.

JlaHO HEKOTOPOE MHOXKECTBO P, 3JIeMEHTBI KOTOPOTO HA3BIBAIOTCS ATPUOYTAMU.
Hana 6a3a mamnbix [, cojepsKalasi HEKOTOPBIE MOAMHOYKECTBA MHOKeCTBa P, mHe
obs13aTeIbHO pasaumdnbie. [loaMmuoxkecTBa MHOXKeCTBa P Ha3bIBAIOTCA HaboOpamu aT-
pubyTOB, a Te M3 HUX, KOTOPbIe cojieprKaTcs B D, Ha3bIBAIOTCs TpaH3akIiusMu. Ac-
COUUAMUBHOE NPABUAO ITO TIapa HEIEPEeCEKAIONXCcs HAbopoB arpudyToB X un Y,
KOTOPBIE OJHOBPEMEHHO COJIEPXKATCS MUHUMYM B OJHOM TpaH3akIuu. ACCOIUaTUB-
HOe TpaBwWiIo, mopoxaaemoe X u Y, obbrano obozuadaercs depes X = Y. [lod-
depotcroti (support) upasuia X = Y Ha3biBaeTcsl OTHOIIEHUE YUCJA TPAH3AKIMIA,
comepxkanumx X UY'| k unciy Beex tpansakimii. Jocmoseprocmuio (confidence) npa-
Busia X = Y Ha3bIBaeTCs OTHOIIEHHE YUCJIa TpaH3akiwuil, cogepxkammx X UY, K
qucry TpaH3akiuii, comepxkaimx X . TpebOyercst HailTu accoluaTUBHBIE TPABUIIA C
NOJIEPKKOi He Menee s, s € [0, 1], u ¢ mocToBepHOCTBIO He Memee ¢, ¢ € [0, 1].

[Towmck accormuaTUBHBIX MPABUJI OOBITHO OCYIIECTBIIsIeTCs B JBa dTana. CHadasa
HaXOATCsI BCEe TaK Ha3bIBaeMble S-4acTbhle HAOOpHI aTpudbyToB. Habop arpubyros Z
Ha3bIBAETCSI S-YACTBIM, €CJIM OTHOIIEHNE YNC/Ia TPAH3aKIUi, cojlepKainux Z, K Iuc-
JIy BCEX TPaH3aKIMil He MeHee S (B IPOTUBHOM CJIydae Z HA3BIBACTCS S-HEYACTBIM).
3areM I KarXKJI0ro HANIEHHOrO S-9acTOro Habopa Z IyTeM pas0OueHus Z Ha B
HEIEPECEKAIONINXC s TTOAMHOXKecTBa X U Y CTPOATCS ACCONMMATUBHBIE IIPABUIIA BUIA
X =Y ¢ 10CTOBEPHOCTHIO HE MeHee C.

B 6outee ob111eit TOCTAHOBKE KaK/Iblii ATPUOYT MMEET HEKOTOPOE MHOYKECTBO THUC-
JIOBBIX 3HAYEHUIT 1 BMECTO HaOOPOB aTpUOYTOB PACCMATPUBAIOTCS HAOOPHI NX 3HAUE-
uuii. Kak mpaBuio, IOUCK acCONMUATUBHBIX MPABUJI CBOIUTCS K OMHAPDHOMY CJIYYAI0
[y TeM 3aJaHus JJId KasKJI0ro arpubyTa HEeKOTOPOro Yuc/ia (IIopora), IO3BOJISIONIEro
[I€PEKOMPOBATH UCXO/IHbIE HEOMHAPHDIE TaHHbIe B OnnapHble. Pesybrar cyriecTBen-
HO 3aBUCUT OT BbIOOpa BapuaHTa OuHapusaruu. OHAKO 11epebop 110 BCeM BO3MOK-
HBIM BapUaHTaM OMHAPU3AINK JaHHBIX TpeOyeT OOJIBIITINX BPEMEHHBIX 3aTPAT.

Ha npakTuke 4acTo BOZHUKAIOT 3329 IOUCKA 3aBUCUMOCTEH B 9aCTUIHO YIIO-
PANOYEHHDBIX JAHHbIX. B [1] BBeJeHbI HOHATUS S$-9aCTOrO U S-HEYACTOIO JIEMEHTA

A muokectBa P = Py X ... X P,, tme Pi,..., P, —KOHEUHbIE TACTUIHO YIIOPSI-
JIOYEHHBIE MHOXKECTBA M JIeMeHT y = (y1,...,Yn) € P ciaemyer 3a sjemeHTOM T =
= (z1,...,2,) € P (x < y), eciin y; crenyer 3a x; upu i = 1,2,...,n. C menpio

Bcepoccniickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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KOMITAKTHOI'O XPaHEHHUsI aCCOIUATUBHBIX IIPABUJI JAHO [TOHSTUE HEIIPUBOIUMOIO ac-
COIMATUBHOIO IIPABUJjIa, OIUPAOIIeecs Ha IMOHATHS «MUHUMAJIbHOI'O» S-HEYACTOIO
9JIEMEHTA U «MAKCHUMAJIbHOIO» S-9acToro 3jieMenta MHoxkectBa P. Ilokasano, 4o
[IONCK TaKUX MPABUJI MOXKET OBITbH OCYIIECTBJIEH IIyTEM PEIIeHNs BbIUUC/IUTETHHO
CJIOYKHOI JIMCKPETHON 3a/la4u, Ha3bIBAEMO JyaJu3aliueii HaJ| IPOU3BEJICHUEM 4Ya-
CTHYHBIX HODsIKOB. B ciyuae, korma P; = {0,1} (0 < 1, 0 # 1) aa Beex i =
=1,2,...,n, IpU [IOKUCKE HEIPUBOIUMBIX aCCOLIUATUBHBIX [IPABUJI PELIAETCS 331298,
JlyaJIn3aIii MOHOTOHHON KOHBIOHKTHBHOM HOpMAaJIbHON (hopMbl (B MATPUIHON (hop-
MYJIMPOBKE 9TO 3a/1a49a OCTPOCHUsI HEIPUBOAMMBIX [MOKPLITHI Oy/JIeBON MATDPUIIDI).

B macrosmeit pabore paccMoTpeH o0mmmii cirydail, a uMeHHO, Korma P — mpons-
BeJIeHNEe KOHEYHBIX YACTUYHBIX IOPSAKOB U JIJIA 9TOIO Caydas JAHO IOHATHE acCo-
[IUATUBHOIO IIPABUJIa, IIPUBEIEHHOE HIKE.

DJjieMeHTHI T,y € P Ha3bIBAIOTCS CPABHUMBLMU, €CIU b0 x = 1y, b0 y < x. B
[IPOTUBHOM CJIydae T U Y HA3BIBAIOTCS HECPAGHUMbBLMU.

IIpeamonaraercs, 9T0 KaXKa0e MHOXKECTBO P; mMeeT HauMeHbwut aiemenm, T.e.
TaKOi 3JIEMEHT [;, /71T KOTOPOTO BBIMOJHEHO [; = x; JJIs Jioboro x; € P;. Dmement
x; € P; Ha3bIBaeTcd CyNIECTBEHHBIM 3HAYEHUEM JIEMEHTA & = (L1,...,Ti,...,Tpn) €
P, eciin x; # [;. [lpeanonaraercs Takxke, 4ro 06a3a jganubix D, D C P, He cOlepKuT
rpansakiuio | = (I1,...,1,). Yepes Sp(x), x € P, 0603HAUAETCST IUCIIO TPAH3AKIII
z B D makux, 4to r < Z.

JBa necpaBHUMBIX 3j1eMeHTa T = (T1,...,Zn) U Y = (Y1,...,Yn) MHOKeCTBa P
Ha3BIBAIOTCS HENEPECEKAOUWUMUCA, eCITH st JI0boro ¢ € 1,2,...,n XoTa ObI OINH
U3 JIEMEHTOB &; U y; paBeH [;. VI3 onpenesenus ciaeayer, 4To ecjd & U Y — Helepe-
CEeKAIOIHecst 9JIeMeHThl MHOXKecTBa P, to x # [, y # .

Iycrb 2,y € Pyx = (21, ..., Zn), Y = (Y1, - - - , Yn) — HEIIEPECEKAIOIIUECS FTIEMEH-
or. Yepes x © y = (uq,...,u,) 06O3HATAETCH JIEMEHT MHOXKECTBa P, B KOTOPOM
u; = l;, econ x; = y; = l;, nHade u; = T;, €CIN T; — CYIIECTBEHHOE 3HAYCHUE I X,
U u; = Y;, €CJIN Y; — CYIIECTBEHHOEe 3HAYEHUE JIJIA Y.

Accoyuamusnom (s, c)-npasusom, s € [0,1], ¢ € [0,1], nasbiBaerca mnapa

Sp (zOy)

HEIIEPECEKAIONINXCS JEMEHTOB & M Y MHOXKeCTBa P Takux, 49ro
Sp(x ©®y)/Sp(x) > c. Accormarnsuoe (s, ¢)-IPaBUIO, MOPOKIAEMOE JIEMEHTAMMI

P 0 Sp(z)
x,y € P, HasbIBaCTCA HENPUGOOUMBIM, CCIIH

[D]
S
TAKOTO 9TO 2 = &, T # 2, U |DD(|Z) < 8§ JIst JTIODOTO 2z, TAKOTO UTO T DY = 2, LY % 2

< s, 32 > ¢ g moboro 2,

(1. e. accoruaTUBHOE (8, C)-IIPABUIIO T = Y ABJIAETCS HEIPUBOIUMBIM, €CJIU T
HUMAJIbHBINA $-HEYIACTHIN 37eMeHT B P, a & ® y — MaKCUMAJIbHBIN S-IaCTBIH 3JIEMEHT
B P).

AcconuarusHoe (s, ¢)-IPaBUIO T = Y yKa3bIBAET Ha OUPEIEIEHHYIO 3aBUCUMOCTD
MeXK Iy HADOPOM CYIIECTBEHHBIX 3HAYEHUIN dJIeMEHTa & U HADOPOM CYIIECTBEHHBIX
3HAYEHUN JIEMEHTA Y U SBJISETCH ODODIEHNEM MOHATHS ACCOIMATUBHOIO IIPABU-
Jia, BBEJIEHHOT'O BBIIIE JJId OMHAPHBIX HAHHBIX. [IpUBEEHBI MILTIOCTPATHBHDBIE MO-
JleJibHBbIe TpuMepbl. Kpome Toro, jursd moncka s-9acThIX 9JIEMEHTOB B HEOMHAPHBIX

MU-
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JIAHHBIX, B TOM YHCJI€ B YaCTHIHO YIOPSJIOYEHHBIX, MPEJJIOKEHO MOAUMUITPOBATD
KOHCTPYKIIMIO Kiaccuiaeckoro ounapuoro FP-nepesa (Frequent Pattern Tree) my-
TEM BBEJIEHUsI JIJIsl KarXKJ0r0 He OMHApPHOrO aTpubyTa JIOIMOJHUTEILHON BEPIIUHBI,
cojiepaKariieit mHGOPMAIINIO O BO3MOXKHBIX BAPUAHTAX OMHAPU3AINN 3HAYEHUIT 3TOTO
aTpudyTa.

Pa6ora yactuuno dunancuposana PODU (upoekr Ne19-01-00430-a).

[1] Elbassioni K. M. On Finding Minimal Infrequent Elements in Multi-dimensional Data
Defined over Partially Ordered Sets // arXiv:1411.2275. —2014. — 30 p.
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On the search of association rules in nonbinary data

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

2CC FRC CSC RAS, Moscow, Russia

Finding association rules in data is a central problem in pattern recognition data
analysis, and it is important for many applications. This problem was first stated in
1993 by R. Agrawal, T. Imielinski, and A. Swami. Its standard statement for binary
data is as follows.

A set P, the elements of which are called attributes, is given. There is also
a database D containing subsets of P, which are not necessarily different. The
subsets of P are called sets of attributes, and the subsets contained in D are called
transactions. An association rule is a pair of nonintersecting sets of attributes X
and Y that simultaneously belong to one and the same transaction. The association
rule generated by X and Y are usually denoted by X = Y. The support of the rule
X =Y is the ratio of the number of transactions containing X UY to the number
of all transactions. The confidence of the rule X = Y is the ratio of the number
of transactions containing X UY to the number of transactions containing X. It is
required to find the association rules with the support not less than s, s € [0, 1], and
with the confidence not less than ¢, ¢ € [0, 1].

Association rules are usually sought in two steps. First, all so-called s-frequent
sets of attributes are found. A set of attributes Z is said to be s-frequent if the
ratio of the number of transactions containing Z to the number of all transactions is
not less than s (otherwise, Z is called s-infrequent). Next, for each found s-frequent
set Z, association rules X = Y with confidence not lower than ¢ are found by
decomposing Z into two nonintersecting subsets X and Y.

In a more general statement, each attribute has a set of numerical values, and
sets of values are considered instead of the sets of attributes. Typically, the search
for association rules is reduced to the binary case by specifying a number (threshold)
for each attribute that makes it possible to represent nonbinary data as binary data.
The result significantly depends on the choice of binarization method. However, the
search through all data binarization variants is computationally costly.

In practice, one often encounters problem of finding dependencies in partially or-
dered data. In [1] introduced the concepts of s-frequent and s-infrequent element for
the set P = P; X ... X P,, where P, ..., P, are finite partially ordered sets and the
element y = (y1,...,yn) € P succeeds the element © = (z1,...,2,) € P if y; suc-
ceeds z; for i = 1,2,...,n. For the purpose of compact storage of association rules,
the concept of irreducible association rule was introduced, based on the concepts of
the "minimum” s-infrequent element and the "maximum” s-frequent element of the
set P. It was shown that the search for such rules can be accomplished by solving
a computationally complex discrete problem called dualization over the product of

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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partial orders. If P, = 0,1 (0 = 1,0 # 1) for all i« = 1,2,...,n, then the problem
of dualization of a monotone conjunctive normal form is solved in the searching
for irreducible association rules (in the matrix formulation, this is the problem of
constructing irreducible covers of a Boolean matrix).

In this paper the general case in which P is the product of finite partial orders
was considered, and the concept of association rule was defined for this case. This
concept is a generalization of the concept of the association rule introduced above for
binary data. Illustrative model examples are discussed. In addition, for finding s-
frequent elements in nonbinary data, including partially ordered data, it is proposed
to modify the construction of the classical binary FP-tree (Frequent Pattern Tree) by
introducing for each not binary attribute additional vertex containing information
about possible variants of values binarization for this attribute.

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

[1] Elbassioni K. M. On Finding Minimal Infrequent Elements in Multi-dimensional Data

Defined over Partially Ordered Sets // arXiv:1411.2275. 7— 2014. ”— 30 p.
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CybObekTuBHOE BOCCTaHOBJ/IEHWE MPONYCKOB AaHHbIX U3MEpPEeHuid
00bekTa uccnefoBaHUA U ero MaTemMaTUYecKon moaenu

IMumwves FOpuii ITemposu' yuri.pytyev@gmail.com
Daromrxuna Oaecs Baadumuposna' olesya.falomkina@gmail.com
Yyruuroe Anexceti Mearosun'x achulichkov@gmail.com

"Mocksa, MT'Y um. M. B. Jlomonocosa

B jokjiajie amb! pereHns 3a1ad SMITPUIECKOTO BOCCTAHOBICHNS CYObeK TUBHON
MaTeMaTH4IecKoil Mojenn obbekra uccieposanus (OBU) u cyGbekTuBHON HHTED-
[peTar JAHHBIX €r0 U3MEPEHHil, MCKAaKEHHBIX MTyMOM, MaTeMATHIECKash MOJIETh
KOTOPOT'O HEM3BECTHA, U «IIPOILyCKaMuy» jJaHHbIX u3meperuit OB, npuuém marema-
TUYECKas MOJIEb N3MePEHuil Takyke Hem3BecTHA. Takasi HeOlpeseICHHAs U HEeIET-
Kasl anpuopHast nH(MOPMAIUS O PACCMOTPEHHBIX 3aJ1a9aX TPYAHO (hopMaiusyeMa u
TpebyeT CHenuaIbHOTO MATEMATHIECKOrO alliapara Kak Jjisd MaTeMaTuIecKoil ¢hop-
MYJIMPOBKU UX TOCTAHOBKHU, TAK U JJI MATEMATHIECKUX METOJIOB UX PEITeHUSI.

JlIst IOCTAHOBKM W JIJISI PEIeHus HA3BAHHBIX 3aJad UCIIOJIH30BaH MaTeMaTH-
qeckuii popmanuam cyobekTusHoro mogeauposarus (MO®CM) [1], [2], nosBossio-
Uil MareMaTniecku cHOpMyIUpPOBaTh Kak cyObekTuBHyO Momenab OBU, tak u
CyOBEKTUBHYIO MOJIE/Ib €r0 U3MEPEHUl U UX CYyObeKTUBHON HHTEPIPETAINA C yIE-
TOM BOCCTAHOBJIEHHBIX JIAHHBIX U3MEPEHUl B «IIPOIycKax». s 5Toro ncrnoan3oBa-
Hbl CyObEKTUBHBIE [IPEJICTABJICHNS] MOJeIbepa-uccieoparess (M-u) o du3nIecKux
coiicrBax OB 1 0 cpejicTBax €ro M3MepeHwuii, 0 MaTeMaTHIECKIX CBOMICTBAX IIIyMa
U T.11.; BCsl TO/I00HAsT CyO'beKTUBHAST MH(OPMAIUs. OCHOBAHA Ha HAYJIHOM OIIBITE M-U
¥ HA €ro WHTYUIIAU YIEHOTO.

MO®CM cosman JJ1st MOJAETUPOBAHUS HEOIPEIEJIEHHOCTH, OTPAaKAIONMIEN HEIIOIHO-
Ty ¥ HEJO0CTOBEPHOCTH CyObeKTuBHON nuopMmarmun 00 OBU, HewéTkocTn 1 ciryJaii-
HOCTHU, XapaKTEPHOII 111 €€ CoJleprKaHusl, XapaKTePU3YIONEero MaTeMaTHIeCKY 0 MO-
sers OB MatemaTndeckyio MOJIesIb CYObEeKTUBHBIX CY2K/IEHUI O 3HAYCHUSIX HEN3-
BectHOro mapamerpa x € X wmojean M(z) OB momenbep-nccnienoBaresnsb (M-n)
sajaer Kak mpocrpanctso (X, P(X),P1%, Bel®) ¢ mepamu npasdonodobus P1* u do-
eepus Bel®, e T — HeOIIPEe/IeJICHHBII 9/1eMeHT (HO3) €O 3HaYeHUusIMU B X, MOJIEJIU-
pyIoIuii cyObeKTUBHBIE CYXKICHUS M-I O Hen3BeCTHOM & € X, Mepbl PI® u Bel®
MOJIETTUPYIOT MOJIAJIBHOCTU €r0 CYOBEeKTUBHBIX CYXKJIEHUI 00 MCTUHHOCTU KayKJOrO
x € X: snauenue P1% (T = x) onpeiesisier, HACKOIBLKO, 1O €10 MHEHHIO, OTHOCHTEIHHO
IPABIOIOOGHO PABEHCTBO T = x, a 3uadenne Bel” (T # ) ompeesser, HACKOILKO
CJIeJyeT OTHOCUTENIBHO JIOBEPSITh HEPABEHCTBY T # I, IJIe «OTHOCUTEIHLHO» O3HAYAELT,
gro 3uadenud Pl(-) u Bel(:) He BaxKHbI, UMeeT CMBICJI JIUIIb UX YIIOPAI0U€HHOCTD.

M®CM, B orjinune OT «CTAHAAPTHOIO» MATEMaTUYeCKOI0 MOJETUPOBAHUS, 1103~
BOJISIET M-M MATEMATHIECKU MOJIEJTUPOBATEH KaK TOYHbIE (hOPMATM30BAHHbIC 3HAHWS
mojiesn OBU, tak u nedopmaimzoBaHHbie, HEIOJHbIE U HEJIOCTOBEPHBIC, HAMNHA
¢ «abCoOJIIOTHONO HE3HAHWSA» BILIOTH JIO «TOYHOrO 3Hanusg» Mojean OBU, Bbrawmc-

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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JIATH OTHOCHUTEIbHBIE MPABIOINOA00MS U JTOBEPUS UCTUHHOCTHU JIIOOBIX XapaKTepH-

cruk OBU, o6yciioBiienHbIX ero cyObeKTUBHON Mogenbio M (T).

CybbexkTuBHast Mojiesib u3Mmepennit OBV u nHTepnperanuu JIaHHBIX €ro u3Me-
peHuil ompejiesieHbl KaK 3JEMEHTHI ITapaMeTPUYeCKOTO CeMeMCTBa CIVIaKUBAIOIINX
ciuiaitnos [3], [4], npeacrapiagomux JaHHble U3MEePEeHuil B BUJe CyMMBbI JIByX CJiarae-
MBIX: TVIQJIKOTO, ONITUMAJILHO OIEHUBAIOIIETO JAHHBIE N3MEPEHU, «OUUMIEHHBIES OT
IIyMa, U CJIaraeMoro, OIITUMAaJIbHO OIIEHUBAIOIIETO IIyM, IIPUIeM «ONTUMAJIbHOCTL»
M-U OlpeJiesisseT cyObeKTUBHO, U3MEHss TapaMeTphl ciiaiina. B moxiase nccreio-
BaHBI 3aBUCUMOCTH KayeCcTBa PEIIeHUIl IIePpedYNC/IeHHBIX 38/1a4 OT KOJINYECTBa «IIPO-
IIyCKOB» JIAHHBIX U3MEPEHUI 1 OTHOCUTEJILHOTO YUCJIA «IIPOIYIEHHBIXy JaHHbBIX W3-
MEpEeHU.

Pabora nomiepkana rpanravu PODIU Ne17-07-00832 A, 18-07-00424 A.

[1] Pyt’ev Y. P. Modeling of subjective judgments made by a researcher-modeler about the
model of the research object // Mathematical Models and Computer Simulations. —
2013. — Vol. 5, no. 6. — P. 538-557.

[2] FO. II. ITwmwves. BepoarHoCTb, BO3MOKHOCTD M CyOBEKTUBHOE MOJEJINPOBAHUE B Ha-
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Mocksa. DUSMATJINT, 2018, 268 crp.

[3] fO. II. Humwves, O. B. @aromkuna, C. A. Huwwun, A. U. Yyauuxos. Maremarn-
geckuii bopManu3M CyObEeKTUBHOTO MojieupoBanus //Mamuanoe obydenne n anaams
nanabix, Mocksa, 2018. — T. 4, Ne 2. — C. 108-121.

[4] Yu. P. Pyt’ev, O. V. Falomkina, S. A. Shishkin. Subjective Restoration of
Mathematical Models for a Research Object, Its Measurements, and Measurement-
Data Interpretation // Pattern Recognition and Image Analysis, Ne 4, 2019 (upunsita
K IIeYaTn).
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Subjective restoration of missing measurement data of the
research object and its mathematical model

Pyt’ev Yuri Petrovich' yuri.pytyev@gmail.com
Falomkina Olesya Vladimirovna' olesya.falomkina@gmail.com
Chulichkov Alexey Ivanovich'x achulichkov@gmail.com

"Moscow, Lomonosov Moscow State University

The report provides solutions to the problems of empirical reconstruction of the
subjective mathematical model of a research object (RO) and the subjective inter-
pretation of its measurement data distorted by noise, the mathematical model of
which is unknown, and by “gaps” in RO measurement data, and the mathematical
model of measurements is also unknown. Such uncertain and fuzzy a priori infor-
mation about the considered problems is difficult to formalize and requires a special
mathematical apparatus both for the mathematical formulation of their statement
and for the mathematical methods of their solution.

For the statement and for solving these tasks we used the mathematical for-
malism of subjective modeling (MFSM) [1] that allows to mathematically formulate
both a subjective mathematical RO model and the subjective model of measure-
ments and their subjective interpretation taking into account the recovered mea-
surement data in “gaps”. For this purpose the subjective judgments made by the
researcher—modeler (r-m) about RO physical properties and means of its measure-
ments, about mathematical properties of noise etc. are used. All such subjective
information is based on r-m’s scientific experience and his scientific intuition.

MFSM was created for modeling of uncertainty reflecting incompleteness and
unreliability of subjective information about RO, fuzziness and randomness charac-
teristic of its contents characterizing mathematical model of RO. A mathematical
model of subjective judgments about the values of an unknown parameter z € X of
the RO model M (z) is defined by r-m as a space (X, P(X), P17, Bel?) with measures
of plausibility PI* and belief Bel®, where 7 is the indeterminate element (i.el.) taking
values in X, modeling r-m’s subjective judgments about the unknown x € X. The
measures Plz and Bel® model the modalities of r-m’s subjective judgments about
the truth of each # € X: namely, the value PI*(Z = z) determines how, in the r-m’s
opinion, relatively plausible the equality £ = z, and the value Beli(i # 1) deter-
mines to what extent the inequality  # 2 should be relatively believed. “Relatively”
means that the numerical values of the measures P1(-) and Bel(:) which differ from
0 and 1 cannot be meaningfully interpreted, and only their rank order is significant.

The MFSM, in contrast to standard mathematical modeling, enables the r-m to
model both accurate, formalized and unformalized, unreliable knowledges, starting
from “absolute ignorance” up to “complete knowledge” of the model of the RO and
to calculate the plausibility and belief distributions of the truth of any characteristics
of the RO which are of interest and caused by its subjective model M ().
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Subjective model of the RO measurements and interpretation of its measure-

ments defined as an element of the parametric family of smoothing splines (2], [3],
representing measurement data in the form of a sum of two contributions: a smooth
term, optimally evaluating the measurement data, “cleaned” out the noise and a
term, optimally estimating the noise, and “optimality” r-m determines subjectively
by changing the parameters of the spline. The report investigated the dependence of
the quality of solutions to these problems on the number of “missing” measurement
data and the relative number of “missed” measurement data.

1]

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

Pyt’ev Y. P. Modeling of subjective judgments made by a researcher-modeler about the
model of the research object // Mathematical Models and Computer Simulations. —
2013. — Vol. 5, no. 6. — P. 538-557.

Pyt’ev Y. P., Falomkina O. V., Shishkin S. A., Chulichkov A. I. Mathematical formal-
ism for subjective modeling // Machine Learning and Data Analysis, 2018. Vol. 4, No
5. P. 108-121.

Yu. P. Pyt’ev, O. V. Falomkina, S. A. Shishkin. Subjective Restoration of Math-
ematical Models for a Research Object, Its Measurements, and Measurement-Data
Interpretation // Pattern Recognition and Image Analysis, No 4, 2019 (to be printed).
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Ncnonb3oBaHue Ka4yecTBeHHOW CcyObeKkTuBHOW nHgopmaumn B
BUAE <KMSIFKUX>» HEpPaBeHCTB Npu OLEHKe COCTaBa
WHBECTULMOHHOro noprtdens

Awapur Baad Buxmoposuy'« asharin.vlad@gmail.com
ITanowmnux I'pueopudi JIleonudosur' shaposhnik_grigorii@mail.ru
®Dadees Ezop Iasnrosun

3y6rox Andpeti Baadumuposur' zubuk@cmpd2. phys.msu.ru

fadeevegor@yandex.ru

"Mocksa, MT'Y umenn M.B.JTomorocosa, dpusmaecknii haxyasrer

YacTo MHBECTUIIMOHHBIE KOMIIAHUY, SIBJISIIOIIAECS (DUHAHCOBBIMU MTOCPETHUKAMU
MEKJy MHBECTOPAME U OUPXKEBLIM PBIHKOM, [IPEJJIATAIOT IUBEPCUPUIIPOBATE (pac-
UPEJIEIUTD) CPEJCTBA [0 OMPXKEBBIM aKTUBAM, BMECTO TOrO, 4TOOBI BJIOXKHUTH BCE
CpeJICTBA B OJINH €IMHCTBEHHBI aKTHUB, JIaXKe €CJIU ero OXKUjaeMast JIOXOJHOCTh Be-
Jimka. Jlusepcndukalus Mo3BoJIAeT CHU3UTD BO3MOYKHbBIE PUCKU IIPU MUHUMAJIHLHOM
YMEHBIIIEHUU JOXOMHOCTU. TakuM 0O6pazoM, OPMUPYETCsT UHBECTNUUUOHHBLT TLOPI-
¢henav, KOTOPBINT MOYKHO OIMCATH COBOKYITHOCTBIO Oema-koapduyuemos By, ..., Bp,
rjie n — 00IIee KOJUIECTBO OUPIKEBBIX aKTUBOB, a [3; — JIOJIsI CPEJICTB, BIOXKEHHBIN
B i-blif akTuB, 3; >0, Y., B; = 1. AxMuHACTPATOPBI HOPTQEJIs, OJHAKO, PACCMAT-
pUBaOT ero CTpykTypy fi,...,03n Kak CBOK KOMepuYecKyto TaiiHy. Kak mnpasuiio,
MHBECTUIIUOHHBIE KOMIIAHUN OOSI3aHBI MPEJIOCTABIATE NH(MOPMAIIIO O JOT0dHOCTU
UHBECTNUUUOHHO020 nopmpens d B TEIHEHNE OTUYETHOIO IIEPUO/IA, KOTOPBIX OOBIMHO
HECKOJIBKO 3a BCe BpeMsi (PyHKIIMOHMPOBaHUs mopTdeird. B ¢Boo odepens 10X07-
HOCTbH BCEX IEHHBIX Oymar Ha MUPOBOM (DOHJIOBOM PBIHKE I; HAXOJUTCS B OTKPBITOM
JIOCTYIIE B TE€UEHME BCEro Iepuojia Topropin. Vcnomb3ys 31y nHMOPMAIINIO, MOXKHO
OILIEHUTDH COCTAB TOPTQEJIs.

Takum obpazoM jjist OleHKYN 3HadYeHui [-Ko3(hMOUIUEHTOB HEOOXOIUMO PEIuTh
CJIEJIYIONLYIO CUCTEMY YPaBHEHUIA:

Y Biwi=d, Y Bi=1, Bi=0, (1)
i=1 i=1

KOTOpasi, KaK Mbl BUJUM, HeJ0OlpejesieHa (KOJINIeCTHBO YPABHEHU MEHbIIe YeM
KOJIMIECTBO [IEPEMEHHBIX ).

Dra cucreMa nMeerT HECKOHEYHO MHOTO PEIeHMUi.

L5t Toro 4To0bI KOHKPETU3UPOBATH PEIleHre, B HACTOsIIEell paboTe 1pe/iaraeT-
¢ IPUHATH BO BHUMAHUE CyObEKTUBHBIE CYKJEHUsI CTOPOHHETO (DUHAHCOBOTO IKC-
mepTa O TOM, B KaKHe MMEHHO AKTHBBI B OOJIbINEH MJIM MEHBIIEH CTEleHn MOTJIa
BJIOZKUTDH CPEJICTBA Ta WJIN WHASI MHBECTUIIMOHHAS KOMIAHUs. Takue Cy»KJIeHus peji-
JIaraeTcsl BbIpaXkaTh Ha fA3bIKEe «MATKHX» HepaBeHCTB Bupa [, 2 B4, k=1, ..., 1.
«Msrkoe» nepasencrso f;, 2 fj, MOXKHO 4uTaTh KakK «f;, CKOpee BCErO HIPEBOCXO-
JAT [3j, », OHO O3HAYAET, ITO SKCHEPTY MOPTdEH, IId KOTOPBIX 35, > 3, , KaxKyTcs
CcyOBEeKTUBHO OoJiee MpaBIOOA00HBIMI, DOJIee TPEAMOITUTEILHBIMA, TeM TopTde-
Ji, JIId KOTopeix i, < By, .
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MaremMaTnyecKn <«MATKOe» HEPABEHCTBO B HACTOLAINEH padoTe Ipejiaraercs
OIIPENIeJINTh KaK HEeYETKOe OMHAPHOE OTHOIIEHNE JeHCTBUTENbHBIX YHCEJ, T.€. KakK
HeuETKOe MoIMHOXKecTBO ItockocTu R X R. CoryiacHo Teopuu BO3MOXKHOCTEN B Ba-
puanTe FO.II. IIbiTheBa MaTeMaTUIeCKONl MOJE/IBI0 TAKOI'O HEYETKONO MHOXKECTBA
SIBJIACTCSA PACIpPeie/IeHne BOSMOKHOCTH 7> 2RXR 5 10, 1], 3amanmoe Ha MHOXKECTBe
2RXR peex mommmozkecTs mwiockocrd R x R.

B pabore ucciie1oBaHO MOHSATHE HEIETKOIO HEPABEHCTBA, OTBEYAIOIIEE CJICIYIO-

IOIM YCJIOBUAM:

1. dem 60JIbIE PA3HOCTH a — b AEHCTBUTENLHBIX YHCEa a U b, TeM OOJIbIIEe BO3-
MOXKHOCTB 70> (R) Toro, uro peasmsanug R C R x R wucciemyemoro nedérkoro
OMHADPHOTO OTHOMICHNST HAKPOET YIOPsAI0YeHHYT0 1apy duces (a,b),

2. ecqm peasmsanusi R Hakpbuta napy (a,b), To oHa Hakpbuia U Bce mapsel (a’,b’),
Juis KoTopelx @’ > au b > V.

ITokazano, 4ro 3amava OUCKa Hambosee BO3MIKHBIX HOpTdeseil (SBIIsIOmuxcs
HanboJIee TIPABIONONOOHBIMHI 0 CyObEKTUBHOMY MHEHHIO SKCIIEPTa) CPEeJH BCEX Pe-
mennit 3aza4m (1) MoxKer OBITH CBeJleHa K 3a/1ade JIMHEHOTO IPOrpaMMUPOBAHNUSI:

Z — Mmax
Zgﬂikfﬁjk, kil,...ﬂ" (2)
2?21 5zx1 = da Z?:l 51 =1, ﬁz > 0.

IIposeseno ucciieoBanme MPeJIOKEHHOTO METO/IA.
Pabora nmognepxkana rpantom POOU Ne18-07-00424.
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Return-based investment portfolio analysis using qualitative
subjective information in the form of “soft” inequalities
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Often financial investment companies that are intermediaries between investors
and the stock market suggest to diversify (distribute) funds among assets instead
of investing all funds in one single asset even if its expected return is high. Di-
versification reduces potential risks with minimal decrease in profitability. Thus
formed investment portfolio that can be described collectively with beta coefficients
B1, - .., Bn, where n is the total number of assets and ; is the share of funds invested
in the i active, 3; > 0, Y., 8; = 1. Portfolio administrators, however, consider the
structure (i, ..., 3, as its commercial secret. As a rule, investment companies are
required to put information about profitability of the investment portfolio d during
the reporting period, there are usually several periods for all portfolio functioning
time. Profitability in turn of all securities in the global stock market x; is located in
open access throughout the trading period. Using this information, you can evaluate
the structure of the portfolio.

Thus, to estimate the values § coefficients, it is necessary to solve the following
system of equations:

Y Bwi=d, Y Bi=1, Bi=0, (1)
i=1 =1

which, as can be seen, is underdetermined (the number of equations less than the
number of variables).

This system has infinitely many solutions.

In order to specify the solution, in this work we propose to take into account
subjective judgments of a third-party financial expert about what assets an invest-
ment company prefers. Such propositions suggest in the term of “soft” inequalities
of the form B;, 2 B;,, k=1, ..., r. The soft inequality f;, 2 ;. can be read as
“Bi, is likely to exceed f3;,”, it means that the expert portfolios for which 3;, > 8;,,
seem to be subjectively more believable, more preferred than portfolios, for which
6’% < ﬂ]k

Mathematically “soft” inequality in this paper is proposed to define as a fuzzy
binary relation between real numbers, i.e., as a fuzzy subset of the plane R x R.
According to the theory of possibilities in the variant of Yu.P. Pytiev the mathe-
matical model of such a fuzzy set is distribution of the possibility 7> : 2BxR 10, 1],
given on the set 28R of all subsets of the plane R x R.
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The paper explores the concept of fuzzy inequality, which answers following con-
ditions:

1. the greater the difference a — b of the real numbers a and b, the greater the
possibility 7> (R) of the realization R C R x R of the investigated fuzzy binary
relation will cover a pair of numbers (a, b),

2. if the implementation of R covers the pair (a,b), then it covers all pairs (a’, '),
for which @’ > a and b > V.

It is shown that the problem of searching the most possible portfolios (which are
the most likely subjective expert opinion) among all solutions to problem (1) can be
reduced to the linear programming problem:

Z — max
Zgﬁik—ﬁjk, kzl,...,’l“ (2)
S Biwi=d, Y, Bi=1, Bi=0.

A study of the proposed method was conducted.
This research is funded by RFBR grant No 18-07-00424.
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Knaccudmkaymsa Hag nponsseseHMeM Y4aCTUYHbIX NMOPSAAKOB
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AKTyaJIbHOCTH HCCJIEJIOBAHUS ODYCJIOBJIEHA CYIECTBOBAHMEM IIPUKJIAJIHBIX 3a-
Jilad MAIIMHHOTO OOy YeHsl, KAYeCTBEHHOE PeIleHne KOTOPBIX HEBO3MOXKHO B paMKax
KJIACCUYIECKOI MMOCTAHOBKM JIOTHYIECKOTO aHan3a JTaHHBIX. Ha ocHOBe 0000IeHMs
0a30BBIX MMOHATHUI MPEJIOKEHA CXeMa CHHTe3a KOPPEKTHBIX JIOTHYECKUX MIPOIEILY]P
KJaccuUKAIMU 0 IIPeIe/ieHTaM, OPHeHTUPOBaHHAs Ha 3a/aHue OTHOIIEHUN da-
CTUYHBIX IIOPSIKOB HA MHOYKECTBaX 3HAYEHHUIl IPU3HAKOB.

OCHOBHOE JIOCTOMHCTBO JIOTHIECKOI0 MOJIX0/Ia K 3a/1aue Kiaccudukanun (pacro-
3HABAHUS ) — BO3MOYKHOCTD IIOJIYYCHUS PE3YJILTaTa [PU OTCYTCTBUU JIONOJIHUTE b
HBIX IIPEJIITOIOKEHNN BEPOATHOCTHOIO XapaKTepa U MpU HeOOJIBIIIOM 9HCJIE TIPerie-
JIEHTOB. AHasu3 mperieieHTHOM nH(MOPMAIIUN CBOJUTCS K ITOUCKY OMPEJICICHHBIX 3a-
KOHOMEPHOCTE! MJIN 3JIEMEHTAPHBIX KJIACCU(PUKATOPOB, PA3INYIAIONINX OOBEKTHI U3
pasHbIX KJaccos. [lo ux Hagmamio min, HA0OOPOT, OTCYTCTBUIO B OIMUCAHUH PACIIO-
3HABAEMOI'0 0OBEKTA, PENraeTcst BOIpoc o ero Kiaccudukarmn. [Ipu sTom 60sbIoe
BHUMAHUE YIE/IAeTCsI BOIIPOCAM CHHTE3a KOPPEKTHBIX aJI'OPUTMOB, T.€. aJrOPUTMOB
0e30IMMO0THO KJIACCUPUITUPYIONNX MaTepua o0ydenus. [I[puMepaMu sBISIOTCS Te-
CTOBBIE AJITOPUTMBbI, AJTOPUTMBI TOJIOCOBAHUS 110 IIPEICTABUTEIHHBIM HAOOPaM H 110
nokpbiTusiM Kiaaccos [Imurpues A, ZKypasnes FO.11., Kpengenes @.I1., 1966],
[Troxora E.B., Tleckos H.B., 2002].

CyIecTByIOT CJIOXKHDBIE 3a/[adi, KOTJa He yJIaeTCs HANTH JI0CTATOYHOE KOJIUde-
CcTBO MHMOPMATUBHBIX KOPPEKTHBIX 3JIEMEHTAPHBIX KiaccudukaTropos. Ilomobnas
cuTyalnsi BOZHHKAET, HAIIPUMED, B CJIy4ae IEJOYNCIEHHBIX [TAaHHBIX BHICOKON 3HAY-
noctu. IIpobsiema pemaercs npruMeHeHnEM JIOTUIECKUX KOPPEKTOPOB — KOPPEKTHBIX
PACIO3HAIOIINX AJTOPUTMOB, OCHOBAHHBIX HA ITOCTPOCHNN KOPPEKTHHIX HAOOPOB 13
HEKOPPEKTHBIX 3JIeMeHTapHbIX Kiaccudukaropos [Tokosa E.B., 2Kypasnés FO.11.,
Pynaxos K.B., 1996] [Lioxosa E.B., 2Kypasués 10.11., IIpokodses II.A., 2017].

[Tpu 6Gonpmux pasmepax MPU3HAKOBOTO ITPOCTPAHCTBA BOZHUKAECT HEOOXOIMMOCTD
paccMaTpuBaTh CJIOXKHBIE B BBIYUCINTEIHHOM IIJIAHE 33J[@49i, KOTOPbIE B TEOPUU aJI-
POPUTMUYIECKOI CJIOZKHOCTHU JIUCKPETHBIX 33J1a9 Ha3bIBAIOT TPYAHOpeaeMbiMu. Cpe-
JIA 9TUX 33124 EHTPAJIBLHOE MECTO IIPUHAJIEYKUT MOHOTOHHOM JTyaTu3aIii — 3a/1ate
ITOCTPOEHNUsT MAKCHUMAJIbHBIX KOHBIOHKITII MOHOTOHHOI OyJ1eBOil (DyHKITNH, 33, TaHHOM
KOH'bIOHKTUBHOI HOpMaJIbHON (hopMmoii. 3ajada JI0MycKaeT MaTpUIHyio (hOPMYJIH-
POBKY C HCIIOJIb30BAHUEM IIOHSATHS HEIPUBOIMMOIO ITOKPBHITUS OyJIEBOI MATPHUIIHL.
ﬂl/lﬂ,epaMI/I 110 CKOPOCTH CqéTa. ABJIAIOTCA aCUMIITOTUYIECKHN OIITUMAJIbHBIE aJI'OPUT-

mbl [TrokoBa, 1977], [drokoea E.B., TIpokodses I1.A., 2015].
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[Tpukraambie 3a1a49n KiraccudUKAIUU He BCErJa MOIYT OBITH OIUCAHBI B PAMKAX
KJIACCUYECKOI ITOCTAHOBKHU JIOTUYIECKO#T KitacCuUKAINHT, KOTJ[a OT/IeJIbHbIe 3HAYESHST
IPU3HAKA CPABHUBAIOTCS C MCTIOJIB30BAHMEM OTHOIIEHUs paBeHcTBa. B [1] npeioxke-
Ha CXeMa CHHTE3a KOPPEKTHBIX JIOTMYECKUX aJrOPUTMOB KJIACCU(PUKAIINY TIPU yCJIO-
BHUH, 9TO HA MHOYXKECTBAX 3HAYCHUIA IEJIOUNCICHHBIX TPU3HAKOB 38/ IaHbl 9aCTUIHBIC
mopsiku. O6oOIEeHBl 6a30BbIe TMOHSITHSI, UCIOJb3yeMbIe MTPU JIOTMIECKOM aHAJU3e
[IEJIOYNCJIEHHDBIX JAHHBIX B 33J1a4e KiiacCuUKAIUU 10 MIPEreeHTaM, U IPUBEICHBI
YCJIOBUsT KOPPEKTHOCTU OCHOBHBIX JIOTHYECKUX IPOIIE/LYP KIaCCU(DUKAIIHI. YCTAHOB-
JIEHO, 9TO aHAJIN3 IPeIeeHTHON NH(MOPMAIUN C YaCTUIHBIMUA [TOPSIIKAME [TPUBOINAT
K HEOOXOIMMOCTH PEIlaTh 3aJady IyaJu3allui HaJl MIPOU3BEICHNEM KOHEYHBIX da-
CTUYHBIX TOPSIKOB, IPOCTEHMIINM JaCTHBIM CJIyIaeM KOTOPOIl SBJISIETCS MOHOTOHHAS
nyanuzarus. Jana marpudnas hopMyIHpoBKa 33841 TyaJ u3aIinn o0Iero Buaa
[IOKA3aHO, YTO 9TA 3a/[a9a CBOIUTCS K [IEPEYNCIIEHHIO CIIEIUAJIBHBIX TOKPBITHUIL I1eJ10-
YUCJIEHHON MaTpuilbl. Ha MOJEIbHBIX U peasIbHbIX JTaHHBIX [MOKA3aHA 3aBUCUMOCTD
KAIeCTBa, JIOTMIECKON KJIACCU(PUKAIINYI OT BHIOOPa YaCTUIHBIX MOPSIIKOB HA MHOZKE-
CTBax 3HAYECHUIT TPU3HAKOB.

Pa6ora yactuuno dunancuposana PODU (mpoekr Ne 19-01-00430-a)

[1] Djukova E. V., Masliakov G. O., Prokofyev P. A. Logical Classification of Partially

Ordered Data // arXiv preprint arXiv:1907.08962, 2019.
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Classification over partially ordered data
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The importance of this study is caused by the existence of applied machine
learning problems that cannot be adequately solved in the classical statement of the
logical data analysis. Based on a generalization of basic concepts, a scheme for syn-
thesizing correct supervised classification procedures is proposed. These procedures
are focused on specifying partial order relations on sets of feature values.

The main advantage of the logical approach to the classification (recognition)
problem is the possibility to obtain a results without additional probabilistic as-
sumptions and using a small number of training objects (using a small number of
precedents). The analysis of training data is reduced to finding certain dependences
or elementary classifiers (which are subsets of feasible values of some features) that
differentiate objects belonging to different classes. An object is classified judging
by the presence or absence of such elementary classifiers in the object’s description.
Special attention is given to synthesizing correct algorithms, i.e., algorithms that un-
mistakably classify the training objects. Examples are classification by the vote of
tests or by the vote of representative sets or by the vote of class coverings [Dmitriev
AN., Zhuravlev Yu.l. and Krendelev F.P., 1966], [Djukova E.V. and Peskov N.V.,
2002].

There are complicated problems in which no sufficient number of informative
correct elementary classifiers can be found. For example, such a situation occurs
when the features can take a large number of possible values. Features that can
take real values are often treated as integer valued features with a large number of
possible values. A way to solve such problems is to use logical correctors. Here we
mean correct recognition algorithms based on constructing correct sets elementary
classifiers of from incorrect elementary classifiers [Djukova E.V., Zhuravlev Yu.l. and
Rudakov K.V.; 1996] [Djukova E.V., Zhuravlev Yu.l., and Prokofyev P.A., 2017].

If the feature space is large, computationally complex (intractable) problems have
to be solved. The central place among these problems is occupied by the monotone
dualization problem, i.e., the problem of constructing a reduced disjunctive normal
form of a monotone Boolean function specified by a conjunctive normal form. This
problem can be formulated in terms of matrices using the concept of irreducible cov-
ering of a Boolean matrix. The intractability of the monotone dualization problem
has two aspects—an exponential growth of the number of solutions as the prob-
lem size increases and the complexity of finding (enumerating) these solutions. The
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fastest algorithms are the asymptotically optimal algorithms [Djukova, E.V., 1977],
[Djukova E.V., Prokofyev P.A., 2015].

Applied classification problems cannot always be described within the classical
statement of logical classification in which feature values are compared for equality.
In [1], we propose a scheme for synthesizing correct logical algorithms under the
condition that partial order relations are specified on the sets of values of integer-
valued features. The basic concepts used in the logical analysis of integer data in the
supervised classification problem are generalized, and conditions for the correctness
of the basic logical classification procedures are obtained. It is found that the analysis
of training samples with partial orders requires the dualization problem over the
product of finite partial orders to be solved; a simple special case of this problem
is monotone dualization. We give a matrix formulation of the general dualization
problem and show that this problem is reduced to enumerating special coverings of
an integer matrix. The concept of the ordered irredundant covering of an integer
matrix is a generalization of the well-known concept of irreducible covering of a
Boolean matrix used in the matrix formulation of the monotone dualization problem.
Using model and real-life data, we establish the dependence of the quality of logical
classification on the choice of partial orders on the sets of feature values.

This study was partially supported by the Russian Foundation for Basic Re-
search, project no. 19-01-00430-a.

[1] Djukova E. V., Masliakov G. O., Prokofyev P. A. Logical Classification of Partially Or-

dered Data // arXiv preprint arXiv:1907.08962, 2019.
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PekoHCTpyKUMs TPEKOB 3apsiXXeHHbIX Y4acTuL, C MOMOLLbIO
MaLlMHHOro oby4eHus

IITyaveurn Ezop Baadumuposur'x shulgin.ev@phystech.edu
Pamnuros Pedop Jmumpuesur’ fedor.ratnikov@cern.ch
'Mocksa, MocKOBCKHil (PHBUKO-TEXHUIECKIH HHCTHTYT

2Mocksa, BeIcimas MIKoJ1a SKOHOMUKH

B pabote paccMmaTpuBaeTcst 3a/1aua BOCCTAHOBJIEHUSI TPAEKTOPUN NOHU30BAHHBIX
YaCTHIl, 3aPETUCTPIPOBAHHLIX B JIETEKTOPE IOC/Ie CTOJIKHOBEHN BCTPETHBIX ITyIKOB
B KoJLtaiinepe. IIpearaercs HCIo/Ib30BaTH O/IX0/] OCHOBAHHBIII HA KIaCTEPU3AIINN:
YACTHIBI U3 OJIHOI'O TPEKA JIOJIKHBI IIONAJATh B OIHY T'DYIILY.

Wcxomble annble MPEACTABISIOT U3 cebsi HAOOP TPEXMEPHBIX HEYIIOPsI0u€eH-
HBIX BEKTOPOB, KaxKJIblil U3 KOTOPBIX PACCMaTPHUBAETCs Kak y3es rpada. 9To 13-
BOJISIET IIPUMEHSITh METO/IbI U3 aKTHUBHO Pa3BUBAIOIIEHCS 001aCTH N€OMETPUIECKOIO
rirybokoro obyuenns. Ha npakTnke npumensiercs rpadoBas cBepTodHast HEfIPOHHA
CeTb JJIs IOCTPOEHHS HOBOI'O IIPU3HAKOBOI'O OIIMCAHUS B IIPOCTPAHCTBE OOJIee BBICO-
KOl PasMepHOCTH JJIf KazKJ0oW MCXoAHOU Toukwm. /lajiee 1mMoICUUTHIBAETCA MaTPUILA
HIONIAPHBIX PACCTOSHUN MeXK/1y OObEeKTaMHU B HOBOM IPOCTPAHCTBE M IPUMEHSIETCH
KJIACTEPHBII aHaIn3.

JL71s1 IpeJ1yIo?KeHHOr0 MeTO/1a OBbLII IIOCTABJIEH Ps1J] INCJIEHHBIX SKCIIEDUMEHTOB Ha
ClenuaJbHbIM 00pa30M CIeHEPUPOBAHHBIX CHHTETHIECKHUX JaHHbIX. Vcronp3oBaimch
HCKYCCTBEHHBIE CIHPAJIEBUIHbIE TPAEKTOPUH C JOOABIEHIEM IIyMa U3 HOPMAaJILHOIO
pacrpenenenns. [IpoBeneno cpaBHeHHe Pa3/IMYHBIX aPXUTEKTYD HEHPOHHBIX ceTei
JUIsl pelieHns! jaHHOil 3aya4dn. Takyke IOKa3aHO, 9TO Cpe/lHee 3HAUYEHNE KatuecTBa
KJIACTePHU3aIlii He3HAYUTEeIbHO YMEHDbIIAeTCA IPU YBEJIUYCHIH YHUCJIa TPEKOB B CO-
OBITHH.

[1] LHCb collaboration, Ratnikov F. et al. Measurement of the electron reconstruction
efficiency at LHCb // https://cds.cern.ch/record/2688983.
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Machine Learning for particle tracks reconstruction

Egor Shulgin'« shulgin.ev@phystech.edu
Fedor Ratnikov’ fedor.ratnikov@cern.ch
'Moscow, Moscow Institute of Physics and Technology

2Moscow, Higher School of Economics

This work considers the problem of reconstructing the trajectories of ionized
particles that left a signal (“hit”) in radiation detector after beams collision. The
authors propose to cluster particles tracks.

It is assumed that input data consists of three-dimensional sparsely measured
points that are treated as nodes of a graph. This allows applying methods from
Geometric Deep Learning that were developed quite well during the recent past
years. Thus dynamic graph convolutional neural network is used for constructing
a new higher dimension feature representation for each registered hit and then a
clustering algorithm is applied. This leads to grouping the points from the same
tracks.

The suggested method was tested on synthetic data: artificially generated spiral-
shaped trajectories with added Gaussian noise. It was shown that the average value
of the clusterisation quality slightly decreases with an increase in the number of
tracks in the event.

[1] LHCb collaboration, Ratnikov F. et al. Measurement of the electron reconstruction
efficiency at LHCDb // https://cds.cern.ch/record/2688983.
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,D,OMeHHOG COCTA3aTesibHOe o6yquV|e ANAa NOHUN>XeHusA

CMeLLLeHUsl NporHo3a npu noucke bo3oHa Xurrca B getektope
ATLAS

Damaysrun Uavac Pauzosu’« ilyas.fn9790gmail.com
Cmpuoicoe Badum Burmoposur' strijov@phystech.edu

! Monronpynubiit, MocKOBCKHil (PH3UKO-TEXHUYECKIH HHCTHTYT

HeranbHoe m3ydenne 6030Ha XUTTCA, BKIOTAI €M0 PEIKNE PEKUMBI POXKICHUSI, TB-
JIIETCST TEJThIO KCIEPUMEHTOB Ha Bosbmom agporHoM Kosutaiinepe [?]. Anammsupy-
ercs obHapyxKenne 603oHa XUrTCa, 0OPA3YIONErocss B aCCOMUAITMI C TOT AHTHU-TOII
KBApKOBOIl mapoit (u3Becrnoii kKak pexkum poxkienus ttH). Msmepenue sToro mpo-
mecca mposepsieT BanmozeiicrBue FOkaBbl Mexk 1y 6030HOM XUITCA U TOI-KBAPKOM.
Haubosnee BepogTubiM pacmaom 6030Ha XHUITCA ABASETCA PACIal Ha IBA HIKHUX
KBapKa (H3MepeHHble Kak b-jkerst). Janublil curuai Tpebyercs ommdars 0T 60JIb-
moro ¢doHa tt+b-mKeroB. D10 3aaua GuHapHOil Kiaaccuduranuu ¢ 41-uM npusHa-
KOM, KOTOpble UMUTUPYIOT OTKJIUK Jlerekropa ATLAS nHa poxienune 6030Ha Xurrca.
CoOOTBETCTBYIOIUM THIIOM COOBITHSI, METKON KJlacca, SIBJISIETCS CUTHAJ WA (DOH.
CumynupoBannbie pa3medennbie HaO0pb! ganubix Monre-Kapio ucnonb3yiores st
obyuenust mMozesan kiaaccuduranun. OIHAKO CMeIeHre Mpu O00YIeHUH B CTOPOHY
xoukpernoro Moure-KapJsio remeparopa caHuzkaeT 0600IIAIONTYIO CIIOCOOHOCTD MOJIE-
su. Texymue pesynbrarsr [1] moucka ttH (H — bb) orpanmumBatorcs Moeanpo-
BaHUEM HEOIPEJIEJIEHHOCTH CUMYJISIUU (POHA, PACCUNTHIBAEMON KaK PaCXOXKICHIE
oTkJMKa Kjaccudukaropa (cMmerieHue npu 00ydeHun) Ha Pa3IndHbIX [eHepaTopax
Momnre-Kapno. llens manmoit paboThl COCTOUT B TOM, 9TOOBI YMEHBIITUTH 3TO pPac-
XOXKJICHUE TIPU OO0y IeHUMN.

Hpa Habopa manHbix S7 u Sy cocroar u3 100000 ttH(bb) curaasbHbIX cOOBI-
tuit B pesyiabrare mopeauposanusa MadGraph/Herwigh. Kaxkupiii u3 Hux Takxke
comepkuT 100000 dhonoBbix cobbrTuit. Ho S7 3amorsern hOHOBBIME COOBITUSIMU W3
MadGraph/Pythia6, a Sy uz Powheg Pythia8. Kaxnoe cobbitue onucoiBaercs 41-m
MIPU3HAKOM TAKUMU KAK KOAUMECTMEO 0AHCEMOB, NOMEPU NONEPEHHOT IHEP2UL, MACCA
bauscatiuuxr b-0ocemos 1 T.oI.

Pacnpenenenne mpusHaxoB (pOHOBBIX COOBITHII HEMHOIO OTJIMYAETCA Jjist Si U
So. Ilempro TaHHOTO UCCIEIOBAHUS SIBJISIETCS TIOCTPOEHNE MOJIE/N KIACCHU(DUKAIIAN,
KOTOpas IOKA3bIBaeT aJeKBATHOE KAJeCTBO Ha Sy npu obyuenun na S7. Kagecrso
KJIACCHU(DUKAIINN OIEHUBAETCS [0 TPEM KPHUTEPUIM: TOYHOCTD, Iomia b moj ROC-
KpuBoit u 3HaunMocTb. [locsentee onennBaeTcs Kak

Zy=———s (1)

\/b—l—alf’

rae s, b COOTBETCTBYIOT UMCJIy CUTHAJIBHBIX U (DOHOBBIX COOBITHI, ITPEBBIIIAIONTITX
dukcupoBaHHOE 3HATEHNE Ha TpaduKe pacipeIe/eHns OTBETOB KIacCu(PUKaTopa, a
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O'g €CTh Da3HUIA MEXKIY yPOBHSMH JBYX (DOHOB, IPEBBIMAIONINX (PUKCHPOBAHHOE
3HadeHus Ha rpaduKe pacipeeeHus OTBETOB KiIaccudukaTopa.

N3sydeno npumenenne HefipoceTeil ¢ IPaJMeHTHBIM PEBEPCUBHBIM CJIOEM K TTOUC-
ky ttH(bb) B ATLAS. D10 noinocsasnas Tpexcioiinas HefipoOHHAs CETh, B KOTOPYIO
BCTPOEHA JIOTOJIHUTE/IbHAST HEHPOHHON CEThIO IOJI HA3BAHUEM KAGCCUPUKAMOp 00-
menos. Kimaccudukarop 10MEHOB UCIOJIB3YETC TOJIHKO BO BPeMs 00y I€HUS U IPEI-
Ha3HAYEH I COMMKEHUs PACIPEeeIeHNi IPU3HAKOB B CKPBITOM IIPOCTPAHCTBE JIJIsT
JIBYX 33JIaHHBIX HAOOPOB JIAHHDIX.

DKCIIEPUMEHTBI TIOKA3aJIM, UTO COCTA3ATeIbHAS JOMEHHAs aJIAlTAIMs CHIXKAET
CMeIIeHre POTHO3a K 3aIAHHON CUMYJISATINN, COXPaHsIs IIPU 3TOM aJeKBATHOE Kade-
CTBO KJIACCU(DUKAIIHM.

[1] Collaboration ATLAS. Search for the Standard Model Higgs boson produced in

association with top quarks and decaying into a bb pair in pp collisions at /s = 13

TeV with the ATLAS detector, 2019. arXiv:1712.08895.
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Domain Adversarial Learning to Reduce Training Bias in ttH(bb)
Search at ATLAS

Fatkhullin Ilyas'x ilyas.fn979@gmail.com
Strijov Vadim' strijov@phystech.edu
!Dolgoprudny, Moscow Institute of Physics and Technology

The detailed study of the Higgs boson including its rare production modes is a
primary activity of the Large Hadron Collider (LHC) experiments [1]. The detection
of the Higgs boson produced in the association with a top anti-top quark pair (known
as ttH production mode) is analysied. A measurement of this process tests the
Yukawa coupling between the Higgs boson and the top quark. The most probable
decay of the Higgs boson is to two bottom quarks (measured as b-jets) and the signal
needs to be distinguished from a large background of tt+b-jets. Formally, this is a
binary classification problem with 41 input variables (features) that simulate ATLAS
detector response on the processes. Its corresponding event type (class label) is either
signal or background. The simulated labelled Monte Carlo datasets are utilised to
train the classification model. However, the training bias towards a specific Monte
Carlo generator reduces the generalisation capabilities of the model. The current
results [1] for the ttH (H — bb) search was limited to model the uncertainty of
the background simulation, calculated as the discrepancy of the classifier response
(training bias) to different Monte Carlo generators. The aim is to reduce this training
bias.

Two datasets S; and Sy consist of 100000 ttH(bb) signal events from Mad-
Graph/Herwig6 simulation. Each of them also have 100000 background events. But
Sy is filled with background events from MadGraph/Pythia6, while S5 from Powheg
Pythia8. Each event is described by 41 features such as number of jets, missing
transverse energy, mass of closest b-jets etc.

The feature distributions of the background events appear to be slightly differ-
ent for S7 and S5. The goal of this study is to build a classification model, which
shows an adequate performance on Sy while being trained on S;. The classifica-
tion performance is mainly assessed based on accuracy, area under ROC-curve, and
significance. The latter is approximated as follows:

s
Za NET (1)
where s, b correspond to the number of signal and background events, above the fixed
cut in the classifier response plot, and Jg is the difference between two backgrounds
above the cut.

The application of Neural Networks with a gradient reversal layer to the ttH(bb)
search at ATLAS is studied. This is a simple Feed Forward NN with an additional
NN called domain classifier. The domain classifier is used during training only
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and aimed to match the feature distributions in the latent space for the two given
datasets.

Extensive experiments have demonstrated that adversarial domain adaptation
reduces the training bias towards a given simulation while preserving adequate clas-
sification performance.

[1] Collaboration ATLAS. Search for the Standard Model Higgs boson produced in associ-
ation with top quarks and decaying into a bb pair in pp collisions at /s = 13 TeV with
the ATLAS detector, 2019. arXiv:1712.08895.
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BBsegeHne oTHOWweEHMA Nopsifjka HA MHOXXeCTBe napamMeTpoB
HEeVpOHHON ceTwn
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Onrumuzanus riybOKUX HEHPOHHBIX CeTeill sIBJIsIeTCsl 3a/ladeil BBICOKON BBIYHC-
JIAITEJILHOM CJIOYKHOCTU U TPeOyeT OO/IBINNX BPEMEHHBIX 3aTPAT W BBIUUCIUTEILHBIX
morHocTei. [Ipu 3ToM onTuMu3aIms CXOUTCsl 10 OOJIBIIIMHCTBY MAPAMETPOB CETH
y2Ke 1ocjie HeOOIBIIOr0 UNCIa UTEPATTH.

Jannasg pabora mpemjiaraeT MeTOJ, BBEIEHUs OTHOIICHUS MOPSIKa Ha MHOXKE-
CTBe IapaMeTpoB Heifponnoit ceru. Ilopsiiok 3aj1aeTcsd IPU TOMOIIU KOBAPUAIINOH-
HO1 MaTPHUIIBI I'PA/IMEHTOB (DYHKIINU OIMOKY 110 TapameTpaM Mojesn. Ilopsaiok nc-
[OJIb3YeTCsl Jijist (PUKCAIMK [TapaMeTPOB MOJIEJIA BO BPEMsl PEIIeHUs] ONTUMU3aIlH-
onnoit 3aaqu. [Ipemmnonaraercs, 9ro mocse HeOOIBIIIOrO YUCIa MHTEIPAIIAN METOIa
ONTUMUBAINY HEKOTOPBIE TTAPAMETPBI MOJIEIN MOXKHO 3a(pUKCHPOBATH 06€3 3HAYNMOIH
[OTEPU KA9eCTBA MOJIEJIH. DTO MO3BOJIAT CYIECTBEHHO CHU3UTDH PA3MEPHOCTH 33/1a91
ONTUMUBAIINAH.

Jitst ana/in3a KagecTBa MPEeJICTABIEHHOTO METO 1A ITPOBO/IUIUCEH BHITUCITUTEILHBIE
SKCIIEPUMEHTHI HA CHHTETUIECKUX U peabHbIX JaHHBIX. CpaBHUBAJIUCH MOJE/IH, B
KOTOPBIX ITapaMeTpbl (PUKCUPYIOTCS B COOTBETCBUU C 3aIAHBIM ITOPSIKOM C MOJE-
JIIMU, B KOTOPBIX MapaMeTphbl (PpUKCUPYIOTCS TPOM3BOILHBIM obpaszom. Ilokaszaro,
YTO HOPSAJOK 33J[aHHBII [P ITOMOIIN KOBAPUAIMOHHONW MAaTPUIIBI SABJISAETCH aJeK-
BATHBIM, TaK KaK ITO3BOJIET 3a(PUKCUPOBATEH 3HAMUMOE YUCJIO ITapaMeTpoB 06e3 3Ha-
YUMOM MMOTEPHU KavdecTBa. TakKe MOKA3aHO, UYTO IMPEIOKEHHDBIA MOPSIIOK SBJISCTCS
YCTOWYMBBIM M HE MEHSIETCsI OT 3AIyCKa K 3aIlyCKYy METO/a ONTHMI3AIIH.

Pa6ora sbiosnena npu noggepxkke PODU (npoexrsr 19-07-1155, 19-07-0875) u
HTU (upoexr 13/1251/2018).

[1] I'pabosoti A. B. Baxmees O. 0. Cmpuotcoé B. B. 3aganus nopsiika Ha MHOXKECTBE Ila-

PaMETpPOB anmpokcumupyommx mogeneii // Nudopmarnka u ee npumenenus, 2020.
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Order on the set of neural network parameters
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'Moscow, Moscow Institute of Physics and Technology
2Moscow, FRCCSC of the Russian Academy of Sciences

Optimization of deep neural networks is a high complexity computational task.
It requires a lot of time and computational power. But the optimization converges
in most network parameters after a small number of iterations.

This paper investigates a method for setting order on a set of the neural network
parameters. It is proposed to set this order using the covariance matrix of the
gradients. The order is used to freeze the model parameters during the optimization.
It is assumed that after a few iterations of the optimization method, many model
parameters can be freezed without a significant loss in model quality.

The proposed method was tested on the real dataset and synthetic data. The ex-
periment shown that models which parameters were ordered using proposed method,
are more resistant to parameters freezing. It is shown that proposed order allows
to reduce a number of optimizing parameter without significant loss of quality. It
is also shown that the proposed order is stable and does not change in different
optimization running.

This research was supported by RFBR, (projects 19-07-1155, 19-07-0875) and
NTI (project 13/1251/2018).

[1] Grabovoy A. Bakhteev O. Strijov V. Automatic search for the relevance of neural net-

work parameters // Informatics and Applications, 2020.
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YucneHHble MeToAbl OLEHKN ONTUMasibHOro obbéma BbIOOPKHU
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COop JaHHBIX JJIs JAJLHEHIIEro pernennst 3a/1a9u KiIaccuUKaIliu WIn Perpec-
CUH MOXKET OBITh 3aTpaTHBIM. B CBA3M € 9TUM HCCeyeTcs MpobiiemMa HaXOXK/ICHIs
ONTUMAJIBLHOTO 00'bEMa BBIOOPKH JIJIsi TOCTPOEHUS JIMHEITHON WJIN JIOTUCTUIECKON pe-
PECCHH.

1t TocTpoeHnst MOJIe TN HEOOXOINMO, ITOOBI B BLIDOPKE OBLIO TOCTATOTHOE UMC-
JIO 0OBEKTOB, a TaKzKe 4TOOBI BHIOOPKA HE NIPOTHBOPEYHIA T'MIIOTE3€ ITOPOKIEHUS
JIAHHBIX. B 9Ty TUIIoTe3y BXOJAT IPE/IIOIOKEHUS O COCTABE BBIOOPKH 1 O CBOHCTBAX
MO/IEJIH, OIITUMAJILHO OIICHIBAIONIEH BBIOOPKY COIVIACHO IIPUHATOMY Kpurepuio. Mo-
JieJib, He IPOTUBOPEYaIas TUIOTe3€e MOPOXKICHIUS JAHHBIX HA3BIBACTCH aI€KBATHOM.
B kadecrBe 6a30BBIX MPE/IITOIOKEHAN TPUHUMAIOTCSI TIPEJIIIOIOXKEHUST O TPOCTOTE U
OJTHOPOTHOCTHU BBIOOPKHU. BBIOOpKa, HEOOXOAMMBINT 00beM KOTOPOW TpedyeTcst orie-
HUTD, &JIEKBATHO alllIPOKCUMUPYETCs OJHON 00001meHHo-mHeitHoil Motenbio. IIpe-
HOYTHUTEJILHBI METO/IBI OIIPE/IETIeHNsT 00beMa BLIOOPKHU, TO3BOJIAIONIIE CTPOUTH aJIeK-
BaTHBIE MOJIEJIU 110 MEHBIITUM BBIOOPKAM.

Jannasi paboTa TPOBOIUT aHAJIN3 YUCJIEHHBIX CBOMCTB METOJIOB, KOTOPBIE WC-
[OJIB3YIOTCS JIJIsT OIEHKN BBIOOPKM U ITPEJjIaraeT BO3MOKHBIE BADUAHTEI X YLy dIlle-
Husl. B anajms BXOJAT METObI, OIEHUBAIONINE 06beM BBIOOPKHU HCXOJs U3 THIIOTE-
3bI OPOKJICHUS JIAHHDIX, UCIIOJIL3YIOIINE SBPUCTUICCKUE TIPEJIITOJIOKEHIS, a TaKyKe
METOJbI, YIUTHIBAIOIINE CTPYKTYPY MOJIEIN, KOTOpas Oymer mocrpoeHa. Bouraucm-
TEJIbHBII 9KCIEPUMEHT BKJIIOYAET 9aCTO UCIOJIb3YeMble OTKPBITHIE BHIOOPKH.

Pa6ora Bbinosinena npu nojiaepxkke PODU (upoexrsr 17-20-01212, 19-07-0885)
u HTU (upoext 13/1251/2018).
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Numerical methods of sample size estimation for linear and
logistic regression
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2Moscow, FRCCSC of the Russian Academy of Sciences

Data collection for building the prognostic model can be very expensive. This
work investigates a problem of estimation of sufficient sample size for building linear
or logistic regression.

To build the model it is necessary to have a sample set that contains sufficient
number of objects and that is not in controversy with data generation hypothe-
sis. This hypothesis includes assumptions of sample set structure and properties of
model which optimally describes the sample set according to the chosen criterion.
Model which is not in a controversy with data generation hypothesis is called ade-
quate. Basic assumptions is that objects in sample are independent and identically
distributed. Sample set, which size is estimated, can be adequately approximated
by one generalized linear model. Preferable methods of sample size estimation are
which allow fitting models on the lesser samples.

This work investigates numerical properties of sample size estimation methods.
Methods using data generation hypothesis are included in the analysis as well as
methods based on the structure of the linear model that is built.

This research was supported by REFBR (projects 17-20-01212, 19-07-0885) and
NTT (project 13/1251/2018).
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'Tya, Tynbckuit ToCYJaAPCTBEHHBIH YHIBEPCUTET

IIpu 06paboTKe TAHHBIX, IPEJICTABICHHBIX MATPUTIAMHI ITAPHBIX CPABHEHUH, [TPHU-
MEHSIIOTCS CHEIHUAIbHO pa3paboTaHHble HAMHU BapHAHTHI AJIOPUTMOB MAIIUHHOI'O
o0yueHns (KJaacTepU3aluu, IPYIIUPOBKU, ONTUMAJIBHOIO padzeienus). s npes-
CTaBJIEHUsI OTCYTCTBYIOIIUX DJIEMEHTOB MHOXKECTBa (HAIIPUMED, CDEJAHUX U Jp.) Cy-
IIIECTBEHHO IKCILIyaTupyercsd T.H. ¢popmysa Toprepcona. C ee mOMOIIBIO HOBBIE dJIe-
MEHTBI IIPeICTaBIeHbl CBOUMU CPABHEHUSIMU C OCTAJIbHBIMU 3JIEMEHTaMU MHOYKECTBA
(PACCTOSTHUSIME MJIM COOTBETCTBYIOIIUME CKAJISPHBIMU TIPOM3BeieHusiMu) [1].

IIpu pemennn 3amadm coryiacoBaHUs WHIWBHIYAJbHBIX MHEHNH, IIpeICTaBIICH-
HBIX PaHKUPOBAHUAMU, YaCTO IPUMEHACTCH U3BECTHBII aJIlOPUTM IIOCTPOCHUA Me-
nuanel Kemenn. Anroputm Kemenn ocnoBan Ha BBEIEHHN PACCTOSHUN MKy Dai-
KupoBaHusMH. Ho, KaK TOJIBKO 9TO CIeIaHO, TO MOSIBJIAETCS MATPHIlA TAPHBIX Pac-
CTOSIHUIT MeXKJy PaHKUPOBAHUAMU, II03BOJIAIONIAs BBIUUCIUTDL LIEHTPAJIbHBIN 3J1e-
MEHT (3TO MCKOMOE PAHKUPOBAHME) MHOXKECTBA, IPEICTABICHHDBII CBOUMU DPaCcCTO-
SHUSIME JI0 OCTAJIBHBIX 3JIEMEHTOB MHOXKecTBa. 1o cMbIciay — 910 ToXKe Mejmana. B
00IIeM cjlydae TaKOMYy DPAHXKHPOBAHHUIO COOTBETCTBYIOT Pa3HbIE 3JIEMEHTHI MHOXKe-
CTBa, IIPEJICTABJIEHHBIE CBOUMU DPACCTOSHUSIMU JI0 OCTAJIBHBIX, U HA000pOT (cpean
Hux u Meaunana Kemenu). Ilpu coracoBanuy GOJIBIIONO YUC/IA PAHXKUPOBAHUI 110-
ABJICHUC HEPA3JINIUMBbIX aJIbTCPHATAB FOBOPUT O HAJMYNH I'PYIII CUJILHO Pa3/InIalo-
IIIXCsl MHEHUH 9KCIIEPTOB. TaknM 00pa3oM, BOZHUKAET 3a/ada KJIACTePU3aIii, e
HIpUMeHeHne MeTPUIeCKUX MeJUaH I103B0JIAeT PellaTh e¢ U3BeCTHBIMU aJIlOPUTMaMU
KJIACTeP-aHAJIN3a.

JlaHHBIN 1TOIXOJ] paccMaTpUBAaETCs HAMU KaK HOBBIN IIPU PEIIEHUH ITPOOJIEMBI
MeTpHU3aIi ONHAPHBIX OTHOIIEHIA.

Pabora mommepxkana rpanramu PODI Ne 17-07-00319, 18-07-01087, 18-07-00942.
[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. p. 595-604.

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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A metric clustering of rankings

Dwvoenko Sergey'x sergdv@yandex.ru
Pshenichny Denis' denispshenichny@yandex.ru

!Tula, Tula State University

For data presented by matrices of paired comparisons, we use specially developed
versions of machine learning algorithms (for clustering, grouping, optimal separa-
tion). To represent the missing elements of the set (for example, means, etc.), the
so-called Torgerson formula is essentially used. Based on it, new elements are rep-
resented by their comparisons with the rest of elements of the set (by distances or
corresponding scalar products) [1].

When solving the concordance problem of individual opinions represented by
rankings, the well-known Kemeny’s median algorithm is often used. Kemeny’s al-
gorithm is based on distances between rankings. But, as soon as the matrix of
paired distances between the rankings appears, it allows to calculate the central
element (this is the desired ranking) of the set, represented by its distances to the
other elements of the set. Therefore, this is the median too, by sence. In general
case, this ranking can correspond to different elements of the set, represented by
their distances to the rest, and vice versa (the Kemeny’s median is among them).
The appearance of indistinguishable alternatives when to coordinate a large number
of rankings indicates the presence of groups of quite different opinions of experts.
Therefore, there is a problem of clustering, where using of metric medians allows to
solve it by known algorithms of cluster analysis.

We consider this approach as a new one in solving the problem of metrization of
binary relations.

This research is funded by RFBR, grants 17-07-00319, 18-07-01087, 18-07-00942.
[1] Dwvoenko S.D., Pshenichny D.O. On metric correction and conditionality of raw fea-

tureless data in machine learning // Pattern Recognition and Image Analysis, Pleiades
Publishing, 2018. Vol. 28, No.4. p.595-604.
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MaTpuyiHas koppekums orpaHu4eHnii HecoOCTBEHHbIX 3agau
JINHENHOro NporpaMMuUpPoOBaHNs B 3aja4e pacno3HaBaHUs
00pa30B C NepecekaloWMMmUCa Kaaccamm

Epoxun Baadumup Hsanosuy erohin_v_i@mail.ru
Kpacruxos Anexcandp Cepzeesun’ askrasnikov@gmail.com
Boaxos Baadumup Burmoposun®x volkov@fizmat.net

! Cankr-Tlerep6ypr, Boenno-kocMiraeckas axagemus mvern A. @. Moxkaiickoro
2Mocksa, MOCKOBCKMIA IIOJIMTEXHUUECKUHA YHUBEPCHTET

3Bopucorne6ek, Bopucornebekuit dunan BopoHeKeKoro rocyaapcTBeHHOIO
YHUBEPCUTETA

Hacrostimast pabora mocBsiiena MIpUMEHEHUIO ONITHMAIBLHON MATPUIHON KOPPEK-
IUU JTAHHBIX K 33Jla9aM PACIO3HABAHIS 00Pa30B.

Paccvorpum mpocreiimyto hopMyTupoBKY 3a/iaqu pacio3naBanus obpa3os. Vc-
XOAHBIMU JIAHHBIME SBJIAIOTCS ONMUCAHUA OOBEKTOB S B BUJE BEKTOPOB 3HAYCHUI
upusnakoB S = (v1(S),v2(9),...,v,(S)) u 3navenusa kiacca Q(S), koropomy npu-
HAJIEKUT OOHEKT.

[Ipemonaraercst, 910 CyIecTByeT (DyHKIMOHAIBHAS CBA3b MEXKJLy TPU3HAKAMU
U KJIACCOM. 3ajiada PACIO3HABAHI COCTOUT B OIPEJIeJICHIN 3HadeHns Kiacca (2(S)
HeKOTOporo obbekTa S 110 urdopMarmu (o6yuaromnieil BHIGOPKE) 0 KIaccax 00beKTOB
S1,82,...,5mn.

Pacemorpum ajropur™ pacnosHaBaHusi, OCHOBAHHBIN Ha MOCTPOEHUN JITHEHHBIX
paszjesistiomux nopepxuocreii (runepiuiockocreii) [1]. dus upoctorst GyieM ca9uTarh,
YTO UMEIOTCS J[Ba KJIacca 00bEeKTOB.

3ajada COCTOUT B BLIMUCACHUNA HEKOTOPOI JIMHEHHON OTHOCHTEIHLHO NMPU3HAKOB
byukmm f(v) = Aoy +A2ve+. ..+ A0, +1 = ATv+1 u ucnonszopanuy pemarormero

1, if £(8)>0,
npasuia (S) = { ALt f(8)=0, [1].
0, if £(5)<0.
Heobxomumo maiiTu 3HaYMEHNE HEU3BECTHBIX KOIMDMUIUEHTOB A1, A2, ..., Ay, FB-

JIAIOIUXCsT peIIeHUEM CHUCTEMbI

Fw($1))>0,
F@(Smy))>0,

F (S, +1))<0, (1)
f(v(Sm))<0.

Econ cucrema (1) coBMecTHa, TO JIOCTATOYHO HANWTH IIPOU3BOJILHOE €e pellleHne
OTHOCUTEILHO HEM3BECHBIX A1, Ao, ..., Ap.

3apanee HEM3BECTHO, COBMECTHA, JIaHHAs cucrema win HeT. OOBITHO, BCaeACTBIE
Pa3JIMIHBIX IPOGJIEeM MOJepoBanusd, cucreMa (1) OKa3blBaeTCs HECOBMECTHOI, T.e.
00BEKTHI 00yUAIONIEell BHIOOPKN HEBO3MOXKHO OE30ITHO0THO Pa3/Ie/INTh THIIEPILIOC-
KOCTBIO. B 9TOM CJIytdae HAXOIUTCST HEKOTOPOE OGOBIIEHHOE PeIeHne A, Ao, - - ., An

Bcepoccntickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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cucrembl (1) — pemienue ee MakCUMAJIbHON COBMECTHON IOJACUCTEMBI, Jubo Ji0boe
Jpyroe perrienne, yaoBaersopsioriee JIITP.

ITycrs nosyuero o6obienHoe perenue cucreMbl (1) m, cOOTBETCTBEHHO, KO-
dbumuenTe! i, Ag, . . ., A, muneitHoil bynxmun f(v), onpeaensiomeii moIoKe e pas-
JIJISTIONIEH TUIEPILIOCKOCTH.

CdhopMymupyem 1 pentuM CJIe oo 3aa9y: MUHIMAILHO UCIIPABUTD MOJIOZKE-
Hre 00bEKTOB TAKUM 00pa30M, ITOOBI MOYKHO OBLIO MIPOBECTH HOBYIO Pa3CISIONLYIO
IUIIEPILJIOCKOCTD, 10 BO3MOYKHOCTH OJIM3KYIO K MCXOJHON M CTPOIO PAa3JIe/IsIFOILY 0
obJjracTu.

3ama4ua P,:

n m n
E |A; — Aj| — min, Z Z e?’j — min,
Jj=1

i=1j=1

)\1(1)1,1 + 61,1) + ...+ )\n(vl,n + 617n) +1= 51,

)\l(vml,l + eml,l) +...+ )\n(vml,n + eml,n) +1= 6m1;
)\1(Um1+1,1 + em1+1,1) +...+ )\n(vmlJrl,n + em1+1,n) + 1= 5m1+17

)\1 (vm,l + em,l) +...+ )\n(vm,n + em,n) +1= 5771;

— _ i, ecan 0; >0 s —
rae vij = ’U]‘(SZ‘), 6 = o B H%(STMBHO%; cnyuae, I 1 = 1,2,...,my, 6 =
= { @i, ecnnt 0i <0, ag i o= mq + 1,mq + 2 m, 0; = MUl + Aovig +
- —0 B IPOTHBHOM CJlyvae, at - 1 ) 1 yrty y Qi = 1¢1,1 2V1,2
+ ...+ A1, +1, 0 >0 — HeROTOpOE UNMCIHIO, 1 = 1,2,...,m, j=1,2,...,n.

Wnu B marpuanoit popme:

A= A1 = min, |E|? = min, (V+E)-A=p,

rae p =
Sm—1
Ucxomnyio 3a1ady MOXKHO 1epedOpMYyINpPOBAThH: U3 BCEX BO3MOXKHBIX MATPHIT
H = [ Dy —D, ] Haiitu marpuiy H* ¢ MUHIMAJIbHOI €BKJIMIOBOM HOPMOI TAKyIO,
4TO0OBI 331898 JuHelHOro nporpaMmvuposanusg (JITT)

(A+HYz =b, >0, c'z— max, (2)
oOKaz3aJjach COOCTBEHHOM, T/ae & = [ i(l) }, A= [ vV -V ], c= —lo,, c,x € RV,
(2)

be R™, A,H ¢ R™*N N =2n+m.

YuurbiBasg TOT (haKT, ITO KOPPEKITUs J0IrycTuMoit obractu 3amaqan JIIT 6e3 obec-
[IeYeHns HEIyCTOTHI JOIYCTUMOI 00IACTH COOTBETCTBYIONIEH IBONCTBEHHON 3a,/1a4M,
He rapaHTUPYyeT ee COOCTBEHHOCTD, IOJyYaeM 3aJady ONTUMAJILHON 10 MUHUMYMY
€BKJINJIOBOIl MATPUTHON HOPMBI KOPPEKIUHU JOImycTuMOi obmactu 3amaqan JIIT.
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OTMernM, 9TO IpUMEHEHNE KOPPEKINN JAHHBIX K 3aa4e KJIaCCH(PUKALINN UCCIIe-
nosasiock B.JI. Marpocosbim, B.A. Topenukom, C.A. 2Knanoseim, O.B. Mypasbe-
Boit (cMm. Hanpumep, [2]). JaHHas 3a/a9a CBeJleHA UMK K 3a/a9e KOPPEKI[UU HECOB-
MECTHO# CHCTEeMBI JIMHEHHBIX HepaBeHCTB. OCHOBHBIM OTJIMYHEM HACTOSINEH paboThI
SBJISETCsT BOBMOYXKHOCTD AIllPUOPH 3a/IaBaTh IIPUMEPHOE KeJIaeMoe I0JIOYKEHUE pa3-
JIEJISIONIEN TUIIEPIIOCKOCTH U BO3MOXKHOCTD yYeTa CTPYKTYPbl HEKOPPEKTUPYEMBIX
KOOpAMUHAT UCXO/IHON 3a/1a4ul.

B xoj1e BBIUBCINTEIBHOIO SKCIIEPUMEHTA, JAHHBII MeTO 1 ObLI IIPUMEHEH JIJIsI Pe-
MIEHUs 33JIa9U PACIIO3HABAHMUS Ha, MOJIEIbHBIX JaHHBIX. [locie KoppeKImn Kiacch
CcTaJIl JIMHEHHO pa31e/IuMbL.

Pabora nognepxana rparrom PODU Ne18-31-00083.

[1] 2Kypasaes U.IO., Pasanos B.B, Cenvko O.B. Pacnosnasanue. Maremarnieckue MeTo-

ol IIporpammuas cucrema. [Ipakruaeckue nputoxkenus.// Mocksa: @asuc, 2006.

[2] Mampocos B.JI., I'opeaux B.A., XKdanos C.A., Mypasvesa O.B. Koppekuus: JaHHBIX B

zagade knaccudukammu // MaremaTuaeckne MeToIbl pacno3HaBanusa o6pa3os: Jlokma-
b1 X1 Beepocceniickoit kond. (MMPO-11). - M.: BIT PAH, 2003. - C. 136-137.
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Matrix correction of restrictions of improper linear programming
problems in the problem of pattern recognition with intersecting
classes
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1St. Petersburg, Mozhaisky Military Space Academy
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Present paper is devoted to the application of optimal matrix correction to the
tasks of pattern recognition.

Let us consider the simplest formulation of recognition problem.

As the initial information in pattern recognition there are descriptions of
objects in the form of vectors of attribute values for the objects: S =
= (v1(5),v2(9),...,v,(S5)) and the values of the class Q(S) of object S. The Q(S)
property can take a finite number of values.

Supposed that there is a functional relationship between the attributes v; and the
object class. The problem of pattern recognition is determining the value of the prop-
erty ©(S) of some object S using the information from training set (S1,Sa2,...,Sm).

Consider a recognition algorithm based on the construction of the dividing sur-
faces [1]. Let us consider the simplest case when there are only two classes of objects.

The problem of constructing a linear separating surface (hyperplanes) consists
in calculating some linear function f(v) = Moy + Aova + ...+ Av, + 1 = Moy +1

1, if f(S)>0,
and using the decision rule Q(S) = { AL if f(8)=0, [1].
0, if £(5)<0.
To solve the problem we need to find unknown coefficients A1, Ao, ..., A\, being a
solution of the system
F(v(81))>0,
F(v(Smq))>0, (1)

f(v(s'm.lj»l))<07
f(v(Sm))<O0.

If the system (1) is consistent, then it is sufficient to find its arbitrary solution
for unknown Aq, Ao, ..., A,

However, it is unknown in advance whether this system is consistent or not. Usu-
ally, due to various modeling problems, the system (1) turns out to be inconsistent,
i.e. training sets cannot be unmistakably divided by a hyperplane. If the system is
inconsistent, there is some generalized solution Ay, Aa, ..., A, of the system (1) —
the solution of some of its maximum joint subsystem, or any other solution satisfying
the decision maker.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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Let there are generalized solution of the system (1) and coefficients Ay, Az, ..., A,
of linear function f(v), which determines the position of the dividing hyperplane,
are known.

We formulate and solve the following problem: to correct (minimally in some
sense) the position of objects in space so that it will be possible to draw a new
strictly separating classes hyperplane close to the original hyperplane.

Problem P,:

n

m n
E |A; — Aj| — min, E E €; ; — min,

=1 =1 =1
M(vii+e)+. o+ (v +en)+1 =0,

/\1(vm1,1 + eml,l) +...+ )\n(vml,n + eml,n) +1= 5m17
Al(vm,l—l-l,l + em1+1,1) +...+ )\n(vm1+1,n + em1+1,n) +1= 5m1+17

)\l(vm,l + em,l) +...+ An('UWL,n + em,n) +1= 6ma

_ _ ) i, if 0i>0, P _ i, if <0,
where Vij = Uj(Si)’ 0; = {Uotherwise, fori=1,2,....m, 0; = {—0' otherwise, for
it=mi+1,m+2,....m, 0 = M1+ Xvi2+ ...+ vy +1, 0 >0 - some
number, i =1,2,...,m, 5 =1,2,...,n.

Or in matrix form

A=Al - min, [BJ - min, (V+E)-A=p,

511
Wherep:[ : 1

Sm—1
Source problem can be rewritten as follows: from all possible matrices H =
= [ Dy —Ds ] find the matrix H* with the minimal Euclidean norm such that

the linear programming problem

(A+H)x=b, >0, c'z— max, (2)

being proper. = = [ T }, A=[V =V ] ¢= -l ccxz € RN, b e R™,
Z(2)

A H e R™*N N =2n+m.

Considering the fact that the correction of an admissible domain of a linear pro-
gramming problem without ensuring that the admissible domain of the correspond-
ing dual problem is non-empty, does not guarantee that the problem is feasible, we
obtain the problem of optimal data correction of the dual pair of improper linear
programming problems with respect to the minimum of the Euclidean norm.
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It should be noted that the applications of data correction to the classification
problem was investigated by V.L. Matrosov, V.A. Gorelik, S.A. Zhdanov, O.V. Mu-
ravyova. (see, for example, [2]). They reduced this problem to the problem of
correcting an inconsistent system of linear inequalities. The main feature of this
paper is the ability to a priori set the approximate desired position of the separating
hyperplane and the ability to take into account the structure of the initial problem.

In computational experiment we have used described method for solving pattern
recognition problem for model data. After the correction classes became separable.

This research is funded by RFBR, grant 18-31-00083.

[1] Zhuravlev Yu., Ryazanov V, Senko O. Recognition. Mathematical methods. Software
system. Practical application.// Moscow: Fazis, 2006. (in Russian)
[2] Matrosov V., Gorelik V., Zhdanov S., Muravyova O. Correction of data in the classi-

fication problem // Mathematical methods of pattern recognition: Reports of the XI
All-Russian Conf. (MMPR-11), Moscow: CC RAS, 2003/ — p. 136-137. (in Russian)
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TexHonorus koppekuun n obpaboTKn NapHbIX CpaBHEHU

Meoenxo Cepzeti Janunrosun' sergdv@yandex.ru
TMuwenuunwti Jenuc Oaezosu’x denispshenichny@yandex.ru

'Tya, Tynbckuit TOCYJaAPCTBEHHBIH YHIBEPCUTET

PesysbraThl NApHBIX CPABHEHUIT 97IEMEHTOB MHOXKeCTBa (00hEKTHI MM MPU3HA-
KH) OpraHu30BaHbl B KBaJApaTHyio Marpully. COBOKYIIHOCTH 3JIEMEHTOB 00pasyer
KOHMDUIYPAIUIO B METPUYECKOM IPOCTPAHCTBE (TUIIOTETUIECKOM, €CJIU PEATbHBIX
usMepenuil npusnakoB Her). CKBO3HAS TEXHOJIOIHMs KOPPEKTUPOBKH 3aKJII0YaeTCs
B NpeoOPA30BAHUU TTPOU3BOJILHON MATPHIIGI MAPHBIX CPABHEHUII K MaTpUIE B3Be-
IIIEHHBIX CKAJSPHBIX [POU3BEICHUIN, COOCTBEHHO KOPPEKTHPOBKE OJHUM U3 DaHee
pa3paboTaHHBIX HAMH METOJIOB, BOCCTAHOBJICHUIO MCXO/IHON MaTpuIipl. PesysibraTom
KOPPEKIINNU sIBJISAETCsI TOC/IEI0BATEIbHOCTD MTOJIOYKUTE/ILHBIX 3HAYCHUAN TJIABHBIX MU-
HOPOB MATPHIIbI B3BEIICHHBIX CKAJISAPHBIX POM3BeIeHuil (910 obecrednBaer OTCyT-
CTBHE OTPUIATEIbHBIX COOCTBEHHBIX YHCeJI) [IPU YCJIOBUKM MUHUMU3AIUI OTKJIOHEHU T
CKOPPEKTHPOBAHHBIX 3HAYEHWH OT MCXOIHBIX [1].

CKBO3HAs TEXHOJIOIUSI PEAIU3yeT CUCTEeMATUIECKUN 110/1X0/] K 00paboTKe 9KCIIe-
PUMEHTAJIbHBIX JAHHBIX B BHJIE TIAPHBIX CPABHEHUIT U SIBJISIETCS OCHOBOM JIJIsI PA3BU-
THS HOBBIX METOJ/IOB WHTEJUIEKTYAJIHLHOIO aHAJIN3A JAHHLIX. B paMKax CKBO3HOI Tex-
HOJIOTUH Pa3paboTaH psiji HPOLELYD JJIs Iy IleHUs Pe3yIbTaTa KOPPeKIuy (MH /U~
BH/lyasibHAsl U IPYIIOBasi KOPPEKIINHU, JOKAJU3AIUS OTPUIATEIbHBIX COOCTBEHHBIX
YHCeJI, ONTUMAJIbHAs 00YCIOBIEHHOCTD, BBIHOC HAYMAJA KOOPIUHAT 33 MPEJIEJIbl BbI-
yKJI0#i 060s10uKY 1 T.11.). Ha 0CHOBE HEKOTOPBIX U3 HUX PEasIn30BAHbI HOBBIE METOJIbI
aHaJIM3a JAHHLIX (CPYIIIMPOBKA IIPU3HAKOB 6e3 nmocTpoenust hakTOPOB IPYIIIL, MET-
pHYECKOe COIVIACOBAHUE MHIMBUIYAJIbHBIX DaHKupoBaHuii). Pazsurue rexHosoruu
npeJiosiaraeT pa3paboTky Mmoaudukanun Metora Kapynena-Jlossa mpu Koppekimnm
MaTPUIL IAPHBIX CPABHEHUI U JIP.

Pabora nomepxkana rpanramu PODU Ne 17-07-00319, 18-07-01087, 18-07-00942.
[1] Dwoenko 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. p. 595-604.

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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The technology of correction and processing of pairwise
comparisons
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The results of paired comparisons of elements of the set (objects or features)
are organized into a square matrix. The set of elements forms a configuration in
metric space (hypothetical if there are no real measurements of features). The end-
to-end correction technology consists in the transformation of an arbitrary matrix
of paired comparisons to a matrix of weighted scalar products, the correction by one
of the previously developed methods, the restoration of the original matrix. The
result of the correction is a sequence of positive values of the principal minors of the
matrix of weighted scalar products (this ensures the absence of negative eigenvalues)
under condition that the deviations of the corrected values from the original ones
are minimized [1].

The end-to-end technology implements a systematic approach to the processing
of experimental data in the form of paired comparisons and is the basis for the de-
velopment of new methods of intelligent data processing. Within the framework of
this technology, a number of procedures have been developed to improve the cor-
rection result (individual and group correction, localization of negative eigenvalues,
optimal conditionality, removal of the origin beyond the convex hull, etc.). On the
basis of some of them, new methods of data analysis have been developed (group-
ing of features without group factors, metric concordance of individual rankings).
It is supposed a modification of the Karhunen-Loeve method for the correction of
matrices of paired comparisons, etc.

This research is funded by RFBR, grants 17-07-00319, 18-07-01087, 18-07-00942.
[1] Dwoenko S.D., Pshenichny D.O. On metric correction and conditionality of raw fea-

tureless data in machine learning // Pattern Recognition and Image Analysis, Pleiades
Publishing, 2018. Vol. 28, No.4. p.595-604.
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BbicokonponssoauTenbHblii MeTO4, CpeaHNX peLuatowmx npasu
AN peweHnsa bonbwux AByxKaaccoBbix 3agady SVM B
NPOCTpPaHCTBE NPU3HaKOB
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Cyaumosa Basrenmuna Bauecaasosnal vsulimova@yandex.ru

!Tya, Tynbckuit ToCyjapCTBEHHBIH YHIBEPCATET

Bazkmnoit renyeniueii COBpeMEHHBIX 33129 JBYXKJIACCOBOIO PACIIO3HABAHUS $iB-
JISIETCST HEOOXOIMMOCTD O0YUEeHUsT B YCJIOBHUSAX OOJIBINTOTO 00bEMAa JTAHHBIX. B Takmx
cJIydasix MHOTHE XOPOIIIO 3aPEKOMEHIOBABIIINE ce0si, METOIbI, HAIIPUMED, TaKue, KaK
METOJI OIIOPHBIX BEeKTOPOB (SVM), 0Ka3bIBaIOTCsl HEIPUMEHUMbBIMU U3-38 KOJIOCCAJIb-
HOH TPYIO0EMKOCTH MIPOIEAYPhI 00y IeHUsI.

B omuoii u3 npemecrsyomux pabor [1|, Hamu GbUI IPEJIOKEH OTHOCUTEIHLHO
IIPOCTOI TIOIXO/T, TTO3BOJISIONINI OBICTPO HANTH JTOCTATOYHO OJIU3KOE K TOUHOMY pPe-
menne 3aja9u SVM B JIMHETHOM ITPU3HAKOBOM IIPOCTPAHCTBE, IOJIyYUBIINI Ha3Ba~
H1e MeTo/1 cpeHnx pernaromux npasui (MDR). A B nanHOi paboTe Mbl IpejiaraeM
€r0 BBICOKOIIPOM3BOIUTEIBHYIO pean3aiuio. [Ipu 95ToM 0CHOBHOI yIIOp JIe/1aeTcs Ha
[IOBBIIIEHNE TTPOU3BOUTEILHOCTH ITAIA 00y IeHUS.

OcHOBHAsT WJIesT METO/IA CPEJIHUX PEMIAIONINX TPABUJ 3aKJII0UAETCA B YCPETHEHUN
YACTHBIX PENIAIONINX [IPABUJI, IOCTPOEHHBIX 110 CJIyYailHbIM IT0/IBBIOOPKAM MCXO/HOM
oOydaroIreil COBOKYITHOCTH.

B Teopun meron MDR obagaer 10CTATOYHO BBICOKOM CTEMEHBIO MapasLIeIu3Ma,
o jgarabiM. OHAKO Ha MPAKTHUKE MOBBIMIEHUIO ITPOU3BOIUTEIHLHOCTH MOXKET IIO-
MeIaTh WCIOJb30BAHNE PACIPOCTPAHEHHOTO (hopMaTa XpaHeHHWs JTaHHbIX libsvm,
a TakK»Ke KJIACCUYECKOI'o Crocoba paboThl € JAHHBIMU, OJPA3yMEBAIOIIETO €/IMHO-
BPEMEHHYIO 3arpy3Ky Bceil 00ydarolieil COBOKYIIHOCTH B OIEPATHBHYIO IaMsiTh. B
JIAHHOM CJIy9ae HEBO3MOXKHO OBICTPO 110 HOMEPY OObEKTa OIPEeJIeUTh €10 MeCTOIO-
JiokeHne B daitse, a BpeMs 3arpy3Ku BCEX JTaHHBIX BO3PACTAET C POCTOM 00y daromieit
COBOKYITHOCTH, KOTOpasi, K TOMY K€, MOYKET He ITOMECTUTHCs IEJTUKOM B OIePaTHUB-
HYIO TaMsATh KOMIBIOTEDA.

JLyist perreHust yKa3aHHOI 1Tpo0JIeMbI B JIAHHOI paboTe MpeIozKeHa JIBY X9 TallHAS
crparerusi paboThl C JAHHBIMU.

TlepBbrit 9Tan 3ak/r09aeTcs B OCYIIECTBIECHUU [IPEIBAPUTE/HHON PA3METKH UC-
X0oIHOTO haiiyia s 0becreYeHnst BOSMOXKHOCTIA OBICTPOrO MMOMCKA HYZKHBIX 00bEK-
TOB IPU (POPMUPOBAHUY CJIYIANHBIX TOIBLIOOPOK.

Paszmerka mpejimiosaraeT geeHne nCXoHOTO (aiiia Ha 60JIbIToe YUCI0 (hparMmeH-
TOB, HE3aBUCHUMOE OIIPEJIe/IEHNE KOJIMIECTBA OOBEKTOB KaXKIOr0 KJIACCa B KarXKJOM
dparmenTe u nocseayoIee 0ObeIMHEHNE COOTBETCTBYOMIENH nHdopmaluu. Pe3yiib-
TATOM PA3METKU SBJISICTCS €IMHBII MACCUB, KOTOPBI XPAHUT JUAIIA30HBI HOMEPOB
00BEKTOB KazKJI0TO KJIacca, MPUHAIEKAIIIX OTACTLHBIM dparMenTaM aiiia.

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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[Ipu sTOM BMECTO TPAIUIIMOHHBIX OlEpaInii YreHus ailia Ha [IUCKe IIpe/Jiara-
eTCs UCIIOIb30BaTh OoJiee OBICTPBIE orepaln oTobpazkeHust (ailia B OmepaTuBHYIO
[TaMSITh [IPOIIECCA.

Ha Bropom srane nadopMmalms 0 auana3oHax HOMEPOB 0ObEKTOB UCIIOJIb3yeTCsT
st (bOPMUPOBAHUST CJIyYAlHBIX TOABBIOOPOK. [Ipu 5TOM MOnBBIOOpKH HOPMUPYIOT-
Cs HETTOCPEICTBEHHO B MPOIECCe OOYIEHUS IO Mepe HEOOXOIMMOCTH, ITO 0DECTIeTH-
BaeT CYNIECTBEHHYIO SKOHOMMUIO OIEPATUBHON HaMATH.

B cuny HesaBucuMocTr GOJIBIIMHCTBA ONEPAIMl TAIl PA3METKU JOIYCKAET J10-
cTaToIHO 3P DEKTUBHYIO APAJICILHYIO PEAN3AIUIO.

Otarr HopMUPOBaHUS TOIBBIOOPOK TaKKe 00JIaIaeT BBICOKON CTEIEHBIO ImapaJl-
JIeJIU3Ma 110 JIAHHBIM, TIOCKOJIBKY BCE MOABBIOOPKH (hOPMUPYIOTCS HE3ABUCUMO JIPYT
OT JIpYTa.

Kpome Toro B mesiom mpejraraemblii 11o/ixoj; He TpeboBaTeeH K aMsATH KaK Ha
Jrare pasMeTKH, TaK U Ha dTalle O0YYeHWUsl, TMOCKOJBbKY B CHJIy OCODEHHOCTEH Me-
TOJA CPEeJHUX PEIIaoIX MTPABUI HET HEOOXOIMMOCTH 3arpyKaTh BCE MOABBIOOPKHI
OJTHOBpeMEHHO. /0ToTHUTEeIbHO 00beM UCIOIB3yeMOil OMIEPATHBHOM MAMSATH MOYKET
OBITH YMEHBIIEH 32 CYET YMEHBINEHU 9ncaa (hParMeHTOB OTOOPaXKEHNs UCXOIHOTO
daitia B maMaTh U YMEHDIIIEHUST pa3Mepa MO IBLIOOPOK.

Takum 06pa3oM, MOKHO CUYUTATH, YTO IIPEJJIaraeMblil [I0/IX0J] He UMEET OIDaHM-
JeHUsi Ha 00beM 00yJaroIeil COBOKYITHOCTH.

EnunacTBEeHHBII HEIOCTATOK TAKOTO MOIXOA 3aKI0YACTCs B HEOOXOIMMOCTH I10-
UCKa U 9TeHusi OObEKTOB MOCPEJCTBEHHO B Iporiecce obydenus. OMHAKO 9TO KOM-
MTEHCUPYETCsT 3a CIET BO3MOYKHOCTH TTapaIIeIbHON 00paboTKM.

DKCIIEpUMEHTBI Ha, peajlbHOM KPYITHOM Habope JIaHHBIX U3 perno3utopus libsvim
[TOKA3bIBAIOT, YTO pa3pabOTAHHBIN IOXO0J UMEeT KBAa3WJINHEHHOe YCKOPEHHe ITala
00yYeHUsI 1 COBMECTHO C IIPEJJIOKEHHON cTparerneil paboThl ¢ JJAHHBIMU TO3BOJISET
[TOBBICUTD IIPOU3BO/INTEIHHOCTD BBIUUCJICHUI 110 CPABHEHUIO € KJIACCUICCKIMU CIIO-
cobamMu pabOTHI ¢ JAHHBIMU B TOM ke (popMmare.

Wccnenopanme BbITIOIHEHO TTpH (huHAHCOBOI nojiepkke POPU B pamkax Hayd-
HBIX TpoekToB 17-07-00436, 18-07-00942, 18-07-01087.

[1] Maxaposa A. 1., Cyaumosa B. B. Meron cpeJHUX pelIaOUX MPABUI IS OBICTPOrO
JBYXKJIACCOBOTO OOyYEHUsI B IMPOCTPAHCTBE, MOPOXKJIEHHOM IMOTEHITHAJLHONW (DYHKITH-
eit // CoopHuK TPymoB V MEKIyHAPOIHON KOH(MDEPEHIMH U MOJIOJEKHOI 1IKoJibl "IH-
dopmarmonnsie rexrosornu u Hanorexuosorun" (MITHT-2019), Tom 4. Hayku o nas-
weix — Camapa: Hosas texnuka, 2019, C. 25-34.
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High-performance MDR method for solving large two-class SVM
problems in the feature space

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

!Tula, Tula State University

An important trend in modern problems of two-class recognition is the need for
training in a big data sets. In such cases, many well-proven methods, for example,
such as the Support Vector Machines (SVM), are not applicable due to the extremely
high complexity of the training procedure.

In one of our previous works [1], we proposed a relatively simple approach that
allows you to quickly find a solution that is quite close to the exact solution of the
SVM problem in a linear feature space. We named it the Mean Decision Rules
method (MDR). In this work, we offer its high-performance implementation. At
that the main emphasis is on increasing the productivity of the training stage.

The main idea of the MDR is to average particular decision rules constructed
from random subsamples of the initioal training set.

In theory, the MDR method has a fairly high degree of data parallelism. However,
in practice, performance can be hindered by the use of 1) the common data storage
format libsvim due to in this case it is impossible to quickly determine an object’s
location in the file by its number and 2)the classic way of working with data, which
implies a one-time loading of the entire training set into RAM, because in this case
the loading time of full data set increases with the growth of the amount of data,
which, moreover, may not fit into the RAM.

To solve this problem, a two-stage data strategy is proposed in this paper.

The first stege is to pre-mark the source file to provide the ability to quickly
search for the desired objects when forming random subsamples.

The markup involves dividing the source file into a large number of fragments,
independently determining the number of objects of each class in each fragment,
and then combining the corresponding information. The result of the markup is a
single array that stores the ranges of the object numbers of each class belonging to
individual file fragments.

At the same time, instead of the traditional operations of reading a file on a disk,
it is proposed to use faster operations of mapping a file into the RAM.

At the second stage, information on the object’s numbers ranges is used to form
random subsamples. In this case, subsamples are formed directly in the training
process as necessary, which provides significant savings of the RAM.

Due to the independence of most operations, the markup stage allows a fairly
efficient parallel implementation.

The forming subsamples stage also has a high degree of data parallelism, since
all subsamples are formed independently of each other.

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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In addition, the proposed approach does not requere a lot of memory at the
both stages, due to small enough the markup size and since there is no need to
load all subsamples at the same time. More over, the amount of RAM used can
be additionally reduced by reducing the number of file fragments and reducing the
subsamples size.

Thus, we can consider that the proposed approach has no restrictions on the
training set size.

The only drawback of this approach is the need to search and read objects in the
traning process. However, this is offset by the possibility of parallel processing.

Experiments on a big data set from the libsvm repository show that the proposed
approach has a quasilinear acceleration of the training stage and, together with the
proposed data strategy, can improve computing performance compared to traditional
ways of working with data in the same format.

The reported study was funded by RFBR according to the research projects
17-07-00436, 18-07-00942, 18-07-01087.

[1] Makarova A. 1., Sulimova V. V. Fast approximate decision of two-class SVM problem
for big training sets // Proceedings of the V interantional conference on Information
technologies and nanotechnologies. (ITNT-2019), Vol. 4. Data Sciences — Samara: No-
vaya tekhnika, 2019, pp. 25-34.
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O TeopeTuko-MHPOPMaALNOHHOWK HUXKHE rpaHMue BePOATHOCTM
owmnbku knaccndukaumm

Janze Muzaua Muzxatinosuw'x lange_mm@ccas.ru
1

’ TI'anebnwvixr Cepzeti Huxonaesuw sng@ccas.ru

Jlanee Andpet Muzatinosun! lange_am@main.ru

"Mocksa, ®enepanbubrii ncciaenosarensekuii nenrp «Mndopmaruka u ynpasienne> PAH

B Teopun KomumpoBaHUs MCTOYHUKOB C JIOMYCTUMOI morperrHocthbio [TlerHoHOM
BBejleHa (PYHKIIUsI «CKOPOCTh — IIOIPEITHOCTD Y, KOTOPasi 0a3nupyercsi Ha BEPOSITHOCT-
HOI MOJIeJIN KOJAUPOBaHUs. JTa (DYHKIINS TaeT HUZKHIOK I'DAHUILY CKOPOCTH KOI[H-
poBaHUs TIpU (PUKCHPOBAHHON TOIPENTHOCTH, JINOO HUKHIOI TPAHUILY MOMPEITHOCTH
pu BUKCHPOBAHHONW CKOPOCTH KOJa JlJIs JIeTepMUHUPOBAHHON MOJIEN aHAIOI Y-
Hast (DYHKIUS U3BECTHA KaK £-3HTPOIHA DYHKIWMSA «CKOPOCTHh — IMOIPEITHOCThY He
3aBUCUT OT BBIOPAHHOI'O aJrOpuUTMa KojupoBaHusi. 1loaroMy 3(hdeKTUBHOCTD JIO-
60ro KOHKPETHOI'O KO MOXKET OBITh OIEHEHA HU3DBITOYHOCTHIO €r0 CKOPOCTH WJIN
MIOTPEITHOCTH OT COOTBETCTBYIOIMINX HIDKHUX 3HAUCHUIT, OIPEIe/IsaeMblX (DyHKITHe
«CKOPOCTD — TIOTPEITHOCTD .

Cremyst GyHKIMA «CKOPOCTH — MOIPENTHOCTb» JIJIsi KOJUPOBAHWST UCTOIHUKOB,
BBOJHUTCsI aHAJOTUYIHAs (DYHKIMs «B3anMHasi HHMOPMAIUS — BEPOSITHOCTD OIINO-
KI» , KOTOpasi JaeT HUXKHIOK IPAHUILY BEPOSTHOCTH OIMUOKYU KJIACCH(DUKAIINUA HA
3aJAHHOM MHOYKECTBE JAHHBIX JJIsi JIIOOOIO PEIIAOIIEro aJfOPUTMa C M3BECTHBIM
HaOOPOM Pa3IESIONX QYHKITAIA.

[Mycrs Q = {w;,i = 1,...,¢}, ¢ > 2, — MHOXKECTBO METOK KJIACCOB C AIllPUOP-
HbIME BepogTHOCTAME P(w;), i =1,...,¢; X — MHOXKECTBO 00bEKTOB C M3BECTHBIMU
YCJIOBHBIMH 10 KJIaccaM pacipejesennsmu sepositHocredi { P(x|w;), x € X} st @ =
=1,...,¢ Q= {wj,j =1,...,¢} — MHOXKECTBO pelleHHil 110 KJIacCaM C HEH3BECT-
HBIME YCJIOBHBIME pacipeneiaenusmu {Q(w;|x),7 = 1,..., ¢} mua xaxmoro x € X.
Ucronib3yst BBEJICHHDBIE DACIPEIEICHIS, BEPOATHOCTh OMIMOKM KJIACCU(DUKAIINN 3a-
JlaeTCsl CPeJHEll HOTPEIIHOCTDIO PEIIEHUil, U3MepAeMOil B MeTpHKe XeMMUHTA Ha
Q x Q. DynKIuMs «B3auMHast MHPOPMAIUS — BEPOSITHOCT ONIMOKN» OLPEIe/IsAeTCst
MHUHUMYMOM cpejHeil B3aumuoit nudopmarmeii I(X; Q) MeXIy X u Q 1o Beesos-
MOKHBIM YCJIOBHBIM pacupeznesenusM {Q(w;|x),j = 1,...,c} mua Beex x € X npu
€ OUPAHUYECHUN CBEPXY HA BEPOATHOCTH OIMMOKU. Y Ka3aHHAs (DYHKINS AHAJIOTUTHA
GYHKIIN «CKOPOCTH — TOTPEITHOCTbY JIJTsl KOJUPOBAHUSI UCTOYHUKA TPU HAJTUIUN
myma |Jobpywun P.JI., I[wbaros B.C. Tlepenaua nadopMaum ¢ JOMOTHATETBHBIM
mrymom, 1963].

Ucciterytorest HU2KHIE PAHUIBI (DYHKIUU «B3auMHasi WHPOPMAIUsl — BEpOsIT-
HOCTB OITUOKW», TIOCTPOEHHBIE HA MHOXKECTBAX JAHHBIX OT PAa3IMYHBIX UCTOYHUKOB
u Ha ancambJie JAHHBIX OT UCTOYHMKOB PasaundHoil Mogaibaoctu [1]. g ancambiis
Xy ... X pasmepa M > 2 moJsrydeHHast TPAHUIA UMEET BUT,

Rp(e) =I(X1...Xp;9Q) — h(e — emin) — (€ = €min) In(ec — 1), (1)

Bcepoccutickast kougepennust MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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LHE Emin < € < Emax, B(2) = —zIn(z)—(1—2)In(1—-2),0 < 2z < 1, Ry (emin) = 1(Xq,
ey X ), R (Emax) = 05 I(Xy ... X3 Q) = HQ) — H(QX; ... X)) — cpenpsis
B3anMHast nHGopMarms Mexay X ... Xy u Q; H(Q) u H(QX; ... X)) — 3HTpO-
st ¥ yCJIOBHAs HTponus Ha MHOX)KecTBe (). [lokazano, 910 ey > 0 onpenessiercs
sesmaunoit H(Q|X; ...Xy) > 0. IIpu paBHOMEPHOM alpPUOPHOM PaCIPEIEJICHUN
KJIACCOB Emax = (¢ — 1)/c. g 3amannoro MuoxkecTBa 00bekToB X rpanuna Ry (&)
coxpansier dopmy (1) ¢ zamenoit X; ... X na X.

Ipannna (1) siisiercst 06001mennem HikHed rparutpl [lenrona st GyHKIWN
«CKOPOCTB — IOI'PEITHOCTh» B CJIy4Yae UCTOYHUKA HE3ABUCUMbBIX CHMBOJIOB U3 ajida-
BuTa X pasMepa ¢ > 2 U XeMMUHTOBO# MeTpuku norperraoct. B rpanure [Hlennona
H(QX) = 0 u, cienoBareiabHo, Emin, = 0. B obmiem ciaydae, npu 3aJaHHOM aHCAM-
6ue X1 ... Xy, pasercrso (X ... Xy (AZ) = Ry (€) JaeT HUKHIOIO TPAHHUILY € JIJIs
BEPOATHOCTU OMIMOKH JTIOOOTr0 PEIIAIONIEro aJrOPUTMa ¢ PasIeaonumMu QyHKIHs-
M, 06ecIednBaIOIIMU CpeIHIo0 B3aumuyto nudopmanuio (X ... X Q) < (X,

Yucennble peaausanuu rpaHuibl (1) MOIyYeHbl i MHOXKECTB [0JIy TOHOBBIX
M300paskeHnit NI U TOANNCEl, a TaKKe JJTsT aHcaMOJIa 9TUX JaHHbIX. MHOKeCTBa
JIAHHBIX COJepKarT 00beKkThl (06pasbl) or 25 mepcon (kiraccoB) 1mo 40 0OBEKTOB B
KaXKJIOM KJ1acce. YCJOBHBIE T10 KJIaccaM PaCIpe/Ie/IeHIs BEPOATHOCTEH 00pa30B 1o-
CTPOEHBI € MCIIOJIb30BAHUEM METPUKU Ha COOTBETCTBYIOIIMX MHOXKECTBAaX I1PEJICTAB-
sennit. Oyuxnuu Ry (&), BolUUC/ICHHBIE U1 3aIaHHBIX MHOXKECTB JIULL, HOAIUCEH U
ancaMmOJIsi 9TUX MHOYKECTB, MPEJCTABICHBl KPUBBIMU Ha PHUC. 1 W JIEMOHCTPUPYIOT
CYIIIECTBEHHOE YMEHBITEHNE BEPOSITHOCTH OIMUOKH €y, HA aHCAMOJIE 110 CPABHEHUIO
C AHAJIOTUIHBIMY 3HAYCHUSIMU JIJIST MHOYKECTBA MOMIUCEl 1 MHOYKECTBA JIATI.

I/ICIIOHb3y5{ paS)le.HHIOHLI/Ie beHKLLI/II/I pa3JII/I‘{HbIX peHIaIOHLI/IX aJ'[FOpI/ITl\IOB, ITJIQHU-
pyeTcst IOCTPOUTH YCJIOBHbBIE PACIIPEJIEJIEHIS PEIIEHNIT ¢ BADbUPYEMbBIM IIaAPAMETPOM.
Pacnpenenenne o0beKTOB Ha MHOKeCTBe X COBMECTHO € YCJIOBHBIMU PACIIPE/IC/ICHN-
sIMH DETeHn T Ha MHOYKECTBE () MO3BO/IUT HANTH 3aBUCUMOCTH CPEIHE B3anMHOM WH-
dopmanun I(X; Q) or BeposdTHOCTH OIUOKN UCCIIEAYeMBIX ajaropuTMoB. CpaBHeHue
TaKUX 3aBUCUMOCTEH ¢ HUXKHEH rpaHurei RL(E) [I03BOJIUT OIIEHUTH U30LITOYHOCTD
BEpPOSITHOCTEl OMUOKK aJIrOPUTMOB.

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

[1] JIamee M.M. O cpasauTenbHO# b )EKTUBHOCTH cxeM KJacCupUKAIMU TAHHBIX OT aH-
camObJ1s1 ICTOYHUKOB € UCHOJIH30BAHUEM CpeJHeil B3auMuoil madopmarmu // Madopma-

Tuka u ee npumenenus, 2019, 13(4) (B neuarn).
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On an information-theoretical lower bound to a classification error
probability

Mikhail Lange'x lange mm@ccas.ru
Sergey Ganebnykh' sng@ccas.ru
Andrey Lange* lange_am@mail.ru

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

In the theory of source coding with a given fidelity, Shannon introduced the rate
distortion function based on a probabilistic coding model. This function yields the
lower bound to a code rate subject to a fixed distortion value or the lower bound to a
distortion value subject to a fixed code rate In determinate coding model, the similar
function is known as the e-entropy The rate distortion function is independent on
a coding algorithm. So, an efficiency of any coding algorithm can be evaluated by
a redundancy of the corresponding code rate or the distortion value relative to the
appropriate lower values satisfying the rate distortion function.

Following the rate distortion function, we introduce the similar ”"mutual infor-
mation — error probability” function that yields a lower bound to a classification
error probability in a given dataset for any decision algorithm with an appropriate
collection of the discriminant functions.

Let Q = {w;, i = 1,...,¢c}, ¢ = 2, be a set of the class labels of the prior prob-
abilities P(w;), i = 1,...,¢; X be a set of the objects with known class-conditional
probability distributions {P(x|w;),x € X} for each i = 1,...,¢; and Q = {wj,j =
=1,...,c} be aset of the class-label decisions with unknown conditional probability
distributions {Q(w;|x),j =1, ..., c} for each x € X. Using the above distributions,
the classification error probability is given as the average distortion of the class-
label decisions by the Hamming metric in Q x €. Like the rate distortion function
for source coding with an additional noise [Dobrushin R., Tsybakov B. Information
transmission with additional noise, 1963], for object classification in a given set X,
we define the "mutual information — error probability” function R(e) as the mini-
mum of the average mutual information I(X; (AZ) between X and Q) that is taken over
the distributions {Q(w,;|x),j =1,...,¢c} for all x € X subject to ¢ error probability
constraint from above.

For both the datasets of the individual sources and an ensemble of the different
modality sources, the lower bounds to the function R(e) have been investigated [1].
Given ensemble X ... X s of size M > 2, we obtained the lower bound as follows

Rp(e) =1(X1...Xp; Q) — h(e — €min) — (€ — Emin) In(ec — 1). (1)

Here, emin € € < €max, h(z) = —zIn(z) — (1 — 2)In(l — 2), 0 < 2 < 1, R (emin) =
=I(Xy ... Xu;9Q), Rr(Emax) = 0, I(Xy ... X3 Q) = HQ) — HQIXy ... X )
is the average mutual information between X; ...X and Q; H(Q) and H(92|X;
...Xy) are the entropy and the conditional entropy of the set Q. It has been shown

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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that emin = 0 is defined by H(Q|X; ...X)y) = 0. In case of the uniform prior
distribution of the classes, emax = (¢ — 1)/c. For a source dataset X, the bound
Ry (¢) retains the form (1) with substituting X for X; ...Xjy.

The bound (1) is the generalization of the Shannon’s lower bound to the rate
distortion function for the source independent symbols belonging to the alphabet
X of size ¢ > 2. In the Shannon’s bound, H(2|X) = 0 and therefore ey, = 0.
Generally, for the ensemble X ... Xy, the equality I(X; ... X3 fAZ) = Ry (e) yields
the lower bound ¢ to a classification error probability of any decision algorithm whose
discriminant functions provide the average mutual information I(X; ...X;Q) <
I(Xl .. X]\/[,Q)

The bounds of the form (1) have been calculated for the datasets of grayscale
faces and signatures as well as for the ensemble of these sources. The source datasets
contain the patterns taken from 25 persons (classes) by 40 patterns per each class.
The lower bounds have been calculated in the space of the tree-structured pattern
representations. The corresponding class-conditional distributions are constructed
using the appropriate metrics in the datasets of the representations. The numerical
bounds are shown in Fig. 1 and the curves demonstrate essential decreasing the
minimal error probability e,,;, in the ensemble as compared with the similar values
in the datasets of the individual sources.
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Fig. 1. The functions Ry (¢) for the biometrical datasets.
Using the discriminant functions for the different decision algorithms, we plan

to construct the conditional distributions of the class-label decisions with a variable
parameter. Then, the probability distribution of the objects in X together with



Machine learning 61

the conditional distributions of the decisions in Q will allow us to calculate the
average mutual information I(X; ) as the function of the error probability for the
investigated algorithms. A comparison of these functions with the corresponding
lower bound Ry (¢) will yield the redundancy of the algorithm error probabilities
relative to the potentially possible values. Also, we plan to perform the similar
experiments in the ensembles of the biometrical datasets.

The research is partially supported by RFBR, grants 18-07-01231 and 18-07-
01385.
[1] Lange M. M. On a comparative efficiency of classification schemes in an ensemble of

data sources using the average mutual information // Informatics and applications,
2019, 13(4) (in press).
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MeToga cpeaHux pelwarowmnx npasun anst 6GeiIcTporo
ABYXKJ/1ACCOBOro o0y4eHunsi B MPOCTPAHCTBE, NOPOXKAEHHOM
noTeHUNanbHOW pyHKLMeld

Maxaposa Aanexcandpa Hzopesra'x aleksarova@gmail.com
Cyaumosa Basrenmura Bauecaasoena' vsulimova@yandex.ru

!Tyra, Tynbckuit ToCYJAPCTBEHHBIH YHIBEPCATET

3aada IBYXKJIACCOBOTO 0Oy U€HUs PACIO3HABAHUIO OOHEKTOB TO MJIN WHOM pH-
PO/JIBI SBJISETCA OJHON U3 IMUPOKO PACIPOCTPAHEHHDIX 33129 AHAIN3a JAHHDBIX, BO3-
HUKAIOIEN DY PEIeHN MHOTMX IPUKJIAIHBIX 3aJad.

B jannOil pabore MBI OpHEHTHPYEMCsl Ha IIPUMEHEHHe METOJa OIOPHBIX BEKTO-
POB — YJI00HOT'O M XOPOITO 3aPEKOMEH/IOBABIIEr0 cedst MO/IX0/a K PEIIEHUIO 33/1a91
JIBYXKJIACCOBOTO PACIIO3HABAHUS, AJAIITHPOBAHHOTO JJIsi PAOOTHI B IIPOCTPAHCTBE,
nopozkeanoM norernuasbaoi dbynkimeit (Kernel-based Support Vector Machines,
Kernel-based SVM), 4ro 1103B0JISIET CTPOUTH HEJIMHEHHDbIE I'DAHUIIBL, PA3/IeJISIONINe
0O'bEKTHI ITaphl KJIACCOB, IOBBIIIAs KAYECTBO PACIIO3HABAHUSI.

Cietyer OTMETHTB, 9TO OCOOEHHOCTHIO MHOI'MX COBPEMEHHBIX 3aJ1aY aHAJIN3a
JIAHHBIX SBJISIETCS OOJIBIION pasMep o0ydaromeil COBOKYITHOCTH, KOTODBIN MOYXKET
CTaTh Cepbe3HbIM mpernsTcrBueM i npumenenns Kernel-based SVM BBumy BbI-
COKOIt BBITHMCTUTEIHLHON CIOKHOCTH STATA 00y ICHUSI.

IloBbimeHno MPON3BOINTENHLHOCTH PEIIeHNs JTaHHOW 3a/1aYi IIOCBSIIEHA I1eJIast
cepus pabor [1, 2, 3, 4]. OnHaKo, HECMOTDsI HA ITO, MCCIIEJOBAHUS B JIAHHON 06JacTi
JIO CHX TIOD SIBJISIFOTCS aKTyaJbHBIMU.

B upeapuymieii pabore [5] Hamu 6bLI IpEIIOKeH METO ObICTPOTrO IPUBIMZKEH-
Horo perenust 3agaqu SVM B JIMHEHHOM NMPU3HAKOBOM IPOCTPAHCTBE, HA3BAHHBIN
MeTozoM cpesaux pemaromux npasus (Mean Decision Rules, MDR). B gannoit pa-
60Te MBI 3JIAIITUPYEM JIAHHBI ITOIX0/I JJIsi OOy YeHUsI B IIPOCTPAHCTBE, IIOPOXK IEHHOM
[OTEHINAJILHOM DyHKITHEH.

OcHoOBHAast Hjiesi MPEJJIOZKEHHOTO METO/IA 3aKII0UACTCS B YCPETHEHUH PEITATOIIIX
npaBmwy SVM, MOCTPOEHHBIX TI0 HEOOJBIINM CJIYYaiHBIM TIOBBIOOPKAM HCXOTHOTO
00y TaIoIIero MHOKECTBA 00 HEKTOB.

IIpu yBemdyeHnn dmciia CJIydaifHbIX MIOJBBIOOPOK YCPEIHEHHOE Pellaroliee mnpa-
BIJIO CTaOUIM3UPYETCs U IIepecTaeT BecTu cebst Kak ciydaiiHas Beanduaa. Ha pu-
cyHke 1 mpejicTaB/ieHbl TPUMEPBI PEITAIOIINX [TPABUJI, HAMIEHHBIX [IPU ITOMOIIN O1O-
smorekn 1ibSVM 1o mostHoi#t 06y 1aromieit COBOKYITHOCTH U PEIIAIONINX [TPABUII, Hall-
JIEHHBIX TIPU IOMOIIY METO/[a CPEHUX PEITAIONINX IPABUII JJI HECKOJIHLKIUX HAOOPOB
MO/JIEJIBHBIX JIAHHBIX.

OcobEeHHOCTBIO, CBSI3aHHOM ¢ 00yUeHHEM B IIPOCTPAHCTBE MOTEHINAIBHON QyHK-
U, SIBJIAETCA HEBO3MOXKHOCTD (B OOIIEM CJlydae) sIBHOTO BBIYUC/ICHUS U XPAHEHUSI
HAIIPABJIAONIEr0 BEKTOPA ONTUMAIBHON Pa3Ie/IdioNneil THIIePILIOCKOCTA. B pe3yiib-
TaTe OKa3bIBAETCH HEBO3MOXKHBIM U €r0 HEIOCPEJICTBEHHOE YCPEIHEHUe, B OTJIIMINe
OT cJiydasi OOy4eHUus B JMHEHHOM IIPU3HAKOBOM IIPOCTPAHCTBE.

Bcepoccutickast kougepennust MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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Puc. 1. Pemaromue npasuia, noixydenuabie MDR u 6ubimorexoit LibSVM

Vuer ykazaHHONH OCOOCHHOCTH TpeOyeT WCIIOJIB30BaHUs OOJIBIIEr0 KOJIUTIECTBA
OIepaTUBHON MAMSTH U OOJIBIIEro 0ObeMa BBIYHCJIEHUN [0 CPABHEHUIO C IIPU3HA-
KOBBIM cirydaem. OJIHAKO, HECMOTPsI HA 3TO, MPEJJIOKEHHBIN TTOJIX0], TO-TIPEIKHEMY,
HE UMEET TeOPETUIECKOIO OPAHIIEHUST Ha pazMep 00y Jatorieil BBIOOPKH, TOCKOIBKY
He TpedbyeT OTHOBPEMEHHOT'O HAXOXK/ICHUS B MAMSITH BCEX OODHEKTOB, UTO 0OECIIeTH-
BaeT BO3MOXKHOCTB €0 IPUMEHEHUsI JIJIsl OOy IeHUsI JaKe Ha OJIHOM BBIYUC/IMTETbHOM
marae. Kpome TOro, HETpyIHO YBUJIETH, YTO METOJI CPEIHUX PEIIAKIIIX 00/1a1aeT
BBICOKOI CTEIEHBIO TAPAJIIE/IM3MA, [T0 JAHHBIM, 9TO 00ECIIeINBACT BO3MOXKHOCTD €r0
3 hEKTUBHOI peam3aIun ¢ IPUMEHEHIEM TEXHOIOI U MapasieIbHbIX U PACIIPEIe-
JIEHHBIX BBIYUCJICHUN.

DKcIIlepuMeHTaIbHbIE HCC/IEIOBAHUS Ha MOJIE/IbHBIX U PeasIbHbBIX JAHHBIX I0Ka3a-
JIA, 9TO, KaK U B CJIy4dae 00yUIeHUsl B JINHEHHOM IIPOCTPAHCTBE, [P IJIaraeMblil IOIX0]
[TO3BOJISIET AOCTATOYHO OBICTPO HAWTH TPUOJIMZKEHHOE, HO HE CUJIBHO OTJIMIAIOIIeecs
OoT TOYHOrO perrenue 3aadn SVM B nmpocTpaHcTBe, MOPOXKIEHHOM TOTEHITHATBLHOM
dyHKIHEIH.

Kpome Toro, ciieyer orMeTuTh, YTO B psijie CAydaeB pelleHue, HallJleHHOe 11pu
momorn MDR, 1103BOJIsSIeT MOJIyYUTh MEHBINHI MPOIEHT OIMUOOK Ha KOHTPOJIE 110
CPABHEHUIO C PE3Y/IbTATAMU, IOy YeHHBIMY IIPU [TOMOIIU TOYHBIX METOMIOB PEIICHUS
zagaan SVM, B gyactHOCTH, ¢ ncmosb3oBanuem ounbsmorekn LibSVM.

WccnenoBanme BBITIOHEHO TTpH puHAHCOBOI momepkke PODU B pamkax Hayd-
HbIX 11poekToB Ne 18-07-01087, Ne18-07-00942, Ne17-07-00436.
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Method of mean decision rules for fast two-class learning in the
space generated by a potential function

Alexandra Makarova'x aleksarova@gmail.com
Valentina Sulimova' vsulimova@yandex.ru

!Tula, Russia, TulSu

The two-class pattern recognition problem is one of the widespread problems of
data analysis that arises in solving many applied problems.

This paper focuses on the application of the Support Vector Machines to solving
the two-class recognition problem in a linear space, produced by a potential function
(Kernel-based SVM).

Kernel-based SVM is a convenient and well-proven approach, which allows to
obtain non-linear decisions in a linear space, increasing the quality of recognition.

It should be noted that a feature of many modern data analysis tasks is the large
size of the training set. It can become a serious obstacle to the use of Kernel-based
SVM due to the high computational complexity of the training.

A series of works is devoted to increasing the productivity of SVM problem
solving [1, 2, 3, 4]. However, despite this, research in this area is still relevant.

In the previous work [5], we proposed a simple approach to finding a fast ap-
proximate solution of the SVM problem in a linear feature space, named the Mean
Decision Rules (MDR) method. In this paper, we adapt this approach for training
in a space of a potential function.

The main idea of the proposed method is to average SVM decision rules, which
are constructed for small random subsamples of the initial training set.

The mean decision rule stabilizes and ceases to behave as a random variable with
an increase in the number of random subsamples.

Figure 1 shows examples of decision rules found using the state of the art LibSVM
library and the proposed MDR method for several model data sets. As we can see
from the figure, the obtained decisions are close enough.

A feature associated with the training in a potential function space is the im-
possibility (in the general case) of explicitly calculating the directional element of
the optimal separating hyperplane. As a result, its direct averaging is impossible, in
contrast to the case of training in a linear feature space.

To overcome this obstacle, it is required to use a larger amount of RAM and
a greater amount of computation in comparison with training in the linear feature
space. However, despite this, the proposed approach has no theoretical limit on the
training sample size. This is due to that it does not require simultaneous storage in
the memory of all objects and so it can be used for training even on one computer.

In addition, it is easy to see that the MDR method has a high degree of data par-
allelism and can be effectively implemented using parallel and distributed computing
technologies.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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Fig. 1. Decision rules founded by MDR and LibSVM

Experimental research have shown that as in the case of training in a linear
feature space, this approach allows to quickly find an approximate, but not very
different from the exact solution of the SVM problem in the space generated by a
potential function.

Moreover, in a number of cases it allows to reach a lower error rate in the test
set in contrast to results obtained using the state of the art LibSVM library.

The reported study was funded by RFBR according to the research projects
18-07-01087, 18-07-00942,17-07-00436.
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OnpeaeneHve CAOXKHOCTU BbIOOPKU C NMOMOLLLIO YHUBEpPCabHOM
annpokcumMupyouiein moaenu

Manunosckuti I'puzoputi Cmanucaasosus'x grigoriy.malinovskiy@phystech.edu
TI'adaes Tamas Tesurxoesumu' gadaev.tt@phystech.edu
Cmpusicoe Badum Burmoposum'? strijov@phystech.edu
"Mocksa, MoCKOBCKHiT (bH3MKO-TeXHIUECKUH HHCTUTYT

2Mocksa, Berancaurensusrit entp um. A.A. Joporurpma GULL TY PAH

Wccnenytorest cBoiicTBa 00ydarorieil BLIOOPKHU B 3a/1avax KJIACCU(PUKAIINNA U Pe-
rpecun. CJI0XKHOCTB 00y Jaroleil BHIOOPKY MOXKET OBbITh OIIPE/Ie/IeHa ¢ TIOMOIIBIO Pa3-
JINYHBIX KPUTEPUEB TAKUX KAK IIPUHIUI MUHUMAJIBHON JJINHBI OMMCAHUS U CTATHU-
cTUYecKasi CJIOKHOCTB. lIpemiaraercss BBIYUCIATD CJIO2KHOCTD C IIOMOIIBIO AITPOK-
cuMupyIomux Mogmesieit. JIanubIil TOXO0 SABJIsIeTCS SBpUCTHYecKuM. B mannoit pa-
060Te MPeIosKEH METOJ OIPEIEIEHNS CIOXKHOCTH 00yYIatonieit BHIOOPKHU C IMTOMOIIBIO
JIBYXCJIOWHOI1 1TOJTHOCBsI3HOM HeliponHoii cetu. CoryiacHo Teopeme 1IpiOeHKO HEHPOH-
Hasl CeTh MPSIMON CBS3U C OJHUM CKPBITBIM CJIOEM AIIPOKCUMUDPYET JIOYIO0 Helpe-
PBIBHYIO (DYHKIIHIO MHOIUX [TEPEMEHHBIX C 3aJIaHHON TOIHOCTBIO. st onpeeerust
CJIOZKHOCTH UCIIOJIB3YETCsT KOJIMIECTBO HEMPOHOB BHY TPEHHETO CJIOS HEHPOHHOI CeTH.

B pabore nccenoBanbr cBoiicTBa 3TOr0 MeToAa. s anaan3a MeToaa MOCTaBICH
BBIYHUCJIATEIHHBII SKCIIEPUMEHT Ha CUHTETUYECKUX JAHHBIX C PA3JIMIHBIMUA KOH(MU-
rypaiusiMi MyJIbTUKOJIMHEAPHBIX IPU3HAKOB U YPOBHEM IyMa. Takzke ObLIN 11poBe-
JIeHBI 9KcriepeMenThl Ha garacerax Boston Housing u Cleveland Heart Disease st
3aJ1ad perpecun n OMHAPHON KJIaCCU(DUKAINN.

Pabora mogmepxana PODU, npoexkrsr No 17-20-01212, 19-07-0885.

[1] Aduenko A. A., Motrenko A. P, Strijov V. V. Object selection in credit scoring using
covariance matrix of parameters estimations // Annals of Operations Research, 2018,
260(1-2) : 3-21.

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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Determination of data complexity using a universal approximating
model

Grigory Malinovsky'x grigoriy.malinovskiy@phystech.edu
Tamaz Gadaev' gadaev.tt@phystech.edu
Vadim Strijov'? strijov@gmail.com

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

The properties of the training dataset in classification and regression problems
are investigated. The complexity of the training dataset can be determined using
various criteria such as the principle of minimum description length and statisti-
cal complexity. It calculates the complexity using approximating models. This is a
heuristic approach. In this paper, we propose a method for determining the complex-
ity of the training data using a two-layer fully connected neural network. According
to Tsybenko’s theorem, a neural network of direct communication with one hidden
layer approximates any continuous function of many variables with a given accuracy.
The number of neurons in the inner layer of the neural network is used to determine
the complexity.

The properties of this method are investigated. To analyze the method, a compu-
tational experiment is performed on synthetic data with different configurations of
multicolinear features and noise level. Experiments were also conducted on Boston
Housing and Cleveland Heart Disease datasets for regression and binary classification
problems.

This research is funded by RFBR, projects 17-20-01212, 19-07-0885.

[1] Aduenko A. A., Motrenko A. P, Strijov V. V. Object selection in credit scoring using
covariance matrix of parameters estimations // Annals of Operations Research, 2018,
260(1-2) : 3-21.
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CpaBHeHue aByx NOAXOAO0B K Pa3/iIOKEHUI0 KpUTepueB KadecTBa
pewarowmx pyHKuni

Hedeavro Buxmop Muzatinosuy' x nedelko@math.nsc.ru

"Mucruryr maremaruku mm. C.JI. CoGosesa

[TpoBojuTCst CpaBHUTEIBHBIN aHAMU3 JIBYX IOIXOJ0B K PA3JIOKEHUI KpPUTe-
pusi KadecTBa pemammux Gyarmyit. [lepBeiit oax0m — pa3joKeHne Ha CMENeHne
u pasbpoc (bias-variance decomposition). Bropoit nmoxxon (mpeijoxen B crarbe
I. C. JI6os, H.T. Crapuesa, 1989) — pasziioxkenue Ha Mepy aJEKBATHOCTH M Mepy
CTaQTUCTUYECKON YCTOMYUBOCTU.

W est BTOpOro Mojxo/ia COCTOUT B TOM, YTOOBI Pa3jI0yKUTh OIMIMOKY ITPOrHO3a Ha
[TOTPEITHOCTD AMMTPOKCUMAIUH U CTATHCTUIECKYIO MOTPEITHOCTD.

Mepa a/IeKBATHOCTH XapaKTepU3yeT HOIPEITHOCTD ATPOKCUMAIINNA U IPEICTAB-
JisieT cOOO pa3HOCTh MEXK/y ACHMITOTHYECKUM CPEJIHUM PUCKOM U Oall€COBCKWIM.
Jlannast Mepa IOKa3bIBaeT, HACKOJIBKO XOPOIIlee PereHne MeTo 1 MOT Obl 1aTh B CJIy-
Jae HeOI'PAHUYIEHHOI BIOOPKHU. Mepa cTaTuCTUIecKoil yCTOWYNBOCTH €CTh Pa3HOCTD
MeXK/1y (DAKTUIECKUM CPEIHUM PUCKOM U aCHMIITOTUIECKIM.

B nacrostimeit pabore mpesaraeTcss METOJL CTATUCTHIECKOTO OIEHUBAHUS KOMITO-
HEHT 000UX PA3JIOKEHUI Ha PEAJIHHBIX JTAHHBIX U IIPOBOIUTCI CPABHEHIE 3aBUCAMO-
cTeil 9TUX KOMIIOHEHT OT CJIOYKHOCTH perarorieil dynkmnun. B kadecTBe yHUBEPCATIDH-
HOl MepbI CJIO?KHOCTU UCIIOJIB3YETCs HEHOPMHUPOBAHHBII OTCTYII.

PesynbraThl uccaeoBanus MOKA3bIBAIOT 3HAUYUTEIHHOE KAUECTBEHHOE CXOJCTBO
MEZK/1y TTOBEJIEHUEM CMEIEHNUs U MepPbl aJIeKBATHOCTH U MEXKIy PazdpocoM U Mepoit
CTaQTUCTUYECKON YCTOMYUBOCTU.

Bwmecre ¢ Tem, Mexk Ty pACCMOTPEHHBIMU PA3JIOKEHUSAMU MMEETCS ITPUHITHITHAI b=
HOe pa3jndue, B YACTHOCTH, IPU YBEJIUYEHUH CJIOKHOCTU Mepa aJ[€KBATHOCTH HeE
MOXKET YBEJIMYUBATHCSI, B TO BpeMsl KaK CMeIeHre CHava/Ia YMEHbIIAeTCsl, OHAKO
[IpU OY€Hb OOJIBIINX 3HAYEHUSIX CJIOZKHOCTU OOBITHO HAYMHAET PACTH.

Pabora nmognep:xana rpaarom PODU Ne18-07-00600-a.

[1] Hedeavro B. M. HekoTopble BOIPOCHI OICHUBAHUS KAIECTBA METOOB IOCTPOCHHST PEIlia~
romux Gyuxnuii // Bectauk ToMCKOTro rocy1apcTBEHHOIO yHUBEpCUTETA. Y IPABJICHHE,

BBbIUNC/IMTENIbHAS] TeXHUKa 1 nHdopMaruka, Tomck: TTV, 2013. Ne3 (24) — C. 123-132.
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Comparison of two approaches to decomposition of quality criteria
of decision functions

Victor Nedel’ko'x nedelko@math.nsc.ru

1Sobolev Institute of Mathematics

A comparative analysis of two approaches to the decomposition of quality crite-
rion of decision functions is carried out. The first approach is the bias-variation de-
composition. The second approach (proposed in the paper G. S. Lbov, N. G. Start-
seva, 1989) is a decomposition into a measure of adequacy and a measure of statistical
stability.

The idea of the second approach is to decompose the prediction error into ap-
proximation error and statistical error.

The adequacy measure characterizes the approximation error. It is the difference
between the asymptotic mean risk and the Bayesian mean risk. This measure shows
how good a solution the method could give in the case of unlimited sample. A
measure of statistical robustness is the difference between the actual average risk
and the asymptotic one.

In this paper we propose a method of statistical estimation of the components of
both decompositions on real data and compare the dependencies of these components
on the complexity of the decision function. Non-normalized margin is used as a
universal measure of complexity.

The results of the study show significant qualitative similarities in behavior of
the bias and the adequacy measure and between the variance and the statistical
stability measure.

At the same time, there is a fundamental difference between the considered de-
compositions, in particular, with increasing complexity, the measure of adequacy
cannot increase, while the bias first decreases, but at very high values of complexity
usually begins to grow.

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

[1] Nedel’ko V. On estimation of quality of decision functions construction methods //

Tomsk State University Journal of Control and Computer Science, 2013. No. 3(24) —

p.123-132. (In Russian).
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MawwunHHoe 0by4eHne Ha OCHOBe aHa/IM3a BbiNyKJibiIX 000104eK
KJ1accoBs

Hemupro Anamoauti ITasaosu'x apn-bs@yandex.ru
! Cankr-Ilerep6ypr, CIIGISTY "JISTUA"

B pabore paccMOTpeHbI METO/BI MAITMHHOIO O0yYeHUs IIPU UCIIOIb30BAHUN All-
rmapara BBIYUCIUTEIbHON reomerpun. [IpuMenenne BBITYKJIBIX 000JI09€K MHOXKECTB
B MHOT'OMEPHOM IIPU3HAKOBOM IPOCTPAHCTBE IMO3BOJIMJIO PEATN30BaTh AJTOPUTMBI
BU3yaJIA3aIy 00JIACTH IIepecevennsi KJIacCOB U AJITOPUTMbI MHOI'OKJIACCOBOI'O Pac-
ITO3HABAHUSI.

C IOMOIIBI0 METOJIOB BBIYUC/IMUTETHLHON MeOMETPUHN JIaH MPUMEp OTOOparKeHUs
Ha ILIOCKOCTH ODOJIACTH IEPECedYeHMs JIBYX BBIMYKJIBIX O0O0JIOYEK, OIMCHIBAIOIINIX
KJIACCHI B MHOIOMEDPHOM IIPU3HAKOBOM IpocTpancrse. lIpeioxken crocob usmepe-
HUsl OJIM30CTU BBIIYKJIONH 000JIOYKH K UCHBITYEMON TOYKE IIPU PACIIOJIOKEHUH TOIKH
BHYTPHU BBIILYKJION 000104uku. OH OCHOBAH Ha OIEHKE HAIPABJIEHHON IVIyOWHBI IIPO-
HUKHOBEHUSI JIAHHOW TOYKHU B PACCMATPUBAEMYIO BBIIYKJIYIO 000JIOUKY.

SBaava peraercs Mpu MPOEKTUPOBAHNUN JJAHHON TOYKM U BEPIITUH BBITYyKJIOH 000~
JIOYKH HA BEKTOD HAIIPABJICHUS OT JAHHOW TOYKM K IeHTpouay Kiacca. Omucan aj-
TOPUTM KJraccupuKamm OnKaiIeil BBITYKI0H 000I09KN, OCHOBAHHBIN Ha TIPEITO-
JKEHHOM YIIPOIIEHHOM CIOCO6e OIEeHKH OJIM30CTH K BBINYKJI0H obosouke [1]. ITpose-
JIEHO CpaBHEHUe KJIacCu(pUKaTOPOB OJIMKaiilieil BBILYKJION 000JOUKYN U Kjaccudu-
kaTopoB Oymkaitmux coceqeii (kNN). TIpuBeieHbl pe3yibTaThl IKCIEPUMEHTATBLHBIX
HCCJIEIOBAHNI HA CHHTE3WPOBAHHBIX YHMC/IOBBIX JAHHBIX U Ha PeaJbHBIX JaHHBIX 3a-
Ja9n IMarHOCTUKN paKa T'PYJIN.

Pabora nogzgepxana rpantamu PODIU Ne19-29-01009, 18-07-00264.

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

Anal., 2019. vol. 29, No 2 — P. 360-365.
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Machine learning based on the analysis of convex hulls of classes

Anatoliy Nemirko'x apn-bs@yandex.ru
!Saint Petersburg, ETU "LETI”

The paper considers the methods of machine learning using the apparatus of
computational geometry. The use of convex hulls of sets in a multidimensional
feature space made it possible to implement visualization algorithms for the class
intersection area and algorithms for multiclass recognition.

Using methods of computational geometry, an example is given of mapping onto
the plane the region of intersection of two convex hulls that describe classes in a
multidimensional feature space. A method is proposed for measuring the proximity
of a convex hull to a test point when the point is located inside the convex hull. It
is based on the estimation of the directional penetration depth of a given point into
the considered convex hull.

The problem is solved when designing a given point and vertices of a convex hull
on a direction vector from a given point to the centroid of the class. The classi-
fication algorithm for the nearest convex hull is described, based on the proposed
simplified method for assessing the proximity to a convex hull [1]. The classifiers of
the nearest convex hull and the classifiers of nearest neighbors (kNN) are compared.
The results of experimental studies on synthesized numerical data and on real data
of the problem of diagnosing breast cancer are presented.

This research is funded by RFBR, grants 19-29-01009, 18-07-00264.

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

2019. 29(2) — p. 360-365.
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MeTO,D,bI MaLWWMNHHOIo 06y‘-|eHVI$| Ha OCHOBEe MUHUMU3ayumnn
Crnia>eHHbIX OueHOK cpegHnX, He4HyBCTBUTEJIbHbIX K Bbl6p0C8M

ITu63yxos 3ayp Myxadurosu' >« intellimath@mail.ru
"Mocksa, Mucruryr maremaruky u nadopmarnkn MITTY
?Hauspunk, MHCTHTYT IpUKIaqHoii MareMaTuky 1 asromarnsannn KBHIT PAH

Muorue 331291 MAITMHHOTO 00y YeHUsT OOBITHO CBOJATCS K 33/1a9€ MUHIMU3AIIUN
CpeIHETrO apuOMETUTIECKOTO OT KOHETHOTO Ha6opa mapaMeTPU30BAHHBIX (DYHKITHN:

Qw) = ka()

OiHaKO, €CI SMIINPUIECKOe pacnpeﬂeﬂeHHe {61( )y-v. N (W)} comepikuT 3HAUH-
TEJIBHBIA 00bEM BBIOPOCOB, TO MUHUMHU3anusa Q(W) NPUBEJET K CMEMIEHUIO W* 13-
38 TyBCTBUTEIBHOCTH CpeHEro apudmernaeckoro K Beiopocam. OiHO n3 pemenuii
9TOM TPOBIEMBI OCHOBAHO Ha MCIIOJIB30BAHNN POOACTHBIX Au((MEPEHITUPYEMBIX OTIe-
HOK CDEJIHEr0 3HAYMCHNUS.

BoJIbIIMHCTBO  M3BECTHBIX ONEHOK CPEJIHEr0 MOYKHO IPEJICTABHTL Kak M-
cpennue [1,2]:

N
Zp=My{z1,...,28} = arg min > plze —u),
k=1
rae p(r) — semmykinas ¢yuxnus. Ecnu p gsaxs! nuddepenmupyema, o M, nmeer
YACTHBIE [TPOU3BOJIHBIE:

M, p" (2 — Zp)

Oz (21— Zp) + -+ (on — 5)

Hanpumep, npu p(r) = V&2 + r? — e, M-cpesiHee npesicTaBiaser cofoi CriazkeH-
HBII BADUAHT M UAHDI.

Bonee pobacTHblit BapuaHT CpeHero apudgMeTHIeCKOro MOXKHO MOJIYUHUTDb, HC-
MOJIL3YS CTJIAYKEHHBII BADUAHT BUH30PU3UPOBAHHOIO CPEIHErO:

N
1 m
WMP{Zl,...,ZN}ZN Z Zk-i-sz,

rjie M — KOJIMIeCTBO 2 > Z,. KTo JacTHBIe TPON3BOIHBIC MMEIOT BHUI:

BMP

OWM, % + % 520> €CTH 2k < Zp
. = oM _
Oz N o ecan zi > Z,

[ToreHnnua bHO HECMEIEHHBIE OIIEHKH W™ HIyTCsI IyTeM MuHuMu3amun gudde-
PEHIUPYyeMOil POOACTHOM OIEHKN CPEIHEro OT HapaMeTPU30BAHHBIX (DYHKITHI:

w”* € argmin M{{;(w),...,{n(W)}.
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Taxast mocraHOBKa 3a7a49d OTKPBIBAET BO3MOXKHOCTH JIJI IIPEOJOJIEHNs IIPOOJIEMBI
BBIOPOCOB, & TaKKe I UX UICHTU(PUKAIIAN.

Brorunciienne w* ocymiectBiisiercst Ha 6a3e aJropuTMUYECKON CXEMbl UTepaTUB-
HOTO IIepeB3BellBanysi. B Hell CTPOUTCs Crylaomasics nocae0BaTeIbHOCT { Wy },
rie

N
W1 € arg min Z Vel (W),
Vo=
avp = VM{l1(wy),... . n(we)}.

Ha peanbHbIX npuMepax I[MOKa3bIBAETCS HEIYBCTBUTEIHHOCTH IIPEIJIaraeMoro
MOJIXO/Ia U AJITOPATMOB K GOJIBIIIOMY KOJUYECTBY BBIOPOCOB (BIIOTH 10 50%) mpm
peHIeHI/II/I 3a/lav pef‘peCCI/II/I7 KJ'IaCCI/Iq)I/IKa.HI/II/I n K.HaCTepI/ISaL[I/H/I.

Pabora soimonena npu unamcosoii moamepxkke rpanra PODOI Ne18-01-00050.

[1] Shibzukhov Z.M. On the Principle of Empirical Rsik Minimization Based on Averagging
Functions // Doklady Mathematics. 2017. Vol. 96, N.2, PP. 494-497.

[2] Shibzukhov Z.M. Robust Neural Networks Learning: New Approaches. — In: Advanves
in Neural Networks — ISNN 2018. Lecture Notes in Computer Sciences. Vol. 10878. 2018.
PP. 247-255.

[3] Shibzukhov Z.M., Kazakov M.A. Clustering based on the principle of finding centers and
robust averaging aggregation functions // Proceedings of V International Conference
ITNT 2019. Journal of Physics: Conference Series. (B neuarn).
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Machine learning based on minimizing smoothed estimates of
averages, resistant to outliers

Zaur Shibzukhov'?x intellimath@mail.ru

"Moscow, Institute Mathematics and Computer Sciences MPSU
2Nalchick, Institute of Applied Mathematics and Automation KBSC RAS

Many machine learning problems usually come down to the problem of minimiz-
ing the arithmetic mean of a finite set of parameterized functions:

N
Q(w) = & 3 tu(w)

However, if the empirical distribution {¢;(w),...,¢n(W)} contains a significant
amount of outliers, then minimizing Q(w) will lead to a bias w* due to the sensi-
tivity of the arithmetic mean to outliers. One solution to this problem is based on
the use of robust differentiable mean estimates.

Most known mean estimates can be represented as M-estimates [1,2]:

N
Zp=My{z1,...,28} = argrrhinkzl p(zr —u),

where p(r) — convex function. If p is twice differentiable, then M, has partial deriva-
tives:

oM, e 2)

Oz, pl(z1—Z2,) 4+ 4+ p'(2n — Z,)

For example, with p(r) = V&2 + 12 — e, M-mean is a smoothed version of the
median.

A more robust version of the arithmetic mean can be obtained using a smoothed
version of the winzorized mean:

N
1 m
WMp{Zl,...,ZN}:N Z Zk+ﬁzp7

Zk gfp

where m is the number z;, > Z,. Its partial derivatives are of the form:

azk

8WMP —l—% ”, if 2, <2
m OM . _
Nazk’ 1fzk>zp

Potentially unbiased estimates w* are sought by minimizing a differentiable ro-
bust estimate of the mean of parameterized functions:

w”* € argmin M{{;(w),...,{n(W)}.

Such a statement of the problem opens up the opportunity to overcome the problem
of emissions, as well as to identify them.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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The calculation of w* is carried out on the basis of an iterative reweighting
algorithmic scheme. It builds a thickening sequence w;, where

N

W41 € argmin g v gl (W)
w
k=1

and vy = VM{l(wy), ..., In(wy)}.

To calculate w*, iterative weighting algorithms are used. Real examples show
the insensitivity of the proposed approach and algorithms to a large number of out-
liers (up to 50%) for solving the problems of regression, classification and clustering.

This work was financially supported by the RFBR grant 18-01-00050.

[1] Shibzukhov Z.M. On the Principle of Empirical Rsik Minimization Based on Averagging
Functions // Doklady Mathematics. 2017. Vol. 96, N. 2, PP. 494-497.

[2] Shibzukhov Z.M. Robust Neural Networks Learning: New Approaches. — In: Advanves
in Neural Networks — ISNN 2018. Lecture Notes in Computer Sciences. Vol. 10878.
2018. PP.247-255.

[3] Shibzukhov Z.M., Kazakov M.A. Clustering based on the principle of finding centers and
robust averaging aggregation functions // Proceedings of V International Conference
ITNT 2019. Journal of Physics: Conference Series. (in press).
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Bbibop cTpykTypbl Mogenu rnybokoro obyyeHus
CcybONTUMANbLHOW C/IOXKHOCTY

Baxmeee Oaez FOpvesur'x bakhteev@phystech.edu
Cmpuorcoe Badum Burmoposur'? strijov@phystech.edu
1 Mocksa, MOCKOBCKII (PU3HKO-TEXHIMYECKUH HHCTHTYT

2 Mocksa, Beraucinrensubiii nenrp unM. A.A. Topogaunsma OUIT Y PAH

B pabore paccmarpuBaeTcs 3a1ata BHIOOP CTPYKTYPBI MOJETN TIyOOKOro 00y te-
nus. [lom Mo/enbio rryboKoro o0ydIeHus MTOHUMAETCs CyTepro3utius auddepen -
pyembIx 110 mapamerpam dyHkKimii. CTpyKTypa Mofe u riryboKoro odydeHus 3aia-
ercsi rpadom, e pebpam rpada COOTBETCTBYIOT 0A30BbIX HEeJIMHEHbIe (DYHKIUH, a
BepIIUHAM — [IPOMEXKYTOUYHBIE TIPEJICTABJIEHUs] BBIDODKU IO JAeiiCTBUEM STUX (DyHK-
nuii. CTpyKTYpOil Mojiesin Ha30BeM Beca 0a30BbIX dyHKIwmil. st permenns 3amadan
BBIOOpA CTPYKTYPBI MOJIEJN BBOJSATCS BEPOSATHOCTHBIE IIPEJIIIOJIOKEHNS O PacIpe-
JIeJIEHUSIX [apaMeTPOB U CTPYKTYPhI MOJIEJH. 3ajiada BbIOOpa CTPYKTYPBI MOJEIN
paccMaTpuBaeTcsl Kak JBYXYypPOBHEBasl ONTUMUBAIMS: HUKHUN YPOBEHBb OITHME3a-
A COOTBETCTBYET MAKCHUMU3AINN BapPUAIMOHHOW OIEHKN ODOCHOBAHHOCTH MO/IE-
Jin. Bepxuuii ypoBeHb ONTHMU3AIMKA COOTBETCTBYET ONTUMU3AINU THIEPIAPAMET-
poB Mozesnn. B KadecTBe ABYyXypOBHEBOH 331291 ONTUMU3AIIN PACCMATPUBAETCS
obobiennast pyHKITHS 000CHOBAaHHOCTH MOjie/ . [lokazamo, UTo jJaHHas 3a/7ata Co-
OTBETCTBYET OINTUMU3AIUUA COIJIACHO Psijly KPUTEPUEB: KPUTEPHUIO MAKCUMAJIBLHOTO
[IPaB/IONOA00MST, MAKCUMAJIBHON AIIOCTEPUOPHOIT BEPOSITHOCTH, MaKCUMAaJIbHOI 000C-
HOBAHHOCTU MOJIEJIH, & TAKXKe MMO3BOJISIET TPOU3BOAUTDH ONTUMU3AIUIO TaPAMETPOB
7 CTPYKTYPBI MOJIEJIN C TIOCJIEIOBATEIHHBIM YBEJINIEHNEM U CHUYKEHUEM CJI0YKHOCTH
MOJIEJNIN, & TaKKe C IOJIHBIM [1epebopoM cTPYKTYpbl Mojenu. s ananmsa mpeia-
raeMoil 3a/1a9n ONTHUMU3AIUN [TPOBONUTCS BBIYUC/IMTEIbHBIN 9KCIIEPUMEHT Ha CHH-
TeTUYECKUX JAHHBIX U BbIOOpKe pykonucHbiX 1udp MNIST.

Pabora mommepkana PODU, npoektsr No 17-20-01212, 19-07-0875, a TakKe 1ipu
noieprkke DoHIA COMENCTBUS PA3BUTUIO MAaJbIX (DOPM IPEAIPUATHI B HAYIHO-
rexHuueckoii cdepe (npoekr 44116).

[1] Baxmees O.F0., Cmpusicos B. B. Bbi6op Moesn riry6oKoro o0y deHus CyGonTuMaabHOl

cnoxkaoctn // Asromarnka m Tememexanuka, Mocksa, 2018. — No. 8, C.129-147.
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Deep learning structure selection of suboptimal complexity

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

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

The paper is devoted to the problem of the selection of deep learning model struc-
ture. A deep learning model is a superposition of differential functions. A structure
of a deep learning model is a graph, where the edges of the graph correspond to
primitive nonlinear functions, and the vertices correspond to the intermediate repre-
sentations of the data under the primitives functions. The structure of the model is
the vector of weights of the primitive functions. In order to select suboptimal struc-
ture we introduce probabilistic assumptions about the distributions of parameters
and structure of the model. The problem of the structure of the model is considered
as bilevel optimization: the lower level of optimization corresponds to maximizing
the evidence lower bound of the model. The upper level of optimization corresponds
to the hyperparameter optimization. As a bilevel optimization problem, we consider
the generalized model optimization problem. We show that the presented optimiza-
tion allows to optimize model and its structure in accordance to a number of criteria:
the maximum likelihood criterion, the maximum posterior probability criterion, ev-
idence lower bound of the model. It also allows to optimize the deep learning model
structure with an increase and decrease of model complexity, as well as with a com-
plete exhaustive search of the model structure. The authors perform computational
experiment on a synthetic dataset and on a dataset of handwritten digits MNIST.

This research is funded by RFBR, projects 17-20-01212, 19-07-0875 and FASIE
project No.44116.

[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.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019



Machine learning 79

MeTog auddepeHymnanbHOR NO3EMEHTHOW KPOCC-Bainaaumm
ONs1 BbIOOpa YPOBHS CNOXKHOCTU 0000LLEHHbIX ANHERHbIX
mMopenein 3aBucumocTen

Anzyno Bpuan Paopuar'x brian.angulo@yandex.ru
Moposzoe Aaexceti Oaezoeun’ ao.morozov@phystech.edu
Mommuas Badum Bsavecrasosuy® vmottl@yandex.ru

"Mocksa, MOCKOBCKHi (DUBHKO-TEXHUUECKIHA HHCTUTYT
) Y
2Mocksa, Beraucmurensmsrii earp PAH

IIpu pemenun 3a/1a9 BOCCTAHOBJICHUS 3aBUCUMOCTEH B Kjacce Mojeseit Bo3pac-
TaoIIell CJI0YKHOCTH BCerja HeoOXOIMMO BBIOMPATH 3HAYEHUE CTPYKTYPHOIO Mapa-
MeTpa, OMPEIEJISIIONIEr0 CJA0XKHOCTh Mozen. Hanbosiee MOy IsipHbIA TIOJIX0/, K BbI-
6Opy YPOBHSI CJIOKHOCTH MOJE/IH 3aK/II0YAETCS B UCIOJb30BAHUN IIPUHITAIIA, KPOCC-
BaJIMJIAINY, B YACTHOCTU METO/A CKOJIB3SIIEro KOHTPOJIS 110 OT/IEJIbHBIM 00 bHEKTAM
B COCTaBe €IUHCTBEHHON 00ydYaloImieil COBOKYITHOCTH, MMEIOIIeHicss y HabJII01aTe s,
Heocrarkom JaHHOTO METO/IA SBJISIETCS CJIUIITKOM BBICOKAsT BBIUUC/IATEIbHAS CJI0K-
HOCTb, CBSI3aHHAsi C HEOOXOIMMOCTHIO MHOTOKDPATHO MOBTOPSTH ODOyUeHUe, BCIKUL
pa3 yIasss u3 o0ydarorieil COBOKYITHOCTU OIMH OdepeHoit oobekT. B mammoit pa-
boTe TpeToXKeH MeTo I, auddepeHImaabHoi becriepebOPHO KPOCC-BaTu AN J1JIsT
00ODITEHHBIX JIMHEHHBIX MOJIesIeil MPOU3BOJILHBIX 3aBUCHMOCTEI [1], TTO3BOJIST IO
JIJIST KayKJIOrO MPOOHOTO 3HAYEHUsI CTPYKTYPHOIO MapaMeTpa MPOBOJUTH O0ydYeHue
JINIIb OJIUH pa3 Ha Bceil obydaromeil coBoKymHOCTU. Vaest MeToma 3aK/II09aeTCs B
TOM, UTO OOBEKTHI He YIAJISIOTCS [TOJTHOCTHIO 13 00ydeHusi, a 0TOPACHIBAETCS JINIIb
0GeCKOHEYHO MaJjas 9acTh KaxKaoro oobekra. [lokazaress KadecTBa MOJETN 3aBUCH-
MOCTHU IIPU BBIODAHHOM YPOBHE €€ CJIO?KHOCTHU HUCIIOJIb3YeT YaCTHBIE IIPOM3BO/IHBIE
ommubOK Ha 00BEKTAaX I10 BecaM MX BXOXKJIEHUsI B OOYYAOILYI0 COBOKYIHOCTh. IIpo-
1e/lypa BBIYHUC/IEHUs TOKA3aTe sl Ka1eCTBa MOJE/ MMPAKTUIECKU He YBeJIMInBAeT
BBIUHCJIATEIHHYIO CJIOXKHOCTH 00ydenusi. OcTaercs HAUTH YUCICHHBIH METOJ] OITHU-
MU3AIUN KAIeCTBA MOJIEIN IIPU BAPbUPOBAHUHN CTPYKTYPHBIX APAMETPOB.

Pabora nmomaepxkana rpaarom PODOU Ne19-37-90159.

[1] V. Mottl, O. Krasotkina, V. Sulimova, at al. Linear complexity algorithms for
high dimensional SVM and regression problems with smart sparse regularization.
Proceedings of the 15th Int. Conf. on Machine Learning and Data Mining MLDM
2019, Vol. I, pp. 412-430.
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Method of differential leave-one-out cross validation for chosing
the complexity level in generalized linear models of dependences

Brian Angulo ao.morozov@phystech.edu
Alexey Morozov' ao.morozov@phystech.edu
Vadim Mottl' vmottl@yandex.ru

"Moscow Institute of Physics and Technology
2Moscow, Computing Center of the Russian Academy of Sciences

When solving dependence estimation problems using models of growing com-
plexity, it is always required to choose the value of a structural parameter that
controls the complexity level of the model. The most popular approach to choos-
ing the complexity level of the model is the cross validation principle, in particular,
the leave-one-out method, applied, in turn, to each single object in the available
training set. The disadvantage of this method is too high computational complexity
produced by the necessity to multiply repeat the training process, each time with
one object deleted from the training set. In this work, we propose a method of dif-
ferential non-enumrative leave-one-out cross validation for generalized linear models
of arbitrary dependences [1], which requires only one run of the training process
on the entire training set. The idea of the method is that only an infinitely small
part of each single object is deleted from training instead of omitting the entire
object. The proposed indicator of the model quality evaluates the partial deriva-
tives of the loss function at single objects by the weights of their occurring in the
training set. The procedure of computing the quality indicator practically does not
increase the computational complexity of the training algorithmt. It remains only to
choose the numerical method of model quality optimiztion by varying the structural
parameters.

This research is funded by RFBR, grant Nol18-07-01087.

[1] V. Sulimova, O. Krasotkina, at al. Linear complexity algorithms for high dimensional

SVM and regression problems with smart sparse regularization. Proceedings of the 15th
Int. Conf. on Machine Learning and Data Mining MLDM 2019, Vol. I, pp. 412-430.
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MocnepoBaTtenbHoe BOCCTaHOBIEHNE 0DOOLWEHHBIX JIMHENHbIX
Mopgersieii 3aBUCMMOCTEl No Bo3pacTatouleit oby4atouei
COBOKYMHOCTU

Moposoe Aanexceti Onezosumn'« ao.morozov@phystech.edu
Mommuas Badum Bavecaasosuy’ vmottl@yandex.ru
Cyaumosa Basenmuna Bauecaasosna® vsulimova@yandex.ru
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[TpuHIIT MITHIMEI3AIAN PETYIAPU30BAHHOIO SMINPUIECKOTO PUCKA B IIPEJIEIaX
0o0ydJaromeil COBOKYITHOCTH MMPUBOIUT K OIEHKE HAIIPABJIAIONIErO BEKTOPA JIMHEHHOM
MOJIEJIN 3aBUCUMOCTH B BHU/IE JINHEHHOW KOMOMHAIINN BEKTOPOB IIPU3HAKOB 00y 4daio-
mux 06bekToB [1]. KoadbdunueaTsr 9T0r0 MpeIcTaBIenust sIBISTIOTCS MHOKUTEISIMA
Jlarpanzka 1pu OOOOINEHHBIX JIMHEHHBIX MOJIEJIsIX O0ydaromux OObeKTOB U UIpa-
0T POJIb ApryMEHTOB B JIBOUCTBEHHON (DOPMYJIMPOBKE HCXOIHOW 3aJadu. BBITyK-
Jlasg TBOUCTBEHHAs 3aJlada MMEET IOJUHOMUAJBHYIO BBIYUCIUTEIHHYIO CJIO2KHOCTD
o Yuc/Iy MHOXKuTeseil Jlarpam:xka, T.e. 0 9ucily 0ObEeKTOB, a CAMH HCKOMBIE KOM-
ITOHEHTHI HAIIPABJISIONIEr0 BEKTOPA OIPEJIEJISIIOTCH 3aTeM HE3aBUCHUMO JIPYT OT JIpy-
ra Kak JIMHEeWHble KOMOMHAIINE OOYYaIoNnX BEKTOPOB IPU3HAKOB, T.€. C JIMHEHHOM
BBIUHCJIATEIHLHON CJIOXKHOCTHIO OTHOCUTEJIBHO YHCJIa MPU3HAKOB. B jaHHOil pabore
[IpeJIJIAraeTCsi IPUOJINKEHHAST BEPCUS AJITOPUTMa, PEIeHUs [IBONCTBEHHON 3a[a1u C
JINHEHHOM BBIYUCTUTEHLHON CII0ZKHOCTBIO 110 IUCTY OOHEKTOB. DBPUCTHKA 3aKTI09a~
ercsd B TOM, YTO BCAKHil pa3 IPHU yBeJIUYEHNU OOydUaloIliell COBOKYITHOCTH HAa OJIH
00BHEKT 3aHOBO BBIUUC/ISIETCS JIUIIL OJUH HOBBINT MHOXKUTENH Jlarpamka u OJuH J10-
[TOJTHUTEJIbHBIN KO3 pUInenT, o0Iumii 1y BCeX MPeIblIyIIuX MHOKUTeIel. Aro-
puTM TpoberaeT Mo YCJOBHO yIOPSIOYEHOM 00ydJaronieil COBOKYITHOCTA OJIUH Pas3,
ompeiesisisi TPUOJIMKEHHbIE KOI(MDMUIMEHTHI IPE/ICTABICHUS HAIPABJISIONIETO BEK-
Topa. Yem OosbIie 00yIaronas COBOKYITHOCTh, TEM TOTHEE peIleHne.

Pabora nmopnepxkana rpantom POOU Ne19-37-90159.

[1] V. Mottl, O. Krasotkina, A. Morozov, at al. Linear complexity algorithms for
high dimensional SVM and regression problems with smart sparse regularization.
Proceedings of the 15th Int. Conf. on Machine Learning and Data Mining MLDM
2019, Vol. 1, pp. 412-430.
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The principle of regularized empirical risk minimization within the bounds of the
given training set results in estimating the direction vector of the linear model of
the dependence as a linear combination of feature vectors representing the training
objects [1]. Coefficients of this combination are Lagrange multipliers at generalized
linear models of the training objects and occur as arguments in dual formulation of
the primal problem. The convex dual problem has polynomial computational com-
plexity relative to the number of Lagrange multipliers, i.e., in the nuber of training
objects, whereas the sought-for components of the direction vector are then to be
computed as the linear combinations of the training feature vectors, namely, with
linear computational complexity in the number of features. In this work, we propose
an algorithm for approximate solving the dual problem with linear computational
complexity relative to the number of objects. When the training set is increased by
one object, the heuristic step is to compute only one new Lagrange multiplier and
one additional coefficient, common to all the previous Lagrange multipliers. The
algorithm runs only once through the training set, and defines the coefficients of an
approximate representation of the direction vector. The greater is the trainig set,
the more precise is the solution.

This research is funded by RFBR, Grant No. 19-37-90159.

[1] V. Mottl, O. Krasotkina, V. Sulimova, at al. Linear complexity algorithms for high
dimensional SVM and regression problems with smart sparse regularization. Proceed-
ings of the 15th Int. Conf. on Machine Learning and Data Mining MLDM 2019, Vol.
I, pp. 412-430.
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OO6BITHO, KOT/Ia TOBOPSIT O BOCCTAHOBJIEHUU 3aBUCAMOCTEN B OOJIBIITIX MaCCHBAX
JIAHHBIX, TO IIPEJIOJIATAIOT, YTO MHOXKECTBO IPEIEIEHTOB HE YMEIIAeTCs B MaMITH
OJIHOT'O KOMIILIOTEPA, U HEOOXOMMO HCIIOIb30BAHUE TEXHOJIOTMH PACIIPE/IeJIEHHBIX
Berancyiennit. OJHAKO, JaxKe ecjid BCsi 00ydaroliasi COBOKYIIHOCTb pa3MeIleHa B OJl-
HOM KOMITBIOTEPE, OCTAETCsI BOIIPOC O BPEMEHU, HeOOXOIUMOM J1jisi 0byueHus. B maH-
HO#1 paboTe MBI OIIIPAEMCs Ha 00ODIIEHHY IO JIMHEIHY 10 METOI0JIOTUI0 BOCCTAHOBJICHUS
3aBUCUMOCTEI, IOKPBIAIONTYIO, B YACTHOCTHU, OIIEHNBAHNE PEIPECCUOHHBIX MOJEIe 1
pacniozHaBanue o6paszos [1]. Tlpennonaraercss, ato obyvaromas nHMOOPMAIIUS UMe-
eT BHJI IIPSIMOYTOJIBHON Tabsuiel "obbekT-ntapamerp". Mbl paccmarpuBaeM JiBa BU-
Jla aJITOPUTMOB MUHUMU3AIUU PEryJIsipU30BAHHOTO IMIIMPUIECKOTO PUCKA, B3AUMHO
[IPOTUBOIIOJIOZKHBIX TI0 UX BBIUUCIATEIHHON CJI0KHOCTH OTHOCUTEIBHO JIBYX Pa3Me-
poB Tabauinl "obbekT-napamerp”. BoraucaurenbHast CJIOXKHOCTD IIEPBOIO aJIlOPUT-
Ma JIMHeHA 10 YUCIY OObEKTOB U MOJIMHOMUAJIBHA 10 YHCJIy HPU3HAKOB, a JAPYTroil
aJTOPUTM, HA0DOPOT, IMOJTUHOMUAJIEH TI0 YUC/TY OOBEKTOB U JIMHEEH 10 TUCTY TTPU3HA-
koB. ToT dakT, aTo /111 J11060i1 KOMOMHAIIIN PasMepoB TadbauIbl "obbekr-mapamerp”
€CTh aJIOPUTM, BBIUHUC/IATE/IbHAs] CJIOKHOCTH KOTOPOT'O JIMHEWHA 110 OOJIBIIIEMY W3
JBYX Pa3MEpPOB U MOJMHOMUAIHHA IO MEHBIIEMY, OCOOEHHO O/IArONPUSTEH B TUIINY-
HOl CHTyaIu, KOrJQa YUCJI0 IIPU3HAKOB OOJIbINE, YeM YNCI0 00bEKTOB.

Pabora nmognepxkana rpantom POOU Ne18-07-01087.

[1] V. Mottl, O. Krasotkina, V. Sulimova, at al. Linear complexity algorithms for
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2019, Vol. I, pp. 412-430.
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Usually, when speaking about dependence estimation in big sets of empirical
data, it is adopted to suggest that the set of precedents does not fit in the memory
of one computer, and some technology of distributed computing is required. How-
ever, even if the entire training set can be placed in one computer, the question
remains how much time the training process will take. We keep here to the general-
ized linear methodology of dependence estimation, which covers, in particular, both
regression estimation and pattern recognition [?]. It is assumed that the training
information (empirical data set) is a rectangular objects/features table. We con-
sider here two kinds of algorithms of regularized empirical risk minimization, which
are mutually opposite in their computational complexity relative to the number of
features and the number of objects, i.e., to the two sizes of the objects/features
table. The computational complexity of one of them is linear with respect to the
number of objects and polynomial relative to the number of features, whereas the
other algorithm is of polynomial complexity in the number of features and linear
in that of training objects. The fact, that for any combination of the two sizes of
the objects/features table we have an algorithm whose computational complexity is
linear relative to the greater and polynomial to the smaller of them, is especially
favorable for the typical situation when the number of features is much greater than
that of objects.

This research is funded by RFBR, Grant No. 18-07-01087.
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Hecmorpst Ha 3HaUUTEIHHBIE YCIIEXU MAIITMHHOTO 00y Y€HUS, JOCTUTHY THIE 38 [TOCJIe]I-
HHE TO/JIbl U CBA3aHHBIE IIPpEXKJ/Ie BCEro CO 3HAYUTEJIbHBIM YBE/JIMICHUEM TOIHOCTU
pellieHns pa3HOOOPa3HBIX 3a/a4 PAaCIO3HABAHUSI, JIMATHOCTUKU, ITPOTHO3UPOBAHMSI,
CAEPKUBAONIIM (PAKTOPOM HUCIIOJb30BAHNS STUX TEXHOJOTUI B PA3JIMIHBIX 00JIa-
CTSX SBJISIETCS TPOOJIeMa HEIPO3PAIHOCTH, TO €CTh HEIOCTYIIHOCTH JJIs M0JIb30Ba-
TeJieil mporecca mpuHaTHs pertennii. CriocoboM perreHust 3Toil MpodIeMbl sIBJISIETCS
BbIJIeJIeHe HADOPa OTHOCUTEJHHO MPOCTBIX U JIOCTYIHBIX JJIs TOJIB30BATES aJIro-
PUTMOB, KOTOPBIE B COBOKYITHOCTH YACTHIHO OTOOPAXKAIOT IIPOIIECC [TOJLY Y€HUsI Perlie-
HUsI CJIOZKHBIM, HO OOECIIEINBAIOIINM BBICOKYIO TOYHOCTH aJITOPUTMOM MAITHHHOTO
obyuenus. [Ipo3padHoCcTh U UHTEPIPETUPYEMOCTDH 00y Y€HUS MOYKET JTOCTUTATHCS Ue-
pe3 rpadudeckoe mpeacTaBIeHne PabOThI BBIIEIEHHBIX TTPOCTHIX aJIropuTMoB. [Ipn
9TOM I11e1eCO00PA3HO JIOOUBATHCS IO BO3MOYKHOCTH ITOJIHOTO TPEJICTABIEHUST TP
CcTaBJIeHUsI BCeX 3HAYUMBIX 3hdekToB. Takyr cxemy JOCTHKEHUsI IIPO3PAYHOCTH
npejictaBsiercss 6osiee 3(PEKTUBHOM, ec/ii OHA MPUMEHSIeTCs K aHcaMOJIsiM 0oJiee
IPOCTHIX AJrOpUTMa. B KadecTBe mpuMepa MOYKHO MPUBECTU PEIIAIONIUe Jeca, TeHe-
pUpyeMbIe C MOMOIIBIO METOJI0B O3rruHT wim Oyctuar. CrucreMa obecredeHus: mpo-
3PAYHOCTH HECOMHEHHO OYJIET 3aC/Iy?KUBATH OOJIBIIEro JIOBEPUs MTOJIb30BaTE e, ec-
Jin oHa OyJIeT BKJIFOYATh B PACCMOTPEHUE TOJIBKO JI0cTOBepHbIe 3 dekThl. [TocKoIbKY
UCXOJIHBIE aJITOPUTMbBI CTPOSITCSI 110 JIAHHBIM, TO JIJIsl OIIEHKU 3HAYMMOCTH HEOOXO/ -
MO HCIIOJIB30BaTh CPEJICTBA CTATUCTUIECKON BepuduKanum. B ycaoBusX orpaHuvieH-
HOCTH JIAHHBIX BEPUDUKAIMIO 3aKOHOMEPHOCTEH MOUCK 3aKOHOMEPHOCTEH 1 epudu-
KO TTPOBOIUTDL IO OJTHONW W TOM ke obydaromieit BbIOOpKe. Takas BO3MOKHOCTD
[IPEJIOCTABJISIIOT TEXHOJIOTUN PECOMILITIHTA, BKIIIOYAs I€PECTAHOBOYHbIE TECTHI. B Ka-
JecTBe MpUMepa UCIOJIb30BAHUS TAKOIO MOJIX0Ja MOXKHO IpeicaBuTh MeTo Onru-
MaJIbHBIX JIOCTOBEpHBIX pasdmenwuii. Ciielyer TakyKe OTMETHTb, UTO BEPUMDUKAIII
6oJtee CJIOYXKHBIX 3aKOHOMEDHOCTEH JOJIZKHA 00sA3aTeIbHO COCTOSATH B BBIYUCICHUHN
HECKOJIbKHUX P-3HAYCHUI, OIEHUBAIONNX 3HATUMOCTD PA3JINIHBIX 9JIEMEHTOB. B 1mpo-
TUBHOM CJIydae Ha BBIXOJIe OKa3bIBAETCs N30BITOYHOE, 9aCTO UPE3BBIYATHO HOJIBIIOE
YUCJI0 YACTUYHO JIOYKHBIX 3aKoHOMepHocteil. [Ipesmmosiaraercss yaér npu Bepudu-
KaIuu po0JIeMbl MHOXKECTBEHHOTO TecTupoBaHus. OTIMINTETbHON 0COOEHHOCTBIO
BapuanTta OJIP, mampasienHoro Ha obecredeHre TPO3PATHOCTH PEIIAIOININX JIECOB,
SIBJISIETCST PAHYKUPOBAHUE JIOCTOBEPHBIX 3aKOHOMEPHOCTEH B COOTBETCTBUU CO BCTPE-
YAaEMOCTBIO COOTBETCTBYIONIUX COUETAHUN MIPU3HAKOB B PEIIAIONINX JIEPEBbIX, BXO-
Jsmmx B ancamb6sb. Hacrosimee nccieioanne nojiep:xkano POOU, rpant 17-07-
01362.
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Despite the significant advances in machine learning in recent years and are pri-

marily associated with a significant increase the accuracy of solving a variety of

recognition, diagnostics, and prediction problems, a deterrent to the use of these
technologies in different areas is the problem of opacity, that is, inaccessibility for
users of the decision-making process. Way to solve this problem is the selection of

a set of relatively simple and accessible to the user algorithms, which at least par-

tially display the process of obtaining a solution by a complex, but providing high

accuracy machine learning algorithm.

Transparency and interpretability of training can be achieved through a graph-
ical representation of the work of selected simple algorithms. At the same time, it
is advisable to achieve the fullest possible representation of the presentation of all
significant effects. Such a scheme for achieving transparency seems more effective if
it is applied to ensembles of simpler algorithms. An example is decisive forests gen-
erated using bagging or boosting methods. A transparency system will undoubtedly
deserve more user confidence if it include only reliable effects. Since the original
algorithms are built on the basis of data, it is necessary to use tools to assess signif-
icance statistical verification. In conditions of limited data, verification of patterns;
search for patterns and Verification is carried out on the same training sample. This
opportunity is provided by resampling technologies, including permutation tests. As
an example of using this approach, we can present the Optimal reliable partitions
method. It should also be noted that verification of more complex patterns must
necessarily consist in calculating several p—values evaluate the significance of vari-
ous elements. Otherwise, the output is redundant, often an extremely large number
of partially false patterns. It is supposed to take into account when verifying the
problem of multiple testing. A distinctive feature of the ODR option, aimed at en-
suring transparency of decision forests, there will be a ranking of reliable patterns in
accordance with the occurrence of relevant combinations of signs in the decisive trees
included in the ensemble. This research is funded by RFBR, grant 17-07-01362.

[1] Kuznetsova A. V., Kostomarova I. V., Senko O. V. Modification of the method of opti-
mal valid patitioning for comparison of patterns related to the occurrence of ischemic
stroke in two groups of patients. // Pattern Recognition and Image Analysis, 2014, v.
24, No 1, Pp. 114-123
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Db hEKTUBHOCTD METOIOB PACIIO3HABAHN S, OCHOBAHHBIX HA BHIYUCJIEHUN KOJIJIEK THB-
HBIX pelennii mo zabopam 60Jiee MPOCTHIX AJTOPUTMOB, TIOATBEPKIAETCS PE3YJIbTa-
TaMU UX [PUMEHEHUs] [IPU PEIeHnH pa3HOOOPa3HbIX MPUKJIAIHBIX 3ajadax. Hau-
OoJIbIIlee PACIPOCTPAHEHNE MOy YU/ METO/IbI, MCIOJIb3YIOIe aHCAMOJIU Pelaio-
X JiepeBbeB. VCmob3yoTess TEXHOIOMMU TeHepaIuu ancaMb/ieil, OCHOBaHHbBIE HAa
PA3INYHBIX MPUHIUIAX, BKJIOYas O3TTUHT, IT'PAIUEHTHBIA U aIalTUBHBIA OyCTHHT.
B merome GarrmHT Karkioe pemnraiomiee JIepeBo, J100aBasgeMoe B aHCaMOJ/Ib, CTPOUT-
cs 110 HOBOIT 0byuaroleil BLIOOpKe, KOTOpasi FeHEPUPYETCs U3 UCXOIHOI BBIODOPKH C
[IOMOIIBI0 OyTCTPa1. B rpajimeHTHOM OYyCTHHTe Ha KaXXJOM Iare B aHcamOJib J10-
GaBJIsIeTCs PeInaIee JepeBo, alllPOKCUMUPYIOIIEe 3aBUCUMOCTb OT IIPU3HAKOB TaK
HA3BIBAEMBIX IICEBJI0OCTATKOB, MIPEICTABISIONINX COOO MEePBbIE TPOU3BOHBIE KBl
paTHIHOrO (PYHKIMOHATA TOTEPh 0 IIPOTHO3AM CJIEJIAHHBIM C TOMOIIHIO aHCAMOJIS,
[IOJIyIeHHOTO Ha MpeJbLIyIeM Inare. B ajanTusnom OycTHHTe Ha KayKJOM Iare B
aHcaMb0Jib J1006aBJISIETCS PEIIAOIIee JIEPEBO, KOTOPOEe CTPOUTCSI MCXOJs U3 YCJOBUS
yBeJINYeHUsI BKJIaJa B 00ydeHrne OOBbEKTOB, OIMMHUOOYHO KJIACCU(DUIMPOBAHHBIX AH-
caM0JIeM, TIOJTyYeHHBIM Ha [IPEJIbLIYIIeM Tare. JJomoHuTeIbHbIi criocod reHepanum
ONTUMAJIBLHBIX aHcaMbJieil MOKeT OBITh BBIBEJICH U PA3JIOKEHUsT OMMMOKN BBITLYKJIBIX
KOMOWHAIWH TpeuKTOpoB. 1IpeamomoxKum, 4To OnHapHas WHANKATOPHAS (DYHKITHAS
IIeJIEBOTO KJjacca Y MPOTrHO3UpPYeTCs 1o mpu3HakaMm X1, ..., X, € IOMOIIbIO HADOPa
asroput™moB A1, ..., A,. st omubKy BeILyKiI0# koMOuHammn A.. = Y ., ¢;A;, te
S _yci=1luc¢;20mnpui=1,...,r, cupaBeIIuso ciefymee pasioxKenne |1

6(Ace) =D cid(A;) — % S cicip(Ai, A7), (1)
i=1

i=1 j=1

rie 6(A) = E(Y — A)? - ommbka HEKOTOPOTo ajropuTMa A MpH TPOTHOZHPOBAHNH
Y

p(A) = E(A; — Aj)? - pacxokienne Mexty aaroputmamu A; n A; B npocTpaHcTse
nporuo3oB. U3 pasnoxkenns (1) XopoIno BUJHO, U9TO BeJINYINHA OIMUOKH KOJIEKTUB-
HOT'O PENIeHNUs CYMECTBEHHO 3aBUCUT KaK OT OIMUOOK OTJAEJbHBIX aJlOPUTMOB, TaK 1
OT pacxoxkjaeHus Mexk iy anropurMamu.CireoBaTebHo aHcaMOIb JOMKEH TeHEePH-
POBATBCSL COTVIACHO ODOMM YCJIOBHUSIM.

MO2KHO IPEIOXKUTH CXeMy MeHEPAIUE aHcaMOJIst, B KOTOPOH Ha KazKJIOM IIare B HETro
JIOOABJISETCS AJITJIOPUTM, KOTOPDIE OJIHOBPEMEHHO
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— I10 BOBMO>KHOCTH TOYHEE aIlllIPOKCUMUPYET CBsI3b Y ¢ mpu3HakamMua X1, ..., X, Ha
obywarorreii BLIOOpKe,
— 110 BO3MOXKHOTH V/AJIEH OT aJI'OPUTMOB, PaHEe BKJIIOYEHHBIX B aHCAMOJIb.

Brimosienenne 1ByX 9TUX yCJIOBUN MOXKET OBITH JOCTUTHYTO, KOTJIA IOCTPOEHNE HOBO-
ro J100aBJIEMOTO B aHCAOIb aJrOPUTMAa IIPOU3BONTCS Yepe3 MaKCUMU3AIUIO0 (DyHK-
HUOHAJIA

qull = Qapproximation + 7Qdivergencea (2)

rae ciaaraeMoe Qupprozimation XAPAKTEPU3YET KAUECTBO AIPOKCHMAIHH, CJIAraeMOe
Quivergence XapaKTEPU3yeT XapaKTePU3yeT PACXOK IEHIE IIPOIHO30, KOTOPBIIl BHIUHC-
JseTcd J100aBIsgeMbIM B aHCaMOJIb aJrOPUTMOB, U IIPOTHO32, BBIYUCISIEMOro cdop-
MHUPOBaHHBIM Ha TPEJBLIYIIEM IHIare aHcamOJeM, 7 - 3ajJaBaeMas MOJb30BaTeIeM
KOHCTaHTa, XapaKTepu3yIolas OaTaHC JBYX CJIaraeMbIX.

B meToze permaomyx JiepeBbes IIOCTPOeHIe Kazk J0ro HOBOTO y3J1a, B JIePEBe IIPOU3BO-
JTCS Yepes3 ONTHMA3AIN dyukumonasa Qp( mp) =y H (Sl) (1—v)H (S ), rzie S
1 S, SBJIAIOTCH JIBYMST TIOJIBBIOOPKAME, 0Opa3yONIMUCH B PE3yIbTaTe TPUMEHEHUST

., . I 3..9 S P}
IPUBA3AHHOTO K Y37y IPaBIIa K BXOJHON BBIOjpKe Sipp = S;US,, 1) = |I9L d i H(S)-
inp
bYHKIMOHAJI HEOHOPOIHOCTH JIJisi BBIOOpKHU S. Hanpumep, B kauecrse cbyHKuI/IOHa—
JIa, HEeOTIPEIEIEHHOCTH MOYKET BBICTYIIATD SHTPOMMIHBIT HHEKC H, = Z pi log py,

TIe p;-10Jisg 00beKTOB n3 Kiacca K; B BHIOOpKe S. Torga Oyuximonan Qer( mp) =
=y H, (Sl) (1—v)H, (S ) MOXKET PACCMAaTPUBATHCS KAK CI1araeMoe Qopprozimation -
IIpu sTOM B KagecTBe cjiaraeMoro deememe MOXKET pacCMaTPUBATHCS (DYHKIIMOHAJT
Q;T(Smp) =y H; (Sl) (1—w)H; (S,»), H;(S) = Zle p; logp~i, ap; sABagerca
cpeHee 3HAYEHHe OLEHOK BEPOATHOCTU IIPUHAIIECKHOCTH Kaaccy K;, BBIYUCIIIEMOe
aHcaMbjieM CTeHepHPOBAHHOM Ha IpeplaymmeM mare. To ects p; = ﬁ ije§ P

—(i|x;), rae oleHKa BEePOSTHOCTH IPHHAIIEKHOCTH OOBEKTA X; KIIacCy K;. Meton
OCHOBAHHBIN Ha MCIIOJIb30BAHUN (DYHKIUOHAIA (et ( mp) v * Qop( mp) [IpU I10-
CTPOEHUH KAYKJIOTO HOBOT'O JIEPEBa, J00aBJISIeMOro B aHcaMO/Ib ObLIT TPOTECTUPOBAH
Ha psijie TPUKJIIHBIX 33J1a4, MPEJCTaBICHHBIX B MU3BECTHBIX PEMO3UTOpHUsX. [lpn
9TOM B Ka4eCTBE OIEHOK 3a KJACCHI MCIOJIB30BAJINCH YCPEIHEHHDBIE IO OHCAMOJIIO
OIIEHKM BEPOSITHOCTH.

UccreroBanne mokasajo, 9TO METOJ JeMOHCTPUPYET 3(PPEKTUBHOCTD, OJIU3KYIO K
s dekTuBHOCTH amanTuBHOro Oyctuara. Ha HeKOTOpBIX 3amadax 3¢hGOEKTUBHOCTD
AJIAITUBOrO OycTHHra ObLIa MpeBbieHa. [IpoBejienbie nccae10BaHUsT TTOTBEPIK Ia-
0T TEPCIIEKTUBHOCTH PACCMOTPEHHOTO TIO/IXO/IA

Hacrosimee ncenenoanne nomepzxkano POOU, rpant 17-07-01362.

[1] Hoxyrun A.A.,Cenvro O.B. OuruMasbHbIe BBILYKJIble KOPDPEKTUPYIOIIHUE IIPOIELyPbI B

3a7a9ax BBICOKOH pazmeproctn // 2K Beramcs. marem. n marem. ¢us., M: Hayka, 2011,
51:9 ¢. 1751-1760.
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Method for generation of optimal ensembles of decision trees
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Oleg Senko*x senkoov@mail.ru
"Moscow, Lomonosov Moscow State University

2Moscow, FRC Computer Science and Control of RAS

The effectiveness of recognition methods based on calculation of collective solutions
by sets of simpler algorithms is confirmed in various applied problems. The most
popular are ensembles of decision trees. Several ensemble generation technologies
based on various principles, including bagging, gradient and adaptive boosting. In
the bagging method, each decision tree that is added to an ensemble is constructed
using a new training set, which is generated from the initial set by bootstrap tech-
nique. In gradient boosting a decision tree is added at each step to the ensemble,
which approximates the dependence of the so-called pseudo-residues on the features.
pseudo-residues are the first derivatives of the quadratic loss functional if the en-
semble obtained at the previous step is used for predicting. In adaptive boosting,
at each step, a new decision tree is built with greater contribution of training ob-
jects that were erroneously classified by the ensemble obtained in the previous step.
An additional way of generating optimal ensembles can received from decomposi-
tion of convex combination error. Let binary target class Y is predicted by features
X1,..., X, with the help of algorithmsA;,..., A.. Decomposition is true convex
combination A.. = > \_, ¢;A;, where >0 ¢;=1,¢,=20ifi=1,...,r 1]
i 1 T ks
0(Ace) = Y ed(Ai) = 5 ) D eieip(Ai 4))%, (1)
i=1 i=1 j=1

where §(A) = E(Y — A)? - error of some algorithm A when Y is predicted ;
p(A) = E(A;—A;)? - divergence between algorithms A; in A; forecasts space. . From
the expansion (1) it is clearly seen that the magnitude of the collective decision error
depends significantly on both the errors of individual algorithms and the discrepancy
between the algorithms. Therefore, the ensemble must be generated according to
both conditions. We can provide an ensemble generation scheme in which at each
step an algorithm is added to ensemble, which simultaneously begin itemize item
as much as possible approximates the relationship Y with the features X1, ldots, X,,
at the training set, item as much as possible diverged from algorithms previously
included in the ensemble. end itemize The fulfillment of these two conditions can
be achieved when the construction of a new algorithm added to the ensemble is done
through maximizing the functional

qull = Qapprozimation + WQdivergencev (2)

where the term Qgpprozimation characterizes the quality of approximation, the term
Quivergence describes the discrepancy between the forecast calculated by the algo-
rithm that added to the ensemble and the forecast calculated by the ensemble formed
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in the previous step, v - a user-defined constant that characterizes the balance of
two terms.

In the decision tree method, each new node in the tree is constructed through op-
timization of the functional Q7 (Sinp) = v H(S)) + (1 — v)H(S,), where S; and
gr are two subsamples resulting from applying a node-bound rule to the input set

S’vmp =S U S’VT,VZ = Ig—”', H(g)— heterogeneity functional for the sample S. For
inp

example, the entropy index H, = — ZZL p; log p; may be used as heterogeneity func-
tional,where p; is the fraction of K; inside set S Then the functional QeT(gmp) =
= l/lHe(gl) +(1- l/l)He(gr) can be discussed as a term Qupprozimation- At that
the functional QeT(gmp) = 1 H.(S)) + (1 — 1) He(S,) can be considered as the term
Qaivergence, and p; is the average value of estimates the probability to belonging
to K; that is calculated by the ensemble generated in the previous step. That is,
p; = ﬁ ijegﬁ_ (1]x;), where p~(i|x;) -the estimate of the probability of belong-
ing of the object x; to the class K;. A method based on the use of the functional

Qe (Sinp) + 7% Q_(Sinp) when constructing each new tree added the ensemble was

tested on a number of applied tasks presented in well-known repositories. Moreover,

as grades for classes ensemble-averaged probability estimates were used.

The study showed that the method demonstrates efficiency close to the effectiveness

of adaptive boosting. On some tasks, the effectiveness of adaptive boosting has been

exceeded. The conducted studies confirm the prospects of the considered approach.

This research is funded by RFBR, grant 17-07-01362.

[1] Dokukin A.A.,Senko O. V.Dokukin Optimal convex correcting procedures in high di-
mensional tasks // Comput. Math. Math. Phys., 2011, 51:9 c. 1644-1652.
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Bepudmkaums n ontummnsaumsa perpeccumoHHbIX mogersnei Ha
naHenNsiXx 3KOHOMMUYECKNX AAHHbIX C UCMOJIb30BAHUEM MEeTOA0B
MouxTe Kapno

Kupumox Hezopo Jleonudosur'x igokir@rambler.ru
Cenvro Onez Barewmumnosur’ senkoov@mail.ru
"Mocksa, MucruryT skoromukn PAH

2Mocksa, PeepabHblit TocyaapcTBenubii nentp “Uudopmaruka u ympasmenne”’ PAH

B upeapiaymux nccrenoanusx [1] Hamu 6bun paspaboTaHBl METOIBI JIJTsT OTle-
HUBaHUsI CTATUCTUYECKON JIOCTOBEPHOCTH PErPECCUOHHBIX MOJIEJIell, ONUChIBAIOIIIIe
ME309KOHOMUYIECKIE [MPOU3BOJICTBeHHbIe (DYHKIMU Jjisi peruoHoB Poccuiickoit Pe-
neparuu. [IpeyiozkeHHbIE METO/IBI MO3BOJISIIOT HE TOJIBKO OICHUBATH CTATHCTUAYIE-
CKYIO JIOCTOBEPHOCTH MOJIeJIeHl, MOy IeHHBIX 110 JOCTYIHBIM MAHEJbHBIM JTaHHBIM, C
VIETOM BO3MOYKHON HECTAIMOHAPHOCTH SKOHOMUYIECKUX TPOIECCOB, HO U OIEHUBATD
3HAYUMOCTD OTJIC/TbHBIX PerpeccopoB. VHTepecHOT 0COOEHHOCTHIO B MCCJIEIOBAHMISX
[IPOM3BOJICTBEHHBIX (DYHKIUI SIBJISIETCSI TO, ITO JIJIsi UX (POPMAJIABAIIY IIPEJIOZKEHO
MHOXKECTBO aJIbTEPHATUBHBIX BAPUAHTOB MOjeieil. B paMKax HaydIHOrO HaIlpaBJie-
HUsT «CEJIeKIUs MOJesieily IIpeIaraloTcsd MEeTOIbl BBIOOpa MOJEJIell ONTUMAIBHOM
CJIOXKHOCTH. B HAIUX UCCJIEOBAHUAX JIOCTOBEPHOCTH BBISIBJISIEMBIX 3aKOHOMEPHO-
cTeil oupesendoTcs ¢ npuMenerneM Metogos Monre-Kapiio (B oM uucie, ne napa-
MeTPHYECKUX UX BAPMAHTOB, TAKUX, KAK II€PECTAHOBOUHBIE TECTHI U OyTCTPAIbI) HA
OCHOBAaHWY BPEMEHHBIX DsiJIOB JTAHHBIX.

IIpesncrasiisier mHTEpPEC HE TOJBKO UCCACIOBAHNE 3HAYUMOCTHU BJIUSHUS Ha I€JIe-
BBbIE [IEPEMEHHBIE OT/EIBHBIX IEPEMEHHBIX U UX COBOKYITHOCTH, HO U OIEHKA BBITTOJI-
HEMOCTH G0JIee CJIOYKHBIX HAJAraeMbIX Ha CHCTEMY yCJoBHit. B pasBurue mpembiry-
[IIUX UCCJIEJOBAHUIN C IIOMOIIBIO BBIIIEYIIOMSTHY THIX METO/I0B HAMU ITPEJIJIOXKEH METOT,
OIIEHKH JIOCTOBEPHOCTH OI'PAHUYEHUsI, YACTO HAJIAaraeMoro Ha KO3 UIINEHTHI 1po-
U3BOJICTBEHHBIX (DYHKIIUI — IIOCTOSTHCTBA OTIAa9n OT Macmrraba mpousBozicTBa. s
npousBojicTBennoi dyukimn Kobba-/lyriaca, onucbiaemoit popmyitoit

Y = AK°L”, (1)

rae Y, K, L — BeIMIuHbI, B PA3HBIX CAyUIasX UMEIOIIHEe Pa3HyI0 UHTEPIPETAIUIO,
YCJIOBHO 0603HaYaeMble KaK BBIMYCK, KAIUTaJ U TPy, & U [3 — BBIYUCJIsSIEMbIE KO-
¢ duImeHThI, TOCTOsIHAAS OTa4da onpejessercs: ycaosuem « + 3 = 1. Hapyme-
HIE 9TOTO YCJIOBUS MOXKET MHTEPIPETUPOBATHCA KAK CBUIETEIHCTBO IMEPIZKEHTHBIX
CBOWCTB CHCTEMBI, O0YCIOBJIEHHBIX TE€M, UTO IMOJCUCTEMbBI B HEll AaKTHUBHO B3ANMO/IEHi-
CTBYIOT MEXKJIy cOOOM, U B pe3ysbTaTe MeIIaloT JPYT JAPYTY, Wi, Ha060POT, KOOIe-
PUDYIOTCsI, YBEJIMYMBasi COBOKYITHbIN BBIITYCK IIPOJLYKIIUN.

WMuTepecHo, 910 J1j1si HEKOTOPBIX JIAHHBIX PE3YJIBTATHI MOIEJIMPOBAHUS JTAI0T OT-
punareabHble 3HavUeHus KodddurmentoB « mwim . Hekoropeie ucciiemoBarenn e-
JIAIOT U3 9TOTO BBIBOJ O HEAJIEKBATHOCTH MOJIEIN JAHHBIM, JIPYyTHE MBITAIOTCS JaBaTh
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MTOJTy I€HHOMY Pe3y/abTaTy HeKOTOpble naTepiperarun. [[poBepka J0CTOBEPHOCTH TTO-
JIOOHBIX PE3yIbTATOB TaKyKe IMPEJICTAB/IET 3HATUTEILHDIN MTPAKTHIECKUT HHTEepec.

MojtesiupoBatue IPOU3BOJICTBEHHBIX (DYHKIIUN 110 BPEMEHHBIM PsiJIaM CTAJIKIBA-
ercsi ¢ mpobJIEMOil, 3aKTIOYAONIENC B TOM, 9TO HCIOJIb3YeMble BPEMEHHBIE PsiiIbI
HEe CTAaIlMOHAPHBI 110 CBOEH HPUPOMAE, YTO CHUXKAET JTOCTOBEPHOCTH PE3yJAbTATOB IIO
CPaBHEHMUIO C JIOCTOBEPHOCTHIO PE3YIBTATOB, KOTOPBIE OBLIN ObI Oy I€HBI TIPH UCCTIC-
JIOBAHWH CTAIIMOHAPHDBIX BPEMEHHBIX PSAIOB aHAJOTHIHON JauHbl. Kpome Toro, mpu
paboTe ¢ BpeMeHHBIMHU PsiJIAMU C UCIIOJIB30BAHUEM METO/a HAMMEHBIITNX KBaIPATOB
JOCTOBEPHOCTH PE3YJIbTATOB MO/ICJINPOBAHUS MOXKET CHUXKATHCS TaKzKe BCJIEJCTBUE
MYJIBTUKOJLIMHEAPHOCTH ([IPH HEXBATKE JAHHBIX ). HaIgKHble MeTObI OLEHKH JI0CTO-
BEPHOCTU 3aKOHOMEPHOCTEI JIOJIZKHBI yYUTBIBATH BO3MOYKHOCTH HECTAIIMOHAPHOCTHU
BPEMEHHBIX PSI0B U 3D DEKTHI KOPPESIINN MEXKTY PErpecCOPaMu.

B nmomonmenne x pacdaéram Jijist BpEMEHHDBIX Psi/IOB HAMU HUCIIOJIL3YIOTCS PACTETHI
JIJISI «IIPOCTPAHCTBEHHBIX JIAHHBIX » (B HAaIlleM cjIyvae, BEIUUCIAI0TCS IPOU3BO/ICTBEH-
Hble (DYHKIUHU TI0 JTAHHBIM JjIs BCEX PEIMOHOB 38 KOHKPETHBIE TOJIbI, a HE TI0 JAHHBIM
IS BDEMEHHDBIX PSAJIOB KAXKJI0r0 PErMOHA 110 OTe/ibHOCTH ). Takum 06pasom, BbIuuc-
JIATOTCS 0OODIEHHBIE TI0 PErmoHaM ITPOU3BOICTBEHHbBIE (DYHKITNH, HO IIPHW TOM, IO
Kpaittneit Mepe, MpobeMa HeCTAIIMOHAPHOCTHU JAHHBIX BO BPEMEHU He BO3HUKAET.

Ornada or MacmTaba, Kak 1 KOI(P(PUIMEHTHI JeTePMUHAINN, BHIYUCIAEMbBIE 110
BPEMEHHBIM PsifiaM (UJIM 110 IPOCTPAHCTBEHHBIM JAHHBIM ), 110 CYTHU ABJISIOTCS (DYHK-
[UOHAJIAME OT HADOPOB JAAHHBIX (JJ1s1 GOJIee TOYHOrO UCCIIEJOBAHMS CBOHCTB CuCTe-
MbI UCIIOJIB3YETCsl PA3HOOOPA3HbIIT ACCOPTUMEHT JIPYIHUX IIOJ0OHBIX (DYHKIIMOHATIOB).
B mammx wmccieoBaHMAX CBOMCTBA COBOKYITHOCTH PETMOHOB, PA3INYIUs MEXKY HIU-
MU, BO3MOYKHOCTD UX pa30MeHusT Ha KJIACCHI, AHAJIM3UPYIOTCS C TPUMEHEHUEM TaKUX
METOJIOB, KaK KJIACTEPHBIN aHaJIM3 U METOJ ONTUMAJLHO JOCTOBEPHBIX pa3OMeHMil.
[1] Kupumox M. JI., Cenvro O. B. VccaenoBannst COOTHOIIEHUIT MeXK/y HECTAIMOHAPHBIME

BPEMEHHBIMH DsJIAMU Ha TPUMepe NPOM3BOACTBEHHbIX dbyHKIwmi // Mamuaaoe obyte-

Hue u aHajan3 Jadabix. Tom 4, Ne 3, 2018. — c. 142-151.
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In previous studies [1] we developed methods aimed to evaluate statistical valid-
ity of regression models describing mesoeconomic production functions for Russian
Federation regions. The proposed methods allow not only to evaluate the statistical
reliability of the models obtained from available panel data, taking into account the
possible non-stationarity of economic processes, but also to evaluate the significance
of individual regressors. An interesting feature in the study of production func-
tions is that for their formalization proposed many alternative models. Within the
scientific direction. Selection of models. methods for selecting models of optimal
complexity are proposed. In our studies, the reliability of the revealed patterns is
determined using Monte Carlo methods (including non-parametric variants of them,
such as permutation tests and bootstraps) on based on time series data.

It is of interest not only to study the significance of the influence of individual
variables and their combination on target variables, but also to assess the feasibility
of more complex conditions imposed on the system. In the development of previous
studies, we proposed technique aimed to evaluate reliability of the constraint that is
often imposed on the coefficients of production functions - the constancy of returns
to scale of production. For the Cobb-Douglas production function described by the
formula

Y = AK“LP, (1)

where Y, K, L are quantities that in different cases have different interpretations,
conventionally referred to as output, capital and labor, o andf are calculated coeffi-
cients, constant return to scale is determined by the condition o+ § = 1. Violation
of this condition can be interpreted as evidence of the emergent properties of the
system, due to the fact that the subsystems in it actively interact with each other,
and as a result interfere with each other, or, conversely, cooperate, increasing the
total output.

Interestingly, for some data, the simulation results give negative values of the
coefficients v or 5. Some researchers conclude from this that the model is inadequate
for the data, while others try to give some interpretations to the result. Validation
of such results is also of significant practical interest.

Modeling production functions by time series faces the problem that the time
series used are not stationary in nature, which reduces the reliability of the results
compared with the reliability of the results that would be obtained by studying
stationary time series of a similar length. In addition, when working with time series
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using the least squares method, reliability of modeling is decreased in presence of
multicollinearity in data (with insufficient data). Reliable methods for assessing the
validity of patterns should take into account the possibility of non-stationaryty of
time series and the effects of correlation between regressors.

In addition to calculations for time series, we use calculations for “spatial data”
(in our case, production functions are calculated from data for all regions for specific
years, and not according to data for time series of each region separately). Thus,
production functions generalized by region are calculated, but at the same time, at
least, the problem of non-stationary data in time does not arise.

The returns to scale, as well as the determination coefficients calculated from
time series (or spatial data), are essentially functionals of data sets (for a more ac-
curate study of the properties of the system, a diverse assortment of other similar
functionals is used).In our studies, the properties of the totality of regions, the differ-
ences between them, the possibility of dividing them into classes, are analyzed using
methods such as cluster analysis and the method of optimally reliable partitions.
[1] Kiriyuk I., Senko O. Studies of the relationship between non-stationary time series on

the example of production functions // Journal of Machine Learning and Data Analysis,
2018.
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1. Mocksa, ®I'VII TocHUMAC

B pabore paccmarpuBaeTcsa mpobsieMa MOBBIMIEHNS KadecTBa IPYyOBIX MOjIesIei
3eMHOM MMOBEPXHOCTH. T pexMepHyIo MOIEb JTaH madTa yI00HO TPEICTABIIThH B BU-
nie kKapT BeicoT(Heightmap) — maTputipr cosepzkareii abcoarOTHbIE 3HAUEHNUS BBICOTHI
MecTHOCTU. MOXKHO IpeCTaBUTh HU3KOKAYECTBEHHYIO TPEXMEPHYI0 MOJEJb JIaH]I-
madTa kKak Heightmap BrIcOKOil pasmMepHOCTH HO ¢ MAJIBIM KOJTUIECTBOM 33 IaHHBIX
OTOPHBIX 3HaYeHUl. BhICOKOKaYecTBeHHAST MOJIEDb JaHamadTa COOTBETBYET OJIHO-
CTBIO 3aJIaHHO}I Kapre BbICOT. Takoe mpencraBieHue(B BUje MaTPUIBI) O3BOJISAET
UCII0JIB30BaTh Jijisi 00paboTKu 3-MepHoii Mojesun Kiaaccudeckue CNN u Bo MHOrOM
SKBUBAJIEHTHO BOKCEJIbHOMY ITPEJICTABJIEHIIO IIIMPOKO MCIIOIb3yeMOMY IIpu 00paboT-
ke 3D-momeneit anropurmamu Ha ocHoBe CNN. Takmm obpaszom mcxoaHas 3a1ada
MOXKET OBITh MPEJICTABICHA KAK 33/1a98 BOCCTAHOBJICHUS IJIOTHON KapThI BBICOT IO
Pa3pezKeHHOI.

B kagectBe 6azoBoro ajropurma ucrosb3yercs meroj Pix2Pix. Takoit mogxosn
[IO3BOJISIET YCIIEITHO PEIIaTh Pa3IndHble 3a/[a491 CXOXKHUe ¢ paccMarpuBaeMoil. B ka-
JeCTBE BXOJIHBIX JAHHBIX JIJIs T€HEPATOPA WCIIOIb3YIOTCS CIIyTHUKOBBIE CHUMKW W
paspekeHHble KapThl BeICOT. OObeIMHeHNs TAHHBIX TPOU3BOIUTCA Yepe3 KOHKATE-
nanuio. B xkauectse reneparopa ucnosnnsdyercs [KHC U-Net. B kagectse uckpu-
vunaropa PatchGAN. Ing oby4aenns 'KHC 6b11 cunre3supoBan HabOP JTAHHBIX CO-
crosimuit u3 150 Thicsd mM300pakeHuil pa3audHbIX Teppuropuii. TecTupoBaHue Ha
PeaJIbHBIX JIAHHBIX IIOKA3AJI0, YTO IPeJJIaraeMblil METOJI MIO3BOJISIET T'eHepUPOBATH
BBICOKOKAYECTBEHHBIE 3-MEPHBIE MOJIEIN 36MHOI TIOBEPXHOCTH C BBICOKOI TOYHOCTBIO
U CKOPOCTBIO.

[1] Bususavmep FO.B. u dp. IloBblienue neTaau3anyuu TPEXMEPHBIX MOJIEJIeli MeCTHOCTH

C WCIIOJIb30BAHMEM TeHepaTUBHBIX cocrsizaresibHbix cereit // BKUT, Topox: Mocksa

Usnarenscreo Crekrp, 2019. (B neuarn)
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3D Terrain Model Enhancing Using Generative Adversarial
Network
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The paper addresses the problem of low quality 3D terrain models enhance-
ment in automatic mode. To solve this problem, we propose an approach based
on convolutional neural networks (CNN). 3D terrain model can be represented as a
heightmap — the 2D matrix that contains surface elevation data. Therefore, using
this approach, we can represent the low quality 3D terrain model as the high di-
mensional heightmap with small number of non-zero values (sparse matrix), whilst
the high quality 3D terrain model as the dense matrix. Such type of representation
allows us to use classical CNNs for 3D models processing, and it is largely equiv-
alent to voxel representation, which is widely used for CNN-based algorithms of
3D models analysis. As a result, our task can be transformed to the task of the
dense heightmap restoration using the sparse heightmap. The algorithm is based
on Pix2Pix method that uses generative adversarial networks for similar problems.
Satellite images and the sparse heightmap are used as input data for the Generator
CNN. Data fusion is made by concatenation procedure. The Generator architecture
is U-Net, the Discriminator architecture is PatchGAN. The training is performed
on synthetic dataset that includes 150000 images and heightmaps of different land-
scapes. Tests on real data have shown that the algorithm can generate high quality
3D terrain models at high processing speed and with high accuracy.

[1] Vizilter Yu. et al 3D Terrain Model Enhancing Using Generative Adversarial Net-
work // VKIT, City: Moscow, Spektr 2019. (In printing)
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. Mocksa, ®I'VII TocHUMAC

Ha cerommsamunit 1eHb CyIIeCTBYeT MHOXKECTBO MPAKTUIECKUX MPUJIOKEHUN OCHO-
BAHHBIX HA WCIIOJIBb30BAHUY TJIyOOKUX CBEPTOUHBIX (KOHBOJIIOIMOHHBIX) HEHPOHHBIX
cereii(TKHC). Tlpu 9T0M 0JHUM U3 OCHOBHBIX HEJIOCTATKOB AJTOPUTMOB HA OCHOBE
I'KHC sBisiercst uX BbICOKasi BBIYUCIUTE/IbHAS CJI02KHOCTD, KOTOPAas JeJIaeT 3aTPYI-
HATETLHBIM WX HUCIOJIB30BAHIE BO BCTPAMBAEMBbIX crucreMax. Hecmorps ma cytie-
CTBEHHBIN TPOrpecc B 00JIACTH CIENUAJN3NPOBAHHBIX HEHPOYCKOPHUTEIeH ¢ HU3KIM
norpebsiennem sneprun (Hanpumep Google TPU Edge, Nvidia Xavier u np) manHast
pobJieMa JI0 CUX 1OpP akTyajbHa. J[Jisi ee pelleHns: UCIOIb3y0TCs TaK HAa3blBaeMble
“mobmibubie” apxurekrypbl [ KHC(MobileNet,ShuffleNet) — ux ortimauresnbuoii oco-
OEHHOCTDHIO ABJISIETCT MUHUMAILHOE KOJMIECTBO OTeparimii, HeOOXOAMMBIX JJIsT TIPsI-
Moro mpoxoja. K coXKameHnio mpakKTUIecKoe UCIOIb30BAHNE JAHHBIX APXUTEKTYP
SIBJISIETCS JIOCTATOYHO CJIOYKHBIM T.K. OHU 00JIee 3aBUCUMBI OT 3HAYMEHUH TUIeprapa-
MeTpoB 110 cpaBHeHuio ¢ obbraabiMu ' KHC.

B pabore mpegaraercs opurunasbubiit ajaroputm mumukpun 'KHC mrs 3a-
Jaan obHapykeHnst 00bekToB. OCHOBHOI Maeell mpeamaracMoro MOIXOS STBIAETCS
MCIIONIb30BAHNE TEHEPATHBHBIX COCTA3ATEILHBIX CETEH /TS TTOBLIMEHNST KATeCTBA MU-
MuKpnu. B KadecTBe 6a30BOro ajaropurMa OOHAPYKEHUsT MCIIOIb30BAJICS AJTOPUTM
SSD, omHako 1mojxoj 0600IaeTcst Ha JiF000# Apyroil ajroput™ obHapyKeHusi 00b-
exkToB. TectupoBanue 1o mydsmanbiM 6azam jgannbix Pascal VOC 2007 u MS Coco
[TOKA3aJI1, YTO UCIOIH30BAHUE IIPE/JIATaeMOr0 MOIX0a T03BOJISIET MOHOTOHHO YTy -
MIATH KAaTIeCTBO OOHAPYKEHUSI.

[1] Busuavmep FO.B. u dp. AAropurM MUMHUKPHUU C UCIOJL30BAHMEM TI€HEPATUBHBIX CO-

CTsA3aTENIbHBIX ceTeil [ 3amad obuapyzkenus oobekroB // BKUT, T'opox: Mocksa

Usnarenscreo Crekrp, 2019. (B neuarn)
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Knowledge distillation using GANSs for object detection
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Eugeni Finogeev' finogeev@gosniias.ru
Anastasiia Moiseenko" moiseenkoas@gosniias.ru

"Moscow, GosNIIAS

There are many practical solutions available nowadays that are based on convolu-
tional neural networks (CNN). The main drawback of CNN is a very high computa-
tional cost that makes it quite difficult to use CNN based applications on embedded
systems. Despite the substantial advance in neural processing units of low power
consumption such as Google TPU or NVIDIA Xavier, this problem is still acute.
To counter this problem, special "mobile” CNN architectures have been developed
(e.g. MobileNet, ShuffleNet). Compared to regular CNNs, these CNNs are very
computational effective in inference (in terms of floating point operations), but their
practical use is hampered by more dependence on hyperparameters selection.

In this paper, we propose a new CNN knowledge distillation (mimic) algorithm
for object detection. In our approach, we use generative adversarial networks to
improve mimic quality. Although in this work we used SSD as a basic algorithm,
the proposed approach is general. Testing results on Pascal VOC 2007 and MS Coco
datasets have shown that the algorithm provides detection quality for both datasets.
[1] Vizilter Yu. et al Knowledge distillation using GANs for object detection // VKIT,

City: Moscow, Spektr 2019. (In printing)
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[Byx1wwaroBbiii anropuTM CeMaHTUYeCKOro obHapy>eHus Ha
ocHose T'KHC

Busuavmep IOputi Banenwmurnosuy' viz@gosniias.ru
Topbauesuy Baadumup Cepzeesur'x gvs@gosniias.ru
Mouceenrxo Anacmacusn C’epeeee;na1 moiseenkoas@gosniias.ru

1. Mocksa, ®I'VII TocHUMAC

Ha ceromusamnrauit 1enb pas3/imdHble TEXHUKN CPABEHEHNS N300PayKeHUil aKTUBHO
UCIIOJIB3YIOTCH IIPU PENIEHNN MHOTUX ITpaKTuyYecKnx 3a1a4. K coxkasiennio Kiaccude-
CKHUE aJIrOPUTMbI CDABHEHUSI N300PaskeHuil CUJIbHO He YCTOWYMBBI K CYIIECTBEHHBIM
U3MEHEHUSIM B YCJI0BUSAX cbeMKu. C Ipyroii CTOPOHBI COBPEMEHHBIE aJITOPUTMbI 00-
Hapyxkenusi 00bekToB Ha ocHoBe ' KHC smmmensr stux memocrarkos. K coxkaseruro
OHU CITIOCOOHBI OOHAPY KUBATH O0BEKTHI TOJIBKO (DUKCUPOBAHHBIX KJIACCOB, IIPEICTAB-
JIEHHBIX B oOy4atomeil Bbibopke. OIHAKO [JIst Psijia MPAKTUIECKUX 3a/a9 HeoOX0 -
MO IPOBOJIUTH OOHApY:KeHHe OOBEKTOB, OCHOBBIBAsICh Ha OJHOM MJIM HECKOJIBKUX
npumMepax. Takasi 3ajjaua U3BECTHA KaK 3aJlada CeMaHTHIecKoro obHapykenust. Ce-
MaHTUYIECKUIl JeTeKTOP IMPUHUMAET B KA4eCTBEe BXOIHBIX IAHHBIX M300pParKeHUe I0
KOTOPOMY IPOBOJUTCS ITOWCK, & TAKXKE OJHO WJIM HECKOJBKO M300paryKeHWil cojep-
KaImx m300pazkenne 00beKTa NCKOMOTO KJ/Iacca.

B jmannoit pabote mpesiaraeTcs HOBBIHM JIBYXITATOBBIN AJITOPUTM CEMAHTUIECKO-
ro obHapyzKeHus.B oT/Inaun 0T OJIHOIIPOXO/IHBIX AJITOPUTMOB JIyXIIATOBbIE TI03BOJIsI-
0T 106uTcst 6oJtee BBICOKOIO KadecTBa OOHpaykenusi. OOHpayKeHre MPOBOIUTCS B
nBa drarna. Ha mepBoM sTare reHepupyIOTCs MEPIIITOJIOKEHNsT O TOJIOKEHIN 00beK-
ta(Body CNN), na Bropom nposogurcs ux nposepka(Head CNN). IIpemiaraembrii
aJITOPUTM IIOCTPOEH Ha CXOXKMX HpuHImnax. Ha mepsoM srare Takke reHepUpPYIOT-
cs1 npenoJiozkenust o nojioxkenun oobekra, [ KHC Head CNN npoBojauT cpaBHeHue
COOTBETCBYIOIIUX [TPE/IITOI0KEHUsIM IJIyOOKUX MIPU3HAKOB C IIyOOKMMU ITPU3HAKAMU
[IOJIy 9€HHBIMU U3 U300pakeHus-3ampoca. B pabore mpejjiaraercsi aaropuTM odydae-
nust rakux ' KHC u npusesiensl pesysbrarsl TecToB 110 mybanaasiv BT
[1] Bususavmep FO.B. u 0dp. JIByXIaoBblil ajiropuT™M CEMaHTHYECKOTO OOHApY2KeHus //

BKMUT, I'opox: Mocksa Mznarenscrso Cuekrp, 2019. (B meuarn)
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Region proposal CNN based semantic matcher
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Anastasiia Moiseenko' moiseenkoas@gosniias.ru

'Moscow, GosNIIAS

Image matching techniques are widely used in various practical applications e.g.
stereo vision, 3D reconstruction, structure-from-motion, SLAM landmark detection,
object tracking and so on. However, classical image matching techniques cannot
match images with essential shape or pose inter-frame changes. On the other hand,
object detection techniques presume the detection and localization of all objects of
some given class. Currently, all modern object detectors are based on deep convo-
lutional neural networks (CNN). Unfortunately, there is an important limitation of
CNN-based detectors: they can detect only the objects of already “seen” classes, i.e.
presented at CNN training datasets. However, sometimes we need to detect objects
of previously unseen classes based on just one or few sample images available at
the execution stage. This unseen object detection problem is known as semantic
matching problem. So semantic matcher takes two images as input — request image
and test image. Request image represents object class needed to be found on test
image.

In this paper, we propose a new region proposal based semantic matcher. In com-
parison to single shot detectors region based or two stage detectors provides better
quality with lower speed. The two-stage detector divides the task into two steps:
the first step (Body-CNN) generates many proposals(regions of interest - ROIs),
and the second step (Head-CNN) focuses on the recognition of the proposals. In our
region based semantic matcher we use same ideas. Our Body CNN also generates
proposals like in classical Faster R-CNN, and Head-CNN compares proposals with
request descriptor, extracted from request image. To extract features from request
image we also use CNN — Request descriptor CNN. Training algorithm and testing
results on public databases are provided.

[1] Vizilter Yu. et al Region proposal CNN based semantic matcher // VKIT,

City: Moscow, Spektr 2019. (In printing)

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019



102 Heitponmnbie cetn u rirybokoe o0OytieHue

06 anrebpanyecknx CBOWCTBaxX onepauunii, UCMOb3yemMbiX Npu
NOCTPOEHUN COBPEMEHHbIX CBEPTOYHbLIX HEMPOHHbIX ceTel

®adees Ezop Iasaosur'x fadeevegor@yandex.ru
3y61ox Andpeti Baadumuposu' zubuk@cmpd?2 . phys.msu.ru

"Mocksa, MT'Y nmenn M.B.JTomonocosa, dbusmyeckuii dpaxyabrer

Ceropfast JijIsi peleHnst 3a/ia9 KOMITBIOTEPHOTO 3DEHUsl, PACIO3HABAHUS PEUH U
JIp. IMUPOKO UCIOJIB3YI0TCA ucKyccrsennble neiiponnnie ceru (MTHC). Muorue apxu-
rekTypbl UHC BrImtouator 6J10KM, COCTOMAIIIE U3 CBEPTOYHBIX CJIOEB, aKTUBAIIUN 1
IIyJINHTOB. VI3BECTHO, YTO OJIHU BU/IBI STUX OIIEPAIMH TO3BOJISIOT JOCTUIATH OOIBIITIX
nokasaresieli Kauectsa, ueM apyrue (Hanpumep, THC ¢ max-mysmHramun, Kak mpa-
Bus10, npesocxogar MHC ¢ yepenusionumvu mysmaramu). OpHako, 060CHOBAHHOIO
00bSICHEHUs STOMY HE JIaHO.

B 6oabmumcTBe citygaeB CBEPTKHU, AKTUBAIUMHI U IIYJIMHIT PACCMATPUBAIOTCH KaK
MaHUILYJISIAN HAJ| IUKCEIAMEI n300pakeHuil (orcuéramu, eciu pedb uaéT 06 UHBIX
JIAHHBIX): CBEPTKN — KaK BBIJIEJIEHUE JIOKAJBHBIX «IIPU3HAKOB» (HAIPUMEp, TDAHUIL
00'bEKTOB, XaPAKTEPU3YIOIMUXCsE OOJIBINAMU MPAJIUEHTAME APKOCTEH ), MyJIUHIT — KAK
BBIJIEJIEHIE «HAn0OJ/Iee MHTEHCUBHBIX» IPU3HAKOB U OTCEYCHUE «MEHEe WHTEHCUB-
HBIX» U T. .

B macrosimeit pabore mpesiaraeTcs paccMaTpPUBAThL CBEPTKU, aKTUBAIIUNA W IIy-
JIMHI'M KaK OIlepaTopbl, JAeHCTBYIONINE B €BKJIMJIOBBIX BEKTODHBIX IIPOCTPAHCTBAX,
sJIeMeHTaMu (Jlaee — 6eKmopamu) KOTOPBIX ABJIAIOTC U300PAKEHUS U JIP. MHOTO-
MEpPHbBIE MACCUBBI. ABTODPBI [OJIATAIOT, YTO MCCJIEI0BAHUE aJredpandeckux CBONCTB
9THUX OIIEPATOPOB MO3BOJIUT JIYHUIle MOHATH OTANYIASA PA3JIAIHBIX BUIOB UCIOIb3Yye-
Mbix 1pu nocrpoenun MTHC onepanuii (Hanpumep, max-1yJIMHIOB U YCPEIHSIONIUX
I[yJINHIOB), & TaKyKe OUPEIEIUTh, KAKUEe UX CBONCTBA KJIOUEBBIM 00PAa30M BIIHSIOT
na kadectso THC B mesaom.

C 1upejIoyKEeHHOI TOYKY 3peHusi CBEPTOYHBIN CJION TpejcTaBiisier coboil JTmHeli-
HBII OIIEPATOP, €r0 CHHTYJIAPHBIMI Da3ucaMu sBJsioTcs dasuckl Dypbe.

AxTuBanust — HeJMHeRHas (DYHKIUS OJHOIN IIePEMEHHOI, IIPUMEHSIETCI K KarK-
JIOfl KOOD/IMHATE BEKTOPA B KAHOHUMECKOM Ga3uce B OTIEJILHOCTU (KAHOHUYECKUM
Oy/ileM Ha3bIBATH OPTOHOPMUPOBAHHBIN 0A3WC, KayK/IbII BEKTOP KOTOPOTO €CTh MacC-
CHB, COCTOAIIUII U3 €IUHCTBEHHON €IMHUILI U OCTAIbHbIX Hyseil). Omnoil u3 nan-
6osiee gacTo ucojb3yembix B coBpemenabix UHC dyHKIneidl akTUBAIY SBJISETCS
ReLU, onpenenénnas kak ReLU(x) = max{0,z}. IIpumenenne ReLU k kaxkmoit
KOOD/IMHATE BEKTOPAa B KAHOHUYECKOM 0a3nce eCTh He YTO MHOE, KaK NPOeyuposa-
Hue Ha HEOTPUIIATEIbHBIN OPTAHT KAHOHUYECKOro Da3uca — KOHMYECKYIO 000JI0UKY,
HATSIHYTYIO HA BEKTOPHI KAHOHMYECKOTO Oa3uca.

[Iysmuar — JUHEHHDbI WX HEJMHEWHBI ONepaTop, MOHUZKAIONNNA Pa3MEPHOCTD
[2, 3]. Komuosunus akrusamuu ReLU u oxsoro us naubojiee 4acTo MPUMEHSIIEMBIX
[IyJINHIOB — MAaX-IIyJINHIa — TaKKe MOYKeT OBITH BhIDayKeHa depe3 OIepaTop npo-
eyuposarus |1, 4]. TelicTBUTENLHO, PACCMOTPUM JIEHCTBAE TAKOH KOMIIO3WUIUA HA
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dparment [ n300parkeHus, MOMABIINI B OJHO «OKHO IIyJIMHTa» Pa3MEpOM 1 X M.

IIycre €55, 4,5 = 1, ..., n, — BeKTOpEI, o6pa3yroline KaHOHUIECKHiA Oasnc (/s

dparmenrta uzobpaxenus). Ilycrb Arer,u — OIEPATOP HOKOOPJAUHATHOIO IIPUMEHE-

aust akruBaruu ReLU, u P,y — omeparop max-myauara. lorma PpaxAreruf —

HOpMAa IpoeKnuu [ Ha MHOXKECTBO U’:L,jzl {aeij, o> 0}, T. . HA OObeIUHEHNE «PE-

6ep» HEOTPUIATEJHFHOIO OPTAHTA KAHOHMYIECKOro basuca.

Kak BuaHO M3 BBINMIEN3I0KEHHOTO, OJIOKN THUIA «CBEPTKA — AKTUBAIINA — IIy-
JIMHT» € aJIreOparmvIecKoil TOUKN 3peHUs IMPEICTABIIOT cODO0it JuHEHHOe Mpeodpas3o-
BaHUE C IIOCJIEAYIONINM IIPOEUPOBAHNEM Ha HEJIMHEHOe MHOYKECTBO, TECHO CBSI3aH-
HOe ¢ 6a3UCOM, OTJIUIHBIM OT CUHTYJISIDHBIX DAa3MCOB JIMHEIHOTO nmpeobpasoBanus. B
pabotre uccienosana 3aBucumocthb Kadectsa VIHC B 3amade xiraccudukaimn n3o0-
paxkenwnit u3 6a3pr CIFAR10 or BeIOOpa CHHTYJISIPHBIX 0A3UCOB JIMHEITHOTO Tpeodpa-
30BaHud U 6a3mca, OIPEJIEISIONIEr0 MHOYKECTBA, Ha KOTOPbIe OCYIIECTBIISIETCS IIPO-
enupoBanue. [lokazano, 9TO B psijie cIydaeB 3aMeHa PacCMOTPEHHBIX BbIlle Oa3UCOB
Dypbe U KAHOHMIECKOrO 0asuca Ha OTJIMIHBbIE OT HUX OAa3WMCHl HE CHUYKAET Kave-
crBo UHC. 910 1103BO/II€T BBIABUHYTH TUIIOTE3Y O TOM, UTO KPUTUIECKOE BIIUSHUE
na kadectBo THC okaspiBatoT oTMedeHHbIe BbIie o0Ipe ajredpandeckne CBOHCTBa
PACCMOTPEHHBIX Ollepariiii, a He UX KOHKpeTHbI Buji. O IHAKO, 9Ta runore3a Tpedyer
JAJIbHENIIero n3yYeHus.

Pa6ora mognepxkana rpantom PODI Nol7-07-00832.

[1] By6rox A. B., Baiixos B.I. lnemmoTenTHAS HEHPOHHAST CETh KaK peanu3anusa Mopdo-
JIOPMHYECKOTO METO/Ia y3HABAHM OOBEKTOB 110 n306pazkenusam // Mocksa: Texauuaeckoe
3peHne B cucremax yrnpasienus - 2018, 2018 — p. 53-5H4.

[2] Passricha V., Aggarwal R.K. A comparative analysis of pooling strategies for
convolutional neural network based Hindi ASR // J Ambient Intell Human Comput,
Berlin: Springer Berlin Heidelberg, 2019. — p. 5-25.

[3] Rippel O., Snoek J, Adams R.P. Spectral Representations for Convolutional Neural
Networks // In: Proceedings of the 28th international conference on neural information
processing systems (NIPS’15), vol 2, 2015 — p. 2449-2457.

[4] Jin L., LiS., HuB, LiuM. A survey on projection neural networks and their
applications // Applied Soft Computing, 2019. —vol. 76, p. 533-544.
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On the algebraic properties of operations constituting modern
convolutional neural networks
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Artificial neural networks (ANN) are widely used in areas like computer vision,
speech recognition, etc. Many ANN architectures include units consisting of convo-
lutional layers, activations and pooling layers. Some kinds of these operations are
known to allow get better quality then others (e.g. ANN with max-pooling usually
outperform ANN with average pooling). However, there isn’t reasonable explanation
for this phenomenon.

Convolutions, activations and poolings are usually considered as manipulations
with image pixels. Convolutions are considered as extraction of local features (e.g.
object border characterized by high value gradients), poolings are considered as
extraction most intense features, etc.

In this article convolutions, activations and poolings are proposed to be consid-
ered as operators which act on elements (images or other high dimensionals arrays)
of euclidian vector spaces. Authors suppose that study of algebraic properties of
these operators will allow us to better understand differences between various oper-
ations being used in ANN (e.g. max and average poolings) and to determine which
properties of them have crucial impact on entire ANN quality.

From proposed point of view convolution layer is linear operator, singular bases
of which are Furier bases.

Activation is nonlinear function of one variable, which is applied to each vector
coordinate in canonical basis independently (we will call orthonormal basis canonical
if each basis vector is array consisting of single one and zeros). One of the most used
activations in modern ANN is ReLU defined as ReLU(z) = max{0,z}. Applying
ReLU to each vector coordinate in canonical basis is projecting on nonnegative
orthant of canonical basis (conical hull of basis vectors).

Pooling is linear or nonlinear downsampling operator. Composition of ReL U and
max-pooling may be represented as projection operator. Indeed, lets consider action
of such composition on subarea f which is matching with one ”pooling window” size
of which is n x n. Let e;;, ¢, j =1, ..., n, be vectors forming canonical basis for
this fragment. Let Ager,y be operator of elementwise applying ReLLU activation and
Ppax be max-pooling operator. Then PyaxAreruf is norm of projection f on set
Uzjzl {aeij, o> 0}, i.e. union of ribs of nonnegative orthant of canonical basis.

As it is seen from foregoing, units consisting of convolution, activation and pool-
ing are linear transformation with projecting on nonlinear set which are closely re-
lated with basis different from singular basis of linear transformation. In this work
dependency of ANN quality in classification problem from choice of singular basis
of linear transformation and basis determing sets on which projection is performing.

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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It is shown, that replacement Furier and canonical bases on different ones doesn’t
reduce quality of ANN in some cases. It allows us to propose hypothesis that crucial
influence on ANN quality are made by common algebraic properties of considered
above operations, not by specific type of these operations. However, this hypothesis
requires furthermore study.

1]

This research is funded by RFBR, grant 17-07-00832.

Zubyuk A. V., Baykov V. G. Idempodent neural network as realization of morphological
method of object recognition in images Moscow: Technical vision in control systems —
2018 — p. 53-54 (in russian)

Passricha V., Aggarwal R.K. A comparative analysis of pooling strategies for con-
volutional neural network based Hindi ASR // J Ambient Intell Human Comput,
Berlin: Springer Berlin Heidelberg, 2019. — p. 5-25.

Rippel O., Snoek J, Adams R.P. Spectral Representations for Convolutional Neural Net-

works // In: Proceedings of the 28th international conference on neural information
processing systems (NIPS’15), 2015. — vol. 2, p.2449-2457.
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"Mocksa, Hayumo-nceaemoBarensckuit MHCTHTYT saepHoit dusnky mvenn [, B.

CkobebIbiHa

Beiisrer-tipeobpazoBanue — MeTOJ[ CIEKTPAJIBHOIO aHAJN3a CUTHAJIOB, KOTOPBIi
HCIIOTB3YeT B KadecTBe Da3nca 0coObIi TuI QyHKITN, 001 IAI0MIX CBONCTBAME JIO-
KAJU3aIi 1 OTPAHTIEHHOCTH. DTH CBOHCTBA MO3BOJIAIOT TPOBOIUTDH 3D (DEKTUBHBIN
aHaJIM3 HeCTAlMOHAPHBIX curHasioB. CTaHaapTHBIN M0AX0/ (HApUMED, AUCKPETHOE
BeliBJIeT-IpeobpasoBanne) ¢ GUKCUPOBAHHBIMU KoM durmenTaMu Macraba u ¢iBu-
ra MOzKeT ObITh HEOITUMAJLHBIM B KOHTEKCTE pertennst ooparnoii 3agaqau (03) (X =
= f71(Y)), Tak kak Tporeypa pas3IoKeHns CHTHAJA 10 GA3UCY He MPe/rojaraeT
Ha Mg 00paTHOI CBA3U ¢ TesieBoil dbyuknueit mannoit 3amaqn. [lockoabky B city-
qae pemennst O3 obpaTHoe BeiiBjieT-ipeobpa3oBanue He Tpedyercs, 3HAYEHUsT KO-
aduimeHToB MacmTaba M CIBUTA MOTYT OBITH OIPEJIETEHBI BO BpeMs OOyUeHUs
CeTH, a OKHA, COOTBETCTBYIOIINE DPa3JIMIHBIM ITOJIOXKEHUsIM BelBjIeT-(DyHKIH, MO-
I'yT IIepeKPbIBATHCsI. B TaHHOM UCC/IeIOBAHNE MBI [IPE/JIATAEM HOBBIIl THIT BEHBJIET-
ueiiponnbix cereil - BHC ¢ agantuubiv okaom (AOBHC), npennasnauennbie st
pemmenust O3, B KadecTBe BXOJHDBIX JIAHHBIX MPUHUMAIONINE HECTAITMOHAPHBII CHUT-
naJj. [Iporeaypa obydeHus ceTu MpeICTaBISIETCS NTEPATUBHON TPOIIETy POl BHIOOPA
OUTUMAJILHBIX KOI(DDUIUEHToB csura (MOJ0KEeHUs OKHA) U MacmTaba (IMMPUHBL
okHa) s BeIOpaHHoil BeiiBier-dyukimu. e Momudukauyu 3woro HOBOro THUIIA
BHC cpaBauBamnch ¢ TUHEIHON PErPECCHOHHON MOIE/IBI0 U MHOTOCJIORHBIM IT€PCETI-
TporoM Ha npumepe 3agaan Mackey-Glass.

[1] Efitorov A. and Dolenko S. A New Type of a Wavelet Neural Network // Optical

Memory and Neural Networks, 2018. —V.27 p.152-160. https://doi.org/10.3103/

S51060992X18030050.
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A New Type of a Wavelet Neural Network
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Wavelet transformation uses a special basis widely known for its unique proper-
ties, the most important of which are its compactness and multiresolution (wavelet
functions are produced from the mother wavelet by transition and dilation). Wavelet
neural networks (WNN) use wavelet functions to decompose the approximated func-
tion. However, for a standard wavelet basis with fixed transition and dilation co-
efficients, the decomposition may be not optimal. If no inverse transformation is
needed, the values of transition and dilation coefficients may be determined during
network training, and the windows corresponding to various wavelet functions may
overlap. In this study, we suggest a new type of a WNN—Adaptive Window WNN
(AWWNN), designed primarily for signal processing, in which window positions and
wavelet levels are determined with a special iterative procedure. Two modifications
of this new type of WNN are tested against linear model and multi-layer perceptron
on Mackey-Glass benchmark problem.

[1] Efitorov A. and Dolenko S. A New Type of a Wavelet Neural Network // Optical

Memory and Neural Networks, 2018. —V.27 p. 152-160. https://doi.org/10.3103/

51060992X18030050.
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ANropnTtMmbl N1aHNPOBAHUS B CUCTEME NOALAEP>XXKU NpOoLLeccoB
NPUHATUS pelleHnii ANns 3aja4y NOrnNcTuUKu

Buaacos Cepeeti Egzenvesun! vlasov@niisi.ru
Cmapocmun Huxonati Baadumuposus’* nvstar@iani.unn.ru
Tumogpees Anexceti Eszenvesur’ alexey.timofeev@itmm.unn.ru

11\/IOCKBa.7 HUUN Cucremubix Uccnenopannii Poccuiickoit Akamemun Hayk
2Hnxauit Hosropox, HUM Mexanuxun HHT'Y um. H.J. Jlo6auesckoro

PaccemarpuBatorcs 3aa4n JJOrucTukn B 06J1aCTH 2KEJI€3HOIOPOXKHOIO TPAHCIIOP-
Ta, HallpaBJIEHHbIE Ha ODecIieueHne OpPraH3allui JIBUYKEHNS [I0JIBI?KHOIO COCTaBa B
paMKax »KeJIe3HOJOPOKHOM nH(pPacTpyKTyphl. [l1anupoBanne u opranusariust JIBU-
JKEHUsI TI0€37I0B SABJISETCH KJIIOUIEBBIM (DAKTOPOM oObeciieveHnst 0e30MacHoro u -
dexTuBHOrO (DYHKIMOHUPOBAHUS BCEH CHCTEMBI YKeJIe3HOIOPOKHOIO TPAHCIOPTA.
[Ipumensiemblit B TeKylliee BpeMsi IIO/IXOJl, OCHOBAHHBII HA HOPMATUBHBIX Ipadu-
Kax, He BCerja YCIEIHO padoTaeT Ha IPaKTHKe, OCOOEHHO B CJIy4Yae HENITATHBIX
CUTYaIIuil, CBSI3aHHBIX C M3MEHEHUEM ITPOILYCKHBIX CIIOCODHOCTEN YKeJIe3HOI0POXKHOM
undpacTpyKTyphl. B pabore crponTcs MaTeMaTuIecKas MOJIE/Ib JJOTUCTUKN JIBUAYKE-
HUsI TIOJBU2KHOI'O COCTABA C YIETOM BCEX KJIIOUEBBIX OCOOEHHOCTEN YKeJIe3HOI0POXK-
Hoit nHMPacTPyKTYphl. B paMKax MOCTPOEHHON MAaTEeMaTHIECKON MOIETN CTaBATCH
ONTUMU3AIMOHHBIE 331291 IOCTPOEHUs IPadUKOB PabOTHI JOKOMOTHBOB, I'PAMUKOB
JIBUKEHUsI TI0€3/10B Ha 3aJ[aHHBII WHTEPBaJI IIJIAaHUPOBaHus. /[JIsi IOCTABIEHHBIX 38~
Jiad MPUBOJISATCS AJITOPUTMBI PEIEeHUsI C OIEHKOW BPEMEHHOM CJIOKHOCTH.

Pabora mommeprxkana denepanbhoil meseBoit mporpammoit «VcesremoBanns u pas-
pabOTKN 10 TPHOPUTETHBIM HAIIPABJIEHUSAM DPA3BUTHS HAYIHO-TEXHOJIOTMIECKOTO
xomitekca Pocenu ma 2014—2020 roapr» B pamkax kKonTpakTa No. 14.578.21.0246
(yrukasbubiil npentudukarop REMEFI57817X0246).
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Planning algorithms in the decision-making support system for
logistic problems

Sergey Vlasov' vlasov@niisi.ru
Nokolay Starostin®x nvstar@iani.unn.ru
AlekseiTimofeev® alexey.timofeev@itmm.unn.ru

"Moscow, Scientific Research Institute for System Analysis Russian Academy of Sciences
2Nizhny Novgorod, Research Institute for Mechanics Lobachevsky State University

Railway transport logistic problems aimed at providing the organization of work
of rolling stock in the framework of a railway infrastructure are considered. Planning
and organization of railway traffic is a key factor to providing safe and effective func-
tioning of the entire railway transportation system. The currently used approach,
based on target plans, is not always successful in practice, especially in emergen-
cies resulting from the fluctuation of traffic capacities of a railway infrastructure.
A mathematical model of rolling stock logistics is constructed, accounting for all
the key specific features of the railway infrastructure. In the framework of the con-
structed mathematical model, optimization problems for scheduling the traffic of
locomotives and trains for an assigned planning interval are formulated. Solution
algorithms, assessing time complexity, are presented for all the formulated problems.

The work is financially supported by the Federal Targeted Program for Research
and Development in Priority Areas of Development of the Russian Scientific and
Technological Complex for 2014-2020 under the contract No. 14.578.21.0246 (unique
identifier RFMEFI57817X0246).
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KnacTtepHble cpe3bl B MOAe I OFPAaHUYEHHOIO OKPY>XeHUsi

Bexaapan Apmen Jlesonosun'x abeklaryan@hse.ru

IMOCKBa, HanmonanbHblit nccienoBaTeTbcKuil yHUBEpCUTeT “BhICIast mKoma SKOHOMUKH

Paccvarpusaerca mogens [lemmara TpuHsaTUs pereHus Mo BLIOOPY areHToM
pafioHa MPOKUBAHUS B 3aBUCUMOCTH OT TPEJIOYTEHUN 10 OTHOIIEHUIO K CBOEMY
okpyzkeHuio. V3ydaercs moBejieHre JBYX T'PYNIl ar€eHTOB M BO3MOYKHOCTDL JIOCTH-
JKUMOCTH B MOJIEJIM YCTONYIMBOTO TOJIOYKEHUST PABHOBECHs. B 3aBUCHMOCTH OT Ha-
JaJIbHBIX YCJIOBUI M BHUJIa KPHUBBIX PACIIPEJIeJIEHUSA TTOPOTOB TOJIEPAHTHOCTUA areH-
TOB Pa3HBIX TUIIOB UCCJIEIYEeTCS BO3MOXKHOCTD IIE€PEX0/Ia B COCTOSIHUE PABHOBECUS U
BO3HUKAIOIINE KJIaCcTepHBIE cpe3bl. MoJie/ib peajn30BaHa B CUCTEME NMUTAIIHOHHOTO
mogtesimpoBanust AnylLogic. [TokazaHo, 4T0 IpuUBHECEHNE PECYPCHOM KOMIIOHEHTHI Me-
HSET caMy MeOMETPHIO KJIACTEPOB U UX METPUYECKHUE XapPaKTEPUCTUKH, HO CBOMCTBO
YCTOMYNBOCTH 9TUX XaPAKTEPUCTHUK 0 HAYAJIHHBIM JIAHHBIM OCTAETCs B CHJIE.

[1] Bexaapsan A.JI. KnacrepHable cpe3bl B MOJEJIN OIPAHUYIEHHOrO OKpy2KeHus // Marmmn-

HOe OOyUeHus U aHaJu3 JaHHbIx, 2019.
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Cluster slices in the bounded-neighborhood model

Armen Beklaryan'x abeklaryan@hse.ru

'Moscow, National Research University Higher School of Economics

We consider the Schelling model of decision making on the agent’s choice of the
area of residence, depending on preferences in relation to his surroundings. The
behavior of two groups of agents and the feasibility of attainability of a stable equi-
librium position are studied. Depending on the initial conditions and the type of
distribution curves of tolerance thresholds for agents of different types, the possi-
bility of transition to an equilibrium state and arising cluster slices is investigated.
The model is implemented in the AnyLogic simulation system. It is shown that the
introduction of the resource component changes the geometry of the clusters and
their metric characteristics, but the stability of these characteristics according to
the initial data remains in force.

[1] Beklaryan A. Cluster slices in the bounded-neighborhood model // Machine Learning

and Data Analysis, 2019.
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MonnHomMuansHasa Npubnn>xéHHas cxema gns 3agaqm
MapLpyTU3aLumMmn TpaHCNOpPTa C HEeeAUHUYHbIM Oe/IUMbIM
CNPOCOM 1 OrpaHuUYeHNeM Ha BpeMeHHbIe NMPOMEXYTKIN
obcny>xuBaHus

2,3

Xanati Muxaua FOpvesun'?>x mkhachay@imm.uran.ru

Ozopodnuros FOputi FOpvesun'?

yogorodnikov@imm.uran.ru
'ExarepunGypr, MacruryT maremarnkn u mexasnkn um. H.H.Kpacosckoro
2Exarepunbypr, Ypasusckuii Pejepanbubiii YHuBEpCHTET

30mck, Omckwmit Tocymapcrsennsiii Texaudeckuii YHUBEpCHTET

Sajava MapIIpyTU3alid TPAHCIOPTA C BPEMEHHBIMI ITPOMEXKYTKAMU O0CJTY 2K~
Baunst (CVRPTW) saBisiercst mMmpoOKO M3BECTHOH 3ajadeil KOMOMHATODHON OITH-
MU3AIINHN, UMEOIIEel OTPOMHOE HHCIO0 TPUIOXKEHUH B WCCACTOBAHUU omeparmit. B
oTJIMYKe OT KJjaccudyeckoii nmocranosku 3ajadu CVRP, koropas He yunTbiBaer Bpe-
MEHHBIE [TPOMEXKYTKHU O0C/IYKUBAHMS, AlllIPOKCUMAIIMOHHBIE aJITOPUTMbI C TAPAHTH-
poBanHbIME OlleHKaMu ToarocTr i 3a7adu CVRPTW 1o cux mop majio usyveHsr,
JTarke TS CIydasi €BKJIMIOBOM IIOoCKOCTH. B mannoit pabore MBI mIpejijilaraeM, BO3-
MOKHO, TEPBYIO AIMIPOKCUMAIIMOHHYIO cxeMy Jig moctaHoBku 3ajadn CVRPTW
Ha IJIOCKOCTH C HECIUHUIHBIM JIEJIUMBIM CIIPOCOM, COYETAs XOPOIIO M3BECTHYIO CXe-
My JIEKOMIIO3UIMY 3ajia4un, paspaborannyo A.Adamaszek et el., u KBa3umoJMHO-
MUAJIbHYIO NPUOINKEHHYIO anupokcumarmonnyio cxemy (QPTAS), nupemioxkenmyio
L.Song et al. Ilpemoxkennas mamu cxema mis joooro € € (0,1) maxomar (1 + €)-
IPUOIIKEHHOE PeIeHne 3a/1a91 33 MOJTNHOMUAIbLHOE BPEMs IIPHU YCJIOBUU, ITO TPY-
JIOEMKOCTB ¢ M YHC/JI0 BPEMEHHbIX TPOMEKYTKOB OOC/Iy?KMBAHUA P HE IPEBOCXOJIUT
9log” n g mekoroporo 6 = O(g). Takke, nanHas cxeMa #ABigercs 3HMEKTUBHOMN
nosmHomuasbHoil (EPTAS) st m106b1x GUKCHPOBAHHBIX 3HAYEHUIT [IAPAMETPOB P
1 ¢ ¢ cyOKBaJPaTHIHON TPYI0EMKOCTBIO.

[1] Khachay, M., Ogorodnikov, Y. Approximation scheme for the Capacitated Vehicle
Routing Problem with Time Windows and non-uniform demand // Mathematical
Optimization Theory and Operations Research — 18th International conference
(MOTOR 2019). Proceedings, Springer International Publishing, LNCS, V. 11548,
2019. — p.297-315.
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Polynomial Time Approximation Scheme for the CVRP with Time
Windows and Non-Uniform Demand

Michael Khachay"*3x mkhachay@imm.uran.ru
Yuri Ogorodnikov'> yogorodnikov@imm.uran.ru
!Ekaterinburg, Krasovsky Institute of Mathematics and Mechanics

2Ekaterinburg, Ural Federal University

30msk,Omsk State Technical University

The Capacitated Vehicle Routing Problem with Time Windows (CVRPTW) is
the well-known combinatorial optimization problem having numerous valuable appli-
cations in operations research. Unlike the classic CVRP (without time windows con-
straints), approximation algorithms with theoretical guarantees for the CVRPTW
are still developed much less, even for the Euclidean plane. In this paper, perhaps
for the first time, we propose an approximation scheme for the planar CVRPTW
with non-uniform splittable demand combining the well-known instance decomposi-
tion framework by A. Adamaszek et el. and Quasi-Polynomial Time Approximation
Scheme (QPTAS) by L. Song et al. Actually, for any € € (0,1) the scheme proposed
finds a (1 + &)-approximate solution of the problem in polynomial time provided

the capacity ¢ and the number p of time windows does not exceed 2108’ 7 for some

d = O(g). For any fixed p and ¢ the scheme is Efficient Polynomial Time Approxi-

mation Scheme (EPTAS) with subquadratic time complexity.

[1] Khachay, M., Ogorodnikov, Y. Approximation scheme for the Capacitated Vehicle
Routing Problem with Time Windows and non-uniform demand // Mathematical
Optimization Theory and Operations Research — 18th International conference (MO-
TOR 2019). Proceedings, Springer International Publishing, LNCS, V. 11548, 2019. —
p.297-315.
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BbluncnurtensbHbie TexHonornm anA CBer6OJ'IbLIJI/IX
onTMMnM3aLMOHHbIX 3a4a4

Topros Aanexcandp FOpvesur'x gornov.a.yu@gmail.com
Anuxun Anwmon Cepzeesun’ anton.anikin@gmail.com
3apodriox Tamwvana Cepzeesna’ tzarodnyuk@gmail . com
Copoxosuxos Ilasen C’epeeesuu1 sorokovikov.p.s@gmail.com

"Mpxyrck, MacrrryT quaamukn cucrem u Teopun yrpasiaesns CO PAH

HeobxommmocTh 3 HeKTUBHOTO perreHus ONTUMA3AMMOHHBIX 3a71a9 OOJIBINMNX U
CBepXOOJIBIINX PA3MEPHOCTEHl B IIOCJIe/IHee BPEMs CTAHOBHUTCHA BCe OoJiee aKTyaJlb-
Hoit ipobJiemoii. [Too6HbIe huge-scale mocTaHOBKYM BOSHUKAIOT B CAMBIX PA3JIUIHBIX
MPUKJIATHBIX O0JIACTSAX U€JIOBEUYECKON JIesITeIbHOCTH, K HUM OTHOCSTCsI, HAIIPUMED,
TPAHCIOPTHAS JIOTUCTUKA, CO3/IaHUEe HOBBIX MATEPHUAJIOB, (hapMaIeBTUIeCKas IIpO-
MBIIIIJIEHHOCTD U JIPyTHE.

B pabore npemiaraiorcst BBIYUCIUTEIbHBIE TEXHOJIOIHMH, OPUEHTHPOBAHHBIE HA
[IOWCK IJI00AJBHOIO KCTPEMyMa B 3a/lad4aX ONTUMU3AIMH CBEPXOOJIBIINX pa3Mep-
HocTell. B KadecTBe 0A30BBIX aJrOPUTMOB, HCIOJIbB3YEMbIX B MHOI'OMETOHBIX BbI-
YUCIUTE/IBHBIX CXeMaX, UCIOJIb3YIOTCsT MOAMMDUKAIINA METOIOB COMPSIKEHHBIX TDa-
nuentoB (Xecrenca-Illrudess, Pueruepa-Pusca, [lonaka-Ilossaka-Pubbepa u apy-
rue) u Bapuantel Meronos LBFGS u MSBH. Peanuzosannbe na sizsike C/C++
napaJsiieJIbHble BEPCUU PACCMATPUBAEMbBIX aJro-PUTMOB HaIpaBieHbl Ha 3ddeKkTuB-
HO€ HCITOJIb30BAHNE BBIUUC/IUTE/IBHBIX MOIITHOCTEH KaK COBPEMEHHBIX rpaduuecKux
yekopuresedn (GPU), rak u rpagunuonubix nporeccopos (CPU).

PaborocmocobrocTs 1 OBICTPOIEHCTBIE MIPE/JTATAEMbBIX PEATM3AIII ObLIN TPOBe-
penbl Ha 3a/1a9ax Haxokeans PageRank-sekTopa ¢ pasimanbiMu THIAME MATPHUITHI
(IMaroHAIBHBIMHU, CO CJIyYailHOl CTPYKTYPOIl, IOCTPOEHHbIMU 13 web-rpados Tecro-
Boit Kosteknun CTaHMOPICKOro YHUBEPCUTETA), 3a/a9aX TOUCKA HU3KOIIOTEHI A b
HBIX aTOMHO-MOJIEKYJIAPHBIX KiacTepoB Mopca, ['yiira, Carrona-Yena u apyrux.

Pabora nognepxana rparrom PODU Ne18-07-00587.

[1] Sorokovikov P.S., Gornov A. Yu., Anikin A.S., Zarodnyuk T.S. Computational
technology for investigating low-potential Gupta clusters of extremely large
dimensions // Open Computer Science, Berlin: De Gruyter, 2020 (in print).
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Computing technology for huge-scale optimization problems

Alexander Gornov'x gornov.a.yu@gmail.com
Anton Anikin' anton.anikin@gmail.com
Tatiana Zarodnyuk' tzarodnyuk@gmail.com
Pavel Sorokovikov' sorokovikov.p.s@gmail.com

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

The large- and huge-scale optimization problems have recently become an in-
creasingly urgent problem. Such statements arise in a wide variety of applied areas
of human activity, such as, for example, transport logics, the creation of new mate-
rials, the pharmaceutical industry and others.

The report offers numerical technologies focused on the search for a global
extremum in huge-scale optimization problems. As the basic algorithms used in
multi-method computational schemes, modifications of conjugate gradient methods
(Hestenes-Stiefel, Fletcher-Reeves, Polak-Polyak-Ribiere and others) and variants of
the LBFGS and MSBH methods are implemented. Parallel versions of the consid-
ered algorithms realized in C/C++ are aimed at the efficient use of computing power
of modern graphic accelerators (GPUs) and traditional processors (CPUs).

The operability and speed of the proposed algorithms were tested on the problems
of finding a PageRank vector with various types of matrices (diagonal, with a random
structure built from web graphs of the Stanford University test collection), problems
of searching low-potential atomic-molecular clusters Morse, Gupta, Sutton-Chen,
and others.

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

[1] Sorokovikov P.S., Gornov A. Yu., Anikin A.S., Zarodnyuk T.S. Computational tech-
nology for investigating low-potential Gupta clusters of extremely large dimensions //

Open Computer Science, Berlin: De Gruyter, 2020 (in print).
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ﬂpmmeHeHme 3BOJIOUMNOHHbLIX MeTOo40B B 3a4a4e pacno3HaBaHuA
nepunognyeckmnx peLueHvu7| N pe30HaHCOB ANHAMUYECKUX CUCTeEmM

Pyurun Koncmanmun'x construchk@gmail.com

HEIK HEITKW NOHAJIbHBIN Texuuueckuit Y HUB NUTEeT
 TMounenk, Hone Hamwmona. Te ec Yuusepcure

B nannoil crarhe paccMaTpuBaeTcs 3aa4a HAXOXKJIEHUs MEPUOIUIECKUX peIle-
HUI U PE30HAHCOB AMHAMUYECKUX cucteM. VlccreoBanne IepuoInIecKIX PEIeHnit
JIMHAMUYIECKUX CHCTEM IIPOBOJIUTCH IIyTeM anajam3a cedenuit llyankape mna 1iocko-
CTW Ha HAJMYUe 3aMKHYTBIX TPAEKTOPHil CIENMAIbHOrO THIA HA ITUX cevIeHusax [1].
B GosbiuHCTBE CilyyaeB UCCieyeMble TPAEKTOPUU IIPEJICTABIISIIOT cO00il 0cobbIe
reoMeTpudeckux (bOPMbI, TaKue KakK KPYrHd, JUIAICHL U jap. st pacno3HaBaHust Ta-
KUX (QUTYD MPEJIaraeTcsi UCIOJIb30BATH IBOJIOIUOHHBIN METOJ BBIYUCIUTEIHHOIO
UHTEJUIEKTA - AJAITUBHBIA AJTOPUTM OAKTEPUAIHHOIO MOUCKA JJIs 3aJa4di CTOXAa-
CTHYIECKOH TJIODATLHOM onTuMu3anui. PazpaboTarHibie 3a MOCaeIHIE HECKOIBKO e~
CATUJIETUI B KOMIIBIOTEPHOM 3PEHNH I10/IXO/IbI CIIOCO6HI)I O6Hapy)KI/IBaTb HECKOJIBKO
OJ/INHAKOBBIX KPYT'OB Ha PeasibHBIX M300paKeHMsX, HO 9acTO He B COCTOSTHUM OOHa-
PYKUTH [EPECEKAIOIINecss 1 HeCOBEepIIeHHbIE (DOPMBI.

B pabore MbI ucmosb3yeM aaroputM 6aKTepUATIHLHON ONTHMU3ANNN OaKTePHAIb-
noro (BFOA), nyist onpeiesienust muozkecrseHubix dhopwm. [Ipeniaraercs aganrusuast
Bepcusi BFOA 11 noncka HaKpaIbIBAIONIUXCS U He HAKJIABIBAIOIMINXCS (DOPM 110
BceMy m300paxkeHnuto. Kaxkjast akTepust 3/1eCh MOJEJIUPYET ITPOOHYO (hOpMYy, U B 00-
JIACTU TAKUX TPOOHBIX (hOPM OBbLIA [TOJIyYeHa HeUeTKas 1eieBast (PYHKIMs. e Jryd-
IIIe TeCTOBasi OKPYKHOCTD MPUOIIKAETCA K (DaKTHIECKONU OKPYZKHOCTH, T€M MEHb-
e 3Hadenne 31oil dynkiuun. Munnvmusarms 1eseBoit dyukiun ¢ nomorbio BFOA
B KOHEYHOM UTOI'€ IPUBO/UT K OBICTPOMY U HAJIE?KHOMY JIETEKTUPOBAHUIO 33/ TAHHBIX
dopM Ha UCXOTHOM U300pazkeHuu. [IpuMeHeHre 3TOr0 MeTo/a K UCCIEOBAHUIO JTH-
HAMHUYECKHUX CHCTEM II03BOJISIET TOBOPUTH 00 UX PEryJIsipHOM WU KBA3UPETYJIsIPHOM
TOBEJICHUH.

[1] Ruchkin C. The General Conception of the Intellectual Investigation of the Regular and
Chaotic Behavior of the Dynamical System Hamiltonian Structure. // Applied Non-
Linear Dynamical Systems. Springer Proceedings in Mathematics and Statistics, vol 93.,
Springer, Cham, 2014. Pyuxun K.A., Munvrkos O. B. Pazpaborka ajaropurMa pacio-

3HABAHUS CJOXKHBIX HAKJIAJBIBAIOIIMXCS TeoMeTpuieckux oobekTos // Mudbopmaruka
n kubepHeruka, Bour. Ne2 (8), 2017, c. 65 — 72
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Application of evolutionary methods in the problem recognition of
periodic solutions and resonances of dynamical systems

Constantin Ruchkin'x construchk@gmail.com
"Donetsk, Donetsk National Technical University

In this paper we consider the problem of investigation periodic solutions and
resonances of dynamical systems. The study of periodic solutions of dynamical sys-
tems is carried out by means of analysis of the Poincare sections on the plane for the
presence of closed trajectories of a special type on these sections [1]. In most cases,
the trajectories under investigation represent special geometric shapes like circles,
an ellipse, etc. To solve the problem of recognizing such forms, it is proposed to
use the evolutionary method of computational intelligence - the generalized algo-
rithm of bacterial search for stochastic global optimization. The problem circle and
ellipse detection from digital images by means computational intelligence have re-
ceived considerable attention over the last few decades in computer vision. So exist
approaches is capable of detecting multiple circles on real images but fails frequently
to detect intersecting and imperfect shapes.

In this work, we use the bacterial bacterial optimization algorithm (BFOA) to
determine multiple forms. An adaptive version of BFOA is offered to search for
imperfect and non-overlapping shapes throughout the image. Each bacterium here
models a test form, and a fuzzy objective function was obtained in the field of such
test forms. The better the test form approaches the actual form, the lower the value
of this function. Minimization of the objective function using BFOA ultimately leads
to the rapid and reliable detection of given shapes in the original image. The article
also discusses the conditions of applicability of this approach for the detection of
various geometric objects on the Poincare section. Application of this method to
the study of dynamical systems allows us to talk about their regular or quasiregular
behavior.

[1] Ruchkin C. The General Conception of the Intellectual Investigation of the Regular and
Chaotic Behavior of the Dynamical System Hamiltonian Structure. // Applied Non-
Linear Dynamical Systems. Springer Proceedings in Mathematics and Statistics, vol
93., Springer, Cham, 2014.

[2] Ruchkin C., Minkov O. Development of an algorithm for recognizing complex overlap-
ping geometric objects // Computer Science and Cybernetics, Vol. No 2(8), 2017, Pp.
65 — 72
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CNo>XKHOCTb BblYMC/IEHUS: peléHHble 3a4a4M U OTKpbITble
npobsiemsl

Kapauyba Examepuna Anamoavesna'x ekaratsuba@gmail.com

"Mocksa, Borancaurensusiit mentp uM. A. A. JTopoxaumsma OUIT Y PAH

TlonsaTre CIOKHOCTH BBIYUCJIEHUST TOSIBUIOCH B PE3YJILTATE PA3BUTHS BLITUC/IU-
TEJbHBIX MeTOJ0B U Teopun undopmarmu. CoBpeMeHHbIE OCHOBBI T€OPUU CJIOXKHO-
cTu BhlYuCIeHuN B uHdopMaTuke Oblin 3an0xkennl padoramu . Haijiksucra [1] u P.
Xapriu [2], ¢ BBemenueM nonsaTus Mepbl uHgopmanuu. [lepBbie ocTaHOBKU 33189
o 6uToBoii ciaoxkrocTr Bhrancaernit (1956 r.) npunamiexkar A.H. Koamoroposy [3].

Hasee GymeM cunTaTh, YTO UHUCIIA 3AMUCAHBI B JIBOMYHON CHUCTEME CUUCJICHWUS,
3Hakn KoTopoit 0 1 1 Ha3LIBAIOTCST OUTAMI.

Omp. 1. 3anuce 3uakos 0, 1 , WIoc, MUHYC, CKOOKA; CJI0KEHNE, BEITUTAHUE U YMHO-
JKEHUE JBYX OMTOB HA30BEM OMIHOI djeMeHTapHO#l mian 6mrToBoil oneparueit. [lycTs
BenecTBenHas GyHKus f () BEIeCTBEHHOIO IIEPEMEHHOIO &, 4 < & < b, yZ0BJIeTBO-
psier Ha (a, b) yenosuto Jlunmmmia nopsiika a, 0 < o < 1, Tak aro npu 21, 2 € (a,b):
[f(z1) — f(x2)| < |21 — 22|*. IIycTh N — HATYypPAIBHOE YHCIIO.

Onp. 2. Beruncants Gyukimo y = f(r) B Touke & = x¢ € (a,b) ¢ TOIHOCTHIO J0 N
3HAKOB, 3HAYUT HailTy Takoe unucio A, uro |f(xg) — A < 27",

Ormp. 3. KosmdecTBo OUTOBBIX Oeparinii, TOCTATOTHOE JIJIsT BBITUCICHUST (PYHKITAN
f(z) B TOUKe & = Xy € TOYHOCTHIO JO N 3HAKOB MOCPEJCTBOM JIAHHOTO AJTOPUTMA,
HA3BIBAETCS CIIOKHOCTBIO (GUTOBOM) BhIUMCIIeHUs f () B TOUKe & = X.

Takum 06pa3oM, CJIOKHOCTH Bbraucjaenud f(z) B ToUuke = xp ecTb (yHKIMs
n, a Takxke f(r) 1 = ro. DTy YHKIIMIO 0603HAYATOT CHMBOTOM St (r) = S 20 (n)-
fcno, uTo Sf 3aBHCHT TaKzKe OT AJIOPUTMA BHIUUCICHUS U IIPU PA3HDIX aITOPHTMAaX
6yieT pasnoit. C/I0’KHOCTD BBIYUCIEHUsI HEIIOCPEICTBEHHO CBA3aHA CO BPEMEHEM, 3a-
TPaYUBaEMbIM KOMIIBIOTEPOM Ha 9TO BLIYHMCJIECHHE W MOTOMY WHOLJA B JIATEPATYPE
(nanpumep, B kaure "Mckycerso nporpammuposanus na YBM"IT. Kuyra ) obozua-
gyaercs «BpeMeHHON» dyukuueit T'(n).

Ho cux nop nocrpoenne teopun (GUTOBOI) CJIOKHOCTH BBIYUCICHUI (BKIIOYAsT
OCHOBHBIE OlIPE/IeJIeHNs U IIOHATHs) He 3aBeplieHo. Kpome Toro, ucropus mokasa-
JIa, 9TO HEKOTOPBIE CTECTBEHHBIE JIOTMYECKNE YMO3AKJFOUEHHsI B 9TOH 00JIacTH He
paboraor: B 50-x rr. A.H. Koamoropos BbICKa3aJ TUIOTE3Y, YTO HUXKHSS OIEH-
Ka CJI0KHOCTH yMHOXKeHus M (n) upu Jiio6oM METOJe YMHOXKEHUS €CTh BEIMIUHA

nopsgka n? («rumoresa n? Kommoroposas), Ha TOM OCHOBAHHH, UTO BCE M3BECT-

HbIE K TOMY BPEMEHH METOIbI YMHOMKEHHs HMEIOT CJIOKHOCTH N2, MCHOIb3YIOTCA
He MeHee 4-X ThIcsueneTuil, n ecan Obl ObLT Oojiee OBICTPLIN METOJT YMHOMKEHUS,
TO OH, BEPOSITHO, y>Ke Obl1 Obl HaiijeH. Tem He menee, B 1960 r. [4] Gbu1 HaiineH
HOBBII METOJ[ yMHOXKEHUS JIBYX N-3HAYHBIX YUCEJ ¢ OLEHKOM cioxkuoctu M(n) =
= O(n'°223) log, 3 = 1,5849..., onposepras runoresy n?. C MOMeHTa IOCTpPOe-
HUsI 9TOrO METO/[a YMHOXKEHHUS HAYAJACh TEOPHUs OBICTPBIX BBIYHUCJIEHUN, W ObLIO

IIOCTPOEHO MHOKECTBO OBICTPHIX AJITOPUTMOB OOBITHOIO ¥ MATPUIHOTO yMHOYKEHMI,
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Dypoe-npeodbpa3’oBaHUil 1 BHIYUCIEHUIN JIEMEHTAPHBIX U BLICIINX TPAHCIEHIEHTHBIX
bYHKIHI 1 KJITACCHIECKUX KOHCTAHT.

B 1991 asrop nocrponn [5] meron BBE (Beicrporo Berancaenust E-dynkimit)
— MeTOoJ1, OBICTPOTO CYMMUPOBAHUsI CIEIUAJBHOIO BUJA PSIJIOB, KOTOPBIl TIO3BOJISIET
BBIUHCJIATH JIIOOYIO JIEMEHTAPHYIO TPAHCICHICHTHYO (DYHKIUIO Tl JIIOOOro apry-
MEHTa, KJIACCHIECKNe KOHCTAHTHI €, T, TIOCTOSHHYIO Ditiepa 7y, MOoCTOosiHHbIe Atiepn
u Karasana, Takue BbICIIE TPAHCIEHIEHTHBIE (DYHKIUH, KAK TaMMa~-(DYHKITHIO Dii-
Jlepa, rurepreomerpuveckue GyHKImu, chepudeckue (QYHKIMH, TUIAHIPAIECCKIE
dYHKIMYU U T. 1. Jis ajredOpandecKux 3HAYEHWIl apryMeHTa U [mapaMeTpoB, J3eTa-
dbyurnuo Pumana jitst Te/ibIX 3HAYEHMIT apryMeHTa, 13eTa-QyHKIuo ['ypButa ais
[IEJIOTO apryMeHTa U ajredpamdecKux 3HAYCHUI mapaMerpa, a TaKKe TAKWe CIeI-
aJIbHbIe MHTErPaJbl, KaK MHTErpaJl BepoaTHOCTH, nnrerpajbl Openesis, nHTErpaIb-
HYTO 9KCIOHEHIMAIHHYIO (DYHKIINIO, HHTErPAIbHBIE CUHYC U KOCUHYC W T. JI. IIPU aJl-
rebpamvyecKux 3HAYEHUSIX apryMEHTa C OINEHKON CJIOKHOCTU BBIYUCJIEHUsI, OJIM3KOI
K onTHMasbHOi, a mvenno Sp(n) = O(M (n)log? n). JlOmOMHETEIBHBIM TIPEHMYTITe-
CTBOM METOJIa SBJISETCA BO3MOXKHOCTD DaclapaJile/IMBanns OCHOBaHHBIX Ha DBE
AJITOPUTMOB.

ITocTpoenne aaropuTMOB BBIUNCIEHUS MTUPOKOTO KJaacca (DYHKIINHN ¢ OTIEHKOH O1-
TOBOIl CJIOXKHOCTH, OJIU3KON K OINTHUMAJIBHON, a TaKKe ITOJIyYeHne HeTPUBUAJIbHBIX
HUKHUX OIIEHOK OWTOBOI CJIOXKHOCTH — OCHOBHBIE 3aJIa9¥M B TOH OOJIACTH BBIUUC-
JINTEJILHOIW MATEeMATHKHN, KOTOPasl HA3BIBAETCsI OBICTPBIE AJITOPUTMBI WA OBICTPHIE
Bbluncienus. B nacrosiiee sBpems (H0og6pb 2019) 3/1ech 0cTaéTCss MHOIO HEPEIIEHHBIX
pobIeM, TAaKUX Kak

1. mosy4yenme HETPUBHUAJIBHOI OIEHKU CHU3Y CJIOXKHOCTH YMHOXKEHUS UJIU CJIOYKHO-
CTU BBIYUC/IEHUS TPAHCIEHICHTHBIX (DYHKITHIA;

2. ToCTpoeHme OBICTPHIX AJTOPUTMOB BBIMHUCJIEHUS] BBICIINX TPAHCIEHICHTHBIX
dbyHKIMT B TPAHCIEHIEHTHBIX TOYKAX;

3. ToCcTpoeHue OBICTPHIX AJITOPUTMOB BBIUYUC/IEHUS TAKUX KOHCTAHT, KAK KOHCTAHTA
Bpyna, snauenus: n3era-pyHKIimyn PuMana B HeleIbIX TOYKAX WU T.JI.

4. omeHKa CJIOXKHOCTU BBIYUCJICHUS PelleHnii cucreM auddepeHnaabHbIX, THTETPO-
b depeHInaTbHbIX, MATPUIHBIX U T.II. YPABHEHUIl, KOTJa PEIIeHne He BbIIU-
ChIBAETCs KOHEYHON KOMOWHAIINEN M3BECTHBIX TPAHCIEH/IEHTHBIX (DYHKIHI.

B To ke Bpemsi cytiecTByOT U 60jiee 00IIue IPOOJIEMBI TEOPUHU CJIOXKHOCTH BbI-
qUCJIEHUsI, CKaXKeM, KaK OIeHUBATH (P(EKTUBHO CJIOZKHOCTb BBIUUC/IEHUs DeIle-
HUI 33/1a9 ITOCPEICTBOM CJIa00-CTPYKTYPUPOBAHHBIX METOJOB, IPU KOTOPBIX 3apaHee
HEJIb3s FAPAHTUPOBATH OLUPEIEJIEHHYIO TOYHOCTD BbIUUC/IEHUs (MHOXKECTBO METOIOB
KJIacCHpUKAIMN ¥ PACIIO3HABAHNUS), MJIU, KAK Al THPOBATH TEOPUIO OUTOBOM CJIOXK-
HoCTH (IpeIosaralneil 6eCKOHEUHYIO [aMsITh KOMIBIOTEPA) HA PeasbHbIE TEeXHU-
qecKue OrpaHuYeHUs.

[1] H. Nyquist Certain factors affecting telegraph speed // Bell System Technical Journal,
3, 324-346 (1924).
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The complexity of the calculations: Solved problems and apened
questions

Ekaterina Karatsuba'x ekaratsuba@gmail.com
'Moscow, FRCCSC of the Russian Academy of Sciences

The concept of the complexity of computation appeared as a result of develop-
ment of computational methods and information theory. The modern foundations
of the theory of computational complexity in Computer Science were laid by works
of H. Nyquist [1] and R. Hartley [2], with introduction of the idea of measure of in-
formation. The first statements of the problems of estimation of the bit complexity
of computation (1956) belong to A.N. Kolmogorov [3].

Further, we assume that numbers are written in the binary notation, the signs
of which 0 and 1 are called bits.

Def. 1. Writing a symbol 0, 1, plus, minus, bracket; addition, subtraction and
multiplication of two bits will be called one elementary or bit operation. Let real
function y = f(x) of the real variable 2, a < x < b satisfy on (a,b) the Lipschitz
condition of order «a, 0 < a < 1, so for x1, 22 € (a,b): |f(x1) — f(x2)| < |x1 — z2]®.
Let n be an integer, n > 1.

Def. 2. To compute the function y = f(x) at the point = xg € (a,b) up to n
digits, means to find a number A such that |f(zo) — 4| < 27"

Def. 3. The total number of bit operations sufficient to compute the function f(z)
at the point x = xy with accuracy up to n digits by using a certain algorithm is
called the (bit) complexity of computation of f(x) at the point x = xq.

Thus, the complexity of computation of f(x) at the point = x¢ is a function
of n, as well as f(z) and o = . This function is denoted by S,y = Sfao(n)- It is
clear that Sy also depends on the computational algorithm and will be different for
different algorithms. The complexity of computation is directly related to the time
spent by the computer on this calculation and therefore sometimes in the literature
(for example, in the book ”The Art of Computer Programming” by D. Knuth) is
denoted by the "time” function T'(n).

Till the present the construction of the theory of (bit) complexity of computation
(including basic definitions and concepts) is still not completed. In addition, history
has shown that some natural logical conclusions in this field do not work. In the 50s
A.N. Kolmogorov hypothesized, that the lower bound for the complexity of multi-
plication M (n) for any method of multiplication is of the order of n? (”Kolmogorov
hypothesis n27), on the basis of such idea: since all the methods of multiplication
known to that time have the complexity no better than n2, and they are used at
least 4 millennia, so that, if there was a faster method of multiplication, then it
would probably have already been found.

However, in 1960 [4] a new method was found for multiplying two n -digital inte-
gers (n — +00) with the complexity bound M (n) = O(n'°223), log,3 =1,5849...,
disproving the hypothesis n2. From the moment of creation of this method of mul-
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tiplication, the theory of fast computations began, and many fast algorithms of
ordinary multiplication and of matrix multiplication, Fourier transforms and cal-
culations of elementary and higher transcendental functions and classical constants
were developed.

In 1991, the author constructed (see [5]) the FEE (Fast Evaluation of E-
Functions) method — a method for fast summation of a special kind of series that
allows to calculate any elementary transcendental function for any argument, the
classical constants e, w, the Euler constant -, the Apéry and Catalan constants,
higher transcendental functions such as the Euler gamma function, hypergeometric
functions, spherical functions, cylindrical functions, etc. for algebraic values of argu-
ment and parameters, the Riemann zeta function for integer argument, the Hurwitz
zeta function for integer argument and algebraic parameter, as well as such special
integrals as the probability integral, Fresnel integrals, the integral exponential func-
tion integral sine , integral cosine etc. for algebraic argument with the complexity
bound, close to the optimal one, namely S¢(n) = O(M(n)log®n). An additional
advantage of the method is the ability to parallelize FEE-based algorithms.

The construction of algorithms for computing a wide class of functions with near-
optimal complexity bounds, as well as obtaining non-trivial lower bounds for the
complexity of computation are the main problems in the field of the computational
mathematics which is called Fast Algorithms or Fast Computations. At present
(2019, November), many unsolved problems remain in this field, such as

1. obtaining a non-trivial lower bound for the complexity of multiplication or the
complexity of computing a transcendental function;

2. constructing fast algorithms for calculation of a higher transcendental function
at a transcendental point;

3. constructing fast algorithms for calculation constants such as the Brun constant,
the values of the Riemann zeta function at non-integer points, etc.

4. estimating the complexity of computation of solutions of systems of differential,
integro-differential, matrix, etc. equations, when it’s impossible to derive the
solution in the form of a finite combination of known transcendental functions.

At the same time, there are also more general unanswered questions in the theory
of complexity of computation, for example, how to estimate effectively the complex-
ity of calculating the solutions obtained by means of a weakly-structured methods
for which there is no the advance guarantee of certain accuracy of computation
(many methods of classification and recognition), or how to adapt the theory of bit
complexity (involving infinite computer memory) for real technical limitations.

[1] H. Nyquist Certain factors affecting telegraph speed // Bell System Technical Journal,

3, 324-346 (1924).

[2] R. Hartley Transmission of Information // Bell System Technical Journal, 7, 535-563
(1928).
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HewusyueHnHble 3agauu Data Mining: cnoXHoCTb u
annpoKCMMNpPyeMocCTb

Keavmarnos Aaexcandp Bacuavesun' >x kelm@math.nsc.ru
IIamxun Apmem Banepvesun'> artem@math.nsc.ru
Xandees Baadumup Havuw'? khandeev@math.nsc.ru

'"Hosocubupck, Mucruryr maremarukn um. C.J1.CoGoena
2Hogocubupck, HoBoCHGHPCKHil rOCYIaPCTBEHHbII yHIBEPCHTET

PaccmarpuBaioTest HECKOIBKO HEJIABHO BBISIBJICHHBIX 331a4 JIUCKPETHOM OIITHMU-
3alK, KOTOpble MHIyIUpYyoTcs mpobsemoii Data mining. Ilosrydyersr pesyabraThl o
BBIYUCJIUTEJIHHOM CJIOXKHOCTH 3aJ1a4, PACKPBITHI HEKOTOPbIE BOIPOCHI AITPOKCHMHE-
PYEMOCTH 3THX 3a/ad.

Brisicuenue cTpyKTyphl JIAHHBIX € TIOMOIIBIO TAK HA3BIBAEMOTO PA3BEIOYHOTO 110~
UCKA [OAXOJANIEro (a/eKBaTHOrO) onucanus (T.e. HHTEPIPETAInN) JaHHBIX B BU-
Jie MOJIeJIA TIOPOXKIEHNS JIAHHBIX THIIMYHO JJIs IPHUKJIaIHBIX 1pobsieM Data mining
U MATEeMATHIECKO CTATUCTUKU. B KJIaCCHYeCKOil craTucTuke, B orjimdne or Data
mining, mpeJoJaraeTcs, YTo JAHHBIE OJIHOPOMIHBI, T.€. sIBJISIIOTCA BBIOOPKO U3 OJ1-
Horo pacupejeierus. Hamporus, B Data mining npemosiaraercs, 9ro JaHHbIE HEOJI-
HOPO/THBI, T.€. SIBJISIOTCSI BHIOOPKOW M3 HECKOJBKUX PACIIPE/ICTICHUN, IPUIEM apu-
OpHOE COOTBETCTBUE JIAHHBIX PACIPEJIeIeHUsIM Hen3BecTHO. OTCyTCTBIE 9TOTO COOT-
BETCTBUS O0OYCJIABIUBACT CO3JIAHNE MATEMATHICCKUX MHCTPYMEHTOB B BUE 3D deK-
TUBHBIX AJI'OPUTMOB PEIIeHUs] HEODO3PUMOT0 MHOYKECTBA 38129 PA30UEHUsT JTAHHBIX
¢ caMoil pa3HOOOPA3HO CTPYKTYPOl HA OIHOPOIHBIE TI0 KAKOMY-JIH00 (DUKCHUPOBAH-
HOMY KPHUTEPUIO KJIACTEPBI, & TaKKe WHCTPYMEHTOB B BHJIE KPUTEPHUEB MPOBEPKU
aJIEKBATHOCTHU AIITPOKCUMAIMOHHBIX MO/JIeJIell pa3OreHns MMeronumMcest Janabiv. Ha-
IpUMep, ITOObI BBISICHUTD, Kakasi 13 ¢(hOPMYJINPOBAHHBIX HIZKE 3a1a4 (Mojieseil am-
[POKCUMAINH ) Pa30MeHns! aleKBaTHA JAHHBIM (BXOJHOMY MHOXKECTBY TOUEK ) MJIM HI
OJIHA W3 HUX HE JIEKBATHA JIAHHBIM, B TIEPBYIO 0Yepeb HeOOXOMUMbI 3(D(DEKTUBHBIE
AJITOPUTMBI PEIIeHUsT ITUX KJACTEPU3AIUOHHBIX 3aad. OQUeBUHO, UTO CO3JaHMe
9 HEKTUBHBIX B BBIYUCIUTEHHOM ILIAHE AJTOPUTMOB SIBJISIETCSI OJTHON M3 KJTIOUe-
BBIX TIpobJteM it Data mining. B cBoto ouepesib, co3panne TaKuX aJropuTMOB 00y-
CJIABJIMBAET WCCJIEJIOBAHNE CJIOXKHOCTHOI'O CTaryca 3aja4d pasduenus. [lpusBejieHHbIe
3aMeYaHUsl MMOSCHSIIOT MOTUBAIIUIO HACTOSINEro ucciaeaoBanus. PakTudecku, Halia
paboTa OTBEYaeT Ha BOIPOC — MOXKHO Ji 9(PDEKTUBHO (38 IIOJUHOMUATIBHOE BPEMS)
pa3bUTh UMEIOIINECs JIAHHBIE B COOTBETCTBUU MEJIEBBIME (DYHKIUIMU CHOPMYIHPO-
BaHHBIX HUKE 3a/1ad.

Bagaua 1 (Coanarcuposarnoe 2-pasbuerue no OUCNEPCUOHHOMY KPUMEPUIO).
Harno: N-371eMeHTHOE MHOXKECTBO )) TOYEK B €BKJIMIOBOM IPOCTPAHCTBE pa3Mep-
HoCcTH d U HEKOTOpOe BelecTBeHHoe 4ducyao € > 0. Bonpoc: cymecTByer Jin Takoe

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.



Algorithmic complexity and approximate methods 125

pasbuenue muoxkecrBa ) Ha Hemycrble Kiaacrepel C u Y\ C, uro

& Sl -0 - g X I =TNOIR

yec yeVY\C

rie y(C) = ﬁ dyecynyY\C) = ﬁ 2_yey\c Y — LeHTpomp! (reoMeTpuiecKue
nenTpsl) Kaacrepos C u Y \ C cooTBeTCTBEHHO?

Bapaua 2 (Coarancuposannoe 2-pasbuerue no KPUMEPUIO CYMMAPHO20 KEa0-
pamuwnozo pasbpoca). Jlano: N-3/1leMEHTHOE MHOXKECTBO ) TOYEK B €BKJIUIOBOM
MMPOCTPAHCTBE Pa3MEPHOCTH d W HEKOTOpoe BelecTBeHmoe dnciao &€ > 0. Bonpoc:
CyIIECTBYeT JI Takoe pasbuenue MHOkKecTBa ) Ha Hemycrble Kiaacrepsl C u Y\ C,

Y- Y Iy -5 0

yeC yeYV\C

Bapmaua 3 (Coanarcuposarnoe 2-pasbuerue MO  KPUMEPUIO MOUFHOCTIHO-
636EULEHHO20 CYMMAPHOZ0 KEAOpamuwhozo pasbpoca). [ano: N-3jIeMEHTHOE MHO-
JKECTBO )) TOYEK B €BKJIUJOBOM IPOCTPAHCTBE PA3MEPHOCTH d M HEKOTOPOE Berre-
crBerHoe uncio € > (. Bonpoc: cymiecTByeT Jin Takoe pa3dbuenne MHOXKECTBa ) Ha
Henycreie Kaacrepbl C u Y\ C, aro

11> Iy = @I = \el >y =g\

yel yeY\C

Hoxazano [1], uro 3amaun 1-3 NP-nosubl. 13 sroro pesyibrara caemyer NP-
TPYAHOCTH ONTUMU3AIMOHHBIX BAPDUAHTOB ITUX 3aJ1a4.

Bagaua 4 (Quadratic 1-Mean and 1-Median 2-Clustering with the Constraints
on the Cluster Sizes). [ano: N-sjieMeHTHOE MHOXKECTBO ) TOYEK B d-MEPHOM €B-
KJIAJIOBOM IIPOCTPAHCTBE M HaTypasbHoe dncio M. Hatimu: takue TOUYKYy T € ) u
pasbuenne ) ua kiaacrepel C u Y \ C pasmepos M u N — M cOOTBETCTBEHHO, UTO

Sly=g©O017+ D lly — @[> — min.

yeC yeY\C

Hoxkazano [2], uro 3agada NP-TpyaHa B CHILHOM CMBICJIE. YCTAHOBJIEHO, 9TO JIJIs
Hee He CYIIECTBYET IIOJTHOCTBHLIO IMOJIMHOMHUAJIbHaA allllpOKCUMallOHHad CXeMa, €CJIn
P# NP.

OueBHIHO, YTO PACCMOTPEHHbIE 3a/a49i 1—3 MOXKHO 00O0IIKUTD Ha CJIy4ail, Korja
YUCJI0 KJIaCTepoB OoJiblle, deM 2. $ICHO, Y4TO KOrJa YHCJIO KJIACTEPOB SABJISCTCS Ha-
CTBIO BXOJa, 9TH O606meHHH TOZKE ABJIAIOTCA pr,ZLHOpeLHaeMBH\’H/I 3aa9aMu. BOHpOC
O CcTaTyce CJIOXKHOCTHU ITapaMETPUYICCKOI'O Cayvasd 3THUX 3aJa', KOTJa YHCJIO KJiacCTe-
POB HE ABJIAETCA TaCTBIO BXOJa, OCTaCTCA OTKPBLITHIM. CKaBaHHOG CIIpaBEJJINBO U
JI7IST MHOTOKJTACTEPHOTO 00001enns 3a/1a4u 4.
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ITocTpoenne 3 heKTUBHBIX TPUOIMIKEHHBIX aJTOPUTMOB C TaPAHTUPOBAHHBIMEI

OIIEHKAMU TOYHOCTH I 33724 14 sBiseTcs JiejoM OsrKaiiiieil IepcreKTHBEL.
Pa6ora Beimosinena mpu punancoBoii noepkke POOU, npoekrsr 19-01-0030 u

18-31-00398, nporpammer @HIU PAH, tpoextsr 0314-2019-0014, 0314-2019-0015, a

rak2ke porpammbl Top-5-100 MunucrepcrBa obpazoBanust u nayku PO.

[1] Keavmaros A.B., Hamxun A.B., Xandees B.F. NP-nosmoTa HEKOTOPBIX 3aj1a4 pa3tu-
€HMsI KOHEUHOIO MHOYKECTBA TOYEK EBKJINIOBA IIPOCTPAHCTBA Ha COAIAHCHPOBAHHDIE
knacrepnr // Hoxknaget PAH, 2019. T. 488, Ne 1, c. 595-599.

[2] Keavmanos A.B., Ilamxun A.B., Xandees B.H. NP-TpyHOCTb KBaJIpaTHIHON €BKJIN-
noBoit 3agaun 2-kiactepusaruu 1-Mean and 1-Median ¢ orpanndenussMu Ha pa3Mepbl
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Some Unexplored Data Mining Problems: Complexity and
Approximability
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The paper introduces some unexplored Data mining problems and corresponding
discrete optimization problems. The computational complexity of the problems is in-
vestigated. Some issues of
approximability of these problems are considered.

Clarification of the data structure by means of the so-called exploratory search
for a suitable (adequate) description (i.e. interpretation) of the data in the form of
a data generation model is typical for applied problems of Data mining and mathe-
matical statistics. In classical statistics, unlike Data mining, it is assumed that the
data is homogeneous, i.e. it is a sample from a single distribution. In contrast, in
Data mining it is assumed that the data is heterogeneous (is a sample from several
distributions), and the a priori correspondence between the data and the distribu-
tions is unknown. The absence of this correspondence makes it necessary to create:
(1) mathematical tools in the form of effective algorithms for solving an immense
number of problems of partitioning data with the most diverse structure into clusters
which are homogeneous by some fixed criterion; (2) tools in the form of criteria for
checking the adequacy of the approximation partition models to the available data.
For example, finding out which of the following partition problems (approximation
models) is adequate to the data (input set of points) or proving that none of them
is adequate definitely requires effective algorithms for solving these clustering prob-
lems. It is obvious that creation of computationally efficient algorithms is one of the
key Data mining problems. This, in turn, requires studying the complexity status
of the partition problems. These arguments motivate this research. In fact, our
paper establishes whether it is possible to partition the available data according to
the objective functions of the problems formulated below efficiently (in polynomial
time).

The problems under consideration are as follows.

Problem 1 (Balanced 2-partition by the criterion of the normalized by a cluster
size sum of squared deviations from the mean). Given: N-element set ) of points
in d-dimensional Euclidean space and a real number ¢ > 0. Question: is there a
partition of ) into non-empty clusters C and Y \ C such that

!|C|ley HOIE - g 2 l=T\OIR

yeI\C
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where F(C) = ﬁ >_yec Y and are the centroids (geometric centers) of the clusters C
and Y\ C, respectively?

Problem 2 (Balanced 2-partition by the criterion of the sum of squared devi-
ations from the mean). Given: N-element set ) of points in Euclidean space of
dimension d and a real number ¢ > 0. Question: is there a partition of ) into
non-empty clusters C and Y \ C such that

Y ly-5@1 - Y ly-s\C)| <7

yec yeY\C

Problem 3 (Balanced 2-partition by the criterion of the size-weighted sum of
squared deviations from the mean). Given: N-element set ) of points in Euclidean
space of dimension d and a real number € > 0. Question: is there a partition of Y
into non-empty clusters C and Y\ C such that

eIy =) = \el > =g\ <=

yeC yeY\C

We have proved [1] that Problems 1-3 are NP-complete. This result implies
NP-hardness of optimization variants of these problems.

Problem 4 (Quadratic 1-Mean and 1-Median 2-Clustering with the Constraints
on the Cluster Sizes). Given: N-element set ) of points in d-dimensional Euclidean
space and a positive integer number M. Find: a point x € ) and a partition of )
into clusters C and Y\ C of sizes M and N — M, respectively, such that

Y olly =317+ > lly—=]* - min.

yeC yeY\C

We have proved [2] the strong NP-hardness of this problem and nonexistence of
the fully polynomial-time approximation scheme unless P=NP.

Obviously, the considered Problems 1-3 can be generalized to the case when the
number of clusters is greater than 2. It is clear that when the number of clusters
is a part of the input, these generalizations are also intractable problems. The
question of the complexity status of the parametric cases of these problems (when
the number of clusters is not a part of the input) remains open. The same is true
for a multicluster generalization of Problem 4.

The construction of efficient approximate algorithms with guaranteed accuracy
bounds for Problems 1-4 will be addressed in the nearest future.

The research was supported by the Russian Foundation for Basic Research,
projects 19-01-00308 and 18-31-00398, by the Russian Academy of Science (the Pro-
gram of basic research), projects 0314-2019-0015 and 0314-2019-0014, and by the
Russian Ministry of Science and Education under the 5-100 Excellence Programme.
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3agaya MUHMMU3aUUKM CYMMbl pa3HOCTEl B3BeLeHHbIX CBEPTOK
N HOBbIW noaxoa kK obpabotke n aHanusy ECG- n PPG-curHanos
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Xamudyaaun Cepzeti Aceadyarosuny
"Hosocubupck, Nucruryr maremarukn um. C.JI. Cobomena

2Hosocubupcek, HOBOCHGHPCKIMiA TOCYIaPCTBEHHDIH YHHBEPCHTET

PaccmarpuBaercst HemsyueHHast 3a/1a9a CYMMIPOBaHUST 3JIEMEHTOB YUCJIOBBIX 110~
caenoBarenbrocTeit Y mymabl N u U gyuabl ¢ < N. 3agada HHIYIUPYETCS HOBBIM
TOJIX0JIOM K ITOMEXOYCTOMINBO 00pabOTKe KBA3UIIEPUOIMICCKY TOBTOPATONTUXCS IO~
CJIeJIOBATE/IBHOCTEN MMITYJIbCOB ITPU HAJIMYUU HEJTMHEHHO-BPEMEHHBIX (DJIyKTYAI
HEKOTOPOT'O STAJOHHOTO UMITYJIbCA B KaxKa0M HoBTOope. [1omo0HbIe M3MEHInBbIE 110~
CJIeJI0BATE/IbHOCTH XapaKTepHbl, B dacTHoCTH, 118 ECG- u PPG-curnasios. Ml pac-
CcMaTpUBaeM J[Ba BapuUaHTa oOmIeil NpukIaHo# 1pobiembl. [lepBblii U3 HUX HHTY-
oUpyeT CIeAyIonlyio 3agaqy [1].

Bamaua 1. Jano: guciosble nocienoBaresabnocru Y = (y1,...,yn), U =
= (u1,...,uq), u HATYpAIbHBIE YUCIA Tiax, £. Hatimu: zabop M = {n1,... ny,,...}
HOMepoB mocreaoBaTeabroct Y, naop P = {pM, ... p(™ ..} marypasmbmbix
quces, Habop J = {J(l), N ACO .} cRumaronmx orofpazkeHuil, B KOTOPOM
J) {1, ptMY — {1,...,q}, a taxke pasmeprocTh M 9THX HAGOPOB, KO-
TOPbIe MUHUMUBUPYIOT TEJIEBYIO (DYHKITUIO

M p(m')

FM,P,J) = Z Z‘U@(mw - Qynm+i71uJ<’">(i)}7

m=1 i=1
Ipu OrpaHUYICHUAX
¢ <p"™ <UL Tpax <N, m=1,..., M,
p(mil) < N — Nim—1 < Tmax, m = 2, .. .,_]\4-7
pPM <N —npy +1,
HAa, 3JIEMEHThI HCKOMBIX HaOOpOoB M, P, 1 IIpu OrpaHuIeHUsAX
J(1) =1, Tm) g

0<JM@GE) —JmG-1)<1, i=2,...,pm™,
m=1,..., M,

HA 9JIEMEHTHI NCKOMBIX CKUMAIOIIIX OTOOParKEHUII.

Bropoit BapuanT 0611eil 1pobieMbl HHIyIUPYeT 3aaady 2, B KOTOPOil Ha BXOJe
JIOTIOJTHATEJIHHO 3a/]aH0 HATypasbHoe ducyio M < L%J, T.€., B OTJINYUE OT 3aJ1a49d 1,
B 3a/1a9e 2 PasMEPHOCTh NCKOMBIX Ha0OpOB 3ajaHa Ha Bxoge [2].

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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OcHOBHOIT MaTeMaTHYIeCKUil pe3yabTarT PaboThL:

Teopema 1. CyIiecTByIOT aJrOPUTMBI, KOTOPBIE HAXO/IST TOUHOE PEIIeHNe 33/1a1
1 u 2 3a spems O(T3, N)u O(T3, MN).

JlokazaTebCTBO TEOPEMBI KOHCTPYKTUBHO: MBI JJA€M IMPSIMOl BBIBOJI, JBYX CXEM
JUHAMAYIECKOTO MPOIPAMMUPOBAHUS U JIOKA3BIBAEM, ITO OHU FAPAHTUPYIOT OTHICKA-
HU€ TOYHOIO DeIreHnsi KaXKIOoi 3a/adi 33 YKa3aHHOe B TeopeMe MOJUHOMHUAJIbLHOE
Bpems. Ilpu arom, ecin 3Hauenne Ty, OrpaHUYeHO KOHCTAHTOM ((PUKCHPOBAHO), TO
Bpems paboTel aaroputMos pasao O(N) u O(MN).

P T BT i
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Puc. 1. IIpumep o6paborku ECG-nogobHoro curnaia

Ha puc. 1 u 2 npuBeseHbl MPUMEPHI TOMEXOYCTONINBOM 00pabOTKM CMOJIE/TH-
POBaHHBIX CHI'HAJIOB. B BepxXHeil 4acTu KaxKIOoro U3 PUCYHKOB 1 u 2 u300paskKeHbI
BXOJHA TIOCIEIOBATENbHOCTh U (MMILYJIbC) M HEJOCTYIIHASL [T aJIFOPUTMa CMOJIe-
JINPOBAHHAS ITOCJIEIOBATEILHOCTD, COOTBETCTBYIOIIAS IOCJIEI0BATETILHOCTH (DITyKTY-
UPYIOIUX UMITYJIbCOB. B cpejHeil YacTu pUCYHKOB IPECTABJIEHA BTOPAas BXO/IHAS
MTOCJIEIOBATE/THHOCTD Y, T.€. JIOCTYIIHBIHN JI/IsT 00pabOTKN curHast. B HumkHeil vactu
— TIOC/IeI0BATEIBHOCTD, MOJIYUeHHAS B pe3y/abraTe paboThl aJropuTMa, T.e. BOCCTa-
HOBJIEHHBII CUTHAJL.

[Tosygyennbie pe3yabTaThl: MOKa3aHA MOJMHOMUAIBHAS PA3PEINIUMOCTD JIBYX HO-
BBIX 3aJ[@9 JMCKPETHON ONTHMU3AINK, PEJJIOKEH HOBBIM MMOIX07] K 00paboTke
GIYKTYUPYIONUX BO BpeMeH! OUOMEIUITMHCKIX UMITYJILCHBIX CHUTHAJIOB.

Pabora Beinosinena npu dpunancosoii nojiepkke PODU, npoexTst 19-07-00397 n
19-01-00308, mporpammbr @HIU PAH, npoekt 0314-2019-0015, a Takzke mporpamMmmbl
Top-5-100 Munucrepcra obpaszoBanus u Hayku PO.

[1] Keavmaros A. B., Muzaiinosa JI.B., Pysanxun I1.C., Xamudysiun C.A. Banaaa munn-

MH3AI[IU CyMMbI PA3HOCTeil B3BEMeHHBIX cBepTok // ZKypH. BBIYMCI. MATeMATUKU W
mat. ¢usuku, 2019 (accepted).
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Puc. 2. IIpumep o6paborku PPG-nomobuoro curnasa

[2] Keavmanos A. B., Muzaiinosa JI.B., Pysankun I1.C., Xamudyarrun C.A. 3anaua MuHn-
MHUBAIUH CyMMbI DA3HOCTEH B3BEIIEHHBIX CBEPTOK, CJIyYail 3a/JaHHOTO YUCJIa SJIEMEHTOB
B cymme // Cub. KypH. Beramucs. maremarnku, 2019 (accepted).
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A minimization problem for the sum of weighted convolutions’
difference and a novel approach to the processing and analysis of
ECG and PPG signals
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We consider an unexplored problem of summing the elements of numeric se-
quences Y and U of lengths N and ¢ < IV, respectively. The problem is induced
by a novel approach to noise-robust processing of quasiperiodic pulse trains in the
presence of nonlinear temporal fluctuations of a certain reference pulse in each rep-
etition. Such quasiperiodic sequences are characteristic, in particular, for ECG and
PPG signals. We consider two variants of the common application problem. The
first variant induces the following problem [1].

Problem 1. Given: some numeric sequences Y = (yi,...,yn), U =
= (u1,...,uq), and natural numbers Tpax, ¢. Find: a collection M =
={n1,... N, ...} of indices of the sequence Y; a collection P = {p), ... p(™ .}
of natural numbers; a collection J = {J(l), o Jm .} of contraction mappings,

where J™ : {1,...,p™} — {1,...,¢}; and the length M of these collections;
which minimize the objective function

(m)

p

M
FMP.T) = > A5 ) — 2Wnpric1tom o}y

m=1 i=1
under the constraints

qu(m)ggngang’ 771:1,...,]\47

p(m—l) < Ny — Nyp—1 < TmaX7 m = 27 e aMa
pM <N — gy + 1,
on the elements of the collections M and P, and under the constraints
Jm1y =1, J(pm) =g,

0<JM@E) —JMmGE-1)<1, i=2,...,p™,
m=1,...,M,

on the contraction mappings.
The second variant of the general problem induces Problem 2, in which the
length M < L%J is defined at the input, in contrast to Problem 1 [2].

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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The main mathematical result of this work is the following theorem.

Theorem 1. There exist algorithms that find exact solutions to Problems 1 and
2 in time O(T3, N) and O(T3, MN), respectively.

We prove the theorem constructively. Namely, we explicitly derive two dynamic
programming schemes and prove that they find exact solutions for the problems
in the specified polynomial time. Herewith, if the value of Ti,.x is bounded by a

constant (or fixed), then the running times of the algorithms are O(N) and O(MN).

e
- Il I
z A 2
.
.

i

Fig. 1. An example of processing an ECG-type pulse train

Fig. 1 and 2 depict examples of noise-robust processing of modeled signals. In the
top row of each figure, the input sequence U (pulse) and a modeled sequence, which
is inaccessible to the algorithm, are depicted. The modeled sequence corresponds
to the train of fluctuating pulses. In the middle row of each figure, the observable
input sequence Y is shown. In the bottom rows of the figures, the recovered signal
computed by the algorithm is shown.

Our obtained results are as follows. Firstly, we prove the polynomial-time solv-
ability of two new discrete optimization problems, and secondly, we present a novel
approach to processing of biomedical pulse signals fluctuating in time.

The study was supported by the Russian Foundation for Basic Research, projects
19-07-00397 and 19-01-00308, by the Russian Academy of Science (the Program of
basic research), project 0314-2019-0015, and by the Russian Ministry of Science and
Education under the 5-100 Excellence Programme.

[1] Kel’'manov A., Mikhailova L., Ruzankin P., Khamidullin S. A minimization problem

for sum of weighted covolutions’ differences // Comp. Math. and Math. Phys. 2019

(accepted).
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Fig. 2. An example of processing a PPG-type pulse train

[2] Kel’'manov A., Mikhailova L., Ruzankin P., Khamidullin S. A minimization problem for
sum of weighted covolutions’ differences, the case of a given numbers of elements in the
sum // Siberian J. Nun. Math. 2019 (accepted).
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Mpumenenune HenpoHHoii cetn Mask RCNN B 3agavax aHanusa
NPOCTPAHCTBEHHO- BPEMEHHbIX XapaKTepUCTUK cepaevHoro
puTma mogensHoro tect-oobekta Daphnia magna

Zaasruvweuaru Huxuma FOpvesur'* nikzasel@gmail.com
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Daphnia siBjstercst mo/ryipo3padHbiM HI3MIAM PAKOOOPA3HBIM, MIMPOKO UCIIOJIb-
3yeMbIM B KadeCTBe KJIIOUEBOIl MOJEJN B O0JACTH SKOTOKCUKOJIOTHH, TJI€ aHAJIN3U-
pyeTcsi BO3/eiiCcTBHE TOKCHMHOB Ha YesioBeKa M dKocucreMmbl. Daphnia Kak mMomesb-
HBIIl TeCT-OPraHU3M HCIIOJIb3yeTCs TaKKe JIJIsl TECTUPOBAHUS HOBBIX JIEKAPCTBEHHBIX
cpeicTB B 0obJiacTu (hbapMaKOJIOTUU, TOCKOJIBKY CTpyKTypa reHoma Daphnia ompe-
JleJIEHA W MMeeT BBICOKOE CXOJICTBO C TeHOMOM dejioBeka. llcciemoBanue 9acToThI
cepaednbix cokparrnernit Daphnia sBisieTcss BayKHBIM IMOKa3aTeseM Ku3Heobecmede-
Husi opranm3ma. [loMrIMO MOBBINEHNS TOYHOCTH M3MEPEHUs, aKTYaJIbHOCTh pa3pa-
060TKM MeTOI0B NHTeP(MEPOMETPUN YKUBBIX CUCTEM, HAIIPUMED, B PAIUOJIOT I, MOXKET
OBITH 0OYCJIOBJIEHA HEOOXOMMOCTBIO PEMUCTPAIIH PsiJjia BayKHBIX IIPOCTPAHCTBEHHO-
BPEMEHHBIX XapaKTePUCTUK cep/ra. K HuM MoxkHO oTHECTH (hopMmy, 00beM, aMILIU-
TyIy KoJeDaHWUil, apUTMUIHOCTb COKPAIIEHUsT KJIAIMAHOB MEKKAMEPAJIbHBIX OCTHIA.
Ojna u3 mpobjieM aBTOMATH3AINN U3MEPEHUN COCTOUT B MOWCKE W CErMEHTAIINN
061aCTH M300PAYKEHNUS, COMEPIKAIIETO CePIETHYI0 MBIy >KUBOTHOTO [1]. MBI mO-
Kas3aJii, YTO 3Ty 3319y MOYKHO PEIINTb, UCIOJIb3ysl HeliporHyo cetb Mask RCNN),
KoTopas siBasiercsd HajcTpoiikoit Faster RCNN. Jlanmabie mpeacTaBiisgioT coboit Habop
u3 40 n300pazkeHuit pauKoB, MOJYIEHHBIX O MUKPOCKOIIOM, pa3zmepoM 2560x2048
UKcesieil, 8 OUT Ha MUKCETb. DKCIEPUMEHT ITPOBEIEH, C UCIIOIb30BAHIEM ITEPEKPECT-
HOI BajuJannu Ha TPEX CBEPTKAX. | PEHMPOBOYHBIE JTAHHBIE OBLIN ayrMEHTHPOBa-
HBI B IIporiecce o0ydenus ceru. Vcronp30Baan ciielyolye ayrMeHTaIuu: BPaIleHie
n300pakeHusl, rayCCOBCKUIA IIIyM, pa3MbIThe 110 layccy, n3MeHeHne KOHTPACTHOCTH.

Puc. 1. Uzobpazxkenue u o6bekT paciosnasanusd. a)llenesoe nuzobpazkenue,
6)Vcxomublil curaas B)YBesndeHHbI (pparMenT u300pazkeHus, COIePKAIMit
upe/ver o0ydeHus — cepe JadHun (BbIIEIEHO YKEITHIM).

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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IlenreBast pasmerka IIpenckazanue cetn

Puc. 2. lleneBas pa3zmeTka U mpeacKa3aHue CETH.

Hecmotpsa ma 1O, 9TO pa3zmMeTKa B PyYHOM DPEXKHUME YacTO HETOUHO OIPE/IEsIsa
HYKHYIO 00JIACTh HA M300Pa’KeHWM, CeTh MOKA3aJa BBICOKYIO ODODIAIONIYIO CITO-
COOHOCTH M KOPPEKTHO BBIJEINIIA, 00JaCTh N300PaYKEHUs, COJIEPIKAIIET0 CEPICTHYIO
MbIIIILy. B 9T0ii CBsI31, J1J1st OIEHKH JTOCTOBEPHOCTU PE3Y/IBTATOB IOIMUKCEIbHbIE MeT-
PHKH HE UCIIOJIb30Ban, napamerpos Trounoctr (Precision) n orssisanBoctu (Recall).
VernenbIM Ipejickasatne cauTagoch upu 3uadennn Merpuku loU (intersection over
union) Goubmum 0.5. Pesysnbrarsr npencrasiens! #Ha puc. 2. Vcmnoubsys BbleyKa-
3aHHBIE YCJIOBUsI, Mbl ITOJIyYHJIM BBICOKYIO ITPOM3BOUTE/IBHOCTh CETH B KOHTEKCTE
BBIODAHHBIX MeTpPHUK. Pabora BeimoHeHa mpu o repkke PODIT Ne 18-07-01403.

[1] Sarapultseva E. I. et. al. “Image correlation and low-coherence interferometry applied to

Daphnia magna heartbeat counting”. // 4th International Conference on Radioecology

& Environmental Radioactivity, P8-16, 2017.
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Application of the RCNN neural network mask for spatio-temporal
characteristics analysis of the test model-object Daphnia magna
heart beat counting
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"Moscow, Moscow Polytechnic University
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3Moscow, National Research Nuclear University MEPI

Daphnia is a translucent inferior crustacean widely used as a key model in ecotoxi-
cology, which analyzes the effects of toxins on humans and ecosystems. Daphnia as
a model test organism It is also used to test new drugs in the field of pharmacology,
since the structure of the Daphnia genome is defined and has a high similarity to
the human genome. Daphnia Heart Rate Study is an important indicator of the
body’s life support. In addition to improving measurement accuracy, the relevance
of developing methods for the interferometry of living systems, for example, in ra-
diology, may be due to the need to register a number of important spatio-temporal
characteristics of the heart. These include the shape, volume, amplitude of oscil-
lations, arrhythmic contraction of the valves of the intercameral awns. One of the
problems of measurement automation is the search and segmentation of the image
area containing the animal’s heart muscle [1]. We showed that this problem can be
solved using the neural network Mask RCNN, which is a superstructure of Faster
RCNN. The data is a set of 40 images of crustaceans obtained under a microscope,
size 2560x2048 pixels, 8 bits per pixel. The experiment was conducted using cross-
validation in three packages. Training data was augmented during training network.
The following augmentations were used: image rotation, Gaussian noise, Gaussian
blur, change in contrast.

Fig. 1. The image and object recognition. a) Target image, b) Original signal,
¢) An enlarged fragment of the image containing the subject of study - the heart of
daphnia (highlighted in yellow).

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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Target Markup Network Prediction

Fig. 2. Target Markup and network Prediction

Despite the fact that manual marking often inaccurately determined the desired
area in the image, the network showed high generalizing ability and correctly selected
the area of the image containing the heart muscle. In this regard, to evaluate the
reliability of the results, pixel-by-pixel metrics were not used, parameters of accuracy
(Precision) and responsiveness (Recall). The prediction was considered successful
if the ToU (intersection over union) metric was greater than 0.5. The results are
presented in Fig. 2. Using the above conditions, we have obtained high network
performance in context of selected metrics. This research is funded by RFBR, grant
18-07-01403.
[1] Sarapultseva E. I. et. al. “Image correlation and low-coherence interferometry applied

to Daphnia magna heartbeat counting”. // 4th International Conference on Radioecol-

ogy & Environmental Radioactivity, P8-16, 2017.
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MeToa cpaBHeHUs BUHaApPHbIX PacTPOBbIX N300paXkeHnii,
cofep>kalmx Abipbl, C y4eTom nHgopmaymm ob ocsix cummeTpun

Pedomosa Copvsa AnmorosHax fedotova.sonya@gmail.com
Cepedun Ounez Cepzeesun oseredin@yandex.ru
Kywnup Onecs AnexcandposHa kushnir-olesya@rambler.ru

Tyua, Tynabcknit rocy1apCTBEHHBIN YHUBEPCUTET

B pa6ore [1] paccmarpuBaercs npobsema cpaBHeHUs OUHAPHBIX PACTPOBBIX U300~
paxkenuit. Jlg mocTmKennsi MHBAPUAHTHOCTH CABULY, IOBOPOTY U MAaCIITAOMPOBa-
HUIO IIPEJIJIATAeTCs METOJT CPaBHEHNUS JIBYX M300parkeHnii ¢ NCIOJIb30BaHNEM UHQOP-
Maruu 00 ocsix cummerpun duryp. Ock cummerpun (GUTYpbI IIPEJJIaraercsi HCKaTh
OJIHUM W3 paHee pa3pabOTAHHBIX METOJ0B: OCHOBAHHOM HA CKEJIETHOM IIPEJICTaBJIe-
nun Gurypsl [2], yrounenus ckesieTHol ocu wian noHbIM 1epebopom [3]. B kagecTse
MephI CXOACTBa MCIOIb3yeTcst moaobne zKakkapa.

Bazknoit 0co6eHHOCTHIO IIPEIAraeMoro MMoIXo/[a ABJISETCA TO, YTO IPU CPaBHe-
Huu (HOPM YUIUTHIBAETCS HE TOJIBKO BHEIIHUIT KOHTYpP (PUTYpbI, HO U BHYTPEHHUE
KOHTYPBI, TO €CTh JIBIPHI B purype, npu ux Haanduu. QUrypsl ¢ JbipaMu, Kak Kpyr-
JIOH (OPMBI, TaK U MPOU3BOJIBHOM, BCTPEYAIOTCS BO MHOTUX MPUJIOKEHUSIX KOMITHIO-
TepHoro 3penns. [Ipumepom Takmx HuUryp MOryT MOCIyKUTh KPYT U KOJIBIO, UbH
BHEITHIE KOHTYPBI OY/IyT OJINHAKOBBIMU, OHAKO BHYTPU 3TU OOBEKTHI CUJIHHO PAa3JIH-
varorcd. 1Ipn kiaccudukamumm Takux 06bEKTOB, €CIH METOJ, OCHOBBIBAETCS TOJIBKO
Ha aHaJIn3e BHEIIHEr0 KOHTYPAa, KOJbIO OyIeT OIMMMO0THO KJIACCH(PUIINPOBAHO KaK
KpYT.

B ciryuae ecsu gpipa siBigeTcsd anomasmedi Ha n3obparkenuu (UryMbl Ol POBKH,
IPOU3BOJICTBEHHbBIE JIEDEKThI HA CPABHUBAEMbIX U3JEJUAX U T.IL), KAYeCTBO HAJIO-
JKEHUsI U PACIIO3HABAHUS MOXKET YXYAIUTHCA B 3aBUCHMOCTH OT pa3Mepa, (OpMbI
camoit ipipbl. OHAKO, ecin OObeKThl U3HAYAJBHO JIOJI?KHBI UMETh BHYTPEHHIE KOH-
TYPBI, TO JAHHBII [OJXO/] MO3BOJIUT ITOBBICUTH KAYECTBO PACIIO3HABAHUS JIJisi 00b-
€KTOB TAKOT'0 KJIACCA U OTHE/UTh UX OT OOBEKTOB C MOXOXKWUM BHEITHIM KOHTYPOM,
HO OTJIHYAIONIeiicss BHYTpeHHel cTpykTypoit. Kak aabrepHATHBY MOXKHO PACCMOT-
peTh BapHWaHT, KOIJ[a OCh CHMMETPUU OIIPEJIEJIsAeTCH HEeIOCPEJICTBEHHO 110 M300pa-
JKEHWIO C JbIpaMu 6e3 IpeBapuTe/IbHON 3auBKA. BHJIMMO, TAaKOW IOJIXO0 MOXKET
OBITH COCTOSITEJIEH B CJIy4asiX, KO/ BBIIOJIHSIETCSI CPABHEHUE C TOYHBIM 3TAJIOHHBIM
n300pakeHneM, HallpUMep, aHAJIU3UPYeTCsi CUIYIT JeTajd Ha KOHBeepe C 1eJibio ee
OTOPAKOBKH.

AJIrOpuUTMBI 9KCIIEPUMEHTATBLHO UCCIIEOBAHBI HA 0a3ax OMHAPHBIX PACTPOBBIX
uzobpazkenuii «babouku» u FLAVIA. /Ijist onpejiesienusi KadecTBa paboThl aJllOPUT-
MOB Ha MOPQOJIOTUIECKHU CJIOKHBIX 00bEKTaX, COJEPXKAIINX BHYTPEHHIE KOHTYPHI,
Ha OMHAPHBIX M300parKeHUsiX 0aDOUEK U JIMCTHEB UCKYCCTBEHHO CJIyIailHBIM 00Pa30M
CO3/IABAJINCH JIBIPBI. [IpeyIoKeHHBII TI0/IX0/1, TIO3BOJISIeT KJIACCH(MUIMPOBATH TAKHIE
00BEKTHI ¢ HE3HATUTEILHOM MTOTEepeil KadecTna.

Bcepoccntickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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Pabora Bemosmena npu nogmepkke PODU, rpantsr Ne 18-07-00942, Ne18-07-
01087.

[1] @edomosa C. A., Kywnup O. A., Cepedun O. C. CpasHeHne GUHADHBIX M300parkeHuUil
Ha ocHOBe Mepbl ZKakkapa ¢ ucnosnb3oBanuneMm uapopManuu o cummerpun // Crarbs
HAXOJUTCS Ha pereH3upoBannu Ha koudepennun VISAPP, 2020.

[2] Kushnir O., Seredin O., Fedotova S., Karkishchenko, A. Reflection symmetry of shapes
based on skeleton primitive chains // International Conference on Analysis of Images,
Social Networks and Texts, Cham: Springer, 2016. — P. 293-304.

[3] Kushnir O., Seredin O., Fedotova S. Algorithms for Adjustment of Symmetry Axis
Found for 2d Shapes by the Skeleton Comparison Method // International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 2019.
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Comparison of binary images containing holes considering
information about the axes of symmetry

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

Tula, Tula State University

In this work [1] the problem of comparison of binary images is considered. We
proposed a method of comparing two images using information about the axes of
symmetry of the figures to achieve invariance to translation, rotation and scaling.
The symmetry axis of the figure is found by one of the previously developed meth-
ods: based on the pair-wise comparison of sub-sequences of skeleton primitives [2],
adjustment of the skeleton axis or pair-wise exhaustive search [3]. The Jaccard index
is used as a measure of similarity.

An important feature of the proposed approach is that the comparison of images
consider not only the external contour of the figure, but also the internal contours,
that is, holes in the figure, if they exist. Shapes with holes, both circular and
arbitrary, are found in many computer vision applications. An example of such
shapes can serve as a circle and a ring, whose outer contours are the same, but
inside these objects are very different. When classifying such objects, the ring will
be falsely classified as a circle, if the method is based only on the analysis of the
outer contour.

If the hole is an anomaly in the image (digitization noise, manufacturing defects
on the compared workpieces, etc.), the quality of overlay and recognition may dete-
riorate depending on the size and shape of the hole. However, if the objects must
initially have internal contours, this approach will improve the quality of recognition
for objects of this class and separate them from objects with a similar external con-
tour, but different internal structure. As an alternative, the axis of symmetry can
be found on the image with holes without pre-filling. Apparently, this approach can
be made in cases where a comparison is made with an accurate reference image, for
example, the silhouette of a part on a conveyor is analyzed for its rejection.

The algorithms were experimentally studied on the bases of binary bitmaps ”But-
terflies” and FLAVIA. To determine the quality of the algorithms on morphologically
complex objects containing internal contours, holes were artificially randomly cre-
ated on binary images of butterflies and leaves. The proposed approach allows to
classify such objects with a slight loss of quality.

This research is funded by RFBR, grants 18-07-00942, 18-07-01087.

[1] Fedotova S., Kushnir O., Seredin O. Comparison of binary images based on the Jaccard

measure considering information about symmetry // The article is under review at the
VISAPP conference, 2020.
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3]

Kushnir O., Seredin O., Fedotova S., Karkishchenko, A. Reflection symmetry of shapes
based on skeleton primitive chains // International Conference on Analysis of Images,
Social Networks and Texts, Cham: Springer, 2016. — P. 293-304.

Kushnir O., Seredin O., Fedotova S. Algorithms for Adjustment of Symmetry Axis
Found for 2d Shapes by the Skeleton Comparison Method // International Archives
of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 2019.
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AHanu3 n nouck Buaeon3obpa>keHnii No ONOPHbIM Kaapam C
NCNOJIb30BaHMEM FpaHUYHO-CKeneTHol Mmogenn cpopmbl

Amunosa Kcenus Baadumuposna' kz@pisem.net
Petiep Hean Aaexcandposu’« reyer@forecsys.ru

"Mocksa, ®UIT Y PAH

B nokmaze paccmarpubaercs 3ajada aHaju3a M IOUCKA BUJICOM300paykeHnil B
6azax rpaduuecKuX JAHHBIX [0 BU3YAJIbHBIM XapaKTEPUCTUKAM (BBIIEICHUE Da3-
JIMYHBIX CTPYKTYPHBIX 3JIEMEHTOB B BUIEOIOC/IEI0BATEILHOCTH, HHICKCUPOBAHNE W
cpasHenne). [Ipn 9TOM HpesIoIaraeTcst NCIOIb30BATH BCIOMOrAaTeIbHY nHGMOD-
MaIliio, y2Ke IOJIYUYEeHHYI0 Ha dTalle KOIUPOBAHUsI MIOC/IEI0BATEIbHOCTH KA POB BU-
J1Ieom300parKeHUsl CHeuaIbHbIMI MeToJaMu cxkaTust. [Ipumepamu takoit mabOpMa-
N ABAAIOTCA KOIMDMUIUEHTH TUCKPETHOTO KOCHHYCHOTO ITPe00pPA30BAHMS OIOD-
HBIX KaJPOB, IO KOTOPBIM MOYKHO OBICTPO BOCCTAHOBHUTHL «TPYyOYIO» KOIMIO M300pa-
JKEHWsI, ¥ «BEKTOPBI JIBHXKEHHT» — OINEHKH [PEJIIT0IaraéMbIX JBUYKEHUN 2JIEMEHTOB
B COCEJIHUX KaJpax.

Panee aBropamu 6bLIO TIPEIJIOKEHO HEIIPEPBIBHOE MIPEJICTABJIEHIE TUCKPETHOIO
[BETHOI'O M300parKeHWsI B BUJE Pa30UEHUs] ILIOCKOCTU HEIEPECEKAIOIINMUCS MHO-
TOYTOJILHBIMEU (DUTYPAMHU, COOTBETCTBYIOMUME (bPArMEHTAM PACTPaA C OINHOPOIHBI-
MU [[BETOBBIMY WJIA TEKCTYPHBIMU XapaKTepUCTUKAMU. J[JIsi TOCTPOEHUST MHOYKECTBA
MHOT'OYTOJIbHUKOB UCIOJIb3yeTCsT MOJIUMDUKAIINS aJrOpUTMa allIPOKCUMAIINN OMHAD-
HOT'O M300parKeHnsT pa3JIe/IsIIOIUMUA MHOIOYTOJIbHIKAMU MUHUMAJIbHOTO [IEPUMETPA.
Cermenrarust m300parkeHusi OCHOBaHa HA IIPOIELyPAX BBIIEJIEHUS CYIEPIUKCEIOB
— HeDOJIBIUX OMHOPOIHBIX obsacTeit. COOTBETCTBYIOMME CYMEPIUKCETIAM MHOIO-
YTOJBHUKYU OObEINHSIIOTCS B OTHOCUTEIHLHO HEDOJIBITIOE KOJUIECTBO KPYITHBIX (DUTYD
C WCIIOJIb30BAHUEM aJTOPUTMA HEPAPXUICCKON KJIACTEPU3AIUH [IBETOB CYIIEPIHKCE-
JIOB U aHaJIM3a KOJUYECTBa 3JIEMEHTOB B BBIJEJIEHHBIX KJIaCTepaxX U UX COCEJICTBA B
IPAHUYIHO-CKEJIETHOM MOJIEJIN.

TTomMumMO rpanui;, MHOTOYTOJIBHBIX (DUTYD MOJEIh CErMEHTHPOBAHHOTO N300paske-
HUsI TAKKE BKJIIOYAET CKEJIETHYIO YaCTh — «Pa3MeUeHHbBIE» CKeJIEThl MHOIOYIOJIbHU-
KOB, OIMCHIBAIONINE M3MEHEHNE CKEeJIETHOTO IIPEJICTABJICHUS, W ONEHKH 3HATUMOCTU
BBIMYKJIBIX OCOOEHHOCTEH IpaHUIlbI, COOTBETCTBYIOIIMNX BEPIIMHAM MHOI'OYI'OJIBHU-
k0B [1]. OueHKN 3HAYNMOCTH BBIYUCJISIIOTCS Ha OCHOBE AHAJIN3a I1apAMETPUIECKOrO
ceMeiicTBa TPaHUIHO-CKEJIETHBIX MOJesieil (DOPMBI, TOPOXKIEHHOIO MHOTOYTOJIbHOM
durypoit.

[Tosmygennble Mojen M300paskeHnit CPABHUBAIOTCA 1O (OpME U IIBETY MHOTO-
yroabubix buryp. s cpaBuenuss hopMmbl GpUTYP B MOJEIAX MOXKHO HCIIOIb30-
BaTh MapaMeTPUYECKUil JECKPUIITOD, ONUCHIBAIOIINI XapaKTep U3MEHEHUsI UUC/Ia
CYIIECTBEHHBIX OCOOEHHOCTEN KOHTYpa IPHU POCTE BEJUYUHBI TOYHOCTH AIIPOKCH-
MaIiu; a Tak»Ke (PYHKIINIO MeIUaJbHON mupuHbl hurypsl. s cokparmenns: Kom-
YeCTBa CPABHEHWIT IPU BBIYUCIEHUN CXOJICTBA M300ParKEHUIl MPUMEHSIETC s armapar
M-epeBbeB.

Bcepoccuiickast kougepennust MMPO-2019. Poccust, r. MockBa, 26—29 Hos16ps 2019 1.
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B mokiaze npemararorcs mporeaypbl TOCTPOCHUS TPAHUIHO-CKETETHBIX MOJIe-
Jielt Tt TpUOJINZKEHHO BOCCTAHOBJIEHHBIX OTIOPHBIX K& IPOB. PaccMarpuBaioTcst cTa-
JAPTHI C2KATUs BUJICONH(MOPMAIINHT, UCIOJIB3YIONNe pa3dueHne KajIpa Ha, MHKCE/Th-
Hble MaKPOOJIOKH U KOJIUPOBAHUE OIOPHBIX KaJPOB C IOMOIIBIO JUCKPETHOTO KO-
cunycuoro npeobpazosanusd u ero mojuduranuii (MPEG-2, H.264, VP8 u r.11.). B
clTydae He3aBUCUMOTO KOINPOBAHNST MAKPOOJIOKOB OMMOPHOTO KA IPa It TIOCTPOEHUST
MOJIESIA UCIIOIB3YeTCs M300paskeHne ¢ BOCCTAHOBIEHHBIMU YCPETHEHHBIMI 3HATCHU-
sivu 1iBera Makpo6siokos (DC-picture). Ecin ke npu KOJMPOBAHUU TPUMEHSLINCH
METOJIbI «IIPOCTPAHCTBEHHOIO HpejicKasanus» (spatial prediction), To «rpybasi» Ko-
nusi Kajpa CTPOUTCs HA OCHOBE HMPHUOJIMZKEHHO BOCCTAHOBJICHHON Da3HOCTH MEYKITY
MaKpOOJIOKOM M €r0 MPeACKA3aHHbIM 3HATCHUEM.

Pabora nmomaepxana rpaarom PODOU Ne17-07-01432.

[1] ReyerI., Aminova K. Parametric Shape Descriptor based on a Scalable Boundary-

Skeleton Model // Communications in Computer and Information Science, 2019. (B

negarn).
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Video analysis and retrieval by intra-frames with use of
boundary-skeleton shape model

Ksenia Aminova' kz@pisem.net
Ivan Reyer'x reyer@forecsys.ru

Moscow, FRC CSC RAS

An approach to content-based video retrieval and analysis is considered. A con-
tinuous model of a segmented raster frame consisting of a set of nonoverlapping
polygonal figures is constructed. Each polygon from the set approximates a seg-
mented raster region within the image, with polygons of two neighbor regions having
common fragments of boundary. To obtain the set of polygons a modified algorithm
for approximation of a binary image with polygons of minimal perimeter is used.
The segmentation is based on superpixel extraction procedures. The polygons cor-
responding to superpixels are grouped into a relatively small number of large figures
using an algorithm of hierarchical color clustering and analyzing the number and
neighborhood of elements in the obtained clusters.

The model also includes marked skeletons of polygons describing changes of skele-
tal representation and significance estimations for boundary convexities correspond-
ing to polygon vertices [1]. The estimations are calculated with use of a family of
boundary-skeleton shape models generated by a polygonal figure.

Obtained image models are compared by shape and color of polygons. To esti-
mate the shape similarity, integral morphological features are compared. To reduce
the number of comparisons at the calculation of image similarity, M-trees are used.

The presented approach is applied to retrieval and analysis of video sequences in
compressed domain. DCT-based video coding standards with and without intra-
frame spatial prediction are considered. Procedures for constructing boundary-
skeleton models from partially reconstructed intra-frames are suggested.

This research is funded by RFBR, grant 17-07-01432.

[1] Reyer 1., Aminova K. Parametric Shape Descriptor based on a Scalable Boundary-

Skeleton Model // Communications in Computer and Information Science, 2019. (in

press).
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MeTopg pacnosHaBaHusi OCEBOi CUMMETPUN 0OBLEKTOB Ha
uncpoBbIX N300parkeHnsx

Mecmeuxuti JTeonud Mouceesumn'x mestlm@mail .ru
Kypascran Anexcandpa Barepvesna a.v.zhuravskaya@gmail.com
'Mocksa, MT'Y, BMK

CuMMETPUIHOCTD OOBEKTOB SBJISETCH BAYXKHBIM KJIACCH(DUKAITMOHHBIM TPU3HA-
KOM TIPH PACIIO3HABAHNN O0HEKTOB Ha MI(PPOBBIX N300parkeHus x. B qacTHOCTH, CUM-
METPUIO0 HEOOXOJIMMO ONPEJIESIATh B 3aJadax JICIMIMMPUPOBAHNS a9POKOCMIIECKUX
CHUMKOB, IIPU aHaJIn3e W300parKeHnii OHOJIOrnIecKux o0beKToB. IIpu 9TOM OIeHKa
CUMMETPUYIHOCTH OOBEKTOB Ha NMU(POBBIX N300PAKEHUIX YACTO OKA3BIBAETCS 3a-
TPYAHUTETBHON U3-3a MIyMOB, OKKJIIO3Wil, & TAK’Ke BBUIY HU3KOI'O PA3PEIICHUs WIH
CJIUIITKOM MEJIKUX pa3MepoB m3o0pazkenuii. BesencTue 9Tux npudns Ha pacTPOBOM
M300paKeHNN He CYIIECTBYET UACATHHO CHMMETPUIHBIX 00beKTOB. [losaToMy Heobxo-
JIIMO IIPHUCIIOCOOUTH NeOMeTPUYECKIe KPDUTEPUH U/I€AJIHbHON 3€PKAJILHON CUMMETPUI
JIJIST OIEHKU CTEIeHN CUMMETPUIHOCTH PeasIbHbBIX JUCKPETHBIX 00bEKTOB Ha 1 po-
BBIX n300pakerusx. [Ipu 3roM TpeboBaHUs, IPeIbsiB/II€Mble K TAKOMY KPUTEPHUIO,
BKJIIOYAIOT HU3KYIO AJITOPUTMUAYIECKYIO CJIOZKHOCTD BBIYUC/IEHHUS, TIOCKOJIBKY 3a/1a9a
JIOJIZKHA PEIIaThbCs B PEAJbHOM BPEMEHH CHCTEM KOMIIBIOTEPHOrO 3peHus. B jaH-
HOIT paboTe IperaraeTcs KOJNIeCTBeHHAs Mepa aCUMMETPUIHOCTH TTPOU3BOIbHBIX
OJIHOCBSI3HBIX OO'bEKTOB, IIPEJICTABJIEHHBIX B (hOopMaTe pacTpOBbIX OMHAPHBIX U300pa-
KeHnit. Mepa acuMMETPHIHOCTH 00'bEKTA OIIPE/IETSIeTCs Tepe3 TUCKPETHOE ITpeodpa-
zoBanne Pypbe MOCIeI0BATETBHOCTA TOYEK KOHTYPA JUCKPETHON IPAHUIIBI O0bEKTA.
Ha ocHoBe 1010 TIOKa3aTE T CTPOUTCST KPUTEPHIL JIJTsT ONPEJIEIEHUsT CHMMETPUIHBIX
00'bEKTOB, BBIMIOJHSIETCS] PAHKUPOBAHIE HAOTIOMAEMBIX 00BEKTOB IO CTEIEHN ACHM-
MeTpUYHOCTH. JlJIsi BBIYUC/IEHHUS IPEJJIOYKEHHON Mepbl aCUMMETPUIHOCTA O0bEKTa
paspaboran 3 MEKTUBHBIN aJIFOPUTM. AJITOPUTM IIO3BOJISIET BBIYUCTUTH MEPY aCHM-
METPUYHOCTH U OIPEJE/INTh HanOoJIee MPaBIOMoI00HO OCh CHUMMETPHUH Ha OCHOBE
peIIeHnsT 33191 MUHUMU3AIUNA MEPhl AaCHMMETPUIHOCTH O0bEeKTa. AJITOPUTM HMe-
eT KBaJ[PATUIHYIO CJOYKHOCTDH [0 KOJIMYECTBY TOYEK B KOHTYDE T'DAHUIIBI O0bEKTA.
IIpakTudeckas oreHka paboTOCIOCOOHOCTH U dMDDEKTUBHOCTH AJTOPUTMA Oy Ue-
Ha Ha [IpUMepe KJIACCU(PUKAINE 00bEKTOB [P JIEITN(DPUPOBAHIN a39POKOCMUIECKUX
cHuMKOB. Pabora nomepxkana rpaarom POOU Ne 17-01-00917.

[1] Mestetskiy L. Zhuravskaya A. Method for assessing the symmetry of objects on

digital binary images based on fourier descriptor // Int. Arch. Photogramm. Remote
Sens. Spatial Inf. Sci. — XLII-2/W12. — 2019. — P. 143-148.
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Method for recognition of axial symmetry of objects in digital
images

Leonid Mestetskiy"« mestlm@mail .ru
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The symmetry of objects is an important classification feature when recognizing
objects in digital images. In particular, symmetry must be determined in the prob-
lems of decoding aerospace images, as well as in the analysis of images of biological
objects. Moreover, assessing the symmetry of objects in digital images is often dif-
ficult due to noise, occlusions, and also due to low resolution or too small image
sizes. For these reasons, there are no perfectly symmetrical objects on the bitmap.
Therefore, it is necessary to adapt the geometric criteria of ideal mirror symmetry
to assess the degree of symmetry of real discrete objects in digital images. Moreover,
the requirements for such a criterion include low algorithmic computational complex-
ity, since the problem must be solved in real time by computer vision systems. In
this paper, we propose a quantitative measure of the asymmetry of arbitrary simply
connected objects represented in the format of binary raster images. The measure
of the asymmetry of an object is determined through the discrete Fourier transform
of a sequence of points in the contour of the discrete boundary of the object. Based
on this indicator, a criterion is constructed to determine symmetric objects, and
the observed objects are ranked according to the degree of asymmetry. An effective
algorithm has been developed to calculate the proposed measure of the asymmetry
of the object. The algorithm allows us to calculate the measure of asymmetry and
determine the most likely axis of symmetry based on the solution of the problem of
minimizing the measure of asymmetry of an object. The algorithm has quadratic
complexity in the number of points in the contour of the boundary of the object. A
practical assessment of the efficiency and effectiveness of the algorithm is obtained
by the example of the classification of objects during decoding of aerospace images.
This work was supported by a grant RFBR No  17-01-00917.

[1] Mestetskiy L. Zhuravskaya A. Method for assessing the symmetry of objects on

digital binary images based on fourier descriptor // Int. Arch. Photogramm. Remote
Sens. Spatial Inf. Sci. — XLII-2/W12. — 2019. — P. 143-148.
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MeTtoa rpademHoro onucaHmsa u pacnosHaBaHus OyKB Ha
OCHOBe MeAuafbHOro npeacraBieHus

Mecmeuxuti JTeonud Mouceesumn'x mestlm@mail .ru
Junxuna Anna JIveoena' lipkina96@mail.ru
'Mocksa, MT'Y, BMK

[Tousarue rpadembl sBisiercs GyHIAMEHTAIBHBIM B MIACBMEHHOCTH U B YTEHUHU.
I'padema mpeacrasiser coboit Hanbosee OOITYIO0 CXeMy CUMBOJA aJihaBuTa, 1 HAPHU-
COBaTh €€ CMOYKET JTI000 TPAMOTHBIN Te/IOBEK, Jaxke pedbénok. [1lkoma yauT auraTh
u nucaTh Ha ocHoBe rpadeM. OJHAKO KOMIIbIOTEPHBIE ITPOIPAMMBI PACIIO3HABAHUSI
TEKCTa He UCIOJIb3YIOT 9TO MOHATHE B SBHOM BHjie. ['padeMbl UCIOIB3YIOT (DUIOJIOI T
B CBOUX TEOPETUYIECKUX IMOCTPOCHUSIX, 8 TAKKe IU3aifHephl IPU CO3JAHUN KOMITHIO-
Tepubix mpudToB. U1 Te um apyrue obxoadaTcs 6€3 CTPOroro ONpeIeeHUs TOHATUS
rpadembl. Ecin monbITaThes co31aTh ajJrOPUTMbI PACIO3HABAHNUS CHMBOJIOB ajida-
BHUTa Ha OCHOBe rpadeM, TO HeoOXOUMO O0Jjiee CTPOro OIPEJETUTh ITO HOHATHE U
CIIOCOOBI €10 OIHMCAHUS U TOCTPOEHUS.

B sr0it crarbe MbI jies1aeM MOMBITKY OIPEIE/IUTh CXeMATHIeCKIUEe OITUCAHUST CUM-
BOJIOB ajipaBUTa TAKUM 00pPa30M, ITOOBI MX MOXKHO OBLIO MOJYy9IUTh U3 JIIOOOTO
mpudTa, ¥ ITOOBI TOCTIE ITOr0 MOYKHO OBLIO PACIO3HABATH OYKBBI BO BCEX OCTAJIb-
ueIX mpudTax. s pemenns 3Toi 3a/1a49u MBI IIpejjlaraeM METO/JL IOJIyYeHus I'pa-
dem B Bujie rpadoB u3 mudpoBbIX n300pazkeHuii OyKB KaKOro-aubo mpudra 1 MeTo.
pacro3HaBaHUs CUMBOJIOB JIPYTUX MIpU(TOB Ha OCHOBe cpaBHeHUsI ¢ rpademamu. Oc-
HOBHAs TUIIOTE3a COCTOUT B TOM, UTO [IjIsi IOCTPOEHUsI YHUBEPCAJIHLHOIO HADOpa Ipa-
deM TOCTATOIHO OHOTO THIIOBOTO IMPHUQTA, & OCTAJbHDBIE MIPUQPTHI MOXKHO OyIeT
pacro3HaBaTh 1Mo 3ToMy Habopy. Takum oOpa3oM, IEIbI0 UCCACTOBAHUS SBJISTETCS
peajim3aIyst U IpoBepKa rpapeMHOr0 I0/IX0/a B PACIIO3HABAHUK OYKB.

B crarbe mpeyiaraercst KOHIEMIUST MaTEMATHIECKON Mojie/in TrpadeMbl CHMBO-
JIOB U METO/I, IOCTPOEHUsT IpadeM, OCHOBAHHBIN Ha HEITPEPHIBHOM MeIUATbHOM IIPEI-
craBieHnn OYKB B 1mdpoBbix m3obpaxkenusx. [Ipemraraercs Tak:ke MeTo pacro-
3HABAHUs M300PaXKEHNsI [I€IATHOIO TEKCTa Ha OCHOBE MaTEMAaTHYIeCKON MOJesn Ipa-
dembl, HCIIOIB3yeMOil IPU I'eHepalui IPU3HAKOB U JJIs IIOCTPOEHUS KJIacCHMUKATO-
pa. IIpeacraBiieHbl pe3yIbTATHI IKCIEPUMEHTOB, TOITBEPKIAIOIIIX (PHEKTUBHOCTD
rpadeMHOro MMOJIX0/[a, BBICOKOE KAa4eCTBO PACIIO3HABAHUS TEKCTA B PA3HBIX BapUaH-
Tax mpudTa 1 B PA3HBIX KAYECTBAX TEKCTOBOI'O M300DaYKEHMUs.

Pabora nmomnepxkana rpaarom POOU Ne 17-01-00917.

[1] Lipkina A. Mestetskiy L. Grapheme Approach to Recognizing Letters based on

Medial Representation // VISIGRAPP (4: VISAPP) 2019 — P. 351-358.

Bcepoccuiickast koagepennuss MMPO-2019. Poccusi, r. MockBa, 26—29 nosibpss 2019 r.
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The method of grapheme description and recognition of letters
based on the medial representation

Leonid Mestetskiy"« mestlm@mail .ru
Anna Lipkina' lipkina96@mail.ru
"Moscow, MSU

The concept of grapheme is fundamental in writing and in reading. A grapheme
is the most general outline of an alphabet symbol, and any person, even a child,
can draw it. The school teaches reading and writing based on graphemes. However,
computer text recognition programs do not use this concept explicitly. Graphemes
are used by philologists in their theoretical constructions, as well as designers when
creating computer fonts. Both of them do without a strict definition of the concept of
grapheme. If you try to create algorithms for recognizing alphabet characters based
on graphemes, you need to more strictly define this concept and how to describe
and construct it.

In this article, we attempt to define schematic descriptions of alphabet characters
in such a way that they can be obtained from any font, and so that after that letters
can be recognized in all other fonts. To solve this problem, we propose a method
for obtaining graphemes in the form of graphs from digital images of letters of a
font and a method for recognizing characters of other fonts based on comparisons
with graphemes. The main hypothesis is that to build a universal set of graphemes,
one standard font is enough, and the rest of the fonts can be recognized by this set.
Thus, the aim of the research is the implementation and verification of the grapheme
approach in recognizing letters.

The article proposes the concept of a mathematical model of the grapheme of
symbols and the method of constructing graphemes based on the continuous me-
dial representation of letters in digital images. A method for recognizing images of
printed text based on the mathematical model of the grapheme used to generate
features and to construct a classifier is also proposed. The results of experiments
confirming the effectiveness of the grapheme approach, the high quality of text recog-
nition in different font types and in different qualities of the text image are presented.

This work was supported by a grant RFBR No  17-01-00917.

[1] Lipkina A. Mestetskiy L. Grapheme Approach to Recognizing Letters based on
Medial Representation // VISIGRAPP (4: VISAPP) 2019 — P. 351-358.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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HelipoceTeBble aeTtekTopbl B 3aga4e aHanm3a npeanoYTeHunii
nonb3oBatensi no cdortorpacdusam

I'pevuzun Hean Cepzeesun'x igrechikhin®@hse.ru
Casuenrxo Andpeti Baadumuposu' avsavchenko@hse.ru

Huoxuuit Hosropoz, HaruoHa IbHbIH HCCIIe[0BATEIbCKIH YHUBEPCUTET Boicmas mKkosa
9KOHOMUKH

B crarbe [1] onuceiBaercs moaxol, B KOTOPOM ABTOMATUYECKU AHAIU3UPYETCS Ta-
Jepest ¢ororpaduit I OmpeeseHns MPeIIoITeHnii moab3oBaTend. [Ipeamoxen
HOBBIfl METOJI, B KOTOPOM BHadYaJie JJjis OOHApPYKEHUs OOBHEKTOB HEIOCPEICTBEH-
HO Ha MOOMJIBHOM YCTPOWCTBE UCIIOJIb30BAHbI BHIYUCJIUTEILHO 3 dekTuBHbe SSD-
nerexkTopsl. [Ipeamoaraercs, 910 GOTO U BUJIEO MOJIB30BATEIS C JTUIAME €r0 CAMOTO
7 ero OJIM3KUX JIO/eil SBJISIIOTCs npuBaTHbIMEU. [l ompenesienust Takux (hOTO mpo-
BOJUTCS JIETeKTHPOBaHue Jinil Ha (poTorpadusax u BUIEO; NU3BIACIEHHBIE C TOMOIIHIO
MIPEIBAPUTEIHLHO O0YIEHHON CBEPTOTHON HEHPOHHON CEeTH BEKTOPDLI MIPU3HAKOB JIUIT
KJIACTEPU3YIOTCs JIJIsl OIIPEJIEIEHNs] JIVI] I0JIb30BATEN S U €r0 OJIM3KUX POJICTBEHHU-
KOB U jspy3eil. st onpejesieHnst KJIacTepoB JIUIL UCIOJIb30BAJICSI METOJ, UE€PAPXU-
qeckoil kjmacrepusaruu. [lybsmansie dororpadun, He COAEPHKAIUNA UX JIUI, MOTYT
OBITH MPOAHAIM3UPOBAHBI HA Y/IAJEHOM BBIMHUCIATEIHLHOM CEPBEPE C ITOMOIIBIO BbI-
COKOTOYHBIX JIeTeKTOpoB Ha ocHoBe Faster R-CNN. Brimosinerno obydenne neitpoce-
TEBDLIX JIETEKTOPOB Ha HADOpE N300paKeHnt 00HEKTOB, IIPEICTABIISIONINX KATETOPUN
nHTeepcoB u3 Habopos maHHbIX MS COCO, ImageNet u OID v4. Jlyumras mosesib
umesta cpeauo nogHory 0.75 st 79 kaTeropuii 00beKTOB IIPU CPEIHEH TOYHOCTH
0.663. Berauciaurensao sddextuBabie SSD-Momenn oKka3aanch MeHee TOIHBIMHA, 110
cpaBuennio ¢ cepsepubivu Faster R-CNN moiesisimu, Ho HaMHOTO 60J1€e OBICTPBIMU.

CraThsl IOATOTOBJIEHA B Pe3ysbraTe mpoBeseHns ucciaenosanus (Ne 19-04-004)
B pamkax [Iporpammbr «Hayunbrit dhong HammonaabHOro ncciie1oBaTeIbCKOTro yHH-
Bepcurera «Boicmas mkosa sxkonomukuy (HITY BIIID)» B 2019 r. u B pamKkax rocy-
JapCTBEHHON TOIEPKKN Beayux yauBepcureToB Poccuiickoit @emeparu “5-100".
[1] Ipewuzun H.C., Casuenro A.B. Meron ananmsa npeovITeHuii MOJIb30BATEN 110 HOTO-

u BI/I,HGOI/I306pa.}KeHI/IHM Ha MOOUJILHOM yCTpOﬁCTBe Ha OCHOBE HeﬁpOCeTeBbIX JAETEKTOPOB

00bekToB Ha m3obpaxkenuax // Mndopmarmonnse Texnomorun. 2019. T. 25. No 9. C.
538-544

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nHosibpst 2019 r.
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Neural-Network Object Detectors in Analysis of a Gallery of
Photos for User Modeling

Ivan Grechikhin'x igrechikhin@hse.ru
Andrey Savchenko' avsavchenko®hse.ru

!Nizhny Novgorod, National Research University Higher School of Economics

The article [1] describes an approach for extraction of user preferences based on
the analysis of a gallery of photos. It is proposed to firstly use fast SSD-based
methods in order to detect objects of interests in offline mode directly on mobile
device. This is done to ensure the safety of personal user data. We assume that the
photos or videos with faces of owner or close friends/relatives are private. Therefore,
we perform facial analysis of all visual data: extract feature vectors from detected
facial regions, cluster them and select public photos and videos which do not contain
faces of friends and relatives. Hierarchical clustering is used to discover groups of
faces that regularly appear in user’s gallery. At the second stage, the public images
without such faces are processed on the remote server using very accurate but rather
slow object detectors based on Faster R-CNN.

Experimental study of several contemporary detectors is presented with the spe-
cially designed subset of MS COCO, ImageNet and Open Images datasets. Models
for both online (on remote server) and offline use were trained. For the best online
model, there are 79 categories of objects with average recall more than 0.75 and av-
erage precision 0.663. Quite obviously, light-weighted SSD-based models for offline
object detection perform less acurrately, but work faster and take less memory.

This research was prepared within the framework of the Academic Fund Program
at the National Research University Higher School of Economics (HSE University)
in 2019 (grant No. 19-04-004) and within the framework of the Russian Academic
Excellence Project “5-100".

[1] Grechikhin I.S., Savchenko A.V. Analysis of user preferences using photos and videos
from mobile device based on object detection and neural networks, Informatsionnye
tekhnologii 2019, vol. 25, no. 9, pp. 538-544 (in Russian)

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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PacnosHnaBaHue nona n Bo3spacra nmua Ha BUAeon300parkeHnsIx
ANns MobunbHbIX NnaTtdgopm

Xapuesnurosa Anzeauna Cepzeesra'x angelina.kharchevnikova@gmail.com
Casuenrxo Andpeti Baadumuposu' avsavchenko@hse.ru

Huoxuuit Hosropoz, HaruoHa IbHbIH HCCIIe10BATENbCKIH YHUBEpCHTET Bhicmas mKkoa
SKOHOMUKH

B 1estsx moBbItennst TOUHOCTH KaaccuduKanum n300pakeHuil B HACTOsIIIEE Bpe-
M BO MHOTHX 33JIadaX B O0JIACTH KOMITBIOTEPHOTO 3PEHUsI IPUMEHSAIOT CBEPTOIHBIE
ueiiponnsle cern (CHC). Hecmorpsi Ha mIMpoKoe pacipocTpaHeHne IporpaMMHBIX
[IPOJIYKTOB IO PACIIO3HABAHUIO I10JIa U BO3pAcTa, UX BHEJPEHUE BCE ellle He CTAHO-
BUTCSI TOBCEMECTHBIM, TaK KaK 3D (MEKTUBHOCTD MPEJJIOKEHHBIX PEIEeHUil He BCeria
npuemjeMa Jijis MPAKTHIeCKOTO IpuMenenus. JleficTBuTe/ibHO, peaau3arus rirybo-
KUX HEHPOCETEBBIX APXUTEKTYP ABJISETCSA BBIYUCTUTEHHO JOPOTOCTOSIIEH Olleparii-
eif, 9T0 OrpAHUIMBAET KCILUIYATAIIMIO CUCTEMbl Ha MOOMJIBLHBIX yCTpoiicTBax. B pa-
Gore [1] nccmemyrorest cnocobbl TPEOIOTEHNsT TIPOBIEMBI BHICOKON BBIUHCINTEIHHON
CJIOZKHOCTH 0e3 10Teph B TOYHOCTH [IPUHUMAEMbIX PEIeHUil Ha OCHOBE IIPUMEHEHST
CITEIUAJIBHO CO3JAHHBIX 3(DMEKTUBHBIX HEHPOCETEBBIX MOIEICI.

Saava pacrro3naBaHus BUIEON300PaXKEHUsi COCTOUT B TOM, YTOOBI OTHECTH BHOBD
MOCTYTIATOTITYTO Ha BX0J1 oceaosarenbrocts { X (1)}, = 1,7 us T kagpos ¢ m306pa-
JKeHUeM JIUIA K OJTHOMY 13 L KytaccoB u3 6a3bl 3TajoHoB. [Ipu aToM mpenoiaraercs,
YTO KJIACCHI 33JIAHBI ¢ MOMOIIBI0 MHOYKECTBA TIPEIEIEHTOB (ITAJOHHBIX M300pake-
uuit) {X;},i = {1,..., M}, meTka Kjacca KOTOpPBIX U3BeCTHa. Tak, 3a/1a9a pacro3Ha-
BaHUs 110JIa FBJIETCs IIPUMEPOM OUHAPHOIT Kitaccuduranuu (4ucio Kiaccos L = 2).
PacrnosnaBanue Bozpacta 0OBIMHO PACCMATPUBAETCSA KaK 3a/a9a PErpeccui, OJTHAKO,
HA [PAKTUKE HAUOOJIBINAs TOYHOCTH IIPUHUMAEMBIX PEIeHUl JOCTUTACTCS TIPU ee
CBeJIEHUU K 3ajiade KJiacCupUKaIuu ¢ OlpeJie/IeHNeM HECKOJIbKUX BO3PACTHBIX WH-
repBasioB (TunuuHbl 3HaueHns L = 8 wiu L = 100).

ITpu o6paborke BumeoM300parKeHuil Jjisi KazKIoro mocTynamero Kaapa X (t)
CHAYAJIA MOXKET PEIaThes OObITHAs 3a/[a9a ABTOMATHIECKOTO PACIIOZHABAHIS U300~
paxxenwnii ¢ momotnbio CHC, mocsie Bce WHINBU/IyaIbHBIE PEIIEHUs] KOMOMHUPYIOTCS
B OJIHO ODIIlee JijIsi KOHKPETHOI Buleo3amnucu. B mpolecce paciio3sHaBaHUs XapaKTe-
pUCTHK ToJia 1 Bo3pacTa Ha Buieo Ha Bxoa CHC momaercs maTpuiia nmukcesei m300-
paXKeHus JIMIA HA KAXKJIOM HocjenoBarTeabHoM Kagape X (t). Boixon meiipocereBoii
MOJIEJI OOBITHO MOJIyYaeTcs B ¢jioe Softmax, KOTOPBIil BBIIAET OIEHKN alloCTePUOpP-
HBIX BEPOSTHOCTEH MPUHAJIEZKHOCTH -10 KaJpa K KaXKJIoMy [-My KJaccy:

exp z(t)

exp(z; (1))

P(l| X(t)) = softmaxz(t) = JA=1,2,..., L, (1)

M=

j=1

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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rie z(t) - BoIxozpl [-ro Heiipona Ha npeuocieneM ciaoeii ceru (logits). Pemenue
JIJIST KazKI0T0 KaJIpa IPUHUMAeTCA B IOJIL3Y KJacca ¢ MaKCUMAaJILHOI allocTepUOPHOi
BEPOATHOCTDIO:

1*(t) = argmax P(I | X(t)) (2)
1=1,2,...,L

Beneiersue Bimsinust pa3indnbix BHENTHUX (DAKTOPOB, KaK cjaadoe pa3perienne
BH/IEOKAMEPDI, HEJIOCTATOK OCBEIEHNUsI, ObICTPasi CMEHA PaKypca U Jp., IPUHATHE Pe-
[IIEHNsT B TI0JIb3Y KJIacca ¢ MAKCHMAJIBHON alloCTEPUOPHOI BEPOSITHOCTHIO JIJIsl KarK-
JIOrO Kaj[pa OOBIYHO OTJIUYAETCsl HU3KOW TOYHOCTHIO. B CBsi3W ¢ TUM B JAHHOI
pabore pacro3HaBaHHE I10JIa M BO3DACTa Ha BUJEO PACCMATPUBACTCH KaK 3a/atda
BBIOOPA HAMOOJIEE HAJIEIKHOTO PEIeHNs] 13 HECKOJIbKIX HA OCHOBE KOJIJIEKTHBOB pe-
marorux npasui (KPII, komureros kiaccudukaropos). B uacraocru, ucciemyercs
npumenenne teopun Jlemmcrepa-ITlacdepa, 0OBITHO HUCTONBIYIOMIEHCS s TTOCTPOE-
Husi aHcambJieill KjaccudukaTopoB. Takxke paccMaTpuBaiorcst Takue Meroias KPII,
KaK IIPOCTOE IOJIOCOBAHUE, BBIYUCJIEHNE CPEIHEro apudMeTHIecKOro, CPEIHErO Te0-
METPUYIECKOrO ¥ MATEMATUICCKOI0 OXKUJIAHUS JJIs 3891 OIPEJIe/IEHUs BO3PACTA.

st IpoBeIenns SKCIEPUMEHTATBHBIX NCCJIEIOBAHNI OBIIO pa3spaboTaHo CIIeIn-
aJlbHOEe MOOMJIbHOE TpujioxkeHue it miardopmbl Android. s peanuzanun CHC
ucrioyib3oBasiachk 6ubamnoreka TensorFlow. B skcrepuMeHTAIBLHBIX HCC/IEIOBAHIIX
JUIst 00pabOTKU KazKJI0ro KaJjpa ucroJib3oBaiuchk Tpasuiuonasie CHC Gender net
n Age net, VGG-16, a takxke o0yuennast vamu MobileNet ¢ aByMst BBIXOmaMI, COOT-
BECTBYIOIIMMHI TIPEJICKA3AHUIO [T0JIa U Bo3pacTa. baszosast 9acTh 9T0H cetn 06y danach
JUIS 3aJ1a9K MIeHTU(UKAIMN JIUI, C UCIIoJIb3oBanueM Habopa manHbix VGGFace2.
Hamee mo6aBsSLIUCh, HOBDBIE CJIOU JJIsi KJIacCH(UKAIMHE 11071l U BO3PacTa, KOTO-
pble OIYYa/INCh C HUCIHOJb30BaHHeM HabopoB ganabix IMDB-Wiki and Adience.
Kpowme roro, uccienosanach poobydennas (fine-tuned) sepcusi mocsemneii Moje/u
(MobileNet ft), B koropoii Ha BTOpoM 3ralie 00ydeHUs IPEJICKAZAHUIO [10J18 U BO3-
pacra BblIOJIHsIIACH nojcTpoiika ecex BecoB CHC (Brirouast Beca 6a30B0ii MOJeJIH,
[ePBOHAYAJIBHO O0YyYeHHO! i uiueHTHdUKamy Jul). B pesysibrare ymaanoch Ha
1% 1 2% 1mOBBICUTL TOYHOCTD 110 CPABHEHHIO ¢ MCXOIHON MOJIEJIBIO /IS PACIIO3HABA-
HUsI TI0JIa U BO3PACTa, COOTBETCTBEHHO. B 9KCIIEPUMEHTAX UCIOJIb30BAJNCH CJIEITYT0-
e nabopsl Bugeogannbix: Eurecom Kinect, Indian Movie (IMFDB), IARPA Janus
Benchmark A (IJB-A), EmotiW 2018.

IIpoBeennoe sKCIIEpUMEHTATBHOE UCCIIEIOBAHNE TPOIEMOHCTPUPOBAJIO TOBBIIITE-
HUEe TOYHOCTH pacio3HaBaHus 1pu peajmsaruun KPII B cpaBHeHun ¢ TpauiiuoOHHBIM
[IOJIXOJIOM TIPUHSITUsI PEIeHUsl JJIsi eJIMHUIHOTO KaJipa. [IpescraBiieH cpaBHUTE/b-
HBII pe3yabTar peasm3anuu Heckoabkux CHC apxurekTyp: momeneit Age net u
Gender net, VGG-16 u crennabHO 00yU€HHBIX JIJIsI OJIHOBPEMEHHOI'O PACIIO3HABA-
HUs [10JIa ¥ BO3pacTa Ha MobuiibHOM yerpoiicrse mojeseii MobileNet /MobileNet  ft,
a Takzke cxkaroit MobileNet. Meros arperarun /Iemmcrepa-Illadepa u nmpasuio mpo-
U3BEJIEHUsI OKA3aJIMCh 0OJiee TOYHBIME B 3aJlade KJIaCCU(PUKAIMK 110 TOoJTy. B TO XKe
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BpeMs HanboJiee HAJIEKHBIN PE3Y/IbTAT PACIO3HABAHNS BO3PACTA JIOCTUTAETCS C IIPU-
MEHEHNEM AJITOPUTMa OIEHKH MaTeMaTHYeCKOIO0 OXKHJIAHUS C yIEeTOM KOJIMYECTBA
KJIACCOB BO3PACTA, BKJIOYEHHBIX B PE3YJLTUPYIONLYIO (hOPMYILY.

Crarbsi HOArOTOBJIEHA B pe3dyJsbrare Iposeaenus ucciaenopanus (Ne 19-04-004)
B pamkax [Iporpammer «Hayansrit dhonn HarmonaasHoro uccsenoBareibCcKoro yHu-
BepcuTera «Boicias mkosa sxkonomukuy (HITY BIIID)» B 2019 r. u B paMKax rocy-
JIAapCTBEHHO MOJJIEPYKKH BeIymux yanBepcutetros Poccuiickoit @emeparmu "5-100".
[1] Kharchevnikova A. S., Savchenko A. V. Neural Networks in Video-Based Age and

Gender Recognition on Mobile Platforms // Optical Memory and Neural Networks

(Information Optics), Springer, 2018, vol. 27, no. 4, pp. 246-259.
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Video-Based Age and Gender Recognition on Mobile Platforms

Angelina Kharchevnikova'x angelina.kharchevnikova@gmail.com
Andrey Savchenko avsavchenko®hse.ru

!Nizhny Novgorod, National Research University Higher School of Economics

The accuracy of traditional computer vision methods makes them impracticable.
In particular, prediction of age and gender characteristics given a photo or video of
a face sometimes cannot be applied in practice due to insufficient efficiency. In con-
trast to them convolutional neural networks (CNNs) specially trained for gender and
age identification are now considered as a promising approach for effective decision
making. Unfortunately, the CNN-based methods are characterized by considerable
memory consumption and computational complexity. Reducing the amount of com-
putations and memory consumption is still a challenge for developers of CNN-based
software. Thus, the emphasis of the paper [1] is the improvement of computational
efficiency of age and gender recognition without significant degradation of accuracy
by using a specially trained modification of the MobileNet architecture with two
outputs.

The goal of video recognition is to associate an input video frame sequence
{X(t)},t =1,T of T frames with one of L classes of reference images. The classes
are defined by sets of examples (reference images) {X;},7 = {1,..., M}, which class
labels are known. For example, gender recognition is an instance of binary classifi-
cation (the number of classes L = 2). The age prediction is usually regarded as a
regression problem; however, in practice the best results are achieved by reducing
it to a classification task with a few predefined age intervals (L = 8 or L = 100 are
typical).

In the video-based recognition system the processing of each input video frame
X(t) can be firstly done by feeding each video frame to a CNN. Then all CNN
outputs are combined into a single solution for a particular video frame sequence.
The images of the face from successive video frame X (¢) in the form of pixel arrays
come to the CNN in the stage of gender and age identification. The output of the
neural net is usually generated in the softmax layer, which estimates the posterior
probabilities P(I | X (t)) of affiliation of the ¢ — th frame to the [ — th class:

exp z(t)

exp(z;(t))

P(l| X(t)) = softmazz/(t) = JA=1,2,..., L, (1)

e

1

J

where z;(t) is the output of the [-th neuron at penultimate layer (logits). Each frame
is inferred to belong to a class with the highest a-posteriori probability:

() = lazrlg;n__éﬁp(l | X (1)) (2)

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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External factors such as insufficient camera resolution, poor lighting, quickly
changing camera angles often causes the low accuracy of such approach. In the
research we use an ensemble of decision rules is the most effective approach to
increase stability and accuracy of classification. We investigate the popular fusion
algorithms (classifier committees) where classifier predicts the probability of the
input object belonging to a class. In particular, we investigate the theory of Demster-
Shafer - a popular approach for generating classifier ensembles. Also, we consider
the following fusion techniques: simple voting, arithmetic mean, geometric mean
and mathematical expectation for the task of determining age.

A special mobile application for Android has been developed to carry out the
experiments. The TensorFlow library was used to build a CNN. In the experiments
such well-known CNNs as Gender_net, Age net, VGG-16, and our MobileNet were
used for the processing of each frame.Besides, a fine-tuned version of the latter CNN
(MobileNet_ft) was investigated.

In this research we have investigated decision aggregating methods for gender
and age video-frames identification. Several CNN models, including “lightweight”
MobileNet models are considered. We developed a prototype gender and age recog-
nition architecture for Android-based mobile systems, which uses the most reliable
CNN and accurate decision aggregating method. The following video datasets were
used in the experiments: Eurecom Kinect, Indian Movie (IMFDB), TARPA Janus
Benchmark A (IJB-A), EmotiW 2018.

We carried out experiments to demonstrate that the use of sets of decision
rules provides the increase in recognition reliability as compared with conventional
decision-making algorithms designed for single frames. We compared different CNN
architectures: Age net, Gender_net, VGG-16 and mobile platforms-oriented model
MobileNet specially trained for concurrent gender and age recognition. At first,
the base part of the latter CNN is trained from scratch for face identification using
VGGFace2 dataset. After that, we simultaneously train two heads (outputs) for
age and gender classification using IMDB-Wiki and Adience datasets. Moreover, we
fine-tuned this model (MobileNet_ft), in which the second stage included training
of all weights of a CNN including weights of basic face identification model. We
also tested the compressed version of MobileNet. The Dempster-Shafer aggregation
method and product rule proved to be the most reliable solutions for the age clas-
sification problem. At the same time the most reliable results of age recognition
are achieved with the aid of the expectation evaluating algorithm adjusted for the
number of age classes included in the resulting formula.

This research was prepared within the framework of the Academic Fund Program
at the National Research University Higher School of Economics (HSE University)
in 2019 (grant No. 19-04-004) and within the framework of the Russian Academic
Excellence Project ”5-1007.
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[1] Kharchevnikova A. S., Savchenko A. V. Neural Networks in Video-Based Age and
Gender Recognition on Mobile Platforms // Optical Memory and Neural Networks
(Information Optics), Springer, 2018, vol. 27, no. 4, pp. 246-259.
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MuHuMMn3ayumsa ownbKM annpoKCUMaL N CTPYKTYPUPOBAHHOIO
n300pa>keHnsi KYCOHYHO—MOCTOAHHbIMU NPUOANIKEHNAMY

Xapuros Muzxaun Bawecaasosurx khar@iias.spb.su

!Cankr-Iletep6ypr, UucTuTyT mHGOPMATIKYA ¥ ABTOMATH3AIAN Poccmitckoii akameMmm
HayK

B macrostinee Bpemsi BOSMOXKHOCTH KJIACTEPU3AIUH ITHKCeJIeHl H300pazkKeHnst C Peasib-
HOIl MuHUME3anKell owubku annpokcumayuyu E (cymvapHoii KBagpaTudHoit ommb-
KU) elle JAJEKO He ucdeplaHbl. [[Jis BBIYUCIICHUS] ONMUMAALHOLT TIPUOIIMKEHUIT
M300paKeHnsT ¢ MUHUMAJIHLHO BO3MOYKHOMN OIMUOKON F 1py JaHHOM YHUCTIE KJIACTEPOB
[UKceJeil, a Takzke it (pOpMaI3alui OHsITUsT OObEKTOB Ha M300parKeHnn HeoO-
XOJIUMa, TOYHAS TIOCTAHOBKA ONTUMU3AIMOHHON 38/[a4UN U CUCTEMa METOI0OB MUHUMU-
zamuu E ¢ ygerom ocobeHHOCTEH BUICOMAHHBIX. B I0K/Ia/1€ OMUCHIBAIOTCS METOIbI
MUHUMHA3AIUN omnOKu F, KoTopble BIpaOOTAHBI IIyTEM OJIYI€HUS U UCCJICIOBAHIS
[IOCJIE/IOBATEILHOCTEH ONTHUMAJILHBIX IPUOJINYKEHII 11 KOHKPETHBIX N300PaKeHMi
U OIUPAIOTCS HA IOHSTHE UePapXUIeCKd CTPYKTYPUPOBAHHOIO IIBETOBOI'O M300pa-
keHust u3 N IUKCeJIeit.

WN3z006parkeHne cIUTACTCST CMPYKMYPUPOSAHHbIM, €CJTH JJIs HEero BbIYUCICHA OM-
HapHasi nepapxus pa3OneHuii Ha KJIacTepbl TUKCEJEH 1 COOTBETCTBYIOIIAS TOCIIEI0-
BATEJLHOCTH KyCOYHOTIOCTOSHHBIX ITPUOJIMKEHU, KOTOPbIE B 3aBUCHMOCTH OT “UC-
Jla KJIACTEPOB ¢ OIMUCBHIBAIOTCS BBIIYKJION IIOCJIEI0BATENbHOCTHIO 3Ha4YeHuil F. Bu-
HapHAasl KepapXusi KJIACTEPOB ITUKCeJIeil JOIyCKaeTCs JIF000i, UTO ABJISIeTCs TJIaBHOM
0Cc0OEeHHOCTBIO pa3paborku. Jucsio kinacrepoB 2N — 1 B OMHAPHOI MepapXuu MOYTH
BIBOE DOJIBINE, UeM YUCJIO MHKCesell B n300pakeHnu. 3a CUeT omeparuii ¢ STUMHI
KJIaCTEPaMU JOCTUTAETCS PeasibHasi MUHUMU3aIus omubku F u obecrieanBaercs Jie-
TEeKTUPOBAHNE UEPAPXUH PA3IMIAEMbIX 110 I[BETY 00bEKTOB U3 OJIHOTO, HECKOJIHKUX
MJIM MHOTUX CEIMEHTOB IIPOU3BOJIBHON BEJIMYUHBI U (POPMBI.

OCHOBHBIM METOJIOM ITOJIYyY€HUsI NEPAPXUIECKH CTPYKTYPUPOBAHHOIO M300parKe-
HUs SIBJISIETCS METOJ, YOpJa, KOTOPBI peaju3yeTcs YuC/OM ajrOPUTMOB, CDABHU-
MbiM ¢ N . JIj1s1 OnIpeiesIeHHOCTH aJITOPUTMa, METO/T YOP/Ia HapaMeTPU3YETC YUCAOM
go 00BeKxmos Ha M300paKEHUM, COBIIAJAIONIAM C YUCJOM KJIACTEPOB, IIPU KOTOPOM
3HaveHne F MakCUMaJjIbHO PHUOJINKAETCsI K OINTUMAaIbHOMY. JlJisi CHUYKEHUST BBIYUC-
JINTEJILHON CJIOXKHOCTH METOJI, YOD/Ia BBIIOJHICTCI N0 YaCMAM, T. €. 10 (o KIacTe-
paM HEKOTOPOI'0 HAYAJIBHOIO pas3dMeHus M300parKeHusi, KOTOpble 00pabaTHIBAIOTCS
KaK CaMOCTOATeIbHbIe m300parkenusi. [Ipu pekypcuBHOM yCcKOpeHHU MeToa YOop/ia
[0 YACTSM BBIUNCINTEIbHAS CIOXKHOCTD CHIKaeTcss ¢ N2 mo N é, Nis N 355 AR
17151 KOPPEKTHOTO BbIYNCIIEHUST MHOYKecTBa 13 2N — 1 KJjlacTepoB IHUKCeseil MeTo/10M
Yopa 1o 4acTsM, KOTOPBIi 3aBEPIIAeTCs UTEPATUBHBIM CIIUSTHUEM () KJIACTEPOB B
OJIVH KJIACTEP OPUTMHAIBHBIM METOJIOM YOpa, JOCTATOYHO, YTOOBI HAYAJIBHOE Pa3-
OumeHre M300paXKeHNs Ha ¢ KJIACTEPOB HEJIb3s ObLIO YAYYULUMb, CHI3UB OMUOKY F
[TOCPEJICTBOM BCTPEUHBIX OIEPAIUil PA3/IEIEHUS OJHOrO KJIACTEPA HAIBOE U CIIMSHIS
raphl KJIACTEPOB B OJIMH.

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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VKazaHHOe yCJIOBHE ODECIeunBAeTCH YJIydIIeHHeM KadecTBa pa3OmeHus Ha (o
ksacrepos CI(Clustering Improvement)—meromom. CI-MeTos1 CBOUTCST K UTEPATUB-
HOMY TIOBTOPEHHIO BCTPEUYHBIX ONepAInil pasJieieHust /CIIUsTHUsI KJIacTePOB, OTBEYAI0-
X MakcuMabHoMy cHrmzkeHunio F. Cl-meros He u3MeHsieT pa3OueHwuil, oCTpOeH-
HBIX METOJOM YOop/ia, u 0cobeHHO 3P DEKTUBEH /JIs YTy dIIeHnusi TPYObIX HAYAIbHBIX
IpUOIKEHUN M300parKeHusi.

Cl—merop, yiydmenus pa3buennsi 1300paykeHusl IpU JIAHHOM YHCJIe KJIACTEPOB
sronosiastercst MmerojioM K—meanless (/Ipoerko C. J1., 2014). Merox K—meanless mipe;i-
Ha3HAYEH JIJIs CHUXKEHUsI OIMMOKM AITPOKCAMAIIUU [IPOM3BOJIBHOIO IIPUOJINKEHST
n300pakeHus IPU HEM3MEHHOM YHC/Ie CTPYKTYPHUPOBAHHBIX KJIACTEPOB MHKCEJEH.
Ha Beixome meroma K-meanless momydaercs npubsimkenne, KOTOpoe HEJIb3s YTy d-
MIATH TI0 OIMHOKEe ANImpOKCHMAIMu F 3a cdeT pekaccuuKannu TOH WIN WHON
[IPEIyCMOTPEHHOW YaCTH OJIHOTO KJacTepa mukceseil B Japyroit kjaacrep. Merton
K-meanless siBjisiercsi MOJIepHU3UPOBAHHON Bepcueil TPaUIMOHHBIX MeToI0B K—
CpeJHUX, KOTOPbhIE MPU KJIACTEPU3AINN [MUKCEIel, KaK MPABUJIO, IIPUBOIIT K JIOXK-
HBIM MUHAMYMaM F 13-3a BBITOJTHEHNS OMEPAITil ¢ OTIeTbHBIMUI ITHKCEISIMI, Orpy0-
JIEHHOTO KPUTEPUs UX PeKsaccuduKanum u HebJIN3KOro K ONTUMAIbHOMY HAYAJIHHO-
ro npubmkennsa n3dobparkenus. Meron K—meanless BoimostasieT pekmaccuduKraiuio
[IPEJIyCMOTPEHHBIX MHOYKECTB IUKCeJIell ¢ MaKCUMaJIbHBIM CHUXKeHueM F B crpare-
rUU OT OOJIBIMIUX MHOXKECTB K MEHBIIUM U obecrieunBaeT 3(MDMEKTUBHYIO MUHUMU-
3aywio ommbKu FE 1yisi mpubJinzkeHnst m300paXKeHusi gy KJacTepaMu, KOTOPOe Ha-
CTOJIBKO OJIU3KO K ONMTUMAJTHLHOMY TMPUOIMKEHNIO, ITO He MEHSIeTCsT Tpr 00paboTKe
Cl—meromom. IIpu 3rom it npub/nzKeHnit n300parkeHust gy KJIacTepaMy U3 YUCTIa
PUOJIMKEHU, TI0JTy YEHHBIX METOJIOM YOpP/Ia, FaApaHTUPYeTCsl, 9To omubKa F He mpe-
BBIIIAET OIPEEJIEHHOTIO IOPOTa.

B kauectse mepor H (Heterogeneity) HeOMHOPOIHOCTH KJIACTEPOB MUKCEIEH pac-
CcMaTpUBaeTCs abCOJIIOTHAST BEJININHA |‘é—§| Ipou3BoIHOM ommbku E 1o guciy Kia-
CTEPOB ¢, KOTOPas He yObIBAeT IPHU YKPYIHEHUH KJIACTEPA.

T'eneparins n 3amoMuHAHTE HEePAPXUN TTPUOJIMKEHIH M300PaKEeHNsT, & TaKKe CKO-
POCTHBIE OIlEpPAIMK C KJIACTEPaMU IHKCEeJIeil BBIMOHSIOTCS C MMOMOIIBIO CeTH, «Ha-
OpoIeHHOIT» Ha nHKcen n3o0pakerns. OCHOBHAs CETh KOMUPYET UEPAPXUIO pa30u-
eHnil n300pakeHns B mape MaccuBoB u3 N 3j1eMeHTOB. B oiHOM MaccuBe 3a/iaeTcs
anukandeckuii rpad — gepeso Cureiitopa-Tapbsna. Bo BropoMm maccuBe mocpej-
CTBOM ITMKJIMYECKOTO rpada 3ajaercd MOpsI0K yCTaHOBJeHusd jayr B nepese. 1lo
U300paykeHUI0 U OCHOBHOI CETH T€HEPUPYETCsi ellle HECKOJBKO JIECSITKOB I'pados,
CUCTEM yKa3aTejeill, MACCUBOB YHCEJ W JP. JOMOJHUTEIbHBIX KOMIIOHEHTOB u3 [N
9JIEMEHTOB, KOTOPbIE MO3BOJIAIOT paboTaTh C KJIACTEPAME ITUKCeJe Tak e ObICTPO,
KaK C OTJIeJbHBIME nuKceasmu. [Ipu stom jiepesbs Criefitopa—Tapbsaa, B oTamdane
OT TPAJMIMOHHBIX JIEPEBLEB(IEHIPOrPAMM ), ¢ MUHUMAJbHBIME 3aTPaTaMU IIaMATH
I10/[JIEPYKUBAIOT IIPOU3BOJIbHYIO0 OMHAPHYIO NEPAPXUIO KJIACTEPOB IMHKCEJIEH.
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B nmoxmase BhraucinresbHas CeTh Ul IETEKTUPOBAHUS OOBHEKTOB COIIOCTABIIS-
€TCsl ¢ MHOTOCJIONHON MCKyceTBeHHOH Heifporuoit cerpio (MHC), uto mosesHo st
WHTEPIPETAIINNA 3PUTEIHBHOTO BOCIIPUSTHSI.

Jokta akTyaJieH Jijisi COBEPIIEHCTBOBAHUsS OOIIEYIIOTPEOUTETbHBIX METOOB
KJIACTEPHOro aHa/m3a B mHcTpyMeHTapusax turna MatLab, a takxke cozmanust mpo-
TPAMMHOTO 00eCIIe eHnsl MJIs JeTEKTUPOBAHNS O0BEKTOB HA M300parXKEHNN JBYXITAll-
HOIl MPOTIEIyPOil BBIUNCIEHNS UEPAPXUN KJIACTEPOB MHUKCEJeH U ee Mpeodpa3BaHms
B IpUOIMKeHNe n300parKeHus ¢ «00bEeKTaMU UHTEPECay 1O ITOPOTOBOMY 3HAYUCHUIO
napamerpa HeojgHopoHocTn H [1].

[1] Xapunos M. B. Jlokammsaiusi 00beKTOB Ha IU(POBOM H300PAKEHUH IIOCPEICTBOM

KYCOIHO-TIOCTOAHHBIX npubanzkenuit // Wssectua Tynl'y. Texunveckne nayku, 2019.
B, 6, Tyna, 2019. — C. 160-169.
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Minimization of the approximation error for describing of an
image by piecewise constant approximations

Mikhail Kharinov'x khar@iias.spb.su

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

At present, the possibilities of clustering of image pixels with real minimization
of the approxzimation error E (total squared error) are far from been exhausted.
To calculate the optimal approximations of the image with the minimum possible
error ' for a given number of pixel clusters, as well as to formalize the concept
of objects in the image, an accurate statement of the optimization problem and a
system of minimizing methods F taking into account the features of the video data
are necessary. The report describes the methods for minimizing of the error E, which
are developed by obtaining and studying the sequences of optimal approximations
for specific images basing on the concept of a hierarchically structured color image
of N pixels.

An image is considered structured if it is defined a binary hierarchy of pixel
clusters and the corresponding sequence of piecewise constant approximations, which
are described by a convex sequence of E values depending on the number of clusters
g. Any binary hierarchy of pixel clusters is allowed, which is the main feature of the
development. The number of clusters 2N — 1 in the binary hierarchy is almost twice
as large as the number of pixels in the image. Due to operations with these clusters,
a real minimization of the error F is achieved and a hierarchy of color—distinguished
objects from one, several, or many segments of arbitrary size and shape is detected.

The main method for obtaining a hierarchically structured image is Ward’s clus-
tering method, which is implemented by a comparable to N number of algorithms.
For definiteness of the algorithm, Ward’s method is parameterized by the number of
go objects in the image, which coincides with the number of clusters at which the
value of E is as close as possible to the optimal one. To reduce the computational
complexity, Ward’s method is performed in image parts, i.e. within gg clusters of
some initial image partition, which are processed as separate images. When recur-
sively accelerating, the computational complexity of Ward’s method in image parts
decreases from N2 to N%, N%, N%,. ..,N. For the correct calculation of the set
of 2N — 1 pixel clusters by Ward’s method in image parts, which ends by itera-
tively merging of gg clusters into one cluster using the original Ward’s method, it is
enough that the initial partitioning of the image into go clusters cannot be improved
by reducing the error E by counter operations of dividing one cluster into two and
merging of a pair of clusters into one.

This condition is provided by improving the quality of partitioning into gg clus-
ters by CI(Clustering Improvement)-method. Cl-method is reduced to iterative
repetition of counter operations of splitting/merging of pixel clusters that corre-
spond to the maximum reduction of E. Cl-method does not change the partitions

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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constructed by Ward’s method and is especially effective for improving of rough
initial approximations of the image.

Cl-method for improving of image partition into a given number of clusters is
supplemented by K-meanless method (Dvoenko S. D., 2014). K-meanless method
is designed to reduce the approximation error of arbitrary image approximation
with fixed number of structured pixel clusters. The output of K-meanless method
yields an approximation that cannot be improved by the approximation error E by
means of reclassification of one or another part from preassigned number of parts
of one pixel cluster into another pixel cluster. K-meanless method is an upgraded
version of the conventional K—means methods, which when clustering pixels, as a
rule, lead to false minimums F due to operations with only individual pixels, a
coarsened criterion for their reclassification, and initial image approximation, which
is oftenly far from the optimal. K—meanless method reclassifies the provided sets of
pixels with the maximum reduction of E' in the strategy from larger sets to smaller
ones and supports the minimizing of the error E for image approximation with gg
clusters, which is so close to the optimal approximation that stays invariant under
the processing by Cl-method. If the image approximation of gy clusters is selected
from the number of approximations obtained by Ward’s method, then due to the
convexity property, it is guaranteed that the error E' does not exceed a predetermined
threshold.

As the measure of the heterogeneity for given pixel cluster it is considered the
absolute value |‘fl—§| of the derivative of the error E with respect to the number of
clusters g, which does not decrease upon the cluster enlargement.

Generation and storage of the hierarchy of image approximations, as well as
high—speed operations with clusters of pixels are performed using the network, con-
necting the image pixels. The kernel network encodes a hierarchy of image partitions
in a pair of arrays of N elements. In one array, an acyclic graph presenting Sleator—
Tarjan dynamic tree is defined. In the second array the establishing order of arcs in
the tree is specified by means of a cyclic graph. A dozens more graphs, systems of
pointers, number arrays, and other components from N elements are generated for
the image and kernel network, which allow working with pixel clusters as quickly as
with individual pixels. This is achieved thanks to the Sleator—Tarjan trees, which,
unlike the traditional trees(dendrograms), with minimal memory consumption sup-
port an arbitrary binary hierarchy of pixel clusters.

In the report, the computer network for object detecting is compared with a
multilayer artificial neural network (ANN). It is useful for interpretation of visual
perception.

The report is relevant for improving of commonly used cluster analysis methods,
namely, in software tools like MatLab, as well as for creating of software for detec-
tion of objects in the image by means of a two—stage procedure for calculating of the
hierarchy of pixel clusters and their transforming into an approximation of the im-
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age with “objects of interest” according to the threshold value of the heterogeneity

parameter H [1].
[1] Kharinov M. Localization of objects in a digital image by piecewise constant approxi-
mations // Izvestiya TulGU. Engineering, 2019. Vol. 6, Tula, 2019. — P. 160-169.
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AnropuTtmbl NnoacyeTa HUTEW XOJICTOB KapTUH NO M300pa>keHnsam
Ha OCHOBE MaKCMMM3auuu B3amMHOI nHopmaumn

Mypawos Jmumputi Muxatirosur' « d_murashov@mail.ru
Bepesun Aaexceti Baadumuposuy’ berezin_aleks@mail.ru

Hesanosa Examepuna FOpvesna®
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ivanova-e-u@yandex.ru

Pabora mocBsIena periennio 3aadu Olpe/IeIeHNs XapaKTEePUCTUK XOJICTOB Kap-
THH, UCIIOJIb3YEMBbIX JIJTsl JATUPOBKU, U ABJISETCs ITPOJIOJIZKEHUEM HCCIEIOBAHUN, CBsI-
BaHHBIX ¢ Pa3pabOTKON KOMITBIOTEPHBIX METOJIOB aHAN3a M300payKeHuil i aTpu-
Oyrun iponsBeiernii kupormcu. OHUM U3 BUJIOB TOCJIONHOTO MCCIIETOBAHUST TIPO-
U3BEJICHUN YKUBOIINCH B aTPUOYIUH sIBJISIETCS OIPEJeJIEHUe [TPOU3BOJIUTEIST U Jia-
THPOBKA IIPOM3BOJCTBA MaTepUaJjia OCHOBBI, B YACTHOCTU XOJICTA. XapPaKTEePUCTUKN
XOJICTOB 3aBHUCSAT OT YPOBHSI TEXHOJOIUH IIPOU3BoJicTBa. [losToMy crieruduka cTrpyk-
TYpbI TKAHU, UCIOJBb30BAHHON KaK OCHOBA JIJI KUBOIIMCH, MOYKET CJIYKUTH MCTOU-
HUKOM WHMOpMAIMA O BPEMEHU UCIOJHEHUs] U3y4JaeMoil KapTuHbl. {1t cHuzKeHms
TPY/IOEMKOCTH U TIOBBIIIEHUST TOYHOCTH aHAJIN3a XOJCTOB HEOOXOIMMO pa3paboTraTh
ABTOMATU3UPOBAHHBIE AJTOPUTMBI M3MEPEHUsI IIapaMeTPOB XOJICTOB 10 M300pazke-
HusgM. B uccieoBannn MCHOJIB3YIOTCA M300parKeHusI, MOIyIeHHbIe (HPOTOCHEMKOM
[IPU HATIPABJICHHOM I10JI OCTPBIM yTJIOM IO OTHOIIECHWIO K XOJICTY ocBernenun. Ta-
KO ¢c1oco6 moJrydennst m300pakeHnil O3BOJIMI TOAIEPKHYTh TEKCTYPY XOJICTA B
BBIODAHHOM HAIPABJICHU.

XoJICTBI KAPTUH UMEIOT Psijl 0OCOOEHHOCTE, KOTOPbIE 3aTPY/IHSIIOT UMIOJIb30Ba~
HUE AJITOPUTMOB, CO3/IAHHBIX JIJIsI KOHTPOJISI KATECTBA IPOJLYKIIUU TEKCTUIHLHOTO IIPO-
M3BOJICTBA, U AJTOPUTMOB aHAJN3a PEHTTEHOBCKUX N300pPaKEHMI XOJICTOB KAPTHH.

B nmammoit pabore mis anasgmsa n3o0pazkeHUil 00pa3oB TPUMEHSINCH [TPEJIJIO-
JKeHHbIE MOJINMUKAIIT U3BECTHOIO TIOJIX0/[a, OCHOBAHHOTO Ha (husbTparun B Dyphe-
obJracT U TOPOroBoit buunapuzanuu. /s moporosoit bmHapu3annu puILTPOBAHHBIX
n300paKEHM MPEJTIOKEHO UCIIOIH30BATh [VIOOAJBHBIN U JIOKAJIBHBIN AJrOPUTMBI,
MaKCUMHU3UPYIOIINE B3aNMHYI0 HH(MOPMAITUIO MEXK/Ty IOy TOHOBBIM 1 ONHAPU30BaH-
ubiM u3o0pakenusmu (MIMax-based u Local MIMax-based). PaspaGoranbl 1po-
neaypbl 00pabOTKM MCXOIHDBIX, (DUIHTPOBAHHBIX W OMHAPU30BAHHBIX M300PaKeHMi
x0J1cTOB. IIpeyioxKeHabIe aJropuTMbl CPABHUBAJIMCH C U3BECTHBIMI AJITOPUTMAME HA
ocHoBe MeToz0B noporosoit 6unapusamuu Otcy (Otsu-based) u Hubska (Niblack-
based), cm. [1].

Jlng npoBepKu 3(DMEKTUBHOCTH TPEJTIOKEHHBIX aJITOPUTMOB TIPOBECH BHIUUC-
JINTEJIbHBIA 9KCIEPUMEHT. DKCIEPUMEHT BKJIOYaeT JBa dTarna. Ha mepBom 3Tare
OTIPEJICJISETCS IUAITA30H IPOCTPAHCTBEHHOTO Pa3peliennsi n300paykeHnii 00pasios,
Ha KOTOPOM JIOCTUT'a€TCA HaI/I60.HbHIaH TOYHOCTD IIoJ/ICYeTa HUTEN. Ha BTOPOM 3Ta-
1€ yKa3aHHbIE BBIIIE AJIFOPUTMBI IPUMEHSTIOTC K H300PaykeHusIM 00pa3IoB X0JICTA,

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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[IOJIy9€HHBIX [IPU BHIOPAHHOM Ha IIEPBOM dTAIle JUAIIA30He IPOCTPAHCTBEHHOIO Pa3-
pertienns. V3mepenust KoandecTBa HUTEN OCHOBBI IIPOBO/IMIINCH B 33 M300paKeHusIX,
a KOJIMYecTBa HUTell yTKa - Ha 42 uzdpaxkerusx. J[Jisi OMEHKM TOYHOCTU AJTOPUT-
MOB IIOJIy9€HHbIE 3HAUEHUS JYUC/Ia HUTEH CPABHUBAJNUCH C PE3YJIbTATAMU I10JICUETA,
BBITIOJTHEHHBIMY dKCIIepTaMu. [10CTpOeHbI rucTOrpaMMbl 3HAYCHUH OTHOCUTEIHHBIX
ommbOK, BBIYUCICHBI UX CpeJHue 3HaueHus u auctepcun (cM. tabmuiy ). [Iposemeno
CpaBHEHNE Pe3yJIbTATOB II0/ICYeTa HUTEH aJropuTMaMi Ha OCHOBE MAaKCHMyMa B3a-
UMHOIN MH(MOPMAIME U U3BECTHBIMH aJI'OPUTMAME, Pa3pabOTaHHBIMU JIJIsT KOHTPOJIS
KaJyecTBa TKAHU B TEKCTUJIBHOM IIpou3BojicTBe.Ha mpakTuke IJIOTHOCTH XOJICTa W3-
MepSIeTCs SKCIEePTaMU B KOJUYIECTBE HUTEH, MPUXOISAIINXCS HA €IUHUILYy JJINHBI B
HAIPABJIEHUN OCHOBBI Win yTKa. [Ipu onennBannm mI0THOCTH XOJICTOB B HAIIPABJIE-
HUU HATEH OCHOBBI JIFOPUTM Ha 6a3e MeToIa moporosoii ounapusanun Orcy B 92, 8%
CJIy9aeB IIPOJAEMOHCTPUPOBAJI OIIUOKY B IIPejesax OHOW HIUTU HA CAHTHUMETD, aJiro-
puTM Ha 6a3e Merona Hubmeka — B 83%, ajropuT™ Ha OCHOBE TJI00AILHOTO KPUTEPH
MakcuMyMa B3anMHoil undopmanuu — B 100% ciaydaes, a aJaropuTM Ha OCHOBE JIO-
KAJIBHOTO KPUTEPHUST MAaKCUMyMa B3anMHuoi nadopmarum — B 97% ciayqaaes. [Ipu one-
HUBAHUU IUIOTHOCTU XOJICTOB B HAIIPABJIEHUN HUTEH yTKa aJIrOPUTM Ha 6a3e MeTo/a
Orcy B 100% coygaes nmokasas omubKy 60s1ee 0JIHON HUTH Ha CAHTUMETD, aJIlOPUTM
Ha 6aze meroma Hubiska B 60% msobpaskenuii. AIropuTM Ha OCHOBE TJI0OAJIBLHOTO
KPHUTEpHUs MaKCUMyMa B3auMHoil uadopManun B 88% cirydaes obecreans omuoKy,
HE MPEBOCXOSIILY0 OHOM HUTU HA CAHTUMETD, & HA OCHOBE JIOKAJIHLHOTO KPUTEPUS
MakcuMyMa B3auMHOi madopmarmyun — B 95% ciydaes. PesyapraThl IpOBEIEHHBIX
UCCJIEJIOBAHUI [TO3BOJIMIINA CJIEJIATH CJIEJTYIONINE BBIBOIBI. AJITOPUTMBI MIO/ICIETa HE-
Teil Ha M300parKEHUsIX XOJICTOB KapTUH, UCIOJIb3YIONUe TJIOOAJBHBIN U JIOKAJIbHBII
METO/bI ITIOPOrOBOIl OMHAPU3AIMA HA OCHOBE KPUTEpPUs MAKCUMyMa B3aWMHON WH-
dopmaru 1 pazpaboTaHHbIE MPOIEIYPhI IPEJ- U MOCTOOPADOTKH, SBJSIOTCS 6O0-
siee 3 MEKTUBHBIM 110 CPABHEHUIO C METOIAMU, CO3IAHHBIMU JJIs KOHTPOJIS Kade-
CTBa TEKCTUJIHLHOIO TPOU3BOACTBA. AJITOPUTM I0/IcUYeTa HUTEH Ha OCHOBE KPUTEPUsT
MaKCHMYyMa B3aNMHON NH(MOPMAIUIIN 00eCIIeInBaeT TOYHOCTh Ha YPOBHE M3BECTHBIX
AJTOPUTMOB M3MEpeHHs! INIOTHOCTH XOJICTa KapTUH (HAaIpUMep, MeToJaM HoJcuera
HUTEH 110 PEHTTeHOBCKUM W300PAaXKEHUM X0J1CTa). [Ipu 9TOM IIpeJIoKEeHHbIe AJl-
TOPUTMBI He TPeOYIOT CHEeIUaJIbHOI0 000PY/I0OBAHNS, HEOOXOIUMOTO JJIsl TOJTy YCHS
PEHTIeHOBCKIX CHUMKOB.

JlanbHeitmme uccsieoBanus Oy/LyT HAIIPABJIEHBI Ha IOBBIIIEHNE TOYHOCTH IIO/I-
cyeTa HUTeH U pa3pabOTKy METOJI0B M3MEPEHUs! APYTUX [IapaMeTPOB XOJICTOB KAPTUH
10 M300PAYKEHMSIM.

Pabora Bemosinena npu gactuanoit moaepkke PODU, rparTer Ne 18-07-01385
u Ne18-07-01231.

[1] Mypawos /. M., Bepesun A. B., Heanosa E. IO. Oupenesenne KOIuIecTBa HUTEH X0

CTOB KapTHH IIO I/I3O6pa)KeHI/I${M7 IIOJIYYEeHHBIM IIpU HallpaBJIEHHOM OCBEHICHUU // Ma—

mIuHHOE OOy tIeHne U aHaan3 JaHubx, 2018.
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Algorithms based on the mutual information maximization for
measuring number of threads from painting canvas images

Dmitry Murashov'x d_murashov@mail.ru
Aleksey Berezin? berezin aleks@mail.ru

Ekaterina Ivanova®

"Moscow, FRC CSC RAS
2Moscow, State Historical Museum

ivanova-e-u@yandex.ru

3Moscow, Glazunov Academy

This work deals with the problem of canvas threads counting in images of paint-
ings. Counting of threads is necessary for measuring canvas density and a number
of other parameters used by art historians for dating the artworks. To emphasize
canvas texture here we use images acquired in raking light. We improve known
techniques developed for inspecting fabrics in the textile industry. Two new threads
counting algorithms based on filtering in the Fourier domain and mutual information
maximization thresholding techniques (global and local MIMax) are proposed and
tested. These algorithms are compared with two known algorithms based on the
global Otsu thresholding technique (Otsu-based) and the local Niblack algorithm
(Niblack-based) (see [1]). To evaluate the effectiveness of the described above al-
gorithms, a computational experiment is carried out. The experiment includes two
stages. At the first stage, the spatial resolution of the sample images, at which the
highest accuracy of counting the threads can be achieved, is determined. At the
second step, to count the warp and weft threads the described above algorithms are
applied to the images of the canvas samples obtained at the selected optimal spatial
resolution. To estimate the accuracy of the algorithms, the obtained values of the
number of threads are compared with the results of counting performed by experts.
We compute relative error values and obtain means and standard deviations (see
the table below). In practice, the density of the canvas is measured by experts in
the number of threads per unit length in the direction of the warp or weft.

When estimating the density of canvases in the direction of the warp threads, the
algorithm based on the Otsu method in 92.8% of cases showed the error within one
thread per centimeter, the algorithm based on the Niblack method - in 83% of cases,
the global algorithm based on the mutual information maximization - in 100%, and
the method using the local MIMax technique — in 97% of cases. When estimating
the canvas density in the direction of weft threads, the algorithm based on the Otsu
method always showed the error of more than one thread per centimeter, and the
algorithm based on the Niblack method - for 60% of samples. The method based
on the global MIMax criterion in 88% of cases provided the error not exceeding one
thread per centimeter, and the method using the local MIMax technique — in 95%
cases.

From the results of the experiment, one can conclude that the technique based
on the global MIMax method is more efficient for counting warp threads, and the
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technique based on the local MIMax method is more accurate for counting the weft
threads. These algorithms for measuring the canvas density from images taken in
raking light are efficient in cases when the analysis of canvas images acquired in X-
rays and transmitted light is ineffective. The results of the experiment show that the
accuracy of the proposed threads counting algorithms is comparable to the accuracy
of known techniques.

The future research will be aimed at improving the accuracy of counting threads,
developing methods for measuring other parameters of canvases of paintings.

This research is partially funded by RFBR, grants 18-07-01385 and 18-07-01231.
[1] Murashov D., Berezin A., Ivanova E. Painting canvas thread counting from images ob-

tained in raking light // Machine Learning and Data Analysis, 2018.
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ABTOMaTunyeckoe cosmelleHne n3obpaxkeHnii B 3agadax
YyNYYLEHHOro U KOMOVHMPOBAHHOIO BUAEHUSI C UCMNOJIb30BaHNEM
reHepaTUBHbIX COCTSA3aTesIbHbIX ceTeil
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"Mocksa, ®T'VII «[ocymapcTBeHHbIi HayTHO-HCCIEIOBATEIbCKHA HHCTATYT

ABUAIMOHHBIX CHCTEM»

B coBpemeHHBIX cucTeMax HENPEPBIBHOTO BU3YAJIBHOIO IIPEJICTABICHNUST 3aKAOMH-
HOTO IIPOCTPAHCTBA, MOBBIIIAIONIINX CUTYAINOHHYIO OCBEIOMJICHHOCTh IKUIIAXKA BO3-
JIYIITHOTO CYIHA, 00pabaThIBAIOTCA JTaHHble pa3Hoil (husmdeckoit mpupomasl. Tak, Ha-
[IpUMep, B CUCTEMAX YJIYUIIEHHOI'O BUJIEHUs U300PaKeHHUs OT JATIYNKOB TEeXHUUe-
CKOTo 3peHusl (Kak MPaBUIBbHO, TEJIEBU3MOHHBIX U MH(MPAKPACHBIX KaMep) MPOXO-
JAT (PUIBTPAIN0, 00pabOTKY U KOMILJIEKCUPOBAHUE CIIEIUAJIbHBIMEI AJITOPUTMAMHU,
a B CHCTeMaX KOMOMHUPOBAHHOTO BUJCHUS M300pakeHue 3aKaOMHHOW OOCTAHOBKU
dopMupyeTcs 3a CIe€T WHTErPAJbHOTO IIPEJICTABJIEHUS] PEATLHOIO OT ONTHIECKOTO
JaTYNKA U CHHTE3WPOBAHHOIO HA OCHOBE IMHUJIOTAXKHO-HABUTAIIMOHHON MHMOPMAIUN
(ITHW) unzobpazkenmuii.

B nanHOil pabore npejyiaraeTcsi OpUrHHAIbHAS apXUTEKTypPa MeHePATUBHON CO-
CTsi3aTe/IbHON HEHpPOHHON cern, ocHOBaHHOI Ha apxurekType LinkNET, nmozBosisio-
meit 00beINHATh N300parKeHnsT Pas3Hoil (pU3MIECKON TPUPOIHI.

Pabora Beimosinena pu noiep:kke PO®U, rpant 18-07-01275A, u PH®, rpant
Ne 19-11-11008.

[1] Busuavmep IO. B., Bwizoaos O. B., [obporodos K. B., Jle6edes M. A., Hexardos C. A.
ABTOMAaTHYECKOE COBMeIeHne M300parkeHuil B 3ajladax YJIydIIeHHOTO W KOMOWHUPO-
BaHHOI'O BUIEHHUA C UCIIOJIB3OBAHUEM I'€EHEPATUBHBIX COCTA3aTE/IbHBIX cereit // BeCTHI/IK
KOMIBIOTEPHBIX U MHMOpManOHHbIX TexHosoruii, Mocksa: OO0 «M3garenbckumii 10
«Crnekrp», 2019. — (IpUHATO B IIEYATH).
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Automatic Images Fusion in Aviation Enhanced and Combined
Vision Systems Using Generative Adversarial Networks
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In modern systems of continuous vision view of the cockpit space, which increase
the situational awareness of the aircraft crew, data of different physical nature are
processed. For example, special algorithms in enhanced vision systems are filtered,
processed and integrated images from technical vision sensors (television or infrared
cameras), and images outside the cockpit in combined vision systems are formed
using integral representation of real image from optical sensor and image, which was
synthesized based on navigation data.

In this paper, we propose the original architecture of a generative adversarial
neural network based on the LinkNET architecture, which allows fusion images
of different physical nature. The high quality of the fusion image is achieved by
denoising, debluring and geometric mismatch of input images due to errors in the
data of navigation data.

This work was performed with the support of RFBR, grant 18-07-01275A, and
RSF, grant 19-11-11008.

[1] Vizilter Yu., Vygolov O., Dobrokhodov K., Lebedev M., Neklyudov S. Automatic Images
Fusion in Aviation Enhanced and Combined Vision Systems Using Generative Adver-
sarial Networks // Herald of computer and information technologies, Moscow: Publish-
ing house “Spektr”, 2019. — (in printing).
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Anroputm ctabununsauumn Bnaeo c BbIOpOM Beayuwein rpynnbi
OBV>XEHU C coOXpaHeHUeM pa3MepHOCTU Kagpa

Cemenoe ITasea Baadumuposur'x semenov.pv71@yandex.ru
Knasases Jenuc Buxmoposu' denis.denis-knyazev2018@yandex.ru
Konwroe Andpeti Banepvesur' av.kopylov@yandex.ru

!Tyna, Tyabckumii TOCYIAPCTBEHHBIH YHIBEPCATET

Sagava crabuim3anyuy BUIEO 3aK/II0IACTCS B yCTPAHEHNN HEXKEIATETHbHOIO MEXK-
KaJIPOBOTO CMEIEHUsI, KOTOPOE TMOSIBJISIETCsI B PE3yJIbTaTe HelPeHAMEPEHHOIO JIBH-
»xennst Kamepbl. [1Iupokoe pacrpocTpaneHne MPOMBIILIEHHBIX CUCTEM, 8 TaKXKe MO-
OUJIBHBIX YCTPONCTB ¢ (DYHKITMEl BUIeOHADJIIOIEHUS] U JAJIbHEHIINI aHAJIN3 BUJIE0IIO-
CJIEJIOBATE/IHOCTH BBIJIBUTAIOT MTOBBIIIIEHHBIE TPEOOBAHUS K KAYECTBY IOJIyIaeMOTO
n300pakeHusi, B TOXKE BPEMs JAJIEKO HE BCE yCTPONCTBA OCHAIEHBI AITAPATHBIMI
CHCTEMaMU CTAOWIIM3AIIIH.

Ha nmanubiit MOMEHT CyIIECTBYIOT PA3JIMIHbBIE METO/IbI TPOrPAMMHON CTaOUII3a-
UK BUJIEO, OCHOBaHHBbIE Ha (uibrpannn KajiMaHa U OIEHKaX JIBUYKEHHS KaMephl.
B obriem citydae, Bce alrOpuUTMbI CBOJATCST K IIOUCKY KJIFOYEBBIX OCOOEHHOCTEN Ha
COCEJTHUX KaJIpax, UX COMOCTABJIEHUIO U CIVIAKUBAHUIO JBUKEHUS. DTU METOIbI J1a-
10T XOPOIINE PEe3YJIbTATHI, HO JIMIIEHbI BayKHOW OCODEHHOCTH — OHHM OCHOBAHDLI Ha
OTJIeJICHIH TJIO0ABHOTO MEYKKAIPOBOTO JBUKEHUST OT JIOKAJHHOTO U He TO3BOJISIIOT
OTJIEJISTh JIOKAJbHBIE TPYIIIbl ABUKEHUIT, TPUHAJIEIKAIIX PA3JIAIHBIM O0bEKTaM
Ha KaJipe, Jpyr OT Jpyra. B mporecce crabuam3anyuy B0, BCJIEJICTBHAE IIPUME-
HEHUsI MEXKKaJIPOBBIX ITPeo0pa30BaHmii BOSHUKAET Mpo0JeMa IOosBIeHns 00J1acTeit,
JJIsE KOTOPBIX M300parkKeHne Ha TeKyIeM IpeoOpa3oBaHHOM Kajpe oTcyTcTByeT. Ha-
JIn9aue 3TUX 00JIacTell yxXy/aer BOCIpuaATHe nHMOPMAIIH, COEPIKAIIEHCS B BUJIEO.
OsHuM n3 HamboJiee IMOIYJISIPHBIX MeTo/I0B siBjisiercsts Motion Inpainting. JlanHBI
MeTOJI, II03BOJISIET 3AITOJIHATh KAJIPhl KAK C JIMHAMUYECKUMEU, TAK U CO CTATHIHBIMU
crieramu. Takzke CyMIECTBYIOT METO/IbI, OCHOBAHHBIE HA OIEHKE IJI06aIbHOrO Ipeod-
pasoBanus. JlaHHBIE METOIBI TPEOYIOT MIPOBEIEHUS BEChMa I'POMO3IKNAX BHIUUCICHIH
U HE MOJIXOJIAT JJIsi CTAOUIM3Aliy B peajbHOM Maciitabe BpeMenn. AJbTepHaTHBOIMN
SIBJISIETCsT OOPE3Ka BCEX KAJIPOB IOJT OJINH Pa3Mep, OJIHAKO JAHHBI METO/] IPUBOJIUAT
K 1oTepe HH(MOPMAIIHH.

B nannoit pabore MbI IpejjiaraeM BBECTU KJIACTEPHU3AIUIO B JIByMEPHOM IIPO-
CcTpaHCcTBe, C(OOPMUPOBAHHOM BEKTOPAMHU JBUKEHUS, & TAKYKE METOJI TIO3BOJISIFOIIIIT
BOCCO3/aTh KaJp B IIOJHOM pa3Mepe 0e3 3HaduTesbHOi norepu undopmaimu [1].
JlomoJTHUTETGHBI Al KJIACTEPU3AINHT, TO3BOJIUT HAM BBIOHPATH BEJYIIYIO T'PYII-
Iy BEKTOPOB, JIBUKEHUE KOTOPOH MBI XOTUM CTaOWIN3UpOBAThL. B j1annoit pabore
JIJIST JIOCTUYKEHUST JIYUIINX Pe3y/IbTaToB Mbl IIPUMEHUIN H0jiee TOYHBIN Crocod KJia-
cTepu3alyy JJTsi TIONCKA MUHUMAJIBHOTO ITOKPBIBAOIIETO JepeBa. B ocHOBe jgaHHOTO
Meroza jexkuT ajaropurM [lpumva. B pesynbrare Boraucisercs marpuia abOuHHBIX
peobpazoBaHuii, KOTOpas MPUMEHSIETCs K TeKYIIeMY KaJpy JJIsl YCTPAHEHUST HevKe-
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JarenbHoro gasuxkenus. Ilocse 3Toro mpeobpa3oBaHms MBI TOJIyIaeM OOJACTH, I
KOTOPBIX N300pakKeHue Ha TEKYIIEM KaJpe OTCYTCTBYET.

Ham meron jutst Boccozanust Kajipa, He 00Jj1a/aeT OOJIBIION BBIYUCIUTEHHON
CJIOXKHOCTBIO. 11 ero paboThl cHadasia, MOCPEeICTBOM 00paTHOrO adOUHHOrO Mmpe-
0o0pa3oBaHmsl MBI [IPEJCTABIISEM KaJIp C HEHOJHON mH(bOpMAImeil B CUCTEME KOOP-
JITHAT 3all0JHEHHOrO KaJpa (Kak MPaBUIIO IPEJIbIILYIIEero). 3aTeM MOCPEICTBOM II0-
UCKa TOYEK Ilepecevennsi KpPaiiHUX OTPE3KOB KaJPOB, MbI BbIJIEJIsI€M HE3AIIOJHEH-
Hyto obstacTb. [Tocie omnpeieieHust HE3AIIOTHEHHON 00JIACTH HAYUHAETCST BTOPOIA 9Tall
aJIrOPUTMa — COBMEIIeHIe CUTHAJIOB MHTeHCHBHOCTel. JIJisi 9Toro Heobxoaumo pac-
CYNTATh WHTEHCUBHOCTH BCEX T'PAHUYHBIX MMUKCEJEH 3al0/THEHHOM 00/1acTi Kaapa ¢
HEIOJIHON nH(OPMAIell 1 COOTBETCTBYIONINX HEOIIPEIEICHHON 00IaCTH TPAHNIHBIX
[IIKCeJIell ¢ 3aIMl0JIHEHHOTO KaJipa. B pe3yibrare OyIeT MoIydeHo J[Ba CUrHAJIA U3Me-
HEHWs] MHTEHCUBHOCTHU MUKCeJIeil Ha MPAHUIAX COOTBETCTBYIOMMX obsacteit. Curnas
C BaIOJHEHHOI'O KaJjpa IOJIBEPTraeTcsl «3JIACTUYHON» TpaHchOpMaluu BJIOJIb Ipa-
HUIIBI 3aI0JIHIEMO 00/IaCTH Tak, YTOObI 3HAYEHUs] CUTHAJIOB COBIIAJIM KAaK MOYKHO
gyuarne. JIns pereHus MaHHON 3aa91 UCIOJb30BAH OBICTPBIA aJrOPUTM HA OCHO-
Be JUHAMHUTIECKOTO MpOrpaMMUpoBaHus. Takum oOpa3oM, Ha CTHIKE KaJIpoB OyIeT
[IPaBUJIBHO 110/100paHa NHTEHCUBHOCTD KaKJIOTO IMUKCEJIsd U TMHAMUYECKNEe 00 bEeKTHI
CIIeHBI He OyIyT 1ehOpMUPOBATHCS U UCKAXKAThCA. B pesy/brare Ha BBIXOJE IOJIY-
YUTCsI TOJTHOIEHHBI KaJp CTaOUIN3UPOBAHHOIO BU1€0 Oe3 moTepu MHMOPMAIUA U
[PV MUHUMAJIBHBIX BBIUYUCIUTEBHBIX 3aTPATAX, TO3BOJISIONINX OCYIIECTBUTD BUIECO-
CTaOMIU3ANNIO B PEATHLHOM MAaCIITabe BPEMEHH.

Jtst paboThl METOMa CTAOWIU3AIMH TPEOYeTCsT OTHOCUTETBHO HEOOJIBITIOE TUC/IO
KJIFOUEBBIX OCODEHHOCTEIl Ha KaJjpe U, CJIeJIOBATEIbHO, BEKTOPOB JIBUYKEHUSI.

Pabora Beinosiaena npu nojaepxke PODU, rpanTsr Ne 18-07-00942, 18-07-01087.
[1] Cemenos II. B., Knsases /[. B., Konvios A. B. Anropurm crabuimsaiuu BUJIEO C Bbl-

6OpOM BeyIIeil TPYIIIBI JBUKEHUI ¢ COXpaHEHHeM pa3MepHocTH Kajpa // Vssectus

Tyal'V, Texuuueckue nayku Tyia, zgareascrso TyalV, 2019. (B neuarn).
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The problem of video stabilization is to eliminate unwanted inter-frame bias
that results from casual camera movement. The widespread use of mobile devices
with video surveillance function and further analysis of video sequences put forward
increased demands on the quality of the resulting image, while at the same time,
not all devices are equipped with hardware stabilization systems.

At the moment, there are various methods of software video stabilization based on
Kalman filtering and camera movement estimates. In the general case, all algorithms
are reduced to searching for key features on adjacent frames, comparing them and
smoothing the motion. These methods give good results, but devoid an important
feature - they are based on the separation of global interframe movement from local
and do not allow to separate local groups of movements belonging to different objects
in the frame from each other. In the process of video stabilization, due to the use
of inter-frame transformations, a problem arises of the appearance of missed areas.
These areas affect the perception of the information contained in the video. One
of the most popular methods is Motion Inpainting. This method allows you to fill
frames with both dynamic and static scenes. There are also methods based on the
estimation of global transformation. These methods require multiple calculations
and are not suitable for stabilization in real time. An alternative is to crop all
frames to the same size, but this method leads to loss of information.

In this paper, we propose introducing clustering in a two-dimensional space
formed by motion vectors, as well as a method that allows us to recreate a frame in
full size without significant loss of information [1]. This step of clustering will allow
us to select a leading group of vectors whose motion we want to stabilize. In this
work, for best results, we have used the accurate clustering method to find the min-
imum spanning tree. This method is based on the Prim algorithm. As a result, the
matrix of affine transformations is calculated, which is applied to the current frame
to eliminate unwanted movement. After this conversion, we get areas for which the
image on the current frame is missing.

Our method for reconstructing a frame does not have much computational com-
plexity. For the algorithm execution, firstly, through the inverse affine transforma-
tion, we present a frame with incomplete information in the coordinate system of
the filled frame (usually the previous one). Then, by searching for the intersection
points of the frames, we select a blank area. After determining the blank area, the
second stage of the algorithm begins - the combination of intensity signals. For this,
it is necessary to calculate the intensity of all boundary pixels of the filled region
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of the frame with incomplete information and the corresponding indefinite region of
boundary pixels from the filled frame. As a result, two signals of changes in pixel
intensity at the boundaries of the respective regions will be obtained. The signal
from the filled frame undergoes an “elastic” transformation along the boundary of
the filled area so that the signal values match as best as possible. To solve this
problem, a fast algorithm based on dynamic programming was used. Thus, at the
junction of the frames, the intensity of each pixel will be correctly selected and the
dynamic objects of the scene will not be deformed and distorted. As a result, the
output will be a full-size frame of stabilized video without loss of information and
with minimal computational costs, allowing real-time video stabilization.

The stabilization method requires a relatively small number of key features on
the frame and, therefore, motion vectors.

This research is funded by RFBR, grants 18-07-00942, 18-07-01087.
[1] Semenov P. V., Knyazev D. V., Kopylov A. V. Video stabilization algorithm with selec-

tion of the leading group of movements with preservation of frame dimension // News

of TulSU, Technical sciences of Tula, Publishing house of TulSU, 2019. (in press)
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"Huzkanit Hosropos, HalmoHabHbIi BCC/Ie[0BaTelbHBIA yHIBepCHTeT Bhicimast mKoJIa
9KOHOMUKH, JlabopaTopusi aJIrOPUTMOB U TEXHOJIOTUI AHAJIN3a CETEBBIX CTPYKTYP

B zamage xmaccndukamun nzobparkeHuit He0OXOIUMO TOCTYIAIOMIEMY Ha BXOT
M300paXKEHHUIO MOCTABUTDL B coorBeTcTBHEe onnH 3 C' > 1 3apanee TOYHO HeOIpe/ie-
JIEHHBIX KJjiaccoB. Kyracchl 33J1a10TCsl ¢ IOMOIIBIO0 00y Jatoliero MaoxKecTBa us R > C
STAJOHHBIX N300pazkeHnil ¢ m3BecTHON MeTKoil Kiacca ¢(r) € {1,...,C}. dust MHO-
IUX 33Ja49 paclHo3HaBaHUs n300parkeHWil co3ganue Goubmoii (R > (') Ga3bl gaH-
HBIX 9TAJOHOB, HCOOXOINMOIA JIjIsT 00y IeHMsT TIIyOOKUX CBEPTOYHBIX HEHPOHHBIX CeTeil
(CHQ), sBiisiercsi CJIMIIKOM JIOPOrOCTOIIEH Ipoleypoit. B rakoM ciydae mpuxo-
JIATCST OTPAHUIUBATHCS MaJIoit o6y uarommedi Beibopkoii (R ~ C'), npu 9TOM TIpeiBapu-
TesIbHO 00yUeHHasl Ha Jpyrux Habopax JaHHbIX (Hampumep, ImageNet-1000) CHC
[IPUMEHSIeTCS JJIsi U3BJIeUeHnsi [D-MePHOr0O BEKTOPa MPU3HAKOB BXOIIHOTO N300pazke-
Hud X = [21, ..., 2p]. OKOHUATEIbHOE NPUHATUE DEIIEHUS MOYKET OCYIIECTBIIATHCS
€ TIOMOTIBIO KJTACCUPUKATOPOB, 00YIEHHBIX ¢ UCIIOIH30BAHIEM BEKTOPOB IMPU3HAKOB
STAJIOHHBIX U300PAXKEHUA X, = [Tyi1, ..., Trip ), 7 € {1, ..., R}. 3auacryio HanGoJIbILy IO
TOYHOCTH KJIACCU(PUKAIMY [IPU OYeHb MAJIOM JHC/Ie N300pakeHmil KaXKI0ro KJjiacca
JIOCTUrAeTCs ¢ IIOMOIIBI0 MeTooB Oimkaiimux coceneii (k-NN). Hcnosnb3oBanue Ta-
KOTO TIOJXOJa TTOPOYKIAET HOBBIE MPOOJIEMBI ¢ BBIYUCTUTEIHLHON CIOYKHOCTHIO aJIro-
PUTMOB TPUHSITUS PEIIEHU, KOTOpasi, B OTJIMYNE OT KOHCTAHTHOMN CJIOYKHOCTH TIPS
Moro rpoxoza (inference) ueiipoHHoit ceTn, OOBIYHO JIMHEHHO 3ABUCUT OT KOJHIECTBA
pacro3HaBaeMbIX KjaccoB. HauboJjiee molrysisipHble CIIOCOOBI ITOBBIIIEHMST BBIYUC/II-
TeibHOM ddekTuBHOCTH (IPUOIMIKEHHDIN TOUCK OJIMKANIIEr0 COCela U CHUKEHUE
PA3MEPHOCTH IPU3HAKOB) YaCTO IPUBOIAT K 3HAYUMOMY CHUKEHUIO TOYHOCTH KJIaC-
CU(UKAITIN.

JI1st IpeoiosieHnst OTMEIEeHHON TTIPOBJIEMBI BHICOKOH BBITUCIATEIBHOMN CJI0XKHOCTH
pacnosHaBaHUM M300parkeHUH B padore [1] mpeiozkeH HOBBIH aJrOpPUTM Ha OCHOBE
[IOCJIeIOBATEILHOTO AHAJIN3a BEKTOPOB IIPU3HAKOB BBICOKOiT pasmeprnoctu. Ha mipe-
BAPUTEJIGHOM IIIare BBIIOJHUTH AHAJM3 [VIABHBIX KOMIIOHEHT BEKTODOB IIPU3HAKOB
9TAJOHHBIX M300pakenuii. /lajsee BXOMHON BEKTOP HMPU3HAKOB X IIpeo0pasyercs B
BEKTOpP TJIABHBIX KOMIIOHEHT X = (&1, ..., Zp|, TIOCJIE Tero mocJe0BaTebHO AHAI-
3UPYETCs HepapxXuaecKoe MpeJICTaBIeHne MPU3HAKOB TaK, 9TO Ha Ka¥KJIOM [-M YPOBHE
nepapxuu (I € {1,..., L}) comocrapisirorcst TONBKO dj TIABHBIX (IIEPBBIX ) KOMIIOHEHT.
KosmmaecTBo KOMIIOHEHT Ha KaKJIOM YPOBHE MepapXuu d; ONPEeIesIsieTCs, UCXOsl U3
dbuxcnposannoit o o6bsicHennoit ucnepenn of € (0; 1] obyuaromero MaoKecTBa,
npu sToM 05 < 03 < ... < 02 = 1. Ecsmm npumensiemas B metoge k-NN mepa 61m-
30CTU SIBJISIETCS aJJIATHBHON, TO MOYKHO HCIOJb30BATH PACCTOSHUSI, BBIYUCJIEHHBIE

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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Ha TpeablayIneM ypoBHe. Torma MoKeT OBITH MPUMEHEH MEeTOJ, OJIMKAMIIEero coce-
1a ¢ ucromb3oBanueM paccrosuus (X)) Mex Iy BXOAHBIM 0GBEKTOM U KayKIbIM
KJIACCOM ¢ Ha [-M ypOBHE W3 MHOXKecTBa KaHauiaaros Ci:

¢f = argminp, (). (1)
ceC
Mmuozkecrso C) conepxut BHavane sce Kiaacce: C1 = {1,...,C'}. Bekropsr npu-
3HAKOB PacCMaTPHBAIOTCS KaK ONEHKU BEPOSTHOCTHBIX pacHpejiesleHuil cirydaiiHbix
BeIM4YKH ¢ 1 BO3MOXKHBIME 3HAYEHUAMHU. MHOXKECTBO KJIaCCOB-KAHIUIATOB Ha, KayK-
JIOM TIare yTOYHSETCS CJIEILYIOMAM 00pa30oM:

)
g <0, (2)

e 0 < 1 - dukcupoBanubiii mopor. CoryiacHO 9TOMY BBIPAsKEHHUIO, HA CJIELYIOIIEM
NEPAPXUIECKOM YPOBHE ITPOBEPSIOTCS TOJIBKO T€ KJIACCHI, PACCTOSIHUS JI0 KOTOPBIX
He HaMHOTO ITIPEBBIMAIOT MIHNMAJIBHOE PACCTOSHUE 10 OimKaiimero cocema cf. B
UPOTHBHOM CJIydae aHAJIU3Upyercs OoJiblee YucI0 KoMioneHT Ha (I 4+ 1)-m yposue
nepapxuu. [Iporecc moBTOpsteTcst 10 TEX TOP, TOKa He OyayT 00paboTaHbl BCEe KOM-
IIOHEHTBHI BEKTOPa IIPU3HAKOB.

DKCHEPUMEHTAJILHOE HCCJIE/I0OBAHUE OBLIO IIPOBEJCHO s 3a/Iadi PACIO3HABA-
Hust Jiuil. J{Jist u3B/ieveHns TPU3HAKOB U3 N300PaKeHUsl UCIIOIb30BaUCh 4 cBOOOI-
Ho gpocryuubix geckpunropa ju: VGGFace(D = 4096), Lightened CNN Bepcua C
(D = 256), VGGFace2: ResNet50 mogens (D = 2048), FaceNet (D = 512). Husa
[IpUMEeHEHNs] KOCHHYCHOM Mephbl OJIM30CTH OCYINECTBIISIACh HOPMAJIM3AINS BEKTO-
pa npusHakos B Merpuke Eskinna (Lg), M03TOMY JJIsl ONPEJIEIEHAs UCIIOIb30BAI-
Csl YJIOBJIETBOPSIIONINI YCJAOBUIO 3 IMTUBHOCTU KBaJIpaT paccTosHus EBKauga s
[JIABHBIX KOMIIOHEHT. 3HAYCHHE [TOPOra, JJjis OTHOIIEHUN PACCOTIACOBAHMIT BHIOPAHO
paBabiM § = 0.7.

DKCIEPUMEHTHI TPOBOJIMIIUCH JIJIsT HECKOJIBKHUX IMPOKO U3BECTHBIX HADOPOB JIaH-
HbIX. Pesynbrarsl pacnosHasanus juis Labeled Faces in the Wild (LEW) npuseienst
B Tabuue 1). 31ech Bpemst NpUHATHs PENIeHUs IPEJJIOKEHHOro ajropurma B 10 pas
MEHbIIe, YeM BPEeMs TPAIUIIMOHHOIO MOIX0/1a TTONCKA OJIMKANIIETro cocea.

Tabauma 1. Pesysnbprarshl pacnosHaBanusi n300pazkeHuil juil, Habop gaHHbXx LEW

Kiaccudukarop VGGFaceLCNNVGGFace2FaceNet

k-NN, Bce nmpusnaxun 96.31 97.48  98.66 98.15
Tounoctk-NN, 64 npusHakos 94.10 96.21 96.95 97.36
(%) IIpennoxxennprit nogxox  95.80 96.81  97.98 97.94

k-NN, Bce nmpusnaku 50.39 4.88 34.78 9.37
Bpema k-NN, 64 npusnakon 2.53 2.50 2.53 2.52

(mc) TIpennoxkennsniit nojaxoyx — 3.20 2.23 2.81 1.87
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Crarbsi HOAIOTOBJIEHA B pedyJsbrare Iposejenus ucciegoBanus (Ne 19-04-004)
B pamkax [Iporpammbr «Hayuansrit dhong HarmmmonaabHOro necie0BaTeIbCKOTO YHE-
Bepcurera «Bricimast mkosa skoHoMukny (HITY BIID)» B 2019 . u B pamMkax rocy-
JIAPCTBEHHOI MOJIepKKU BeAyux yHuBepcuteToB Poccuiickoit @eneparun "5-100".
[1] Sokolova A. D., Savchenko A. V. Fast Nearest-Neighbor Classifier based on Sequential
Analysis of Principal Components // In International Conference on Analysis of Images,
Social Networks and Texts, Springer, Cham, 2019.
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Efficient image recognition with sequential analysis of principal
components of off-the-shelf CNN features

Anastasiia Sokolova'x adsokolova96@mail .ru
Andrey Savchenko' avsavchenko®hse.ru

!'Nizhny Novgorod, National Research University Higher School of Economics, Laboratory
of Algorithms and Technologies for Network Analysis

In the image recognition task it is required to assign an input image into one of
C > 1 pre-undefined classes. The classes are specified by a training set of R > C
reference images with known class label ¢(r) € {1,...,C}. The creation of enormous
(R > C) database which is required for deep convolutional neural networks (CNN)
training is too expensive procedure for many recognition tasks. Therefore, one can
use only a small training set (R ~ ¢) and CNN which was pre-trained on other
datasets (such as ImageNet-1000) in order to extract D-dimensional feature vector
of the input image x = [z1,...,2p]. The final decision can be made by a classifier
trained using feature vectors of reference images x, = [¥y.1,...,x,.p], 7 € {1, ..., R}.
The highest classification accuracy for a very small number of images of each class
is often achieved by the nearest neighbors methods (k-NN). The use of such ap-
proach raises new problems with the computational complexity of decision-making
algorithms which linearly depends on the number of recognized classes in contrast
to the constant complexity of direct inference in a neural network. Unfortunately,
the most popular ways of increasing computational efficiency, namely, an approxi-
mate nearest neighbor search and reducing the dimension of features, often lead to
a significant decrease in the classification accuracy.

In order to overcome the noted problem of high computational complexity of
image recognition the novel approach was suggested in the paper [1] based on a se-
quential analysis of high-dimensional feature vectors. On the first stage the principal
component analysis of reference feature vectors is implemented. Then input feature
vector x is transformed into the vector of principal components X = [Z1, ..., Zp]. Af-
ter that we proposed to sequentially process a hierarchy of features, so that at each
I-th level of hierarchy (I € {1, ..., L}) only d; first principal components are matched.
The number of components at each hierarchy level d; is chosen in order to explain
the variance rate o7 € (0;1] for the training set so that 0 < 03 < ... < 0% = 1.
If the dissimilarity measure is additive, we can utilize the distances from the pre-
vious level to speed-up the matching. Then the k-NN method is applied using the
distance pc(i(l)) between input object and every class ¢ at [-th level from the set of
candidates Cj:

¢; = argminp, (). (1)
ceCy
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The set of candidates C} initially contains all subjects: Cy = {1, ...,C'}. We treat
the feature vectors as the estimates of probability distributions of random variables
with D possible values. We propose to refine the set of candidates as follows:

2ex) < 5} (2)
) X ’

Cl+1 =<ce( -
{ Pey (X(l)

where 0 < 1 is a fixed threshold. According to this expression, at the next hierar-
chical level only those classes are checked, distances to which are not much higher
than the minimal distance to the nearest neighbor ¢;. Otherwise, we increase the
representation level [ + 1 and the number of components d;11 in order to compute
the distances between new features. It can continue as long as we process the full
feature vector.

The experimental study is devoted to unconstrained face recognition. Four pub-
licly available CNNs are used for feature extraction: VGGFace(D = 4096), Lightened
CNN version C (D = 256), VGGFace2: ResNet50 model (D = 2048), FaceNet (D =
= 512). To apply the cosine similarity measure the feature vectors are normalized in
the Euclidean metric (Lg). Therefore, the Euclidean distance square which satisfies
the additivity condition is used for principal component definition. The threshold
value for the mismatch relations is chosen equal to 6 = 0.7.

The experiments were conducted for several popular datasets. The recognition
results for the Labeled Faces in the Wild (LFW) dataset are demonstrated in (Ta-
ble 1). The decision-making time in the proposed approach is 10-times lower than
the conventional implementation of the k-NN.

Table 1. Face recognition results for the k-NN classifier, LFW dataset

Classifier VGGFaceLCNNVGGFace2FaceNet

k-NN, all features 96.31 97.48 98.66 98.15
Accurack-NN, 64 features 94.10 96.21  96.95 97.36
(%) Proposed approach 95.80 96.81  97.98 97.94

k-NN, all features 50.39 4.88 34.78 9.37
Time k-NN, 64 features 2.53 2.50 2.53 2.52
(ms) Proposed approach 3.20 2.23 2.81 1.87

This research was prepared within the framework of the Academic Fund Program
at the National Research University Higher School of Economics (HSE University)
in 2019 (grant No. 19-04-004) and within the framework of the Russian Academic
Excellence Project ”5-100”.

[1] Sokolova A. D., Savchenko A. V. Fast Nearest-Neighbor Classifier based on Sequential

Analysis of Principal Components // In International Conference on Analysis of Images,

Social Networks and Texts, Springer, Cham, 2019.
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MeTopg BCTpanBaHusa Kpuntorpagu4eckoro Kjto4a B
GuomeTpuyeckuii aTanoH pagy>xHoii 000104KM rnasa

3atinyauna aveupa Taaunoena'>x zaynulina.et@phystech.edu
Mameeese Hean Anexceesur’ matveev@ccas.ru
'Mocksa, MocKOBCKHil (PH3UKO-TEXHUIECKIH HHCTHTYT (HITY)

2Mocksa, DejiepaibHblil HCCIeI0BATELCKII eHTp «HpOopMaTnKa u ynpasiennes PAH

[Ipeacrasmen MeTo BCTpamBaHUs KPUITOTPAMDUTIECKOTO KJIIOYa B OMOMETpIIe-
CKHUe JIaHHbIe, A0 BO3MOXKHOCTD II€PEIaBaTh HOJIYYE€HHBIH KO/ 10 OTKPBITHIM
KaHaJjlaM U BIIOCJIEICTBUN U3BJIEKATH KJIIOY IIPU IIPEbsBJIEHIN ONOMETPUH BJIAJI€JIb-
na. B kauecTBe OHOMETPUYECKHMX JTAHHBIX UCIIOJIB3YIOTCsI ITAJOHBI PaJlyKHONU 060-
JlouKHy ryasa. Meros BerpanBanus (Kozuep) IPeJcTaBiger co00il 4eThIpEXCTyIeH a-
TYIO CXEMY, COCTOSIILYIO U3 IOC/IeN0BATEIbHBIX KonupoBannsa Puma-Comomona, Ko-
JupoBaHus Ajtamapa, KOJUPOBAHUS JyOJINPOBAHIEM OUTOB U MICEBIOCIIY YaiiHOTO T1e-
peMeIBaHus OUTOB, HOJIyYEHHBIIl KO/ TOONTOBO CYMMUPYETCS C OMOMETPHIECKUAM
9TAJIOHOM 110 MOLYJIt0 2. /leKojiep BBIMIOJIHSET Olepaliu B 0OpaTHOIl OC/Ie10BaTe /b
woctu. [logbop mapaMerpoB CXembl OCYIIECTBJISIETCS C MIOMOIIBIO PEIeHUsT 3a1a9u
ONTUMUBAINN, COCTOSAIIEH B TOM, YTOOBI DU HEKOTOPOM (DUKCHPOBAHHOM IIOPOTe
st koadbdurmenta soxuoro gomnycka (FAR) munumusuposars 3nadenue ko3ddu-
mpeHTa JIoykHOro orkasa B jonycke (FRR); upu sTom cymecrByor orpanndenus Ha
MUHUMAJIbHYIO JJINHY KPUITOIPadpUIecKOro KJoda U MAaKCUMAJBHBIA pasMep UTo-
TOBOT'O KOJIA.

Iposenennt sxcepumentot Ha 6a3e gannbix ICE (2954 uzobpaxkenus). B pesyiib-
tare ipu FAR = 2x 1072% ynanocs noburscs FRR = 2.7%. [Lianupyercs mposecTn
TECTHI HA JPYTIUX 0a3ax JTaHHBIX.

Pabora moiepxkana rpanrom PODU Ne19-07-01231.

[1] Batnyauna 3. T., Mamsees M. A. Meros BeTpanBaHusi KpUITOIPAhUIECKOTO KU B

GuoMeTpHUecKuil STAJIOH pay»KHOi 060s10uKY ria3a // MammHaHoe 00y deHne U aHAIN3

naHHbIx. 2019.
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Method of embedding a cryptographic key in the biometric iris
template

Elvira Zainulina' >« zaynulina.et@phystech.edu
Ivan Matveev 2 matveev@ccas.ru
'Moscow, Moscow Institute of Physics and Technology (National Research University)
2Moscow, Federal Research Center “Computer Science and Control” of RAS

A method of embedding a cryptographic key in biometric data is presented,
which makes it possible to transmit the obtained code through open channels and
subsequently retrieve the key upon presentation of the owner’s biometrics. The
templates of the iris are used as biometric data. The embedding method (encoder)
is a four-stage scheme consisting of sequential Reed-Solomon coding, Hadamard
coding, bit duplication coding and pseudo-random bit mixing, the resulting code
is bitwise summed with the biometric standard modulo 2. The decoder performs
the operations in the reverse order. The selection of the parameters of the scheme
is carried out using the solution of the optimization problem, which consists in
minimizing the value of the coefficient of false denial of tolerance (FRR) for a certain
threshold for the false tolerance coefficient (FAR); at that there are restrictions on
the minimum length of the cryptographic key and the maximum size of the resulting
code.

Experiments were conducted on the ICE database (2954 images). As a result,
at FAR = 2 x 1072%, FRR = 2.7% was achieved. It is planned to conduct tests on
other databases.

This research is funded by RFBR, grant 19-07-01231.

[1] Zainulina E. T., Matveev I. A. Method of embedding a cryptographic key in the bio-

metric iris template // Machine Learning and Data Analysis, 2019.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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Pa3Butune 06006LEHHOI cxeMbl Kiaccudukaumm anropuTMoBs
cerMeHTauunn nsobparkeHui

Xanwvwoe Hzopv Teopauesur'x igk@iias.spb.su

! Cankr-Tlerep6ypr, UncruryT mndopMaTnkn u aBToMaTH3anum Poccuiickoil akagemMmn

HayK

Cxembl Kaaccudukanum anropuTMos cermenTayn nzobpazkennit (ACH) MoKHO
pPa3/Ie/InTh HA KATETOPUU: CMEIIaHHBbIEe, CIEIUAJN3UPOBAHHbBIE, KIACCU(DUKAIINN IO
€IMHCTBEHHOMY TPHU3HAKY W 0000IeHHbe Kiaaccudurarnmn. [lociaeainne mpemcras-
JIAIOT OCODOBINT MHTEPEC, ITOCKOJIBKY OHU HO3BOJISIOT OJHO3HAYHO KJACCU(MUITMPOBATH
cymecrpytomue ACH; npejcka3biBatoT 1osiBjieHre 1 (OPMUPYIOT TpeOOBaHUS K HO-
BeiM ACHL.

Kraccudukanmonusrit npu3Hak IPUHIMAET OHO U3 JABYX JOCTYITHBIX 3HATCHUN.
[Tapa npusnakoB dopmupyer yposenb. Heckonbko yposaeit hopMupyior 0b6001eH-
Hyto Kiaccudukanuonnyio cxemy. [To ciocoby obpaborku nzobpazkenuit ACU kiac-
cudUIUPyOTCst JIUOO HA TPYIIIBI HAXOXKJIEHUs 00JIACTH 110 CBOMCTBAM CXOYKECTH, JIH-
60 HaXOXKJEHUsI T'PAHMUIL 10 cBoficTBaM pasziudusd. [lo crparerun ucnonnenus ACU
KJIACCU(DUIMPYIOTCA HA TPYIILY ITOCJIEI0BATEILHOTO W IPYIITY MapaLIeIbHOIO UC-
[OJTHEHUST BBIYUCUTENbHBIX omneparuu. [lo tuny mzobpaxkenus ACU jpemures Ha
TPYIIIIBI, 0OpabaThIBaloNie JOO IIBETHDIE, TNOO TOJYTOHOBBIE M300paykenns. Jer-
BEPTHIIl NpU3HAK — HaJHIMe Kpurepusl KadecTBa — pasjesser ACU ma rpymmsl ¢
KpUTEpHeM KadecTBa U 6€3 TaKOBOIO.

B pabore BBOIUTCS MOMOJHUTEIBHBIN TPU3HAK — YUCI0 pa3OHEHUil MCXOIHOTO
n300paXkeHnsi Ha BBIXOJE aJTOPUTMA — I PA3JeIeHUs I'PYII AJITOPUTMOB, T€He-
PUPYIOINIUX eJMHCTBEHHOE pa30buenne u MHOKeCTBO. ¥ 1epBoit rpymmnbl ACU B xoje
BBIYUCJINTEIHHOTO IIPOIIECCA YHICIIO OTHOPOIHBIX 110 HEKOTOPOIT XapaKTEPUCTUKE MHO-
JKeCTB (CerMeHTOB, KJacTepoB) (bUKCUPOBAHO. Y BTOPOIl IPYIIIBI IUCJIO OJHOPOIHBIX
MHOXKECTB BapbUPYETCsl B HEKOTOPOM JIHAIIA30HE.

WccnenoBanne Boimosaeno mnpu moauepkke HUAP Ne0073-2018-0001 ,,Cocrostaue
U MIEPCIEKTUBBI pa3BuTus nHMOpMaImoHHoro obmectsa B Poccun® ¢ 2014 r. mo 2021
L.

[1] Xanwxos U. I Kuaccudukanust aaroputMos cermeHTanuu usobpakenuii // CaHkr-

[TeTepbypr: Use. By3os. [Ipubopoctpoenne, 2018. C. 978-987.
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The Development of Generalized Classification Scheme for Image
Segmentation Algorithms

Igor Khanykov'« igk@iias.spb.su

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

The classification schemes for image segmentation algorithms (ISA) can be di-
vided into categories: mixed, specialized, classifications on a single basis, and gener-
alized classifications. The latter are of particular interest, since they make it possible
to unambiguously classify existing ISA; predict the appearance and formulate the
requirements for the new ISAs.

The classification attribute takes one of two available values. A pair of attributes
forms a level. Several levels form a generalized classification scheme. According to
the method of image processing, ISAs are classified either into groups for finding
a region according to similarity properties, or for finding boundaries according to
difference properties. According to the execution strategy, ISAs are classified into a
group of sequential and a group of parallel execution of computational operations.
By type of image, ISAs are divided into groups that process either color or grayscale
images . The fourth attribute - the presence of a quality criterion - divides ISAs into
groups with and without a quality criterion.

An additional attribute is introduced in the paper — the number of partitions of
the original image at the output of the algorithm — to separate algorithms into the
groups with a single partition and with multiple partitions at output. The number of
homogeneous sets by some characteristic (segments, clusters) of the first ISA group
is fixed during the computational process. The number of homogeneous sets of the
second group varies in a certain range.

The study was supported by the research work No 0073-2018-0001 “The State
and Prospects of the Development of the Information Society in Russia” from 2014
to 2021.

[1] Khanykov I. Klassifikaciya algoritmov segmentacii izobrazheniy [The Classification of

Image Segmentation Algorithms| // Journal of Instrument Engineering, Saint Peters-
burg. 2018. Vol.61, N.11. P.978-987. (In Russian).
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"Hosocubupck, Nucruryr maremarukn um. C.JI. Cobonesa CO PAH
2Hosocubupck, HoBocHGHpCKHil rocyiapCTBeH bl yHIBEPCHTET

3Hogocubupck, MacruryT Beraucaurensabix Texaomoruii CO PAH

IIpemoxken MeTo pacmo3HaBaHusi 00Pa30B ¢ IPUMEHEHUEM MOIUMUKAIIT K1ac-
ca JIOTHYIECKUX PEMTaionux (OyHKIINHA, MPEICTaBICHHBIX B BHUIAEC JI€PEBA PEIICHUIL.
BwmecTto cTanmapTHBIX BBICKA3BIBAHUIT, COOTBETCTBYIONINX BEPITUHAM JE€PEBA, B KOTO-
PBIX IIPOBEPSIETCS ITPUHA/JIEXKHOCTH HEKOTOPOI TIepEMEHHON TeM MJIM WHBIM MHOXKe-
CTBaM ee 3HAYEHUil, UCIOJIb3yeTcs: DoJiee ODIINIT TUIl BICKA3bIBAHUN OTHOCUTEIHHO
O/IM30CTH PACCMATPUBAEMON TOYKU K PA3JIUIHBIM IOJIMHOXKECTBAM HAOJIIOICHUIA.
IIpu sToM [A71 Ompeme/leHnsa CTEMEHW ITOXOXKECTH MOTYT BBIOMPATHCS pPa3INIHBIE
METPHUKH U IIOAIPOCTPAHCTBA IPU3HAKOB. DTOT THUII JePeBa PEIleHuil I03BOJIIET 110~
JIVIUTH 60J1€e CJTOXKHBIE TPAHUIILI TPUHATHS PENTeHnii, KOTOPhIE B TO K€ BPEMsT MMe-
IOT TIOHSATHYIO MTOJIb30BATEIIIO JIOTUIECKYIO MHTEPIIPETAINI0. PaccMOTPEHO HECKOJIHLKO
cTpaTeruii IOCTPOEeHMs PEIeHNsT: Ha, OCHOBE IIPeoOpa30BaHUs JIAHHBIX C UCIIOJIb30Ba~
HEEM OIMOPHBIX TOYEK M € UCIOJIH30BAHIEM Habopa AepeBbeB. MeToa mpuMeHeH i
aHaIu3a TOMOIpadUIECKUX U300pazkKeHnil. DKCIEPUMEHTHI IOKA3AJIM, ITO IIPEJIJIO-
JKEHHBIN aJIrOPUTM, B YCIOBHAX MaJjoil obydaromnieit BLIOOPKH, daeT 0ojiee TOUHbBIE
IIPOTHO3BI, YeM PsJI JPYTUX U3BECTHBIX aJIT'OPUTMOB, B TOM YHCJE C UCIIOJH30BaAHU-
eM TJIyDOKOIl CBePTOYHOI HEPpOHHOM CeTH.

Pabora nmogneprkana rpantamu PODI 18-07-00600a, 19-29-01175.

[1] Berikov V, Pestunov I., Kozinets R., Rylov S. Similarity-based decision tree induction
method and its application to cancer recognition on tomographic images // Journal of

Physics: Conference Series. 2019. (in press)
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Similarity-based decision trees and forests in CT images analysis
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Roman Kozinets® romanec1954@gmail . com
Sergey Rylov® rylovs@mail.ru

'Novosibirsk, Sobolev Institute of mathematics SB RAS
2Novosibirsk, Novosibirsk State University
3Novosibirsk, Institute of Computational Technologies SB RAS

The paper proposes a pattern recognition method using a modification of the
class of logical decision functions presented in the form of decision tree. Instead of
standard statements corresponding to the tree nodes, in which a variable is tested
for a certain set of its values, a more general type of statements is used regarding
the similarity of the point in question to different subsets of the observations. At the
same time, to determine the degree of similarity, various metrics and subspaces of
features can be used. This type of decision tree allows one to obtain more complex
decision boundaries, which at the same time have a clear logical interpretation for the
user. Several tree induction strategies are considered based on data transformation
using support points and with a collection of trees. The method is experimentally
investigated on the problem of tomographic images analysis. Experiments have
shown that the proposed method gives more accurate predictions in the condition
of small training sample size than a number of other known classifiers and deep
convolutional neural network.

The work is supported by RFBR projects 18-07-00600a, 19-29-01175.

[1] Berikov V, Pestunov I., Kozinets R., Rylov S. Similarity-based decision tree induction
method and its application to cancer recognition on tomographic images // Journal of

Physics: Conference Series. 2019. (in press)
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MocTpoeHne gByxCcTyneH4aToro JnNHeRHoO-HennHenHoro punbTpa
ON151 BOCCTaHOBJ/IEHUSA MU KOPPEKL N N300pa>keHunii

Dypcos Baadumup Aqexceesun'’x fursov@ssau.ru
Towun Ezop Bauecaasosun'? goshine@yandex.ru
Medsedesa Kcenusa Cepeeesna’ aksiniyame@gmail.com

!Camapa, CaMapckuii HAIMOHAIBHBIA HCCIIEI0BATEBCKIN YHIBEPCUTET UMEHH
akamemuka C.II. Koposesa

2Camapa, MucruryT cucrem obpaborku nzobpaxennit PAH — duman ®HULL
«Kpucrannorpadus n poronuka» PAH

B macroseit pabore MbI paccMATPUBAEM JIBYXITAITHYO TEXHOJIOTHIO TOBBIICHIIS
geTKoCcTH n3obpazkenuit. Ha mepBom srame 06paboTKa M300parKeHns OCYIIeCTBIIAET-
Csl C UCIOJIB30BAHUEM JIMHEHHOIO KBaJPAaTUIHO-9KCIOHeHImanbHoro (SE) duabrpa
C JaCTOTHON XapaKTEepHCTUKOH, objajaromnei neHTpaabuoi cummerpueii. Ha BTo-
POM 3Talle IMPOBOJUTCs HesnHeitHast Koppekims. Viest huiibrpa 3aKI09aeTcs B TOM,
4TOOBI YBEJUIUTDH 3HAUECHUE IEHTPAJIHHOIO OTCUETa OIIOPHOH 00J1aCTH, €C/Ii OH Ha-
XOJUTCS Ha TPAHUIE CYIMIECTBEHHO PA3INIAIONINXCS YPOBHEN MHTEHCUBHOCTH.

Texmonornss ABYX3TAIHOTO JTHHEHHO-HEJTMHEHHOTO (DUIBTpa ONMHUCAHA B HAIIEH
cratbe [1]. Dra TexHOIOrWS HAIpaBJeHa Ha IMOBBIIEHAE KaIecTBa M300parkeHUN B
MOOMJIBHBIX ycTpoiicTBax. JlOKja 1Mo 3Toil Teme IpejcTaBjieH U NPUHAT Ha 12-ii
Mexnynapojnoit koudepennuu 110 mamunnomy sugenuto (ICMV-2019) (Amcrep-
nam, Hunepaanapr. 16-18 nos6psa 2019 r.). PesysibrarTs! epBbIX 9KCIIEPUMEHTOB, KO-
TOpBIE IPUBEJIEHBI B BBINEYKA3AHHBIX pab0Tax, MOKA3AJ/IM BHICOKOE KAIECTBO BOCCTA~
HOBJIEHUSI U KOPPEKInu n3odpazkenuit. OiHaKo B 3TUX paboTax napamerpbl (puiabTpa
Ha CTaJUH HEJIMHEHHONH KOPPEKINH TOA0NPAIUCH SKCIIEPIMEHTAJIHHO.

B macrosmeit pabore npejaraeTces MeTOIUKA IIPEIBAPUTEIHHOIO aHAIN3a NC-
XOJIHBIX U300parKeHmil Jjisi ONTUMHU3AINN [IaPAMETPOB HeJinHeiiHOro duibrpa. [1pu-
BEJIEHBI COOTHOIIEHUS JIJIA OIIEHKH [TaPaMeTPOB (DUIHTPA U PE3YIBTATHI IKCIEPUMEH-
TOB, TOATBEPKIAIONTIE I(PPHEKTUBHOCTD METOTIKH.

PaccmarpuBaemast TeXHOIOTUS MTOBBIIIEHNS KadecTBa N300pakKeHuil peasnsyer-
Csl TIPU OTHOCUTEIBbHO HU3KUX BBIYUCIUTEIBHBIX 3aTPaTaX, 9TO OTKPBIBAET [TEPCIIEK-
THUBBI €€ HCIOJIb30BaHus JJjIsi 00pabOTKH M300ParKeHuil, MOIyIaeMbIX C ITOMOIIBIO
IPAKIIMOHHBIX ONTHIECKAX IJIEMEHTOB B MOOMJIBHBIX YCTPOHCTBAX.

Pa6ora 6n11a ogmepskana Pocenitckium horIoM QyHIaMEHTATILHBIX UCCIET0BA~
Huit (poexTsr Ne 17-29-03112 u Ne 18-07-01390), a takske MuHHCTEDCTBOM HAyKH 1
BBICITIEr0 00pa30BaHUsl B PAMKAX TOCYJIAPCTBEHHOIO 33 IAHMS.

[1] @ypcos B. A. , I'owun E. B. , Medsedesa K. C. TexHoI0TUS TIOBBIIIEHNs] JIeTATU3AINN

n300pazkKenuil ¢ HeJTMHEHHON Koppeknmei BhIcOKorpaameHTanix dpparmentos // Kom-
nbiorepHasi ontuka, Camapa: T. 43, No 3, 2019. -— C. 484-491.
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The build a two-stage linear-nonlinear filter to restore and correct
of images
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In this study, we developed a two-stage technology for improving the sharpness
of images. In the first stage, the correction was performed using a linear square
exponential (SE) filter with a centrally symmetric frequency response in the form of
quadratic and exponential functions. In the second stage, non-linear correction was
carried out. The idea of the filter was to increase the impact of the central value, if
it was at the edge of different intensity levels.

The technology of two-stage linear-nonlinear filter is described in our article
[1]. The proposed technology was aimed at improving the quality of images in
mobile devices. A report on this theme has been submitted to the 12th International
Conference on Machine Vision (ICMV-2019) (Amsterdam, Netherlands. November,
16-18, 2019.). The results of the first experiments showed high quality of images
restoration and correction. However, in previous works, the filter parameters in the
nonlinear correction step were selected experimentally.

This paper proposes a technique for preliminary analysis of initial images in
order to optimize parameters. The expressions for estimation of filter parameters
and results of experiments confirm effectiveness of the proposed method are given.
The ability to obtain more details in low-resolution images at low computational
costs opens up the prospects for the use of mobile devices based on the diffraction
optical elements.

This work was supported by the Russian Foundation for Basic Research under
grant # 17-29-03112 and # 18-07-01390, and by the Ministry of Science and Higher
Education within the State assignment.

[1] Fursov VA, Goshin YeV, Medvedeva KS. Technology of enhancing image detaliza-

tion with nonlinear correction of highly gradient fragments. // Computer Optics,
2019.43(3) -— p.: 484 - 491.
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FMobGanbHbIi aHanNn3 n30bpa>keHnin N aeTekTupoBaHue un
pacno3HaBaHue JOPOXHOW pa3MeTKu B peasibHOM BpemMeHu

ocaes Poman Baadumuposuy' romandosaevOgmail.com
Kuti Konemanmun Heanosuu'x konst.kiy@site.ru

'"Mocksa, MucturyT npukiamnoi maremaruku uM. Kenpima PAH

B nmokmase npesyiaraercss HOBBI MOJIXOM K JI€TEKTUPOBAHUIO U PACIO3HABAHUIO
JIOPOYKHOI pasmerku. JlanHas Tema ABJISETCA OYC€HDb aKTYaJbHON U ee MPUJIOXKEHUS
JiexkaT B 00JIACTH CO3/AHUSI COBETYIOMIUX CHCTEM Jijisl IOMOIIY BOJUTEAM (TaK Ha-
3piBaeMbiM ADAS), BHeIpsieMbIM BeLyIIMU KOMIIAHUSIMA [TPOM3BOAUTEIISIME ABTO-
Mobuteit. TakxKe jlaHHAsT TeMa OYeHb BayKHA JJIs PA3PabOTKHU CUCTEM yIIPABJIEHUS
OeCIuJIOTHBIX TPAHCIIOPTHBIX CcpejcTB. Hajimane HepereHHbIX Tpo0JeM B JTAHHOM
00JIACTH TIOITBEPKIACTCH U3BECTHBIMU ABAPUIHBIMU CHTYAIUSIMEA C OECIUIOTHBI-
MU aBTOMOOUIISIME (YaCTO CO CMEPTEIbHBIMU UCXOJAME) BEAYIIUX [IPOU3BOIAUTEIE.
OcobeHHO aKTya bHO PelleHne JAHHBIX 38/ JIJIsl CTPAH C COCTOSTHIEM JIOPOT U KJIH-
MaTUYEeCKUMU YCJIOBUSIMU TakuMu Kak B Poccuiickoit @eneparnuu. Hanbosiee cospe-
MEHHBII 0030p PabOT U MMOJIyYeHHBIX PE3YJIbTATOB B 00JIACTU J€TEKTUPOBAHUSI U PaC-
no3HaBaHusd pazmerku onyoaukosad B [1]. [lepsag nyGaukarys aBTOpPOB Ha 9Ty TeMy
MozKker ObITh Haiizena B [3]. B nannoit pabore pazBUBAIOTCS METOJbI IIPEIJIOKEHHbBIE
B [3] m paccmarpuBaroTest Takme 3a7aun KakK OOHApY?KEeHWe Gesiofi MOCTOSTHHOMN 10~
PO’KHOI ¥ BpEMEHHOH OKDAIEHHO! (B I[BETa OT JKEJITOr0 JI0 OPAHIKEBOI0-KPACHOTO)
U TIpeJijlaraeTcs MeTOJI BbIJIe/IEHUsI BDEMEHHON JOPOXKHOM pasMeTKHU [P HAJMIUN
OCTOSTHHOU Oejioit pasmerku. Ha 10T cuer Hamu He OBLIO HAMIEHO MTyOJIMKAIIWIA.
DTO0 CBA3aHO ¢ MpobIeMaMu IPU PadOTe ¢ IBETHBIMEU M300PAYKEHUSIMUA B PEATHHOM
BpeMenu [3]. PaccmarpuBaloTcst TakKe BOIIPOCHI, CBSI3aHHbIE € BBIIEIEHIEM CTOII JIU-
HUI ¥ Pa3METKHU IENIEeX0IHBIX IePEeXO0B.

IIpeyiaraembie METOJIBI OIMUPAIOTCS HA IJIO0AJIBHBIN METOJ aHAJM3a U300payke-
HUIl B peajlbHOM BPEMEHH, NPeJJIOXKEHHbIH BTOPbIM aBropoM [2]. JIaHHBIA MeTos
ITO3BOJISIET TIPOU3BOIUTD BBIIEICHUE PA3JINIHBIX OObEKTOB HA I[BETHBIX M300pazKe-
HUSIX U AHAJIM3UPOBATH UX COBMECTHOE TIOBEJIEHNE B PEAJHLHOM BpeMenn. B oTimane
OT OCHOBHBIX CYIIECTBYIOIIUX METO/IOB CEIMEHTAINN U aHAJn3a M300parkeHuil yia-
ercsl OJIHOBPEMEHHO HAXOJUTH KaK OOJIbINNE OOBbEKThI, TAK U MaJible KOHTPACTHBIE
00bEKTHI (CUIHAJILHBIE 30HBI ABTOMOOUIIEH, JIeTATe/IbHBIX AlllIapATOB, CTPOUTE/ILHBIE
KOHYCa, 3HAKU aBAPUIHON OCTAHOBKY U T.JI.), U AHAJU3UPOBATH UX COBMECTHOE I10-
BeJIeHUE B PEaJIbHOM BPEMEHH.

OCHOBHBIM TIOHSITHEM SIBJISIETCsT CTPYKTypa (rpad)) IBETOBBIX CTYCTKOB [4].
CTpyKTYpBI IBETOBBIX CI'YCTKOB CKATO M 3(DPEKTUBHO OIMUCHIBAIOT U300paKEHUS.
Kaxkiast pasmerka gaeT HEKOTOPBI HEITPEPBIBHBIN 0O0BbEKT B rpade I[BETOBBIX CI'yCT-
koB [3]. B pabore [3] onucanbl 3¢bdeKTHBHBIE AJNOPUTMBbI TIOCTPOEHNUST HEIIPEPHIBHBIX
mernovexk Ha rpade IBETOBBIX CI'YCTKOB, KOTOPBIE MOI'YT COOTBETCTBOBATH JIOPOXK-
HOW pa3Merke. 3aMeTuM, UTO IPU JAHHOM IIOJIXOJIE YIaeTCsl BBLIEIATh PA3METKY Ha
CUJIBHO MCKPHUBJIEHHBIX €€ YaCTAX, YTO BBII'OJHO OTJIMYAET HAIl METOJI OT MeTOOB,
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OCHOBAHHBIX Ha TOWCKE MPAMBIX JIMHUI ¢ TOMOIILI0 TTpeobpa3oBannsa Xada. B ma-
cTosIeil paboTe peIaraloTCsl METO/Ib BBIIEICHNsT KYCKOB PeAJbHON PAa3METKH 13
MHO2KECTBA IIOCTPOEHHBIX KaH/I1/IATOB Ha Hee.

Hammcanbl KOMILJIEKCHI IPOrPaMM, Peain3yoliye pa3padoTaHHbie MeTOIbI. 11po-
M3BEJEHO UX TECTUpPOBaHUe Ha 6ase M300parKeHuil 1 BUIEO MTOCTeI0BATE/IHLHOCTEH 13
CTAHJAPTHBIX CAMTOB U ChEMOK, ITPOBEJICHHBIX HA PA3JIUIYHBIX POCCUUCKHUX JIOpOrax.
IIpumepnr 06pabOTKU OYIYT TPOIEMOHCTPUPOBAHDI.

Pabora mopepkana rpantamu PO®IT Ne18-07-00127 u 19-08-01159.

[1] Norote S. P., Bhugbal P. N., et al. A review of recent advances in lane detection and

departuture warning system // Pattern Recognition, Elsevier, 2018. — P.216-34.

[2] Dosaev R. V., Kiy K. I. A new real-time method for finding temporary and permanent
road marking and its applications // Proceedings CEUR, CEUR.org, 2019. vol. 2391 —

P. 86-96
[3] Kiy K. 1. A new method of global image analysis and its application in understanding

road scenes // Pattern Recognit. Image Anal. , Pleades, 2018. —P. 483-94.

[4] Kiy K. I.. Segmentation and detection of contrast objects and their application in robot

navigation // Pattern Recognit. Image Anal., Pleades,, 2015. — C. 338-46.



190 O06paboTka U aHAJN3 CUTHAJIOB

Global image analysis and detection and recognition of road
marking in real time

Roman Dosaev' romandosaev@gmail.com
Konstantin Kiy'x konst.kiy@site.ru

"Moscow,Keldysh institute of applied mathematics of RAS

In this paper, a new approach to detecting and recognizing road marking is pro-
posed. This subject is very topical and its applications lie in the field of developing
advising driver assistance systems (the so-called ADAS), introduced by leading au-
tomobile corporations. This subject is very important for developing control systems
of pilotless vehicles. The presence of unsolved problems in this field is supported by
known accidents with driverless vehicles (frequently with fatal accidents) of leading
manufacturers. To solve these problems is especially important for countries with
the state of roads and climatic conditions similar to those of the Russian Federation.

The most modern review of papers and obtained results in the field of detecting
and recognizing road marking can be found in [1].

The first publication of the authors on this topic can be found in [2]. In this paper,
methods proposed in [2] are developed and the problems of finding white permanent
marking and temporary colored marking (painted in colors from yellow to orange-
red) and a method for selecting temporary road marking under the presence of white
permanent marking is proposed. We were not able to find any publications on this
topic. It is connected with problems of processing large color images in real time
when dealing [2]. The problems connected with detecting stop lines and pedestrian
crossings are also considered.

The proposed methods lean on the method of global image analysis proposed
by the second author [?]. This method allows one to detect various objects on
color images and to analyze their joint behavior in real time. In contrast to the
main existing methods for segmenting and analyzing images, it is possible to find
simultaneously both big objects and small contrast objects (signal zones of vehicles
and flying vehicles, construction cones, emergency triangles etc.) and to analyze
their joint behavior in real time.

The basic notion is the structure of color bunches [2]. Structures of color bunches
describe the image concisely and efficiently. Each road marking gives a certain
continuous object in the graph of color bunches [2]. In [2] efficient algorithms for
finding continuous chains on the graph of color bunches that may correspond to
road markings are described. Note that in this approach it is possible to detect road
marking in its parts with big curvature, which distinct our method from methods
based on Hough transforms. In this paper, methods for selecting parts of real road
marking from the set of candidates constructed are proposed.

In this paper, methods for selecting parts of real road marking from the set of
candidates constructed.
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Complexes of programs implementing the developed methods are written. They
have been tested on an image base from images and video sequences from standard
cites and those taken on various Russian roads. The results will be demonstrated.

This research is funded by RFBR, grants 18-07-00127 and 19-08-01159.
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[2] Dosaev R. V., Kiy K. I. A new real-time method for finding temporary and permanent
road marking and its applications // Proceedings CEUR, CEUR.org, 2019. vol. 2391 —
P.86-96

[3] Kiy K.I. A new method of global image analysis and its application in understanding
road scenes // Pattern Recognit. Image Anal. , Pleades, 2018. —P. 483-94.

[4] Kiy K. I.. Segmentation and detection of contrast objects and their application in robot
navigation // Pattern Recognit. Image Anal., Pleades,, 2015. — P. 338-46.



192 O06paboTka U aHAJN3 CUTHAJIOB

Mcnonb3oBaHue BeiiBNeT-HEPOHHbIX ceTel ANs peweHuns
00paTHbIX 3a4a4 CNEeKTPOCKOMUM MHOMOKOMMOHEHTHbIX
pacTBOpoOB

Honenxo Cepeeti Anamonvesur’ « dolenko@srd.sinp.msu.ru
Egumopos Anexcandp Oaezosum' a.efitorov@sinp.msu.ru
Jonenxo Tamvara Aavdeporcosna'? tdolenko@mail.ru
Jdanmuncruti Kupuaa Andpeesur’? onelumen@gmail.com
Bypuxos Cepzeti Anexceesun’? sergey.burikov@gmail.com
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2Mocksa, @usnuecknii daxynsrer MT'Y mvenn M.B.JTomoHOCOBA

Beiissier-neitponnsie ceru (BHC) upezcrasisor coboil ceMeiicTBO allpokcuMar-
[IMOHHBIX AJITOPUTMOB, MUCIOJB3YIOMNX JJIs Pa3JIoyKeHus BeiiBiaer-gyHkiun. ABis-
sichb GoJiee THOKUME, 9eM OOBIKHOBEHHBbIe MHOTOCI0fHbIe niepcenTponbl (MCII), onu
nMeIoT 60Jiee BBICOKYIO BBIMUCIUTE/IHHYIO CTOMMOCTE U TPEOYIOT Gojiee 3HAUUTEIIb-
HBIX YCUJIUI 110 MOUCKY ONTUMAJIBHBIX TAPAMETPOB.

B nmanmoit pabore pernraiorcst oOpaTHBIE 3a0a4N IO ONPEIETICHUIO0 KOHIIEHTPAITNi
KOMIIOHEHTOB B MHOI'OKOMIIOHEHTHBIX PACTBOPAX I10 X CIIEKTPaM KOMOMHAIIMOHHOTO
paccesanus (KP) csera.

Tax kak BHC Becbma 4yBCTBUTENIBHBI K KOJMYECTBY BXOJIHBIX ITPU3HAKOB, Pe-
[IEHIIO PACCMATPUPBAEMbIX 38149 [IPE/IIIECTBOBAJIO U3BJICICHIE ONTUMAIbHBIX TP~
3HaKk0B. Cpe/in MEeTOIOB M3BJIEUCHUS TPU3HAKOB HAMJIYUINbIE PE3YIbTATHI TOKA3AJIO
HEIIPEPBIBHOE BENBIIET-IPe0OpPA30OBAHIIE.

Pesynbrarsr, npogemoncrpupopanibie BHC, cpaBHUBAIOTCs ¢ pe3y/IbTaTaMi, 110-
stydeHHbIME ¢ riomoribio MCIT u ¢ moMOIBO JIMHEHHOTO MeTo/a IMPOEeKIil Ha Jia-
rerrnbie crpykTypol (IIJIC). TIpogeMoHcTpUpOBaHbl HEKOTOPBIE MPOBIEMbL B 06EC-
meuernn 3ddexrusunoro odyuenus BHC. Hamedensl nyTu gasibHedero yry qeHst
aJrOpUTMa, 00y IEHUSI.

Pabora nojepxxana rpantamu PO Ne17-07-01479 u Ne19-01-00738.

[1] Efitorov, A. et al. Use of Wavelet Neural Networks to Solve Inverse Problems
in Spectroscopy of Multi-component Solutions // Studies in Computational
Intelligence, V.856. Springer Nature, 2020. — p.285-294. https://doi.org/10.1007/
978-3-030-30425-6_33.
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Wavelet neural networks (WNN) are a family of approximation algorithms that
use wavelet functions to decompose the approximated function. They are more
flexible than conventional multi-layer perceptrons (MLP), but they are more com-
putationally expensive, and require more effort to find optimal parameters.

In this study, we solve the inverse problems of determination of concentrations
of components in multi-component solutions by their Raman spectra.

As WNN is very sensitive to the number of input features, the solution of the
studied problems was preceded with feature extraction. The best result among the
feature extraction methods was demonstrated by continuous wavelet transformation.

The results demonstrated by WNN are compared to those obtained by MLP and
by the linear partial least squares (PLS) method. Several problems in performing
efficient WNN training have been demonstrated. Directions of possible improvement
of the WNN training algorithm have been formulated.

This research was supported by RFBR, grants no.17-07-01479 and no.19-01-
00738.

[1] Efitorov, A. et al. Use of Wavelet Neural Networks to Solve Inverse Problems
in Spectroscopy of Multi-component Solutions // Studies in Computational Intelli-
gence, V.856. Springer Nature, 2020. — p.285-294. https://doi.org/10.1007/
978-3-030-30425-6_33.
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Call-1ieHTpbI TeHEPUPYIOT OrPOMHBIE OObEMbI AyMOMH(OPMAIUNA, UTO JejIaeT
HEOOXOIUMBIM [TPUMEHEHNE MHTEeJIJIEKTYaJIbHBIX aJIlOPUTMOB Jjis uX aHasu3a. Cpe-
JIM MHOYKECTBA 33129 HHTEPEC MPEJCTABISET BbIIEICHIE PEIeBbIX (DPATMEHTOB B 3a-
nucax TesieOHHBIX PA3TOBOPOB C IEJIBIO JajibHeiinieil oopaborku. B To ke Bpems,
OOJIBIITUHCTBO COBPEMEHHBIX call-IIeHTPOB UCIIOIB3YIOT IPEIBAPUTEHLHO 3AIICAHHbIE
coobmenns (Interactive Voice Responce, IVR) ¢ mesbio aBroMaTnsaum B3anMo/ieii-
CTBUSI C KJIMEHTOM (HAIpUMep, MapIIpyTU3aIis 3BOHKOB, CO3/IaHIe MHTEPAKTUBHON
ovepenu, Tak HazbiBaeMblii "xosomnbiii"o63Bon u ap.). Ormenenue IVR or pede-
BBIX (DPArMEHTOB, BO3HUKAIOIINX HEITOCPEICTBEHHO BO BPeMs TeJIeOHHOTO JTHAJIOTA
UrpaeT 3HAYUTEIBHYIO POJIb B 3a/@49aX IIOCTPOEHHS CHCTEM PACIIO3HABAHUS IMO-
1uit, GUIBTPAIINN HEXKeJIATEJHHBIX 3BOHKOB, aBTOMATHYECKOTO OIIPE/IEIICHIS HAJIH-
YUsi ABTOOTBETYUKOB, COKPAIIEHUE JIJIMHBI XPAHUMOI 3aIllUCH, (DUIBTPAIUN CIIaMa B
roJiocoBoil mouTe u T.71. CJI0XKHOCTH 3329l 3aKJII0YAETCsI B TOM, 9TO B OTJIUIUU OT
TPAJMIMOHHOrO BblIejeHus pedesbix (hparmentos (Voice Activity Detection, VAD)
B IIOTOKE COOOINEHM, B KOTOPOil TPeOyeTCs OTIAEUTD THUIIUHY, MY3bIKY W IITyMBI,
IVR, kak npaBmiio, cOnepKuT pedb.

B GosibminHCTBE ClydYaeB 9esiOBEK CIIOCODOEH OIPEJeIUTh Ha CJIYX, sIBJISEeTCs JIU
dpa3za npeBapuTe/IbHO 3aIMCAHHON WM ITPOU3HECEHA, B IIPOIECCE XKUBOTO JUAJIOTA.
OTO J1aeT HAJEKIY Ha PEIIeHUe TaKON 3aJadu IPU IOMOIINA COBPEMEHHBIX METO/IOB
MAITTUHHOTO 00y IeHUSI.

B nacrosiiee BpeMmsi, Ha CKOJIBKO HaM H3BECTHO, JAHHBIA BOIPOC €Jj1abo mccie-
JIOBAH B JINTEPATYPE [0 AHAJIU3Y JAHHBIX. BOJIBITHHCTBO OIMUCAHHBIX UCCJIEI0BAHII
perarT 6JIM3KHe 33/ 1a91: HAIIPUMED, JeTeKTUPOBAHIE YKUBOTO [TOJIb30BATE IS, U UC-
MOJIB3YIOT TEXHOJOTUH aKTUBHOTO B3aMMOJIEHCTBUS U/ WU ONPe/IeIeHIe PE3KUX U3~
MEHEHHUI XapaKTEPUCTUK KAHAJA CBI3MU.

OIHUM W3 TPESITCTBUI K TPUMEHEHUIO aJrOPUTMOB MAIUHHOTO OOy YeHUsT JIJTsT
DeIleHns JaHHOM 33/1a491 ABJISETCs OTCYTCTBUE Pa3MedeHHbIX 6a3 TesedOHHBIX pa3-
rOBOPOB Ha, pycCcKoM si3biKe, BKrouaronux [VR. B xoje nmocrpoenus cucreMbl OIieH-
KH 3MOIMOHAJILHOTO (hOHA JIAJIOra ¢ OlIepaTOPOM IIeHTpa 00pabOTKH BHI30BOB [1],
Takas 06a3a ObLIa co3IaHa.

B mammoit pabore mpoBeIeHO CPABHUTEIBHOE MCCJIEOBAHNE TPEX AJTOPUTMOB: HA
OCHOBE MAIMHBI OLOPHBIX BeKTOpoB (SVM), rpaauentroro 6ycrunra (XGBoost) a
TaKzKe Ha OCHOBe CBepTOUHOiT HeliporHoit cern (CNN) 115t pereHus 381841 JIETEKTH-
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poeanus IVR-dparmentos B ayanozamnucu resedonnoro pasrosopa. s XGBoost

u SVM wucnosb3oBasioch npusHakoBoe mpejcrasienne The Geneva Minimalistic

Acoustic Parameter Set (GeMAPS), ayst CNN - log-ciekrporpamma. JKcrieprMeH-

THI TOKA3BIBAIOT COTIOCTABUMBIE PE3Y/IbTATHI PADOTHI AJITOPUTMOB C HE3HAUUTETHbHBIM

npenmytecrBom CNN.

[1] Konwiros A. B., Cepedun O. C., Haiidenos A. B., 3enun /1. I. ®opmuposanue 6a3bl 1aH-
HBIX JIJIgd CUCTEMbI OIICHKNW 3MOIIMOHAJILHOI'O ¢OH& AuaJiora C OIIepaToOpoM IeHTpa 00-
paboTKu BbI30BOB // MaremaTuaeckue MeTOIbI pacrno3HaBanust o0pa3os: Te3ucwr j10-

k1a7oB 18-it Beepoccuiickoit koHdepeHnm ¢ MeXK Iy HAPOIHBIM yIacTHeM, T. laraHpor,
2017 r. M.: Topyc Ilpecc, 2017. — C. 132-133.
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Detection of Interactive Voice Responce (IVR) in audio records of
phone conversations

Andrei Kopylov' And.Kopylov@gmail.com
Oleg Seredin’ oseredin@yandex.ru
Boris Tyshkevich? bvt@itoolabs.com
Andrey Filin*?« afilin@itoolabs.com

!Tula, Tula State University
2Tula, ITooLabs

Call centers generate huge amounts of audio data, which makes it necessary to
use intelligent data analysis algorithms. Among the many tasks interest is the alloca-
tion of speech fragments in the records of telephone conversations for postprocessing.
At the same time, most modern call centers use pre-recorded messages (Interactive
Voice Responce, IVR) to automate interaction with a client (for example, routing
calls, creating an interactive queue, the so-called “cold” calls, etc.). Separating IVR
from speech fragments that occur directly during a telephone conversation plays
a significant role for developing of emotion recognition systems, filtering unwanted
calls, automatic responding machines detection, reducing size of stored records, fil-
tering spam in voice mail, etc. The complexity of the task is consist in fact that, in
opposite to the traditional Voice Activity Detection (VAD), where goal is to separate
silence, music and noise from speech, IVR, most commonly, contains speech.

In most cases, a person can to determine by ear whether the phrase is pre-
recorded or uttered during a live dialogue. This gives hope to solve this problem
using modern machine learning methods.

At present, as far as we know, this issue is poorly studied in the literature on data
analysis. Most of the studies solve similar, but not exactly, problems: for example,
liveness detection, and use active interaction technologies and/or determining sharp
changes in the communication channel characteristics.

One of the obstacles to the use of machine learning algorithms to solve this
problem is the lack of labeled database of telephone conversations, which include
IVR, in Russian. Such database was created during the construction of a system for
assessment the emotional state of a dialogue with a call center operator [?].

In this paper, we performed a comparative study of three algorithms: based on
a support vector machine (SVM), gradient boosting (XGBoost) and also based on
a convolutional neural network (CNN) for solving the problem of detecting IVR
fragments in audio records of telephone conversations. For XGBoost and SVM was
used The Geneva Minimalistic Acoustic Parameter Set (GeMAPS) as features, for
CNN was used a log spectrogram. FExperiments show comparable results of the
algorithms with a slight advantage of CNN.

[1] Kopylov A. V., Seredin O. S., Naidyonov A. V., Zenin D. G. The creation of a corpus of
emotional data for the system of emotion-related states assessment of a dialogue with
the call center operator // Mathematical methods of pattern recognition: Lecture notes

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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of 18-th Russian National Conference MMPR-2017. Russia, Taganrog, 2017 M.: Torus
Press, 2017. — p. 132-133.
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MeTtoa mMogenuposaHusi napameTpoB noHocdeps! 1
00Hapy>XeHnsA MOHOCKEPHbIX BO3MYLLEHWUIA

Mandpurosa Oxcana Burxmoposna' oksanami@mail.ru
®Demucosa Hadescda Baadumuposma'x nv.glushkova@yandex.ru
Ionoszoe FOputi Aaexcandposur’ up_agent@mail.ru

Merponasnosck-Kanmuarckuit, THCTATYT KOCMOMDUIHIECKHX HCCIIEI0BAHMI I
pacmupocrpanenusi pajuososia JIBO PAH

Pabora Hanpas/ieHa Ha CO3/IaHe METOJIOB MOJIE/IUPDOBAHNS U AHAJI3a [IapaMeT-
pos nonocdepst. Monocdepa 3emiin 9y TKO pearupyer Ha 3MEHEHUsI B OKOJIO3eMHOM
KOCMUYECKOM IIPOCTPAHCTBE (KOPOHAJIbHbBIE BHIOPOCHI U Benbimikyu Ha CoJiHie, u3me-
HEHUs 11apAMEeTPOB COJIHEYHOIO BeTpa, MaruuTHble 6ypu u cy6oypu). B Bosmymien-
HbIE TIePHO/bI B HOHOC(HEPE BOZHUKAIOT aHOMAJIbHBIE IIPOIECCHI, XapaKTepU3yIoIie
BOBHUKHOBeHHE MOHOChepHBIX Oypb. MoHocdepHble OYpU OKA3LIBAIOT HETATUBHOE
BJIMSTHIE Ha PADOTY PAJIMOKAHAJIOB U BBI3BIBAIOT HAPYIIEHUs B (DYHKITMOHUDOBAHUN
TEXHUYIECKUX CPEJICTB HA3EMHOI'O W KOCMHUYECKOrO OA3MPOBAHUS. XOTS MEXAHI3MBI
BO3HUKHOBEHI: MOHOCKHEPHBIX BO3MYIIEHUI M3BECTHBI, UX OIEPATUBHOE ITPOTHO3H-
pOBaHME B HACTOSIIEE BPEMSI HE Peasn30BaHO.

B pabore npejjiozkera MHONOKOMIIOHEHTHAST MO/JIE/Ib BDEMEHHOTO Psijla ITapaMeT-
POB MOHOCMEPHI, MO3BOJIAMONIAS aJeKBATHO OIMCATH PEryJisipHbIe BapUallud Iapa-
METPOB U aHOMAJIbHbIE M3MEHEHNs Pa3Hoil naTeHcuBHOCTH. Mosesb nuMmeer Bu:

f (t) = ARPC (t) +U (t) +e(t) =

= Z Suzeg kb ireg k: Z \1177 n(t) +

D P () U (1) + e(t), (1)
n,n
e AREC (1) = Dopet, T Dkt Nl 8 8hves Dfves (1) + €(t) amaserca pery-
JISIPHON KOMITOHEHTOH, KOTOpaSI OIIMCHIBACT XapaKTepHbIe M3MEHEHUsI apaMeTpOB
p?rcg h“rcg
HOHOCQEPHI, s;ﬂegyk = Z ’yfreg’lw;ﬁeg’kfl Z 0% ives Jreg ben pjreg, O‘Lg o TMa-

pameTpbl p-Oii COCT&BJISIIOH.[GI/I w”,eg k= V”“(S reg ko> 61_mreg7k, = C_ppyres ks 6;.*,.6% =
= djres iy, pp = 2,...,T, a’; jres ), — OCTATOMHBIE OH_II/I6KI/I MOJIEJIA [1-Off COCTABJISAIOIIEA,
bL e = Pmres ), — MaciITabupyomas yHkms, b;‘reg’k = Wirea o, o = 2,...,T —
BeiiBjieT-0a3uc.

U((t) = ZPﬁ‘f](dn,n)\Pmn(t) + ZP;%(dn,n)\Iln,n(t) — aHoOMAaJbHAas KOMITOHEH-
Ta, ONMCHIBAIONMAS HECTAIMOHAPHBIE IT(LOpOTKOHepI/IO,ZLHbIe M3MEHEHNs] TapaMeTpOB B
BO3MYIICHHBIC IIEPUOIBI, P;)‘;‘Il = V; x St,, — aganrusHbt mopor, d,, = (f, Uy.),
{Wyn}, ey — BeliBrer-basuc, e(t) — mywm.
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aentudurarmss MoIe/ M OCHOBaHA, HA KOMILIEKCHOM IO/IX0/IE, O0bETUHSIIONIEM
pa3HbIe CXEMBI BeIIBJIET-IIPEOOPA30BAHNISI C METOJIAMI aBTOPErPECCUH — IPOUHTErDH-
POBAHHOI'O CKOJIB34IIEero cpejuero. IlpemraraeMplii 11o/1xo/1 oka3aj cBoo 3ddek-
TUBHOCTD B 33/a9aX 0OHapyrKeHUsI MOHOChEPHDBIX Bo3MyIennil. Pazpaborannbie Ha
OCHOBE MO/IEJIM ¥ IIPEJJIOKEHHBIE B JIAHHONW PabOTe BBIUUC/INTE/bHBIE AJITOPUTMBI,
B OTVIMYNE OT aHAJIOI'OB, HO3BOJIAIOT OOHAPYZKNUTH BHE3AIHbIE AHOMAJIbHBIE H3MEHe-
nust B nonocdepe U ONEHUTH WX ITapaMeTphbl. AJITOPUTMBI PEATM30BaHbI B CHCTE-
Me OIIEPATHBHOIO aHAJIN3a JAHHBIX KPUTHIECKOH JacToThl HoHOCheps! foF2 paiiona
Kamuarkn (http://lsaoperanalysis.ikir.ru/lsaoperanalysis.html).
[1] Mandpurosa O. B., @emucosa H. B., Ilososos FO. A. Moaenuposatue napaMeTpos

noHocdepbl U BBIJIETEHHE NOHOCKEPHBIX aHOMAJIMI B PEXKUME OIEPATHBHOIO aHAJIN3A

nanubix // Mamununoe obydenne u ananus JaHHbIX, 2019. (B mponecce)
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A method for modeling of ionospheric parameters and detection
of ionospheric disturbances

Oksana Mandrikova' oksanami@mail.ru
Nadezhda Fetisova'x nv.glushkova@ya.ru
Yuryi Polozov' up_agent@mail.ru

!Petropavlovsk-Kamchatskiy, Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

The paper is aimed at creating methods for modeling and analysis of the iono-
spheric parameters. The Earth’s ionosphere is sensitive to changes in near-Earth
space (coronal emissions and flashes on the Sun, changes in the solar wind pa-
rameters, magnetic storms and substorms). During disturbed periods anomalous
processes occur in the ionosphere. They characterize the occurrence of ionospheric
storms. Ionospheric storms have a significant impact on the radio channels and
cause disturbances in the ground-based and space-based technical equipment. Al-
though the mechanisms of the occurrence of ionospheric disturbances are known,
their real-time forecasting is not currently implemented.

A multicomponent model of the ionospheric parameter time series is proposed
in the paper. The model allows us to adequately describe regular variations of the
parameters and anomalous changes of different intensities. The model is represented
in the form:

f()ZAREG()+U()+6(t)

= Z Sireg k rsg k Z \I/n,n(t) +
n=1.. T k=1,..,Nfcg
+ 0 PEh(dy.n) Wy n(t) + e(t), (1)
n
where AMFC (t) =37 1 13710 v, Shees pbires g, (8) +e(t) is a regular com-
e

ponent describing characterlstlc variations of the ionospheric parameters, s;‘reg k=
Plires Rfveg

_ H H K 3

a l; Vjres i Wjres k1 — Z 05, Jree,n j”g k—n > pj”g’ oj"eg,n are parameters of y-th

n=1

I 1
component, Whee = V¥ 0eg s 0L res , = Comres ks Oreg ), = djreny = 2,..., T,
a”reg . are residual errors of pu-th component model, bl_mmg’k = Q_pres ; 15 a scaling
func‘mon b, fives p = Wjres g, 0= 2,..., T is a wavelet-basis.

U(t) = Z m( ) Unn(t) + > ng%(dnyn)\llnyn(t) is an anomalous component

: n,n
describing non-stationary short-period changes of parameters during disturbed pe-
riods, “7 = Vi x Sty is an adaptive threshold, dyn = (f, ¥nn), {¥nn}, oz s a
wavelet-basis, e(t) is a noise component.
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Model identification is based on an integrated approach that combines different
wavelet transform schemes with the ARIMA methods (autoregressive - integrated
moving average). The proposed approach has shown efficiency in tasks of detect-
ing ionospheric disturbances. Computational algorithms developed on the basis of
the model are proposed in this paper. The algorithms in comparison to analogs
make it possible to detect sudden anomalous changes in the ionosphere and esti-
mate their parameters. The algorithms are implemented in a system for the online
analysis of the ionospheric critical frequency data (foF2) of the Kamchatka region
(http://lsaoperanalysis.ikir.ru/lsaoperanalysis.html).

[1] Mandrikova O, Fetisova N., Polozov Yu. A method for modeling of ionospheric param-
eters and detection of ionospheric disturbances // Machine Learning and Data Analysis,

2019. (in proccess)
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BBenenne. Anaus psijioB IMHAMUKHA METEOPOJIOTHIECKIX TAPAMETPOB SIBJISIET-
s Ba2KHBIM aCIIEKTOM B M3yUE€HUN COBPEMEHHBIX M3MEHEHU TyI00aIbHOTO KIINMATA.
JlamHble METEOPOIOTIIECKO CTAHIINN, YIIOPSI0OYeHHAS COBOKYITHOCTD 3HAYECHUIT TIe-
PEMEHHBIX, U3MEPAEMBIX UePe3 IMOCTOSHHBI BPEMEHHOM TPOMEXKYTOK, ITPEICTABIIS-
I0TCSI B BUJIE PsiJjia JIMHAMUAKH METEOPOJIOIMIeCKOTO IapaMerpa.

BpemenHbie psijibl JMHAMHKH METEOPOJIOTHYECKUX MapaMeTPOB, KakK ITPaBUJIO,
HECTAIMOHAPHBI, TIO3TOMY JIJI UX UCCJIEJOBAHMS y/I00HO BeiBJIeT-IIpeodpa3oBaHue,
KOTOPOE TTO3BOJISET YCTPAHUTh HEJIOCTATKN mpeobpasoBanusa Pypwe, KOTOpoe JToKa-
JIN30BAHO 10 YaCTOTE, HO HE NMEET BPEMEHHOTO Pa3pEIeHNs.

BeiiBietor — 3710 cemelicTBO (hyHKIMIT, KOTOPbIE MOJIYIAIOTCA U3 OJIHON (DYHK-
IIUHU TIOCPEJICTBOM €€ CJIBUTOB U PACTs2KeHUiT 110 ocn BpeMeHu. C IOMOIIBIO BeiBIeT-
peobpaszoBanust HYHKIHST PACCMATPUBACTCH B BU/JIE PA3JIOKEHNs Ha KOJIEOAHUST, JIO-
KaJIM30BAHHBIE IO BPEMEHH W YaCTOTE, UITO YAOOHO JIT HECTAITMOHAPHOTO BPEMEH-
HOTO PSiJIa.

IIpenmet uccienoBaHus. B kadecTBe METEOPOSIOTNIECKHX IIAPAMETPOB B JIAH-
HOU paboTe UCIOIB3YIOTCS MOKA3ATEIN CPEIHECYTOTHOM TeMIIEpATyPhl Ha IIPOTSIZKe-
uun 45 ner (1971-2016rr) Ha roro-samaje Basiiaiickoil BO3BbIIEHHOCTH (MeTEOPO-
JIOTMYECKAasl CTAHIUS «3AlOBEJIHUKY ), U HOKA3aTeJU MOCEKYHIHON KOHIEHTPAIIUN
yIJIeKncoro rada 3a 6 ser (kouer; 2011-2018rr), Bo Brername (MeTeoposorndeckast
cranius «AsiaFlux» ). Crarucruyeckue jannbie npepocrasiensl U119 um. A H.
CeseprioBa PAH.

B kauecTBe HCCIEyEMbIX DsJIOB JMHAMUKN ObLIu BIOpaHbL: (1) mokazaresnn
CPEJIHECY TOUHON TeMIIEPaTyPbl, YCPEIHEHHbIE 110 Hele iaM; (2) moKasareu CpelHe-
CYTOYHOIi TeMIIepaTypbl, OTHOCAIINECH K METEOPOJOIMIECKON BecHe; (3)moKazare/iun
(MaKCUMyMbl 1 MUHUMYMbI) JHeBHOIT KoHlenTpanuu C'Oy Ha pasabix Boicorax (0.3
M. n 46 Mm.); (4)nokasarenn xornerTpanun C'Os 3a TOATOPA TONA, YCPETHEHHBIE C
nepuoZoM B 30 MUHYT.

Uccneyenmbie BpeMeHHBIE PsIIbI IMHAMUKY ObLIN TTPOBEPEHBI Ha, CTAITHOHAPHOCTD
¢ ToMoIbio pacmmpennoro tecta Jukkn-Qymrepa. Pesynaprar okasancs mpemcka-
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3yeM — psabl 1, 2, 4 HecTalmoHapHbl, TeEM CaMbIM 000CHOBAHO TIPUMEHEHNE BeiBIeT-
anajn3a. Bpemennble psAnibl 3, HAIIPOTHUB, OKA3AJNUCH CTAI[MOHAPHBIME, YTO, BOOOIIE
rOBOPsI, HE UCKJIIOYAET BOBMOXKHOCTH MCIIOJIb30BAHNUS BEHBIIET-TIPEOOPA30BAHMS B Ka-
YECTBE OJIHOM U3 METOJIUK NCCJIEOBAHUSI.

HemnpepsiBHoe BeiiBiieT-mipeodbpaszoBanue. CymHOCTb HEIIPEPBIBHOTO BEBIIET-
peobpasoBaHusl 3aKJI0YaeTCsd B ceayiomneM. C MOMOIIBIO TOAXOSIIEr0 MATEPUH-
CKOro BeiiBiiera 1)(t), BBIYUCISIOTCH BeiBIeT-DYHKIMT g 1 ():

1 " t—>
Va
ITapameTp a Ha3bIBaeTCs apaMeTpoM MaciiTaba BeiiB/ieT-peodpa3oBaHusi, OH IIPHU-
HUMaeT CTPOTro IMOJIO2KUTEJ/IbHbIC 3HAYCHUA U OTBEYaeT 3a IMUPUHY BeﬁBHeTa; BeJn-
qrHa b ecTh mapamMerp CIBUTa, KOTOPBIH OIpee/sieT MOJIOXKEHNEe BelBjeTa Ha OCH
t.

wa,b(t) =

a

Hasee onpenensiorces BeiiBier-koaddurmentsr Wa, b):

+oo
Wiah) = = [ st

re s (t) — aHaJm3upyeMblil Psijl AMHAMEUKY, ¥ 0603HAYAET KOMILJIEKCHOE COIIPSZKEHUE.
ITocste 3TOTO TPOBOINTCS KATECTBEHHBINM AHAJIN3 KAPTUHBI BEHBIET-KOI(MDDUITIEHTOB
1 IIOCTPOEHUE MHTErpaJibHOT'O CIIEKTPa:

s@-= [ W (@) b,

1

KOTOPBII TIOKa3bIBaeT HaJU4he IUKJIOB B MCXOJIHOM BpeMeHHOM psije. Macmrab a
CBsI3aH C KOOPIMHATAMU OCU BpeMeHn t Kak: t = F%’ rie F, — nenTpajbHast 9acToTa
BeiiBJIeTA.

IToce 06paboTku mCcIeIyeMbIX Psi/IOB B KAYECTBE MATEPUHCKUAX BEHBJIETOB ObLIN
BBIOpansl Beiisier Mopse u BeiiBier aycca 7, natomue Hanbosiee HHOOPMATHBHBIE
U HAIJISIJTHBIE PE3YILTATHI.

Bakirouyenne. B psax auHaMuKn rokasareseii reMuepaTypbl (psiyibl 1,2) Gblin
OIIPeJIeJIEHbI IEPUO/IbI BCEX IUKINIHOCTENH. BhII0 mpon3seieHo cpaBHEHNE C Pe3yJib-
TaTaMu, [OJIy9€HHBIMU PAHEE ¢ MCIOJIb30BAHUEM JAPYTUX METOIOB WM ITOJIY 9€HHBIX
¢ TIOMOIIBIO JIAHHBIX B JIPYTUX PErvoHaxX. Pe3ysibraThl XOPOIIo CONIACYIOTCS MEZKLY
co0oit. BbLH Moty IeHbl Ka4eCTBEHHbIE KAPTUHBI BPEMEHHBIX MTOJIOKEHUH TTUKTITTHO-
cTeil, KOTOpbIe, KaK IMOKA3bIBAIOT UCCJIEIOBAHNS, MOI'YT SIBJISITHCSI CYIIEPIIO3UIIMME
6oJtee CJIOKHBIX sIBJICHMUIA.

B xoze anasnuza nanubix nokasareseit kounenrpanuu COq (psiapl 3,4) ObLia Bbl-
SIBJIEHA CJIOXKHAs CTPYKTYPa CIHEKTPOB, JJIS BCEX UCCJEIYEMBIX PSJIOB CJIOXKHO BbI-
JIEJIUTH BBICOKOYACTOTHBIE MEPUOJAUIHOCTH, TAK KAK CIEKTD COJEPKUT MHOXKECTBO
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HEIPOJIOJKUTEIBHBIX 110 BpeMeHHU CJIabbIX MUKINIHOCTeN. VHTerpaabuble CrieKTPhI

Pa3MBIThI, OBLIIN BBIJEJIEHBI B OCHOBHOM TOJIBKO CJIA0ble IIUKH, IPOM3BEIEHO CPaBHE-

HUE Pe3y/IbTATOB C METOJIOM JINHEWHO! perpeccnoHHoi mojesm u Oypbe-aHaIn30M.

CiokHast CTPYKTYpPa BBICOKOIACTOTHOI TEPUOIUIHOCTH MOYKET ObITH BhI3BAHA TAKH-

MU IPUPOIHBIMU SBJIEHUSIMU, KAK 0COOeHHOCTH KJymMara Boernama, smuccus COq

13 TIOYBBI, IIEPEMENTIBAHNE CJIOEB BO3/IyXa U JIP.

Pabora mommep:xkana rpantamu POOU Ne 17-07 -00832 A, 18-07-00424 A,

POOU-PI'O-a Ne 17-05-41127.

[1] T'asapsan B. A. , Kypbamosa FO. A. , Oscannuxos T. A. , Hlanxuna H. E. Crarn-
CTUYIECKUII aHaJIn3 TUKJINTYIECCKUX U3MEHEHUI B pamgax AUHAMUKA METEOPOJIOTUICCKUX
nokasatreJeil Ha 1oro-zanaje Basnaiickoit Bosseimennocru.// BMY. Cepusi 3. PU3N-
KA. ACTPOHOMUS. 2018. Ne 1.

[2] Acmagvesa H.M. Beiibner-aHanns: OCHOBBI TEOPUU U IIPUMEDHI IpUMeHeHus1. // Verexu
dusnuecknx HayK, 1996, 7. 166, Nell, c. 1145-1170.
[3] Tumozuna A.B., Hpoxpywun A.C., Onyukun A.A., Hanose A.B., Kopman I B., Xaii-

manu M. Junamuka npusemnoii kounentparuun CO2 B cpenneraexknoii nonzone [Ipu-
enuceiickoit Cubupu. // Dxosorus. 2015. T. 46. Ne 2. C. 143-151.
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Introduction. The analysis of the series of dynamics (time series) of meteoro-
logical parameters is important to study modern changes in the global climate. The
data from the meteorological station (an ordered set of values of variables measured
over a constant time period) are presented in the form of a series of dynamics of the
meteorological parameter.

The time series of meteorological parameters are usually non-stationary, there-
fore, to study them, the wavelet transform is convenient, eliminating the disadvan-
tages of the Fourier transform, because having a good localization in frequency, a
conversion has no time resolution.

Wavelets are a family of functions that are obtained from one function through
its shifts and stretches along the time axis. Using a wavelet transform, a function is
considered as a decomposition of oscillations localized both in time and frequency.
It is the reason for using the wavelet transform instead of the Fourier transform, in
case of studying an unsteady time series.

Subject of study. As the meteorological parameters in this work, we use the
average daily temperature for 45 years (1971-2016) in the south-west of the Valdai
Upland (meteorological station “Zapovednik”), and the parameters of the second-
minute carbon dioxide concentration for 6 years (end of 2011-2018), in Vietnam
(meteorological station “AsiaFlux”). Statistic data was provided by A.N. Severtsov
Institute of Ecology and Evolution.

As the studied series of dynamics the following parameters were selected: (1)The
average daily temperature, averaged by week; (2) The average daily temperature
related to the meteorological spring; (3)Data (maxima and minima) of daily C'Os
concentration at different altitudes (0.3 m and 46 m); (4) COz concentration data
for a year and a half averaged over a period of 30 minutes.

The studied time series were checked for stationarity using the Augmented
Dickey-Fuller test. The result turned out to be predictable - series 1, 2, 4 are
non-stationary, thereby the use of wavelet analysis is justified. Time series 3, on the
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contrary, turned out to be stationary, which, generally speaking, does not exclude

the possibility of using the wavelet transform as one of the research methods.
Continuous Wavelet Transform. The essence of continuous wavelet trans-

form is as follows. Using a suitable mother wavelet 1(t), wavelet functions 1, p(t)

are computed:
1 t—>b
wa,b(t) = %d] ( w ) .

The parameter a is called the scale parameter of the wavelet transform; it takes

strictly positive values and is responsible for the width of the wavelet. The parameter

b is the shift parameter that determines the position of the wavelet on the t axis.
Next, the wavelet coefficients W (a, b) are determined::

1 [tee
W) = / S(E)e ot

where s (t) — analyzed time series, * means complex pairing.
After that, a qualitative analysis of the picture of wavelet coefficients and the
construction of the integrated spectrum are carried out:

as
S (a) :/ |W (a, b)|*db,
ay
that shows the existence of cycles in the original time series. Scale a is related to
the coordinates of the time axis ¢ as:

t= o
where I, — center wavelet frequency.

After processing the time series under study, the Morlet wavelet and the Gaussian
wavelet 7 were selected as the mother wavelets, giving the most informative and
visual results.

Conclusion. In the series of dynamics of temperature indicators (series 1, 2),
periods of all cycles were determined. A comparison was made with the results
obtained previously using other methods or using data in other regions. The results
are in good agreement with each other. Qualitative pictures were obtained of the
temporal positions of cyclicities, which, as studies show, can be superpositions of
more complex phenomena.

A compound structure of the spectra was revealed during the analysis of these
parameters of COy concentration (series 3, 4); for all the studied series of carbon
dioxide dynamics it is difficult to distinguish high-frequency periodicities, since the
spectrum contains many short-lived weak cycles. The integrated spectra of all ob-
tained time series are blurred, mainly only weak peaks were identified, and the
results were compared with the linear regression model and Fourier analysis. The
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compound structure of high-frequency periodicity can be caused by such natural
phenomena as the climate of Vietnam, C'Os emissions from the soil, mixing of layers
of air, etc.
Work supported by grants RFBR No 17-07 -00832 A, 18-07-00424 A, RFBR
-RGS-a Nol17-05-41127.
[1] V. A. Gazaryan, J. A. Kurbatova, T. A. Ovsyannikov, N. E. Shapkina. A statisti-
cal analysis of cyclical changes in the time series of meteorological parameters in the
southwest of the Valdai Hills. Moscow University Physics Bulletin 2018. 73. No 1.

[2] Astafyeva N. M. ‘Wavelet analysis: basic theory and some applications” Phys. Usp.
1996, b. 166, No 11, pp. 1145-1170.

[3] A.V. Timokhina, A.S. Prokushkin, A.A. Onuchin, A.V. Panov, G.B. Kofman, M.
Heimann 2015, published in Ekologiya, 2015, No. 2, pp. 110-119.
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3ajiaa BOCCTAHOBJIEHUsI CKPBITOTO COCTABA MHBECTUIMOHHOTO TOPTAEIIA M0 13-
BECTHBIM BPEMEHHBIM PSIaM CTOMMOCTHOM JIOXOHOCTH CAMOIO MCCJIE/LyeMOrO OPT-
desnst u moxomHOCTEI TIEHHBIX OyMar (GUpPKeBbIX AKTUBOB), B KOTOPBIE MIPEJIIOIOKA-
TEJIBHO MOT' OBITh BJIOXKEH KaluTaJjl, CchOpMYyJIMPOBaHA JIayPeaToM HOOEJIEBCKOIl TIpe-
mun 110 skoHOoMEKe 1990 roma Yuabamowm [laprmom mox mnassanmem Returns Based
Style Analysis — RBSA [1, 2]. Ilpeanosnaraercs, uro noprdesib IMOCTPOEH 110 IPUH-
nury Buy and Hold, T.e. KomudecTBo 1eHHBIX OyMar Kask/I0ro BU/Ia He N3MEHSIETCS B
TedeHune nepuosia nabsmonenus. Maremarudeckas moens [lapra cBsa3biBaeT BEKTOP
JIOXOJTHOCTEl IEHHBIX OyMar ¢ JIOXOJIHOCTBIO MOPTQEJiss PerpecCuOHHON 3aBUCHMO-
CTHIO, B KOTOPOI1 POJIb BEKTOPHOTO KO3 (DUIIMEHTA UI'PAET TOCTOSTHHOE HEN3BECTHOE
JIOJIEBOE CTOMMOCTHOE PACIIPEJIeICHIe KAIIUTAIa, KOTOPOe HAJI0 HANTH KaK PEreHne
3a/1a4M JIMHEHOU perpeccuu.

OjHaKko Jlazke MPH MOCTOSIHHOM KOJIMYECTBEHHOM coctase noprdests Buy and
Hold ero cronmMocTHOI /10J1€BOIT COCTaB 3aBUCUAT OT TEYIIUX I€H OMPXKEBBIX aKTUBOB
u He OyJjleT MOCTOSHHBIM. B cuity 3Toro obcrositesibcTBa Mojesb [1lapra sisiercs
HETOYHOU, TeM He MeHee, OHA IPHUOJINKEHHO XapaKTePU3yeT CKPBITHIA KOJIMIeCTBEH-
HBIIl cocTaB HOPT(EsS B YCJOBUAX CTAIMOHAPHOTO PBHIHKA IIEHHBIX OyMar, KOTIa
IIEHBI AKTUBOB KOJIEOJIIOTCH BOKPYT HEKOTOPBIX MOCTOSHHBIX 3HAYCHUH.

Ilocnennee yciaoBre COTBETCTBYET IIPEIIIONOXKEHHUIO, UTO JOXOIHOCTU aKTUBOB,
BbIpaxkaroriue "ckopoctu" pocra IeH, IMEIOT B CPeJIHEM HyJIeBble 3HadeHUs. Fcim
HAa OYeHb KOPOTKUX WHTEPBaJIAX HAOJIOIEHNs 3TO IPy0Ooe MPEeIOI0KEHNE eITe MOXK-
HO MPUOJINKEHHO IPUHATD, TO TP 00JIee JINTETbHOM HAOIOACHI OHO COBEPIIIEHHO
HEea/IeKBATHO PeasbHOoCTU. Bosiee TOro, nMeHHO (haKT HAJIMYHUSA [TOJOKUTEIHHOI CO-
CTAaBJISAIOINIEH BOJIATUIIHHBIX JIOXO/IHOCTEH aKTHBOB JIEYKUT B OCHOBE CAMOI njien Oup-
JKEBBIX MHBECTHIMI Kak CII0coba COXPAHEHUsI U YMHOXKEHUsI KallUTajia B yYCJIOBUSIIX
HOPMAJIbHON 9KOHOMUKU.

B nannoit pabore MBI paccMaTPUBAEM YCJIOKHEHUE UCXOTHON PEIrPECCHOHHON MO-
nesin lapra, yaureiBamoiee 3aBUCUMOCTD JIOJIEBOTO CTOMMOCTHOTO PACIIPE/IETEHUS
karuTaga B noptdene Buy and Hold or usmensionumxcss 10XOIHOCTEN COCTABIIATIO-
mux ero 6I/Ip)KeBI)IX AKTHUBOB U, CJie/I0BaTe/IbHO, OT BPEMEHMH. XOTS{ TaKagd MOJIeJIb
Hen30€KHO SBJISIeTCs] HeJIMHEIHO, OHA OTHOCUTCS K KJIacCy OOOOIEHHBIX JIMHEHHBIX

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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Moziesieit [3]. DToT TepMHH O3HAYAET, YTO B TAKOH MOJEIHN HEIMHEHHOCTH IOJIHO-
CTBIO COCPEJIOTOYUEHA B BBIOOpE (DYHKIMHU CBSI3HM, COCTUHSIONIEH TEIEBYIO TTepeMeH-
HYIO, UMEOIILYI0 CMBICJI [IPEJICKA3bIBAEMOIl JTOXOMHOCTU OpTdeis, ¢ OOBIYHOI CKa-
JISIDHO# JIMHEITHOW (DYHKIMel OT BEKTOpa JIOXOJHOCTENl OMpPKEBBIX aKTUBOB. Hewns-
BECTHBI BEKTOPHBII KOI(DMUIUEHT ITON (DYHKIMU U €CTh UCKOMOE I0JIEBOE CTOU-
MOCTHOE pacrpeeseHne KamnTaa.

O606rmennast perpeccuonas 3ajada RBSA cdopmysnmpoBana kak 3ajada MUHA-
MHU3AIIH OCTATOYHON CyMMbI KBAIPATOB PA3HOCTU MEXK/Iy U3BECTHBIMHU U IIPEJICKa-
3aHHBIMY 3HAYEHUSIMU JIOXOJHOCTH MOPTQeJsi B MHTEPBaje HAOJIONEHNS, OIHAKO
[IpeJICKa3aHHast JOXO[IHOCTD MOPTQEIs Tereph yKe He sABJISeTCs JINHEeHHOM (hyHKIHN-
eit moxoxnocTeil akTuBOB, B orsimane or mozesn lapma. Kak ciencrsue, kpurepuit
HaNMEHBINNX He 00sg3aTeIbHO OYIeT BBIMYKJIBIM, HO B MHOXKECTBE IKCIIEPUMEHTOB
MbI HAKOT/Ia HE HAOJIOIAIN €r0 HEBBITYKJIOCTH.

ITocTpoen ajiropuTm perennst 06001eHHON perpeccnonoii 3amaun RBSA B n1Boii-
CTBEHHOU (opMe, NMEOIINii TOJIMHOMUAATBHYIO BEIYUCIUTEIbHYO CJI0KHOCTH OTHO-
CATEIHLHO JJIMHBI BPEMEHHOTO Psijia HAOIIOMEHNS JTOXOTHOCTEH 1 TMHEHHYIO BBITHC-
JINTEIHHYTIO CJI0YKHOCTD TI0 INC/TY OMPIKEBBIX aKTHBOB.

Pabora nogaep:kana rpanrom PODU Ne17-07-00993.

[1] W.F. Sharpe. Determining a fund’s effective asset mix. Investment Management Review,

November/December 1988, pp. 59-69.

[2] W.F. Sharpe Asset allocation: Management style and performance measurement. The

Journal of Portfolio Management, Winter 1992, 18 (2), pp. 7-19.

[3] P. McCullagh, J. Nelder. Generalized Linear Models, Second Edition. Chapman and

Hall, 1989, 511 p.
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The problem of estimating the asset composition of an investment portfolio from
readily available return time series of both the portfolio and relevant investment
assets was formulated by 1990 Nobel prize winner William Sharpe and became known
under the name of RBSA — Returns Based Style Analysis [1]. The model became
quite popular and widely used in Finance, as it allows an investment professional
to explain the behavior of a very large and complex portfolio, consisting of both
large and small number of securities, by a handful of asset indices. In its original
formulation RBSA assumes that asset weights are constant within the estimation
time window, whether such window represents the entire date range or a “rolling”
window of a smaller size [2]. Sharpe’s mathematical model ties the portfolio return
to the returns of the assets via a constrained linear regression model, in which
vector of regression coefficients represents asset weights that have to be estimated.
In practical terms, RBSA is finding a portfolio with constant allocations to asset
indices or factors (regressors) that closely approximates the portfolio’s returns.

However, very few investment strategies are designed to continuously “rebal-
ance” portfolios, e.g., maintain constant asset weights. First, this could prove to be
quite expensive as such rebalancing requires significant trading, but it also creates
a significant tax burden for a taxable portfolio among other issues. In many cases
of so-called “passive” strategies portfolio managers allow their investments appreci-
ate/depreciate with little or no trading, especially on the asset class or sector level.
Such portfolio is typically called Buy-and-Hold and its allocations are changing over
time but are driven primarily by market prices.

Sharpe’s RBSA model with its constant allocations is inaccurate for analysis of
a buy-and-hold portfolio, unless asset volatilities and drifts are either identical or
very similar. Such assumption is atypical, as investments behave quite differently
between countries and regions, economic sectors and asset classes.

In this work, we consider a significant enhancement of Sharpe’s original regression
model by way of allowing time-varying asset portfolio weights as in a Buy-and-Hold
portfolio. Though such a model is inevitably nonlinear, it belongs to the class
of Generalized Linear Models [3]. This term means that the nonlinearity is fully
concentrated in the choice of the link function, which ties the goal variable, namely,
the portfolio return to be predicted, to the usual scalar linear function of the asset

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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returns vector, whose regression coefficient vector is the sought-for cost composition
of the prtfolio.

The generalized RBSA regression problem is formulated as that of minimizing the
residual sum of squared differences between the reported and the predicted values
of the portfolio returns in the observation interval, however the predicted returns
are no longer linear functions of the asset returns, as it was the case in Sharpe’s
model. As a result the criterion is not obligatory convex, but we never observed its
non-convexity in a variety of experiments.

The algorithm of solving the generalized RBSA regression problem in its dual
form has the polynomial computational complexity with respect to the length of the
observed returns time series and the linear computational complexity in the number
of stock-market assets.

This research is funded by RFBR, grant Nol7-07-00993.

[1] W.F. Sharpe. Determining a fund’s effective asset mix. Investment Management Re-
view, November/December 1988, pp. 59-69.

[2] W.F. Sharpe Asset allocation: Management style and performance measurement. The
Journal of Portfolio Management, Winter 1992, 18 (2), pp. 7-19.

[3] P. McCullagh, J. Nelder. Generalized Linear Models, Second Edition. Chapman and
Hall, 1989, 511 p.



212 O06paboTka U aHAJN3 CUTHAJIOB
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Pemraerca 3ajata anannza BpeMEHHBIX PSJIOB JIJIS PACIIO3HABAHUS BUJIOB (HU-
3UYECKON aKTUBHOCTH esioBeka. [0 aKTHBHOCTHIO TOHUMAETCS TTPOIOJIZKUTETHHAT
JIesITEJIBHOCTD, JJIs OIpee/ieHds KOTOPOil Tpedyercs MOHMMaHuEe KOHTeKCcTa. Pas-
JIMYHBIC BUJIbI aKTUBHOCTU MOT'YT BKJIIOYATDH OJIHU U T€ Ke dJIeMCHTapHbIC JIeficTBUA.
Paspaborana merTonuka perneHns 3aa49u PACIIO3HABAHUS BUJIA aKTUBHOCTU, BKJIIO-
Jaroasg PEKOMEH AN 110 cOOPY JIAHHBIX U ITPOBEJICHUIO SKCIIEPUMEHTOB, Pa3MeTKe
JIAHHBIX JIJIsi KOHCTPYUPOBAaHUS U O0yUIEHUsI MaTeMaTHIECKIX MOJIe/Ieil pacio3HaBa-
HUS.

Sasada pacrno3naBannd BUIA (DU3MIECKON aKTUBHOCTH DEMIACTCH B HEPapXIde-
CKOIl TIOCTAHOBKE: Ha HUKHEM yPOBHE MEPAPXUU PeInaeTcs 3a/ava KIaCCUPUKAINN
MUKPOAEUCTBUN MM 9JIeMEHTaPHbIX AEeCTBUM, pe3y/IbTaThbl PACIIO3HABAHUA UCIIOJIb-
3YIOTCs JJIsI T€HePaIlul PacCIIMPEHHOI'0 MPU3HAKOBOI'O OIMCAHUS B 3a/iade BEePXHero
YPOBHS KJIACCU(DUKAIUN.

DKCIIEPTHBIN BHIOOD JIEMEHTAPHBIX JAEHCTBUN I MOCTAHOBKY 331491 HUYKHETO
YPOBHSI Hepapxuu 00JIaIaeT PSIOM OMPaHUIEHUN. DTO TPYJIOEMKHIl IPOIECC, KOTO-
PBIil He Bcerja I03BOJIAET 33/1aTh JIOCTATOYHOE KOJINYECTBO KJIACCOB I pelleHud
3a/1a91 PACIO3HaBaHUs BUJIOB (DU3UUIECKON aKTUBHOCTUA. Kpome TOro, BLIOpaHHBIM
HabOp JleficTBUil, KaK NMPaBUJIO HE 0DODOIAeTCsl Ha JpyTHe TUIIBL JesTeJIbHOCTH. B
CBA3U C 9TUM IPEJIOKEH METOJI TeHEePAINH [IPU3HAKOB Ha Da3e ajropuTMa aBTOMa-
TUYIECKOr0 OOHADPYZKEeHHUs ITAJIOHOB U3 paboTh [1]. DramoHaMu HA3BIBAIOTCS CErMEH-
TBHI BDEMEHHOT'O Pg/jla, XapaKTepHbIe JIjId JJAHHOM aKTUBHOCTH, U He XapaKTepHBbIE JIjId
JIPYTUX PACIIO3HABAEMbBIX BUJIOB aKTUBHOCTH. [Ipu TOMCKe 3TAIOHOB JIJTsT TPOEKITN
BPEMEHHOI'0 psJa TPeX-0CeBOI'0 JaTUnKa Ha BHYTPEHHIOIO CUCTeMYy KOOPJMHAT JlaT-
YrMKa BO3HHUKAET IpO0/ieMa, CBsi3aHHAsI C OPUEHTAIMeNl JTATYNKA B IMPOCTPAHCTBE —
OJIHO U TO K€ JefiCTBUE B PA3HBIX IIOJIOKEHUSX MMEET pa3/ImdHbie mpoekun. [Ipes-
JIO2KeHA MOMMMUKAIIAS METO/a TOUCKA ITAJOHOB C JIOKAJIHHBIM ITPOEKTHUPOBAHHEM
BPEMEHHBIX D#AJI0B Ha 0a31C TJIABHBIX KOMIIOHEHT.

OmubKu B pa3MeTKe BpDEMEHHBIX PsIJIOB, BBIIIOJIHEHHOM acecCopaMy U CBsI3aHHbBIE
C 9eJIOBEUECKUM (DAKTOPOM UJIU HEIOCTATOIHON (hOpMaIM3aIieil KJIacCoB Pa3MeTKH,
IIPUBO/IAT, BO-IIEPBBIX, K YXY/IIIEHUIO KadyecTBa MOJIEIN, BO-BTOPBIX, K HEBO3MOXK-
HOCTH OO'BbEKTHBHOI OIEHKY KadecTBa MOJeJIeil PACIIO3HABAHUS M KJIACCU(DUKAIIIN.
IIpetoxkeHbl METOBI OOYUEHMs Ha <«3allyMJIEHHOW» /WM HETOYHON pasMeTKe,

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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YUUATBIBAIOIIE HAJIMYUe IIyMa U IIO3BOJIAIONINE IIOBBICUTh Ka4eCTBO PAacllO3HABAHU

110 CDABHEHUIO C «JIOBEPUYHUBBIM» OOytUeHNEM Ha pe3yJbTaTax aceCCOPCKON pa3sMeTKH.

BosmokaOCTE 06pabarhBaTh HETOUHYIO PA3METKY IO3BOJISIET COKPATUTbL BPEMs U

CTOUMOCTb Pa3METKHU, U, KaK CJIeICTBHUE, YBEJIUIUTDh KOJIUIEeCTBO Pa3MEeUeHHbIX JaH-

HBIX JIJIs OOy JeHUs.

[1] B. Hu, Y. Chen, E. Keogh Time Series Classification under More Realistic
Assumptions // Proceedings of the 2013 SIAM International Conference on Data
Mining, 2013, 578 — 586 Motrenko A., Strijov V. Extracting fundamental periods to
segment biomedical signals // Journal of Biomedical and Health Informatics, 2016,
Vol. 20, No 6, 1466 — 1476.
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The talk addressees a problem of time series analysis for continuous human activity

recognition. We define "activity” as a long-term complex of movements, unified by

a common purpose. Different activities might include the same movements. We

consider movements as elementary units of recognition. We describe a methodology

for activity recognition, which includes recommendations for data acquisition and
experimental design, data labeling and learning classification models.

We adopt hierarchical approach to the problem of activity recognition. At the
bottom level of the hierarchy the problem movement classification is solved. Results
of movement classification are further used to generate features for top-level problem:
activity recognition.

Expert-based selection of movements to classify suffers from a number of limi-
tations. While the process is time- and labor-consuming, it does not always results
in selecting enough classes for adequate representation of the activity at question.
Moreover, the results rarely generalize to other sets of activities. To overcome these
issues we propose a method of feature generation for activity recognition, based on
automatic pattern detection [1]. This method detects patterns which are shape-
specific to a given activity and are rarely found within other activities. Results of
pattern recognition for separate projections of a tri-axial sensor time series are sen-
sitive to sensor orientation. The same movement, performed in different positions,
results in different signal shapes for a given projection. We propose a modification
of the pattern detection procedure, which improves position invariance by projecting
time series onto local principal components basis.

Errors in human data labeling deteriorate model performance and impede model
evaluation. We propose noise-aware learning methods. Compared to "naive” learn-
ing, the proposed method demonstrates better classification quality. Softer require-
ments to labeling precision allow to reduce labeling cost and time and increase the
number of labeled samples.

[1] B. Hu, Y. Chen, E. Keogh Time Series Classification under More Realistic Assump-
tions // Proceedings of the 2013 SIAM International Conference on Data Mining, 2013,
578 — 586 Motrenko A., Strijov V. Extracting fundamental periods to segment biomed-
ical signals // Journal of Biomedical and Health Informatics, 2016, Vol. 20, No 6, 1466
— 1476.
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JlokanbHoO-annpockuMupytouime mMmogenun B 3agade
AeKoaupOoBaHUS CUTHAI0B FOJIOBHOMO MO3ra

Mapxun Baaepuii Onezoeum'* markin.vo@phystech.edu
Hcavenrxo Poman Baadumuposur'x isa-ro@yandex.ru
Cmpuosicose Badum Burmoposuw' strijov@ccas.ru

'Mocksa, MocKOBCKHii (bH3MKO-TEeXHIUECKHH HHCTUTYT

B pabore paccmarpuBaeTcs 3ajiatda IOCTPOEHHUS ONTHMAJIHHOIO TPU3HAKOBOIO
ONWCAHUST B 3aJade JeKOIMPOBaHUsl curHAJIOB 3yexTpokoprukorpadmn (ECoG).
CursaJi npeJicrapjsieT cobOil MHOIOMEPHBIIT BPEMEHHO PsiJi, 3HAYEeHUs] KOTOPOTO —
HaIpsizKEHNe Ha KaXKJIOM u3 32 3JIeKTPOJIOB B Pa3/IMUHbIE MOMEHTHI BpemeHHu. 1o
HUCXOIIHBIM JIAHHBIM HEOOXOIMMO MIPEICKA3ATh TPACKTOPUIO TBUYKEHIS PYKU UCIBITY-
eMoro B mpocTpancTse. st 60pbObI ¢ M30BITOIHOCTHIO TPOCTPAHCTBA IPU3HAKOB 1
HEYCTONYNBOCTHIO MOJIEJIH IIPE/IJIATaeTCs OCTPOUTH JIOKAJIBHYIO MOJIEJNb AlIPOKCHU-
Malliy CUI'HaJla. 9TO IIO3BOJIAET CYHIeCTBEHHO CHU3UTH Pa3MEPHOCTH ITPU3HaAKOBOT'O
[IPOCTPAHCTBA U YYECTh IIPOCTPAHCTBEHHYIO CTPYKTYPY CUIHAJIA.

B kauecTBe OCHOBHOII JIOKAJIHLHON MOJIe/In B PabOTe HCIIOJIB3YeTCsl AlllIPOKCHMa-
sl CATHAJIA JIBYMEPHBIM HOPMAaJIbHBIM paclpejesieHneM. B KadecTBe TPU3HAKOB
BMECTO CHI'HAJIA C KAXKJIOT'O JIEKTPOA MCIIOIb3yeTCst HHMOPMAIUs O IeHTPe U Pa3-
6poce COBOKYITHOI'O MHOIOMEPHOI'O CHUI'HAJIA BCEX 3JIEKTPO/oB. Vcnosb3oBanue maH-
HOT'O METO/Ia TIO3BOJIIJIO YIeCTh IIPOCTPAHCTBEHHbBIE 3aBUCUMOCTHU B JIAHHBIX, PEIITUTh
Ipo0bJIeMy CHIILHOI KOPPEJISIN CUr'HATA Ha OJIM3KO PACIIOIOKEHHBIX 9JIeKTPO/IaX U,
IIOMHUMO 3TOrO, [IPUBEJIO K CHIKEHUIO PA3MEPHOCTH MPU3HAKOBOI'O OIMUCAHUS B TPHU
pasa.

B pabote 11poBe/ieHbI 9KCIIEPUMEHTHI HA PEAJIHLHBIX JAHHBIX, IOy Y€HHBIX B IKCIIe-
puMeHTax Ha 0be3bstHaX. IIpoBe/IeHO CpaBHEHUE MPEJIOKEHHOTO METO/IA C METOJIOM
JacTHBIX HaumMeHbux KBajaparos (PLS). B xone skcnepumMenTta ObLIO yCTAHOBJIEHO,
9TO MPEJJIOYKEHHBIN METO JIaeT JIydiinil pe3ysabrar, yem Meton PLS, a Takxke mMenee
CKJIOHEH K TIepeo0yIeHHIO.

PaGora Boiosnena npu nojgep:xkke PODOU (upoekrsr 19-07-1155, 19-07-0875).
[1] Isachenko R.V., Strijov V.V. Quadratic Programming Optimization with Feature

Selection for Non-linear Models // Lobachevskii Journal of Mathematics, 2018, 39(9) :

1179-1187.
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Local-approximating models in brain signals decoding

Markin Valerii' markin.vo@phystech.edu
Isachenko Roman' isa-ro@yandex.ru
Strijov Vadim' strijov@ccas.ru

! Moscow, MIPT

The paper studies the problem of building an optimal feature description in
the task of signal decoding. Electrical signals in the cerebral cortex recorded by
electrocortical imaging (ECoG) are considered. The signal is a multivariate time
series, the values of which are the voltage at each of the 32 electrodes at different
times. Given the initial data, it is necessary to predict the trajectory of the patient’s
arm movement in space. The initial feature space is excessive and the forecasting
model is unstable. To solve this problem it is proposed to build a local model of
signal approximation. This allows to significantly reduce the dimensionality of the
feature space and take into account the spatial structure of the signal.

In the current work approximation of a signal by two-dimensional normal dis-
tribution is used as a basic local model. Instead of the signal from each electrode,
it uses information about the mean and the variance of the combined multivariate
signal of all electrodes. The use of this method allowed to take into account the
spatial dependencies in the data, to solve the problem of strong correlation between
the signals from close electrodes, and, in addition, led to a three-fold decrease in the
dimension of the feature space.

Experiments were carried out on real data obtained in experiments on monkeys.
The proposed method is compared with the method of partial least squares (PLS).
In the course of the experiment it was established that the proposed method gives
a better result than the PLS method, and is less inclined to retraining.

The research is founded by RFBR (projects 19-07-1155, 19-07-0875)

[1] Isachenko R.V., Strijov V.V. Quadratic Programming Optimization with Feature Se-
lection for Non-linear Models // Lobachevskii Journal of Mathematics, 2018, 39(9) :

1179-1187.
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VnyduweHvne BU3yasibHOro KayectBa m3obpa>keHuii B
aBMALUMNOHHbIX CUCTEMAX Y/YHLIEHHOro BUAEHUNA C
NCNONb30BAaHUEM FeHepaTUBHbIX COCTA3aTesIbHbIX CeTel

Busuavsmep FOputi Basenmunosur' viz@gosniias.ru
Buwizonose Onez Bauecaasosur’ o.vygolov@gosniias.ru
Jobpoxodos Koncmanmur Buxmoposuy'x konstantin.dobrokhodov@gmail . com
Kowmapos Tenuc Banepvesur dkomarov@gosniias.ru
Jlebedee Maxcum Aanexceesur’ mlebedev@gosniias.ru

"Mocksa, ®T'VII «[ocymapcTBeHHbIi HayTHO-HCCIEIOBATEIbCKH HHCTATYT
ABHAIMOHHBIX CHCTEM»

MudopmMalmonnas moep:kKa IKunazka Bozaymuoro cyana (BC) B mwioxux ycjio-
BUSX BAIIMOCTHU B PEXKUMAaX 3aX0/[a Ha IMOCAJKY, TOCAIKU U PYJICHUS ABJISTETCS BaXK-
HOI 3asaveii obecneyenust besomacHocTH 10J1eToB. OIHOM M3 aKTyabHBIX CHCTEM,
permaonieil 3a/1a4y MOBBINIEHUS CUTYAIMOHHON MHMOPMUPOBAHHOCTU JIETYNKA, SB-
asiercst cucreMa yinyurensoro suyerns (CYB). B rakux cucremax TaHHBIE OT JATIN-
KOB TE€XHUYIECKOTO 3peHUsl (KaK [PaBUIIbHO, TeteBn3nonHbixX (TB) u nadpaxpacHbx
(IK) kamep) npoxoiar o6paboTKy CIIEUATLHBIME AJIOPUTMAMH, TIOBBIIIAst HHMOP-
MAaTUBHOCTD W YJIydIlas BOCIPUSITHAE JETINKAMU BUICOMHMOPMAIIAN.

B nannoit pabore npejyiaraercss OpurnHajIbHasg apXUTEKTypPa FeHePATUBHON CO-
CTA3aTeJIbHOI HENPOHHOI ceTr, OCHOBAHHOI Ha apXUTEKTYpe PiX2piX, MO3BOJIAIONIEH
MTOBBINATH BU3YAJbHOE KAIeCTBO N300paKEHUIT 3a CUET YCTPAHEHUS TITyMa U PA3MbI-
TOCTH, & TAKXKE TOBBIIMIEHUS] PE3KOCTH U300PaYKEHIS.

Pabora Beimosinena pu noiep:kke PODU, rpant 18-07-01275A, u PH®, rpant
Ne 19-11-11008.

[1] Busuavmep FO. B., Buwzosos O. B., /lo6poxodos K. B., Komapos /. B., Jle6edes M. A.
yﬂy‘ImeHI/Ie BU3YaJIBHOI'O KadeCTBa I/I306pa)KeHI/H71 B aBUAIITMOHHBIX CUCTEeMaX YJIy4YIlIeH-
HOT'O BHJAEHUA C HUCIOJJIB3OBAHHEM TI'€HEPATUBHDLIX COCTA3ATEJIbHBIX cerei // BGCTHI/IK
KOMITBIOTEPHBIX 1 uH]opMaImonubix Texuosoruit, MockBa: OO0 «Uznaresnbcknii 10
«Cnekrp», 2019. — (UpUHATO B 1€YATH).
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Image Enhancement in Aviation Enhanced Vision Systems Using
Generative Adversarial Networks

Vizilter Yuriy' viz@gosniias.ru
Vygolov Oleg* o.vygolov@gosniias.ru
Dobrokhodov Konstantin'x konstantin.dobrokhodov@gmail . com
Komarov Denis' dkomarov@gosniias.ru
Lebedev Maksim' mlebedev@gosniias.ru

"Moscow, The Federal State Unitary Enterprise ”State Research Institute of Aviation
Systems” (FGUP ” GosNITAS”)

Informational support for the aircraft crew during approach, landing and taxiing
in poor visibility conditions is an important task in order to ensure flight safety.
One of the relevant systems that solve the problem of increasing situational aware-
ness of the pilot is the enhanced vision system (EVS). In such systems, data from
vision sensors (generally, television (TV) and infrared (IR) cameras) are processed
by special algorithms, increasing information content and improving the perception
of video information by pilots.

This paper proposed the original architecture of a generative adversarial neural
network based on the pix2pix architecture, which allows improving the visual quality
of images by eliminating noise and blur, as well as increasing image sharpness.

This work was performed with the support of RFBR, grant 18-07-01275A, and
RSF, grant 19-11-11008.

[1] Vizilter Yu., Vygolov O., Dobrokhodov K., Komarov D., Lebedev M. Image Enhance-
ment in Aviation Enhanced Vision Systems Using Generative Adversarial Networks //
Herald of computer and information technologies, Moscow: Publishing house “Spektr”,
2019. — (in printing).
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AnropuTtm nosy4eHust TOMOJSIOrMYECKUX NMPU3HAKOB LNEPOBbLIX
n300pa>keHnii Ha OCHOBE KOMMbIOTEPHOW TOMNO0rnn

Epemees Cepzeti Baadumuposu' sv-eremeev@yandex.ru
Pomanos Cemen Aanexceesun'>x cwwc@bk.ru
!Bragnvup, Baagumupekuit Tocynapersennsiii Yusepcurer

2VipsHoBCK, SimbirSoft

Bricokuii TexHOJIOrNYIECKUiT yPOBEHb M3JE/IUN YCTAHABJIUBAET IIE€pe]] U3rOTOBU-
TeJIIMH UCXOJIHBIX MATEPHAJIOB COOTBETCTBYIONNE TPEOOBAHNUS 110 KAYECTBY BBIILYC-
KaeMoil mpoaykimu. Takumm obOpa3oM, IeHa YeIOBEYECKON OIMUOKKA IPU KOHTPOJIE
Ka4vecTBa MaTepHaJia 3HAYUTEIbHO BO3PACTAET 33 CUYET IMOTEPSHHBIX CPEICTB IIPHU
M3rOTOBJIEHUN TEXHUYECKU CJIOXKHOMN npoayKnun. IlosTomy desoBeveckuii KOHTPOJIb
JIOJIZKEH OBITh JIUOO ITOJTHOCTHIO 3aMEHEH aBTOMATHYECKUM, JIMOO JOIOJIHEH CHUCTe-
MaMUé KOMIIBIOTEPHOTO 3peHus. B CBOIO 04epep, mepell CucreMaMi KOMITbIOTEPHOTO
3pEHUs CTABUTCS HEIPOCTAs 3a/1ada [0 OOHAPYKEHUIO U PACIIO3HABAHUIO J1e(DEKTOB.
OcHOBHAsT CJIOXKHOCTH ODYCJIOBJICHA OCOOEHHOCTSIMU OOJIACTU TIPOU3BOJICTBA, OYIb
TO BBICOKHE TEMIIEPATYPHI, 3arPA3HEHHOCTD IPOJIYKITUH WJIM HEUJIeaIbHbIE YCIOBUS
oceerieHHOCTH. Jjisi TOro 9T00bI MAKCHUMAJIbHO HUBEJIUPOBATH BJIMSHUE OOJIBIITNH-
cTBa (PAKTOPOB IMPEJJIATAETCsl CEPMEHTUPOBATH M300ParKeHUsT aHAJIN3UPYEMOTO IIPO-
JlyKTa MeToJaMU KOMIIbIoTepHoii Tonosioruu [1, 2]. Takoit moaxo 6yaer 00beuHATh
IpUOIMKEHHbIE TIO SIPKOCTH IIMKCEIN B €IUHYIO OJHOIBETHYIO I'PYIIILY, 9TO TO3BOJIAT
buIBTPOBATD IHIYM, 00YCJIOBJIEHHBIN TEHAMU U OCOOEHHOCTSMH CTPYKTYDPBI MaTePHU-
aJa.

(a) (0)

Puc. 1. Mz06pakenne MeTaIa ¢ MHOPOJAHBIMA BKparieHusaMu (a) 1o 06paborku, (6) moce
06pabOTKH.

MeToabl BBIYUCIUTETHLHON TOIOJOTHH TOJIPA3yMEBAIOT IIPEJICTaBICHUE BCeil
CTPYKTYpPbI M300parKeHUsI B BUJIE YCTOWUMBLIX OOPA30BAHUIl, HA3BIBACMBIX JIbIpa-
wmu. [lox apipamu mogpa3ymMeBaeTcst 00beIMHEHNS TPYII TPUIETAIONIINX THKCeIeH 10
MIPU3HAKY TTPUOIMKEHHOCTH UX IIBETOBOrO 3Hadenusd. [Ipemnoraraercs, 9To Mo Mepe
YBeJIMYEHUsI [IOPOra, IPU KOTOPOM MHUKCEIU OYIYT OObeIUHSTHCsI B TPYIIIbI, OYIyT
pa3pacTarbCsd U JIbIPHI, TEM CaMBIM YIIPOIIAs CTPYKTYPY BCErO M300paKeHUs. DTO
IIO3BOJIUT HIPEJICTABUTH PaHee 3allyMJIECHHYIO TEHIMH U MaJIOBBIPA’KECHHBIMU CBO-
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CTBaMU MaTepHUAaJIa MOBEPXHOCTH €JIMHOI IPYIIIOii ¢ yepeHeHHbIM 1BeToM. Ha 6osiee
MO3/THUX HTANAX OTJEJbHbIE I'PYIIIBI MUKCEJeHl HATNHAIOT 00beIUHATHCs, 0O6pasys
TEM CaMbIM JIDEBOBHJIHYIO CTPYKTYDY, IIPEJCTABJISIONIYIO CODO0I HePAPXHUIO HACIIE]I0-
BaHus JpIp. KopHEM 5TOT0 JiepeBa Oy/IeT SBJISThCS IPEJICTABIEHUE BCE TIOBEPXHOCTH
B BH/JI€ OJHOTO €IMHOrO I[BETA, & HACJICIHUKI BTOPOIO M MOC/IEIYIOIIIX TOPSIIKOB —
HanboJiee BhIPAKEHHBIE OTVIMINs MaTepuasa. JJaHHble OTINIus U IIPeIaracTcs Xa-
PAKTEPU30BATH B KAYECTBE BLISIBICHHDBIX JIe(DEKTOB U B JAJbHENIIIEM UCIIOIH30BATh
CEerMeHTHPOBAHHOE N300paXKEHUE JJIs TOCELYIOIEro anaan3a. [IpuMenns aaroputm
CerMeHTallnd K M300ParKeHUI0 MeTa/Lia C 1eeKTOM puc. la MbI IMOJIy9IHM €ro cer-
MEHTHPOBAHHYIO BEPCHIO, TJI€ YETKO IIPOCICKUBAIOTCS ITPAHUIIBI TeDEKTa U I'PAHUITHI
TeHn puc. 16.

Pabora noguepxkana rpantom 14281GU/2019.

[1] Eremeev S., Kuptsov K., Romanov S. An Approach to Establishing the Correspondence
of Spatial Objects on Heterogeneous Maps Based on Methods of Computational
Topology // In: van der Aalst W. et al. (eds) Analysis of Images, Social Networks
and Texts. AIST 2017. Lecture Notes in Computer Science, vol 10716. Springer, pp.
172-182.

[2] Edelsbrunner H. Computational Topology: An Introduction. American Mathematical
Society, 2009.
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Algorithm for obtaining features of digital images based on
computer topology

Eremeev Se1”gey1 sv-eremeev@yandex.ru
Romanov Semyon'?x cwwc@bk.ru
Vladimir, Vladimir State University

2Ulianovsk, SimbirSoft

A high technological level of production sets the appropriate requirements for
the quality of products for manufacturers of raw materials. This means that the
cost of human error increases significantly in material quality control due to the
loss of money in the manufacture of technically complex products. Therefore, hu-
man control must be either fully replaced by automatic control or complemented
by computer vision systems. Nowadays there is a complex problem for detecting
and recognizing defects with the help of computer vision systems. The main diffi-
culty is to take into account the peculiarities of the area of production such as high
temperatures, product contamination or not ideal lighting conditions.

In order to minimize the influence of most factors, it is proposed to segment the
images of the analyzed product by methods of computer topology [1, 2]. Such an
approach will combine the pixels approximate in brightness into a single color group
which will allow us to filter the noise formed by shadows and peculiarities of the
material structure.

(a) (b)

Fig. 1. Image of metal with foreign inclusions (a) before processing, (b) after processing.

Computational topology methods represent the entire structure of the image in
the form of stable formations called holes. Holes are the unions of groups of adjacent
pixels based on the approximation of their color value. Pixels will be merged into
groups with the increase of some threshold. Holes will grow and the structure of
the entire image will become easier. It will allow us to present a surface with noisy
shadows and low material properties as a single group with an average color. At later
stages, individual groups of pixels begin to unite, thus forming a tree-like structure
that represents a hierarchy of hole inheritance. The root of this tree will be the
representation of the entire surface as a single color. The heirs of the second and
subsequent orders are the most pronounced differences in material. It is proposed to
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characterize these differences as defects and to use the segmented image for further

analysis. After applying the segmentation algorithm to the image of metal with a

defect in Fig. 11a, we obtain its segmented version. Fig. 1b shows the boundaries of

the defect and the borders of the shadow.
The reported study was funded by Foundation for Assistance to Innovations
according to the research project 14281GU/2019.

[1] Eremeev S., Kuptsov K., Romanov S. An Approach to Establishing the Correspondence
of Spatial Objects on Heterogeneous Maps Based on Methods of Computational Topol-
ogy // In: van der Aalst W. et al. (eds) Analysis of Images, Social Networks and Texts.
AIST 2017. Lecture Notes in Computer Science, vol 10716. Springer, pp. 172-182.

[2] Edelsbrunner H. Computational Topology: An Introduction. American Mathematical
Society, 2009.
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MccnepoBaHue cokpalleHusi ckeneTHOro onnucaHus ansi 3agaqu
OeTeKTUpoBaHuUsA nageHui

Cepedur Oaez Cepzeesun'x oseredin@yandex.ru
Konwaoe Andpeti Banrepuesun' And.Kopylov@gmail.com
Cypxrose Ezop Ddyapdosur’ eg-sulmail.ru

!Tyna, Tyabckumii TOCYJAPCTBEHHBIH YHIBEPCATET

B zamagax 06pabOTKM TMOMYIEHHBIX JAHHBIX C KAMEP U CEHCOPOB BO3HUKAET BO-
Ipoc 0E30IIaCHOCTH U KaK CJIeJICTBHE — aHAJIN3a ITUX JIAHHBIX HEIIOCPE/ICTBEHHO Ha
obJiauHbIX pecypcax. [lepudepuiiable BbIUUC/IEHUs TO3BOJISIIOT BBINOJHUTH OCHOB-
HYIO 4acTb pabOThl Ha OTAAJIEHHOM cepiepe. JLjisi 9TOro HyKHO IMOJIOTOBUTH 06€3-
JINYEHHBIE U B TOXKE BPEMsl, yUUTHIBas OTPAHUYCHHYIO IPOIYyCKHYIO CIIOCOOHOCTD
MEXK/Iy JaTINKaMU U ODJAYHBIMHU PECypPCaMi, MUHUMAJIBHO BO3MOYKHBIE IO Pa3Me-
Py JlaHHBIE IS [Eepefadu UX Ha y/IaJEHHBI cepBep. Takoil BOIPOC BO3HUKAET B
TOM CJIydae, ecjim 06padoTaTh JAHHBIE TOJTHOCTHIO HA CTOPOHE TOTPEOUTEIsT CTAHO-
BUTCS HEBO3MOXKHO, UJIU UH(MOPMAIIHS, TOJIydaeMas B Iporecce oopaboTku, Tpedyer
6oJiee CepbE3HBIX MEpP 3alUThl. B IpeJIO2KEeHHOM paHee MeTOJe JIeTeKTHUPOBAHUS
najieHuii desioBeka [1], g ero npeicraBieHus UCIOJIb3YeTCs CKeJIeT, [IOCTPOCHHDIH
10 CeMHaJIaTh ToYKaM, pegocrasieHabix Microsoft Kinect v2, B kauecrse ommca-
TEJIbHBIX [IPU3HAKOB HCIIOJIb3YeTCs IBKJINI0BA MATPUIA PACCTOSHII MEXKIy TOYKAa-
MM, CKOPOCTh MU3MEHEHHsSI 9TUX PACCTOSIHUN MEXKJIy COCEIHUMU KaJ[PAMU, a TaK¥Ke
U3MEHEHNEe MEYKKAIPOBBIX CKOPOCTHBIX XapaKTepPUCTUK. KpomMe TOro, ucroab3yores
BBICOTHI BBIODAHHBIX TOYEK CKejieTa. [Ipu perennn 3a1au UCoab3yercsi OIHOKIAC-
cosbrit kitaccudukarop, SVM u CUSUM-meTo/1. DKCIepuMenT TpoBoInIcs Ha Oase
nanubix TST Fall Detection Dataset v2. Takast meroguka obecriednBaeT KOH(UIEH-
[MaIbHOCTh UHGOPMAIMK O Juiax, ucnojb3yommx RGB-D cercop BBy orcyT-
CTBUSI JIAHHBIX, KOTOPbIE CMOIJIE Obl OTCJIEJUTH CKEJIETHOE OIMCAaHue dejioBeKa. B
paMKax JaHHOW pabOThI BBIIIOJIHEHO MCCIEIOBAHUE CIIOCODA COKPAIIEHUsT CKEJIETHO-
ro onucanus (pUTypPBI, ITO HE TOJHKO ITO3BOJISET YMEHBIIATH 00BEM ITepeIaBaeMoit
nHdOpMaINN Ha 00/IAMHbIE PECYPCHI, HO 1 TMOBLIMIAET TOUYHOCTD PACITO3ZHABAHUS (DaK-
Ta HaJieHns JeoBeka. KadecTBo paclo3HaBaHUs 3aBUCUT OT THIATEJHHOTO 0TOOpa
[IPU3HAKOB, KOTOPbIE MAKCHUMAJIbHO UCKJIIOYAIOT U30BITOYHYI0 MH(MOPMAIUIO, IPHU-
BOJSIIYO K UCIIOJIB30BAHUIO CJOXKHBIX MOjeieil u mepeodydenuto. [Ipuiitu k 6ostee
[IPOCTOMY OIMCAHUIO CKeJIeTa MOXKHO COKpAIlas HUCXOIHYI0 MATPHUILy PACCTOSHMUIA,
HCKJIIOYas M3 HeE Te PACCTOAHUS, KOTOPBIE MU JIIOObIX JIBUYKEHHUAX Y€IOBEKa HE
MEHHAIOTCs, B BUJLy CTPOEHHs ero CKejeTa. 1ak»Ke Takas IPOIeLypa emé 6obIne
00e3/TMInBaeT JJaHHble U BOCCTAHOBUTH KaKOEe-JIMOO CKeJIETHOe OIUCcaHue 0e3 JI0IoJI-
HUTEIbHOI MHMOPMAIINA CTAHOBUTCS HEBO3MOXKHO. [IpOBEIEH 9KCIIEPUMEHT 10 CO-
KPAIIEHUIO CKEJIETHOIO OMUCAHUsT (DUTYPBI UEJI0BEKA B PAHEe MPEJIOKEHHOM METOIe
JeTeKTupoBanus najenuii. [lponsseneno nckioveHne BOCbMI PACCTOSHII, & NMEeH-
HO PACCTOAHUN MEXK/Ty CJIEJIYIOIIIMI CYCTABAMI: IIJI€YEBbIM U JIOKTEBBIM, JIOKTEBBIM
U JIy4e3allsiCTHBIM, Ta300€/IpEHHBIM U KOJIEHHBIM M MEXKJIY KOJIEHHBIM U T'OJIEHOCTOII-
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HBIM, YTO ITOBJIEKJIO 3a CODOI MCKJIIOYeHNe BOCHMU aTPUOYTOB CKOPOCTUA U3MEHEHS
PaCCTOSIHUIT Ha COCETHUX KaJpax M BOCHBMHU aTPUOYTOB M3MEHEHUs CKOPOCTHBIX Xa-
PAKTEPUCTUK MEXK/Iy COCETHUMM KaJipaMu. B mrore ymassiercs IBaIATbh YEThIPE
U30BITOYHBIX TPU3HAKA. Pe3ysibTaroM paboThl CTAJIO YBEJIUYEHNE TOYHOCTH PACIIO-
snaBanng ¢akrta magennsa 10 0.924 m TOIHOCTH COBIIAIEHNST MOMEHTA MMAJCHUST Ha
rectoBoit BeIbopke j10 0.881. O6Iast CKOPOCTh BBIYUCACHW ¢ HOBBIMU MOJICJISIMU
JUIS pacno3HaBanusa OblLta yBeawdena Ha 15-20%. Jlannbie pe3yabTaTbl ObLIN TIOJIY-
YeHbI MPOIEYPOil OIEHKHN KadecTBa, OMUPAIONIEiicss Ha METOJ TOCJIEI0BATETLHOTO
UCKJIFOUeHNs [1epcoHbl u3 obyuatorieil Bei6opku (Leave-One-Person-Out).

Pabora Beimosiaena npu nogaepxke PODU, rpantsr Ne 18-07-00942, 18-07-01087.
[1] Seredin O.S.,Kopylov A. V.,Huang S. C.,Rodionov D. S. A Skeleton Features-Based Fall

Detection Using Microsoft Kinect v2 With One Class-Classifier Outlier Removal //

International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences. — 2019. — Vol. 42. — No. 2/W12, pp. 189-195.



Computer vision 225

The Study of Skeleton Description Reduction in the Human
Fall-Detection Task

Seredin Oleg'x oseredin@yandex.ru
Kopylov Andrei* And .Kopylov@gmail.com
Surkov Egor' eg-su@mail.ru

!Tula, Tula State University

In the tasks of processing the data, obtained from cameras and sensors, there is
a question of security and, as a consequence, the analysis of these data directly on
cloud resources. Edge computing and fog computing allow to execute the main part
of calculations on a remote server. Therefore, the data must be impersonal and have
a minimum size. This is necessary because bandwidth between sensors and cloud
resources is limited. Such new computing paradigm should be apply if it becomes
impossible to process the data completely on the consumer side, or the information
obtained in the process of analysis requires more serious security measures. In
the previously proposed human fall detection method [1], a skeleton constructed
from seventeen points is used to represent it. These data were provided by the
Microsoft Kinect v2. As descriptive features used the Euclidian Distance Matrix
(EDM) of skeleton points is used, as well as the change of distances in neighboring
frames and the change of interframe speed features between neighboring frames.
In addition, heights of points are taken into account. When solving the problem,
a one-class classifier, SVM and CUSUM procedure are used. The experiment was
carried out using the data of The TST Fall Detection Dataset v2. This technique
ensures the confidentiality of information of people using RGB-D sensor because of
the absence of data that be possible to trace the skeleton description of the person.
Since the data on which it would be possible to trace the skeletal description of the
person are available. Within the frames of this work the study of the method of
reducing the skeletal description of the figure was conducted. Was assumed it this
would not only reduce the amount of information transmitted to the cloud resources,
but also would increase the accuracy of recognition of the fact of a person falling.
The accurate recognition depends on a careful selection of features that maximally
eliminate redundant information leading to the use of complex models, which leads to
over-training. A simpler description of the skeleton should be achieved by reducing
the original distance matrix, excluding those distances that, with any movements of
a person, do not change because of the structure of his skeleton. Furthermore, such
a procedure depersonalizes the data and even more, it becomes impossible to restore
any skeletal description without additional information. An experiment to reduce
the skeletal description of a human figure in the previously proposed method for
detecting falls was conducted. The exclusion of eight distances, namely the distances
between the following joints: shoulder and elbow, elbow and wrist, hip and knee and
between knee and ankle is made. These distances were resulted in eight attributes of
the rate of change of distances on neighboring frames and eight attributes of change

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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of speed characteristics between neighboring frames. Finally, twenty-four excessive

features were removed. The result of this study was an increase in the accuracy of

classification to 0.924 and the accuracy of coincidence of the moment of falling on
the test sample to 0.881. In addition, the speed of all calculations with new models
for recognition was increased by 15-20%. These results were obtained by the quality

assessment, procedure, which is based on the method of sequential exclusion of a

person from the training sample (Leave-One-Person-Out).

This work is supported by RFBR, grants 18-07-00942, 18-07-01087.

[1] Seredin O.S.,Kopylov A. V.,Huang S. C.,Rodionov D. S. A Skeleton Features-Based Fall
Detection Using Microsoft Kinect v2 With One Class-Classifier Outlier Removal //
International Archives of the Photogrammetry, Remote Sensing and Spatial Information
Sciences. — 2019. — Vol. 42. — No. 2/W12, pp. 189-195.
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WccnepoBaHne metoga BU3yasibHOW HaBUrauuum rno BEeKTOPHOWA
KapTe B 3aja4e aBToMaTmyeckon nocagkum Ha Jlyny

Bobxroe Aanexcandp Basenmurosuy'? Alexander.Bobkov@bmstu.ru
Croti In’x Xuyang785506380@gmail . com

'Mocksa, MT'TY um. H.9. Baymana

Jannast paboTa IOCBSIIEHA PEIIEHUIO 3aJadi OIPE/IeIeHNns] COOCTBEHHOIO I10-
JIOZKEHUS CITyCKAEeMOTO allllapara IIyTeM CPaBHEHUsl HaOJIOIAeMOro n300paskeHus C
JIEKTPOHHOM 6OPTOBOI KapToii. PaccMaTpuBaioTcst arOpuTMBbl, UCIIOIB3YIOIIHE MO-
auduKanmnio 06001menHoro mpeobpazoBanus Xada, UCCIEIYIOTCI UX XapaKTePUCTH-
KU, OIIEHUBAETCS UX IIPUIOJHOCTD JIJIsl 3824 JIYHHOIl HaBUTAIUU.

CoOBpeMeHHBII Tall OCBOEHUSI KOCMIYECKOTO IMPOCTPAHCTBA HAIPSAMYO CBS3aH C
OCBOEHUEM OJIMKAUIINX HEOECHBIX TeJl, TaKnX Kak Jlyna u Mapc, u pasBepThIBAaHIT
HA WX MOBEPXHOCTH WMCCJIEIOBATEbCKUX cTanmuil. OHOM M3 KJIOYEBBIX MPOOJIEM
3/1ECh SBJISIETCS BBIIOJHEHNE BBICOKOTOYHON MArKoi mocaiku. lIpemabiaymue muc-
CHUU XapaKTepPU30BaJIUCh OTHOCHTEIBHO HEBBICOKOW TOYHOCTBIO IOCAJKHU, KOTOPOIi
HEJIOCTATOYHO HU JIjIsi COBPEMEHHBIX UCCJIe0BATE/IbCKIX MUCCHIL, HU TeM 6oJiee Jjist
3a/1a9 Pa3BePTHIBAHUS U JOJITOBPEMEHHOTO OOC/IY KUBAHUST CTAHITUN.

PaukaapHo mMoBLICUTD TOYHOCTD MOCAIKH MOXKHO, C OJHON CTOPOHBI, I[yTEM CO-
BEPIIEHCTBOBAHUS AJITOPUTMOB YIIPABJIEHUS TOCAKOI, & C APYTOil — COBEPIIEHCTBO-
BaHUEM U MHTEJUIEKTYAJIN3aIeil HI3MEePUTEIbHBIX CPEJICTB, UX KOMIIJIEKCUPOBAHUEM.

[Togcucrema BU3ya/IbHON HABUTAIUHN CJIYZKUAT JIJIS BBICOKOTOYHOI'O OIIpeIe/IeHUsT
COOCTBEHHOT'O TIOJIOZKEHUsI CILyCKaeMOI'0 allapara IyTeM CpaBHeHHs HaOJII0IaeMO-
ro m300parkKeHusi MOBEPXHOCTU JIyHBI ¢ HOPTOBOIT JIEKTPOHHOM KapTOil MECTHOCTH.
Cy1recTByolue MeTo/bl He 00eCIeInBa0T TPEOOBAHUIM pelraeMoiil 3a/1a9u 10 po-
U3BOAUTEIBHOCTH, YCTONYMBOCTH K M3MEHEHUSM DPaKypca, OCBEIIEHHOCTH, BO3/eii-
CTBHUIO IIIyMa. DTO 3aCTaBJIsieT UCKATh aJIbTepPHATHBHBIE IOXOJIbI, JIAIIEHHBIE I10-
JIOOHBIX HEJIOCTATKOB.

B ocroBe mpesyiaraeMoro momxoja JIeXKUT UCIOJb30BaHUE TPeodpa30BaHus Xa-
da, MoTIMUIIMPOBAHHOTO IS CIyYasi, KOIJa KapTa 3a/aHa B BEKTOPHOM BHJIE - B
BHJIE CIUCKA OKPY?KHOCTEN-KPATEPOB C U3BECTHBIMU ITOJIOKEHUEM U PAJIAyCOM.

[Tpeyraraemslit aaropuTM MOXKHO OIMCATH CJIEIyONUM obpa3oM. Kaxkioit Tou-
Ke TpaHuIbl Kajgpa A TpebHs Kparepa MOXKHO IOCTABUTb B COOTBETCTBUE TOUYKH
B; kax0ii i-Toit okpyzxkuoctu kaprhl. [lapa Touek AB; obpasyior runoresy (X,y) o
[peJoaraeMoM COBIaJIeHnn TOYK A Kajpa u Touku B; kapTel. BBeném npocrpan-
crio runotes (I1T7) H|x,y| u Gymem pasmeuaTs B HEM KayKIyIO TUIOTESY, YBEITINBAs
coorBercrByomuii cauérank H[x,y| Ha enunuiy. BepHble rumoressr mpu sToM GyIyT
COBIIAJIATH U OYJIyT YBEJIMIUBATEH OJIMH M TOT YK€ CUETINK, IOPOXKasl OJUH OOJIbIIONMN
orkjiuk B [II. HenmpaBuibHbie rumoressr OyayT, HA0O0POT, pa3bpOCaHbl XAOTUIECKH
6eCIIOPsIIOYHO, U CYIIECTBEHHBIX OTKJINKOB ITOPOXKIaTh He OyayT. Temepb HaX0XKI€e-
Hre oObeKTa Ha M300pazkeHnn Oy/IeT CBOIUTHCS K MOUCKY IMOJOKEHNST MAKCUMA/b-
Horo orksmka h*=H[x* y*| B III.

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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JIaHHBINA aJrOPUTM IIPOU3BOAUT II0 OJHON I'MIIOTE3€ [JIsd KarKJOol mapbl "Touka
KOHTypa — oKpy»KHOCTh". KosmaecTBo rumnores jis Kajpa pasyMHBIX Pa3MepPOB He
[IPEBBIIIAET MUJJINOHA, ¥ UX YUIET BIIOJIHE MOYKET OBbITH BBIIIOJIHEH B PEXKUME PEAJib-
HOT'O BPEMEHU J1aKe Ha OTHOCUTETbHO MAJIOMOIIHBIX BBIYUC/IATEIISAX.

WcceroBanns mokasasim, 9TO MPEJIOXKEHHBIN aJITOPUTM YIOBJIECTBOPSET TPEOO-
BAHUSAM TOYHOCTU U IPOU3BOIUTEIHHOCTH, YCTOWYNB K U3MEHEHUSM YCJIOBHUIl BUIH-
MOCTHU U II03BOJIIeT 0e30MNO0YHO OIPeIe/ATh IOJI0XKeHne Kajipa IIPU HAJUYUU B
110JIe 3PeHust XOTs Obl TPeX KpaTepoB, 0003HAYEHHBIX Ha KapTe.

OiHaKO METOJI OKa3aJICsd 1yBCTBUTEIbHBIM K U3MEHEHUSIM PAKypCca CbeMKH, KO-
TOPBIE MOTYT BBI3BIBATHCS KAK HETOYHOCTSIMA M3MEDPEHUsI BBICOTHI U OPUEHTAIUN
amnmapara, Tak 1 COOCTBEHHBIMU JIBUZKEHUSAMU Kamepbl. [Ipu 9ToM OoTK/IMKH OT/1e/1h-
HBIX KpaTepoB OoJiee He OYAyT coOMpaThCs B OJHY TOUKY, a OyayT 0OpPa3OBHIBATD
0b6J1acTh (KJsiacTep BEPHBIX TUIOTE3) ¢ HAOOPOM XapaKTEepPHBIX IUKOB. Bblin onpobo-
BaHbI HECKOJIBKO TIOJXO0JIOB II0 MTOBBIMIEHNIO HAJIE?KHOCTH U OlleHeHa 3P (HEeKTUBHOCTD
KayKJIOT0 M3 HUX.

1) Vuer omubku rpajuenTta, BO3HUKAONIEH U3-3a IOTPENIHOCTH AJrOPUTMa, OT-
KJIOHEHUsT (POPMBI TpedHsT KpaTepa OT OKPYKHOCTH U T.J1. VI3-3a 3T0it omubKu BEKTOP
rpajmenTa 60jiee He OyIeT HaIlpaBJieH B MEHTP Kparepa, u ero oTkjauk B I1I" Oymer
pasMbIT. BapuaHT KOppeKIUU - Kaykjiasl TOYKa OKPYKHOCTH JOJIZKHA T'0JIOCOBATH
Ccpasy 3a HECKOJIBKO ITOJIOYKEHMUIA, ¢ YIeTOM BO3MOXKHOI OIMUOKU.

2) Ydaer usMeHeHHs PaKypPCa, BbI3bIBAIOIINX HECOOTBETCTBUE OPUEHTALUN U MAaC-
mraba Kajpa 1 KapThl. DTO IPUBEIET K pa3MbITuio oTKIuKa B [N 1 K ero pacnaty Ha
OT/IeJIbHBIE JIOKAJIbHbIE MAKCUMYMBI. JIjIs BOCCTAHOBJIEHUS [TOJIOXKEHNS U BEJIIMIIHBI
MaKCUMyMa, HCIIOJIb30BAJIOCh CYMMUPOBAHUE 110 OKHY.

3) @uubrparus myMa U MeIKux geraseil. Haqudue myMa IpUBOAUT K BOZHUK-
HOBEHUIO JIOXKHBIX TOYEK TI'DAHUIl U MOPOXKIAeHNIO JIOKHBIX rurore3 B [T Meakue
JleTajm, Takne Kak HeDOJIbIIne CKOJIBI W IPOBAJIbI HA rpebHe Kparepa, OyIyT OT-
KJIOHATH POPMY KpaTepa OT OKPYKHOCTHU, U TaKKe Oy/IyT IOJIOCOBATDH 38 HEBEPHBIE
OJIOYKeHUsI. 3ajada PUIBTPAIINN — MAKCUMAJIBHO [OJIABUTH TOYKH TPAHUIL, HE TPH-
HaJIJIexKalnux rpebHsiM KpaTepoB. B pabore ucIosib30Baiach MeuaHHas (QUIbTpa-
[Usi C PA3JIMIHBIM PA3MEPOM OKHA.

4) Hopmuposanue oTkjiukos. O6JACTH KAPTbI, UMEIOIIUE OOJIBILYIO [IJIOTHOCTH
KPaTepOB, IIPU HAJIOXKEHUHU Ha, KD MOI'YT IIOPOXKIATH MHOYKECTBO COBIIAIAIONIITX TO-
Y€K IPAHMUIL, TPUHA/JIEXKAIIIX CAMBIM Pa3HBIM 00'bEKTaM, HAIIPUMED — HEPOBHOCTSM
penbeda, Teram, mymy u T.7. [losromy orkauku B III' HeobxoquMo HOPMUPOBATD,
9TOOBI YUECTh PA3Iudue B IJIOTHOCTU PACIIOJIOKEHUsT KPATEPOB.

Anayuz 3TUX JONOJHEHUH TOKa3aJjl, 9TO MOXKHO O0ECIeYUTh JOCTATOYHYIO Ha-
JIEZKHOCTD PA0OTHI aJropuT™Ma K HeOOJIBIMNM M3MEHEHUsIM PAKyPCa, IIPU STOM CY-
IMECTBEHHO HE CHUXKasl TPOU3BOIUTEIHLHOCTH. AJITOpUTM OKa3ascs paboToCIocobeH
Jlake JJIsl JJOCTATOYHO CJIOZKHBIX YCJIOBUI OCBEIEHHOCTHU, ¢ HU3KOPACIIOJIOKEHHBIM
CoJtHIIeM, YTO XapaKTEePHO JJIsI MOJIIPHBIX 00J/IacTeil. DTO MO3BOJISIET HAJIEATHCS, ITO
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MIpeIaraeMbIil TTOIXO0T, MOYKET OBITH MOJIOYKEH B OCHOBY pa3pabOTKM BU3YAJILHON Ha-
BUTAIIMOHHON CHCTEMBI.
[1] Bobros A.B., Cri In VccnenoBanue MeTosa BU3YadbHON HABUTAIMU 110 BEKTODPHOI

KapTe B 3aj[a9€ aBTOMAaTHIECKO mocaaku Ha Jlyny // Mammanoe obyaennsa u anaaus
JgaHHbIX, 2019.
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Research of the method of visual navigation by a vector map in
the task of automatic landing on the Moon

Alexander Bobkov' Alexander.Bobkov@bmstu.ru
Yang Xu'x Xuyang7855063800gmail . com

"Moscow, Bauman Moscow State Technical University

This work is devoted to solving the problem of determining the own position of
the descent vehicle by comparing the observed image with the electronic on-board
map. Algorithms using a modification of the generalized Hough transform are con-
sidered, their characteristics are investigated, their suitability for lunar navigation
problems is evaluated.

The modern stage of space exploration is directly related to the development of
nearby celestial bodies, such as the Moon and Mars, and the deployment of research
stations on their surface. One of the key issues here is the performance of precision
precision landing. Previous missions were characterized by relatively low landing
accuracy, which is neither sufficient for modern research missions, much less for
deployment and long-term station maintenance tasks. Improving the accuracy of
landing is possible, on the one hand, by improving landing control algorithms, and,
on the other, by improving and intellectualizing measuring instruments and their
integration.

The visual navigation subsystem is used for high-precision determination of the
own position of the descent vehicle by comparing the observed image of the lunar
surface with the on-board electronic map of the area. Existing methods do not allow
to satisfy all the requirements of the problem being solved in terms of performance,
resistance to changes in angle, lighting, and noise. This leads to the search for
alternative approaches, devoid of such shortcomings.

The proposed approach is based on the use of the Hough transform modified for
the case when the map is specified in vector form - as a list of crater circles with
known position and radius.

The proposed algorithm can be described as follows. Each point of the border of
frame A of the crater ridge can be associated with a point B; of each i-th circle of the
map. A pair of points AB; form the hypothesis (x,y) about the assumed coincidence
of point A of the frame and point B; of the map. We introduce the hypothesis
space (HS) H [x, y] and mark each hypothesis in it, increasing the corresponding
counter H[x,y] by one. The correct hypotheses will coincide and will increase the
same counter, generating one large response in the HS. Wrong hypotheses, on the
contrary, will be scattered randomly randomly, and they will not generate significant
responses. Now finding the object in the image will come down to finding the position
of the maximum response h* = H[x* y*] in the HS.

This algorithm produces one hypothesis for each pair ”contour point - circle”.
The number of hypotheses for a frame of reasonable size does not exceed a million,
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and their accounting can very well be performed in real time even on relatively
low-power computers.

Studies have shown that the proposed algorithm satisfies the requirements of
accuracy and performance, is resistant to changes in visibility conditions, and allows
you to accurately determine the position of the frame when there are at least three
craters in the field of view indicated on the map.

The considered method turned out to be sensitive to changes in the shooting
angle, which can be caused both by inaccuracies in measuring the height and ori-
entation of the apparatus, and by the camera’s self-movement. In this case, the
responses of individual craters will no longer be collected at one point, but will form
a region (a cluster of correct hypotheses) with a set of peaks. Several approaches
were tested and the effectiveness of each of them was evaluated.

1) Taking into account the gradient error arising due to the error of the algorithm,
deviation of the shape of the crest of the crater from the circle etc. Due to this
error, the gradient vector will no longer be directed to the center of the crater, and
its response in the HS will be blurred. Correction option - each point of the circle
must vote for several positions at once, taking into account a possible error.

2) Accounting for changes in angle, causing a mismatch in the orientation and
scale of the frame and map. This will lead to a smearing of the response in the HS
and to its decay into individual local maxima. To restore the position and maximum
value, summation over the window was used.

3) Filtering noise and small parts. The presence of noise leads to the appearance
of false points of boundaries and the generation of false hypotheses in the HS. Small
details, such as small chips and dips on the crest of the crater, will deflect the shape
of the crater from the circle, and will also vote for incorrect positions. The task
of filtering is to suppress as much as possible the points of boundaries that do not
belong to the crests of craters. We used median filtering with different spot sizes.

4) Rationing of responses. When overlaid on a frame, areas of a map that have a
high density of craters can generate many coincident boundary points that belong to
a wide variety of objects, for example, uneven terrain, shadows, noise, etc. Therefore,
the responses in the HS need to be normalized to take into account the difference in
the density of the craters.

An analysis of these additions showed that it is possible to ensure sufficient
reliability of the algorithm to small changes in angle, while not significantly reducing
performance. The algorithm turned out to be workable even for rather difficult
lighting conditions, with a low-lying Sun, which is typical for polar regions. This
allows us to hope that the proposed approach can be the basis for the development
of a visual navigation system.

[1] Bobkov A.V., Xu Yang Research of the method of visual navigation by a vector map
in the task of automatic landing on the Moon // Machine Learning and Data Analysis,

2019.
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JuarHocTtnka BogHO-3TaHOJ/IbHbIX PAaCTBOPOB MO CMeKTpam
KOMOWHAaLMOHHOro paccesiHnusi C NOMOLLbIO UCKYCCTBEHHbIX
HelpPOHHbIX ceTell: MeToAbl NOBbILWEHUS YCTOMYMBOCTU peLleHus
K UCKAX>XEHUSIM CMeKTpoB

1,2

Hcaes Hz0pb Buxkmoposuy “* isaev_igor@mail.ru

Bypuxros Cepeeli Anexceesun'? sergey.burikov@gmail.com
Honenxo Tamvarna Aavdeporcosna'? tdolenko@mail.ru
Janmuncruti Kupuas Andpeesur’? onelumen@gmail.com
Tonenro Cepzeti Anamoavesuy' dolenko@srd.sinp.msu.ru

"Mocksa, HUU sineproit dpusuky nmenn JI.B.Crobenpbupiaa MTY uvenn
M.B.JIomonocosa
2Mocksa, Pusnuecknit paxyasrer MI'Y muenn M.B.JIomonocosa

B nannoit pabore paccMmarpuBaeTcs J00aB/IeHUE ITyMa IIPU OOyUIeHUU HEHpOH-
HOHM ceTM KaK MEeTOJ TOBBIIMICHUsT YCTONIUBOCTH PEIeHnsT K IMyMaM B JaHHBIX. Me-
TOJ, TECTUPYETCs [IPU PEIIeHNnN 00PATHON 3a/1a91 CIIEKTPOCKOIINN KOMOMHAIIMOHHOTO
paccesHus CBETa BOIHO-3TAHOJIBLHBIX PACTBOPOB, MJIA CIEINATLHOTO THUITA MCKarKe-
HUi, BBI3BIBAEMOTO M3MEHEHUSIMU MOIIHOCTH JIA3ePHONH HAKATKH, KOTOPBIE BEAYT K
CKATUIO UM PACTSIKEHUIO CIIEKTPA.

IlopTBep:K/IeHO, UTO YeM BBIIIIE YPOBEHD IITyMa, B TPEHUPOBOYHOM HAOOPE JTAHHBIX,
TEeM MeJIJICHHee KadeCTBO PEIIeHUs JIeTPAJIUPYyeT C yBEJIMYCHUEM YPOBHS IIyMa B
TECTOBOM Habope.

Hamee MeTom OBLT TPOTECTUPOBAH HA CIEKTPAX PEATHHBIX AJTKOTOJIHHBIX HAITHT-
kKoB. OOHAPY?KEHO, YTO UX CIEKTPHI CYIIECTBEHHO OTJIMYAIOTCS OT CIEKTPOB UCIIOJIb-
30BaHHOTO JIJIsT 00yUeHHsT HAOOpa PACTBOPOB, IMYIUPYIONINX aJTKOTOJLHBIC HAITUTKH.
[TosToMy npuemieMble PE3yIbTATHI TIOKA3BIBAIOT TOJBKO CETH, O0YUEHHbIE C J100aB-
sieanem myMma. [pu gobasnenun 20% rayccopa myMa cpejiHee OTKJIOHEHHE TIPU OIpe-
JIeJICHUN KOHIEHTPALNA 3TaHosa coctaBuio 2.07%.

UccnenoBanne BuITIOTHEHO 3a cIéT rpanTa Poccuiickoro Haywmoro domma, mpo-
ekt Ne19-11-00333.

[1] Isaew, I. et al. Diagnostics of Water-Ethanol Solutions by Raman Spectra with Artificial
Neural Networks: Methods to Improve Resilience of the Solution to Distortions of
Spectra // Studies in Computational Intelligence, V.856. Springer Nature, 2020. —
p-319-325. https://doi.org/10.1007/978-3-030-30425-6_37.
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Diagnostics of Water-Ethanol Solutions by Raman Spectra with
Artificial Neural Networks: Methods to Improve Resilience of the
Solution to Distortions of Spectra

Igor Isaev**x isaev_igor@mail.ru
Sergey Burikov'> sergey.burikov@gmail.com
Tatiana Dolenko'? tdolenko@mail.ru
Kirill Laptinskiy"? onelumen@gmail.com
Sergey Dolenko’ dolenko@srd.sinp.msu.ru

'D.V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow State University
2Physical Department, M.V.Lomonosov Moscow State University

In this study, we consider adding noise during training of a neural network as a
method of improving the stability of its solution to noise in the data. We tested this
method in solving the inverse problem of Raman spectroscopy of aqueous ethanol
solutions, for a special type of distortion caused by changes in the power of laser
pump leading to compression or stretching of the spectrum.

It has been confirmed that the higher is the noise level in the training set, the
slower the solution quality decreases with increase of the noise level in the test set.

The method was also tested on the spectra of real alcoholic beverages. It has been
found that their spectra differ significantly from those in the dataset simulating alco-
holic beverages, used for training. Therefore, acceptable results were demonstrated
only by networks trained with adding noise. Networks trained with the addition of
20% Gaussian noise showed an average deviation of 2.07 % vol in determination of
ethanol concentration.

This study has been performed at the expense of Russian Science Foundation,
grant no.19-11-00333.

[1] Isaev, I. et al. Diagnostics of Water-Ethanol Solutions by Raman Spectra with Artificial
Neural Networks: Methods to Improve Resilience of the Solution to Distortions of
Spectra // Studies in Computational Intelligence, V.856. Springer Nature, 2020. —
p-319-325. https://doi.org/10.1007/978-3-030-30425-6_37.
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OnpegenexHuve Buga 1 napamMeTpoB UCKa>keHUii n3obpa>keHus no
dypbe-cnekTpy curHana

Yowua ITasea Armorosur'« chochia@iitp.ru
"Mocksa, UIIIIN PAH

Ucciteryercst quarHocTuka UCKaXKeHuil n3o0pazkerus 10 Pypbe-CleKTpy MOJIy-
YaeMOro CHrHaja. PaccMaTpuBarOTCs BOIPOCHI OIPEE/IeHUs] TUIA U [TapaMeTpOB
JIMHEHHBIX OJHOPOIHBIX CIJIAYKUBAIOIIIX OMEPATOPOB CJECYIONNX BUJIOB: KPYTrOBOii
dOpMBI TPAMOYTOIBLHOTO TPoduUIsi, KpyroBoit hopmbl ['ayccoBa nmpodunsg n imnHei-
HOIt popMBI TIPSMOYTOJIbHOTO Mpoduiisi. CrekTpajbHas IJIOTHOCTh U300pasKeHMs
aHAJIU3UPYETCsI C IPUMEHEHUEM cpedrezo paduanbhozo npoPuis U cpedrezo npopu-
A8 o Hanpasaeruro. [IpenjiozKeHbl 1 UCCIe0BAHBI AJTOPUTMbI JIMATHOCTUKA J1JTsT
KayKJIOr0 M3 PACCMATPUBAEMBIX THIOB MCKaxkeHuit. [Tokazano BiusHEEe TOYHOCTH
JIAHHBIX U TIyMa Ha JIOCTOBEPHOCTH PE3YJILTATOB aHAJIN3a, a TAKXKE BO3MOXKHOCTH
JINATHOCTUKU TIPU CYHEPIIO3UIINN HECKOJIBKIX UCKAYKEHUT.

Ipesnonaraem NCKarXKarIIUii OnepaTop MPOCTPAHCTBEHHO-MHBAPUAHTHBIM A2 —
—u,y —v), myM &(Z, y) HEKOPPEJTUPOBAHHBIM U &I IATUBHBIM, a IIPOIECC UCKAYKEHUS]
— ymneiinpiM. Torga nonaygyaemoe uszobpazkenue f(r,y) OIUCHIBAETCI WUHTETPATIOM
CBEPTKU:

f(xay) - [OO [w g(u,’u)h(:ﬂ —u,y fv)dudv+§(x,y)

Jamnoe ypaBHEeHEE SKBUBAJICHTHO Ipou3seaeHnio Pypoe-crekTpos curuaia G(wy, wy)
U uckaxaromero omeparopa H(wy,w,) B CyMMe €O CIEKTPOM ILIyMa Z(wg,wy):
Fwg,wy) = H(wg,wy)G(wg, wy) + Z(wy, wy). Taxm obpasoM, ¢ TOTHOCTLIO, OIIpe-
JesisieMoit yposreM 1yma & (x, y), MOIyIIb creKTpaiabHoii wornoctu (MCIT) mosyua-
emoro nzobpaxenus f(z,y) pasen upousseienuio MCII ucxonnoro curnana g(z,y)
U s1/[pa MCKarXKaroIero omneparopa h(z,y).

JIjist TMArHOCTHKY MapaMeTpoB MCKaYKaIoIIUX OMepaTOpOB, NMEIONUX KPYTOBYIO
CHMMETPHIO, BBEJIEM IIOHATHE Cpedne2o paduanbiozo npodu.nd MOLYIA CIIEKTPAILHOIM
wiornoctu P(w) Kak dyskinuu dacrorsl. Ilycrs M(w, @) — aMIuuTysa CIeKTpa
F(wy,wy) B TOXAPHBIX KOOpAMHATAX. YcpenHuB M (w, ) 1O ¢, TOIYyUHM CpeHee
pajmanbHoe 3HaveHne (poduss) MCII mis yacToTsr w:

P(w):/M(w,ga)dga/Qmu.

DKCIEPUMEHTBI HaJl PeabHbIMI N300PaXKeHUIMU [OKa3bIBAIOT, YTO 3HaueHus P(w)
yOBIBAIOT GBICTPO ¢ POCTOM W, & (opma npoduis P(w) c1abo 3aBUCHT OT CIOKETa
M300pasKeHUsT.

Kpyrosoe paccesitaue. Oneparop KpyroBoro paccesiiust psiMOyTrOJIbLHOIO MPO-
dbuna pagmyca r mmeer su: ho(x,y) = 1/(ar?) ana 22 + y? <%, u he(z,y) =0 B
ocrasbibix ToYKaxX. Cruexrp he (T, y) BBIVISAUT KaK HAOOP KOHIEHTPUYECKUX KOJIell

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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¢ HyJISIMU Ha pajuycax w = pn, tae p = w/r, an = 1,2,.... Hyau Takxke Oyayr
[IPUCYTCTBOBATH B JIBYMEPHOM CIIeKTpe U300parKeHnsl U MOI'YT ObITh OOHApYYKeHbI B
npoduie P(w). Ilepuos, p MurnMyMOB/ MakcuMyMoB P(w) OTBICKHBAETCST KAK TOUKA
MakcuMyMa (pyHKIIOHAA

[W/20] -1

1
pc = argmax | 00 (P(np+p/2) = P(np)) |,
pmin<p<pmax \ [W/20] =1 nZ::l

rje W — pasmep usobpaskenus, a [] — B3situe nesoit yactu. Pajuyc paccestHust rc
HaxouTes Kak ro = W/ (2pc).

TayccoBo paccesiume. Oueparop ['ayccoBa paccesiHust ¢ Kpyropoii cummeTrpuei
ha(x,y) = Cexp{—(2% + y?)/20?} mmeer TpodUIHL HOPMATHLHOTO PACTIPETCICHIST;
tor ke Buj u y npocduist MCII T'ayccoBa oneparopa. Cpejauuii pajiajibHbIA 1pO-
dbuis MCII 6yner:

P(w) = Cexp{—w?/20%}Gpm(w) + Enm(w).

Baecs Gu(w) 1 Epm(w) — cpennue paguanbubie npoduan MCIT zenckazkeHHOrO
curnasa u uyma. [lepsoe ciaraemoe cragaer GbICTPO ¢ POCTOM W, & BTOPOE MOXKHO
CYUTATH IIOCTOSHHBIM.

IIpu Gonbmux w, kKoraa Cexp{—w?/202}G\(w) < Ep(w)/2, snauenns logP(w)
O/IM3KM K KOHCTAHTE, ONpPEIeSIeMOil ypoBHEM ImmyMa =y. llpm Maabix w, Korjua
C exp{—w?/20%}Gy(w) > 2Epm(w), momyanm: logP(w) ~ —w? /202 +1ogGm (w) +Cs.

Bnech A(w) = —w?/20? onpemenserca [ayccosbim paccesunem, B(w) = logGy(w)
3aBUCHUT OT KOHKDETHOrO u300paxkenus, a C'y — KOHCTAHTA.
Cocrasnsomasn A(w) 3amaercst popmyiioit y = —ax®+b 1 BCO/Ly BLITYKJ/Ia BBEPX;

orerka ['ayccoBa paccestHUsi CBOIUTCST K HAXOXKJIEHUIO 3HadeHus a. Ha mHTEepecyio-
ieM y4yacTke w Kpubag B(w) BBILyKJa BHU3, HIPUYEM aMIUIUTYJA €€ BbILYKJIOCTH
Hzke, ueM y A(w). 3Hauenue a HAXOIUTCs € TIOMOIIBIO IIpeobpazoBanusd Xada. 3Has
a, nucniepenst [ayccosa CriaxKuBaHus BhIUHUC/IAETCa Kak og = 1/v/2a.

JInHelHbIA cMa3 BBI3LIBAECTCS PABHOMEPHBIM MPAMOIUHCIHBIM CMEIIeHIeM Ha-
6urromaemoii crierbl. OmepaTop cMa3a SKBUBAJIEHTEH CBEPTKE M300pasKeHUsl ¢ 0TPe3-
KOM JIMHO#T 7, moBepryThIM Ha yroia « (0 < a < 7); ero dopmyna: hg(x,y) = 1/r
g y = 2 tana npu 2 + y? < 72/4, m hs(z,y) = 0 B OCTATHLHBIX TOUKAX.

AmmmmTya criekTpa oneparopa cMasa UMeeT BUJY 110JI0C, TepIeH IUKYIsIPHBIX
HAIIDABJIEHUIO cMa3a «, ¢ nepuogom W/r, rme W — pasmep msobparkeHusi, a r —
BeJIMYMHA cMa3a. Jjis IMarHOCTUKY TOJ00HBIX UCKAYKEHUI BOCIIOIb3YEeMCsl BApUAH-
ToM KercrpasbHoro npeobpasosanust: C(qi, g2) = |F~ {log|S(wy, wy)[*}|. Smecs | - |
— omeparus Moy, a F1{-} — obparHoe mpeobpazosanne Pypre. B kencrpe nc-
KAKEHHOTO CMAa30M M300payKeHUs MOSBUTCS MPOXOJAIIAs YePE3 HATAIO KOOP/JUHAT
JINHUSI TIOBBINEHHBIX 3HAYEHUil, COBIAJIAIONIAS C HAIPABIEHNEM CMa3a, HAKJIOH KO-
TOPOIi (v JIErKO OIIPEJIETISETCSI.
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Ilepuom mosioc pr, HaxomuTest 4epe3 MakCuMyM (DyHKITHOHATIA

W/p]—
pL = argmax a(np + p/2) = Fa(np))
Pmin <P Pmax [W/ Pl — Z

Baecs Py (q) — epednutdi npoguas MCII uzobpazkenust no Hanpasieruto, IEePIeH U~
KyJsgpHomy cMmasy. [lonyuns 3nadenue pr u 3Has pasmep mzobpazkenus W, Bbrauc-
JisieTcsl BeamanHa cMasa: rg = W/pp.

DKCHEPUMEHTDI TIOKA3a/IM, YTO TOYHOCTh JUATHOCTUKY B MEHBIIEH CTEIeHN 3aBH-
CUT OT PAa3MepOB MCKAXKAIONIUX OIMEPATOPOB, HO B OOJIBINEH — OT HAJUIHS MIyMa U
XapaKTEePUCTUK curHaja. Ecan m3o0pakenne moaBeprioch HECKOJIbKUM UCKAYKEHU-
sIM OJIHOBPEMEHHO, TO OIMCAHHBIE AJTOPUTMBI YBEPEHHO JMATHOCTUPYIOT CyIEepIIo-
SUIUIO UCKAYKEHNH B CJIydae TOYHOIro NpejcTraBienns curuasia. CHUKeHne TOYHOCTH
U HAJMYUU IIyMa 3aMETHO YXYIIIAeT JUAHOCTUKY.

[1] Yowua II. A. ImarnocTuka JUHEHHOTO OJHOPOJHOTO MCKAXKAIOMIETO ONEPATOpPa IO
cuekTpy Habogaemoro nzobpaxkenus // Mndopmarnmonnsie nporeccs, Mocksa, 2019,
T. 19, Ne 3, C. 313-326.
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Estimation of Image Distortion Type and Parameters from Fourier
Spectrum of Signal

Chochia Pavel'x chochia@iitp.ru
"Moscow, IITP RAS

We consider the problem of assessing the type and parameters of distortions from
Fourier spectrum of observed image (the blind estimation task). We explore the ques-
tions of diagnostics of linear homogeneous distorting operators of three types: cir-
cular form with rectangular profile, circular form with Gaussian profile, and motion
blur ones. The average radial profile and average directional profile of spectrum den-
sity are used for distortion identification. The diagnostics and parameters estimation
algorithms for every considered distortion types are proposed and researched. The
influence of noise and data accuracy to the reliability of the results is demonstrated.

Let an image g(u,v) is distorted by spatially invariant operator h(z — u,y — v)
and non-correlated additive noise £(x,y), and the distortion process is linear. Then
obtained image f(z,y) may be described by the following convolution integral:

faa) = [ h / " g v)h(z — uy — v)dudv + €z, y).

It is equivalent to the product of Fourier spectra of source signal G(w,,w,) and dis-
torting operator H(w,,w,) in addition with noise spectrum =(wy, wy): F(wy,wy) =
= H(w,, wy)G(wz,wy) + Z(wy,wy). That is, with an accuracy of noise level {(z,y),
the modulo of spectral density (MSD) of obtained image f(z,y) equals to the prod-
uct of MSD’s of source signal g(x,y) and distorting operator kernel h(z,y).

To find the parameters of distorting operators with circular symmetry, we intro-
duce the concept of average radial profile of MSD P(w) as the function of frequency.
Let M(w, ) is the spectrum F(w,,w,) amplitude in polar coordinates. Averaging
M (w, ) over @, we obtain the average radial value of MSD (profile) for the frequency
w:

P(w):/M(w,go)dcp/Zmu.

The experiments on real images demonstrate that P(w) values quickly descend when
w growth, and the shape of profile P(w) weakly depends on an image subject.
Circular dissipation. The distorting operator of circular dissipation with rect-
angular profile and scattering radius 7, centered at zero, is: ha(z,y) = 1/(mr?) for
22 +9?% <r?, and ho(z,y) = 0 in other points. The spectrum of hc(x,y) looks like a
set of concentric rings with zeroes at radii w = pn, where p = 7/r, and n =1,2,....
These zeroes will also be present in two-dimensional image spectrum and may be
detected in the profile P(w). The period p of minima/maxima in P(w) is found as

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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the point of maximum of the functional

(W/20] -1

> (P(np+p/2) = P(np)) |,

n=1

1
pc = argmax _
Pmin <P Pmax (W/2p] — 1

where W is the image size, and [-] is the integer part operation. The scattering
radius r¢ is calculated as rc = W/(2pc).

Gaussian dissipation operator of distortion with circular symmetry hg(z,y) =
= Cexp{—(2? + y?)/20?} has the profile of normal distribution; MSD of Gaussian
operator has the same shape. Average radial profile of MSD of Gaussian dissipation
will be:

P(w) = Cexp{—w?/20*}GMm(w) + Epr(w).
Here Gy(w) and Ep(w) are the average radial profiles of MSD’s for no distorted
image and for noise. The first item drops down rapidly when w growth, while the
second one is almost constant.

Under large w, when Cexp{—w?/20%}Gu(w) < ZEp(w)/2, the values logP(w)
are close to a constant definable by the noise level Zy;. Under small w, when
C exp{—w?/20?}G\(w) > 22\ (w), we obtain: logP(w) ~ —w?/20?% + logGy(w) +
+ Cy. Here A(w) = —w?/20? is defined by Gaussian dissipation, B(w) = logG(w)
depends on specific image, and C5 is a constant.

The component A(w) is specified by y = —ax? + b law and everywhere is convex
upwards; the estimate of Gaussian dissipation consists in finding the value a. The
component B(w) is convex downwards in the interesting section of w, and the ampli-
tude of its curvature is less than A(w) curvature. The value a is evaluated with the
help of Hough transform. When « is known, the dissipation of Gaussian smoothing
is calculated as og = 1/v/2a.

Linear blur appears due to uniform rectilinear displacement of observable scene.
This blur is equivalent to convolution of an image with the segment of length r,
rotated at angle a (0 < a < m), and is described by the formula: hg(z,y) = 1/r for
y = 2 tana under 22 + y* < r2/4, and hg(z,y) = 0 in other points.

The amplitude of linear blur operator spectrum looks like a set of strips that are
perpendicular to blur direction «. The period of strips equals W/r, where W is the
image size and r is the blur value. For diagnostic of these distortions let use the
variant of cepstrum transformation: C(q1,¢z2) = |F~{log|S(wz,wy)|?}|. Here | - | is
the modulo operation and F~1{.} is the inverse Fourier transform. In the blurred
image cepstrum, the line of increased values will appear, which passes through the
origin. The skewing angle of the line coincides with the blur direction «, and may
be simply determined.

The strips period py, is evaluated using the maximum of functional

(W/pl—1

Z (Pa(anFp/Q) - Pa(np))

n=1

1
pL = argmax _
Pmin <P Pmax [W/P] -1
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Here P, (w) is the average directional profile of image’s MSD in direction perpendic-
ular to blurring one. When p;, value and the image size W are known, the length
of the blur is calculated as rs = W/pr.

The experiments demonstrate that the accuracy of diagnostic less depends on
the size of distorting operators, but more on the signal characteristics and the noise
level. If an image was subjected to several distortions simultaneously, the described
algorithms enough confidently detect the superposition of distortions when the signal
is in high accuracy form. The reduction of accuracy and the presence of noise
appreciably impair the diagnostic quality.

[1] Chochia P. Estimation of Linear Homogeneous Distorting Operator from Observed
Image Spectrum // Information processes, Moscow, 2019, vol. 19, no. 3, pp. 313-326.
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Mepa TF-IDF n oueHka 6211M30CTV CMbICIOBOMY 3TasiIOHY
3arosIoOBKOB M aHHOTAUMWI Hay4YHbIX CTaTen

Muzatinos Jmumputi Baadumuposus'x mdv74@list.ru
Emenvanos I'ennaduti Mapmurnosus' Gennady .Emelyanov@novsu.ru

'Bestuknit Hosropos, Poccusti, HosI'Y

IIpu moaroroBke y1uebHOTO MaTepuasia JJjisi PEATU3AINH JIEKTPOHHOTO 00y YeH st
MIPEITOIABATEb JTOJI2KEH UMETh JOCTYII K HEKOTOPOMY Cpe3y NH(MOPMAIMOHHOTO TPO-
CTPAHCTBA, dJEMEHTAMI KOTOPOTO SBJSIOTCA mybmkannn oo Internet-crpanurior,
pesieBaHTHBIE yueOHOMY Kypcy. AKTyajbHAs 3/1€Ch 3a/1ava — COPTUPOBKA MCTOTHH-
KOB HH(OPMAIMH 110 CTEIIEHN OTparKeHusi HanboJiee CyIeCTBEHHbIX IIOHATHI n3yda-
emoii npeamernoii obaactu (I1O) pu MakcuMaIbHON KOMIAKTHOCTH U Ge3bI30bITOY-
HOCTHU U3JI0KeHus. [lepBoCTenennyo pojib Ipu 3TOM UIPAET MOUCK HabOpa eIuHUIL
TEKCTa W UX CBsA3€il, HEOOXOMMMOrO U JTOCTATOYHOrO ISt MPEJICTABICHUS €IIHIIIHI
3HAHUI ¥ OTBEYAIONIEr0 CMBICJIOBOMY 3drajiony. [Ipemiaraemsrit meTos orenku OJiu-
30ctn sTasoHy [1] He TpeGyer nepedpasupoBaHusT TEKCTa U OCHOBAaH Ha Pa3OHeHnN
CJIOB KazkKJIoi ero (pasbl Ha Kiacchl 1o 3Hadenuio Mepbl TEF-IDF ormHocuTennbro
TEKCTOB KOPILYCa, MPEIBAPUTEIBHO (DOPMUPYEMOTO SKCIepToM. B posn aHam3upy-
€MbIX TEKCTOB BBICTYIIAIOT AHHOTAIINU HAYYHBIX CTATEl BMECTe C UX 3ar0JIOBKAMU.
IIpu 3TOM cMBICIOBBIE 00pa3bl HanboIee OJIUIKUX ITATOHY TEKCTOB OIIPEICIAIOT CJTO-
Ba ¢ Hanbopmumu 3HadenusamMu TEF-IDF, koTopbie ipu pacioio?KeHuu Mo CoCeICTBY
BO dpaze ¢ HanbOJIbIIIell BEPOSITHOCTHIO CBSI3aHBI 110 CMBICIIY M 00Pa3yIOT KJIFOUEeBbIe
coueraHust [2] BMecTe €O cI0BaMu, OJIM3KMME CDEJHEMY 3HAUEHUIO JAHHONW Mephl.
st oTHeCeHUs COYeTaHuil CJIOB K KJIIOYEBBIM B pabOTE BBOAUTCS WHTEPIIPETAIIHS
mepel TF-IDF, ornennBatormast Inc/io 0JIHOBPEMEHHDBIX BXOXKICHHUIT BCEX CJIOB amHa-
JIM3UPYEMOTO coueTanns BO (ppas3bl OTAeIbHOrO JoKyMeHTa. IIpu mogcaere obero
YUCJIA CJIOB JIOKYMEHTa 3/1eCh Pa3/Ie/IbHO YIUTHIBAIOTCSI CJIyYal COBMECTHOI BCTpedar-
€MOCTH CJIOB COUYeTaHUsl U BCTPEYaeMOCTh 0e3 OJHOBPEMEHHOI'0 BXOXK JIeHMs BO (bpazy.
Camo 3navenne TF-IDF kiroueBoro coderanusi JIOJKHO ObITH He HUXKE MUHUMYMa
YKA3aHHON MepbI [0 €r0 OTIEIbHBIM CJIOBAM.

Ornenka 6JM30CTH OT/IEJIBbHOI (Dpas3bl 9TaIoHy, He TpeOyIoast MoucKa nepudpas
JUIS SI3BIKOBOI'O OIMCAHUSI COOTBETCTBYIOIIEH € MHUIbI 3HAHWI, CTPOUTCS U3 CJIeJLy-
FOIIUX IMIMPUIECKUX COODParKEeHMUIA.

Bo-niepBbix, pasnesienue Ha OOILYIO JIEKCUKY ¥ TEPMUHBI JOJI?KHO OBITH BbIpaske-
HO KaK MOYXKHO B OOJIBINEHl cTemeHu, a cjIoBa B KJacrepax, dopmupyembix mo TF-
IDF — pacupenenennst 6osiee mian MeHee paBHOMEpHO. KpomMe TOro, YHC/IO MOy InB-
MAXCS KJIACTEPOB JIOJIZKHO CTPEMUThCS K Tpém npu Makcumyme TEF-IDF mst ciios
KJIacTepa HauOOJIBIINX 3HAYEHUN yKas3aHHOU Mepbl. /laHHOe TpeboBaHUEe O3HAYAET
MaKCUMAaJIbHYIO PEJIeBAHTHOCTh TEPMUHOB B cocTaBe (bpa3 ordéUpaeMoro J0KyMeHTa
chOPMUPOBAHHOMY KOPILYCY.

g rpynmbsr hpas, nmepsas u3 KOTOPBIX — 3ar0JI0OBOK CTAThH, & OCTAJbHbBIE IIPE/I-
CTaBJIAIOT aHHOTAITUIO, BBOJATCS JBa BADUAHTA OIEHKHU OJIM30CTH STAJIOHY, B PABHOIA

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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Mepe IIpe/lyCMaTpUBaloliie MUHIMYM CPEJIHEKBa/IPaTUYeCKOr0 OTKJIOHEHUs 3Hade-
Hus OJU30CTU STAJIOHY 10 BeeM dpasaM rpynnbl. [lepBoIit mogpasymeBaeT Makcu-
MAaJIbHYIO OJIM30CTH TAJOHY JIJIsl 3ar0JIOBKA M OTBEYAET OOIIEIPUHATOMY B HAYTHON
repuo/inke TpeOOBAHNIO OTPAYKEHUsI B 3ar0JIOBKE COJEPXKaHNs CTaThu. BTopoil Bapu-
AHT TIPEJIIOJIAraeT MAKCUMU3AIUIO OJIM30CTU STAJIOHY IO BceM (bpa3aM aHAJIU3UPY-
eMOoro TekcTa. MaKCuMaJIbHBI NTOrOBBI PEHTUHT 1O KOJIJIEKIIUN, U3 KOTOPOil Mpo-
U3BOJUTCS OTOOD, IOJyYaeT CTaThsd ¢ HAUOOJIBIINM 3HAYEHNEM IIEPBOIO BAPHUAHTA,
ITOITa,TAOIIUM B OJIMH KJIACTED CO 3HAYEHWEM BTOPOI'O BapUaHTa OIEHKH /I TOM 2Ke
craTpu. [Ipu 9TOM 3HAYEHUST TIEPBOrO BApUAHTA ONEHKW JIJI CTATHU, OJIYIUBIIEH
MaKCHUMaJIbHBII UTOTOBBIII PERTHHI, 1 MaKCHMAaJIbHOIO 3HAYEHUS II€PBOIO BapHaH-
Ta OIEHKM O KOJUICKITUH JIOJI2KHBI OTHOCUTHCS K OJHOMY Kjacrepy. B ciaydae ot-
CYyTCTBUS B KOJUIEKIINH CTATHHU, OTBEYAIONIEN TAaHHOMY TPEOOBAHUIO, MAKCHMAJIHHBIH
UTOTOBBI PEHTUHI TOJyYaeT CTaTbs C HAUOOIBIINM 3HAUEHHEM IIEPBOIO BapHaHTA
OIEHKU 110 aHAJIM3UPYEMON KOJLIEKITAH.

IIpenmmoxkenuprit MeTOM, TAET MUHUMYM TPEXKPATHOE COKPAIECHUE YHUCIA JIOKY-
MEHTOB, C KOTOPBIMHU CJIEJyeT O3HAKOMHUTBHCA B IEPBYIO O4Yepe/b IIPU U3YUCHUU 3a-
manrnoit [10, nanpumep, cryeHTamMu.

Pabora nogmep:xana rpaarom PODU Ne19-01-00006.

[1] Mikhaylov D., Emelyanov G. Estimation by phrases for the closeness of a topical text
to the semantic pattern without paraphrasing // Interactive Systems: Problems of Hu-
man-Computer Interaction. Collection of scientific papers, Yiabsanosck: Yal'TV, 2019
(B meuarn).

[2] Muzxatinos 1. B., Emeavanos I. M. OneHKa 6JIU30CTH TEMATHYIECKOTO TEKCTa CMBICJIO-

BOMY 3TajioHy 6e3 KoHcTpyupoBanusi nepudpas // Pattern Recognition and Image
Analysis, 2019. T. 29, Ne4 (B neuarn).
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TF” =IDF metrics and estimation of affinity to a sense standard
for titles and abstracts of scientific articles

Dmitry Mikhaylov'x mdv74@list.ru
Gennady Emelyanov' Gennady .Emelyanov@novsu.ru

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

The preparing of teaching material in e”=learning requires to have access for a
teacher to a certain section of informational space, the elements of which are publi-
cations or Internet pages relevant to the course for study. The actual problem here is
the sorting of information sources by degree of reflection of the most significant con-
cepts of the studied subject area at a maximal compactness and non” =redundancy
of narration. A primary role here plays a revelation of a set of text units and their
relations necessary and enough to represent a knowledge unit and satisfies the sense
standard. The offered method for estimation of the closeness to the sense stan-
dard [1] does not require paraphrasing the text and is based on the splitting of words
of each its phrase into classes by the value of TF”=IDF metric relative to the texts
of corpus pre”=formed by expert. Herewith as the analyzed texts the abstracts
of scientific articles together with their titles are considered. These parts of articles
reflect the main content of each paper and the most important results without un-
necessary methodological details. Here the sense images of texts closest to the sense
standard are defined by words with the greatest values of TF”=IDF which being
neighbors in a phrase be related by sense most probably and form the keyword com-
binations [2] together with the words close to average value of this measure. To
select keyword combinations from defining the semantic image of phrase the inter-
pretation of TF”=IDF metrics which respects a number of simultaneous occurrences
of all words of analyzed combination in the phrases of separate document of corpus
is entered into consideration in current paper. When calculating the total number
of document words we’ll separately take into account the cases of co”=occurrence
of combination words and occurrence without simultaneous presence in a phrase.
Herewith the value of TF”=IDF metrics for key word combination should not be
less than the minimum of values of mentioned measure for its separate words.

The estimation of the closeness of a separate phrase to the sense standard with-
out paraphrasing the natural”=language description of a corresponding knowledge
unit is based on the following empirical consideration. First, the division of words
into general vocabulary and terms here should be expressed as greatly as possible.
Another moment is that the words in clusters formed by TF”=IDF should be dis-
tributed more or less evenly. In addition, the number of resulted clusters must be
close to three as much as possible at maximum of TF”=IDF for words related to
the cluster of greatest values of mentioned measure. This requirement means the
maximal relevance of term words in phrases of selected documents to the formed
corpus.

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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For a group of phrases, first of which is the title of article and others represent
its abstract, two variants for estimation of the affinity to the sense standard are in-
troduced. Both variants are equally assumed the minimum of root” =mean” =square
deviation for value of affinity to the standard for all phrases of group. The first
variant assumes the maximal closeness to the standard for the article title and cor-
responds to the requirement general accepted in scientific periodicals to reflect in the
title the paper content. The second variant assumes maximizing the affinity to the
standard for all phrases of analyzed text. The maximal final rank in the collection
for paper selection will be designated to the article with a greatest value of the first
variant of estimation related to the same cluster with the value of the second variant
for the same paper. Herewith the value of the first estimation variant for article
with a maximal final rank, and a maximal value of the first estimation variant in
the collection must be in the same cluster. In a case of absence of article meets this
requirement, the maximal final rank will be designated to the article with a greatest
value of the first variant of estimation in analyzed collection.

The proposed method gives at least a threefold reduction in the number of docu-
ments (i. e. scientific articles) that should be read first when studying a given subject
area, for example, by students.

This research is funded by RFBR, grant 19-01-00006.

[1] Mikhaylov D., Emelyanov G. 2019. Estimation by phrases for the closeness of a topi-
cal text to the semantic pattern without paraphrasing. Interactive Systems: Problems
of Human”=Computer Interaction. Collection of scientific papers. Ulyanovsk: UL-
STU (in press).

[2] Mikhaylov D., Emelyanov G. 2019. Estimation of the closeness to a semantic pattern
of a topical text without construction of periphrases. Pattern Recognition and Image
Analysis. 29(4) (in press).



244 MudopMannoHHbIi TOUCK U AHAJIN3 TEKCTOB

MpumeHeHne MmHoromMepHbiX POpMabHbIX KOHTEKCTOB B
aHaNn3e TeKCTOB eCTEeCTBEHHOro si3blka

Bozamwipes Muxaua FOpvesuu'x okkambo@mail.ru
Camodypos Kupuanr Buxmoposuu' zmeymcOgmail . com

!Tya, Tynbckuit TOCYJAPCTBEHHBIH YHIBEPCATET

B cucremax madoOpManmoHHOTO MONCKA W aHAIN3a TEKCTOB OOJIBINIOE 3HAYCHUE
nMeeT pas3paboTKa MOJeseil, OTParKalolMuX CEMAHTUKY 00pabaThIBAEMBIX JTAHHBIX.
OcobeHHO 9TO aKTyabHO JJIsi TEKCTOB €CTeCTBEHHOrO si3bika. OJIHUM U3 HallpaBJie-
HU, IPETeH/YIOIINX Ha CO3/[aHNe CEMAaHTHIECKUX MOJIejIell JaHHBIX, SBJISeTCs KOH-
HEenTyaJIbHoe MojiesinpoBanue. KoHrenryaubaast MOJeJIb IPeJICTaBIIsieT coboil rpad,
BEPIIHUHBI KOTOPOI'O OLPEIEIAIOTCS KAK MOHATUs (KOHIEIIUH, KOHIEIITDI), & C [IOMO-
mbIo pébep rpada 3aa10TCsT OTHOMIEHNS Ha MHOXKECTBE TTOHATHIA.

K koHIenryaibHOMY MOJEJIUPOBAHUIO OTHOCUTC AHan3 (DOPMAJIbHBIX TOHI TN
(A®TI) — pasmes TPUKIATHON TEOPUHU PEIMETOK, B KOTOPOM HCCJIEYIOTCS MEPAp-
XUYECKUe CBsI3W Ha JIAHHBIX, 38J[aHHBIX O0bEKTHO-IPU3HAKOBBIMY OINUCAHUSIME, U
obpazyiomumu hopMasIbHbIl KOHTEKCT. KOHIENTyaIbHOl MOJIE/IBIO 3/1eCh SABJISICTCS
peNIéTKa TOHSITHIA.

B pabore [1| mpegyoxken mMeTon u3BIeueHnss (HAKTOB U3 TEKCTOB €CTECTBEHHOTO
sI3bIKa, OCHOBAHHBII HA IPUMEHEHUN JIBYX KOHIIEITYAJILHBIX MOJIeJIel: KOHIIEITYaIb-
HBIX TpadOB U PEImETOK HOHATHIL. Konuenmyaavhoil epag - 97O JBYOJbHBIN Ha-
[PaBJIEHHBIH rpad, COCTOSIINIT U3 JBYX TUIIOB BEPINUH: KOHIENITOB M KOHIIEIITYAJIb-
HBbIX OoTHOIeHn. KoHIenTsr — 910 ¢j10Ba n3 00pabarsiBA€MOro TEKCTA, & OTHOIICHIS
bopMUpYIOTCH aIrOPUTMOM TOCTPOEHUS KOHIIENITYAJIbHBIX IPAdOB.

Meton ussneverns dbakToB [1] BKIOUAET CJIeIYIONHIE STAIIBL.

1. Ha mpeyioxkenusix o6pabaTbiBAEMBIX TEKCTOB CTPOUTCS MHOYKECTBO KOHIIEII-
TyaJabHbIX Ipados. st aroro ncnosb3yercst pazpaboTaHHBI HAMU I€HEPATOp KOH-
HENTYAJbHBIX TPAGOB JJIsd aHIJIO- U PYCCKOA3BIIHBIX TEKCTOB.

2. Ha mmuokecTBe KOHIENTYa IbHBIX TPadOB PelraeTcs 3a/1a9a NX arperupoBaHus.
ArperupoBanne HEOOXOUMO JIJIsT UCKJTIOUE€HUST U30BITOYHON PA3ZMEPHOCTH KOHIIETI-
TyaJbHBIX MOJIE/Iel, He CBI3AaHHON ¢ moJie3noil nndopmarmeii. /s arpernposBanus
[IPUMEHSIFOTCsI 9BPUCTUKY 0TOOPA 3HAYMMBIX JIAHHBIX, IIPUCYIIINE KOHKPETHO 3a/1a1de
u3BJIeUeHUs (DAKTOB, & TaKXKe KJIACTepU3allis KOHIEITYAJIbHBIX I'PadOB.

3. Ha arpernpoBannoM MHO>KeCTBE KOHIIEIITYAJIBHBIX TPadOB CTPOUTCsT (DOPMATIB-
ubtit konrekct. Popmanbbii konreker K = (G, M, 1) npesacrasiser coboii oTHOIIE-
nue I C Gx M na MHO)KecTBax 00bekTOB G 1 ux arpubyToB M u 3a1aéTcst MaTpuIei,
peasusyiorieii JanHoe orHoienne. [loctpoenune hopMaaIbHONO KOHTEKCTA HA TEKCTaX
SABJISIETCS CaMO CJIOXKHO 3asadeil Meroma. Jlist €€ perennst IpuMeHsIeTCsl ajro-
purM 0TOOpa IJIEMEHTOB KOHIENTYAJbHBIX IpadoB B (DOPMAaIbHBIN KOHTEKCT, KO-
TOPBIH JTIO/2KEH MAKCHMAJILHO COXPAHATDH «CEMAHTUIECKYIO BHIPA3UTEILHOCTDY KOH-
MENTyaabHBIX TPadOB, UCIOAL3YeMYIO B JajbHeinem. Takoit ajaroputm padoTaer

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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C JIAHHBIMHU U3 BHEIITHUX PECYPCOB — CJIOBApEil, Te3aypycoB, OHTOJIOIHUIl, KOTOPBIE
BBIOMPAIOTCA HA OCHOBAHUM TEMATHUKN 00PadaThIBAEMBIX TEKCTOB.

4. Ha cdopMajibHOM KOHTEKCTE BBIIEJIAIOTCS (DOPMaJjIbHbBIE TTOHSATHSI W CTPOUTCS
JIpyrasi KOHIeNTyaabHas rpadoBasi MOJE/b — peméTka mousaruii. [lapa mommuoX)KecTB
(A,B),A C G, BC M raxux, 4To A = B, B = A, HasbiBaeTcst (pOpMaJIbHBIM TIOHSI-
TreMm KoHTekcTa K. 3j1ech mTpuxoM 0003HAYAETCsI OIepaTOp, Peau3ylnuil CBA3b
MexK1y oObeKTaMu U aTpubyTramMu B cuity oTHomeHusi I. B marpuile KOHTEKCTa MMo-
uarus (A,B) 3a71a10T¢a MaKCUMAJIBHBIMU 110 BJIOXKEHUIO MOJMATPUIIAMU CO BCEMU
HEHYJIEBBIMU JIEMEHTaMU. JaCTUIHO yHOPSI0YEHHOE II0 BJIOKEHUIO O0BHEMOB MHO-
2KecTBO (hOpMATBHBIX MOHATHH KOHTeKkcTa K obpazyer mMareMaTwdIecKuil 0OObEKT -
PeméTKy, KOTopas Ha3bIBaeTC pewémra nonamud. Vimes peméTky MOHATH, MOXK-
HO BBISIBJISITH CBSI3M MEXKJLy ITOHSITHSIMU 10 IPUHIUITY «00Iee — dacTHoey. [loHsaTns
— y3JIbI PEIIETKU — HUHTEPIPETUPYIOTCS KAK MHOXKECTBO ITOTEHIHAJBHBIX (HaKTOB
OIIPEIEJIEHHOIO YPOBHs (TEMATUKHU ), KOTOPOE CBA3AHO € APYTUME (DAKTAMHU.

Jlokta 1 COMEPKUT PE3YIHTATHI MCCJIETOBAHNN, PA3BUBAIONIINX METO/[ KOHIIEIITY-
AJIBHOTO MOJIeTIMPOBaHus [1| B HAIPABJIEHWN TIOBBINIEHNsI CEMAHTHIECKON BBIPA3N-
TeJIbHOCTH (POPMAJIbHBIX KOHTEKCTOB M KaK CJIEJCTBUE — IOBBIIIEHUs] KAIECTBa, U3~
BjiedeHUsi (PAKTOB M3 TEKCTOBBIX JAHHBIX.

Tepmun «cemaHTHIeCKAsT BHIPA3UTEIBHOCTDY YTOYHSETCHA C ITOMOIIBIO CJICIYIO-
mieit runore3sl. Kciu 11 MOAeIMpoOBaHus CMBICIA TEKCTA MPUMEHAETCS KOHIEITY-
aJIbHas MOJIEJIb, B KOTOPOl MMEET MECTO IOHSATHE PA3MEPHOCTH, TO Y€M BBIIIE Pa3-
MEPHOCTBb TAKOM MOJIeJId, TeM TJIyOyKe OHa IIO3BOJISIET MOIEJIMPOBATh CMBIC TEKCTa.
CoOTBETCTBEHHO, KOHIIEIITyaJIbHAsT MOJIEIb 00Jiee BBICOKOW Pa3MEepHOCTH 00J1agaeT
u GOJIbINEell CeMaHTUIECKON BBIPA3UTEBbHOCTHIO. JIJisi IpOBEPKU JAHHON THUIIOTE3bI
Heo0XOINMBI He TOJILKO JIByMEPHBIE, HO TAKXKE TPEX- U B OOIIEM CiIydae, 1 — MEepPHbIE
dopMaIbHble KOHTEKCTHI.

B nokstajie nipejcraBiieHbl pe3yJIbTaThl SKCIIEPUMEHTOB 110 [TOCTPOEHUI0 TPEX- U
JeTBIPEXMEPHBIX (DOPMaJIbHBIX KOHTEKCTOB HA JAHHBIX, (POPMUPYEMBIX JIJIsi CTaH-
JapTHBIX 38817 U3BJICTYEHUs (DAKTOB U3 TEKCTOB OnoMeanmmHcKoi Temarukn BioNLP
Shared Tasks. Jlannabre peicTaBasioT coOO0M TEKCTHI AHHOTAIINN CTATel U3 CUCTEMbI
PubMed, crabo cBI3aHHBIX JAPYT € JAPYTOM, HO B TI€JIOM TOCBSIIIIEHHBIX MCCIEI0BA~
HUIO MyTalliii IeHOB.

Iljist mocTpoenusi (DOPMaJIbHBIX KOHTEKCTOB IIPUMEHSIIUCH KOHIIEIITYAJIbHbIE I'Da~
oI, arperupoBaHHble MOCPEACTBOM BbljeaeHus B HUX AMR-cxem. Mogens AG-
CTPaKTHOrO npejcrasienus cmbiciaa (Abstract Meaning Representation — AMR) us-
BeCTHA KaK MaKPO-MO/IEJIb, TPUMEHIeMAasi JIjI MOJIEJINPOBAHNS CEMAHTUKNA TEKCTOB.
TpéxmepHble KOHTEKCTBI CTPOSATCH IO TPEXIJIIEMEHTHON CXeMe C IapaMu CeMaHThe-
CKHUX pOJIeil THIIa «areHC» U «IalueHc». JLJisi mocTpoeHnsl YeThIPEXMEPHBIX KOHTEK-
CTOB IPUMEHAIACH YeThipéxaiementaasds AMR-cxema «uTo — Kak Biauger(raaros) —
Ha 9TO- aTpUOYT BIUSHUS»>

PesynbraThl 9KCIIEPUMEHTOB IEMOHCTPUPYIOT CIPABEJIMBOCTH TUTIOTE3bI CEMAH-
THYECKOI BBIPA3UTENHLHOCTH. JeThIpéxMepHble POPMaJIbHbIE KOHTEKCTHI ITO3BOJIAIOT
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[IOCPEJICTBOM TOHSTHII U KJIACTEPOB YCTAHABINBATH 3HAYUTEHHO OOJIbIIE CBA3ei
MeZK/ly TEKCTaMU, YeM TPEXMEPHbIe KOHTEKCTHI. [Ipu 3TOoM BbIYMCINTEIbHAS CIIOXK-
HOCTb MCIIOJIb30BAHHOT'O HAMU aJITOPUTMa ITOCTPOEHUS TPEX- U YeThIPEXMEPHBIX KOH-
TEKCTOB He IIPEBbINIAET U3BECTHBIX OIEHOK.
Pabora nognepxana rparrom PODPU Ne19-07-01178.
[1] Bogatyrev Mikhail Fact Extraction from Natural Language Texts with Conceptual
Modeling // Communications in Computer and Information Science, Vol. 706, Springer-
Verlag, 2017. — Pp. 89-102.



Information Search and Text Analysis 247

Application of Multidimensional Formal Contexts in Natural
Language Texts Analysis

Mikhail Bogatyrev'« okkambo@mail .ru
Kirill Samodurov' zmeymc@gmail . com
!Tula, Tula Sate University

The development of models reflecting the semantics of the processed data is of
great importance in the systems of information retrieval and text analysis. This is
especially true for natural language texts. One of the areas that claim to create
semantic data models is conceptual modeling. A conceptual model is a graph whose
vertices are defined as concepts and whose edges are used to define relations on the
set of concepts.

Conceptual modeling includes Formal Concept Analysis (FCA), a branch of ap-
plied lattice theory that explores hierarchical relationships on data defined by object-
attribute descriptions that form a formal context. The conceptual model here is a
conceptual lattice.

In [1] the method of fact extraction from natural language texts is proposed, it is
based on application of two conceptual models : conceptual graphs and of conceptual
lattices. Conceptual graph is a bipartite directed graph consisting of two types of
vertices: concepts and conceptual relations. Concepts are words from the processed
text, and relations are formed by the algorithm of constructing conceptual graphs.

The fact extraction method [1] includes the following steps.

1. A set of conceptual graphs are acquired from the sentences of the processed
texts. To do this, we use our generator of conceptual graphs for English and Russian
texts.

2. On the set of conceptual graphs, the problem of their aggregation is solved.
Aggregation is necessary to eliminate the excessive dimension of conceptual models
that are not associated with useful information. For aggregation, heuristics of the
selection of significant data inherent in the particular fact extraction task of are
used, as well as clustering of conceptual graphs.

3. A formal context is constructed on the aggregated set of conceptual graphs.
The formal context K = (G,M,I) is a relation I C G x M on sets of objects G and
their attributes M and is given by a matrix implementing this relation. Building a
formal context on texts is the most difficult task of the method. To solve this prob-
lem, we use an algorithm for selecting elements of conceptual graphs into a formal
context, which should preserve as much as possible the ”semantic expressiveness” of
conceptual graphs, which is used in the future. This algorithm works with data from
external resources-dictionaries, thesauruses, ontologies, which selection is based on
the subject of the processed texts.

4. Formal concepts are distinguished on the formal context and another concep-
tual graph model-the conceptual lattice-is constructed. A pair of subsets (A4, B) , A C

G, B C M such that A = B, B = A is called formal concept of a context K. Here,

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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a stroke denotes an operator that implements the relationship between objects and
attributes by virtue of the I relationship. In the context matrix, the concepts (A4,B)
are given by embedding-maximal submatrices with all nonzero elements. The set of
formal concepts in a context K is partially ordered by volume embedding, it forms
a mathematical object of lattice called conceptual lattice. Having conceptual lattice,
it is possible to identify the relationship between the concepts on the principle of
”general-particular”. Conceptual lattice nodes are interpreted as a set of potential
facts of a certain level (subject), which is related to other facts.

The report contains the results of studies developing the method of conceptual
modeling [1] in the direction of increasing the semantic expressiveness of formal
contexts and, as a consequence, improving the quality of extracting facts from textual
data.

The term ”semantic expressiveness” is specified by the following hypothesis. If a
conceptual model is used for modeling the meaning of a text, in which the notion of
dimension takes place, the higher the dimension of such a model, the deeper it allows
to model the meaning of the text. Accordingly, the conceptual model of a higher
dimension has a greater semantic expressiveness. To test this hypothesis, not only
two - dimensional but also three — and in general, n - dimensional formal contexts
are needed.

The report presents the results of experiments on building three- and four-
dimensional formal contexts on data generated for standard problems of fact ex-
traction from texts of biomedical subjects of BioNLP Shared Tasks. The data are
texts of abstracts of articles from the PubMed system, weakly related to each other,
but generally devoted to the study of gene mutations.

Conceptual graphs aggregated by highlighting AMR schemes in them were used
to construct formal contexts. The Abstract Meaning Representation (AMR) model
is known as the macro model for modeling semantics of texts. Three-dimensional
contexts are built with the three-element scheme with pairs of semantic roles such
as "agent”and 7 patient”. To build a four-dimensional contexts, the four -element
AMR-scheme of ”what — what is the impact(verb) — to which- the attribute of an
effect> was used.

The experimental results demonstrate the validity of the hypothesis of seman-
tic expressiveness. Four-dimensional formal contexts, through concepts and clusters,
allow establishing significantly more links between texts than three-dimensional con-
texts. Moreover, the computational complexity of the algorithm used to construct
three- and four-dimensional contexts does not exceed the known estimates.

This research is funded by RFBR, grant 19-07-01178.

[1] Bogatyrev Mikhail Fact Extraction from Natural Language Texts with Conceptual Mod-

eling // Communications in Computer and Information Science, Vol. 706, Springer-
Verlag, 2017. — Pp. 89-102.
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ABTOMaTnyeckoe BblgeneHne bubnvorpacdpumn B Hay4HbIX TeKCTax

Ozaavuose Aaerxcarndp Baadumuposun' >« avogaltsov@edu.hse.ru
Cagun Kamuavr @anucosuy'? kamil.safin@phystech.edu
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IIpemraraercs ajropuTM aBTOMATUYECKOrO BLIJIEJIEHUS CIUCKA JINTEPATYPHI U3
TEKCTOB HAay4IHBIX cTareil. Mcmonb3oBanne ToIbKO TEKCTOBOI nndopmarun 6e3 hop-
MaTHUPOBaHUs, JIEJACT AJITOPUTM OoJiee YHUBEPCAIbHBIM. TakKe B METOJE MCIIOJb-
3YIOTCS MHTEPIPETUPYEMbIE MIPABUJIA, UTO JEJIAeT €ro 60jee MOHATHBIM U ITPOCTHIM
JJI OTJIAJIKH.

Bsomgares mpesmnoioxKeHns OTHOCUTEIBHO PACCMATPUBAEMBIX JTOKYMEHTOB. Bo-
[IEPBBIX, KayKJasd CTPOKa PACCMATPUBAEMOrO JIOKYMEHTA, JOJIZKHA CTPOI0 OTHOCUTHCS
Jinbo K Oubsimorpaduaeckoil 3amnucu, Jbo K OOBIMHOMY TEKCTY. BO-BTOPBIX, JIOILyC-
KAa€eTCsl, ITO TEKCThI MOTYT UMETh 0ojiee OJHOIO CIucKa Jmreparypbl. HekoTopbie
JOKYMEHTBI, HAIpUMeD, COOPHUKHN TE3MCOB, MOTYT UMETh HECKOJIHKO CIUCKOB JINTE-
paTyphI 110 BCEMY TEKCTY.

IIpeamaraemMbliii aaropuT™M SIBJISETCS KOMIIO3UIIMEH IBYX MOJLY/IEi, KayKIblii m3
KOTOPBIX BbIJIEJISIET CIIMCOK JINTEPATyPbl HE3ABUCUMO. TaK KaK HEKOTOPBIE CIIUCKH
JINTEPATYPBI UMEIOT OIPEJIEJCHHYIO CTPYKTYPY, UX JIErKO U3BJIEYb C HOMOIIBIO Ha-
6opa npasBmwi. JJisi CIMCKOB JIMTEPATypPbl, KOTOPbIE HE MMEIOT YETKON CTPYKTYDHI,
MBI HCIIOJIB3YEM MPU3HAKOBYIO MOJIENb. Pe3yapraroM paboThl aJIrOPUTMa SBJISIETCS
00 beIMHEeHNEe STUX IBYX HOXO/I0B.

Jlns aHasm3a KavecTBa MPOBOJUTCS TECTUPOBAHUE HA BLIOOPKE HAYYIHBIX JIOKY-
MeHTOB. [IpeiozKeHHBII aJropuT™ MOKa3bIBAET BBICOKOE KAYECTBO Ha JIAHHON Te-
CTOBOI1 BBIOODKE.

Pabora Bemosaena npu nogaepxke Poccniickoro doumga dyHmaMEHTATBHBIX HC-
ciepoBanuii (poekt Ne18-07-01441) u Ponua colelcTBIs PAZBUTHIO MAJILIX (GOPM
upenpuATuii B HayaHO-TexHIIecKoi cdepe (mpoekt Ne44116).

[1] Ozaavuyos A. B., Barmees O. 0. ABromarnueckoe u3BjedeHNe METAJAHHBIX U3 Hayd-

uerx PDF-gokymentos // Mndopwm. u eé mpumen., Mocksa, 2018. — C. 75-82.
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Automatic bibliography extraction from scientific papers
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'Moscow, Russia, Antiplagiat Company

2Moscow, Russia, MIPT
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We propose an automatic approach of extraction references from texts of scientific
papers. This method uses only text data from paper. It makes this method more
universal. Also, it uses simple and understandable heuristics, which makes algorithm
more interpretable without affecting the quality of the proposed method.

We make some assumptions about documents considered. Firstly, we assume
that each line of document strongly belongs to one of two classes: text or reference
line. It means, that there is no line in document, which contains non-reference text
and reference item at the same time. This assumption is true for scientific papers.
Secondly, we allow documents to have more than one references blocks of literature.
The most scientific papers, such as articles, diplomas, reports etc., have only one
references section. But some works, for example proceedings, may have multiple
bibliographic sections all around the document.

Proposed model consists of two components, each of which extracts bibliography
independently. Model architecture is built so, because some reference blocks have
determined structure, that can be easily extracted by rule-based methods. For cases
with no certain structure we use feature-based method. The final result is a union
of these components.

This work was supported by RFBR project 18-07-01441 and FASIE project
44116.

[1] Ogaltsov A., Bakhteev O. Automatic metadata extraction from scientific PDF docu-

ments // Inform. Primen., Moscow, 2018. — p. 75-82.
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Terposasosck, TleTpo3aBojCKuii TOCYIAPCTBEHHBIH YHIBEPCATET

Db dexTuBHOE peIlieHne aKTya IbHbIX 33189 aHAJIN3a TEeKCTOBLIX MPOU3BEICHUI,
BKJIIOYasi [TOMCK 3aMMCTBOBAHUII U OIpEJeIeHIe aBTOPCTBA, TPeOyeT COBMEIEHUS
KaK paboThl KCIEPTA-JIUNHIBACTA, TAK U IPUMEHEHHUS PA3IUIHBIX MaTeMaTUIeCKUX
MEeTOJIOB HaJ| 0OJIbIIUME OO0beMaMu JAHHBIX.

B nenrpe BHUMaHUS Haimeil pabOTbI HAXOISITCS JIMHIBOCTATHUCTUYECKHE METO-
JIbI, KOTOPBIe OBLIM IPUMEHEHBI JjIsd aHajn3a myosunuctunaeckux crareit XIX Beka,
a uMeHHO 0K0J10 500 HeaTpubyTUPOBAHHBIX TEKCTOB U3 KypHaJIoB "Bpemsa’ (1861-
1863), "Omoxa” (1864-1865) u exxenenenpuuka "T'paknannn” (1873-1874). UssecrHo,
aro @. M. Hocroesckuit (BMecte co ceonm 6parom M. M. JTocToeBckuM) peslakTu-
POBAJI U BO3IJIABJISII 9T YKYPHAJIBI, II0ITOMY YK€ JIABHO BEIYTCsl UCCJIEIOBAHUS HA
[IpeIMeT MPUHAJIEZKHOCTU €T0 Mepy JTAaHHBIX [TPOM3BEICHMUIA.

PaccmarpuBaerca onmcanne MOmudUIMPOBAHHOIO MIPOTPAMMHOIO KOMILIEKCA
"CMAJIT” muist peam3aninu HHCTPYMEHTAPHUS 38121 aTPUOY I TEKCTOB U MOJLYTh-
HOI CTPYKTYPBI HHMOPMAITMOHHOHN cucTeMbl "POMbKIOP” 71 AaBTOMATU3UPOBAHHOTO
[TIOCTPOEHUsI W aHAJIN3a TEOPETUKO-TPadOBbIX MOJIeIell TEKCTOB.

ObHapy»keHa IepCIIeKTUBHOCTh WCIIOJIb30BAHNUSI METOJIOB ~IepeBO perreHnii’
(Decision Tree) u "nec perennii” (Random Forest) /st 3a1a4m arpulyium TeKCTOB ¢
UCIIOJIB30BAHUEM DsJIa JIMHIBOCTATUCTUIECKUX IIAPAMETPOB (B TOM YHCJIE lIapaMeT-
pos I"Xerco). IIpaeuna B hopme "ecan ..., TO ...” MOTYT GBITH cHOPMYIUPOBAHBI HA
€CTEeCTBEHHOM SI3bIKE W IOHATHBI J1JIsi (DUJIOJIOIOB.

Pa6ora nmognepxkana rpantTom PODI Ne18-012-90026.

[1] Kyaaxos K. A., Pozos A. A., Mockun H. /[. IIporpaMmHasi OJiepKKa B PEIIeHUN 3a-
nagau arpubynun rekcros // Iporpammuas umxenepus, Mocksa: Usnarenscrso "Ho-
Bble Texnosornn’, 2019. — T. 10. Ne 5. — C.234-240. http://www.novtex.ru/prin/
rus/10.17587/prin.10.234-240.html.
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On the question of mathematical and software support in solving
the problem of text attribution

Kulakov Kirill* kulakov@cs.karelia.ru
Rogov Alexander! rogov@petrsu.ru
Moskin Nikolai'x moskin@petrsu.ru

!Petrozavodsk, Petrozavodsk State University

Effective solution of the actual problems of analysis of textual works, including
the search for borrowings and the determination of authorship, requires combining
the work of an expert linguist and the use of various mathematical methods on large
amounts of data.

The focus of our work is on linguostatistical methods that were used to analyze
journalistic articles of the XIX century, namely about 500 unattributed texts from
the magazines " Time” (1861-1863), "Epoch” (1864-1865) and the weekly ” Citizen”
(1873-1874). It is known that F. M. Dostoevsky (together with his brother M. M.
Dostoevsky) edited and headed these magazines, so research has long been conducted
on the subject of belonging to his pen of these works.

The description of the modified software complex "SMALT” for the implemen-
tation of tools for the task of text attribution and the modular structure of the
information system ”Folklore” for the automated construction and analysis of graph-
theoretical models of texts is considered.

The prospects of using ”Decision Tree” and ”"Random Forest” methods for the
task of text attribution using a number linguostatistical parameters (including pa-
rameters G. Kjetsaa) were discovered. Rules in the form of "if ..., that. ..” can be
formulated in natural language and understood by philologists.

This research is funded by RFBR, grant 18-012-90026.

[1] Kulakov K., Rogov A., Moskin N. Software support in solving the problem of text at-
tribution // Software engineering, Moscow: New technologies Publ., 2019. — Vol. 10.
No.5. — p.234-240. http://www.novtex.ru/prin/rus/10.17587/prin.10.234-240.
html.
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PeryﬂﬂpMBOBaHHble My/bTUMOOAJIbHbIE nepapxmndeckne
TemMmaTmndeckume mMmogenun Ansa pa3seo4HHOro nouncka OKYyMeHTOB
no AOKYMEHTaM

SAnuna Anacmacus Oaezoena'x yanina@phystech.edu
Boponuos Koncmarnwmun Bauvecaasosuy vokov@forecsys.ru

'Mocksa, MOCKOBCKHil (PU3HKO-TEXHUIECKIHA HHCTHTYT

PazBenounpiit mouck (exploratory search) — s1o pasmoBumnHOCTH HHMOPMALU-
OHHOT'O IOUCKAa, HAIEJEHHOIO Ha CaM0o00Opa3oBaHue n MpuoOpeTeHne HOBBIX 3HAHMI
[I0JIH30BATEEM. DTO MHOTOIIATOBBII IIPOTIECC, B XO/I€ KOTOPOT'O MOJIH30BATEb [TOCTO-
SIHHO KOPPEKTHUPYET IeJIM U CTPATErnio MOUCKa. MbI paccMaTpuBaeM 3JieMeHTapHBIA
IIar 9TOro MOUCKOBOTO CIIEHAPHsI, B KOTOPOM II€JIb ITOMCKA BBIPAXKAETCS 3alIPOCOM
B BHUJE [UIMHHOTO TEKCTA.

Hamu pazpaboran mpoToTuir pa3Bel0qHOrO MOUCKA HA OCHOBE BEPOSATHOCTHOIO
TEeMATHIEeCKOI0 MOJeINPOBaHusd. TemMarudeckas MOJIEIb TaeT BEKTOPHOE IIPEJICTAB-
JIEHHE JIOKYMEHTA d B BUJIE PA3PEXKEHHOTO JUCKPETHOIO PACIIPEIEJICHIS 110 TeMaM t.
TTonckoBast cucTeMa paHKUpPyeT TeMaTHIecKhe BEeKTOPbI JOKyMeHTOB p(t|d) 1mo ux
CXOJICTBY € T€MATHYECKUM BEKTOPOM 3a1ipoca p(t|q) u npeicraBiiser nojab30BaTelIio
k mokyMmeHTOB, HanbOJee OJIM3KUX TEKCTY 3aIIpoca.

B nmammoit pabore nCmosb3yioTcs UEPaApXUIecKue TeEMATUIECKIe MOJIENN, PEKYP-
CHBHO Da3/IeJIdIoNiyie TeMbl Ha [0/ TeMbl. KaK/Iblit ypOBeHb HepapXuu IIPeJICTaBIIs-
€TCsI ITOCKON TeMaTHIeCKON MOJICNIbIO, KazK /1as TeMa KOTOPOil CBA3BIBAETCSI C OJIHOM
usn (pexke) ¢ HeCKOJIbKUMU TeMaMK POJUTEIHCKOTO YPOBHs. TUC/I0 TeM Ha JOYepHEM
YPOBHE, KaK IIPABUJIO, B HECKOJBKO pa3 OoJIbIle, YeM Ha POauTe bCcKOM. epapxus
TeM MOJIEJIUPYET CTPATErHIO MOWCKA, KOTJIA YeJI0BEK IIOCTENEeHHO (DOKYCHUPYET BHU-
MaHHUe Ha IoATeMaX, oTOpachbiBas 3aBEIOMO HepeJIeBaHTHBIE TeMbI. VlepapxXudecKuii
TEMaTUIECKUI TIONCK CHAYAJA PAHKHUPYET JOKYMEHTBI 110 CXOJICTBY TEMATHIECKUX
BEKTOPOB BEPXHEr0 YPOBHSI, 3aT€M OCTABIINECS JOKYMEHTHI PAHXKUPYIOTCH 110 CXOJI-
CTBY TEeMATHYECKUX BEKTOPOB BTOPOTO YPOBHsI, U TaK JlaJjee.

st mocTpoeHnsi TEMATHIECKAX MOJeJell MCIIOIb30BAJICH TOIXO0J, &JIUNTHBHOMN
perynupuzaruu (ARTM) u 6ubmnuoreka BigARTM ¢ OTKPBITBIM HCXOIHBIM KOJOM.
ARTM makcuMu3upyeT B3BEIIEHHYIO CyMMY JIoTapudMa IPaBIonoI00usT MOIETH 1
HECKOJIbKUX KPUTEPHUEB peryispusaiui. B janHoil paboTe UCIOIb30BAINCH TPH Pe-
rysnspusaropa: (1) Jekoppesisiug pacupeieseHuii TEPMUHOB B TeMax 00eclednBaer
HOIAPHYIO PA3JIMYHOCTD TeM, (2) paspeKuBaHue paclpeleseHuii TeM B JIOKYMEeHTaX
[OBBIIIAET KOHTPACTHOCTH CPABHEHUsI TEMATHYECKUX BEKTOPOB, (3) cruaskupBaHue
pacipe/iejieHuil TEPMUHOB B TEMaX IIPeJIOTBPAIaeT BhIpOXK ieHne TeM. Kpome Toro,
ARTM 103BOJISIET OIHUCHIBATH TEKCTHI, COJIEPIKAIIIE HE TOJBKO CJIOBa, HO U TEPMbI
JPYTUX MOJIAJIbHOCTEH. B tanHoM ucciie/loBaHnn B Ka4eCTBe MOJIAIbLHOCTEN UCIIOThb-
30BAJINCH TEPMUHOJIOTMIECKUE CJIOBOCOUETAHUS, TETU, KATETOPUU M aBTOPHI JTOKY-
MeHTOB. st moadopa Kod(PUITMEHTOB PEryasipu3alind 1 BeCOB MOJAJILHOCTEH MC-
[I0JIb30BAJIACH TOKOOP/INHATHA ONTHUMU3AIIN 110 TPYOBIM JIUCKPETHBIM CETKAM.

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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DKCHEPUMEHTHI [TPOU3BOJIMINCH HA JABYX KOJUIEKIMAX TEXHUIECKUX HOBOCTEIL:
Habr.com na pycckom sizbike u TechCrunch.com na anrimiickom sizbike. JIjist Kaxk-
JION KOJIJIEKIUU MbI cocTaBuin 110 100 3a1pocoB myTeM KOMUPOBaHUS a03aIeB TEKCTA
U3 BHEITHUX UCTOYHUKOB — stackoverflow.com, ixbt.com, u gpyrux I'T-6/10r0B.

s u3MepeHns: KadecTBa pa3BeJOYHOTO IMOUCKA HCIOJIB30BAIACh JBYXITAITHAS
MEeTOMKA OIEHUBAHUS C IOMOIILIO aceccopoB. Ha mepBom sTare aceccopy mperara-
JIOCh HAUTH B 33/[AHHON KOJIIEKIINH KaK MOYKHO OOJIbIIE JIOKYMEHTOB, PEJIEBAHTHBIX
sampocy. [Ipu 3T0M emy paspernaioch MoJIb30BaThCsl JIFOOBIMU JIOCTYITHBIMU UHCTPY-
MeHTaMu Toucka. Ha BTOpom 3Tare aceccop pasmedaJl MOUCKOBYIO BBLIATY, IOJIY-
YEeHHYIO CHCTEMOW TEeMaTHIeCKOrO IMOWCKA IO TOMY 2Ke 3arpocy. Kaxkiblit 3ampoc
00pabaThIBAJICS TPEMS ACeCCOPAMU [IJIsi YMEHbBIIeHUus JUCIepCun pesysbrara. s
KasKJI0r0 3aI1poca M3MEPSIINCh CTAHIAPTHBIE METPUKHI KadecTBa nmoucka Precision@k
u Recall@Qk.

PesysbraTbl TeMaTm4eckoro MOWCKa C IJIOCKOW ¥ HEepPapXUIeCcKOl MOJIeJIbO
ARTM cpaBHUBAJINCH KaK C pe3yJIbTaTAMU aCeCCOPOB, TAK U C PE3YJIbTATAMU JIPYTUX
MOJieJielt BEKTOPHOTO Tmoucka. st cpaBHeHMs ObLIN B3ATHI MPOCTHIE TEMATHIECKIE
mogesn PLSA u LDA, Bexkropubie npejcrasienusi Tekcra fastText u Glove, Tpu
HeiipocereBbie Momenn — ceéprounas CNN u pexkyppenrsie MaLSTM, TreeLSTM.
PesyibraThl cpaBHEHUsI [IPeJICTABIEHBI Ha PUCYHKE.

ToYHOCTh MEpapXWYIECKOTO TEeMATUIECKOrO IIOMCKA OKa3ajach Ha 7% BBIIIe,
a mosHoTa Ha 10% BbIIE 1O CpaBHEHMIO ¢ aceccopaMu. 11IocKast TeMaTHIecKas MO-
JIETh TOKA3BIBAET JIUIIH COTIOCTABUMYIO TOYHOCTH W +5% TOTHOTHI 110 CPABHEHUIO
¢ aceccopamu. iz 26 3ampocos u3 100 g komneknun Habr u 29 3ampocos us
100 gyt TechCrunch temarndeckuil mowck OOHAPYKUJ JOKYMEHTBI, KOTOPbIE Obl-
JIM TIPOITYIeHbI BceMu aceccopamu. 1lpu arom aceccopsl Tparuiu ot 15 10 65 MuHyT
HA BBIMOJTHEHIE HEYETKO OCTABIEHHOIO TBOPYECKOIO IIOUCKOBOIO 38 IaHUsI, B TO Bpe-
Ml KaK TeMaTUIeCKUil MOUCK CIIPABJIAICS ¢ HAM 0Ojiee KA9eCTBEHHO M MIPAKTUIECKH
MTHOBEHHO.

Habrahabr Habrahabr
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s hNARTM MaLSTM ==« CNN === fastText ««--- BM-25 - LDA
. ARTM treeLSTM == = assessors ——=- GloVe —-- TF-IDF ——- PLSA

OKCIIEPUMEHTHI C MOOYEPEIHBIM OTK/IIOYCHIHEM MONAJIBHOCTEH U PEryJisipu3aTo-
POB TIOKa3aJIi, YTO BCE OHU BayKHBI JIjIs TIOBLINNIEHNs] KAYeCTBa MTONCKa, 38 NCKJII0Ye-
HIEeM MOJIAJbHOCTH aBTOPOB. [IpocThle u MMUPOKO N3BECTHLIE TEMATHICCKUE MOJIE/IN
PLSA u LDA He BbI/iepKUBaOT KOHKYPEHIIUU HU C PEryJIIpU30BAHHBIMUA MYJIBTUMO-
JAJIBHBIMEA UE€PAPXUICCKUMU MOJICJISIMU, HI ¢ COBPEMEHHBIMU HEHPOCETEBBIMU MO/IE-
JIIMU BEKTOPHBIX ITPEJICTABICHUN TEKCTA.

IIpu mombope umcia TeM B TPEXYPOBHEBBIX MEPAPXMICCKUX MOJIEIAX OMTUMAIb-
HOEe YHC/I0 TeM Ha HUXKHEM yPOBHE OKA3aJ0Ch B HECKOJLKO pa3 BbIIIE, UeM TIpH
ncrob3oBanny mrockux mogesteit: 1400 tem mporus 200 ma Habr u 2800 tem mpo-
tuB 475 na TechCrunch. 910 MOKHO 0OBICHUTL TEM, YTO HOCTEIEHHOE APODJICHIE
TeM Ha TOJTEMBbI IPUBOIUT K 00Jiee aKKypaTHON MEJIKO IPAHYJIMPOBAHHONW MOIE/TH
TeM, W, KaK CJIeJCTBUAE, K YIYUIIEHUIO Ka4eCTBa TTONCKA.

Pabora nmogaepxana rpaarom PODOU Ne17-07-01536.

[1] Ianina A., Vorontsov K. Regularized multimodal hierarchical topic model for document-

by-document exploratory search // The 25th Conference of Open Innovations
Association FRUCT. 2019.
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Regularized Multimodal Hierarchical Topic Model for
Document-by-Document Exploratory Search

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

"Moscow, Moscow Institute of Physics and Technology

In the exploratory search paradigm of information retrieval, the user has a com-
plicated search demand that can not be formulated in a short query. The key
distinguishing mark of the exploratory search is the absence of the exact query and
the unique result. The user collects thematically relevant information iteratively in
a “query—browse-refine” process being motivated by learning, understanding, and
knowledge acquisition purposes. We consider an elementary step of this scenario in
which the search intent can be expressed by a long text query.

For this case, we develop an exploratory search engine based on probabilistic
topic modeling. Topic model gives a low-dimensional sparse interpretable vector
representation (topical embedding) of a text. The search engine uses these embed-
dings for ranking documents by their similarity to the query.

Thus, we aim to change the iterative nature of exploratory search and make it
a quick one-step procedure. To do this, we use the document-by-document topic-
based search. Having a long text query ¢ the system learns its topic vector p(t|q) in
the same way as it was done for the documents in the collection. Next, the system
ranks document vectors p(t|d) by their similarity to the query and presents top k
results to the user.

In this work we are focused on hierarchical topic models with their ability to
gradually narrow the scope of the search. A hierarchical topic model divides topics
into subtopics recursively. Each level of the hierarchy is represented by a flat topic
model. Topical hierarchy emulates a natural human strategy to focus on subtopics
gradually discarding unnecessary information. Iterative level-by-level search simu-
lates exploratory search nature with its step-by-step query rephrasing in order to
clarify search intent.

We use a top-down level-by-level strategy within the ARTM (Additive Regular-
ization for Topic Modeling) framework. In ARTM a topic model is learned from the
collection by maximizing a weighted sum of the log-likelihood and additive regular-
ization criteria. In our experiments we use the combination of three regularizers:
(1) decorrelation of term distributions in topics, (2) sparsing topic distributions in
documents, and (3) smoothing term distributions in topics. All the topic models
were built using open-source library BigARTM, which allows to optimize several
quality criteria simultaneously and find low-dimensional topic representations.

For exploratory search evaluation, we use the evaluation technique based on
two-stage human assessments of relevance. First, assessor is asked to find within
a given collection as many documents relevant to the query as possible. Assessor
may use any search tools available. Second, assessor marks each document retrieved

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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by the topic-based search for the same query as relevant or irrelevant. Each query
is processed by three assessors to reduce the variance of the result. For each query
we measure two quality metrics: Precision@k and RecallQk.

We applied the described evaluation method to two tech news collections:
Habr.com (in Russian) and TechCrunch.com (in English). For each collection we
composed 100 queries by copying text fragments taken from external sources such
as stackoverflow.com, ixbt.com, and other IT-oriented blogs. Next we compared
precision and recall of the search performed by the assessors with the topic-based
search for the best of our models (hierarchical ARTM with 3 levels). On average,
precision for hierarchical topic-based search is 7% higher while recall is 10% higher
than the same metric for manual human search. The same comparison between flat
topic models and assessors’ search shows just comparable precision and 5% higher
recall.

For 26 queries out of 100 for Habr and for 29 queries out of 100 for TechCrunch
our search engine found documents that were missed out by all human annotators.
Moreover, it took assessors from 15 to 65 minutes to process a single query while
topic-based search gives answer in less than 1 sec. Thus, topic-based exploratory
search obtains higher precision and recall and performs significantly faster than
humans.

To prove the competitiveness of topic-based search we have compared it with sev-
eral baselines: other topic models (PLSA, LDA), TF-IDF, BM-25, fastText, Glove,
CNN-based approaches, LSTM. All the results for ARTM-based models (both hier-
archical and flat) and baselines are shown in the figure.
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To find the best hierarchical model we compared two- and three-level models
with different number of topics on each level. In the issue, our grid search covered
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75 combinations of parameters. The experiment showed that increasing the number
of levels in the hierarchy improves the search quality. Interestingly, the optimal
number of topics at the lower level of the hierarchy can be much bigger than the
number of topics in the flat model: 1400 vs. 200 topic on Habr, and 2800 vs. 475
topic on TechCrunch. This means that the hierarchy allows to produce a larger
model with more fine-grained topics.

Tuning the entire set of model hyperparameters, such as the number of lev-
els, the number of topics per level, regularization coefficients, and the set of meta-
information modalities gives the topic model highly competitive in the exploratory
search task.

This research is funded by RFBR, grant 17-07-01536.

[1] Ianina A., Vorontsov K. Regularized multimodal hierarchical topic model for

document-by-document exploratory search // The 25th Conference of Open Innova-
tions Association FRUCT. 2019.
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KBaHTUNbHbIA NOAX04 K OLEHUBaHUIO KOFHUTUBHOM CNOXXHOCTHU
TekcTa

Epemees Maxcum Aanexceesur'x maks5507@yandex.ru
Boponuos Koncmanmun Bauecaasosur'? voron@forecsys.ru

'MockoBckuit rocynapersennsiii yausepcurer uM. M. B. Jlomonocosa 2MockoBckmit
dusuko-rexunueckuii uacruryr (I'Y)

WNunexcs! y10009nTaeMOCTH I KOTHUTUBHON CJI0?KHOCTH TEKCTA, NCIIOJIB3YIOTCS
JIJIsI CDABHEHUsI YIeOHBIX TEKCTOB, BEO-CAIITOB, JIEJIOBBIX U PEKJIAMHBIX MaTepPHAaJIOB.
IIpejcrasiisiercst mepCIeKTUBHBIM UX [IPUMEHEHNE TaKyKe B CUCTeMaX Pa3Be0YHOrO
nH(MOPMAIMOHHOTO ITOUCKA U TEKCTOBBIX PEKOMEHIATEIbHBIX CUCTEMAaX JIJIsi PAHKU-
POBaHUS MTOUCKOBOI BBIJIAYU B MOPSIJIKE «OT MPOCTOTO K CJIOXKHOMY», «OT MOITYJIsIP-
HOTO, YyIeOHOTO W 0D30PHOTO K CIENUAJIU3UPOBAHHOMY M Y3KO TPOdeCCHOHATBHO-
My». Takoil HIPUHIAIT PAHKUPOBAHNS MOYKET OBIThH UCIIOJIB30BAH B 00PA30BaTEIHHBIX
wrar¢opMax U MOMCKOBO-PEKOMEHIATE/IbHBIX CUCTEMAX, HalleJIleHHbIX Ha aBTOMATHU-
3aIMIO [TPOTECcCa N3yUYeHNsT HOBBIX IPEIMETHBIX 00/1acTel MOIb30BATEIEM.

W3BecTHbIe WHIEKCHI yIO0O0IUTAEMOCTH HCIIOIB3YIOT MPOCTHIE KOJIUIEeCTBEHHBIE
[IPpU3HAKYN TEKCTA, TaKWe, KAK CPEeIHss JJIIMHA CJIOB, JOJIA JJIMHHBIX CJIOB, CPEIHSS
JUIMHA, TIPEJIOKEHN, CPeTHAdA JJINHA [OTYUHEHHBIX U COYMHEHHBIX KJay3, U T. .
Pezke ncriosb3yroTest IUCKyPCUBHBIE TPU3HAKK: KOJIMYECTBO aHA(DOPUIECKUX CBsI3eil,
CJIOKHOCTb PUTOPUYECKON CTPYKTYPHI, U T. 1.

OTU METOIBI UMEIOT JIBa OCHOBHBIX HEJIOCTATKA.

Bo-niepBbIx, OHE HE YyIUTHIBAIOT OTHOCUTEIBHYIO IPUPO/LY CAMOTO TOHATUS CJIOXK-
noctu. OTeHKa CJIOKHOCTH TEKCTa JIOJIZKHA 3aBUCETh OT TOr0, KAKUE TEKCTHI Mbl CO-
IJIACHBI CYUTATh IIPOCTBIME, U JIJIsI KAKOH YMTATE/IbCKON ayIuTOpUN, BKJIOUast (hak-
TOPBI SI3BIKOBOI'O OITBITA, BO3pacTa, 00pa30BaHus, IPOMECCHUH.

Bo-BTOpBIX, OHU HE MMO3BOJISAIOT YIUTHIBATH OJHOBPEMEHHO U €INHOODPAa3HO BCe
YPOBHU #3bIKA: (DOHETHIECKUIl, MOPMOJIOITIECKAN, CHHTAKCHICCKHI, TUCKYDPCUB-
HBI.

Mp1 npejtaraeM KBaHTHJIBHBIH 1TO/IXO/] K OIIEHUBAHUIO KOIHUTUBHON CJIO2KHOCTH
TeKCTa, CBOOOIHBIN OT yKa3aHHBIX HEJIOCTATKOB.

Bo-11epBbIX, CII0KHOCTD ONPEIEISieTCss OTHOCUTEIFHO PEICTABUTEILHOTO pede-
PEHTHOIO KOPILyCa TEKCTOB, KOTOPBIE CUUTAIOTCS ITPOCTHIMU i BHIODAHHON duTa-
TeJIbCKOI aynuropun. B 3aBucmMocTu oT 1eseil ncciaenoBanus pedepeHTHBIM KOpP-
IyCOM MOYKET OBIThH 3/IEKTPOHHAsT OMOIMOTEKA XYI0KECTBEHHON InTepaTyphbl, Buku-
I1e/iusi, KOPITyC y4eOHOM JinTepaTyphl 110 3aJJaHHON CHEeIUaJIbHOCTH, TeMa WJIM 01
MHOXKECTBO Te€M U3 TeMaTUIeCKOU MOJIEIN MYJIbTHIUCIUILINHAPHON TEKCTOBON KOJI-
JIEKIIUN.

Bo-Bropbix, /1st KaXKI0r0 YyPOBHS S3BIKA OIPE/IEISIeTCS CBOH a(aBUT TOKEHOB:
71 POHETUIeCKOr0 — (DOHEMBI WU OYKBBI; I MOP(OJIOTHIECKOTO — MOPMhEMBI
nJjI CJIOTHU; JIJjId JIEKCUYIECKOI'0 — CJIOBa UJIM TEPMUWHBI; JIJId CUHTaAKCUYIE€CKOI'O — THUIIBL

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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U JJINHBI CHHTAKCUIECKUX CBA3€H; /JIsi TUCKYPCUBHOIO — THIIBL U JJINHBI PUTOPUIE-
CKUX CTPYKTYD WJIN IIPeJIOKEHNN.

IIpemraraemast MaTemaTudeckas popMajI3aliusi IOHITAsI CJIOXKHOCTH OCHOBaHA
Ha CJIeJIYIOIMUX IPEJICTABICHUSX Helipodu3nojgorun u ncuxodusunoiornu. Bocapu-
ATHEe TEeKCTa WM PEYU IMPOXOIUT YePe3 HECKOJIBKO STAIOB JIEKOIAMPOBAHUS, PU-
OIM3UTETFHO COOTBETCTBYIONIMX YPOBHAM $I3bIKA. Ha KayKIOM ITalle IIPOUCXOIUT
pacrio3HaBaHUe U aHaJM3 TOKEHOB COOTBETCTBYIOIIEro ypoBHs. IIporeccer jgexomu-
POBAHMUSI IPOUCXOJST B PA3JIUIHBIX 30HAX HEPBHOI CHUCTEMBI, OT 3PUTEJILHOIO U CJIy-
XOBOT'O aHAJIM3ATOPOB JI0 KOPBI TOJIOBHOIO Mo3ra. KaxKias 30Ha ClieruaaIn3npoBaHa
Ha JIEKOJMPOBAHUH OIIPEIEIEHHOIO KOA. 3aBEPIINB JIEKOIUPOBAHNE, 30HA [T€PEXO0-
JIUT B cOCTOsHME pPedPaKTEPHOCTH W HEKOTOPOE BpeMs BOCCTaHaB/mMBaercs. Haxo-
JIACHh B COCTOSHUE PedpPaKTEePHOCTH, 30HA HE CIIOCOOHA IEKOMUPOBATL TOT K€ KOJI.
Ecsiz on cHoBa BCTpeTHUTCS BO BXOJHOM CHUIHAJIE, TO JJIA JIEKOIUPOBAHUs OyIeT 3a-
JleficTBOoBaHa Jpyras 30Ha. llepepacipejesienne pecypca MOXKET MPUBOJIUTH K CHU-
2KeHn1o 3DMOEKTUBHOCTH aHAIN3a CUTHAJA HA TOCJIE/LYIOIINX TAAX, PEAJIU3YIONIX
6oJtee CJIOKHBIE U IBOJIIOIIMOHHO 00JIee MOJIObIe (PYHKIINN COZHAHUSA U MBIIIICHUS.
Ecsin gacrora Ko/ja B TEKCTe CYLIECTBEHHO IIPEBBINAET KOMMOPTHYIO (IBOJIOIMOH-
HO 00YCJIOBJIEHHYT0) YaCTOTY, TO MO3T DeIUIINEeHTa He yCIleBaeT o0pabaThiBaTh ero
B OOBIYHOM pEXKUME ¥ UCIBITBIBAET JOMOJHUTEIbHYIO HAPY3KY.

Takum 06pa30M, TEKCT SIBJISIETCSI CJIOKHBIM JIJIsi BOCIIPUSITHUSI, HATPYKEHHBIM, €C-
JIN OH COIEP:KUAT AHOMAJbHO MHOTO PEJIKHX TOKEHOB — HE3HAKOMBIX, HEIIOHSITHBIX
WU HENPUBBIYHBIX JIJIsI PEIUIUEHTa. DTO WHTYUTHBHOE OIpEJeSIeHUe CJIOKHOCTH
JIOIIYCKAET €CTECTBEHHYIO CTATHUCTHYECKYIO (POPMAJIUSAIIIIO.

Wmest npejicraBiierne pehepeHTHOTO KOPILyCa TEKCTOB B 33 IaHHOM aJI(DABUTE, MbI
BBIUUC/ISIEM SMIIMPUIECKUAE PACIIPEE/IeHUsI 9acTOT JIJIsi KaXKJ0ro TOKeHa 10 pede-
peHTHOMY KOpIrycy. Temnepb fomycTuM, 9TO TPeOyeTCsi ONEHUTH CJIOYXKHOCTH HEKOTO-
pPOTo TeKCTa, He 00s3aTeIbHO 13 PePePEHTHOTO KOPITyca. TOKEH CINTAETCS CJIOZKHBIM
B JIAHHOM TEKCTE, €CJIM OH BCTPEYAETCS B HEM aHOMAJIHLHO YacTO 110 CPABHEHUIO C Pe-
depeHTHBIM KOPITYCOM. AHOMAJILHO BBICOKAsI YaCTOTA TOKEHA OIPEJIE/IsieTCs depes
KBaHTWIb SMIIUPUIECKOIO PACIIPEJIESIEHUsI €r0 JacTOThl. JI0JIsT CJIOXKHBIX TOKEHOB
(B mpoleHTax) B JAHHOM TEKCTE IPUHUMAETCH 38 OLEHKY €ro CJIOKHOCTU HA 3a/IaH-
HOM YPOBHE S3bIKa OTHOCHUTEJIHHO 33]AHHOIO pedepPeHTHOro KOpIryca. Takmm obpa-
30M, HA BCEX YPOBHSAX $I3bIKA HCIIOJB3YeTCsl €IMHBIN KBAHTHIHHBIN IIOIXO0JI, U BCE
OTIEHKH CJIOXKHOCTH U3MEPSIOTCs B MIPOIEHTAX OT JJIMHBI TEKCTa. DTO 0DJIErIaeT 1M0-
CTpOeHIe arperupoBaHHbBIX OIEHOK CJIOXKHOCTU II0 BCEM YPOBHSIM.

st SMIMPUIECKOrO CPpaBHEHUsI PA3JIMYHBIX OIEHOK KOTHUTHBHONM CJIOYKHOCTH
TEKCTa MBI MOATOTOBUIN HAOOP map crareil Bukuneanu u pazMernin ero Ha Kpay-
copcunropoit miardopme Anekc. Tosoka. CHavasia OblIa MOCTPOEHA TEMATHICCKAST
MOJ1eJsib Bukuieun, ¢ moMoInbio KOTopoii Mbl orobpasu 10 Thicsad nap crareii cxoxkei
TEMATUKA U JUIMHBL (IpUMep moaxofsiei mapsl — crarbu «Ceunery u «OuoBo» ).
SareM 3TU Mapbl CTATEN IIPEbsIBIISLINCH aCeCCOPaM, KOTOPBIX IMPOCUJIN [TOCTABUTH
OJIHY W3 YeTBIPEX OTMETOK: «II€PBasi CTAThsI IIPOIIE BTOPOW», «IepBasi CTaTbs CJIOXK-
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Hee BTOPOit», «CTAThU IMPUMEPHO OJUHAKOBBI 110 CJIOKHOCTU», «CTATHU HEBO3MOXKHO
CPaBHUTD, TAK KaK OHU OTHOCATCS K PA3HBIM TeMaMs. [locsre oTOpachiBanns Hecpas-
HUMBIX TP OCTAJIOCH 8 THICAY AP CTaTei.

KBaHTUIbHBIE OIEHKU CJIOKHOCTH BBIYUC/ISIIUCH 10 peDepPEeHTHOMY KOPILYCY W3
1,5 MULIHOHOB PyCCKOA3BIYHBIX cTaTeil Bukunequu. B cepun sxcrnepumeHTOB 11pe/I-
JIO?KEHHBIE OIEHKU CJIOXKHOCTU COBIAJAMN ¢ aceccopckumu Ha 81-84% map, Torma
KaK U3BeCTHbIE nHeKchl yaobountaemoct ARI u @urema—Kunkeiiga gaBajm JIMIIb
ot 41% no 58% cosnaenuii.

Pabora nomaep:kana rparrom PODOU Ne17-07-01536.

[1] M.Eremeev, K.Vorontsov. Semantic-Based Text Complexity Measure. Recent Advances
inNatural Language Processing, RANLP-2019.
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Quantile-base approach to measuring cognitive complexity of text

Maksim Eremeev'x maks5507@yandex.ru
Konstantin Vorontsov'? vokov@forecsys.ru
'Moscow State University

2Moscow Institute of Physics and Technology

The indexes of readability or cognitive complexity of the text are used to compare
educational texts, websites, business and promotional materials. It seems promis-
ing to use them also in information retrieval and text recommendation systems for
ranking search results in the order “from simple to complex”, “from popular, educa-
tional, and surveys to highly specialized”. This principle of ranking can be used in
educational platforms, personalized exploratory search and recommendation systems
aimed at automating the process of studying new subject areas by the user.

The well-known readability indices use simple quantitative features of the text,
such as the average word length, the frequency of long words, the average sentence
length, the average length of subordinates or composed clauses, etc. Discursive fea-
tures are less commonly used: the number of anaphoric connections, the complexity
of the rhetorical structure, etc.

All these estimations have two main disadvantages.

Firstly, they do not take into account the relative nature of the complexity con-
cept itself. The complexity of the text should depend on which texts can be con-
sidered as simple, and for which readership, including language experience, age,
education, and profession factors.

Secondly, they do not unify all levels of the language: phonetic, morphological,
syntactic, and discursive.

We propose a quantile-based approach to the cognitive complexity of a text, free
of these shortcomings.

Firstly, the complexity is determined with respect to a representative reference
corpus of texts that we consider as simple for the implied readership. Depending
on the objectives of the study, the reference corpus can be an electronic library of
fiction, Wikipedia, educational literature for a given specialty, a topic or a subset of
topics from the topic model of a multidisciplinary text collection.

Secondly, for each level of the language, its own alphabet of tokens is determined.
These are: phonemes or letters for the phonetic level; morphemes or syllables for the
morphological one; words or terms for the lexical one; types and lengths of syntactic
links, rhetorical structures, or sentences for the discursive level.

Our mathematical formalism is based on the following ideas from neurophysiology
and psychophysiology. The perception of text or speech goes through several stages
of decoding, approximately corresponding to the levels of the language. At each
stage, the tokens of the corresponding level are recognized and analyzed. Decoding
processe takes place in various areas of the nervous system, from the visual and
auditory analyzers to the cerebral cortex. Each zone is specialized in decoding a

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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specific code. Having completed the decoding, the zone goes into a refractoriness
state and is restored for some time. In a refractory state, the zone is not able to
decode the same code. If it occurs again in the input sequence, then another zone
will be used for decoding. If the frequency of the code in the text significantly
exceeds the comfortable (evolutionarily determined) frequency, then the recipient’s
brain is subjected to additional stress being unable to process it in the usual mode.

Thus, the text is complicated if it contains abnormally many rare tokens, which
are unfamiliar, incomprehensible or unusual for the recipient. This intuitive defini-
tion of complexity allows for a natural statistical formalization.

Having a representation of the reference corpus of texts in a given alphabet,
we calculate the empirical frequency distribution for each token over the reference
corpus. Let us have to measure the complexity of a text, not necessarily from the
reference corpus. A token is considered complex in the text if it appears abnormally
often in the text, if compared to the reference corpus. The abnormally high frequency
of the token is determined through the quantile of the empirical distribution of its
frequency. We take the percentage of complex tokens in the text as a complexity
measure of this text at a given language level with respect to a given reference
corpus. Thus, we use a unified quantile-based approach at all levels of the language,
and all level-wise complexities are measured as a percentage of the text length. This
makes it easy to build aggregate complexity measures for all levels.

For the empirical comparison of complexity measures of the text, we prepared a
set of pairs of Wikipedia articles and marked it up on the crowdsourcing platform
Yandex.Toloka. First, we built a topic model of Wikipedia, from which we selected
10 thousand pairs of articles of similar topic distributions and lengths (an example of
a suitable pair is the articles “Lead” and “Tin”). Then annotators labeled these pairs
by four marks: “the first article is simpler than the second one”, “the second article is
simpler than the first one”, “the articles are approximately the same in complexity”,
“the articles cannot be compared because they relate to different topics”. After
discarding incomparable pairs, 8 thousand of pairs of articles remained.

Complexity measures were calculated from the reference corpus of 1.5 million
Russian-language Wikipedia articles. In a series of experiments, our complexity
measures were agreed with assessors in 81-84% pairs, whereas the well-known read-
ability indices ARI and Flash-Kincaid yielded only from 41% to 58% matches.

The research is funded by RFBR, grant 17-07-01536.

[1] M.Eremeev, K.Vorontsov. Semantic-Based Text Complexity Measure. Recent Ad-
vances inNatural Language Processing, RANLP-2019.
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KorHntusHsblie 06pa3b| AN BU3yasibHOro aHazam3a COCTOSIHUW
C/IOXKHbIX 00bekToB NMPUMEHUTENIbHO K KOCMMUYECKOom oTpacan

Emeavanosa FOausa Tennaduesna'« yuliya.emelyanowa2015@yandex.ru
Xauymos Bauecaas Muzatirosuw' vmh48@mail .ru

Hlepecnasnb-Bamecekuit, UIIC nm. A K. Ainamasana PAH

Pabora nampasiiena Ha MOAAEPKKY MPUHSITUAS PEIIEHUI OMEPATOPOB HA3EMHBIX
CTAHINI, OCYIECTBIIAIONINX KOHTPOJIb U JUATHOCTUKY ITOJICUCTEM KOCMUYECKUX all-
naparoB. Permaercs 3aja4a aBTOMATHYIECKOTO IIOCTPOEHUS IIBETOSIPKOCTHBIX KOI'HU-
TUBHBIX I'PadUIecKux 00pa30B, CIIOCOOCTBYIOIIMX OIEPATHBHOMY TOHUMAHUIO CJIO-
JKUBIIECsT cuTyanuu. BriepBbie j1aHa KOMILIEKCHAs (pOpMaJibHasl OIEHKa KadecTBa,
00pa30B, MpeHA3HAYCHHBIX [JIsi HAOJIIOIEHUS 3a COCTOSTHUEM CJIOXKHON JTMHAMUIe-
CKOIl CHCTEMBI PEAJIbHOTO BPEMEHH.

Pazpaboran momxos K MOCTPOEHMIO KOTHUTHBHBIX OOPA30B I OTOOPAXKEHUs
" pacClio3HaBaHUA PaJMOTEXHUICCKUX CHUTI'HAJIOB. Hpe;:maraeTCS{ HNCIIOJIB30BAaTh WH-
TerpaJibHbIl KOHTYPHBIA METOJ, JOIIOJHCHHDLII MOHOXPOMHON M IIBETOBON KOMIIO-
HEHTAMU.

Paspaboran meTos KOrHUTHBHON BU3yAJM3aIUU COCTOSHUI JATINKOB OPUEHTA~
mun B yciaosusx nomex. lloBenenme mpemyoxkennoro 3D-o6paza, MOAKIIOUEHHOTO
KO BCEM JaT4YMKaM OPHUEHTAINH, II03BOJISIET CYJIUTh O HAJUYUU cOOEB B MX IIOKa-
3aHUAX.

Paspaboranbl yHUBEpCcaabHBIE HepapxXuvecKue rpadudeckue 00pa3bl HA OCHOBE
[UKJIONT, 0DECIIEINBAIOIINE [IPEICTABICHUE JIMHAMUYIECKON CUTYaIllid B COCTOSTHU-
X CJIOKHBIX MHOTOMapaMeTpudeckux o0bekToB. ObecriednBaeTcsi OJHOBPEMEHHOE
oTOOpaskeHne HECKOJIbKUX COCTOAHUI IIapaMeTPOB U 00bEKTOB KOHTPOJIUPYEMOil CH-
CTEMBI.

TlocTpoenbl HOBBIE JBYXYypPOBHEBbIE KOIHUTHUBHBIE 00Pa3bl B COCTaBE MHTEJIJIEK-
TYaJIbHBIX HHTEP(ECOB HA3EMHBIX CTAHIUI, CYIIECTBEHHO MOBBIIIAKIINE CKOPOCTh
UHTEPIIPETAINN JAHHBIX TeJeMEeTPUHU, AHTEHHBIX CHCTEM U JIATINKOB YKU3Heobecre-
gerns. [losydennbie pesynbrarer Baegapensl B AO PKC u HUU KC um. A.A. Mak-
CHUMOBA.

Pabora nojeprxkana rpaaramu PODI Ne 18-37-00037-mo51 _a u Ne 18-07-00014-a.

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16psi 2019 1.
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Cognitive images for visual analysis of the complex objects states
in relation to the space industry

Emelyanova Yulia'x yuliya.emelyanowa2015@yandex.ru
Khachumov Vyacheslav' vmh48@mail.ru
!Pereslavl-Zalessky, Ailamazyan Program Systems Institute of RAS

The work is aimed at supporting the decision-making of earth-based station oper-
ators who monitor and diagnose spacecraft subsystems. The problem of automatic
construction of colour-luminance cognitive-graphical images, which contribute to
operational understanding of the current situation, is solved. For the first time, a
complex formal estimation of the images quality designed to monitor the complex
dynamic real-time system state has been given.

An approach to the cognitive images construction for the display and recognition
of radiotechnical signals has been developed. It is proposed to use an integral contour
method supplemented by monochrome and color components.

A cognitive visualization method of orientation sensor states under interference
conditions has been developed. The behavior of the proposed 3D image, connected
to all orientation sensors, allows you to judge whether there are failures in their
readings.

Universal cycloid-based hierarchical images have been developed to represent
the dynamic situation in the complex multi-variable objects states. Simultaneous
display of parameters and objects several states of the monitored system is provided.

New two-level cognitive images have been constructed as part of the intelligent in-
terfaces of earth-based stations, which significantly increase the interpretation speed
of telemetry data, antenna systems and life support sensors. The obtained results
were implemented in JSC RSS and A.A. Maksimov Space Systems Research Insti-
tute.

The work was performed with financial support of RFFP project No. 18-37-
00037-mol_a and No. 18-07-00014-a.
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O6Hapy>xeHne aHOMasbHbIX sIBNeHWii B paboTe cny>bObl 3aka3a
Takcu Ha Da3e MHTeNNeKTyanbHOro aHanM3a AaHHbIX

Andpusros Hurxuma Andpeesun'*x nikita-and-nov@mail.ru
1yJ'II>HHOBCK, VAbAHOBCKMIT TOCYAAPCTBEHHBIN TEXHUIECKNN YHUBEPCUTET

2y.TII>HHOBCK, VAbAHOBCKMI MHCTUTYT IParkJAHCKOI aBHanuu nuMenn [y1aBHOTO mapimasa
asuanyu B.I1. Byraesa

Pabora mocssarmena 3agate 0OHApYKeHNsT aHOMAaJIN Ha (POHE JAHHBIX CJIyKOBI
3aKa3a Takcu. Takue JaHHBbIE OIMCHIBAIOTCS MOJIEISIMU CIyJailHbIX 1poreccos. [lo-
Ka3aHO, YTO aJIEKBATHOIO IPEJICTABICHUS JIAHHBIX TAKCH MOXKHO JIOOUTHCS C I10-
MOIIBIO ABTOPEIPECCHOHHBIX JIBAXK/IbI CTOXACTHIECKUX Mojieseit. Kpome Toro, orm-
CaHMe C TPOTHO3WPOBAHMEM Ha, JJIUTEJIbHYIO MEPCIEKTUBY MOXKET OBITH IOJIYIEHO
[IPU [epexofie K CAYyIallHbIM MMOJIAM. TAaKO#l MOIXO0 MO3BOJISET BBICTPOUTH FETKYIO
OPraHm3aIiio JIAHHBIX O paboTe CIyKObI 3aKa3a Takcu. /IBarKJIbl CTOXACTUIECKUE
MO/IeJIN II0O3BOJIAIOT MOﬂH(I)HHHpOBaTb " IIPpUMEHHUTDH aJI'OPUTMBbI O6Hapy)KeHI/IH Je-
TEPMUHUPOBAHHBIX AHOMAJIHI K JIAHHBIM, OIHMCHIBAEMBIM C ITIOMOIIBIO TAKO MOJIe-
sim. B pabore cirykObl 3aKka3a TAaKCH TAKIME aHOMAJHUSMUA MOI'YT OBITH COBEPIIIEHHO
HEIPEeBUAJIEHHBIE CITabl 3aKa30B. Hile aHOMaJibHbIe 3HAYEHUs] MOYKET IMPUHUMATD
CTOMMOCTH IOE3/I0K B TOM CJIydae, KOIJa OHA KaK/bIH Pa3 MepPecaduThIBACTCS aAB-
TOMATUYIECKH CIIEIUAJININPOBAHHON IPOrPaMMOil C yYeTOM MHOXKeCTBa (hbaKTOPOB.
BorsiBsienne 1o00HOTO poJia AHOMAJIMH B PEXKUME PEAJIbHOTO BPEMEHU IT03BOJIUT
CBOEBPEMEHHO KOPPEKTUPOBATHL padoTy CirykKObl 3aKaza Takcu. CiieJlyeT OTMETHTD,
9TO MOTYT OBITH TAKKE IMIPUMEHEHBI AJITOPUTMbI IIPOIHO3UPOBAHUST BEPOSATHOTO IUC-
Jla 3aKa30B B KOHKPETHBIH IIeproJ1 BpeMenn. KadecTBennoe perenne 3a/1a9u MporHo-
3UPOBAHUS O3BOJIUT PACCIUTATH HEOOXOIMMOE UHCJIO OIIEPATOPOB IIPUEMa BHI30BOB
caryk6bl 3aKa3a TAKCH W/NJIM YUCJIO BOJUTENEl, 06ecliednBaionx IepeBo3Ky. Ta-
KM 00pa30M, BBLIIOJHEHBI HCCICJIOBAHNS 110 HHTEICKTYAJbHOMY aHAJN3Y JAHHBIX
paboThl caryKOBI 3aKa3a Takcu [1].

Pabora nmomnep:xkana rpanrom PODU Ne 18-31-000056.

[1] Andriyanov N. A., Sonin V.A. Using mathematical modeling of time series for

forecasting taxi service orders amount // CEUR Workshop Proceedings, Volume 2258,
2018. — P. 462-472.

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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Detection of anomalous phenomena in the work of the taxi
ordering services on the basis of data mining

Nikita Andriyanov'?x nikita-and-nov@mail.ru

!Ulyanovsk, Russia, Ulyanovsk State Technical University
2Ulyanovsk, Russia, Ulyanovsk Civil Aviation Institute

The work is devoted to the development and research of an anomaly detection
algorithm against the background of taxi order service data. Moreover, it is proposed
to use mathematical models of random sequences to describe such data. The analysis
showed that an adequate representation of taxi service data can be achieved using
autoregressive doubly stochastic models. In addition, a description with long-term
forecasting can be obtained by using the mathematical models of random fields.
This approach allows to build a clear organization of data on the work of the taxi
order service with reference to weekly peaks at weekends or peak loads during special
hours. The apparatus for the simplest doubly stochastic models makes it quite simple
to modify and apply algorithms for detecting deterministic anomalies to the data
described using such a model. Algorithms for detecting non-deterministic anomalies
are also investigated. In the work of a taxi order service, such anomalies can be
completely unforeseen drops in orders on holidays or weekends. The cost of trips
can also be considered anomalous when it is automatically recalculated each time
by a specialized program taking into account many factors. Identification of such
anomalies in real time will allow to timely adjust the work of the taxi order service.
Algorithms for forecsting the likely number of orders in a particular period of time
can also be applied. A high-quality solution to the forecasting problem will allow
us to calculate the required number of call pick-up operators of a taxi order service
and / or the number of drivers providing transportation. Thus, studies have been
carried out on the intellectual analysis of data from the work of a taxi order service
[1].

This research is funded by RFBR, grant 18-31-00056.

[1] Andriyanov N. A., Sonin V. A. Using mathematical modeling of time series for forecast-
ing taxi service orders amount // CEUR Workshop Proceedings, Volume 2258, 2018. —

P.462-472.
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MeTtoa obGHapy>XeHUsi HelWTaTHbIX COCTOAHUI TEXHOOrMYeCKNX
npoueccos

Coiuyzo6 Anexceli Aaexceesurx xru2003@list.ru
Arnvuwrur Aaexcandp Ilasaosun alexanderanchishkin@yandex.ru

Tyna, Tynbckuii rocy/1apcTBEHHBIN YHUBEPCATET

Texnonoruvyeckue nporeccol (TTI) HPOMBIILIEHHBIX OOBLEKTOB, B HEPBYIO OUYe-
Pellb, XUMUIECKOTT, METAJIIy PTTIeCKO 1 00Pa0ATHIBAIONIEH ITPOMBIIIIICHHOCTH TIPEI-
CTABJIAIOT COOOM IMHAMUYECKUE CUCTEMBI, (DYHKITMOHUPYIOINE B PEAJTHHOM BPEMEHH,
omnucanme pPabOThl KOTOPBIX TPeOyeT OOBITOTO YUHUC/Ia KOHTPOJIUPYEMBIX IT€PEMeH-
HBIX, (DOPMUPYEMBIX Pa3HOPOHBIMU TEPPUTOPUAIBLHO-PACIIPE/IEIEHHBIMUI JATIHKa-
M.

Texnomornyaeckuii mpoIece, MOXKET HAXOIUTHCST B OJHOM U3 COCTOSTHUIA:

O ={w1,wa, ...,wpm }. (1)

Tpebyercst o OrpaHUIEHHON TTOCIET0BATEILHOCTH HAOIIOACHUI, (POPMIPYEMBIX
[MOKA3aHUSIMU JIATYNKOB, M3BECTHOMY TEKYIIEMY COCTOSIHUIO Wy W YIIPABJISIOIIAM
BO3BJIEHCTBUAM OIPE/IETUTh HANOO0JIeE BEPOSITHOE 3HATECHUE (W41 -

DYHKIMOHUPOBAHNE TEXHOJOTMIECKOTO MIPOIECCA OMUCHIBACTCS MOJIEJIBIO:

Wh41 = J(wk),uk = B(wk,L(wk)),yk = H(wk), ..... — s , (2)

rae J — omepaTop mepexoja n3 COCTOAHUA Wi, B COCTOAHUE W11, Uy — YIIPABJISIOIIEe
BozelicTBue, B — 3akon ynpasienus T1I ¢ yaeTom cTaTuCTUTIECKNX XapaKTEPUCTUK
CJIy9ailHbIX BO3/I€HCTBUIl BHEIIHEH cpejibl, H — MaTpuiia, 0To0pazkarolas COCTOsSTHIe
W) B BEKTOP U3MepeHui Y.

IIpemoxken u ucce0BaH CJIELYIONINI METOT OOHADY XKEHIUST AHOMAJIHIA.

1. Bce BO3MOXKHBIE COCTOSIHHSI TEXHOJIOIMIECKOIO IMIPOIECCa yIOPSIOUYUBAIOTCS 110
creneHy onacHOCTU. 1Ipu 9TOM BBIIEJIAIOTCS TPAHIMHbIE COCTOSHUS W),

2. HakammmBaercsa MaccuB HaOIOAeHAN Yy,

3. Ha xaxjom mrare QyHKIMOHMPOBAHHUS MO IMOJyYEeHHOMY HAOODY 3HAYEHUIA
Wk, Y, U, OLPEIETISAETCS OIEHKa Wit 1,

4. TlosyueHHOe Ha IIPEJIBIIYINEM IIare 3HAYEHNE CPABHUBAETCSI CO 3HAYCHUSIMU HAU-
Oostee OIM3KUX TPAHMYHBIX COCTOAHUI w}. Ecim pesyiabrar cpaBHEHHS MeHbIIe
3aJAHHOTO JOMYCTUMOTO 3HAYEHUsI, TO BBIJACTCI COODIMEHNE 00 OOHAPYKEHUH
agomasmn. [Ipn aToM coxpamnsercs HabOp 3HaYEHUN Wi, Yi, Uk,

5. Ilpormecc mpoioKaeTcss HaTUHAS C 1I. 2.

[TosiBNEeHIIO AHOMAJIBHBIX COCTOSTHUN TEXHOJIOTMYECKOTO IIPOIECCa BCETIa IIPei-
[IECTBYET TOSBJIEHHE OTKJIOHEHWIl OT IITATHOTO (DYHKIMOHUPOBAHWS, TO €CTh
HemTaTHble cocTostHusl. MHoxkecTBO coctostanii (1) paszessiercst Ha MHOMXKECTBO
mraTanx Q7 C Q n memTarnex O~ C . YYuTbIBasg, 9TO BAPHANTHI BO3MOYXKHBIX

Bcepoccntickast kougepennust MMPO-2019. Poccust, r. Mocka, 26—29 Hosi16psi 2019 1.
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OTKJIOHEHUI OT IITATHOrO (DYHKITMOHUPOBAHUSA MOT'YT OBITH PA3JINYIHLI U HE OIIPeIe-
JIeHBI, MHOKecTBO ()~ 3apaHee HEM3BECTHO, B TO BpeMs Kak {2 JleTepMUHUPOBAHO.
Torya Bo3HUKaeT 3ajiaua OOHAPYKEHUSI HEIITATHBIX COCTOSHUN TEXHOJIOIMIECKOrO
mporecca KakK HadaJbHON CTaJIUU MOsIBJIEHUs] AHOMAJILHOTO cOCTOsiHUS. [Ipeioken
MEeTOJI, PEIleHNsI TAHHON 3a1a1i, OCHOBAHHBIN HA CJIELYIONINX PACCYKICHUSIX.

Texnoslornyueckuii Mporece MPEJCTaBIeH B BHUJE MHOXKECTBa omeparmiit A =
={a1,az, ..., ay }, KAOXKIAS U3 KOTOPBIX OMUCBIBAETCS MHOXKECTBOM TI€PEMEHHBIX X %1,
KOTOPOE PA3JIe/IsSieTCsl Ha KOHTPOJIUpyeMble X % = {fl‘“, T, ., T }, HCITOTB3Y-
emMble st (DYHKIIMOHUPOBAHUS CHCTEMbI YIIPABJIEHUS WA AHAJIN3A COCTOAHUA, U
HEKOHTpOJIMpYyeMble X % = {:fﬂ”,:ffﬂ ...,:fpa"}, TO eCTh ollpeje/iseMble P IIPo-
€KTUPOBAHUHN TEXHOJIOTMYECKOI'O IIPOIECCa U HE M3MEHSIONINECH B IIPOIECCE ero pa-
60T1bl. MHOXKECTBA KOHTPOJMPYEMbBIX U HEKOHTPOJIMPYEMbBIX IIEPEMEHHBIX He Iepece-
KaroTcst. KOHTpommpyeMble mepeMeHHbIe siBJISIOTCS BDEMEHHBIMU PsJIaMU.

JIJ1st COBpEMEHHBIX TPOU3BOJICTB XapaKTEPHO MHOXKECTBO ocobeHHOCTEH. Pexxum
GbYHKIMOHUPOBAHNUS B PEAJLHOM BPEMEHU XaPAKTEPU3YETCs OBICTPON CMEHOI 3HAE-
HUil GOJIBITIONO YNCJIa KOHTPOJMPYEMBIX EPEMEHHBIX. 3HATYEHUsST KOHTPOJIUPYEMbIX
IIepeMeHHbIX B HeKOTOprﬁ MOMEHT BpPpEMEHU OIIPEeJIE/IAI0T COCTOAHUE TEXHOJIOTnIe-
CKOI'O TIPOIECCa B 9TOT MOMEHT BPEMEHM, TO €CTh (DAKTUIECKH MPEJICTABIsSIET cODOi
TOYKY B MHOIOMEPHOM IpocTpaHcTBe. He Bce KOHTPOJIMpyeMble IepeMeHHbIE HMEIOT
OJINHAKOBYIO 3HAYNMOCTb.

VuurpiBas IeTepMUHAPOBAHHOCTL MHOXKecTBa ()T 1 Heolpeie/eHHOCTh MHOKe-
crBa )7, 3aj1a9a OOHAPYZKEHMsT HEMITATHBIX COCTOSTHUIN TEXHOJOTHIECKOTO TIPOIECca
paccMaTpUBaeTCsl Kak OTJIe/IeHUe IITaTHBIX COCTOSTHUN OT BCEX OCTAJIBHBIX U CBOJIMT-
cs K 3ajiade KiraccuuKaiun B OECKOHEUHBIX MOTOKAX JIAHHBIX ¢ OOJIBIMTUM KOJIUIE-
CTBOM TIAPAMETPOB, MPEJICTABJISIONNX CODOIl BPEMEHHBIE PsiIbl ¢ M3MEHSIONUMUCS
cBoiictBaMu. B Teopun mamumnnoro obyueHus mgaHHas 3a/1a9a M3BECTHA KAK 3a/1a49a
OJIHOKJIACCOBOM KJiaccuUKAIMN JJIs PEIleHnsl KOTOPOi pa3paboTaHbl Pa3IndHbIE
o/IXo/ibl. B aHHO# paboTe UCIOJIb30BaH OJHOKJIACCOBBIM METOJ| OIOPHBIX BEKTO-
pOB.

VUUTBIBASI, YTO HE BCE SJIEMEHTHI MHOXKECTBA X HMEIOT OJMHAKOBYIO 3HAMI-
MOCTD, JJIs YCKODEHHUS aHAJIM3a TEKYIIEro COCTOSHUS TEXHOJIOIHIECKOTO IIPOIEeCcca
BO3HMKAET 3aja1a 0TOopa mepeMeHHbIX. [IpuMenenne KimaccuIecKux MeTOI0B 0TOO-
pa (dunbrparmsi, 06epTKa, BCTPOEHHBIE METOJBI) B XOJ€ MPOIELyPhl O0yIeHUsT B
JIAHHOM CJIy4Yae HEeBO3MOXKHO.

JIJist OIEHKU 3HAYMMOCTHU IIePEMEHHBIX UCIIOJIb3yeTCsl BEPOSITHOCTHAS MOJIE/Ib.

IIpoBeientbie IKCIIEPUMEHTAIBHBIE MCCJIETOBAHNS Ha MOJEIbHBIX U PEAJTHHBIX
JAHHBIX [TOKA3aJIU IPUMEHIMOCTD U &JIEKBATHOCTD IIPEJJIOYKEHHON MOJIEIH.

Pabora nogaep:kana rpanrom PODOU Ne19-07-01107.

[1] Cwuyeos A. A., Ppanuysosa FO. B., Anwuwkun A. II. A method for analyzing the
condition of technological processes // Asia Life Sciences, Philippines: (©Rushing Water

Publishers Ltd., 2019. — C. 241-250.



270 WNupycrpuanbable TPUIOXKEHUA HAYKU O JAHHBIX

Method of Abnormal States of Technological Processes Detection

Alexander Sychugouvx xru2003@list.ru
Alexander Anchishkin alexanderanchishkin@yandex.ru

Tula, Tula State University

Technological processes (TP) of industrial facilities, primarily chemical, metal-
lurgical and manufacturing industries are dynamic systems that operate in real time,
the description of which requires a large number of controlled variables formed by
heterogeneous geographically distributed sensors.

The technological process can be in one of the following states:

Q= {wr,wa, ...,wm } (1)

It is required to determine the most probable value by a limited sequence of
observations formed by sensor readings, the known current state and control actions.
The functioning of the technological process is described by the model:

Wg+1 = J(wk),uk = B(wk, L(wk)), Y = H(wk), ..... — e (2)

where J — is the operator of state transition from wy, state into wy1 state, uy is
control action, B is TP control law taking into account the statistical characteristics
of random environmental influences L(wy), H is the matrix reflecting the condition
of wy into the measurement vector yy.

The following anomaly detection method is proposed and investigated.

1. All possible states of the technological process are ordered according to the degree
of danger. The boundary w; states are highlighted,

2. The array of observations Y}, is accumulated,

3. At each step of the operation on the resulting set of values wy, Yy, ux the assess-
ment Wy1 is defined,

4. The value obtained in the previous step is compared with the values of the closest
boundary states wj. If the result of the comparison is less than the specified
allowable value, an anomaly detection message is displayed. Here the set of
values is saved wg, Y, vk,

5. The process continues starting from Point 2.

The appearance of abnormal states of the technological process is always preceded
by the appearance of deviations from the normal operation, that is, abnormal states.
The set of states (1) is divided into the set of normal states QT C Q and abnormal
Q7 C Q. Given that the options for possible deviations from the normal functioning
may be different and are not defined, the set of is unknown in advance, whereas Q% is
determined. Then there is a problem of detection of abnormal states of technological
process as an initial stage of occurrence of an abnormal state. A method for solving
this problem based on the following reasoning is proposed.

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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The technological process is presented in the form of a set of operations A =
={a1,az,...,a,}, each of them is described by the set of variables X, which is di-

vided into controlled X® = {fl‘“ S S }, used for the operation of the con-

A a;

trol system or analysis of the state, and not controlled Xai = {xl

~oaj ~oa;
) L2 Za"'axp 7},

that is defined at designing of technological process and not changing in the course of
its work. Sets of controlled and uncontrolled variables do not intersect. Controlled
variables are time series.

For modern productions the following features are characteristic. The mode of
operation in real time is characterized by rapid change of values of a large number
of controlled variables. The values of the controlled variables at some point in time
determine the state of the process at this point in time, that is, in fact, is a point in
multidimensional space. Not all controlled variables have the same significance.

Given the determinism of the set Q7 and uncertainty of the set =, the problem
of detection of abnormal states of the technological process is considered as a sepa-
ration of normal states from all others and is reduced to the problem of classification
in infinite data streams with a large number of parameters representing time series
with changing properties. In machine learning theory this problem is known as the
one class classification problem for which different approaches have been developed.
In this paper, the one-class support vector method is used.

Given that not all elements of the set X have the same importance, to accelerate
the analysis of the current state of the process there is a problem of selection of
variables. The application of classical methods of selection (filtering, wrapping,
built-in methods) during the training procedure in this case is impossible.

A probabilistic model is used to assess the significance of variables.

Experimental studies on model and real data have shown the applicability and
adequacy of the proposed model.

This research is funded by RFBR, grant 19-07-01107.

[1] Sychugov A., Frantsuzova Y, Anchishkin A. A method for analyzing the condition of
technological processes // Asia Life Sciences, Philippines: (©Rushing Water Publishers

Ltd., 2019. — p. 241-250.
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AHanu3 obbema uepebpasbHbiX CTPYKTYp NauNEHTOB C
r’MNOKCUYEeCKU-nulieMmnyeckoi aHuedanonartmei

Epoxun Muxaus Baadumuposuy' erokhin_m_v@mail.ru
ITnomxun Apmem Baadumuposus>x avplotkin@gmail.com
! Cankr-Tlerep6ypr, UMY PAH

2Cankr-Ilerep6ypr, CTI6TY

Metox MP-mopdomerpun mMo3BOIAET TOJYIUTDH KOJUIECTBEHHBIE TOKA3ATE/N
00beMOB OOJIBIMUHCTBA CTPYKTYP TOJOBHOrO Mo3ra. B pabore mpuBoauTcs amHa-
Ji3 coOpaHHbBIX JaHHBIX MP-mopdomerpun B npuMeHeHUN K paHHEH JUArHOCTHKHI
rUIoKcuYecKu-umeMuaeckoii sunedasonaruu (I'MD) y nereit pannero Bospacra (10
3-x zer) [1].

IlepBbiM sTamomM paboThl ABJIAICA COOP MEIUIUHCKUX AaHHbIX. [locite oTbopa
ncropuit 6osesnn u MP-tomorpamm, ¢ momorpio mmporpamMbl Freesurfer Obiim
10JTy IeHbI MOPGMOMETPIIECKIE JIAHHBIE JABYX I'PYIII HAIMEHTOB: ¢ npu3nakamu [ 119
(43 wenoseka) u Ge3 Hee (50 UesOBeK).

B pesysbrare ObLin mOJIydeHBbI YnCIEHHBIE TIOKa3aTean 71 mpu3Haka Jjist KarxK-
noro u3 nanuenToB. [locite mpoBenenne mpemo0O6pabOTKU MOy IEHHBIX JTAHHBIX, C UC-
MOJTB30BAHNEM TOMXOMa [2] GBI MOCTPOeH JIMHEHHBIH KIacCHPUKATOP ¢ TOTHOCTHIO
77.1% na Kpocc-BaJnIaIm.

B cBsi3u ¢ TpymoeMKoOCTBIO cOOpa JaHHBIX, Jajiee Obljia PACCMOTPEHa 3a/1a9a Bbl-
JieJtleHnsi HanboJjiee BayKHbIX Mpu3HAKOB. C UCIIO/Ib30BaHNEM KOMOUMHUPOBAHHOIO TI0/I-
XOJ[a W3 MCXO/HOTO CIUCKA ObLIN BblejeHbl 16 mpu3HAKOB. BBLIO MOKa3aHO, ITO
JaJbHeiIee COKPAIeHne KOJIMIeCTBA MPU3HAKOB HEBO3MOYXKHO 0€3 HapyIIeHus JIu-
HeIHOII OT/IeJIMMOCTH MHOKECTB.

OTobpaHHbIE MPU3HAKK COOTBETCTBYIOT COBPEMEHHBIM IIPEJICTABJIEHUSIM O IIPU-
pojie nopaxkenuii ipu ['I9 — ymeHblieHne 00beMOB CyOKOPTUKAJIBHOIO CEPOTO Be-
IECTBA, KOPbI, ICTOHYEHUE MO30/ICTOI0 TeJIA M HEKOTOPBIX JPYTUX, YA3BUMBIX s
rutokcun cTpykTyp. OHUM U3 OTOOPAHHBIX MPU3HAKOB OKA3AJICSA IMOJI MAIUEHTA.
Jlannas 3aBUCHMOCTD HE OIUCAHA B JJUTEPATYDPE U TPeOYeT TAJILHEHNINero n3y deHus.

Ilo BBImesIeHHBIM ITpU3HAKAM ObLI IIOCTPOEH HOBBII JIMHEHHBII KIacCuPUKATOD,
IIPOJIEMOHCTPUPOBABINNI Ha, KPOCC-BAJIUIAIAN TOYHOCTL B 82%.

[1] Epoxuwn M. B., Tawusxun A. H. O BozamoxkuocTsix MP-mopdomerpun npu guarsocru-

K€ I'NIIOKCUYIECKN-UINTEeMNICCKUX HOpa)KeHI/Iﬁ TOJIOBHOT'O MO3ra y ,HeTefI PaHHErO BO3pac-

ta // Herckas menunuua Cesepo-3amnana, 2018, T. 7, Nel. — C. 116-116.

[2] Manosemos B. H., ITaomkun A. B. Crporoe HOIMHOMHAIBHOE OT/AEIEHHE IBYX MHO-
kectB // Becruuk Cankr-IlerepOyprckoro yamsepcurera. Maremarnka. MexaHuka.

Acrponomust. 2019. T. 6 (64). Beu. 2. — C. 232-240.
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Analysis of cerebral structures volume of patients with
hypoxic-ischemic encephalopathy

Erokhin Mikhail' x erokhin m_v@mail.ru
Plotkin Artem? avplotkin@gmail.com
1Saint Petersburg, IHB RAS

2Saint Petersburg, SPbSU

The method of voxel-based morphometry allows getting quantitative values of
the volume of most brain structures. The paper presents an analysis of the collected
voxel-based morphometry data applied to the early diagnosis of hypoxic-ischemic
encephalopathy (HIE) of young children (up to 3 years old) [1].

The first step was to collect medical data. After medical history and MRI re-
sults analysis, the morphometric data of two groups of patients were obtained using
Freesurfer program: with signs of HIE (43 people) and without it (50 people).

As a result, numerical values of 71 features were obtained for each of the patients.
After pre-processing the data, a linear classifier was built using [2] approach with
an accuracy of 77.1% on cross-validation.

Due to the time cost of data collection, the task of identifying the most impor-
tant features was further considered. Using a combined approach, 16 features were
identified from the initial list. It was shown that a further reduction is impossible
without violating the linear separability of the sets.

The selected features correspond to modern ideas about the nature of lesions in
HIE — subcortical and cortical grey matter volume loss, thinning of corpus callosum
and some other changes in susceptible to injury areas. One of the selected features
was the patient’s sex. Such relation is not yet described in literature and requires
further investigation.

Based on the selected features, a new linear classifier was built, which demon-
strated cross-validation accuracy of 82%.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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[1] Erokhin M., Tashilkin A. Voxel-based morphometry capabilities in diagnosing hypoxic-
ischemic encephalopathy in infants // Children’s Medicine of the North-West, 2018,
Vol. 7, issue 1. — p. 116-116.

[2] Malozemov V., Plotkin A. Strict polynomial separation of two sets. // Vestnik of Saint
Petersburg University. Mathematics. Mechanics. Astronomy, 2019, vol. 6 (64), issue
2. — p. 232-240.



Analysis of biomedical data, bioinformatics 275

MHuo>kecTBeHHOE BblpaBHMUMBaHMUe reHOMoB Ha OCHOBe
CNeKTpaJZibHO-aHATNTU4YeCKOro nogxona

Ianxpamos Anmon Huxonaesur'x pan@impb.ru
Hlymuno, UMIIB PAH - dumman UIIM mv.M.B.Kengsmra PAH

BripaBnuBanue moTHBIX T€HOMOB OPraHU3MOB OJHOTO WJIU PA3HBIX BUJIOB sIBJIS-
ercsi KpUTUIECKU BasKHOI 3a/1a49eil B CBsi3U OOJIBIINM OOBEMOM JIAHHBIX 110 CEKBEHU-
POBaHWIO M aHHOTAIIMU TEHOMOB. B HacTosiieit paboTe paccMaTpuBaeTcs mpobdema
MTOCTPOEHNST BBLITUCIUTETHHON CUCTEMBI CPABHEHUS TE€HOMOB, ITPU3BAHHON PEIaTh
KaK BOJIIOINOHHDIE, TAK U MOMY/IAIMOHHBIE 38 TAMM.

CpaBHeHIEe TeHOMOB 0a3upyeTcsi Ha OIIPE/Ie/IEHUN BCEBO3MOXKHBIX HETOYHBIX I10-
BTOPOB B I'€eHOMAaX, C yYIE€TOM I€PECTAHOBOK M OPUEHTAIINH STUX MOBTOPOB, a TaKXKe
Maciraba, Ha KOTOPOM OHHM BO3HUKAIOT, U ITOCICIYIONIEr0 AHAIN3a CBI3HOCTH MEK Iy
ceMeiicTBaMU IIOBTOPOB, OTBEYAIONIEl roMoJiorun min oprojgorun. CpaBHeHHE TeHO-
MOB fBJISE€TCA KBaJPATUIHON 110 CJIO?KHOCTH 3a/1a49eil B 3aBUCUMOCTH OT CyMMAapHOIt
JITUHBI CPABHUBAEMBIX T€HOMOB, UTO SIBJISETCA CEPHE3HBIM BBI3OBOM JIjIsi pa3pabda-
TBIBACMBIX METOJIOB, &JITOPUTMOB U ITPOTPAMM.

PazBuBaembie MeTOIBI aHAIN3a TIOC/IEIOBATETLHOCTEH U CTPYKTYP OCHOBAHBI KaK
HA KJIACCUYIECKOM JAMHAMUYECKOM [POrPaMMUPOBAHMUU [1], TAK M HA CIEKTPAJILHOM
cpaBHeHNN O0BLEKTOB Ha moaxofiameM macmrabe [2|. IIpm sTom nmokasano, Uro 3a-
JIata MHOKECTBEHHOT'O BBLIPABHUBAHUS MJIM KJIACTEPUIAINU CEMEHCTB TTOBTOPOB pe-
MMAeTCsd Ha Tale CHEeKTPAJTbHO-aHAJTUTHICCKOTO METOJIa, MMOCKOJBKY OH OCHOBAH HA
IIOPOTOBOM PEMTAIONIEM ITPABUJIE U HAXOIUT BCE KAHIUIATHI HA TTIOBTOPBI, & METOJ, JTH-
HaAMHUIECKOTO MMPOTPAMMHUPOBAHUS SIBIACTCA ONTUMUSUPYIOMINM U C TIOMOIIBIO HETO
HaXOIATCsT HAMJIYYIIIE TOBTOPHI WU BEPUMUIINPYIOTCS HalIeHHBIE TTOBTOPHI.

[1] Pankratov A. N., Tetuev R. K., Pyatkov M. I. LSCGAT: Long Sequences Customizable

Global Alignment Tool // Journal of Bioinformatics and Genomics, No 1 (10) 2019
[2] Hawxpamos A. H., lsmxos M. H., Temyes P. K., Hasunosa H. H., /[edyc @. @. Ilouck

IPOTAYXKEHHBIX IIOBTOPOB B 'eHOMaX Ha OCHOBE CIIEKTPaJIbHO-aHAJTUTUIECCKOI'O MEeTO1a //

Maremarndeckas 6uosiorua u 6monndopmaruka, 2012, T.7, N.2, ¢.476-492
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Multiple genome alighment based on a spectral-analytical
approach

Anton Pankratov'x pan@impb.ru
!Pushchino, IMPB RAS - Branch of KIAM RAS

Alignment of the whole genomes of organisms of one or different species is a crit-
ical task due to the large amount of data on sequencing and annotation of genomes.
In this paper, we consider the problem of constructing a computer system for com-
paring genomes, designed to solve both evolutionary and population problems.

Comparison of genomes is based on the determination of all kinds of inexact
repeats in the genomes, taking into account the transpositions and orientations of
these repeats, as well as the scale at which they arise, and the subsequent analysis
of the connectivity between families of repeats corresponding to homology or orthol-
ogy. Comparing genomes is a quadratic task of complexity depending on the total
length of the compared genomes, which is a challenge for the developed methods,
algorithms, and programs.

Developed methods for the analysis of sequences and structures are based both
on classical dynamic programming [1], and on spectral comparison of objects on
a suitable scale [2]. It has been shown that the problem of multiple alignment or
clustering of repeat families is solved at the stage of the spectral-analytical method,
since it is based on a threshold decision rule and finds all candidates for repeats,
while the dynamic programming method is optimizing and finds the best repeats or
verifies the found ones.

[1] Pankratov A. N., Tetuev R. K., Pyatkov M. I. LSCGAT: Long Sequences Customizable

Global Alignment Tool // Journal of Bioinformatics and Genomics, No 1 (10) 2019
[2] Pankratov A. N., Pyatkov M. 1., Tetuev R. K., Nazipova N.N., Dedus F. F. Search for

Extended Repeats in Genomes Based on the Spectral-Analytical Method //Math.

Biol. Bioinf., 2012, V.7, N.2, pp.476-492
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MpumeHeHne metoaa pyHKUMOHaNbLHOW ToMorpadumn K
3KCMEpPVMEHTaIbHbIM AAHHbLIM 3/1eKTPUYECKOW aKTUBHOCTH
ro/I0BHOr0 MO3ra fnpu NCUXNYECKNX pPacCTpomrcTBax

Hanxpamosa Hamanva Muzatinosra' natpan1974@mail.ru
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Botxo Anna Hearosra a.boyko@list.ru

Yemunun Muzaua Hukxonaesuw' u_m_n@mail.ru
Mymuro, UMIIB PAH - duman UIIM uv. M.B. Kemnpmma PAH

CoBpeMeHHbIE METOJIbI UCCJIEJOBAHUS JIEKTPUIECKON AKTHBHOCTU TOJIOBHOT'O
MO3ra, Takne Kak sjaekrpostiedasnorpadus (IIT') u marautHas sHnedasorpadmus
(MOBT), HO3BOJIAIOT OLPEIEIATh U JOKAIU30BATH UCKOMYIO aKTUBHOCTD, B TOM YHUC-
JIé U ATOJIOTUYIECKYI0, C BBICOKOW TOYHOCTHIO. PaccMaTpuBaeTcss BOIPOC N3MEHEHUS
CHEKTPATLHBIX U IIPOCTPAHCTBEHHBIX XapakTepucTuk 99 u MO npu neuxmaeckux
paccrpoiictsax [1]. IlpencraBieHHBIil 0630p TUTEPATYPHI TOKA3BIBAET, UTO JIEKTPU-
YecKasl aKTUBHOCTDH MOJIOBHOT'O MO3Ta B 9TUX CIyYasxX UMEET KaK CHeKTPAIbHbBIE 0CO-
OGEeHHOCTH, TAK W OCOOEHHOCTH JIOKAJIU3AIMHA UCTOTHUKOB ITATOJIOTUYIECKON aKTUBHO-
CTH B PA3HBIX YACTOTHBIX JHAITA30HAX. BOIIPOC O MIPOCTPAHCTBEHHOM PACIIOJIOKEHITH
UCTOYHUKOB HATOJOTMIECKON AKTHUBHOCTH SIBJISIETCS KJIIOUYEBBIM [PU M3YIE€HUU Da-
6OTHI MO3ra M PEIaeTcs C IOMOIIBIO PA3IMIHBIX METOMOB JoKasm3aruu. 1Ipemio-
2KEH MeTOJ, JIJIsl TOYHOI'O KOJIMYECTBEHHOI'O aHAJIM3a aKTHBHOCTH IO JAHHBIM dHIE-
damnorpadun. PesysbraTsl JoKaIH3aN 0TOOPAKAIOTCA Ha MArHUTHO-PE30HAHCHON
TOMOIpaMMe CyObeKTa, Ha OCHOBE Uero CTPOSTCH THUIIOTE3bl 0 Heitpodu3noJiornte-
CKOM MeXaHu3Me u3ydaeMoil marosoruu. Meros, mpeIoKeHHbIil B TaHHON padore,
omnmpaeTcs Ha mpeobpazoBanne Pypbe MHONOKAHAILHBIX JAHHBIX dHIe(ATOrpadun
U JIOKAJU3AIUIO OTJEJIBbHBIX CIIEKTPAJIBHBIX KOMIIOHEHT. DTO TO3BOJISIET JICTATIBLHO
U3ydarh Te WU WHbIE YACTOTHBIE IIPU3HAKHU [ATOJOIMIECKOH aKTHUBHOCTH MO3ra W
OTBeYaTh Ha BOIPOCHI 00 WX CBSI3M C aHATOMEEH Mo3ra. PuTMudeckasi ak THBHOCTD
TOJIOBHOTO MO3Ta IPHU ICUXUYIECKUX PACCTPONCTBAX OTJINYAECTCS OT HOPMAJIBHONI B
HECKOJIbKUX YACTOTHBIX JIMANA30HAX, HO YETKONH KAPTUHLI M IMOHUMAHUS TPOMCXO-
JANAX U3MEHEHUH, KOTOPOe MOXKHO ObI OBLIO WCIIOJIB30BATH B JHATHOCTHYECKUX
1eJIsIx, MoKa HeT. B pabore aHAIM3MpYyIOTCs JgaHHBbIE 3HIedasorpadun IaIMeHTOB
¢ cuagpomom Jedurnura BauManug u runepakrusaoctu (CIBLY). Ncnonb3oBamuch
IKCIlepuMeHTa bable danabie MO u3 fanka JaHHBIX ¢ OTKPBITHIM jgocTyrnoM Open
MEG Archive (OMEGA) [2]. O6 akTyaJIbHOCTH TAKOrO aHAIM3a TOBOPAT JIATEDa-
TYPHbBIE UCTOYHUKH, B KOTOPBIX TOBOPUTCH, C OJIHOM CTOPOHBI, O HAOJIIONAEMBIX CIIEK-
TpaJIbHBIX U3MeHeHustX Ha 3Hiedasorpammax rnpu CABI a ¢ apyroit croposbl, 006
OTCYTCTBUH KAKOW-JINOO CHCTEMBI JINArHOCTUYIECKUX [TPU3HAKOB JTAHHOM 1TaTOJIOIHIH.
Kpome Toro, meooxomumo orimuars CIBI or ayTumsma, KOTOPBI nMeeT TOXOXKUE
CHMIITOMBI.

Pab6ora soimosnena mnpu noggep:kke [Iporpammer [Ipesuanyma PAH N2 «Mexa-
HU3MBI 00eCIIeYeHNsT OTKA30yCTONYNBOCTI COBPEMEHHBIX BBICOKOIIPON3BOIUTETHHBIX
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[1] IHanxpamosa H. M., Puxynos C. /., Boixo A.H., Momarnosa /. A., Yemunun M. H.
Jlokamzanust CIeKTPaIbHBIX OCOOEHHOCTEH 3HIehaTIoOrpaMM IPU HCUXUIECKUX Pac-
crpoiicrBax // Maremarndeckas 6uosorns n 6uonndopmarnka, 2018. T. 13. Ne 2. C.
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Application of the functional tomography method to experimental
data on the electrical activity of the brain in mental disorders

Natalia Pankratova'x natpan1974@mail.ru
Stanislav Rykunov' stanislavrykunov@gmail.com
Anna Boyko" a.boyko@list.ru
Mikhail Ustinin' um n@mail.ru

!Pushchino, IMPB RAS- Branch of KIAM RAS

Modern methods for studying the electrical activity of the brain, such as elec-
troencephalography (EEG) and magnetic encephalography (MEG), allow you to
determine and localize the desired activity, including pathological, with high ac-
curacy. The question of changes in the spectral and spatial characteristics of the
EEG and MEG in mental disorders is considered [1]. The presented review of the
literature shows that the electrical activity of the brain in these cases has both spec-
tral features and features of localization of pathological activity sources in different
frequency ranges. Spatial position of the sources of pathological activity is a key
issue of brain studies and it is solved by various localization 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 mecha-
nism 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 features of the brain pathological activity and to reveal
their connections with the brain anatomy. The rhythmic activity of the brain in
mental disorders differs from normal in several frequency ranges, but there is no
clear picture and understanding of the changes that could be used for diagnostic
purposes. The paper analyzes the patient data of encephalography with attention
deficit hyperactivity disorder (ADHD). The experimental MEG data from the Open
MEG Archive (OMEGA) open access database were used [2]. The relevance of such
an analysis is indicated by literary sources, which say, on the one hand, the observed
spectral changes in the encephalograms in ADHD, and on the other hand, the ab-
sence of any system of diagnostic signs of this pathology. In addition, it is necessary
to distinguish ADHD from autism, which has similar symptoms.

This research is funded by Programs of the Presidium of the Russian Academy of
Sciences No.2 «Mechanisms for ensuring fault tolerance of modern high-performance
and highly reliable computing> and RFBR, grants 17-29-02178, 18-00-00619, 19-07-
00964, 17-07-00677, 17-07-00686.

[1] Pankratova N. M., Rykunov S. D., Boyko A. I., Molchanova D. A., Ustinin M. N. Local-
ization of Encephalogram Spectral Features in Psychic Disorders // Mathematical

Biology and Bioinformatics, 2018;13(2):322-336.
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NccnepoBaHne marHnTHbix 3HuedaiorpaMmm NauneHToB C
cuHapomMmom geduumTa BHUMAHUS U TUNEPAKTUBHOCTU METOA0M
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Botxo Anna Usarosra a.boyko@list.ru

Hanxpamosa Hamaava Muxatinoena natpani974@mail.ru
Mymuro, UMIIB PAH - dumman UIIM . M.B. Keaneima PAH

Boin pazpaboran HOBBII MeTO/T aHAIN3a JAHHBIX MATHUTHON 3HIIeasorpadum —
MeTOJ, BUPTYAJIbHBIX 3JIeKTPOIoB. [10 JaHHBIM MArHuTHON 3HIEdaorpaduu cTpo-
urcsi (PYHKIMOHAJBbHAST TOMOIPAMMa — IPOCTPAHCTBEHHOE pacIpee/ieHre UCTOY-
HUKOB IOJI Ha JUCKpeTHOH ceTke. DyHKIMOHAIBHAS TOMOTpaMMa OTOOparkaeT Ha
IIPOCTPAHCTBO TOJIOBBI MH(MOPMAIHIO, COJAEPKAILYIOCS B MHONOKAHAJBLHBIX BPEMEH-
HBIX psiiax dHIedaIorpaMMbl. DTO JOCTUTAETCs PEIleHneM O0OPaTHOW 3ajadu Jjist
BCEX 3JIEMEHTapPHBIX OCIMJLIAINI, BbIJIEJsIEMbIX C IIOMOIIBIO IpeobpasoBanus Py-
pbe. Kaxmoii yacTore oCHMLISIIINA COOTBETCTBYET y3€J TPEXMEPHON CeTKH, B KO-
TOPOM PpACIIOJIATAETCsI UCTOYHUK. [l0JIb30BaTE b 3a/1a€T MECTOIOJIOKEHNE, Pa3Mep
u dhopmy 0baCTH MO3ra [ AETAJbHOIO M3yUeHUS IACTOTHON CTPYKTYPBI (DyHK-
IHOHAJIBHON TOMOIPAMMBI — BUPTYaJbHBIH 3J1eKTPOJI. COBOKYITHOCTH OCITUJIISTINIA,
MTOTABINIUX B 38/IAHHYIO0 00JIACTD, IPEJICTABIIAECT COOO0H APIUATBHBIN CIEKTD JAHHON
obsactu. Ilo jaHHOMY CIIEKTPY BOCCTAHABJIMBAIOTCS BPEMEHHBIE PsiIbl IHIEMDAIO-
IPaAMMbI, U3MEPEHHON BUPTYAJbHBIM 3JeKTPOIoM. MeTom ObLT IpUMeHeH K aHAIn3Y
MAarHUTHBIX HIE(DATOTPAMM CIIOHTAHHOW aKTUBHOCTH JIJIS MCIBITYEMBIX C CHHJIPO-
MOM Jj1ebUINTAa BHUMAHUS W THIEPAKTUBHOCTH U JJI KOHTPOJIBHBIX HCIBITYEMbIX.
Brutn mcnosnp30Banbl BUPTyaJIbHBIE JIEKTPOJIBI PA3IMYIHBIX Pa3MePOB M IIPOCTPaH-
CTBEHHBIX KOH(MUTYPALHiil. DJIEKTPO/IbI PA3MEIIAICH B 00JIaCTIX MAKCUMYyMa ajibda
pUTMa B IIPABOM M JIEBOM IIOJIyIIAPUSIX U B IPUJIETAONINX K HUM 00JIacTsSX. BbLIO
MIPOU3BEJICHO CPABHEHUE MOIIHOCTEH U CIIEKTPAJIbHBIX OCODEHHOCTEH MCCIIeyeMBbIX
CUTHAJIOB.

Pabora Beimonnena npu nojyiepzkke [Iporpammbsr [Ipesuauyma PAH Ne2 «Mexa-
HU3MBI 06eCIIeYeHNsT OTKA30yCTONYNBOCTH COBPEMEHHBIX BBICOKOIIPOU3BOINTEbHBIX
1 BBICOKOHA/IEXKHBIX BbhIUnCIeHU» n rpantoB PODU 17-29-02178, 18-00-00619, 19-
07-00964, 17-07-00677, 17-07-00686.

[1] Pousyros C. /., Pwrynosa E. /., Botixo A. H., Yemunun M. H. TIporpamMMHbIii KOM-
mwieke «BupTdi» s aHajmMza JaHHBIX MArHUTHONM sHIEedasorpaduu MeTo0M BHUP-

TyaJIbHBIX 9JIEKTPoJoB // Maremarudueckas Guosorust u 6uonHdopmaruka, 2019. —

T.14(1)— C. 340-354.
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The study of magnetic encephalograms of patients with attention
deficit hyperactivity disorder using virtual electrodes
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Boyko Anna' a.boyko@list.ru
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!Pushchino, IMPB RAS - Branch of KIAM RAS

A new method for analyzing magnetic encephalography data was developed -
the virtual electrode method. According to magnetic encephalography, a functional
tomogram is constructed — the spatial distribution of field sources on a discrete grid.
Functional tomogram displays information contained in multichannel time series of
the encephalogram onto the head space. This is achieved by solving the inverse
problem for all elementary oscillations extracted using the Fourier transform. Each
oscillation frequency corresponds to a node of a three-dimensional grid in which the
source is located. The user sets the location, size and shape of the brain area for
a detailed study of the frequency structure of a functional tomogram - a virtual
electrode. The set of oscillations that fall in a given region is a partial spectrum
of this region. From this spectrum, the time series of the encephalogram measured
by a virtual electrode are restored. The method was applied to the analysis of
magnetic encephalograms of spontaneous activity for subjects with attention deficit
hyperactivity disorder and for control subjects. Virtual electrodes of various sizes
and spatial configurations were used. The electrodes were located in the areas of
maximum alpha rhythm in the right and left hemispheres and in the areas adjacent
to them. The power and spectral features of the studied signals were compared.

This research is funded by Program No.2 of the Presidium of the Russian
Academy of Sciences and RFBR, grants 17-29-02178, 18-00-00619, 19-07-00964, 17-
07-00677, 17-07-00686.

[1] Rykunov S., Rykunova E., Boyko A., Ustinin M. VirtEl - Software for Magnetic En-
cephalography Data Analysis by the Method of Virtual Electrodes // Mathematical

Biology and Bioinformatics, 2019. —V. 14(1)— p. 340-354.
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PacnosHaBaHue, oTOOp CTPYKTYpHbIX MOTUBOB, 0Opa30oBaHHbIX
AByMA cnupansamum B 6€J'IKOBbIX MoJsiekynax, m nccnenoBaHume
MEeXCNMUPAJZIbHbIX YrsioB B CNUPAJibHbIX NMapax

Tuxoros Jmumpuii Anamosvesus'>
1
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Kyauxosa Jroomunsa HearosHna likulikova@mail.ru
E¢pumos Anexcandp Bacuavesur? Efimov@protres.ru
Mymuso, MacruryT Maremarmaeckux mpobaem Guomoruan PAH dbumman UM mv. M.B.
Kenapima PAH

Tlyumuo, Nucruryr 6enka PAH

3TIymuno, MHCTUTYT TEOPETHYIECKOH 1 SKCIIepUMeHTAIbHOI Grnodusnkn PAH

B mammoit pabore npoBejieH aHAJIN3 PACIIPEIEICHIS MEZKCITNPAJILHBIX YTJIOB B A~
pax CBS3aHHBIX MEXKJY CODOIl IepeTsKKaMu CliupaJieil B IPOCTPAHCTBEHHBIX CTPYK-
Typax O6eJKOBBIX MOJIEKYJI. Bbliu pazpaboTaHbl IpaBuiia 0Tbopa CIUPaIbHBIX I1ap B
cTpyKTypax 0esKoBbIX MoJsiekys Protein Data Bank. ITomydyernnoe mMHOXKECTBO crim-
PaIbHBIX Map OBLIO IIPOAHATU3UPOBAHO C IEJIBI0 €r0 KJIACCUMUKAINNA U yCTAHOB-
JIeHUsI 3aKOHOMEPHOCTEN CTPYKTYPHOU opranu3anun. Bce oTobpannble CrimpajbHble
apbl ObLIN PA3JIEJIEHBI 110 TUILY ClinpaJeil, 00pa3yIoIuX UCCIeIyeMble CTPYKTYPHI.
Takzke 110 KPUTEPUIO HEPECedeHusl IPOEKINil CIupaJjell Ha mapasilesibHbe TIII0CKO-
CTHU, MPOXOJIAIINIE YePe3 OCU CIUpAaJIeil, MOJIydeHHOe MHOXKECTBO ObLIO Pa3duTo Ha
TpU moAMHOXKecTBa. [IpoBeieH aHAIM3 pACIIPeIeSICHUs YIJIOB MEXK/Iy OCSMU CIIPa-
Jielf BCceX THUIOB CHUPAJIbHBIX ITap B KaXKI0M moaMHoxkecTBe. [lokazano, 1aro pacipe-
JleJIeHNe BCeX TUIIOB CIIUPAJIBHBIX 1aD, HE UMEIOIINX IIepecevdeH sl TPOEeKIINii CImpa-
Jieli, OXBAThIBAET IIPAKTUYECKH BECh JIMAIIA30H YIJIOB C OJHUM MAaKCHMYyMOM B 00Ja-
CTHU TPSMOTO yruia. BOJIBIIMHCTBO AP 3TOr0 MHOYKECTBA COCTABJISIOT CIHPAJIbHBIC
[IapbI, COCTOMAIIIE U3 (¢ U 319 — CIHUPAJIEH, & MHOXKECTBA C IIEPECEUEHIEM TOJIBKO I1PO-
eKIUil crmpaJieil — CuupaJbHble Mapbl, 00pa30BaHHbIE ABYMS (--CIIUPAJIAME. TaKke
[TOKA3aHO, 9TO OOPA30BAHHbBIE JIBYMS (v-CIHUPAJISAMU CIIUPAJIbHDBIE TAPLI COCTABIISIOT
a0coJIIOTHOE OOJIBIIMHCTBO I1ap IIOJIMHOXKECTBA C II€PecedeHreM ITPOEKITil 1 ocei
crmpasieii. IIpu 9ToM 3HaYNTE/IBHAST YaCTh YKA3aHHBIX [P UMEET OCTPBINA YIroJl OT
20° nmo 60° mexmy ocamu cnupaJgeil. MeKIIOCKOCTHOe pacCTOSHUE JIJIST BCEX ITUX
crpykTyp pasao 10 A. IlpoBejen anajiuz pacupejiesieHusl BCeX THUIIOB CIUPATbHBIX
mnap, IPWHAJIEKAINX PA3IMIHBIM MHOYXKECTBAM, B 3aBHCHMOCTH OT JIJINHBI II€pe-
TskKU. [Jokazano, 9TO BO BCeX MHOYXKECTBAX OOJIBbIIIE BCEIO UCCIIEAYEMBIX CTPYKTYD
¢ KOPOTKOIl TepeTsi’KKoil. B pabore Takke mMCCie10BaHa 3aBUCUMOCTH TOPCHOHHBIX
VIJIOB MEXK/Iy OCSIMHU (-CIIMpaJiell OT UX JUIMHBL. B pesyibrare 1MoKaszaHo, UTO I1a-
PBI JUINHHBIX (--CIIApaJieil B OOJIBIINHCTBE CJIyIaeB UMEIOT TOPCUOHHBIN YTOJI MEXK-
ny nx ocamu {2 = 20°. BOJBIIMHCTBO CIUPAIBHBIX AP, B KOTOPBIX OJIHA CIUPAJIH
KOpDOTKas, a Jpyras — JJIMHHAs WK 00e CIUpaul KOPOTKHe, 00pa3yioT MOTHUB C
oproronasisHoit (—90° < Q < —70°) uan cxomenuoit (2 = —50°) ynakoBkoii crupa-
steit. TlosryueHnbie pe3ysibTaThl IMEIOT OYeHb OOJIBINOE 3HAYUCHUE [IJIs ONIPEIC/ICHUST

Bcepoccutickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hosi16psi 2019 1.
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B3aUMHOM OpHEHTAINU clUpaJieil IPU MOJIEe/IMPOBAHUM U IIPEJCKA3aHUN CTPYKTYPbI

0eJIKOB.
Pa6ora nmopnepxana rpantrom PODI Ne18-07-01031.

[1] Tikhonov D.A., Kulikova L.I., Efimov A.V. The Study of Interhelical Angles in the
Structural Motifs Formed by Two Helices. // Mathematical Biology and Bioinformatics,
2019, V 14, N S, PP t1-t17.
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Recognition, selection of structural motifs formed by two helices
in protein molecules, and the study of inter-helical angles in
helical pairs
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In this paper a statistical analysis of distributions of inter-helical angles in pairs
of consecutive and connected « - helices in spatial structures of proteins is presented.
A number of rules for selection of the helical pairs from a set of protein structures
obtained from the Protein Data Bank (PDB) were developed. The set of helical
pairs has been analyzed for the purpose of classification and finding out the features
of protein structural organization. All selected helical pairs were divided by the type
of helices forming the studied structures. Also all pairs of connected helices were
divided into three subsets according to the criterion of crossing of projections of the
helices on parallel planes, which pass through the axes of the helices. The analysis of
the distribution of angles between the axes of the helices of all types of helical pairs
in each subset is carried out. It is shown that the distribution of all types of helical
pairs, whose projections do not cross each others, covers almost the entire range of
inter-helical angles. The distribution have a single maximum which is close to right
angle. Most pairs in this set constitute helical pairs consisting of a- and 31¢-helices,
and most pairs with the crossing projections of helices are helical pairs formed by two
a-helices. It is also shown that a great amount of the pairs of connected a-helices
has acute angle 20° < ¢ < 60° between the axes of the helices. The interplanar
distances for all of these structures is 10 A. The distribution of all the types of helical
pairs depending on the length of the inter-helical connections is also analyzed. It is
shown that the structures with short connections occur most often in all the subsets.
The work also investigated relationship between the interhelical packing angles and
the length of a-helices in proteins. Analysis of the database has shown that most
helical pairs in which both the helices are long form structures having interhelical
packing angles €2 = 20°. Most helical pairs in which one a-helix is long and the
other is short or both the helices are short form structures having the orthogonal
(—90° < Q < —70°) or slanted (2 = —50°)packing of a-helices. These results are of
great importance in protein modeling and prediction since enable to determine the
mutual arrangement of a-helices in protein molecules. This research is funded by
RFBR, grant 18-07-01031.
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5Mocksa, MockoBcKnii (pU3MKO-TEXHIYECKHIT HHCTUTYT

DaekTposnnedasorpadust N3HATIATHLHO MOSBUIACH KAK CPEJICTBO U3YUEHUST Me-
XaHU3MOB YIIPABJICHUS AKTUBHOCTHIO Y€JI0BEKA, B 9aCTHOCTH, C IEIbIO JUATHOCTHKHI
3abosteBanmit Mo3ra. B moceaHne 1ecaTuieTust 3JaeKTPOIHIIeIorpadust Bce Jale uc-
[IOJIb3yeTCsl Kak 0a3uc Jijisi MOCTPOEHUsI PA3JIMIHBIX UHTEP(ECOB MO3r-KOMIIBIOTED,
IpeodPa3yoINX OTK/JINK HEPOHOB MO3Ta Ha OIpejesIeHHbIe CTUMYJIBI B KOMAaHIbI
yIIpaBJIeHUs BHEITHUME ycTpoiicrBamu. B naiem uccienosanun [1] anains oTkimkos
MHOTOKAHAJILHO 3/1ekTposuIedasorpammbl (DI]') Ha BHEIIHME CTHMYJIBI HAIIPAB-
JIeH Ha JiocTiykenne nHoi 1nesu. [lpegmnonmaraercs, aro anajusupyercs D9 ombrr-
HOT'O Bpada-MaMMOJIOTa, BJIAJIEIONIEr0 MCKYCCTBOM OTJINYATH PEHTTEHOBCKUE MaM-
MOT'PAMMBbI KEHIIIH, OOJIbHBIX PAKOM TI'PY/IH, OT MaMMOTPaMM 3JI0POBBIX YKEHIIHH.
[esbro nccteIoBaHUsT STBIISIETCS TOUCK Iy TEl MOBBIIEHNST TPOU3BOIUTEIBHOCTH PEJI-
KUX BBIJAIONINXCS TUATHOCTOB IIyTE€M, BO-IIEPBBIX, YCKOPEHUs ITPOCMOTPA MaMMOTPa~
dbudecknx m300parkeHuii 10 JeCITH B CEKYHILY U, BO-BTOPBIX, HEME/JIEHHOIO PACIIO-
3HABAHUS MMOTEHIINAJA, BBI3BAHHOTO B DI’ sKcrmepra pakoBOil peHTTEHOIDAMMOIL,
[TOSIBUBIIIENCsI CPe MHOXKECTBa 3J0POBBIX, PAHBIIE, YeM CaM IKCIIEPT YCIIEET 0CO-
3HATh 9TOT (PAKT U OTPEArHnPOBATH HE HErO.

Pabora nognepxana rparrom PODU Ne18-07-01087.

[1] V. Sulimova, O. Krasotkina, at al. Regularized SVMs for classification of image evoked

EEG potentials captured from an observer. Proceedings of the 15th Int. Conf. on

Machine Learning and Data Mining MLDM 2019, Vol. I, pp. 355-366.
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Brain-computer interface: Detecting visual electroencephalogradic
potentials of the physician evoked by his reading of XR
mammograms
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Electroencephalography is a method of testing the electrical activity of the brain
by jointly processing electrical signals registered at several points on the surface
of the skull. It was originally invented to study mechanisms by which human be-
havior is generated, in particular, for brain diseases diagnosis. However, in the
past decades, electroencephalography has become the basis of many brain-computer
interfaces, which decode neural response to different stimuli into commands that,
for instance, operate external devices. Our research [1] is concerned with another
purpose of analyzing responses of a multi-channel electroencephalogram (EEG) to
outward stimuli. It is assumed that the person whose EEG is processed is an ex-
perienced mammologist able to reliably distinguish between X-ray mammograms of
women with breast cancer and those of healthy women. These studies pursue the
alm to essentially improve productivity of rare pronounced experts by way of, first,
accelerating the screening of mammographic images up to ten pictures per second,
and, second, immediately detecting the eventual potentials evoked in the expert’s
EEG by a target (cancer) image among a crowd of non-target ones before the expert
becomes aware of this fact.

This research is funded by RFBR, grant No18-07-01087.

[1] V. Sulimova, O. Krasotkina, al al. Regularized SVMs for classification of image
evoked EEG potentials captured from an observer. Proceedings of the 15th Int. Conf.

on Machine Learning and Data Mining MLDM 2019, Vol. I, pp. 355-366.
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Bazkuefiimmm acrmeKkToM UCCIIeI0OBAHNI MeIUKO-OMOIOrTIECKON HAYKHU SABJISAETCS
9TUONATOreHe3 MYIbTH(MAKTOPUAIBHBIX 3ab0eBannii. [Ipn n3yueHnn KOMILIEKCHBIX
(MynbTHGAKTOPUATBHBIX) TATOJIOTHH HAKOOJIEE SHATUMBIMHU ABJISIOTC (DAKTOPBI Te-
HETUYECKON IIPEIPACIIOIOXKEHHOCTH. B HacTosiiee BpeMsi 60JIbIII0e BHUMAHUE YJIeJIsI-
eTcsl MeXaHU3MaM Pas3BUTHsI COIMATBHO-3HAYMMOro 3abosieBanus nmmsodpenun [1],
0COOEHHO B COYETAHUU C JIPYTHUMHU MYJIbTHMAKTOPUATHLHBIMA TATOJOTUAME, B TOM
qKCsIe ayTOUMMYHHBIMU. B ryGuukaimy [2| npuBejieHbl UCC/IeI0BaHUs, HAIIPABJICH-
HbIE Ha yCTAaHOBJIEHHE CBSA3M COUETAHHOI'O PA3BUTHUS N30 PEHNN U OTJIETbHBIX ayTO-
UMMYHHBIX 3a00/1eBaHuil (Mu30(bpeHnn 1 NeTMaku, Nn30(hPEeHIN C PEBMATOUTHBIM
APTPUTOM U IMU30(PPEHUN ¢ PACCEAHHBIM CKJIEPO30M). OHAKO, KOMILIEKCHBIX UC-
CJIeZIOBAHUI, TTO3BOJISIONINX C IPUMEHEHUEM METOJIOB BBISIBJICHUS PA3JIMIHOIO POJIA
3aKOHOMEPHOCTEH U IPUHATHS PEIIEHIIT 110 TePCOHUMUITNTPOBAHHOMY IIPEICKAZAHITIO
BO3MOXKHOTO IIPOSBJICHUS (B TOM YHCJIE COUETAHHOIO) ayTOUMMYHHBIX 3aboJieBaHuil
U mu30(ppeHNN He IPOBOJUIIOCH. TaKue UCC/IeIOBAHNS B IEJIsIX IEPCOHN(MUITMPOBaH-
HOI'O IPEJICKA3AHUA BO3MOKHOIO IIPOABJICHUS (B TOM YHUCJIE€ COBMECTHOIO) ayTOMM-
MYHHBIX 3a00JIeBaHMI U MU30MDPEHNN 11€71eCO00Pa3Hbl OCYIMIECTBUTD € UCIIOIH30Ba~
HUEM METOJIOB TECTOBOI'O PACIO3HABAHUs 0OPA30B C IPUMEHEHUEM CPEJCTB KOT'HU-
TUBHO} rpaduKu, peajn30BaHHbIX B IIPUKJIIHON MHTe/UIeKTyalbHOil cucrembl (VC
IMTPEJITAT), npe/iHA3HAUEHHO 1751 BBISIBJIEHMs] BOSMOXKHBIX COUETAHHBIX ITPOSIBIIE-
HUI reHeTHIecKnX (PaKTOpOB MyJIbTU(hAKTOPUAJIbHBIX 3a00/ieBanuii. Hike Bkpariie
U3JIATAIOTCsT IPOBEJIEHHBIE HAMU IIPEIBAPUTE/IbHBIE UCC/IEJOBAHUS 0 PACCMATPH-
BaeMoil mpobsieMuoit obsiactu, ocHoBbI co3fanust npukiaagaoin UC TTPEIITPAT u
JAJIbHENIINe NCCIIe0BAHNUS.

Ha ocnose nposeiénnoro namu ananusa uadopmanuu u3 karagora GWAS (ka-
TAJIOr ACCOIUAINH OJIHOHYKJIEOTHIHBIX MOJUMOPMU3IMOB ¢ 3a60JIEBAHUSIMU) IO Pe-
3yJIBTATAM IINPOKOMACIITAOHBIX TIOJHOTEHOMHBIX HCCJIE/IOBaHNUT [3] ObLIN BBISIBJICHBI
TeHBI MPEIPACIIOIOKEHHOCTH K PEBMATOUIHOMY APTPUTY, IEJIMAKUU, PACCESTHHOMY
ckyepo3dy u muzodperun: 927 rena mpeapaciooKeHHOCT [t mu3odpennn, 434 -
JIJISI PEBMATOUTHOTO apTpuTa, 243 — 1l paccessHHOTO ckjepo3a n 102 — mjis memu-
AKNU. C 11€JIbIO BbIABJICHHA I'EHETHYCCKUX (baKTOpOB TaKUX COIMaJIbHO-SHAYMMbIX
3a00/1eBaHnil, KAK ayTOUMMYHHbIE (DEBMATOUIHBIN APTPUT, IEIUAKUS, PACCEAHHDII
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CKJIepo3) U mu30dpernst OyayT chOPMUPOBAHBL U 3AII0THEHBI MATPUIBI OLUCAHUN 1
pasaMvIeHnit n3yuaeMbIx 3a00seBanuii [4], cayzKanime 0CHOBOI J7TsT TOCTpOeHUst 6a3bl
JaHHbIX U 3HaHuil npukiaaaaoit 1C ITPE/ITTPAT.

Bnepsoie npegnaraercs npukiaaanas VC TIPEIITPAT, nmossomastiomast adhdex-
TUBHO IIPOBOJIUTD aHAJIN3 UMEIOIUXCS PE3YIHTATOB PA3IUIHBIX TOJTHOT€HOMHBIX UC-
cJreIoBannil, cOPMUPOBATH KOMILIEKCHYIO KAPTUHY T€HETHIECKNX B3aNMOI€HCTBIT
[IPUA UCCJIEYEMBIX HATOJOTUAX, IPOTHO3UPOBATL MHIUBU/IyaJbHbIe (DAKTOPHI COUe-
TAHHOTO TIPOSABJIEHNUST PACCMATPUBAEMBIX 3200 I€BaHNII.

Maremaruueckuii ammapar npukiagaoit UC ITPEJIITAT, 6asupyemblii Ha KOH-
BEPreHIINU HECKOJbKIAX HAYK U HAYJIHBIX HAIIPABJIEHUN, OCHOBAH HA MATPUIHOM CIIO-
cobe [peJICTaBJICHUs JAHHBIX U 3HAHUN (MATPUIIBI ONUCAHUI U PA3JINICHHIT), ODUIH-
HaJIbHBIX TECTOBBIX METO/IaX PACIO3HABAHUSA 00Pa30B; BHIABICHUN PA3JINIHOTO POJIA
3aKoHOMepHOCTel (06mmee uncsao 10), BKIOUAsT OTKA30yCTONINBBIE Ge3bI30BITOTHbIE
U CMEIIaHHbIE TUATHOCTHIECKIE TeCThI U UX BECOBbIE KOI(D(DUIMEHTHI; TPUHSITUN Pe-
[eHnst U 1X 0OOCHOBAaHUS C UCIIOJIb30BAHNEM I'pAUIECKUX, BKIIOYasi KOTHUTUBHBIE,
cpezacrs [4,5]. IC TIPEIITAT cozmaercs Ha 6a3e MHTEILIEKTYAJILHOTO UHCTPYMEH-
tagprOrO cpenersa UMCJIOT (6], mpeaHasHAMEHHOTO /1T BBISBJIEHUS] PA3JIMTHOTO
PO/ia 3aKOHOMEPHOCTEI, BK/II0Yasi OTKA30yCTONYNBbBIE INATHOCTUYECKIE TECTHI; IIPHU-
HATUS ¥ 0OOCHOBAHUS PEIIEHUN C UCIIOJIb30BAHUEM CPEJICTB KOTHUTUBHON I'PaUKU.

AHajim3 UMEIOIUXCs PEe3yJIbTATOB Pa3IMIHBIX MTOJTHON€HOMHBIX WUCCJIEIOBAHUIT,
COJIEPXKAIIMXCA B CO3JAHHBIX HAMU 0a3ax MAHHBIX U 3HAHUI, BIEPBBIE TO3BOJIAT
BBIABUTD KOMILJIEKCHYIO KADTUHY N€HETUIECKUX B3aUMOJIENCTBHUI DU UCCIIETyEeMbIX
narojorugx (3abosieBaHuii), a TakyKe st 00CJIeAYeMbIX IAIUEHTOB IIPOIHO3UPO-
BaTh 3a00/I€BAHUS, UHINBUIYAJbHbIE (DAKTOPHI COUETAHHOTO MPOSBJICHIS KOTOPHIX
[IpeJICTABIeHbl MATPUIlEH pPa3/IMYeHUll UCC/e0BaHHBbIX 3aboJieBanuil. [Ipeioxken-
HBII MTOJXOJ, /I8 aHaIN3a JTAHHBIX MTOJTHOT€HOMHBIX UCCJIEIOBAHUIN ITOCTY?KAT OCHO-
BOIt /151 pa3pabOTKN METOIOJIOTUN IUATHOCTUKN COIETAHHOTO IIPOSBICHUS UCCIIE/TY-
eMbIX 3a00JIeBaHNll B paMKaxX MCCACTOBAHUN MEPCOHATN3NPOBAHHON MeauIuubl. Ha
OCHOBaHUY WH/INUBHUIYAJIbHBIX T€HOMHBIX JIAHHBIX Oy/I€T IPOrHO3UPOBATHCS HAJIMINE
COBMECTHOTO IIPOsIBJIEHUsT ay TOUMMYHHBIX 3a00JieBaHuil 1 mu3odpennn y obcemnye-
MBIX JIHII.

[1] Bush W.S., Moore J. H Genome-wide association studies // PLoS Comput Biol, No 8,

2012. — Pp.1-11.

[2] FEaton W. W., Nielsen PR., Pedersen M G. Autoimmune disease, bipolar disorder, and

non-affective psychosis // Bipolar disorder, No 12, 2010. — Pp. 638—646.
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The most important aspect of medical and biological science research is the
etiopathogenesis of multifactor diseases. The special role taken to the factors of
genetic predisposition at the study of complex (multifactorial) pathologies. Paid
attention presently large to the mechanisms of development of socially-meaningful
disease of schizophrenia in combination with other multifactorial pathologies, in-
cluding autoimmune. The researches directed to establishment of communication
of the combined development of schizophrenia and individual autoimmune diseases
are given in the publication [2] (schizophrenia and celiac disease, schizophrenia with
rheumatoid arthritis and schizophrenia with multiple sclerosis). However, no com-
prehensive studies have been carried out using methods of identifying various pat-
terns and deciding on the personalized prediction of the possible manifestation (in-
cluding the combined) of autoimmune diseases and schizophrenia. Such researches
are possible only based on application of the applied intelligent system (IS) for the
personified prediction of possible manifestation (including joint) autoimmune dis-
eases and schizophrenia (IS PREDPAT) allowing to reveal the possible combined
manifestations of genetic factors of multifactorial diseases. Below the preliminary
researches conducted by us on considered problem area, a basis of creation of the
applied IS PREDPAT and further researches are in brief stated.

By results of the analysis of information, which carried out by us from the GWAS
catalog of large-scale full-genomic researches [3] genes of predisposition to a pseu-
dorheumatism, a Gee’s disease, multiple sclerosis and schizophrenia were reveal: 927
predisposition genes for schizophrenia, 434 - for a pseudorheumatism, 243 - for the
dissipated sclerosis and 102 - for celiac disease. With the purpose of revealinge of
genetic factors of such socially meaningful diseases as autoimmune and schizophre-
nia, will be formed and filled matrices of descriptions of the studied diseases [4], for
a construction data and knowledgebase of applied IS PREDPAT.

The applied first offered IS PREDPAT allowing effectively conducting analysis
of present results of different full genome researches, formatiing complex picture of
genetic interaction at the pathologies under investigation, prediction of individual
factors of the diseases under examination.

A mathematical apparatus of applied IS PREDPAT, based on convergences of a
few sciences and scientific directions is based on the matrix method of representation
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of the data and knowledge, original test methods of pattern recognition; revealing

different sort of regularities (sum total 10), irredundant and mixed diagnostic tests

with their coefficients, decision —making with the using graphic and tool cognitive

graphics [4,5].

IS PREDPAT is created on the base of intelligent tool of IMSLOG [6] different
sort of conformities to law intended for an exposure including fault-tolerant diag-
nostic tests and acceptance and ground of decisions with the use of cognitive means.

Analysis of the results of various full genome studies for the first time will allow
to reveal a complex picture of genetic interactions in the investigated pathologies, as
well as to predict diseases, individual factors of combined manifestation of which are
included in the matrix of distinguishing of diseases under investigation. The pro-
posed approach for the analysis of full genome research data will serve as a basis for
the development of a methodology for the diagnosis of the combined manifestation
of the studied diseases within the framework of research of personalized medicine.
Because of individual genomic data, the possibility of joint manifestation of autoim-
mune diseases and schizophrenia in the examined persons will be predict.

[1] Bush W.S., Moore J. H Genome-wide association studies // PLoS Comput Biol, No 8,
2012. — Pp. 1-11.

[2] Eaton W. W., Nielsen P R., Pedersen M G. Autoimmune disease, bipolar disorder, and
non-affective psychosis // Bipolar disorder, No 12, 2010. — Pp. 638—-646.

[3] Eaton W. W., Nielsen P. R., Pedersen M.G. The NHGRI GWAS Catalog, a curated
resource of SNPtrait associations // Nucleic Acids Research, No 42, 2014. — Pp. 1001
1006.

[4] Yankovskaya A. E. Logical tests and cognitive graphics. LAP LAMBERT Academic
Publishing, 2011. — 92 p.

[5] Yankovskaya A. 2-Simplex Prism as a Cognitive Graphics Tool for Decision-Making //
Encyclopaedia of Computer Graphics and Games. Springer Nature, 2019, — 13 p.

[6] Yankovskaya A. E., Gedike AI, Ametov RV., Bleikher A M. IMSLOG-2002 Software
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B nacrositiiee BpeMs MIMPOKasi PACIPOCTPAHEHHOCTH HEBPOJIOTMYECKON HATOJIO-
I'UU sIBJISIETCsI OJIHOM U3 HamboJ1ee 3HAYNMBbIX MEIUIIUHCKIX ¥ COIUAJIBHBIX ITPOOJIEM,
[TOCKOJIBKY TATOJIOTHS TAIUEHTA IPUBOIUT K 3HAYUTE/TbHOMY CHUXKEHUIO KAauecTBa
xu3Hu. Hu3koe KauecTBO YKU3HU SBJIsIETCS (DAKTOPOM, CHUYKAOIIUM [ICHXOJIOTTIe-
CKyI0 0E30IIACHOCTD U IPUBOJAIIUM K caMocTurMarusanuu nanueatos [1]. s upo-
BeJIeHUsl MEPOIPUATHI 110 MTOBBLIIMIEHUIO KAYeCTBa KU3HU HEOOXOUMO BO3/EHCTBO-
BATh HA BECh KOMILIEKC (DU3NIECKUX W MICUXOJIOTHIecKuX (GakTopos [2]|. AKTyausb-
HOCTB JMATHOCTHKY KAa4eCTBa YKU3HU MAIMEHTOB C HEBPOJIOIUIECKOI aTOJIOrell He
BBI3BIBAET COMHEHWi, TIOCKOJIbKY HEBPOJIOTUYECKAs] [MATOJIOTUS W CHIKEHUE Katde-
CTBa KU3HU UMEET TsiyKeJIble IICUXOJOTUIECKIe, COIMAIbHBIE U COMATUYIECKHUE I10-
CJIEJICTBUSA, yTPaTy TPYAOCIIOCOOHOCTH W WHBaauam3annio. HacrogrenrbHas HeoOXo-
JIIMOCTD CO3JIaHUS IIPUKJIATHON HHTEJJIEKTYaIbHOI CUCTEMBI JUATHOCTHKY KAueCTBa
JKU3HH HanmeHToB ¢ Hepposorndeckoil narosorueii (IC TMAKAZK) He BBI3BIBaET
comuennii. Huzke BKpaTIe u3iararorcs IpOBeIEHHBIE HAME MCCJIEIOBAHNS 110 CTPYK-
TypU3aIuu IpodIeMHON 00JIACTH U TOCTPOCHUIO 6a3bl JAHHBIX U 3HAHWI, OCHOBAM
coznanus npukiaagaoil MC JTMAKAZK u nmpuBosgTcst pe3yabTaThl HCCTIeI0BAHNUS.

Ha ocnoBe npoBef€HHOrO HAMU aHAJIN3A HAIUMEHTOB C PA3JIUYIHON HEBPOJIOIH-
veckoii narosorueii (6osesnb [TapKUHCOHA, PACCESHHBIN CKIIEPO3, OCTEOXOHIPO3 MO~
3BOHOYHUKA, [IOCIIEJICTBISI HHCYJIBTA, MOJIOBOKPYZKEHHUsI 11 HAPYIIEHUs yCTOHIMBOCTH )
ObLIN BBISIBJIEHBI IIAPAMETPhI ([IPU3HAKH ), ONpeIe/isonue GU3nIecKuii KOMIIOHEHT
3110poBbs (busnyeckoe dyHKIMOHUPOBAHUE; POJIEBOE (DYHKIIMOHUPOBAHIE, 00YCIJIOB-
JIeHHOe (DU3UYECKUM COCTOSTHUEM; HHTEHCUBHOCTD 60JIK; 0BIIee COCTOSHUE 3/I0POBbS )
U NICUXUIECKUI KOMIIOHEHT 3/[0POBbsi (KM3HEHHAs] AKTUBHOCTB; CONUANbHOE (DYHK-
[IMOHUPOBAaHUE; POJieBoe (DYHKIIMOHUPOBAHUE, 0OYCJIOBJIEHHOE SMOIMOHAJBHBIM CO-
CTOSIHUEM; [ICUXOJIOIMYECKOE 3/I0POBbE) HAIMEHTOB ¢ HEBPOJOIUYECKOH MaTOJIOIU-
eit. OcyIecTBiieHa CTPYKTYPU3aIus JAHHBIX W 3HAHUN C TPUMEHEHUEM MATPHUITHI
ommcanuii (Q 06beKTOB (IAIMEHTOB) B IPOCTPAHCTBE NPHU3HAKOB U pasindenuil R,
3a/IAI0IIIX PA3JINYHbIE MEXaHU3Mbl Pa3bueHnsi 00bEKTOB Ha KJIACCHI SKBUBAJIEHTHO-
ctu [3]. Crpoku marpurpl R conocrasiensr crpokam Marpuist Q. Chopmuposasb n
3aII0JTHEHBI MATPUITHI OIMUCAHUI U PA3INICHII N3ydaeMbIX 3a00/IeBaHU, CJIyKAIIE
OCHOBOI JIJTsI OCTpOeHus 6a3bl Janubix u 3Hanuii npukiaagaoint 1C JMAKAZK.

Buepsoie cozmaérest npuknagaas UC INMAKAZK, npegnasnadennas 1y cBoe-
BpeMeHHON 1 3DdEKTUBHON (IIOBBIIIAIONIEH JOCTOBEPHOCTD PE3YJIbTATOB U COKpa-
IAroIell BpeMeHHbIE 3aTPaThl) JUATHOCTUKY KAUYECTBA YKU3HU MAIUEHTOB C HEBPO-

Bcepoccniickast koagepennuss MMPO-2019. Poccusi, r. MockBa, 26—29 nosibpss 2019 r.



294 Amnanus GHOMEIUIIMHCKUX JAHHBIX, ONOMHMOPMATHKA

JIOTUYIECKOH MMaTooTHeil Ha OCHOBE KPATKUX OIMPOCHUKOB. MartemaTwdecKuit arma-
par mpuksiaauoit IC JIMAKAZK Gasupyercss Ha KOHBEPIEHIIMM HECKOJIBKUX HAyK
U HayJHBIX HAIIPABJIEHUIl, OCHOBAH HA MATPUIHOM CIIOCOOE IPEJICTaB/IEHUs] JTAHHBIX
U 3HaHUi (MATPUILI ONUCAHUN U PA3/JIUYEHNUil); OPUTHHABHBIX TECTOBBIX METOIAX
pacro3HaBaHus 00Pa30B; BBIABJICHUN PA3JUIHOTO POJIA 3aKOHOMEPHOCTEH, BKJIIOUAS
OTpHUIATEIbHBIE 00Pa3bI; AJTPTEPHATUBHDBIE, 3ABUCUMbBIE U CUTHAJIbHBIE TPU3HAKT; OT-
Ka30yCTONYNBbIe 0e3bI30bITOYHbIE U CMEIIAHHbIE [TUATHOCTUYECKHE TECThl U UX Be-
CcOBbIe KO MUIMEHTDHI; TPUHATAN PEIIEeHNsT U UX OOOCHOBAHMS C UCIIOJTb30BAHUEM
rpaduueckux, BKIOUast KOPHUTHBHBIE, cpejcTs [4]. IC IMAKAZK koHcTpynpyer-
sl Ha 6a3e MHTEeJLIEKTYAIBLHOr0 HHCTPYMeHTa bHoro cpeacrsa (MC) UMCJIOT [5],
[IpeTHA3HAYEHHOTO /Il BBISABJIEHHUS PA3JIUTIHOIO PO/Ia 3aKOHOMEPHOCTEH, BKJIIOUAsT
OTKA30yCTOWYNBBIE IMATHOCTUYECKHE TECThI U UX BECOBbIe KOI(DMUINEHTDI; TPUHS-
THH PelleHus 1 UX 0O0CHOBAHUS C HCIIOJIb30BAHUEM CPEJICTB KOIHUTUBHON I'PadUKH.
Baza manubIx 1 3HaHMI CO3/IAETCS HA OCHOBE PE3Y/ILTATOB MCC/ICIOBAHNS TTAITHCHTOB
C HEBPOJIOTHYECKON MATOJIOTUEN, HAXOIANINXCA HA JIEUEHUHN B KJIMHUKAX HEBPOJIOTH-
9eCKOro mpoduIs.

Buepsoie npejgoxkeno cozmanne npukiaagaoit MC JIMAKAZK. Buepsoie npose-
JIEH aHaJu3 MPOOJIEMHONM 00JIACTH, CTPYKTYPU3AIMS JAHHBIX U 3HAHUI HaIeHTOB
C Pa3IUIHON HEBPOJOTHIECKON maTosiorueii u popMupoBaHme MaTPUI] OIMUCAHUN U
pasymaennii. [lockosbKy ckoncrpyupoBannbie Ha 6aze NWC MMCJIOT 6omee 30
npukiagabix C mokaszaim BEICOKYIO 9DHEKTUBHOCTD, €CTh BCE OCHOBAHMUS, YTO IIPU-
menenne npukiaagaoil UC JIMAKAZK mo3BouT MOBBICUTH KAYECTBO JIMATHOCTUKA
U COKPATUTL BPEMEHHbIE 3aTpaThl Ha €€ mpoBejenne. Pabora momiep:kana rpanToM
POOU Ne 18-313-00195.
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Currently, the widespread prevalence of neurological pathology is one of the most
significant medical and social problems, since the patient’s pathology leads to a sig-
nificant decrease in the quality of life. Poor quality of life is a factor that reduces
psychological safety and leads to self-stigmatization of patients [1]. To improve the
quality of life, it is necessary to influence the whole complex of physical and psy-
chological factors by performing certain types of activities [2]. The relevance of the
quality of life diagnostics for patients with neurological pathology is beyond doubt,
since the pathology and the decrease in the quality of life have serious psychological,
social and somatic consequences, and disabilities. The urgent need for an applied
intelligent system development of the quality of life diagnostics for patients with
neurological pathology (IS DIAQOL) is currently undoubtedly relevant. Below, we
briefly outline our studies on structuring the problem area and construction a data
and knowledge base, the fundamentals of creating an applied IS DTAQOL, and fur-
ther studies.

Based on our analysis of patients with various neurological pathologies (Parkin-
son’s disease, multiple sclerosis, spinal osteochondrosis, the effects of stroke, dizziness
and impaired stability), we revealed the parameters (features) that determine the
Physical Health (physical functioning; role-physical functioning; bodily pain; general
health) and the Mental Health (vitality; social functioning; role-emotional, general
mental health) of patients with neurological disorders. The data and knowledge
were structured using the matrix of description Q of objects (patients) in the space
of features and the distinguishing matrix R, defining various mechanisms of dividing
objects into equivalent classes [3]. The rows of the matrix R correspond to the rows
of the matrix Q. Creating and filling the above mentioned matrixes of the diseases
under study serve as the basis for construction of the data and knowledge base for
the applied IS DIAQOL.

For the first time, the applied IS DTAQOL is designed for timely and effective
(increased reliability of results and minimized time costs) life quality diagnostics
for patients with neurological pathology based on brief questionnaires. The mathe-
matical apparatus of the applied IS DTAQOL is based on the convergence of several
sciences and scientific researches, based on the matrix method of data and knowledge
representation (matrixes of description and distinguishing); original test methods for
pattern recognition; revealing regularities, including negative patterns; alternative,
dependent and signal features; fault-tolerant irredundant and mixed diagnostic tests
and their weight coeflicients; decision making and their justification using graphic,
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including cognitive, tools [4]. Applied intelligent system is constructed on the base
of intelligent instrumental software (ISS) IMSLOG, designed to revealing various
of regularities, including fault-tolerant diagnostic tests and their weight coefficients;
decision making and justification using cognitive graphics tools. The data and knowl-
edge base is created using the results of research involving patients with neurological
pathology being treated in neurological clinics.

For the first time, the creation of an applied intelligent system for quality of life
diagnostics of patients with neurological pathology is proposed. For the first time,
analysis, structurization of data and knowledge of patients with various neurological
pathologies were carried out. Since more than 30 applied IS designed on the basis
of the ISS IMSLOG have shown high efficiency, there is every reason that the use
of the applied IS DTAQOL can improve diagnostics of the quality of life. That will
reduce the time and cost on the diagnostics of patients with neurological deceases.

The reported study was funded by RFBR according to the research project No
18-313-00195.

[1] Solovieva S. L. Self-Stigmatization as Factor in Transformation of Healthy Person’s Per-
sonality into Patient’s Personality // Neurological Bulletin. Vol. 49, No 1, Pp. 49-56,
2017.

[2] Molchanova Zh. I. The Quality of Life in Multiple Sclerosis Patients Living in the North
Region, Depending on Cognitive Status // Journal of New Medical Technologies. Vol.
21, Pp. 104-107, 2014.

[3] Yankovskaya A. E. Logical tests and cognitive graphics. LAP LAMBERT Academic
Publishing, 2011. — 92 p.

[4] Yankovskaya A. 2-Simplex Prism as a Cognitive Graphics Tool for Decision-Making //
Encyclopedia of Computer Graphics and Games. Springer Nature Switzerland AG 2019
N. Lee (ed.). 2019. — 13 p.

[5] Yankovskaya A. E., Gedike AL, Ametov R V., Bleikher A M. IMSLOG-2002 Software
Tool for Supporting Information Technologies of Test Pattern Recognition // Pattern
Recognition and Image Analysis, Vol. 13, No 4, 2003. — Pp. 650-657.
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KnacTepHblii aHanu3 B 3agadve goonepayuoHHOro
NPOrHO3MPOBaHNSI MEeTacTaTUYECKOrO NOPa>keHUs permoHapHbIX
NMM@oy37108B y 00/IbHLIX PAaKOM MOJIOHHOW >Kese3bl
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Briparkennsrit pocT 3a0071€BAEMOCTH 2KEHIIMH PAKOM MOJIOYHOIl Kejie3bl MHU-
[IUUPOBAJI TIOUCK HOBBIX IIyTEH JIEYeHWsI ITOI IATOJOIUU, B YACTHOCTU, IIUPOKOE
BHeJIPEHIE SKOHOMHBIX OIEPATHBHBIX BMEIIaTeIbCTB.

KiroueBbim bakTOpOM OIpejiesieHnst MPOTHO3a M BBIOOpA ONTUMAJIBHON Jiede0-
HOl TAKTUKM SIBJII€TCS CBOEBPEMEHHAS IMATHOCTUKA TOPAYKEHUsT PETMOHAPHBIX JIIM-
darnyeckux ysmoB. OgHAKO, CJI€/yeT OTMETHTh, YTO HEMHBA3WBHBIE METOJbI Jiha-
THOCTHKH METAacTa30B B JIMMQOY3JIbl XapaKTEePU3YIOTCsI HU3KOM CIIennUIHOCTHIO 1
HEJIOCTATOYHON YyBCTBUTEIBHOCTBIO, & MIPOIE/ypa OMOIICUU CUTHAJIBHBIX JIMMMOY3-
g0 (BCJIY), KoTopas cuuTaercs METOAOM BbIOOPA BO MHOI'MX KJIMHUYECKUX CUTYa-
WX, U3-38 TEXHUIECKUX CJIO0YKHOCTEH PYyTUHHO IMPUMEHSIETCS HE BO BCEX CTAIMOHA~
pax.

Taxum 06pa3oM, JTOOIEPAIMOHHBII CTATUCTHYECKNI IPOI'HO3 METACTATUYECKOIO
[OPaKeHMs PErHOHAPHBIX JTUM@OY3JI0B y OOJIbHBIX PAKOM MOJIOYHOI YKeJIe3bl, JacCT
BO3MOXKHOCTB YK€ JI0 HAaJdaJjia OMEPAIUU ONEHUTh BO3MOKHOCTH OIITHMUI3AIUN JIM-
doauccexym.

B pabote mposesien cTaTncTHYECKUit aHAINSE KIAMHIIECKUX JTAHHBIX 1 MOPQOJIO-
ruYecKuxX GaKTOPOB, MOJIYIEHHBIX B OHKOJIOTUYECKOM OT/I€JIEHUU [TATOJOIHH MOJIOY-
HOI1 2KeJjie3bl BOpOHEKCKOro 00JIACTHOIO KJIMHUYECKOI'O OHKOJIOIMYECKOTO JIMCIIaH-
cepa B X0/le IIPOBEIeHNsT KOMILJIEKCHOIO HCCJIEIOBAHUs ¢ ydacTueM 223 MallieHTOK.
YuantbiBasuch Toabko cragauun [ TINOMO u ITa T2NOMO.

B rabsmmne 1 npencrasien dparMenT KINHAKO-MOPMOJIOTHIECKUX JTAHHBIX 223
HAIMEHTOK, PA3J/IeJI€HHbIX HA MDY [0 IPU3HAKY «OTCYTCTBUE/HAIMYNE METacTa-
30B B JINMQOY3JIbI».

Ha mepBom 3rame B KauecTBe IePEMEHHBIX JJIsl KJIACTEPOB OBLIN B3sIThl BO3PACT
naruenTos, unjeke nposmdepanuu Ki67 (dakrop onpemesenus GUOIOITIECKOrO
LOJTULIA) U PA3MepP OIYyXOJId B MUJLIUMETPaX. B pesysbrare NIPUMEHEHUs KJIAacTep-
HOTO aHAJII3a METOJIOM k-CpeTHUX OBLIO MOJyIeHO TpH KacTepa. B mepBolit KiacTep
TIOTIAJTN TTAIMEHTDHI CO CPeIHNM Bo3pacToM 56,9 Jtet, cpeaunm Ki67=74,9 u cpeannm
pa3mMepoM oryxon 33,9 MM BO BTOPOI co cpejiuuMu 3Hadenuamu H8,14; 34,25; 24,45
u B Tpetuit 64,60; 16,52; 18,23 cooTBETCTBEHHO.

Jlajiee OIEHWM dYACTOTY METACTA3MPOBAHUS B PErHOHAPHBIE JIMMMOY3JIIbI st
KaXKJIOro KJiacrepa. Takyio OIeHKY ITPOBE/IEM C MCIIOIb30BAHNEM TabJIATL COIPAZKEH-
Hoctu. AHasm3 mokasaj, 9ro Ha yposHe 3HaumMocTu p < 0,05 gacrora meracra-
3UPOBaHUs] B PernoHapHbIE JINMOY3JIbl OIEHUBAeTCsl Dojlee yeM B 2 pa3a HUXKe y

Bcepoccuiickasi koagepennuss MMPO-2019. Poccusi, r. MockBa, 26—29 nosibpss 2019 r.



298 Amnanus GHOMEIUIIMHCKUX JAHHBIX, ONOMHMOPMATHKA
Tabmuma 1
Kaunurxo-mopponozunecrkue darmvie 60ADHT PAKOM MOAOUHOT
Orcyrcrsue | Hamuuame
Kareropus MEeTaCTa30B | METacTa30B Bcero
N=154 N=69
Cpenuuii Bo3pact 61,32+10,38| 61£12,02 |61,25411,22
Cpenuwmii pazmep omyxonu (M) | 20,434+9,28 | 27,43+12,4 (22,61+£10,83
T'mcronormaeckuii quarsos | N % N % N %
vHBa3uBHAs KaprumHoMma G2 98| 63,63 |52| 75,36 |150| 67,26
Buosornuecknit moaTutn N % N % N %
JlIromuHAIBHBIT A 70| 45,45 |20| 28,98 | 90 | 40,36
JIromuuaneabiit B Her - 46| 29,87 |31| 44,92 | 77| 34,53

LAIMEHTOB €O cpeaHuM Bo3pacrom 65 ser, cpenaum Ki-67 16,52 % (kmacrep 3) u
CPEeJIHIM pa3MepoM OIyXou 18,2 MM, deM y HaIeHTOB CO CPEIHUM BO3PACTOM 57
Jster, cpeganM Ki-67 75 % n cpenruM pasmepom omyxosn 34mm (kiacrtep 1).

Ha cireryroriem stare anaimsa B HaOOP IepeMeHHbBIX I KJIACTEPOB HAMU ObLIN
BKJIIOUEHBI [TOKA3aTe/ i TOPMOHAJBHBIX XapaKTepUCTUK KJeTok omyxosu Er, PgR,
HER2, rucrosornveckuit muarao3. B pesyibrare ObLIO TOMYYIEHO MATH KJIACTEPOB.
OcranoBuMcst TOJIpOOHEE HA CTPYKTYPE MOJYyYIeHHBIX KJIACTEPOB. B MsAThI KacTep
HOTIAIM MATIMEHTHI ¢ caMbiM HU3KuM cpeaanm Ki67(8,9), ¢ orpunarensasin HER2
U BBICOKON akTuBHOCTBHIO Er m PgR, a B Tperwmii Kjacrep malueHTbl C BBICOKUM
Ki67(82), nonoxurensasiv HER2 u nuskoii sxcupeccueit Er u PgR.

OrieHKa 9aCTOTHI METACTA3UPOBAHNS B PETHOHAPHBIE JIMMMOY3JIIbI I KAXKIOTO
U3 [ATH KJIACTEPOB, C MCIIOJIH30BAHNEM TaOJIUIIBI COMPSIKEHHOCTH TOKA3aJIa CJIEITy-
IoIye pe3yabTaThl: Ha ypoBHe 3HauuMocTu p < (0,05 gacToTa MeTacTa3supoBaHUS B
peruoHapsbie JUM@OY3JIbl OllEHUBaeTCs Oojiee YeM B 2 pa3a HEXKe y IallMeHTOB 4
KJIacTepa 10 CPABHEHUIO C IMalleHTaMU U3 [epBOro Kjacrepa. VIMeHHO Jijisi TOro
KJIacTepa HabJIIOMAI0TC caMble OJIArONPUATHBIE MPOTHO3BI 10 OBOY OTCYTCTBUS
meractazos B gumboysiaax (78 %; p < 0,05), a s 1 kiacrepa xapakrepHo Haubo-
Jlee JacToe MeTaCcTa3upoBaHue B pernoHapHble guMdoysnsr (51,85 %).

IIpoBejieHHbIE UCCIIEI0BAHNS TIOKA3AJIH, YTO CYIIECTBYET BO3MOYXKHOCTD J00IIepar-
[IMOHHOI'O ITPOTHO3UPOBAHUS METACTATUIECKOIO MOPAaYKEHUsT PErMOHAPHBIX JIUM@ar-
TUYECKUX Y3JI0B Y OOJIbHBIX PAKOM MOJIOYHOM 2Kejie3bl [1].

[1] Hemazunos A.X., Acnwuna H.I, Asapos I.A., Mowypos H.II. Tlpornosuposanue

METACTATUIECKOIO ITOPAYKEHUsT PErHOHAPHBIX JIMMMATUIECKUAX Y3JIOB Y OOJIBHBIX PAKOM

MOJIOUHOH 2Kesie3bl // OIyxosm »KeHCKOil penpo/yKTuBHOi cucrem, 2017. — 13(2). —

C.13-19.
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Table 1
Clinical and morphological data of patients with breast cancer

Lack of |The presence of
Category metastases metastases Total
N=154 N=69
Average age 61,324+10,38 61+12,02 61,25+11,22
The average tumor size (mm) | 20,43+9,28 27,43+12,4 |22,614+10,83
Histological diagnosis N % N % N %
invasive carcinoma G2 98| 63,63 |52 75,36 150| 67,26
Biological subtype N % N % N %
Luminal A 70| 45,45 |20 28,98 90 | 40,36
Luminal B Her - 46| 29,87 |31 44,92 77| 34,53

Cluster analysis in the task of preoperative prognosis of metastatic
lesions of regional lymph nodes in patients with breast cancer

Natalia Asnina' andrey050569@yandex.ru
Tatiana Azarnova’x ivdas92@mail.ru
Voronezh, Federal State Budgetary Educational Institution of Higher Education
”Voronezh State Technical University”

2Voronezh, Federal State Budgetary Educational Institution of Higher Education
”Voronezh State University”

A marked increase in the incidence of women with breast cancer initiated the
search for new ways to treat this pathology, in particular, the widespread introduc-
tion of cost-effective surgical interventions.

A key factor in determining the prognosis and choosing the optimal treatment
tactics is the timely diagnosis of regional lymph node lesions. However, it should
be noted that non-invasive methods for the diagnosis of lymph node metastases are
characterized by low specificity and insufficient sensitivity, and the signal lymph
node biopsy procedure (BSL), which is considered the method of choice in many
clinical situations, is not routinely used in all hospitals due to technical difficulties.
In this way, preoperative statistical prognosis of metastatic lesions of regional lymph
nodes in patients with breast cancer will make it possible to evaluate the possibility
of optimizing lymphadenectomy already before the start of surgery.

A statistical analysis of clinical data and morphological factors obtained in the
oncology department of breast pathology of the Voronezh Regional Clinical Oncology
Center during a comprehensive study involving 223 patients was performed. Only
stages I TINOMO and ITa T2NOMO were taken into account.

In Table 1 are clinical and morphological data of 223 patients is presented and
divided into groups on the basis of ”the absence/presence of metastases in the lymph
nodes”.

At the first stage, the age of the patients, the Ki67 proliferation index (factor
for determining the biological subtype), and tumor size in millimeters were taken as
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variables for the clusters. As a result of applying cluster analysis using the k-means
method, three clusters were obtained. The first cluster included patients with an
average age of 56.9 years, an average Ki67 = 74.9, and an average tumor size of 33.9
mm in the second, with an average of 58.14; 34.25; 24.45 and the third 64.60; 16.52;
18.23.

Next, we estimate the frequency of metastasis to regional lymph nodes for each
cluster. We carry out such an assessment using contingency tables.

The analysis showed that at a significance level of p < 0.05 h, the rate of metas-
tasis to regional lymph nodes is estimated to be more than 2 times lower in patients
with an average age of 65 years, an average Ki -67 of 16.52 % (cluster 3) and an
average tumor size of 18, 2 mm, than in patients with an average age of 57 years,
an average Ki -67 of 75 % and an average tumor size of 34 mm (cluster 1).

At the next stage of the analysis, we included in the set of variables for clusters
indicators of hormonal characteristics of tumor cells Er, PgR, HER2, and histological
diagnosis. As a result, five clusters were obtained. Let us dwell in more detail on the
structure of the resulting clusters. So, for example, patients with the lowest average
Ki 67 (8.9), with negative HER2 and high Er and PgR activity were included in the
fifth cluster , and patients with high Ki 67 (82), positive HER2 and low expression
were in the third cluster Er and PgR.

Estimation of the frequency of metastasis to regional lymph nodes for each of
the five clusters using the contingency table showed the following results: at a sig-
nificance level of p < 0.05, the frequency of metastasis to regional lymph nodes is
estimated to be more than 2 times lower in patients of 4 clusters compared with
patients from the first a cluster. It is for this cluster that the most favorable prog-
noses are observed regarding the absence of metastases in the lymph nodes (78 %;
p < 0.05), and for 1 cluster the most frequent metastasis to regional lymph nodes is
characteristic (51.85 %).

Studies have shown that there is the possibility of preoperative prognosis of
metastatic lesions of regional lymph nodes in patients with breast cancer not by one
attribute (histological or morphological), but by their combination.

[1] Ismagilov A., Asnina N, Azarov G, Moshurov I. Prediction of metastatic lesion of re-

gional lymph nodes in patients with breast cancer// Tumors of the female reproductive
system, 2017. — 13(2). — p. 13-19.
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oHnaiH meta-cepsepom QASDOM
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"Mocksa, UucTuryT mpobiaem ymnpasmennst uM. B.A. Tpamesrnkosa PAH
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IIpeckazanre B3aMMOIEHCTBUsI OEJIKOB SIBJISIETCS BAXKHBIM UHCTPYMEHTOM JIJIst
U3yYeHns IPOIECCOB, MPOUCXOIANNX B KUBOI KaeTKe. B HacTodmee Bpems cyte-
CTBYIOT HECKOJIBKO CEPBEPOB, UCIIOJIB3YIONINX PA3HBIE aJrOPUTMbBI JOKUHTA. Pe3yiib-
TaThl MOJICJIMPOBAHNS BLIIAIOTCSA B BHJe HAOOPOB PA3HBIX BAPUAHTOB B3amMOJIEii-
crBust perienitopa u Jurasga. OJHAKO OIEHKA M CpaBHEHUE BCEX MOJIEJIeil TaKoro
Habopa IKCIEPTOM BEChMa TPYI0EMKA.

Cepsep QASDOM [1] (Quality ASsessment of Docking Models, qasdom.eimb.ru)
pa3paboTaH JUIsi MOJIb30BaTe e, KOTOPHIM HEOOXOIMMO ITPOAHAJIM3NPOBATE HAOOD
MoJesieit JOKUHATA OOJIBIIOr0 00beMa, MOMYIEHHBIN pa3HbIMUA CIIOCODAMNI W WHCTPY-
MeHTaMHU IIPeJICKa3aHns, OIEHUTh BEPOATHOCTH BOBJIEYEHUs T€X WJIHM JPYIUX OCTAT-
KOB B IIPOIIECC Y3HABAHUS, PAHXKUPOBATDL MOJIC/IH 10 KPUTEPUSIM KAUIECTBA U BBI-
OparTh HAWIYUINYIO MOJE/Ih B pekuMe peajbHOro Bpemenu. CepBep MO3BOJISIET BU-
3yaJIM3UPOBATH YIACTKH TOCJIEI0BATETLHOCTH PEIENTOpPa U JUTAHIA, BOBIE€IEHHbBIE
BO B3aMMOJIEHCTBHA, W OTOOPA3UTh B TPEXMEPHOM IPOCTPAHCTBE CTPYKTYPHI MOIE-
Jieil KOMILJIEKCA PEeIrenTOp-JIMTa I,

Ornrcanbl KPUTEPUU OIEHKU U PAHXKUPOBAHMS MOJIEJIEl JIOKUHIa, OIIpejie/IeHre
JINHEHHBIX U CTPYKTYPHBIX KJIACTEPOB B3aUMOJIEHCTBIS MOJIEKYJI, CTATUCTUKA 0Dpa-
mennit K cepsepy QASDOM u npumeps! ero ucnoJib30BaHus B KOHKPETHBIX HCCIIEe-
JOBAHUAX.

Pabora nmomaepxkana rpanrom PODU Ne17-04-02105.

[1] Anashkina A, Kravatsky Y, Kuznetsov E, Makarov A, Adzhubei A Meta-server for
automatic analysis, scoring and ranking of docking models // Bioinformatics, 2018. —

Volume 34, Issue 2, p.297—299.
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Ranking and analysis of protein-protein docking models online by
QASDOM meta-server
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"Moscow, V. A. Trapeznikov Institute of Control Sciences of RAS
2Moscow, Engelhardt Institute of Molecular Biology of RAS

Prediction of protein interactions is an important tool for studying the processes
occurring in a living cell. There are currently several servers using different docking
algorithms. The simulation results are given in the form of sets of different variants
of the interaction of the receptor and the ligand. However, the assessment and
comparison of all models of such a set by an expert is very laborious.

The QASDOM [1] server (Quality ASsessment of Docking Models, qas-
dom.eimb.ru) is designed for users who need to analyze a set of large docking models
obtained in different ways and prediction tools, to assess the probability of involving
certain residues in the process recognition, rank models according to quality criteria
and choose the best model in real time mode. The server allows you to visualize
portions of the receptor and ligand sequences involved in the interaction and display
the structure of the models of the receptor-ligand complex in the three-dimensional
space.

Criteria for assessing and ranking docking models, determining linear and struc-
tural clusters of molecular interactions, statistics of calls to the QASDOM server,
and examples of its use in specific studies are described.

This work was supported by the RFBR grant 17-04-02105.

[1] Anashkina A, Kravatsky Y, Kuznetsov E, Makarov A, Adzhubei A Meta-server for au-
tomatic analysis, scoring and ranking of docking models // Bioinformatics, 2018. —

Volume 34, Issue 2, p.297—299.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019



Analysis of biomedical data, bioinformatics 303

Mopxon k geTtekTupoBaHUIo 3NNNENTUGOPMHON aKTUBHOCTMU B
curnanax I3 n cnocobbl anddepeHumnaummn annaenTNYecKnx
NPUCTYNOB OT apTedakTOB >XeBaHUs
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CxuoCcoBCKOTO

Paspaboran HOBBINI MeTOJI, MTO3BOJISIFOIIUI aBTOMATHIECKH JIETEKTHPOBATH pas3-
JIMYHYIO aKTHBHOCTH B JUINTEJbHBIX (CyTKU U 0oJiee) curHajax 3JeKTpoduiedalio-
rpamm. g muddepennmarun sunientudOpPMHOI AaKTUBHOCTH OT apTedaKTOB Ke-
BaHMSI IIPE/IJIO?KEHBI METO/IbI, OCHOBAHHBIE HA aHAJIN3€e BEIBJIET-CIEKTPOrPAMM JIEK-
Tposutiedasorpamm. 3yvuasuch cBoifcTBa XpeOTOB BEUBJIET-CIIEKTPOTPAMM 3JICK-
TPOsHIEDATOrPAMM, a TaKKe MePUOJIMIHOCTD IITUPOKOIIOJIOCHBIX [TMKOB B MOMEHTHI
BPEMEHM, COOTBETCTBYIOIIME MMHUK-BOJTHOBON SMMIenTuOPMHON aKTUBHOCTH, C OJI-
HO#l CTOPOHBI, U MHUKAM MHUOrPAMUIECKON AKTUBHOCTU B JIEKTPOIHITEMATOrDAMME
IIPHU KEBAHUU C JIPYTOil CTOPOHBL.

PaboTa BbInosiHena B paMKax rocy/1apcTBEHHOTO 3a/[aHNs U YACTUIHO IOJJIEPIKa-
na Poccuiickum dorgom dbyrpaMenTaababix uceaegaoBanuii (mpoekt Ne18-29-02035
[1] Kershner I., Obukhov Yu., Sinkin M. A new approach to the detection of epileptiform

activity in EEG signals and methods to differentiate epileptic seizures from chewing

artifacts // Rensit: Radioelectronics. Nanosystems. Information techologies, 2019. —

Vol. 11, No. 2. — pp. 237-242.
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Approach to the detection of epileptiform activity in EEG signals
and methods to differentiate epileptic seizures from chewing
artifacts
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"Moscow, Kotel’nikov Institute of Radio Engineering and Electronics of Russian academy
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2Moscow, Sklifosovsky Scientific Research Institute for Emergency Medicine

The new approach based on Morlet wavelet spectrograms ridges analysis and al-
lowing automatic detecting different activity in long term EEG signals is developed.
To distinguish epileptiform activity from chewing artifacts two approaches are pro-
posed. The quantitative characteristics of events wavelet spectrogram ridges were
studied, as well as the frequency of broadband peaks at time points corresponding
to peak-wave epileptiform activity on the one hand, and the peaks of myographic
activity during chewing on the other hand. Signs by which one can qualitatively
divide the group containing epileptic discharges from chewing artifacts were found.

The work was carried out within the framework of the state task and partially
was supported by the Russian Foundation for Basic Research (project No. 18-29-
02035).

[1] Kershner I., Obukhov Yu., Sinkin M. A new approach to the detection of epileptiform
activity in EEG signals and methods to differentiate epileptic seizures from chewing

artifacts // Rensit: Radioelectronics. Nanosystems. Information techologies, 2019. —
Vol. 11, No. 2. — pp. 237-242.
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O emkOCTN cemeicTB xapakKTepucTuiecknx pyHKUuni,
obecneymnBatloWnNX KOPpPEKTHOE pelleHne 3agad
AnarHocTuyeckoro Tuna
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!Boruncimrensusiii nearp nm. A. A. Joponuunpiaa ®UIL Y PAH

O06Cy 2K 1a10TCsT BO3MOYKHOCTH OIEHKH JIOCTATOYHOCTHU JAHHBIX B 00y4aloIieil Bbi-
6GOpKe - COBOKYITHOCTH OIMHUCAHUN MPEIEICHTOB HAJNYINAS AHAJIN3UPYEMOTO IIEJICBOTO
sddekTa (IPUMEPOB) U OLUHMCAHUI €ro OTCYyTCTBHs (KOHTPIPUMEPOB) — I KOD-
PEKTHOI'O DeIIeHUs] 3a/a4 JUATHOCTHIECKOrO THIA (<«MArHOCTUKI» 110 OIHUCAHUIO
HOBOT'O TIPEIEIEHTa HAJIUYIUS WU, HA0DOPOT, OTCYTCTBUS Y HETO IeJeBOro 3 dek-
Ta, MIPUHUMAsi BO BHUMAHUE OIBIT PAHEE M3YyUEHHBIX IMPUMEPOB U KOHTPIPUMEPOB
anajmsupyemoro adbderra). Ocoboe BHUMAHNE YIEIEHO AaHAJIU3Y MAJBIX (HE sABJIAIO-
[IUXCsl CTATUCTUYICCKU 3HAYUMBIME ) KOJUICKIUH SMIMPUIECKUX JaHHbIX. [Ipu sT0M
[IpEJIIoJIaraeTcsi, 9T0 aHAIU3UpyeMbIil 3h(MEKT nMeeT JeTEPMUHUCTCKYIO «ITPUINH-
HYIO» TIPHPOJY, & B WCIIOJb3yeMbIX ONUCAHUSIX INIPEIEJCHTOB (sI3bIKe IIPeJICTaBIe-
HUs 3HAHUI) OTPAKAIOTCS T€ UJIM UHbIE HEOOXOIUMBIE Jijisi BOSHUKHOBEHUS TAKOTO
adpdekTa darTopbl BausHUA. PaccMaTpuBaioTCs MOPOXKIAEMbIE HUCXOIHON 00yda-
o1eil BBIOOPKOI IIPEIE/IEHTOB 3HAYNMbIEe KOMOUHAIUH OI00HBIX (haKTOPOB BJIUsI-
Hus (HEIOIBUXKHBIE TOYKHM HEKOTOPOrO 3aMbIKaHUs [ajya, KOTOPOe IOPOXKIAeTCsI
CXOJICTBAMHU OIHMCAHUN IPEIeIeHTOB, (DOPMAIN3YEMBIMI CPEJICTBAMU OMHAPHOM aJ-
reGpandeckoii onepamuu). C yu4eToM BBIIEJSIEMBIX TAKUM O0PA30M COBOKYIHOCTEH
(baKTOPOB BJIMSHIS CTPOSITCS CIEIUAJIBHOIO BUIA (PYHKIINA MHOTO3HATHON JIOTUKH,
KayKJasi M3 KOTOPBIX Ha BCEX MpUMepax 00ydaromieil BHIOOPKN MPUHUMAET 3HAYe-
HUE «HCTHHA», & HA BCEX KOHTIPIIPUMEPAX STOi Ke BBIOOPKU — 3HAYEHUE <«JIOXKb»
(xapakrepucrudyeckue (OYHKIME COOTBETCTBYIONIEH 0Oydaroleil BHIOOPKH IMIIMPH-
YeCcKuX JIaHHBIX). Hemycrora cemeiicTBa Takux (DYHKIWMIA JIJIsi KOHKPETHOH BBIOOD-
KU IIPENEJIEHTOB — KPUTEPHUH KOPPEKTHOrO (MCK/IOYAIONIEr0 HAJIUYNEe <IIPUYUH> B
KOHTPIPUMEPAX) pa3/ie/ieHus COOPAHHBIX B Heil IPUMEPOB U KOHTPIPUMEDPOB, U, KAK
CJIEJICTBHE, - APT'YMEHT B MOJIb3Y HAJIEKHOCTU «JIMATHOCTUKU» HOBBIX IPEIEEHTOB,
KOTOpasl UCIOJIB3YeT PE3yabTaThl 00ydeHns Ha JaHHON BuIOOpKe. CoxpaHeHme Tex
MJIN UHBIX (PYHKINN U3 JIAHHOIO CeMeiicTBa IPU PaciIupeHnr 00yJaromieil BBIOOpKY
HOBBIMH IIpeneieHTaMu (IIpuMepaMu 1 KOHTPIPUMEPaMU) — JIONOJIHUTE IbHBIN apry-
MEHT B HCIIOJIb30BAHUN UMEHHO STUX XaPAKTEPUCTUICCKUX (DYHKIUI B JTaIbHEAIITIX
JIMATHOCTUYECKUX MIPOTIE Iy PaxX.

JleMoHCTpHUpYETCs SKCIOHEHITMAIBHO OBICTPBI (110 OTHONIEHUIO K JIMHEHHOMY PO-
CTy IapaMeTpOB HCXOAHON obydaroiieil BHIOOPKU) POCT pasMepoB ceMeiicTBa pac-
CMaTpUBaeMbIX XapakTepuctuieckux (QyHkmmii. JlokazaHa Tak HasblBaeMas Ie€pe-
YUC/IUTE/IbHAS TIOJHOTA HEKOTOPBIX BO3HUKAOIINX 3/1€Ch MEPEOOPHBIX 3a1ad.

BosmoxkHOCTH TIpEIaraeMoro MHCTPYMEHTAPUsT WHTEJICKTYaJIbHOTO aHAJIN3a
JIAHHBIX WITIOCTPUPYIOTCS TPUMEPAME €0 UCTIOIBL30BAHNS TIPU PEIeHUH Psijia 3a1ad
BBICOKOTEXHOJIOTMIHOM MEJIUIIMHCKON JIMArHOCTHKH.
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To the complexity of characteristic function sets providing correct
diagnostic solutions

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

The possibilities to evaluate the sufficiency of data in the training sample (TS)
are discussed. Every TS is formed by examples (where analyzed effect is fixed) and
counterexamples (where the absence of analyzed effect is fixed). Special attention is
payed to the analysis of small (e.g. - statistically insignificant) TSs. The sufficiency
of data in a concrete TS is necessary to provide correct diagnostics for new cases:
are we able to extrapolate the existence (or, on the contrary, the absence) of the
analyzed effect from TS to a new case (example or counterexample)? It’s supposed
that analyzed effect enforced by deterministic “causality”: at least some enforcing
“causality” factors are presented in TS-cases descriptions (i.e. are described by the
used knowledge representation language). There are analyzed all significant com-
binations of such enforcing “causality” factors (corresponding to fix points of the
Galois closure formed by the similarity of TS-cases descriptions that is formalized
as a binary algebraic operation). Special functions (of many-valued logics) — so
called characteristic functions (ChF) - are designed basing on such combinations
of “causality” factors. Every ChF has truth-value “true” on every example and
truth-value “false” for every counterexample from TS. Non-emptiness of ChF set is
forming a criteria for correct (excluding the presence of any designed combination of
“causality” factors enforcing the analyzed effect in all T'S-counterexamples) extrap-
olation of T'S-learned empirical dependencies to a new diagnostic case. (Correctness
of this type extrapolation is based on a consistent separability of all examples and all
counterexamples in T'S made by learned ChF's. Stability (heritability) of some ChFs
with respect to extensions of current TS by new cases provides additional important
reason to implement these heritable ChF's to “diagnose” the analyzed effect for new
cases.

It is demonstrated an exponentially high (with respect to linear-complex increase
of TS) speed of growth for the set of all ChFs learned by concrete TS. So-called
enumeration completeness (#P-completeness) of some ChF-related combinatorial
problems is proven.

Some productive abilities of the presented tools of intelligent data analysis are
illustrated by examples of their applications in high-technology medical diagnostics.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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OcobeHHOCTU nMNAeMeHTaunum CUCTEM UCKYCCTBEHHOro
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n3obpa>keHnii

TI'ozobepudse FOputi Tenzuzosuu'x gut@vector.ru
Kaaccen Buxmop Hearnosuy' klassen@vector.ru
Hamenzon Muxauna SIxosnesur’ mnatenzon4@gmail.com
IIpoceupxur Havs Anexcandposur pia@vector.ru
Cagpun Apmem Aavbepmosu’ saal@vector.ru

"Yucromons, AO Pammoxommanus “Bexrop”

2Mocksa, Hayuno-nipoussojicreennoe oobeinnenune “‘HarmonaabHoe TeieMeuIImHCKOe
areaTcrso’

3Ypcronons, 000 “@rusncémomes”

Hoxmaa mocssien nepsoit B Poccun nHayTHO-amrpoOnpoBaHHON CHCTEME aBTOMAa-
THU3UPOBAHHOIO aHajm3a (PIOPOrpadpuIecKuX CHUMKOB, ITO3BOJISONIEN BBISBJISITD
JIEFOYHBIE [MATOJIOMUU pa3ndHbiX TUoB. Crucrema paboTaerT B peKUME peabHOrO
BPEMEHH ¥ CIIOCOOHA MPOM3BOIUTH AHAIM3BI (DIIOOPOTrpadUIeCKUX U300parKeHumit,
[TOJIy9E€HHBIX U3 JII000I TOYKM 3€MHOTO Imapa. Pe3ysbrar aHain3a CucTeMa BbIIAeT
B BHJIe MOJUDUIIPOBAHHOTO MEPBOHAYAIBHOTO M300PAKEHUST C BBIJEJIEHHBIMEA HA
HEM yYdaCTKaMWM C IIpe/roJjiaraceMbIM HaJIUYIUEM IIaTOJ'IOl"I/II‘/JI7 a TaKzKe peKOMeH/Iallu-
eil oOparTuTh BHUMaHUE Bpada-CIEIUANCTa WIH Ke 0e3 BBbIJIEJEHHBIX yJIaCTKOB U
¢ 3akJio9YeHneM 00 OTCYTCTBHUM IATOJIOTUI HAa CHUMKE. Ba)KHO OTMETHTH, 9TO Ha
CHUMKAX BBIJEJIAIOTCA 00JACTA C U3MEHEHUSIMU CTPYKTYPBI JIETKUX, KOTOPbIE CBU-
JIETEJIbCTBYIOT O HAJUYIUY [MATOJOIU, KAK OMACHBIX JIJIsI 3/I0POBbs 9EJIOBEKA, TaK W
HEOIACHBIX.

Jnarnoctudeckasi TO9HOCTH cucteMbl onenera B 2018r. I'BY3 . Mocksbr «HITT]
MeunuHCKol pajuosioruun JI3M». Onenka mpoBojuiach yTeM OMHAPHON KJjaccu-
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dukanun n300parXKeHuit: «<HOpMay WIH «Harojoruss. Onucanue Ju3aiiHa u pesyiib-
TaTOB BLIITOJIHEHO B cooTBeTcTBUN ¢ MeTomoorueii «STARD 2015». Omnenka mokasa-
Jla, 9TO cucTeMa 00JIaJIaeT BBICOKON IMPOIHOCTHIECKON IEHHOCTHIO OTPHUIATEIHBHOTO
pesynbrata (82,4-97,5%).

DyHIAMEHTOM IIPEJCTABICHHON CUCTEMBI SBJISIETCS aHCAMOJb 3-X CBEPTOYHBIX
ueitponnbix cereil (CHC) cupoekTupoBaHHbIX [0 HPUHIUIAM apXuTeKTypbl U-net (8
CBOPAYUBAIOIINX CJIOEB, 8 PA3BOPAUUBAIONINX CJIOEB, 32 CTAPTOBBIX (DUILTPA, KarXK-
eIt cioit x1.5 GuabTpoB Ha cBEPTKe, X1.5 GUIBTPOB Ha pasBopaduBanuu. Bxom
- 1 xanas, BIxog - 1 kamas). K/o4eBbIMU OCOOEHHOCTSAME TEXHUYECKOTO PEIICHUST
ABJIAIOTCsT crtocod obyuenuss u crpykrypa CHC. g jgocTmkenns TEXHUYECKOTO
pe3yJIbraTa IPUMEHSIOTCS:

1. Pasmeuennag cnenuaibabiM obpaszom 6asa (okosio 300000) dimooporpaduaeckux
CHUMEKOB It 00ydeHns ¢ Kiraccudukanmeil Kaxkaoil obracTu.

2. IlepessBemnmBanue KJjaacCOB B COOTBETCTBUU C UX BarKHOCTBIO B BBIOOPKE.

3. Kombumnarmst BbIXOIHBIX U300parKeHuil /1 yBeantdenns o0y aromieil 6a3nl.

B pabore paccMOTpeHBI BOIPOCHI TIOCTPOEHUS apXUTEKTypPhl Meauinackoro N

Ha 0a3e CBEPTOUHBIX HEHPOHHDLIX CeTell, BOIPOCHI MOJIOOPKHU OOYUAIONe BHIOOPKN

1 cOOCTBEHHO OOytUeHUsi cucTeMbl. Kpome TOro, 3aTparuBaroTCs BOIPOCHI TOUHOCTH

CHCTEMBI, €e BHEJPEHUS B MEIUIIMHCKYIO IIPAKTUKY U ITOBCEJIHEBHON SKCILTyaTaI[UN

CIIeTTNAJINCTAMU.

[1] Klassen V.1, Safin A.A., Maltsev A.V., Andrianov N.G., Morozov S.P.,
Viadzymyrskyy A. V., Ledikhova N. V., Sokolina I. A., Kulberg N. S., Gombolevsky V. A,
Kuzmina E. S. Al-based screening of pulmonary tuberculosis: diagnostic accuracy //
Journal of eHealth Technology and Application, Vol.16, No 1, 2018. P. 28 — 32.
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Features of the implementation of artificial intelligence systems in
the task of analysis of two-dimensional radiological images
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The report is devoted to the first in Russia scientifically tested system of automated
analysis of fluorographic images, which allows to identify pulmonary pathologies
of various types. The system operates in real time and is capable of analyzing
fluorographic images obtained from anywhere in the world. The system gives the
result of the analysis in the form of a modified initial image with selected areas on it
with the alleged presence of pathologies, as well as a recommendation to consult with
specialist doctor or without selected areas and with a conclusion about the absence
of pathologies in the picture. It is important to note that the images highlight areas
with changes in the structure of the lungs, which indicate the presence of pathologies,
both dangerous to human health and non-dangerous.

i

The diagnostic accuracy of the system was evaluated in 2018 by the Moscow
state medical radiology research center. The assessment was carried out by binary
classification of images: "norm” or ”pathology”. The description of the design and
results is carried out in accordance with the methodology "STARD 2015”. The
evaluation showed that the system has a high predictive value of a negative result
(82.4- 97.5%).

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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The Foundation of the presented system is an ensemble of 3 convolutional neural
networks (CNN) designed according to the principles of U-net architecture (8 con-
volutional layers, 8 deconvolutional layers, 32 starting filters, each layer x1.5 filters
on convolution, x1.5 filters on deconvolution. Input - 1 channel, output - 1 chan-
nel). The key features of the technical solution are the method of training and the
structure of the CNN. To achieve technical results are used:

1. Specially marked training set (about 300,000) of fluorographic images for training
with the classification of each marked area.

2. Reweigh classes according to their importance in the sample.

3. Combination of output images to increase the training set.

The paper deals with the construction of the architecture of medical Al on the
basis of convolutional neural networks, the selection of training samples and the
actual training system. In addition, the issues of accuracy of the system, its imple-
mentation in medical practice and daily operation by specialists are discussed.

[1] Klassen V.I., Safin A.A., Maltsev A.V., Andrianov N.G., Morozov S.P.,
Viadzymyrskyy A. V., Ledikhova N. V., Sokolina I. A., Kulberg N. S., Gombolevsky V. A,
Kuzmina E. S. Al-based screening of pulmonary tuberculosis: diagnostic accuracy //
Journal of eHealth Technology and Application, Vol.16, No 1, 2018. P. 28 — 32.



Analysis of biomedical data, bioinformatics 311

MocTpoeHune rpacoBbIX HEMPOHHbLIX CeTel B 3aja4e cuHTe3a
XUMNYECKUX MONEKyN
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Pemmaerca 3ajata mpsamMoro cmaTe3a XUMIIECKIX 3JIEMEHTOB. 1 pebyeTcss BoccTa-
HOBUTH MOJIEKYJIPHYIO CTPYKTYPY OCHOBHOI'O IPOJIYKTa XUMHUYECKON PEAKIINU IO
MOJIEKYJIaM MCXOJIHBIX BelecTB. JlanHast 3a/1ada sBIsgeTcst OJTHON W3 KJIIOYEBbIX JIJIs
ABTOMATH3AIUU [IPOIECCOB pa3pabOTKU JIEKAPCTB U BXOIUT B OoJiee 0OIILy 0 11pob.ie-
MY PETPOCHHTE3a XUMUIECKUX JJIEMEHTOB.

[TocraBnennas 3a7a4ua CBOAUTCH K KIACCU(MDUKAIINA ATOMOB UCXOIHBIX MOJIEKYJI:
OIIPEeIEJIAETC BEPOATHOCTD IIPUHA/JIE?KHOCTH TOMa OCHOBHOMY IIPO/LYKTY U BEPOSIT-
HOCTH aTOMOB 00pa30BaTh IMEHTP peakiuu. Vcrnonb3yercs: rpadoBoe mpejicTaB/IeHne
moutekyJ1. [Ipemoxkennsr Mo/ ukarmyn rpadoBoil CBEPTOTHON CETH, MOBBINIAIOIIIE
KavIeCcTBO pabOThI MOJIE/IH JIJIsl HECBSA3AHHDBIX I'PAdOB, KOTOPBIM SIBJISIETCSI HADOD MO-
JteKkysisapHbIX rpados. Ilpemioxkentas MOJEIb MCIOIb3yeT SKCIEPTHBIX 3HAHUS O
CTPYKTYpE U OCOOEHHOCTAX MOJIEKYJISPHOrO rpada.

KadgectBo pertennst 3a/1a4n NpsgMoro CUHTE3a U3MePSETCs 0 [TOJTHOMY COBIIaJle-
HUIO [TPEJICKA3aHHOI0 ¥ OPUTHHAIBLHOIO MOJIEKYJISIPHBIX IPadOB OCHOBHOI'O IIPOJIYK-
ta. ITokazana aJieKBaTHOCTH HpeIOZKeHHO# Mojenn. [Ipeyioykennas Mojieb Ipo-
BaJIMIMPOBaHa Ha BbIOOPKe peaknuii, cobpannbix u3 narrenros CIITA [2].

Pa6ora Beiosnena upu nojuep:xkke PODU (npoexkrer 19-07-1155, 19-07-0875) u
HTU (upoexr 13/1251/2018).

[1] Butler K. T. et al. Machine learning for molecular and materials science // Nature,

Nature. — 2018. — T. 559. — Ne. 7715. — C. 547-555.

[2] Lowe D. M. Extraction of chemical structures and reactions from the literature. // PhD

thesis — University of Cambridge, 2012.
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Graph neural network learning for chemical compounds synthesis

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

2Moscow, FRCCSC of the Russian Academy of Sciences

The study is devoted to the problem of chemical compounds synthesis. It deter-
mines the molecular structure of the main product of a chemical reaction, molecules
of the reagents and reactants. This problem is one of the most important problems
in automation drug development processes. The solution to the problem is necessary
for building the retrosynthesis path for a chemical compound.

Two node classification problems are solved in the work: the probability of the
atom belonging to the main product and the probability of the atom forming the
center of the reaction. Both probabilities are estimated for each atom. A graph
representation of the molecules is used. Modifications of a graph convolutional
network which increase the efficiency of the model on unrelated graphs are proposed.
The proposed models use expert knowledge about the structure and features of
molecular graphs.

The quality of the models is measured as the complete match of the predicted
and original molecular graphs of the main product. The adequacy of the proposed
models is shown. The proposed models are validated on a reaction dataset which
was collected from US patents [2].

This research was supported by RFBR (projects 19-07-1155, 19-07-0875) and
NTT (project 13/1251/2018).

[1] Butler K. T. et al. Machine learning for molecular and materials science // Nature,

Nature. — 2018. — T. 559. — Ne. 7715. — C. 547-555.

[2] Lowe D. M. Extraction of chemical structures and reactions from the literature. // PhD

thesis — University of Cambridge, 2012.
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MccnepoBaHne Npu3HaKkoB paHHEro NapkMHCOHU3Ma U1
3CCEeHUNaNbHOro TPEMOpPA B HU3KOHACTOTHOM Anana3oHe
0.5-4 Ty, BCnieckoobpa3HOW 31eKTPUYECKo aKTUBHOCTU MbILLL,

Cywrosa Oaveza Cepzeesna' o.sushkova@mail .ru
Moposos Aaxexceti Anexcandposun' morozov@cplire.ru
T'a6osa Aanexcandpa Bacuavesna’ agabova@yandex.ru
Kapabaros Aanexceti Bauecaasosun® doctor.karabanov@mail .ru
Yueanetivux Japuca Anamoavesna® chigaleidick.lar@yandex.ru

'"Mocksa, IPD um. B.A. Koreasnukosa PAH
2Mocksa, IBHJI PAH
3Mocksa, ®T'BHY «HayJHblil IeHTP HEBPOIOIUH»

IIposemero mcereoBane MAJION3yICHHOTO TacTOTHOTO Auamnasona 0.5—4 ' cur-
HaJIOB 3yiekTpoMuorpaMmbl (DMI') wmbrmn y manupentos ¢ Gosnesnbio [lapkuHCOHA
(BII) u sccennmanbabiM TpemopoM (DT). Tlust uccnenoBanus ObLI IPUMEHEH Me-
TOJ, AHAJII38, BCILIECKOOOPA3HOI 3JIEKTPUIECKON AKTUBHOCTHU MBIIIII], OCHOBAHHBIN Ha
BetiBneT-anannze n ROC-anammse. nes MmeTona 3aK/II09a6TCA B TIOUCKE JTOKATBHBIX
MAKCUMYMOB ( «BCILIECKOB» ) Ha BEIBJIET-CIIEKTPOIDAMME M BHIYUCJICHUN PA3IHIHBIX
XapaKTEPUCTUK, ONUCHIBAIOIINX T MAKCUMYMbI. AHAJIU3UPYETCsl CTEIeHb OTJIMIHST
rpyuisl manueHToB ¢ BIT u 9T or KOHTPOJIBHOI I'PYIIIBI B IIPOCTPAHCTBE STUX HAapa-
merpoB. st aToro ucnosnbsyercs ROC-ananus. Vccereyercs: GyHKITMOHAIBHAS 38~
BucumocTh AUC 0T 3HaYeHUiT MPAHUI] JIUANA30HOB PACCMATPUBAEMBIX MTAPAMETPOB.
IIpumenenne MeTo/ 1A TIO3BOJIUIIO BBISIBUTH HOBBIE 3aKOHOMepHOCTH B DM -curnarax,
KOTODBIE PaHee He y/IaBaJIOCh BBISIBUTD C IIOMOIIBIO CTAHIAPTHDBIX CIIEKTPAJIBHBIX Me-
TOJIOB, OCHOBAHHBIX Ha aHAJU3E CIIEKTPAJIbLHON IJIOTHOCTH MOIHOCTUA CUTHAJIOB.

WcciteroBanue BoINOIHEHO 11pu (buHAHCOBOI nojiepkke PODU B pamkax Hayd-
woro npoekta No. 18-37-20021.

[1] Sushkova O.S., Morozov A. A., Gabova A. V., Karabanov A. V., Chigaleychik L. A. An
investigation of the 0.5-4 Hz low-frequency range in the wave train electrical activity

of muscles in patients with Parkinson’s disease and essential tremor. — RENSIT:
Radioelectronics. Nanosystems. Information technologies, 2019. — V. 11, No. 2. —
P. 225-236.
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Investigation of features of early parkinsonism and essential
tremor in the 0.5-4 Hz low-frequency range of wave train
electrical activity of muscles
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An investigation of electromyograms (EMG) in the 0.5-4 Hz little-studied fre-
quency range was performed in patients with Parkinson’s disease (PD) and essential
tremor (ET). A method for analyzing wave train electrical activity of the muscles
based on the wavelet analysis and ROC analysis was used. The idea of the method
is to find local maxima (that correspond to the wave trains) in the wavelet spec-
trogram and to calculate various characteristics describing these wave trains. The
degree of difference of the group of patients from the control group of subjects is
analyzed in the space of these parameters. ROC analysis is used for this purpose.
The functional dependence of AUC on the values of the bounds of the ranges of
the parameters under consideration is investigated. The application of the method
allowed revealing new statistical regularities in EMG signals, which previously were
not detected using standard methods based on the analysis of the power spectral
density of the signals.

The reported study was funded by RFBR according to the research project No. 18-
37-20021.

[1] Sushkova O.S., Morozov A. A., Gabova A. V., Karabanov A. V., Chigaleychik L. A. An
investigation of the 0.5-4 Hz low-frequency range in the wave train electrical activ-

ity of muscles in patients with Parkinson’s disease and essential tremor. — RENSIT:
Radioelectronics. Nanosystems. Information technologies, 2019. — V. 11, No. 2. —
P.225-236.
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B pamkax pa3paboTaHHOrO HaM# HOBOI'O ITOJIXOJIa K OIEHKe (ha30BOl CUHXPOHM-
3aly CUTHAJIOB 9JIEKTPOIHIIe(ATIOrPAMM B PA3JIMYHBIX [IAPAX OTBEJIEHUIN BbIJIEICHBI
OJINHAKOBBIE MEXKKAHAJIBHBIE CBSI3U Y TPYIIIIBI 3J0POBBIX UCIBITYEMbIX ITPU KOTHUTHB-
HBIX U MOTOpPHOM Tectax. [lonxom ocnoBan Ha BLIYUCICHUN U CpaBHEHUU a3 B TOU-
Kax xpebToB Beiiier-crekrporpamMM DI Veranosiensl 061acTu HHTEPECOB (HapbI
@aSOBO-CBHSaHH]ﬂX OTBeJ:LeHHfI) KOPBbI I'OJIOBHOI'O MO3T'a IIPHU JIBYX TUIIaX KOI'HUTHUB-
HBIX ¥ MOTOPHOM TeCTaX y TPYIIIbl KOHTPOJBHBIX 3/I0POBBIX UCIBITYeMbIX. 1Ipe-
CTaBJIEHBI PE3Y/IBTATHI AHAJIN3a MEXKKAHAJIBHON (DA30BOI CHHXPOHU3AIUN Y UCIIBITYE-
MBIX C Y€PEITHO-MO3T0BOI TpaBMOil. Paccmorpenst ha30BO-CBI3aHHBIE ITAPHI KAHAJIOB
93T, nosyuenuble 10 pesysabraraM DI -3ammceil MAIMEHTOB ¢ YEPEITHO-MO3TOBOI
TpaBMOIi, UMeBIIUX HOBTOPHBIE DI -3anucu. Oupeesienne Ha3z0BO-CBI3aHHBIX AP
curHasioB DI MoxkeT OBbITH I0JIE3HO JIJIsi MOHUTOPUHIA, JIEYEHUSs JIFOJIEl C YeperHo-
MO3roBoif TpaBMoii. Boccramosiienne ¢pa3oBo-CBI3aHHBIX map DI MoxKeT ObIThH Uc-
[TOJIb30BAHO B KAYECTBE MHIUKATOPA MPABUIBHOTO JICUCHUS.

Wccnenopanme BBIMOHEHO TpH puHAHCOBOI moamepkke PODU B pamkax Hayd-
noro npoekTta No. 18-07-00609.

[1] Tolmacheva R. A., Obukhov Y. V., Zhavoronkova L. A. The estimation of inter-channel
phase synchronization of EEG signals in the ridges of their wavelet spectrograms
in patients with traumatic brain injury. — RENSIT: Radioelectronics. Nanosystems.
Information technologies, 2019. — V. 11, No. 2. —P. 243-248.
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The estimation of inter-channel phase synchronization of EEG
signals in the ridges of their wavelet spectrograms in patients with
traumatic brain injury before and post the rehabilitation
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The new approach, which we developed to the estimation of phase synchroniza-
tion of electroencephalogram (EEG) signals in different pairs of channels is proposed.
Identical inter-channel phase coherency of EEG signals is determined for healthy
subjects during cognitive and motor tests. EEG signal phase is evaluated at the
points of its wavelet spectrogram ridge. Areas of interest of the cortex at cognitive
and motor tests for group of healthy subjects are determined. The phase-coupled
pairs of EEG channels obtained from results of EEG records of patients with trau-
matic brain injury who had repeated EEG records are considered. The definition of
phase-coupled pairs of EEG signals can be useful for the monitoring the treatment
of people with traumatic brain injury. The recovery of phase-coupled EEG pairs can
be used as indicator of proper treatment.

The reported study was funded by RFBR according to the research project No. 18-
07-00609.

[1] Tolmacheva R. A., Obukhov Y. V., Zhavoronkova L. A.The estimation of inter-channel
phase synchronization of EEG signals in the ridges of their wavelet spectrograms in

patients with traumatic brain injury. — RENSIT: Radioelectronics. Nanosystems. In-
formation technologies, 2019. — V. 11, No. 2. —P. 243-248.
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Coznan MeTo GYHKIMOHATBHON TOMOTPAMDUN I N3y YCHUS SJICKTPOMATHATHON
AKTUBHOCTHU DPA3JIUIHBIX CJIOYKHBIX CHCTEM C IIOMOIIHIO M3MEPEHUsi ITPOU3BOIMMBIX
UMM MarHUTHBIX 1osiefl. [lo MHOrokaHaJ bHBIM MArHUTHBIM H3MEPEHUSM CTPOUTCS
byHKIIMOHAIbHAS TOMOIPAMMa, OTOOpazKaroIias WHPOPMAIIUIO, COEPIKAIILYIOCST BO
BPEMEHHBIX PsiJlaX, Ha IMPOCTPAHCTBO SKCIIEPUMEHTa. DTO JOCTUTAETCs C ITOMOIIBIO
perterns 00paTHOI 33 1a9H I BCEX JIEMEHTAPHDBIX OCIUJIISIII, BBIICICHHBIX IIPe-
obpazoBannem Dypoe. g KaxKI0il 9aCTOTHI OMPEIEIAETCS y3eJ TPEXMEPHOI ceT-
KJ, B KOTOPOM DACIIOJIO2KEH €€ MCTOYHMK. TakkKe BO3MOXKHO OIEHUTDH JOMUHUDPYIO-
1ee HaIpaB/IeHre UCTOYHUKOB B 9TOM y3Jjie. B mannoit pabore MeTO 1 NCIIOTHE30BATICS
JIJIsl OIIEHKY HAIPABJICHUI JBU2KEHIST MAarHUTHBIX HAHOYacTUIl. Bee cyriecTByorime
METOJbl BU3YAJM3AINA MATHUTHBIX HAHOYACTHI] B OMOJIOTMYIECKUX OObEKTaX OCHO-
BaHbI HA UCIOJIB30BAHIHU BHENIHUX MATHUTHBIX IOJIEH, KOTOPbIE MOT'YT 3HAYUTEIHHO
U3MEHUTH MPOCTPAHCTBEHHOE TIOJIOKEHUE M CBOWCTBA M3yYaeMOI'0 HAHOMATIHUTHOTO
ancamb6yisi. B pa6ore ucnosibzoBajics CKBUI-marueromerp Jijisi m3MepeHUs] Mar-
HHUTHOTO IIIyMa, T€HEPUPYEMOTO CyTeplapaMariuTHBIMUA HAHOYACTUIIAMU B CTAIIAO-
HapHOM cocy/jie 0e3 MPUJIOKEeHUsT BHEITHErO0 MArHUTHOI'O TI0/Isi. BBLIO MOKa3aHO, 9TO
bepPOKUIKOCTD TEHEPUPYET CIIOHTAHHBIE MATHATHBIE TIOJIs, JOCTATOIHBIE IS JIOKA~
JIN3AINAN [TPEJJIOYKEHHBIM MeTO0M (DYHKIIMOHAIBLHON ToMorpadun. Boiio naiimemno,
9TO BO3MOXKHO HCIIOJIB30BATh MOJENb CTAIMOHAPHOIO MArHUTHOT'O JIUIIOJS C IIepe-
MEHHBIM TOKOM JIJIsSI ONUCAHUsI MEXaHUIEeCKOTO JIBMKEHHUS MarHuTa, 00pa30BaHHOTO
B (DepPOXKUIKOCTA MATHUTHBIM T10j1eM 3emin. Pusndueckasi TPUINHA BO3MOYKHOCTH
Takoro mozenupoBanus cocrouT B ToM, uro CKBU/I-cencopsl peructpupyior He ca-
MO T0JI€ MATHUTA, & TOJIBKO ero n3MeHenusi. OKa3aioch, 9T0 COHTAHHBIE MATHUTHBIE
TI0JIsT B OTIPEJICIEHHOM TTOJI0Ce YaCTOT 00J1aTaI0T CUJILHOM anu3oTponueit. Haitmennbrit
3 dPEKT MOKET CYIIECTBEHHO OBBICUTH ITPOCTPAHCTBEHHOE PA3PEIIeHIE TP/ TOKEH-
HOT'O METO/Ia BU3YyaIU3aIlid MATHUTHBIX HAHOYACTHI] B OMOI0rnIecKux oObekTax 6es3
HCIIOJIb30BAHNS BHENTHETO MArHUTHOTO TIOJIS.

UccenenoBanue BBIIOJIHEHO 3a cdeT IpadTa Poccuiickoro mnayunoro dounma (mpo-
ext Ne 18-11-00178).

[1] Polikarpov M. A., Ustinin M. N., Rykunov S.D., Yurenya A.Y., Naurzakov S.P.,
Grebenkin A. P., Panchenko V. Y. Study of anisotropy of magnetic noise, generated
by magnetic particles in geomagnetic field // Study of anisotropy of magnetic noise,
generated by magnetic particles in geomagnetic field, 2019. — V. 475— p. 620-626.
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Estimation of the movement directions of magnetic nanoparticles
by the method of functional tomography
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The method of functional tomography for studying the electromagnetic activity
of various complex systems using external measurements of the magnetic field was
developed. From the multichannel magnetic data, a functional tomogram is calcu-
lated, projecting onto the space of experiment the information contained in 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. Also, it is pos-
sible to estimate the dominant direction of the sources in this node. In this study
the method was used to estimate directions of the magnetic nanoparticles move-
ment. Any existing method of visualization of magnetic nanoparticles in biological
objects is based on using of external magnetic field, which can considerably change
the spatial distribution and properties of the nanomagnetic ensemble under study.
In our work a SQUID-based magnetometry device was used for the measurement
of a magnetic noise generated by superparamagnetic nanoparticles in the stationary
standing vial without imposing of an external magnetic field. It was demonstrated
that the ferrofluid generates spontaneous magnetic fields sufficient for its localization
by the proposed method of functional tomography. It was shown, that it is possible
to use static magnetic dipole with alternating current as a model for the description
of mechanical movement of the magnet, formed in ferrofluid by the geomagnetic
field. Physical reason for such modeling lays in the fact, that SQUID sensors regis-
ter not the field of this magnet, but only the changes of the field. It was revealed
that the spontaneous magnetic fields in certain frequency band have a strong spa-
tial anisotropy. The detected effect can essentially increase the spatial resolution of
the proposed method of visualization of magnetic nanoparticles in biological objects
without using the external magnetic field.

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

[1] Polikarpov M. A., Ustinin M. N., Rykunov S.D., Yurenya A.Y., Naurzakov S.P.,
Grebenkin A. P., Panchenko V. Y. Study of anisotropy of magnetic noise, generated
by magnetic particles in geomagnetic field // Study of anisotropy of magnetic noise,
generated by magnetic particles in geomagnetic field, 2019. — V.475— p. 620-626.
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JKcnepuMeHTbl C HellpoceTeBo Knaccudukauymei
cyb-TeparepuoBbiX N300pa>keHnit CKPbITOro noa, oAexxaoim
OpY>XUsi U APYrMX OnNacHbIX NpPeamMeToB
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IIpoBemennbl 9KCIIEPUMEHTHI ¢ HEpoceTeBO# KiraccuduKaimeii cyo-TepareproBbIx
n300pakKeHuil OpyKusd U JAPYTUX OIACHBIX IIPEIMETOB, CKPBITHIX IIOJ OJIEXKI0i te-
JioBeka. [lesb 9KCIepUMEeHTOB — BBISICHUTD, COJIEPKUT JIM TePareprioBoe BUI€0U300-
paXkKeHue JI0CTATOYHOe KOJUIECTBO NH(MOPMAIIH, YTOOBI HAYYUTh HEPOCETh Pa3yin-
9aTh OMACHBIE U HeomacHble npeamMersl. OOydaromast BEIOOPKa BKJIIOYaIa n300pazke-
Hus JIIoJIell B oMarrneil u yauaHoit ogexe. [lom omexk moit Oblin crpsiTaibl OpyKue
U OIlacHbIe IPEIMETDI, TaKue Kak aBroMar KaJjalrHmkoBa, TOIOD, OYTHLIKH, HOXK,
pe3nHoBasl JIyOMHKA U MUCTOJIETHI PA3TUIHBIX MAPOK, a TaKXKe OOBITHBIE OBLITOBBIE
npeaMersl, Takue Kak Tejgedonsl u USB-mucku. Heiiponubie cetu, oOydeHHBIE Ha
9TOM MHOXKECTBE JIAHHBIX, ObLIM IPUMEHEHBI JJIsi AaHAJIN3a APYTOr0 MHOXKECTBA JTaH-
HBIX, BKJIIO4Yatomero BuHTOBKy M16. Heitpomrmbie cetn cymesu yCemnno onpeaenTb,
9TO BUHTOBKA sIBJISIETCSI OIIACHBIM IIPEIMETOM. Pe3ysbTaThl 9KCIIEPUMEHTOB TOKA3bI-
BAIOT, YTO HEHPOHHBIE CETH MOI'YT OBITH HCIIOJb30BAaHBI JJjIs ODODOINEHUsI CBOHCTB
TepareprioBbIX BUICOM300PAXKEHUI U MOTYT YCIIEITHO MTPEJICKA3bIBATD, ABJISIETCS JINA
CKPBITBII TI0JT OJIEZK/I0U TIPEJIMET OITACHBIM.

15t 9KCIEPUMEHTOB C TE€PATePIIOBBIM U MHOTOMOJAJIBHBIM BHUICOHAOIOICHIEM
6bLII Pa3pabOTaAHBI CIEIUABHBIE CPEJICTBA JIOTUIECKOI'O IIPOIPAMMUPOBAHIS, BKJIIO-
qarorie Habop BCTPOEHHBIX KJIACCOB s13bika, AkTopHbIit [Iposor st momydenust, 3a-
IICH U YTEHUsI T€PArepIOBbIX, TEIJIOBBIX, BU3YaJbHBIX U 3D Buieon3o0parkeHuii.

UcciteoBanue BoINoOIHEHO 11pu (buHAHCOBOI nojiepxkke PODU B pamkax Hayd-
Horo npoekTa Nt 16-29-09626-odn-m (www.fullvision.ru).

[1] Morozov A. A., Sushkova O.S., Kershner I. A., Polupanov A. F. Development of a
method of terahertz intelligent video surveillance based on the semantic fusion of

terahertz and 3D video images. — CEUR, 2019. — Vol. 2391, Paper 19.
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On experiments with the neural-network-based classification of
sub-terahertz images of concealed weapons and other dangerous
objects
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The experiments with the neural-network-based classification of sub-terahertz im-
ages of concealed weapons and other dangerous objects are described. The goal of
the experiments is to check whether the terahertz videos contain information enough
to teach a convolutional network to distinguish the dangerous and safe objects. The
learning set includes terahertz images of people dressed in home clothes and outer
clothing. The set of hidden objects include the Kalashnikov sub-machine-gun, an
ax, bottles, a knife, a baton, and handguns of different brands. Some images contain
ordinary objects like smartphones and USB disks. Convolutional networks of several
standard architectures were trained using the data sets. After that, an additional
test data set that includes only the images of a person that keeps the M16 automatic
rifle and the images of the person without extra objects was prepared. Then, the
trained networks were used to analyze the video images. The networks recognized
successfully the M16 automatic rifle as a dangerous object. These results demon-
strate that the neural network can make generalizations of the terahertz images of
hidden objects and successfully predict that the hidden object is a kind of a weapon
and/or dangerous object.

Special logic programming means were developed for the experimenting with
the terahertz/multimodal video surveillance including a set of built-in classes of the
Actor Prolog language for terahertz, thermal, RGB, and 3D video data acquisition,
writing, and reading.

This research was supported by the Russian Foundation for Basic Research,
project 16-29-09626-ofi-m (www.fullvision.ru).

[1] Morozov A. A., Sushkova O.S., Kershner I. A., Polupanov A. F. Development of a
method of terahertz intelligent video surveillance based on the semantic fusion of tera-

hertz and 3D video images. — CEUR, 2019. — Vol. 2391, Paper 19.
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06 ogHOM nogxoae K CTaTUCTUHECKOMY MOAENPOBAHUIO
TPaHCNOPTHbLIX NOTOKOB
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MojiesiupoBatue TPAHCIOPTHBIX MOTOKOB 3a9aCTy0 OCHOBAHO HA MX CXOICTBE C
JKUJIKOM Wi ra30Boit cpenoit. B gactrocTn, 6a3oBas mMozesns JlafiTxumia—yY n3ema—
Puaappca (Lighthill-Whitham-Richards, LWR) [1, 2| ocroBamna Ha IpeanoIoKeHnm
O CyIECTBOBAHWN B3aUMHO-OJHO3HAYHOW 3aBUCUMOCTH MEXKJIY CKOPOCTHIO U ILJIOT-
HOCTBIO IIOTOKA aBTOMOOUIBHO-TpaHCIOPTHBIX cpeacTB(ATC) n coxpaneHnn dmcia
ATC B Tpancnopruoii cern. B coBpeMEHHOM MAKPOCKOTIMYECKOM TIOIXOJE TPAHC-
[IOPTHBIN TIOTOK OMUCBHIBACTCS HEJMHEHHOM cucremoil runepbondaeckux guddepen-
[UAJIBHBIX YPABHEHWI B 9aCTHBIX [TPOU3BOIHBIX BTOPOTO TOPSJIKA B PA3JINIHBIX 110~
craHoBKax (3, 4, 5|. MccmemoBaren TakyKe MBITAIOTCS YIeCTh TOT BAKT, ITO OTOK
aBTOMOOMIIEl COCTONT M3 PA3JIMIHBIX TUIIOB TPAHCIIOPTHBIX CpeJCTB [6, 7]: jerko-
BBIX aBTOMOOUJIEHl, MOTOIUKJIOB, I'PY30BbIX aBTOMOOMJIEN — KaXKIblii U3 KOTOPBIX
00JIa/TaeT OTIIMIAIONINMUCS APYT OT IPYTra XapaKTePUCTUKAME.

Bee BbImensiokeHHbIe MOIXOJIbI, OJHAKO, BBIYUCIUTEIHLHO CJIOXKHBI. [lo 3Toit
MPUYIUHE MBI MONLIH 110 IIyTU YIPOIIEHNUs, TPEJIOJIOKIB 9TO aBTOMOOMIIN B TPAHC-
[IOPTHOIT CeTU B CpejiHeM 00JIa/IAI0T OJIMHAKOBBLIMU XaPAKTEPUCTUKAMUI U MOTYT ObITDH
00'beIMHEHBI B OTHOCUTEIBHO OfHOPOIHbIe rpyIibl ATC ckopocTh Bcex TpPaHCIOPT-
HBIX CPEJICTB B KOTOPOil OJIMHAKOBA..

B pabore npejaraercst CTaTUCTUYIECKAsT MOJIEJb TPAHCIOPTHBIX TTOTOKOB JIJTs MO-
JIEJINPOBAHNS JIBUKEHUS TPAHCIOPTHBIX CPEJCTB HA ABTOMATMCTPAJIAX WUJICHTU(U-
nupyeMast Ha JIAHHBIX U3 TeTePOTeHHBIX HCTOTHIKOB. MoJIesib CHMYTUPYET IBUKEHIE
I'PYII TPAHCIIOPTHBIX CPEJICTB 110 MAIUCTPAJIM C UCIIOJIb30BaHUEM (DY HIAMEHTAIbHOM
JarpaMMbl JIJIs OIpeJeJIeHrs] KJIFOUEBBhIX XapPaKTEePUCTUK ITOTOKA aBTOMODUIBHO-
TPAHCIIOPTHBIX CPEJICTB.

Ipymmer ATC B pamMKax MpejiozKeHHON MO MOTYT PA3JIETIAThCI U 00be -
HATHCS, HO TaKWe U3MEHEHUsI TPOUCXOIAT OTHOCUTEIBHO pesiko. Crieyer oTMeTHTb,
9TO aBTOPbI pacCMaTpPUBAIOT 3aJ1ady MojesunpoBanus jasuxkerus ATC o aBromaru-
cTpaJiu, TJie BO3MOXKHO IIepecedeHne J0por B OJIHOM ypoBHe. B paMkax paccMaTpu-
BaeMOIl 3aJ1a9u CJe/IaHHbIe [TPEJIITOJIOKEHUsI CANTAEM JOCTATOYHO Pa3yMHBIMHU.

g onpenenenust ckopoctu rpynn ATC u 3nHadeHuiit onTHMAIBHOTO TIOTOKA HA
pPACCMATPUBAEMOM yUaCTKe aBTOMOOHIHLHO-TPAHCIIOPTHON CETH UCIOJIb3yeTcst (yH-
JlaMeHTaJIbHas uarpaMMa Ha Heil. JunaMudeckne rabapuThl xKe aBTOMOOUIIENH Cun-
TAIOTCsI JIMHEHHO 3aBUCSIIIMU OT CKOPOCTH.

Pacuér mo mpemioxKeHHO# MOJEN MPOBOAUTCS Ha rpade OTOXKIECTBIEHHOM C
HEKOTOPBIM YyYaCTKOM TPAHCIOPTHON CETH 110 BETBSAM KOTOPOT'O JIBUYKYTCs TPYIIIIbI
ATC. Cocrosinure cucTeMbl B KayKJblii MOMEHT BPEMEHU OIPEJIEJISIeTCs COBOKYITHO-
CTBIO CKOPOCTH, TIOJIOXKeHUsT U pa3mepa Kaxkaoit rpynibl ATC Ha kaxkoil BeTBU.
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CaMu 2Ke pacyérhbl IIPOBOAMMBIE sl IEPEX0/Ia MEXKLY IBYMSI COCTOAHUAME CBOIUT-
csa ¢ TpeM mporeaypaM: repemerierus rpyin ATC mo BerBu, rmepeMenieHust IPYyIII
ATC mexy BerBsimu u 00beuaenne aByx rpynn ATC.

XoTs MOJIEJTb UCIIOIB3YeT JIOBOJIBHO I'PYyOble TPUOIMKEHUsT N3-38, UCIIOIb30BAHIS
rpynnsl ATC kak 6a30BOM eUHUIIBI MOJEJIUPOBAHUs, B paboTe TMOKA3aHO, YTO MO-
JIeJTh TTOKA3bIBACT aJeKBATHBIC PE3YIbTATHI IPH JIIOOBIX PEKUMAX aBTOMATHUCTPAJIN.
IIpoBoisiTCS HECKOBKO BBHITUCIUTENLHBIX IKCIIEPUMEHTA HA CHHTETUIECKUX JTAHHBIX
JIJIST TIOATBEPKICHUST PAOOTOCTIOCOOHOCTI MOJIEN CUMYJIUPYIONINX KaK BOSHHKHOBE-
HUsl 3aTOPOB B CJIEJICTBUE aBapHil Ha aBTOMATrUCTPAJIU, TaK U IPOOJIEMbI CBSI3aHHBIE
C HEJIOCTATOYHON MPOITYCKHON CIIOCOOHOCTHIO MEPEKPECTKOB.

Pabora nognepxkana rparrom PODU Ne17-07-01574.
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About one approach to traffic flows statistical modeling
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Modeling of traffic flows is often based on their similarity with a liquid or gas.
In particular, the basic Lighthill-Witham-Richards (LWR) model [1, 2] is based
on assumption that there are one-to-one relationship between speed and density of
cars and conservation of its number in transport network. In a modern macroscopic
approach, transport flow is described by a nonlinear system of second-order hyper-
bolic partial differential equations in various statements [3, 4, 5]. Researchers are
also trying to take into account the fact that traffic flow consists of various types of
vehicles [6, 7]: cars, motorcycles, trucks — each has different characteristics.

All the above approaches, however, are computationally complex. For this rea-
son, we took the path of simplification, assuming that cars in transport network, on
average, have the same characteristics and can be combined into groups, speed of
all vehicles in which are the same.

In this paper we propose a statistical model of traffic flows for modeling speed
and number of cars on highways identified on data from heterogeneous sources.
The model simulates movement of car groups along the highway using fundamental
diagram to determine key characteristics of traffic flow.

Vehicle groups in this model can be united and divided, but such events are
relatively rare. It should be noted that the authors consider simulation of highway
with only crossing of roads at the same level is possible. Within the boundaries of
studied problem we consider assumptions that are made are reasonable enough.

We use a fundamental diagram to determine the speed of groups and optimal
flow values on the considered section of transport network. Dynamic length of cars
is considered linearly dependent on speed.

First of all, we identify simulated part of road with graph on the branches of which
cars groups are moved. State of system in every moment of time is determined by
combination of speed, position and size of each group on all branches. In order to
calculate current system state based on previous one we determine three procedures:
moving cars groups along the branches, moving groups between the branches and
union of two groups.

Although the model uses rather rough approximations due to use of cars groups
as the basic unit of simulation, it will be shown that the model presents adequate
results in all transport conditions. Several computational experiments are conducted
on automatically generated data to confirm the performance of the model, which
stimulate both traffic jams as a result of accidents on the highway, and problems
associated with insufficient traffic capacity of crossroads.

This research is funded by RFBR, grant 17-07-01574.
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MopenunpoBaHue npouecca opraHnusayun rpys3onepeBo3ok
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akopovas@Qumail.ru

N3zy4gaercss MoJie/Tb OPraHU3aINN YKEJIE3HOIOPOZKHBIX I'PY30IIEPEBO30K Ha MTPOTSI-
JKEHHOM y4YacTKe IIyTU ¢ OOJIBIIUM KOJHIECTBOM IIPOMEXKYTOUYHBIX CTAHIUNA U Pac-
MOJIO’KEHHBIX MEKJy HHUMH IIePErOHOB JJI BPEMEHHOI'O XpaHEHUs YaCTH I'PY30B.
IIpeamonaraercs, 910 MEXKTy TPOU3BOJIBHBIMUA COCETHUMHI CTAHITUSMHI CYIIECTBYET
MEXKCTAHIIMOHHBII TIEPEeroH, Ijie BPEMEHHO MOXKET XPAHUTHhCA YacTh I'PY30B. Takas
MOJIeJIb IIO3BOJIFEeT IIPOrHO3UPOBATH JUHAMUKY 3arPDyzKEHHOCTH CTAHIIUA U IIOTOKOB
BO3HUKAIOIUX B TPAHCIIOPTHOI CeTH, 1PN 3a/JaHHOH IIPoIle/Iype OpraHu3aluu I'Py30-
noroka. Cama mporieypa OpraHu3alud IPy30II0TOKa UCIOJIb3YeT JIBe TeXHOJIOTHH,
enuuble s Bcex cranmuit. [lepBas TexHosorus ocHOBaHa Ha B3aMMOIEHCTBAU CO-
CeIHUX CTaHIWIT 1 GOPMHUPYETCs TI0 olpeiesieHHOMY paBuity. CoriacHo 3ToMy Tpa-
BILY, KazKJad U3 CTAHIUI [NOKHA IPUHUMATL IPY3 C IPEABIAYINell CTaHIuNd, eCJIn
KOJIMYECTBO 3a/eICTBOBAHHBIX IIyTeil Ha Hell MeHbIle YeM Ha IpeJblaylneil cTaH-
1Y, ¥ OTHPABJIATE Ha CJIEAYIONLYIO CTAHIIAIO, €CJIN KOJIMYECTBO 3aJeICTBOBAHHBIX
myTell Ha Heit OOJIbIe YeM Ha CJIeyIoIeil craniuu. [Ipu 95ToM Kak MHTEHCHBHOCTD
npreMa, TaK W MHTEHCHBHOCTBH OTIPABKU I'PDY30B IIPONOPIHUOHAJIBHA PA3HOCTU YN-
ceJ1 33/IefiCTBOBAHHDIX IIyTENl Ha COCEIHUX CTAHIUAX. Bropas TeXHOJOorns mpu3Bana
HCIIOIH30BATh MHMPACTPYKTYPHBIE BOZMOXKHOCTHU CTAHITUN U 00ecrevdnTh Oecrepe-
6oitHoe jBukenue rpy30B. OHa OCHOBaHA Ha B3aMMOJIEHCTBUM CTAHIIUN C COCEIHUMMU
neperonamu. OpraHu3aiisi I'Py30IePEeBO30K BKJIIOYAET B cebsi CHCTEMY KOHTPOJIS,
KOTOpas 3aK/II0YAETCs B TOM, 9TO O0ObEMbI IPYy30B Ha COCEIHUX CTAHITUSX JIOJIZKHBI
COBIIQJIATh C €JIMHBIM JIArOM BPEMEHMU.

PaccmaTrpuBaercst iBa Tutia Mojiesieit: IepBbIf THI MOJIEIEl ONMMCHIBACT JITHAMU-
Ky 3arpyzKeHHOCTH CTAHIUN IIPU yCJIOBUM HEOTPAHUYEHHOCTH €MKOCTel IIeperoHOB,
COOTBETCTBEHHO, BTOPOil - IpU UX OrpaHmIeHHOCTU. KazKJIplif U3 JIByX TUIIOB MOJIE-
JIell IIpeJICTaBJIeH ABYMs MOJIEJSMUI: MOJEJIb OPraHU3allid I'PY30IEPEBO30K MEXKIy
ABYMS Y3JIOBBIMI CTAHIUAMU U MOJEJb OPraHU3alliyd I'PY30IePEBO30K II0 3aMKHY-
TOIt 1ienouke craHiuii. J{jis yKa3saHHBIX MOJIeJIell ONrcaHbl PesKUMBI I'PY30IIePEBO30K,
HUCCIe0Bala U3 3aBUCUMOCTD OT IIapaMeTPOB MOJE/IN, HaYaJIbHOI'O COCTOAHUS CUCTE-
Mbl. CTannoHapHbIe PesKUMBI ObLIN MCCJIEIOBAHBI HA YCTONINBOCTD.

Peanbubrit mporiecc opranuzariy rpy30mepeBo30K MOKET MTOIBEPTHY THCA BO31ei-
CTBUIO CIy9afiHBIX (DAKTOPOB PA3JIMIHON TPUPOILI. B CBA3M ¢ 3TMM BO3HUKAET ecTe-
CTBEHHBII BOIIPOC: HACKOJIBKO PEKUMBI I'DY30IE€PEBO30K YKA3aHHBIX MOJEJIeH yCTOi-
YUBBI K CIydaifHbIM BozjeicTBusaM? [l oTBeTa Ha JIAHHBIA BOIIPOC YKa3aHHbIE BbI-

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nHosibpst 2019 r.
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1€ MOJEIN OB MOAN(UIIMPOBAHDI C YIETOM BJIUSIHUS HA IIPOIECC TPY30IEPEBO30K
Cay4alHbIX BO3/ICHCTBUA.
Pabora noaeprkana rpanrom PO Ne 19-01-00147.
[1] Bexaapsan JI. A., Xawampan H. K., Axonos A. C. MojenuposaHue nporecca OpraHusa-
nuu rpy3onepeBo3ok // Mamunnoe oGyvenus n anaaun3 ganabix, 2019.
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The model for organizing railway transportation on a long stretch of road with
a large number of intermediate stations and railway tracks located between them is
investigated. It is assumed that between arbitrary stations there is interexchange
railway track, where part of the cargo can be temporarily stored. Such model allows
to predict dynamics of load of the stations and flows arising in transport network at
the set procedure of the movement of freight traffic. The procedure of the movement
of freight traffic uses two technologies uniform for all stations. The first technology
is based on interaction of the neighboring stations and is formed by a certain rule.
According to this rule, each of stations has to take the cargo from the previous station
if the quantity of the involved roads on it are less than at the previous station, and
to send on the next station if the quantity of the involved roads on it are more than
at the next station. In this case, both the intensity of reception, and intensity of
shipment cargo is proportional to the difference of numbers of the involved roads
at the neighboring stations. The second technology uses technical capabilities of
the station and is based on interaction of the station with the neighboring railway
tracks. The organization of cargo transportation includes a control system, which
is that the volumes of cargo at neighboring stations should coincide with a single
period of time.

Two types of models are considered: the first type of models describes the dy-
namics of stations load under the condition of unlimited capacities of railway tracks,
respectively, the second-with their limitations. Each of the two types of models is
represented by two models: a model of organization of cargo transportation between
two nodal stations and a model of organization of cargo transportation in a closed
chain of stations. The modes of cargo transportation are described for these mod-
els, the dependence on the model parameters and the initial state of the system is
studied. Stationary regimes were investigated for stability.

The real process of organization of cargo transportation may be affected by
random factors of different nature. In this regard, there is a natural question: how
modes of transportation of these models are resistant to random influences? To
answer this question, the above models have been modified to take into account the
influence on the process of transportation of random influences.

This research is funded by RFBR, grant 19-01-00147.

[1] Beklaryan L., Khachatryan N., Akopov A. Modeling of cargo transportation organiza-

tion process // Machine Learning and Data Analysis, 2019.
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Mopgenb «KOYEBHUKOB» M «3emJenawueB» C y4eTom
OrpaHVWYeHU Ha NepeMeLLeHnsi areHToB No apeany

Bexaapsan Jlesa Andpeesun' beklar@cemi.rssi.ru
Beaoycose Pedop Anamonvesur® belousovfedor@gmail.com
"Mocksa, IIDMU PAH
?Mocksa, II9MU PAH

PaccmarpuBaercs Moiesib HEKOTOPOTO COODIIECTBA C TIPOCTOM COMUAIBHON CTPYK-
TYpPOIi, B KOTOPOII areHTHI Pa3/ieJIeHbl Ha JIBA THIIA — «KOUYEBHUKOB» M <«3eMJIelalll-
1IEB», KaXKJIbIH U3 KOTOPBIX OTIMIAETCSA CBOUM OTHOIEHUEM K CIIOCOOY TTPOU3BO/ICTBA
npoayKTa. Eciim 3emyenaniinsl yMEIOT CAMOCTOSATEIHHO BOCITPOU3BOUTH TIPOIYKT, TO
KOYEBHUKM TAKNMU HABBIKAMU HE HAJIEJIEHBI, BMECTO 9TOTO OHU 00JIAIAI0T CIIOCOOHO-
CTBIO HAXOJIUTDH TAKOH MPOAYKT HA apeaJie, B TOM UNCJIe I OTHUMAsI €ro y 3eMJIelalll-
neB. V3ygaercs BOIpoc Kak BBIMHPAHUS OIHOIO M3 PACCMATPHUBAEMBIX COODIIECTS,
TaK M BOIPOC COCYIIECTBOBAHUS ITUX COOOIECTB HA €JIMHOM ITPOCTPAHCTBE HA TIPO-
TS2KEHUHM HAOJII0AEMOT0 TIePUO/Ia BPEMEHH.

B pamkax jannoro mccieoBaHus JOMOJHATEIHHO BBEJIEHO OTpAHUYCHHE HA TIe-
peMeInenne areHToB, KOTOPOe COCTOUT B TOM, UTO «KOUEBHUKI» HA MIPOTIKEHUN BCel
CBOE€ll 2KIM3HU HEe MOTYT YXOJIUTH OT MECTa CBOET'0 POXKJEHUS JTaJIbIlle HEKOTOPOT'O K-
30rM€HHO 33/I]AHHOI0 PACCTOSIHUS. 3HAYEHUsI JTAHHOTO 9K30I'€HHOTO IIapaMeTpa ObLIO
obozHaueHo depes radius. [Ijst Takoit MoauduKaInm IPOBEJIEHO MHOYXKECTBO JKCITe-
PUMEHTOB, Ha OCHOBE KOTOPBIX OCYIIIECTBJIEH aHAJN3 TapaMerpa radius u BbISBJIEHO
[IPU KAKWX ero 3HAYCHUSX HADJIIOMACTCA Ta WM NHAsl KA9eCTBeHHAs IMHAMUKA BCeil
MTOIYJIATIMOHHON CHUCTEMBI.

JmnresibHOCTD Kaxk0ro dKcrepumenTta cocrasmia 15000 mepuonos. I[Iposemena
Bapuanus mapamMerpa radius B npesesax ot 4 g0 16 ¢ marom 1, TakxKe IMpoOBeICHO
CpPaBHEHHE TIOJIYUYEHHBIX PE3YJIbTaTOB CO CIyYaeM, KOIJl[a HUKAKUX OFPDAHUYIEHUN Ha
mepeMertennst arenToB vet. JIjis KaXkoro n3 3HaveHuii napamerpa radius BbISBICHBI
IIPOIEHTHBIE COOTHOIIEHNUS TeX CIYYaeB, KOIJa BBIZKUBAIOT TOJIBKO <«3€MJIETIAIIITHI»,
KOTJ1a BBIZKABAIOT TOJIBKO «KOUEBHUKN», & TAKKe IIPOIIEHTHOE COOTHOIIIEHNE CIIyIaeB,
IIpY KOTOPBIX BBIKUBAIOT 00a COOOIIECTBA.

TlosryyerHbIe PE3yIBTATHI COIJIACYIOTCS ¢ MHTYUIHEH, & UMEHHO, YeM B OO0JIbIIei
CTENeHN KOYEBHUKU OTPAHUYEHBI B IEPEMEICHUIX, TeM MEHbIIE ITAHCOB JJIs HUX
BBIKUTH KaK BUTY.

Pabora nomep:xana rpaarom PODU Ne19-01-00147.

[1] Bewaapsan JI. A., Beaoycos @. A. Moneib «KOUYEBHUKOB» U <«3€MJICHAIIIEB» C yIETOM

OrpaHMYEeHUl Ha TIEPEMEIEHUs areHTOB 1o apeay // Mamunnoe o0yvYeHus U aHATU3
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The model with the simple social structure is considered. In the model agents are
divided into two types - nomads and plowmen, each of which is distinguished by its
attitude to the method of production of the product. If plowmen can independently
reproduce product, then nomads are not endowed with such skills, instead they have
the ability to find such a product in the area, including taking it away from plowmen.
The question of extinction of one of the communities is studied, and the question of
the coexistence of these communities in a single space during the observed period of
time also is studied.

In this study, an additional restriction on the movement of agents is introduced,
which is that nomads throughout their lives are not able to move away from their
place of birth beyond some exogenously specified distance. The values of this exoge-
nous parameter were denoted by radius. For this modification, many experiments
were carried out, on the basis of which the analysis of the radius parameter was
carried out and it was revealed at what values one or another qualitative dynamics
of the entire population system was observed.

The duration of each experiment was 15,000 periods. A variation of the radius
parameter in the range from 4 to 16 with a step of 1 is carried out, and the results are
compared with the case when there are no restrictions on the movement of agents.
For each of the values of the radius parameter, the percentages of cases in which
only plowmen survive, when only nomads survive, and the percentage of cases in
which both communities survive are revealed.

The results are consistent with intuition, namely, the more restricted nomads are
in their movements, the less likely they are to survive as a species.

This research is funded by RFBR, grant 19-01-00147.

[1] Beklaryan L., Belousov F. Model of nomads and plowmen with restrictions on the
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B pabore nipejicraBieHbl pe3yabTaThl IEPBOTO STAIA BHIIIOJIHEHHS IIPOEKTA 110 CO-
3maHuIo cucTeMbl Tpexmeproro (3D) reoMopdoMeTprueckoro MoAeJMpOBaHUS OJI-
Bogoro pesbeda Ceseproro JlemoBuroro okeana [1|. PaspaGorama recroBas na-
CTOJIbHASI BEPCHs CUCTEMBI. B KavuecTBe NCXOMHBIX JAHHBIX ucnoJb3opana [IMP nuz-
KOrO paspenieHust (mar ceTkKu 5 KM), BbyiesleHHas u3 International Bathymetric
Chart of the Arctic Ocean (IBCAO) version 3.0. ITo cruaxkennoit IIMP paccun-
TAaHBI CJIEAYIONMe MOPMOMETPUIECKIE BEJININHbBI: TOPU30HTAIbHAS, BEPTUKAIbHAS,
MUHUMAJbHAS U MaKCUMaJbHas KPUBU3HA, BOIOCOOPHAS U JUCIEPCUBHAS ILJIOIIA/Ib,
a TaKXKe MHJIEKC MOIIHOCTHU MOTOKOB. Jljist co3zmanus u Budyanusanuu 3D momesei
IpuMeHeHa paspaboTaHHasi HAMU paHee MeTojuKa 3D MojeaupoBaHusi pesibeda B
cpeze nakera Blender. Meronuka Brniouaer B cebs ciemyrommue sransi: 1) Cozna-
HEE [OJIUTOHAJIBHOrO 00bekTa; 2) Bribop asropurma monemuposanus 3D reomerpum;
3) Buibop BeprukasbHOro npeysesmdenus Maciaraba; 4) Beibop runa, mapamerpos,
KOJINYECTBA U PACIIOJIOXKEHUSI BUPTYAJbHBIX HCTOYHUKOB OCBellenus; 5) Beibop me-
TOJIOB MojesiupoBanus Tereii; 6) Bribop merona meiiuara 3D momesnn; 7) Boibop
marepuasia nopepxaocrun 3D momenn; 8) panuposka 3D Mmozmenn Tekcrypamu; 9)
Boi6op Kom4ecTBa U PaCIoIoKeHus BupTyaabubix Kamep; 10) Pengepunr 3D mo-
nesn. [Ipencrasimena cepust 3D mopdomerpuiaeckx Moiesieit ¢ paKypcaMu co CTOPO-
bl Arnantuku, Espasun, Tuxoro okeana u Ceseproit Amepuru. Vcnonb3oBaHubiit
I10/1X0J], PADOTOCIIOCOOEH U MOXKET CJIY?KUTH OCHOBOI JIJIsl CO3/IaHUS CJIE/LYIOIIIX BEP-
cuif CUCTEMbBI — HACTOJILHON U OHJIAHHOBO#, KOTOpBIE 0beciiedaT paboTy ¢ MOJEIIMU
BBICOKOT'O Pa3peIeHusl.

Pabora nognepxana rpantamu PODU Ne18-07-00223 u 18-07-00354.

[1] Florinsky I. V., Filippov S. V. Three-dimensional desktop morphometric models for the

Arctic Ocean floor // Proceedings of the International Cartographic Association,
2019. — Vol. 2. — 32. — do0i:10.5194 /ica-proc-2-32-2019.
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We present results of the first phase of an ongoing project to create a system for
three-dimensional (3D) geomorphometric modeling of the Arctic Ocean submarine
topography [1]. In this phase, we developed a testing, low-resolution desktop ver-
sion of the system. We utilized a small, 5-km gridded digital elevation model (DEM)
extracted from the International Bathymetric Chart of the Arctic Ocean (IBCAO)
version 3.0. From the smoothed DEM, we derived digital models of several morpho-
metric variables: horizontal, vertical, minimal, and maximal curvatures, catchment
and dispersive areas, as well as stream power index. To construct and visualize 3D
morphometric models, we applied an original approach for 3D terrain modeling in
the environment of the Blender package. The approach includes the following main
steps: (1) Automatic creating a polygonal object from a DEM; (2) Selecting an al-
gorithm to model the 3D geometry; (3) Selecting a vertical exaggeration scale; (4)
Selecting types, parameters, a number, and positions of light sources; (5) Selecting
methods for generating shadows; (6) Selecting a shading method for the 3D model;
(7) Selecting a material for the 3D model surface; (8) Overlaying a texture on the
3D model; (9) Setting a virtual camera(s); and (10) Rendering the 3D model. Fi-
nally, we present a series of 3D morphometric models with perspective views from
the Atlantic, Eurasia, the Pacific, and North America. The experiment showed that
the approach is efficient and can be used for creating next, desktop and web versions
of the system for visualizing 3D morphometric models of higher resolutions.

This research is funded by RFBR, grants 18-07-00223 and 18-07-00354.
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KauecTBO NporHo3vMpoBaHusi NOTOKA PensiTUBUCTCKUIA
3/1eKTPOHOB Ha reocTaunoHapHoi opbuTe C NOMOLLLIO MeTA0B
MaLMHHOro oby4eHus

Egpumopos Anexcandp Onezosun's? a.efitorov@sinp.msu.ru

IMTupoxuti Baadumup Pomarosun'?

1,2

* shiroky@sinp.msu.ru
Masaezxosa Upurna HuxonaesHa
Honenxo Cepzeti Anamonvesuyn'? dolenko@sinp.msu.ru

irina@sinp.msu.ru

"Mockosckwuit rocymapcrsennsiii yausepcurer um. M. B. Jlomorocosa
2Hayuso-nccieioBaTebekuii nuetuTyT sepuoii dusuxn umenu J1.B.Ckobenbibma

IIpencraBiieHsl pe3y/IbTATHI IPOrHO3UPOBAHMIS MAKCUMAJIBHBIX 38 CYTKU CPEJIHE-
YACOBBIX 3HAYECHWI MOTOKA PESATHBUCTCKUX 3JeKTpoHOB (E>2 MsB) Bo BHerHeM
paJMaImoOHHOM Tosice 3emun Ha 1-3 cyTok Buepen. B KadecTBe BXOAHBIX MpU3HA-
KOB JIJIsl IPOI'HO3UPOBAHMS UCIO/Ib30BAJIMCH 3HAYCHNA T'€OMArHUTHBIX UH/IEKCOB, NH-
JIYKIIMM MEXKIIJIAHETHOI'O MarHUTHOI'O TI0JIsl, CKOPOCTHU COJTHEYHOT'O BETPA, IJIOTHOCTH
[POTOHOB, YJIBTPa-HU3KOIACTOTHOTO HHjeKca BosnHOBOM aktueHOocTH (ULF) 1 cpes-
HEYACOBBIE 3HAYEHNs MOTOKA PEISITUBUCTCKIUX 3IEKTPOHOB. Pa30Boe MPOCTPAHCTBO
JMHAMAYIECKON CUCTEMBbI OBLIO PEKOHCTPYUPOBAHO IIyTEM IIOTPYKEHUS BPEMEHHOTO
pana Kaxkaoit busmdeckoit Beanduubl. [Ij1s 1porHo3npoBanms UCIIOIb30BAINCH CJIe-
JLyIOIIUE MOJIEJTN MAIINHHOTO 00y Y€eHNs: MHOTOMEPHAs aBTOIPErPECCHOHHAs MOJIEIb,
aHcaMbJii JIePEeBbEB PEIIeHUil B paMKaX OerTMHI-TI0/X0/ia, UCKYCCTBEHHbIE HEelpOH-
HbIe CETH THUIIAa MHOTOCJIOMHBII TTepcenTpon. Pe3yIbraThl CPABHUBAIOTCS C AHAJIOT Y-
HBIMU, ITOJIyI€HHBIMU IPYTUMU aBTopamu. Ilokazano, 94To mpu penrennn JTaHHOM 3a-
JIa9y HAJIY Y9Il Pe3ysIbTaT JAaloT ancaMOiIn fnepesbeB perrennii. Takzke mokas3amno,
YTO HUCIIOJIb30BAHNE TUIYOMHBI ITOTPYKEHIsS KaXK/10fl KOMIIOHEHTHI BDEMEHHOI'O PsA/Ia,
paCCUUTAHHON TIO0 CHaJLy aBTOKOPPEIAIMOHHON (DYHKIINN, 3HAUUTEIHLHO YIIYUIIaeT
Ka4ecTBO IIPOI'HO3MPOBaHMUS Ha TOPU30HTE IIPOTHO3a B 1 yac.

UccnenoBanne Boimosaeno 3a cuer rpanta PH® Ne16-17-00098.

[1] Irina Myagkova, Alexander Efitorov, Viadimir Shiroky, Sergey Dolenko Quality of

Prediction of Daily Relativistic Electrons Flux at Geostationary Orbit by Machine

Learning Methods // Lecture Notes in Computer Science, V.11730. Springer Nature,
2019. — P. 556-565.

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.



Geospatial Data Mining 333

Quality of Prediction of Daily Relativistic Electrons Flux at
Geostationary Orbit by Machine Learning Methods

Alexander Efitorov'? a.efitorov@sinp.msu.ru
Vladimir Shiroky"« shiroky@sinp.msu.ru
Irina Myagkova'+? irina@sinp.msu.ru
Sergey Dolenko*? dolenko@sinp.msu.ru

"Moscow, M. V. Lomonosov Moscow State University
2Moscow, D. V. Skobeltsyn Institute of Nuclear Physics

This study presents the results of prediction 1-3 days ahead for the daily maxi-
mum of hourly average values of relativistic electrons flux (E>2 MeV) in the outer
radiation belt of the Earth. The input physical variables were geomagnetic in-
dexes, interplanetary magnetic field, solar wind velocity and proton density, special
ultra-low frequency (ULF) indexes and hourly average values of relativistic electron
flux. The phase-space for each physical component was reconstructed by time de-
lay vectors with their own different embedding dimensions, and all of these vectors
were concatenated. Next, various adaptive models were trained on this multivariate
dataset. The following models were used for prediction: multi-dimensional autore-
gressive model, ensembles of decision trees within bagging approach, artificial neu-
ral networks of multi-layer perceptron type. The obtained results are analyzed and
compared to the results of similar predictions by other authors. The best prediction
quality was demonstrated by ensembles of decision trees. Also it has been demon-
strated that using embedding depth based on autocorrelation function significantly
improves prediction quality for one day prediction horizon.

This study conducted at the expense of RSF, grant 16-17-00098.

[1] Irina Myagkova, Alexander Efitorov, Viadimir Shiroky, Sergey Dolenko Quality of Pre-
diction of Daily Relativistic Electrons Flux at Geostationary Orbit by Machine Learning
Methods // Lecture Notes in Computer Science, V.11730. Springer Nature, 2019. —
P. 556-565.
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Pa3paboTtka anropntma no3anumoHnpoBaHus MobUILHOro
YCTPOACTBA HA OCHOBe CeHCOopHbIx ceTeil n3 BLE-maskos gnsa
NOCTPOEHNA CUCTEM aBTOHOMHOW HaBuraumm

Acmagves Anexcandp Baadumuposun'« Alexandr.Astafiev@mail.ru
Jemudos Anmon Aanexcandposur' AADemidov@mail.ru
Maxapoe Muzxaus Bauecarasosur Nauka-Murom@ya.ru
ITpusesenues Jdenuc Iennadvesunw' DGPrivezencev@mail.ru

"Mypom, Myponmcknit uacTuTyT (bumman) desepaabHOro rocyIapCTBEHHOTO BI0I7KETHOTO
00pa30BaTEILHOTO YUPEXKISHHUS BBICIIEr0 0Opa3oBanus «BiagmMmupckuii
rocyIapCTBEHHBIN yHUBepcuTeT nuMenn Astekcanapa I'puropbesnya n Hukomnas
I'puropnsesuaa CTOIETOBBIX >

B crarnhe mpuBesmen aHam3 phIHKA, KOTOPBIHM MOKa3aJl, 9TO MOJOOHOTO poIa CHCTe-

MBI HEOOXOIMMBI KaK KPYITHBIM KOMIIAHUSIM, TaK U KOMIAHUSIM MAJIOro OU3Heca, ITo

00yCJaBINBAET AKTYyaJHLHOCTD PAcCMaTpPUBaeMoil mpobseMbl. 1lesibio paboThI sIBJIS-

eTcsl pa3paboTKa aJrOpUTMa MO3UITHOHUPOBAHUS CPEJICTB MAJIO MEXaHU3aIuW Ha
ocHOBe ceHcopHbIX cereil 13 BLE-maskos mgiaa mocrpoenust RTLS-cucrem n cucrem

ABTOHOMHOI HABUTAIIWH.

B macrogmee Bpemsi pa3BuTme MOOMIBHBIX TEXHOJOTHI W WHTEpPHETA Belei
(Internet of Things) maso pa3BuTHEe TEXHOJIOIUSIM, HO3BOJIsIOMMM Gosiee 3dbdex-
TUBHO OPTaHMU30BLIBATH MMO3UIMOHUPOBAaHNE BHYTpU rnoMerniennii. B3amen 6osee pe-
cypcoemkuM texunojorusiv, TakuMm kak: GPS, TJIOHACC, Wi-Fi, UHF, Bluetooth
upuniu rexuosiorun: ZigBee, Z-Wave, Thread u Bluetooth Low Energy (BLE).

B crarne mpeaaraeTcs MCIOIB30BATD PATAOMAIKNI, OCHOBAHHBIE HA TEXHOJIOTHAN
BLE s mocTpoennst 6eCIIpOBOIHBIX CEHCOPHBIX CETEH, ITO MO3BOJUT pa3paboTaTh
aJITOPUTM ITO3UIMOHUPOBAHUSI B PeKuMe peaibHoro spemeHu. ChopMysnpoBaHbI
TpeboBaHUs, IpeIbsIiBIsIeMble K CEHCOPHBIM ceTsiM Ha ocHoBe BLE-masikop. Ilpu-
BEJICHO OIMCAHUEe AJTOPUTMa BHYTPEHHETO MO3UIMOHUPOBAHUSA W IPOBEJICHBI IKC-
TepUMEHTAIbHBIE MCCIeIOBAHNSA, MOKA3ABIINE YBEJIUICHNE TOUYHOCTH OIPEIE/TCHU
KOOPJIMHAT CIUTBHIBAIONIET0 YCTPONCTBA IO CPABHEHUIO C AHATOTAMII.

[1] Astafiev A. V., Privezentsev D. G.Development of automated identification technology
objects during their movement along not typed routes using multi-code labeling //
2018 International Russian Automation Conference, RusAutoCon 2018, Sochi; Russian
Federation, 2018. .
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Development of an algorithm for positioning a mobile device
based on sensor networks from BLE beacons for building
autonomous navigation systems

Alexandr Astafiev'x Alexandr.Astafiev@mail.ru
Anton Demidov* AADemidov@mail.ru
Mikhail Makarov' Nauka-Murom@ya.ru
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Denis Privezencev DGPrivezencev@mail.ru

!Murom, Murom Institute (branch) Federal state budgetary Educational Institution of
Higher Education «Vladimir State University named after Alexader Grigoryevich and
Nickolay Grigoryevich Stoletovs>

The article provides an analysis of the market, which showed that such systems
are necessary both for large companies and small businesses, which determines the
urgency of the problem under consideration. The goal of the work is to develop an
algorithm for positioning small-scale mechanization tools based on sensor networks
from BLE beacons for building RTLS systems and autonomous navigation systems.

Currently, the development of mobile technologies and the Internet of Things
(Internet of Things) has given rise to technologies that allow more efficient organi-
zation of indoor positioning. Instead of more resource-intensive technologies, such
as: GPS, GLONASS, Wi-Fi, UHF, Bluetooth, technologies came: ZigBee, Z-Wave,
Thread and Bluetooth Low Energy (BLE).

The article suggests using beacons based on BLE technology for building wireless
sensor networks, which will allow developing a real-time positioning algorithm. The
requirements for sensor networks based on BLE beacons are formulated. A descrip-
tion is given of the algorithm for internal positioning and experimental studies have
been carried out that have shown an increase in the accuracy of determining the
coordinates of the linking device compared to analogues.

[1] Astafiev A. V., Privezentsev D. G. Development of automated identification technology
objects during their movement along not typed routes using multi-code labeling //

2018 International Russian Automation Conference, RusAutoCon 2018, Sochi; Russian
Federation, 2018. .

Russian National Conference MMPR-2019. Russia, Moscow, November 26—29, 2019
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MpumeHeHne MeTOA0B UHTENNEKTYa/IbHOMO aHaN3a AaHHbIX
ANsl NOCTPoeHUs rnobanbHOW MoAEeNN MOSHOMO 3/1eKTPOHHOIo
cogep>xaHusi noHocdepbl

Kyxoe Anexceti Bumanavesunu'*x zhukovalex13@gmail.com

1,2

Cudopos Jenuc Huxonraesun d.sidorov@iszf.irk.ru

HAcroxesunw FOputi Baadumuposur

yasukevich@iszf.irk.ru
"Mpxyrcek, UacrrryT commeuno-semuoii busuxkn CO PAH

2Upkyrcx, UncruryT cucrem suepreruxu uM. JLA. Merenthesa CO PAH

CocrosiHre MOHOC(DEPHI CYIIECTBEHHO BJIMsIET Ha PabOTy MHOIMX KPUTHUIECKU
BaxkHbIX cucreM. OHON n3 GopM mpejcTaB/ieHnsi HTHMOPMAIUU O COCTOSTHUA UOHO-
cepbl ABJIAIOTC KapThl MOJHOTO 3JjieKTpornoro cogepxkanug (IIDC) [1]. B pabore
[IPEJICTaBJIeHa aKTyaJbHas 3aJada MOCTPOCHUS TAKUX KApPT 10 JAHHBIM O [eOMar-
HUTHOW U COJTHEYHOW akTWBHOCTU. Anajmsupyembie kapThl [I9C mpejpcraBisior u3
cebst HAbOp M300parkeHuil MoJIyIEeHHBIX ¢ BPEMEHHBIM pa3pelirenueM B dac. Ha mnep-
BOM 3Talle PeIraercsi 3ajajda COKpalleHns pasMepHocTu. Jljisi 3TOoro mcioJib3yercs
MeTOJ] TJIABHBIX KOMITOHEHT H3-3a €0 BBICOKOI MHTEpIpeTUpyeMocTr. Tak Kak Ha-
OJIIOTAEMBIIT TIPOIIECC UMEET XapaKTePHBIE JJIs KaXK/IOT'0 BPEMEHH CYyTOK OCOOEHHO-
CTH, PA3JIOXKEHNE CTPOUTCS JJIs KaXKI0r0 BPEMEeHH CYTOK OT/IesbHO. [ Moty dermst
kapt I19C pemaercs 3ajiata BOCCTAHOBIIEHUS PEIPECCHN JITIsT KAYKIONH KOMIIOHEHTHI
pasJioKeHusi. B KadecTBe IPU3HAKOB UCIOJIB3YIOTCsI MHIEKChI NeOMAarHUTHOI, COJI-
HEYHOI aKTHUBHOCTH, a TaKXKe IPU3HAKU OTParKaloIlllie Ce30HHOCTh mporecca. s
npUOIUKEHUST [IEJIEBON 3aBUCUMOCTH UCIOJIb30Basicss Meto, Random Forest. Ampo-
Garuu 1OJIX0/1a TPOBOIUIACH HA IJIODAJILHBIX MOHOChEPHBIX Kaprax 3a 1998-2017
rr., nosydaembix Ha ocaoe GPS/TJIOHACC-usmepenuit [2]|. ITokazano, uro tou-
HOCTb PabOThI IPEJJIOKEHHBIX MOJIEJIeil CYIIECTBEHHO BBIINIE, YeM TPaJMIIMOHHBIX
rI00AIBHBIX MOHOCEPHBIX Mojeseil. Pabora BbImosgHeHa mpu mnoagepkke PODU
Ne18-35-20038.

[1] Zhukov A., Sidorov D., Mylnikova A., Yasyukevich Y. Machine learning methodology
for ionosphere total electron content nowcasting // International Journal of Artificial

Intelligence, 2018, Vol. 16. P. 144-157.

[2] Herndndez-Pajares M. et al. The IGS VTEC maps: a reliable source of ionospheric
information since 1998 // J Geod., 2009, Vol. 83. P. 263-275.
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Application of data mining methods for global ionosphere total
electron content model building

Aleksei Zhukov **x zhukovalex13@gmail.com
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Hrkutsk, Institute of Solar-Terrestrial Physics SB RAS
2Irkutsk, Melentiev Institute of Energy Systems SB RAS

The ionosphere condition significantly affects the operation of many critical sys-
tems. One of the representations of ionosphere condition is the total electron content
(TEC) [1] maps. This paper is devoted to the urgent problem of obtaining such maps
using geomagnetic and solar activity data. The analyzed TEC map is a set of im-
ages obtained with a one hour time resolution. First, the dimensionality reduction
problem is stated. For these purposes the principal components method is exploited
because of its high interpretability. Since the observed process has specific behaviour
for each time of the day, decomposition is built for each time of the day separately.
To obtain TEC maps, the regression problem for each decomposition component
is solved. Indices of geomagnetic, solar activity, as well as variables refer to the
seasonality of the process are used as features. Random Forest were used to approx-
imate the target dependency. The approbation of the approach was carried out on
global GIM ionospheric maps for 1998-2017, obtained using GPS/GLONASS mea-
surements [2]. It was shown that the accuracy of the proposed models is significantly
higher than traditional global ionospheric models. This study was funded by RFBR
according to the project 18-35-20038.

[1] Zhukov A., Sidorov D., Mylnikova A., Yasyukevich Y. Machine learning methodology
for ionosphere total electron content nowcasting // International Journal of Artificial
Intelligence, 2018, Vol. 16. P. 144-157.

[2] Herndndez-Pajares M. et al. The IGS VTEC maps: a reliable source of ionospheric
information since 1998 // J Geod., 2009, Vol. 83. P. 263-275.
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NMonck nnasHO MEHALWNXCA NPOCTPAHCTBEHHbIX
3aKOHOMepHOCTEI7I Ha pPblIHKE HEe4BUXNMOCTHU

Mexedos Hean Cepzeesun mehedov@mail .ru
ITemposa Mapuna Aaexceesna’ marina_petrova@mail.ru
Duaunenros Hurxonati Baadumuposur’s n.filipenkov@mail.ru

"Mocksa, C6epbank Poccun
2Mocksa, HUSTY MUDU
3Mocksa, HAIY BIIID, CAC Uncruryr

B nacrosiee Bpemst 6ypHoe pazputie reonHMOPMATUKN U O0JIbIINE 00bEMBI JaH-
HBIX, UMEIOIIUX IPUBA3KY K MECTHOCTHU, IIO3BOJIAIOT IPUMEHATh METOAbl MHTEJJICK-
TyaJIbHOI'O aHaJIN3a JIAHHBIX K IIOUCKY 3aKOHOMEPHOCTEH B IIPOCTPAHCTBEHHBIX JIaH-
HbIX. B Hacrosrmeit pabore anropuTMbl, pa3padaTbiBaeMble aBTOPAMU JIJIsT BPEMEH-
HBIX PAJIOB, IPUMEHHAIOTCH K IIOMCKY 3aKOHOMEPHOCTEIl B IIPOCTPAHCTBEHHDBIX JIaH-
HbiX. Takum 06pa3oM aBTOPBI MCCIIELYIOT 3aKOHOMEPHOCTH, IIJIABHO MEHSIIOIIAECs B
LIDOCTPAHCTBE.

s miutrocTpanny moaxoia B paboTe NCIoIb30BaHbl TAHHBIE O CTOMMOCTH HEIBU-
JKUMOCTH. AHAJIM3UPYETCS 3aBUCUMOCTD [eJIeBOIi IepeMeHHOM (CTOUMOCTH KBapaT-
HOTO MeTpa YKUJbs) OT paifoHa, a Takyke GJIM30CTH K TEHTPY OPOJia, CTAHIUSIM 00~
IIECTBEHHOI'O TPAHCIOPTA, KPYIIHBIM MarucTpaJisiM, Mara3uHaM, CIIOPTUBHBIM U pa3-
BJIEKATEILHBIM [EHTPAM, HHCTUTYTaM 3/IpABOOXPAHEHUs], 00PA30BATEIbHBIM YIpe-
KuaenusiM, oducaMm, mapkam u T.J. lIperjokennsiii B pabore MOAXOHN K aHAIAZY
[IPOCTPAHCTBEHHBIX JTAHHBIX, IMMMPOKO IIPUMEHUM U B APYTUX OOJACTHAX, HAIIPUMED,
aHaJIN3y Pa3/IMYHbIX JIAHHBIX CO CIIyTHHUKOB, I'€OTapreTMPOBAHHOMY MAapKeTHUHTY U
T.I1.

[1] Quaunenros H. B. O6 oxHOM MeTOJE NOMCKA ILUIABHO MEHSIONIUXCS 3aKOHOMEPHO-
cTeit B mydkax BpeMeHHBIX psagos // ZK. Beramcn. marem. m marem. husukm,
Mocksa: Hayka, 2009. — T.49, Ne11. C.2020-2040. http://www.mathnet.ru/links/
1078c9123862f£250c7fe8cdbcfcd75e/zvmmf4787 . pdf.

Bcepoccniickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16ps 2019 1.



Geospatial Data Mining 339

Mining the Slightly Changing Geospatial Patterns in the Real
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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 applied the algorithms that were previously used for mining slightly
changing patterns in time series to geospatial data of the real estate market. So the
paper discusses mining the patterns that slightly change in space (instead of time).

The paper uses data on the real estate market. The predicted variable (square
meter price) is analyzed respective to the district, distance to the city center, stations
of public transport, highways, shops, sports, entertainment, healthcare, education
centers, offices, parks etc. The proposed approach for mining slightly changing
patterns in geospatial data is highly applicable to any data with geo-tag, e.g. space
image recognition, geo-targeted marketing etc.

[1] Filipenkov N. A method for finding smoothly varying rules in Multidimensional time
series // Computational Mathematics and Mathematical Physics, Moscow: Nauka,
2009. — 49:11 p.1930-1948. https://link.springer.com/article/10.1134\
%2FS0965542509110104.
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ABTOMATU3NPOBaHHbLIV METOA aHaM3a AAaHHbIX KOCMUYECKUX
nyyei n BblaeneHusa cnopagunyveckux acpdgekrTos
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! Cankr-Tlerep6ypr, Cankr-IlerepGyprekuii roCyIapCTBEHHBIA SICKTPOTEXHIICCKIH
yausepcurer «JI9TU» um. B.M. Yapsaxosa (Jlenuna)

*TTaparyuka, MaCTHTYT KOCMODHU3NIECKIX NCCICIOBAHMI 1 PACIPOCTPAHEHHS PAIHOBOIIH
JIBO PAH

B pabore nipejjioyken MeTo 1 aHA/IN3a TaHHBIX HEHTPOHHBIX MOHIUTOPOB U O0HAPY-
KEHUs CIIopaamIecKnx 3 @EeKTOB B KOCMUYIECKUX Jydax. V3yueHne TUHAMUKI KOC-
MUYIECKUX JIyIeil IIPeICTaBIIsIeT HHTEPEC B 3a/1a1aX COJHETHO-3eMHON (DU3NKN U TIPU-
KJIQTHBIX MCCJIEIOBAHNAX, CBA3ZAHHBIX C KOCMUYECKOil noroiofl. Iamenenne yciaoBumii
una CoutHIle, B COJHETHOM BeTpe, MarHuTocdepe u noHochepe 3eMiin CyIecTBEHHO
BJIMsieT Ha pabOTy U HAJIE’KHOCTh OOPTOBBIX U HA3EMHBIX TEXHOJOIMIECKUX CUCTEM,
7 YyIpoKaeT 3JI0POBLIO WM KU3HM Jiojieil. B Hacrosdriee Bpems 3ajiada OmepaTUBHO-
0 M TOYHOI'O IIPOrHO3a KOCMHUYECKON TOroJbl He perrena. /st omeparnBHOTO mIpo-
THO3UPOBAHNA KOCMUYECKOI IIOT0/Ibl BeCbMa BaKHO CO3/JaHue aBTOMATU3UPOBAHHBIX
METOJIOB aHAJIN3a PErUCTPUPYEMBIX JAHHBIX KOCMUYECKUX JIydeil 1 CBOEBPEMEHHOI'O
obHapyKeHusl CIopaniecKnx 3hOeKTOB.

IIpemiaraembiit B pabore MeTOJ] OCHOBAH HA MPUMEHEHUN KPaTHOMACIITAOHBIX
BefiBiier-pazioxennii (KMA) u neliponnbix cereii BekTopHoro ksanroBanus LVQ.
Cxema paboThl, pazpabOTAHHON MO peajr3alud MEeTOJa MPOrPAMMHON CHCTEMBI,
npejcrasiena Ha puc.l. Jlas peasusanum MeTo/a ONpeJeeHbl 1 000CHOBAHBI Ce-
MelicTBa OpTOTrOHAJIbHBIX BeiiBieToB Jlobemmn n Koiidaers. Pazpadoran amropurm
OIIPEJIEJIEHNS] «HANITYJIIIeroy alllIPOKCUMIPYIONIero 6asnuca B Kj1acCe OPTOrOHAIBHBIX
BEIBJICTOB.

Ha ocroBe meTo1a 110 JaHHBIM MUPOBOIl CETH HA3EMHBIX CTAHIUI U3yYeHa [TMHA~
MHKa KOCMUYECKHUX JIydell B IeproJbl IMOBBIIIEHHON COJTHEYHON aKTUBHOCTA U Mar-
HUTHBIX OYPb. DKCIEPUMEHTAIBHO MOTBEPKIeHA F(DDEKTUBHOCTH METOA JIJIsT Pe-
JKMMa OTIEpATUBHOIO aHAJN3a JIAHHBIX U BBIJIEJIEHIS CIIOPaIndecKux 3(p¢eKToB, B T.
9. MaJIOfl aMIIITY/IbL.

[1] T'ennenep B. B., Mandpukosa Bb. C. ABTOMATH3MPOBAHHBIN METO AHAIN3A JAHHBIX KOC-

MHUYECKUX JIydeil U BblaesaeHus crnopaaudeckux 3ddexros // Mamuunoe obyduenue u

anasm3 naHabix, 2019. (B nponecce)
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Automated method for analyzing cosmic ray data and highlighting
sporadic effects

Vladimir Geppener' geppener@mail.ru
Bogdana Mandrikova®* 555bs5@mail . ru
!Saint-Petersburg , Saint Petersburg Electrotechnical University ”"LETI”

2Paratunka, Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS

A method for analyzing neutron monitors data and detecting sporadic effects in
cosmic rays is proposed. The study of the dynamics of cosmic rays is of interest
in the problems of solar-terrestrial physics and applied research related to space
weather. Changes in conditions on the Sun, in the solar wind, magnetosphere and
Earth’s ionosphere significantly affect the operation and reliability of airborne and
ground-based technological systems, and threaten the health and life of people. At
present, the task of prompt and accurate forecast of space weather has not been
solved. It is very important to create automated methods for analyzing recorded
cosmic ray data and timely detecting sporadic effects for operational forecasting of
space weather.

The method proposed in the work is based on the use of multiscale wavelet de-
compositions (MSA) and neural networks of vector quantization LVQ. The working
scheme of the software system developed for implementing the method is presented
in Fig. 1. The families of orthogonal Daubechies and Coiflet wavelets are defined
and grounded for the method’s implementation. The algorithm for determining the
“best” approximating basis in the class of orthogonal wavelets is developed.

Based on the above method, the dynamics of cosmic rays during periods of
increased solar activity and magnetic storms using data from the global network of
ground stations was studied. The effectiveness of the method for the operational data
analysis mode and the identification of sporadic effects, including low amplitude, is
experimentally confirmed.

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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Fig. 1. Method scheme

[1] Geppener V. V., Mandrikova B. S. Automated method for analyzing cosmic ray data
and highlighting sporadic effects // Machine Learning and Data Analysis, 2019. (In
process)
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Komnnekc npuknagHbix peweHnii no noCcTpoeHnto n obyyeHuno
WCKYCCTBEHHbIX HEMPOHHbIX CeTel A1 CEMAHTUYeCKOWn
cerMeHTaunm a3apoKoCMUYECKNX M300pa>keHuin NpPon3BoJsIbHOM
KaHaJ/IbHO-CNEKTPaJibHOW CTPYKTYpbl B YC/0BUAX aeduynta
o0y4atowmx gaHHbIX

TI'sozdee Onez Tenaduesus'? gvozdev@miigaik.ru
Mypovinun Aaexcandp Bopucosuu'> amurynin@bk.ru
Puxmep Andpeti Aaexcarndposu'« urfinl7@yandex.ru

'Mocksa, Hay4umo-nccie0BaTe IbCKuit HHCTHTYT ad9POKOCMIYECKOTO MOHHTOPHHTA
“ADPOKOCMOC”

2Mocksa, MOCKOBCKIIA TOCYIaPCTBEHHDIH YHIBEPCUTET TeOE3UH U KapTorpadu
3Mocksa, PeqepaabHblil HccIeq0BaTeIbCKHH TenTp “UrdopMaTuka u yupastenne’ PAH

Cueruduka pacro3HaBaHUsl a3POKOCMUYECKUX H300parKeHuil 0OyCJIOBJIEHA Ta-
KUMHU WX OCOOEHHOCTSIMU KaK: IPOU3BOJIbHASI KaHAJbLHO-CIIEKTpaJbHAs CTPYKTYpPa
n300pakeHuil; GOJIBINON TUATA30H IIPOCTPAHCTBEHHBIX PA3PEIeHNiT; 00JIBIITO0I 00beM
JIAHHBIX KayKJIOr0 CHUMKA; HallpaBjeHue cheéMku "B Haaup"; moTpeOHOCTL B CIIEIu-
AJIbHBIX 3HAHUAX U HABBIKAX JIJIsI OCYIIECTBJICHUS PA3METKI; OTPAHIMYEHHAST JOCTYTI-
HOCTH OJHOPOJHBIX CEpUil CHUMKOB, IPHUIOIHBLIX It (hOpMUpPOBAHUS OOYyYaIoNen
BBIOODKU.

DT 0COOEHHOCTH OMPAHUIUBAIOT UJIH TOJTHOCTHIO UCKJIIOYAIOT TPUMEHEHUE Ipe-
nob6yuennbix Mogedeii (knowledge transfer), mcnosib3oBanus TUHOBBIX TONOJIOIHI,
rakux kaK U-Net mwin ResNet-(18,36,...), BBuiy ux 6p1cTporo nepeodydeHus, 3arpys-
ku u3obpaxkennii nejukoM B O3Y GPGPG u ucnosib3oBanue “Mo3amaHOr0” MOIX0/IA,
BBUJLy HaJIM4usi 6osIbmuX 1mycTor (obsiacreil 63 JaHHBIX, JTU00 HE3HATHTEbHBIX ).

TTokazaTebHBIM IPUMEPOM SIBJISETCS 33/1a9a PACIIO3HABAHUS OTKPBITOIO I'PYHTA
(OT") u orkpeiToro mycopa (OM) Ha CILyTHUKOBBIX U300pasKeHUsIX. DTU IOBEPXHO-
CTHU JIETKO PA3JIMYAIOTCs IEJIOBEKOM TI0 XapaKTEPHBIM BU3YAJbHBIM IIPU3HAKAM, HO,
¢ JIpyToii, He TOIAI0TCs I PUPOBAHUIO KIACCHIECKIMEI METOJaMU 1 POBO
06pabOTKH.

Caoxuocrs geredpuposanuss OM obcyiioBieHa: pa3sHOOOpa3ueM reoMerpurde-
cKUX (DOPM, TEKCTYP, 36PHUCTOCTHIO, OTCYTCTBUEM OJJHOZHAYHOTO YETKOIO KOHTYPA,
CMeIIIeHUEeM ¢ OObeKTAMU JIDYIUX THUIOB (IPYHTOBBIMU HACBIIATMU, JIOPOIaMU, MH-
dpacTpyKTypoil MyCOPHBIX IIOJIMI'OHOB), cJydailHbIM BKpamuienueM dacrur, OM B
don.

Tlocnenyromast onenka Toanoctu padborsl TIHC orsiromaercs: Temu-»ke npuanHa-
MU.

ABTopamu pazpaboTaH U PeaJn30BaH MOJTHOCTHIO TAPAMETPU3UPYEMBIX TEXHOJIO-
rudeckuii mporecc obydennst MHC cemanTHYIecKoil cerMeHTAIINN, AKTUBHO HCIIOJb-
3yIOMNH 0OCOOEHHOCTH a9POKOCMHUIECKON MTPUPOILI 00pPadaThIBAEMbIX N300paKeHUII.

AyrMeHTanusi UCXOJHDBIX JIAHHBIX IIPEJICTABICHHBIX B PACTPOBOI (popMe BBITIOJ-
HSIETCSI HE3ABUCHUMO, JJIsi KAXKJI0I'0 UCXOTHOTO U300PaKeHUSs:

Bcepoccntickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16psi 2019 1.
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1. Oupejiesienne EHHOCTH KaXKJIOTO MTHKCEIa N300paskeHust, C yI6TOM: Beca KJIac-
ca; MHPOPMAIMOHHON HACBIIIEHHOCTH €r0 OKPECTHOCTH; JIOIOJHUTENIHHX OTMETOK
9KCIIEPTA.

2. ®opMupOBaHTE MHOXKECTBa 00J1aCTeli-KaHINIaTOB — 4-X-yTOJIbHX MTOJIUTOHOB,
[OJIyYeHHbIE U3 KBaJIPATHBIX IIyTEM HOCJIEI0BATEILHOCTH CIyYaiiHbiX (B 3a/aHHbIX
upeiesax) adbUHHBIX IPE0OPA30OBAHMIA.

3. Pemenne onTmMu3anmoHHOW 3a/ad9u  BBIOOpA IOJMHOYXKECTBa 0bJIacTeii-
KaH/I1JIaTOB, HAMJIYYIITIM 00Pa30M ITOKPBIBAIOIINX U300parKeHne, IIPOIIOPIIUOHAIBHO
[EHHOCTH IIMKCEJIOB BHYTPH O0JIACTU-KAH/INJATA U UX YIAJICHUIO OT [EHTPa 00JIacTH-
KaHJIAIATA.

4. NsBnedenne u rpancdopMaIys JAHHBIX KA2K 10 00JI1aCTH B KB IPATHBIN PACTP
(obecrieunBaeT BHECEHHE N€OMETPHYECKUX HCKAYKEHWil), BHECEHHE CIENU(DUIECKIX
JI7IS JIAHHOTO TUTIA M300parkeHwWil MCKarKeHUi, HalpuMep HCKakeHne Oasiamnca Oe-
JIOTO, TaMMBbI, JI00ABJIEHHUE IITyMa.

B kauectBe kapkaca Tomosorun MTHC cemaHTHYIECKO# cerMeHTAINN UCITOIb3yeT-
cs U-Net. Bazosbie 6,10Ku KOZUPOBIUKA U JIEKOINPOBINUKA B KOTOPOM 3aMEHSIOTCS
ua ResNet-miono6ustit (Boime ckopocts 00ydennst) mm Inception-mogo6usrii (Boire
TOYHOCTD TIPEJICKA3aHNs ), akTuBarmonHast byHkius samensiercst #a ELU (mus mpe-
ozosienust abdexTHas “ymMupaHus” HEHPOHOB).

B oraenbubix caydagx (Hanpumep, IIpU CYIMIECTBEHHBIX KOJIEOAHUIX XapaKTepa
OCBEMIEHHOCTHU B BBIOOPKE) K 0GJIOKAM KOAMPOBIIUKA [IPUMEHIETC TEXHUKA Squeeze-
Excitation.

st 0cO6EHHO MAJTBIX O0YYAIONINX HAOOPOB, I PETYISPUIAIIA TPUMEHIETCS
Texauka Dropout.

[Tpu oOyueHME UCIIOJIB3YIOTCS IIJIABHOE YMeHbIlleHne learning rate.

OnrmumonaJibHO IpuMeHenne TexHuk active learning u self-supervised learning. ITo-
CJIETHSS PeAIM3yeTcs IIyTeM 100aBJIeHnsI B 00y IAIOIIYI0 BIOOPKY Pa3METKHU, TOJTY-
YEHHOW IyTEM YCPEIHEeHUs PEe3yIbTATOB MHOTOKPATHON ayrMeHTAIUd U PACIIO3HA-
BaHMs KaXKJI0M Hepa3MedeHHOH 00/1acTu.

COBOKYITHOCTH PaCCMOTPEHHBIX TEXHUK [M03BOJIsIeT jocTudb F1-mepbr > 0.7 st
nabopoB B 2040 ncxoaubix m3obpazkennii u > 0.8 myia mabopos B 50-150 mcxoaHBIX
n3o0pazkeHuii, mpu kosimaectse ¢cBobonubix mapamerpos THC B npenesrax 15e7.

[Iepcriek TMBHBIMEU HAIIPABIEHUAME PA3BUTHUS IIPEICTABIEHHOTO TEXHOJIOITIECKO-
ro rporiecca sipjsrorcst: npeaodydenne MHC ¢ momorsio Merosna deep cluster, o6o-
IIEHHOIO JIJIs OTJEJIbHBIX IHUKCeJIell N300paskeHusl; PellleHne 3a/1a9i CerMEHTAIH
9K3EMILJISIPOB OO0BEKTOB € ITOMOIIBIO MeTO/I0B ceMeiicTBa deep waterched; uccieoBa-
Hue ajabrepHaTuBHbIX 6a30Bbix Tomosoruit (U-Net+-+, DeepLab u ap.); upumenenue
boJtee CJIOKHBIX CTpaTernii 00ydeHns, B YaCTHOCTH, BO3BpaTa K panee 00y9IeHHBIM
MOJIEJISIM, B CJIyYae BbIABJIEHUs JI€rPAJIAINN; TeHepalus 00ydalonx 06pa3os B pe-
AJIbHOM BPEMEHH.

WccteroBanus mpoBejieHbl Ipu (pUHAHCOBOI mojiiepkke Munobpuayku Poccun
(yaukasnbubiit unearudukarop npoekra REMEFI58317X0061).
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[1] I'sosdes O.I., Mypomun A. B., Purmep A. A. KoMIiekc NpUKIaAHbIX PENIEHUH 1O 110~
CTPOEHUIO U OOYIEHUIO0 UCKYCCTBEHHBIX HEPOHHBIX CETel JIJIsi CEMAHTUIECKOW CerMeH-
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Set of applied solution on design and training of artificial neural
networks for semantic segmentation of aerospace imagery having
arbitrary spectral/channel structure in case of training data
deficiency

Oleg Gvozdev'? gvozdev@miigaik.ru

Alexzander Murynin'>

amurynin@bk.ru
Andrey Richter'x urfinil7@yandex.ru
"Moscow, State scientific Institution “Institute for Scientific Research of Aerospace
Monitoring “AEROCOSMOS”

2Moscow, Moscow State University of Geodesy and Cartography

3Moscow, Federal Research Center ”Informatics and Management” RAS

The specificity of aerospace imagery interpretation due to such it’s peculiari-
ties as: arbitrary spectral/channel structure; wide range of spatial resolution; large
amount of data in each image, off-nadir pointing, labeling requires special qualifica-
tions; limited availability of uniform image sets, useful for building training sets.

This features significantly limits or totally rules out ability to use widely available
pretrained models and knowledge transfer technique, usage of the common topoligies
such as U-Net or ResNet-(18,36,...) ”as-is” because of fast overfitting, loading fullsize
images to GPGPU RAM or scattering with a checkered-like pattern due to large void
areas (without data at all, or without significant data) in images.

Recognition of the dry soil or waste disposal areas (WDA) on satellite imagery is
one of vivid examples of this complexity. This surfaces can be easily distinguished by
human due to visual features, but not by using classical digital processing methods.

The WDA recognition complexity lies in variety of spatial configurations, texture
patterns, texture grain, fuzzy outlines, mixings with all types of the background
objects (soil mounds, roads, infrastructure objects on the territory of organized
WDA) and random interspersing in it.

This also confuses evaluations of the trained ANN accuracy.

Authors designed and implemented fully-parametrized training pipeline for se-
mantic segmentation ANN, which key feature is considering and utilization pecu-
liarities of aerospace imagery.

Augmentation of source data performs independently for every image:

1. Evaluation of every pixel’s significance due to its class weight, local image
entropy and additional expert’s marks.

2. Random sampling of large amount of nearly squared polygons on image area.

3. Choosing the optimal subset of sampled polygons under condition of best cov-
erage of image pixels proportionally to its significance, and distance from polygons’
center.

4. Extraction each polygon to square raster image and applying augmentation
procedures, specific for image type (for RGB: white balance and gamma correction,
adding noise).

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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As a framework for semantic segmentation ANN the U-Net topology is used.
Base encoder and decoder blocks are replaced with ResNet-like (faster in training) or
Inception-ResNet-like (more accurate) blocks. The ReLU nonlinearities are replaces
with ELU, with the aim of reduction ”dying” neurons effect.

The Squeeze-Excitation method is used on encoder blocks, on special occasions,
such as wide variety of lighting conditions in imagery.

For extremely small datasets dropout regularization is used.

Learning rate decay scheduling is used.

The active learning and self-supervision methods are also used on special occa-
sions. The self-supervision learning is implemented via extending training set with
labeling, obtained via averaging of prediction for several augmented instanced of
each unlabeled area.

The discussed method and techniques used jointly allows to reach F}-score > 0.7
for datasets with 20—40 training images, and Fj-score > 0.8 for datasets with 50-150
training images, using topolgies with at most 107 trainable parameters.

The most promising directions of improvement for this pipeline are: pretraining
ANN with deep cluster method, generalized for distinct pixels of image; applying
deep watershed family methods for instance segmentation task; developing advanced
training strategies, involving backtracking in case of performance regression; realtime
training samples geneartion.

This research is funded by the Ministry of Science and Higher Education of the
Russian Federation (unique project identifier RFMEFI58317X0061).

[1] Guozdev O., Murynin A., Richter A. Set of applied solution on design and training
of artificial neural networks for semantic segmentation of aerospace imagery having
arbitrary spectral/channel structure in case of training data deficiency // Machine
Learning and Data Analysis, 2019.
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MNonnHoOMUaNbHbIN aNrOPUTM A1 HAXOXKAEHUSI HUXKHEW OLEHKU
obuiero BpeMeHu BbIMOJIHEHUS MPOEKTa

Apzunos Jmumputi Hzopesuy' x miptrafter@gmail.com
Bammaitia Oavea Huxonaesna® olga.battaia@kedgebs.com

Jazapes Anexcandp Aaexceesur'>*

jobmath@mail.ru
"Mocksa, MucruryT npobiem yrpasiaesus uM. B. A. Tpamnessaunxosa Poccuiickoit
aKaJeMHAH HayK

2Bopmo, KEDGE Business School

3Mocksa, MockoBckuii rocynapcrsensbiii yansepcurer um. M.B. Jlomorocosa
Mocksa, HallmoHAIbHbIH MCCIEI0BATENLCKIH YHHBEPCUTET BEICIIAS KO/, SKOHOMIKHI

CyImecTByeT MHOXKECTBO aJTOPUTMOB JIJIsl HAXOXKICHUsI HUYKHEH OIEHKH 00IIEero
BpeMeHu 11poekTa ¢ pecypceHbivMu orpannuenusm (RCPSP). Ojnako GeicTphie airo-
PUTMBI OOBIYHO HE JIAF0T HAMJIYUIINX OIEHOK, 8 METOJIbI, KOTOPbIE [TO3BOJISIIOT HANTH
6oJtee TOIHBIE OIEHKHU, UMEIOT BBICOKYIO TPYI0EMKOCTh. [IpemiozkeH HOBBII TOJIMHO-
MUAJIbHBIA AJTOPUTM HAXOXKICHWUS HUYKHEIH OIEHKHN OOINEero BPeMEeHH BBIITOTHEHUS
upoekra (RCPSP) st 06061m€HHOi 1oCcTaHOBKHU, B KOTOPOIi JOCTYIIHBIE KOJHUYECTBA
PECYPCOB BBIPAXKEHBI KYCOTHO-TTOCTOTHHBIMU (DYHKITUSIME & MEXKy paboTaMu MOTYT
OBITH 3a/IaHBI OTHOIIIEHUSI IIPE/IIIIECTBOBAHNS ¢ BpeMeHHbIMU jjaraMu. OCHOBHAsT Uest
aJITOPUTMa, OCHOBAaHA Ha ITOCTIEIOBATE/IHLHOM OIEHKE IMap PECYPCOB M UX COBOKYITHON
pabodeit HArPY3Ku. YUCIEHHBIE SKCIIEPUMEHTHI C HCIIOJIb30BAHNEM ITPUMEPOB TECTO-
Boit 6ubsmorekn PSPLIB u peaibHBIX NPOMBINIJIEHHBIX JAHHBIX MTOITBEPIUIN (-
(bEKTUBHOCTD AJrOPUTMa M BO3MOXKHOCTH €r0 HCIIOJIb30BAHU I 3aJad OOJIbIION
pasmeproctu. TpymoemkocTs anroputma coctasiser O(r?n?(n+m)) onepanuit, Tie
7 — KOJIMYECTBO 33124, T — KOJIMIECTBO PECYPCOB, 1M — YUCJIO CEIMEHTOB (DYHKIUN
€MKOCTH pecypca.

Pabora nmogmepxana rpaarom PH® Ne17-19-01665.

[1] Arkhipov D., Battaia O., Lazarev A. An efficient pseudo-polynomial algorithm for
finding a lower bound on the makespan for the Resource Constrained Project Scheduling
Problem // European Journal of Operational Research V.275 .1, Amsterdam: Elsevier,
2019. — p. 35-44.

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nHosibpst 2019 r.
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Polynomial algorithm for finding a lower bound on the project
makespan
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"Moscow, V.A. Trapeznikov Institute of Control Sciences, Russian Academy of Sciences
2Bordeaux, KEDGE Business School

3Moscow, Lomonosov State University, Moscow, Russia

4Moscow, National Research University Higher School of Economics

A plenty algorithms for finding a lower bound on the makespan for the Resource
Constrained Project Scheduling Problem (RCPSP) were proposed in the literature.
However, fast computable lower bounds usually do not provide the best estimations
and the methods that obtain better bounds are mainly based on the cooperation
between linear and constraint programming and therefore are time-consuming. A
new polynomial algorithm is proposed to find a makespan lower bound for RCPSP
with time-dependent resource capacities and precedence relations with time lags.
The main idea of the lower bound calculation is based on a consecutive evaluation of
pairs of resources and their cumulated workload. Numerical experiments show that
this algorithm provides good results for PSPLIB benchmark instances and it can be
used for calculating lower bounds for large-scaled problem instances in reasonable
time. The complexity of lower bound computation is O(r?n?(n + m)) operations,
where n — number of tasks, » — number of resources, m — number of resource
capacity function breakpoints.

This research is supported by the Russian Science Foundation (grant 17-19-
01665).

[1] Arkhipov D., Battaia O., Lazarev A. An efficient pseudo-polynomial algorithm for find-
ing a lower bound on the makespan for the Resource Constrained Project Scheduling
Problem // European Journal of Operational Research V.275 .1, Amsterdam: Elsevier,
2019. — p. 35-44.

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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PacnoaHaBaHme, dHAIN3 N BMU3yaandauunsa MHTepHeT-MmemMoB

Tepmaruyx Mapus Cepzeesmal« m.germandukQyandex.ru
Kosnosea Mapeapuma IFennadvesna' art-inf@mail.ru

L Cimdpepomons, Kpoimckuit denepansuniii yausepeurer um. B. 1. Bepraackoro

Warennexryannsanusi 06pabOTKN JTAHHBIX [TOTOKA WHTEPHET-MEMOB BKJIHOYAET
3aJIa9¥ [MOUCKA M UJIEHTU(MOUKAIIUNT MEMOB B CETH, PACIO3HABAHUS TEKCTa U U300pa-
JKEHUsT MeMa, aHaJ U3 COIY TCTBYIOMNIEH nHhopManym, BhigcHeHe TpadoBoil CTpyKTY-
DBI CeTH PACIPOCTPAHEHUsI TOTOKA MEMOB, 3891 KJIACTEPU3AIlNN U BU3ya IM3alu.

PaszpaboTka cOOTBETCTBYIONIEr0 HHCTPYMEHTAPUS W TEXHOJIOTHII HAIIPABJIEHA HA
CO3/IaHNe CUCTEMbI aHAJN3a, CHHTE3a U YIIPAaBJIEHUs] IOTOKOM HHTEPHET-MEMOB B
COIMAJIbHBIX CETSIX.

IIpexk e Bcero B 3T0# pabore OyIyT pacCMaTpPUBATHCI BUPYCHBIE M300payKeHnsd,
KOTOPBIE COCTOAT U3 HEKOTOPOro obpa3a m TekcTa. Jlaske B TAKOM y3KOM ITPEJICTAB-
JIEHHHM MEMOB 3aJlada OCTAeTCsl CJIOXKHONW. MeMbl, Kak n300parkeHue M TEKCT, [PeJl-
CTaBUMBI B COIMAJIBHBIX CETSIX B OOJIBIIIOM pa3HooOpasuu. B MojempoBaHuu mpo-
[IECCOB HCITOJIb3YeTCsl KaK HEIOCPEICTBEHHO COJEepXKallasiCsi B MeMe HH(POPMAIHS,
TaK U COIYTCTBYIOIMIAs, COIIPOBOXKIAIONIAS, KOMMEHTUPYoOmas. VHTemekTya m3a-
g 00pabOTKM Takoi creruuIHol nHMOPMAIINN COTPOBOKIACTCS IKCIEPTHBIMI
ornenkamn [1].

B kauecTBe cpejibl pacpocTpanerus Obliia BbIOpana coruaabHast ceTh « BKoHTak-
tes. OxKujgaeMblil BBOJ MeMa B cucTeMy 0OpabOTKU — 9TO CChLIKA HA MEM COIUAJIb-
HOIT cern «BKOHTaKTe» WM HEIIOCPEICTBEHHO HallJIeHHOEe M300payKeHrne ¢ TEKCTOM.
OjtHolt U3 1IeJIell TPOEKTa ABJISETCS CUCTEMa, KOTOpasi MOXKET MPABUJIBHO MapKu-
pOBATH MHTEPHET-MEMBI U MPEJICKA3bIBATL UX pacipocTpanenue. V3-3a oTKpbITOCTH
BUPYCHBIX MEM-00pPa30B He CYIIECTBYET CIIMCKA, B KOTOPOM oucaH (uim OyJer orm-
CaH) KazKJIblii MeM, KOrJa-Jinb0 CO3JAHHDIA, HET ¢IUHOIO YIPABJIAIOIIEr0 HHTEPHET-
opraHa, KOTOPbIil HWHJIEKCUPYET HOBbIe MEMbI B COOTBETCTBUU C KAKOW-TNO0 KOHBEH-
nueit. ITO 0O3HATAET, UTO MOJE/Ib HE MOXKET OBITh 0D0yUeHa Ha KAXKIOM KJIACCEe, KOTO-
DBIii CyIIeCTBOBAJ paHee MM MOXKET MOABUThLC B Oy/ymiem. Tpebyorcs ajjanTuBHbIe
MOJIETH U AJTOPUTMBI JIJIsI AHAJIM3a U [TPOTHO3UPOBAHMIS.

Ijist pa3spaboOTKU CIIENUAIBHOIO UHCTPYMEHTAPUS JOJIZKHBI ObITh, B 9aCTHOCTH,
PeIIeHbl CIeyONne 3aa4n:

1. U3Bireuenne Tekcra u3 MeMa-u300parKeHms.

2. Kiraccudukarusa Tekcra, n300pakKeHus U MeMa B IIEJIOM.

3. Ucnonp3oBanne pas3inaHbIX METPUK CETH JIJIsi KOPPEKTUPOBKU KJIACCHDUKA-
MU WHTEPHET-MEMOB.

4. ITpumeHeHne pa3/InIHbIX METPUK JJIsi pa3pabOTKU MPOTHO3UPYOIIEH CUCTEMBI
pacIpocTpaHeHnsT HHTEPHT-MEMOB.

B mammoit pabore 15 perienns 3a1adu PACIO3HABAHNS TEKCTA ObLT BEIOPAH aJIr0-
purm EAST (An Efficient and Accurate Scene Text Detector). Asropurm uctosbsyer

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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[IOJTHOCBSAZHYIO CBEPTOYHYIO HEHPOHHYIO CETh, KOTOPas MPUHUMAET PENIeHs] OCHO-
BBIBASICh HA YPOBHE CJIOB U CTPOK, UCKJIIOYast TPOMEXKYTOUHBIEe aru. 1o cpaBHennio
C JIPYTUMU QJIPOPUTMAMU JAHHBINA aJITOPUTM BbIJIEJISIETCs] BBICOKOI TOYHOCTBIO U Ma-
JIBIM BpPEMEHEM PabOTHI.

KittoueBbiM KOMIIOHEHTOM TIPE/IJIAraeMOro aJirOPUTMA, SIBJISIETCST MOJIETb HEPOH-
HOW CceTH, KOTopas 00y9YeHa HelmoCPeICTBEHHOMY IIPOTHO3UPOBAHUIO CYIECTBOBAHMS
TEKCTOBBIX 9K3EMIUIIPOB U UX T€OMETPUN U3BJEKAEMBIX M3 MMOJIHBIX H300pakKeHuit.
Mogenb mpejcTaBiser cob0il MOJHOCBA3HYIO CBEPTOUHYIO HEHPOHHYIO CETh, aJiall-
TUPOBAHHYIO JIjisi OOHAPY2KEHUST TEKCTa, KOTOPasl BBIBOJIUT IPEJICKA3AHUS CJIOB HJIN
TEKCTOBBIX CTPOK.

PacnoznaBanme TekcTa mpomcxoauT B HECKOJIBKO 3Tamnos. Ilepssiit stan — obpa-
00TKa M300paAYKEHUSI.

IIycrs mmeercs: nzobpazkeHue, OOJIBIIYIO YaCTh KOTOPOI'O COCTABJISIET TEKCT. 3a-
Jlada COCTOUT B TOM, YTOOBI BBIJIEJIUTH TOJIBKO TEKCT U U30aBUTHCS OT 1IyMOB. 1Ipo-
6J1eMOil siBJIsTeTCsl TOT (DAKT, UTO I[BET TEKCTA HEU3BECTEH U TEKCT MOYKET COJEPXKATH
HECKOJIbKO OTTEHKOB OJHOTO TBeTa. [loaToMy Ha JaHHOM 3Tare n3obparKeHue Kijia-
crepusupyercs. LeHTponi camMoro H60JIBIIOTO KJacTepa OIMpPEIessdeTcs IIBET TEKCTa
B IIOJIYYEHHOM H300paskKeHUH. 3aKJIIOUUTETbHBIM 3TalloM 00pabOTKK U300pasKeHMs
SIBJISIETCsI TIOCTPOEHNE MaCKH, KOTOpasl IMOJTHOCTBIO OTJIEJISIeT TEKCT OT OCTaIbHOTO
M300pasKeHUsI.

Bropoii sran Br/iouaeT B cebsl BbIIEIEHHE KOHTYPOB, KOTOPBIE OYIyT ABIATHCS
OyKBaMM; paclo3HaBaHie CTPOK TEeKCTa W o0beanHenme OYKB B cjioBa. s BwIme-
JIEHHBIX KOHTYPOB HAXOJATCS TIEHTPBI MACC, MOCE 9er0 CTPOSITCS OCHOBHBIE CTPOKH,
Ha KOTOPBIX JIEXKUT TEKCT. DTO IIO3BOJISIET HE TOJIBKO ONPEIEsISTh IPaBUJIbHYIO 110~
CJIeJI0BATE/IbHOCTH 00pabOTKU CHMBOJIOB, HO U U30aBJIsIET OT IIYMOB, KOTOPbIE MOI-
JII OCTAThCs TOCe 00paboTKu m300parkenusi. /lajiee, OCHOBBIBasICh HA MHTEPBAJIAX
MeXK Iy OyKBaMU, KOHTYPbI O0bEIUHAIOTCS B CJIOBA.

Tperwuit aTam BK/IIOUaET B cebs HETIOCPEICTBEHHOE PACITO3HABAHIE CUMBOJIOB. 15
9TOr0 MCIIOJb30BAJIACh CBEPTOUHAs HEHpOHHAS CeTh, obydeHHas Ha 47653 m300pa-
JKEHUSIX PYCCKUX OYKB pas/IMIHbIX MPUdTOB. TOYHOCTH pacrio3HaBaHUsl HEHPOCETH
nmocruraer 98.22% na mpencTaBUTENIbHOI BRIOOPKE u 98.8% Ha TecTOBOIl.

Paspaborannas OCR xopormo BblessieT TeKCT U KJIACCH(MUIMPYET HeOOJIbIITIe
CJTOBa, OJTHAKO MCIBITHIBAECT MPOOIEMBI IPHU KJIACCU(PUKAIIANA OOJTBITNX 00HEMOB TEK-
cra. ITo sroit nmpuuwnnae puHAIbHAS BEPCHUS AJTOPUTMA 110 M3BJIEUCHUIO TEKCTa W3
u300pakeHusl BKJIOYaeT B cebs jiBa stana. Ha meppom srare ajroputm EAST BbI-
JIeJIsieT TeKCTOBbIe OJIOKU. e TaKOBBIX MHOTO M OHEM 00pa3yioT HGOJIBIIYIO IPYIIILY,
TO JIJIsl UX PACIO3HABAHUS UCIOJb3yeTcs: Tesseract.

Ha mepBom srame B pamkax moCTaBICHHON 3aa9u cOOpaHa BHIODOPKA, COCTOSIIA
u3 63 moaUTHYeCKuX MeMOB ¥ 44 HemoJmTudecKnx. B KadecTBe JOMOJHUTETHLHBIX
00'bEKTOB HCITOJIb30BAJICS. TEKCT KOMMEHTapUeB u3 conuajbHoil cetu «BKonTakTes,
coJlepKallnii KaK MOJUTHIECKUN, TaK U He TOJUTHIeCKUl KOHTEKCT. B obmeil ciox-
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HOCTH JIjIst 00yYeHns UCIOJIb30BAJIOCH 168 mpesoxkenuit. s Bamumanun 6pagach

BBIOOpKA, cocrosmas n3 11 moJmMTuIecKnX MeMOB U 7 He TOJUTHIECKAX MEMOB.

Ha ocHoBe 1ipejicTaBieHHOI TEXHOJIOI M Pa3padaThbIBAETCs CUCTEMA COIUAJIBHBIX
OIIPOCOB U MPOTHO30B, KOTOpasi JOJIZKHA, padOTaTh B PeaJlbHOM BPEMEHU Ha OCHOBE
[IOCTOSTHHO ITOTIOJTHSIEMOl, PACIO3HAHHON W KaacCupUIMPOBAHHON Oa3e MHTEPHET-
MEMOB.

[1] Tepmamayk M. C., KoznosaM.T., JlykbanenkoB. A. IIpo6iemarnka MomeIMpoBaHuUs
IIPOIECCOB PACIPOCTPAHEHUsI MHTepeT-MeMOB // AHasjus, MojesMpoBaHue, Pa3BUTUE
CONNAIBLHO-9KOHOMUYIECKUX CHUCTEM: COOpPHHK HaydHbIX TpyaoB XII Mexaynaposgmoit
mkosb-cumnosuyma AMYP-2018 rr. Cumdeponons-Cynax, 14-27 centsaops 2018 / Ilox
pea. A. B. Curana. — Cumdeponoss: U1 Kopauenko A. A., 2018. — C. 136-139.
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Recognition, analysis and visualization of Internet memes

Mariya Germanchuk'x m.germand4uk@yandex.ru
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!Simferopol, V.I. Vernadsky Crimean Federal University

Intellectualization of Internet meme stream data processing includes tasks of
search and identification of memes in the network, recognition of meme text and
image, analysis of related information, figuring out the graph structure of the meme
stream distribution network, clustering and visualization tasks.

The development of appropriate tools and technologies is aimed at creating a
system of analysis, synthesis and management of the flow of Internet memes in
social networks.

First of all, this work will consider viral images, which consist of some image
and text. Even in such a narrow view of memes, the task remains difficult. Memes,
like image and text, are represented in social networks in a wide variety. In process
modeling, both the information directly contained in the meme and the accompany-
ing, accompanying, commenting information are used. The intellectualization of the
processing of such specific information is accompanied by expert assessments [1].

The social network ”Vkontakte” was chosen as the distribution medium. The
expected input of the meme into the processing system is a link to the meme of the
social network ”Vkontakte” or directly found image with text. One of the goals of
the project is a system that can correctly label Internet memes and predict their
spread. Because of the openness of viral memes, there is no list that describes (or
will describe) every meme ever created, there is no single Internet governing body
that indexes new memes under any Convention. This means that the model cannot
be trained on every class that existed before or may appear in the future. Adaptive
models and algorithms are required for analysis and forecasting.

For the development of special tools, the following tasks should be solved, in
particular:

1. Extract text from a meme image.

2. Classification of text, image and meme in General.

3. Using different network metrics to adjust the classification of Internet memes.

4. Application of various metrics for the development of a predictive system for
the distribution of Internet memes.

In this paper, the algorithm EAST (An Efficient and Accurate Scene Text Detec-
tor) was chosen to solve the problem of text recognition. The algorithm uses a fully
connected convolutional neural network that makes decisions based on the level of
words and lines, excluding intermediate steps. Compared to other algorithms, this
algorithm stands out for its high accuracy and short operation time.

A key component of the proposed algorithm is a neural network model that
is trained to directly predict the existence of text instances and their geometry

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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extracted from complete images. The model is a fully connected convolutional neural

network adapted for text detection that outputs predictions of words or text strings.

Text recognition occurs in several stages. The first stage is image processing.

Let there be an image, most of which is text. The task is to highlight only the
text and get rid of the noise. The problem is the fact that the color of the text is
unknown and the text may contain several shades of the same color. Therefore, at
this stage, the image is clustered. The centroid of the largest cluster is determined
by the color of the text in the resulting image. The final stage of image processing
is to build a mask that completely separates the text from the rest of the image.

The second stage involves highlighting the outlines that will be letters; recog-
nizing lines of text and combining letters into words. For the selected contours,
the centers of mass are located, after which the main lines on which the text lies
are built. This not only allows you to determine the correct sequence of character
processing, but also eliminates the noise that could remain after image processing.
Next, based on letter spacing, the outlines are combined into the words.

The third stage involves direct character recognition. For this purpose, a con-
volutional neural network was used, trained on 47653 images of Russian letters of
different fonts. The accuracy of neural network recognition reaches 98.22% on a
representative sample and 98.8% on a test one.

The developed OCR is good at highlighting text and classifying small words, but
has trouble classifying large amounts of text. For this reason, the final version of the
algorithm for extracting text from an image includes two stages. At the first stage,
the algorithm AUTOMATICALLY allocates text blocks. If there are many of them
and they form a large group, then tesseract is used to recognize them.

In the first stage, a sample consisting of 63 political memes and 44 non-political
memes was collected as part of the task. As additional objects, the text of comments
from the social network ” Vkontakte” was used, containing both political and non-
political context. A total of 168 sentences were used for training. For validation, a
sample consisting of 11 political memes and 7 non-political memes was taken.

On the basis of the presented technology, a system of social surveys and forecasts
is developed, which should work in real time on the basis of a constantly updated,
recognized and classified database of Internet memes.

[1] Germanchuk M. S., KozlovaM. G., Lukyanenko V. A. Problematics of modeling of pro-
cesses of distribution of Internet memes // Analysis, modeling, development of so-
cial and economic systems: collection of scientific works of XII international school-
Symposium AMUR-2018 Simferopol-Sudak, September 14-27, 2018 / ed. — Simferopol:
IP Kornienko A. A., 2018. — Pp. 136-139.
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3apgayva pacno3HaBaHUsi CMMBOJINYECKOro obpasa guHamMmnyeckon
CUCTEMBbI
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Jyxvarenxo Baadumup Andpeesun'x art-inf@yandex.ru
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L Cumdepomnons, Kpbivcknii denepanbusiii yausepcurer um. B. 1. Beprajickoro

1 KOMIIBIOTEPHOTO MOJEIMPOBAHUS U MCCJIEIOBAHNS JTUHAMIYIECKON CHCTEMBI
YZI00HO UCTIOMB30BATh CUMBOJIMIECKUTT 06pa3 1], KoTopslit pencrasiser coboit opu-
E€HTUPOBAHHBII I'Pad U SIBJISIETCS AIPOKCUMAIIEN TNCKPeTHO cucreM. OH ¢TpOnT-
cs 10 3aJaHHOMY IMOKPBLITHIO (DA30BOro mpocrpaHcTBa sdelikamu. Muorne 3ama«qn
HCCJIEJIOBAHUS JIMHAMUYECKUX CHCTEM MOTYT OBITh CBEJIEHBI K 3aJa9aM HCCJIeI0Ba-
HUsI TIOCTPOEHHOT'O OPUEHTUPOBAHHOTO rpada — CHMBOJIMIECKOro o0pasa.

Omnpenenenne. CumpBosmmuecknii obpa3z H — 310 opumenTuposanubiii rpad G,
[IOCTPOEHHBII 110 MOKPBITUIO0 C' ha30BOT0 MPOCTPAHCTBA UCCIIELYEMOI JTUHAMITIECKO
CUCTEMBI ¥ OTPaKAIOIINI TePEXO/Ibl U3 OJHOTO JIEMEHTa Pa30MeHus JIPYTOil.

Hycrs C = (Cy,...,Ck) — xoneunoe nokpbiTre obaactu M 3aMKHYTHIMA MHO-
JKeCTBaMU, KOTOpble Ha3oBeM sdeiikamu. Vmeercs obsacts M, nuramuka F u mo-
crpoerHoe TOKpbITHe C, TOrJIa MOXKHO IMOCTPOUTDH Takoil rpad G, 910 KaxKjas ero
BepImHa i cooTBeTcTBYeT siveiike C;, a pebpa COOTBETCTBYIOT Y3JIaM MEXKJIY sdeii-
KaMH, TO €CTh HAIIPABJIEHHOE PEOPO © — j CYIIECTBYET TOTJIA U TOJILKO TOIJIA, KOTJIA
F(C;)NC; # @. 9ToT opueHTUPOBaHHLLA rpad i OyIeT Ha3bIBATHCS CHMBOJIIIECKIM
obpazom.

AJIropuTM IIOCTpPOEHUS CUMBOJIMYECKOTO 0DOpasa

1. Iyt mcxomporo MuozkecTBa Mo, B KOTOPOM JIeXKAT 3HAYEHUS JTUCKPETHOMN JuHa-
MUYECKOI CHCTEMBI, CTpOUM sg9eednoe nokpbitue C. B TaHHOM KOHKpETHOM Ciiydae,
staeiikn umeror bopMy KBaJiparta ¢ 3apaHee 3aJIaHHBIM pa3MepoM pebpa do (sdeiiku
MOI'YT UMETb, KaK IIPOU3BOJIbHYIO (DOPMY, TAK M NPOM3BOJILHBIN pasmMep).

2. Hns mokpeitus C' crponm rpad G, Takoil, 9TO OH SBJISIETCS CUMBOJUIECKIM
obpazom.

3. Ucnonp3ys oM U3 aJIrOPETMOB MOMCKA CUJILHO CBAZHBIX BEPUINH, HAIPHMED,
anropurmbl Tapbsana (3], [4] win asropurM momcka CHIIBHO CBSI3HBIX BEPIINH HA
OCHOBe TIoncKa Iy el [5], BbLuesisieM CuiIbHO CBsi3HbIe Bepumabl {iy . Eciau {iy} = @,
TO B 06s1acTu My HET aTTpakTopa W JIOKAJIU3yeMOe IeITHO-PEeKyPPEHTHOE MHOKECTBO
SIBJISIETCSI TIYCTBIM W TIPOTIECC €T0 JIOKAJTU3anun Tpekpamaercs |2]. Nnawe, ymansen
n3 rpada HEBO3BpATHBIE BEPITNHBLI U OT objactu My mepexommM K HOBO# obsractn
M, rakoit uro My = {x € Mé‘ cip € G

4. Crpoum gyt My nokpbitre Cp, Tak uTO pazMmep pebpa HoBoil aueiiku di =
= d—z". [Mepexogum K MyHKTY 2 B TOM CJiydae, ecau di > &, TIe € — 3apaHee 33 aHHbIH
IpeJeIbHbI pasMep A9eiiKn.

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. MockBa, 26—29 Hos16ps 2019 1.



Intelligent Optimization and Effective Management 357

3ajada MporpaMMHOll peas3aud aJrOpUTMa IOCTPOCHUS CHMBOJINIECKOTO 00-
pasa ocHoBbIBaeTcs Ha Teopun npenoxkentoii . C. Ocunenko [1], [2]. dyst peann-
3aliy JIAHHOIO IIPOEKTa BhIOPaH si3bIK IporpammupoBanusi Python, uro obocroBa-
HO TIMPOKUM BBIOOPOM OHOJIMOTEK, YHAOOHBIX JJIsi pA0OThI ¢ rpadamMu U JIPYyTUMEI
MaTeMATUIECKUMU CTPYKTYPAMHU, €r0 CTAaOMIHBHOCTBIO U IEPEHOCUMOCTHIO. JIaHHbII
SI3BIK XOPOIIO TIOJXO/INT [IJIsi PEAJM3AINH [TOCTaBIeHHOM 3ama4un. [ oTobpakeHust
rpaduKn ¥ OTPUCOBKHU H300pParKEHWil, HEOOXOIUMBIX JIJIs BU3YAJU3AINN CUMBOJIH-
1yeckoro obpasa, ebibpana rpaduteckas cpega OpenGL. OpenGL (Open Graphics
Library) — crierudukarust, onpe/iessionias miaTdhOpMOHe3aBICUMBbIH TPOrPaMMHbIH
uHaTepdeiic JIsi HATUCAHUS IPUJIOXKEHUN, MCIOIB3YIONIX JIBYMEPHYIO U TPEXMEp-
HYT0 KOMIIbIoTepHyTo rpaduky. Ucnonbsyerca 6udimoreka OpenGL GLUT. OpenGL
Utility Toolkit (GLUT) — 6ubsuorexa yruiut s npuiaoxkenuii non OpenGL, xo-
TOpasi B OCHOBHOM OTBEYaeT 3a CUCTEMHBII YPOBEHb OIEpAInil BBOJA-BBIBOJA IIPU
pabote ¢ onepanuoHHON cucTeMoil. Vcmosb3yroTes ciepyonme OYyHKINN: CO3/TaHIe
OKHA, YIIpaBJIEHHe OKHOM, MOHUTOPHUHI 3a BBOJIOM C KJIABHATYDBI M COOBITHUN MbI-
mm. Tlopkmouena 6ubamoreka NetworkX, co3mannast crennaabHO I BHIOPAHHOTO
sa3pika mporpamvupoBanus Python. ITaker NetworkX mpeamnazuaten s CO3MaHUS
U aHAJN3a M3yYeHusl CTPYKTYD, TUHAMUKHU U (DYHKINN CJIOKHBIX CEeTel, a CJieJloBa-
TeJIbHO HallpaBJieHHbIX rpadoB. bubymoreka BKO4YaeT B cebsi ClieluajbHbIe CTPYK-
TYPBI JIAHHBIX JJIsI Tpa OB, KAK HAIIPABIEHHBIX, TAK 1 HEHAIIPABJIEHHBIX, MHOYKECTBO
CTAHIAPTHBIX AJTOPUTMOB Ha rpadax, TeHePATOPHI KJIACCUICCKUX U CJIYIAHBIX TPa-
GdoB, THOKYIO pabOTy ¢ BEpIIMHAME W pedpamMu, KOTOPbIE MOTYT OBITH MPAKTUTECKN
JIIOOBIM O0BEKTOM U UMETDH JIIOOBIE TAPAMETPBI M OTKPBITBI KOJI, UTO MO3BOJISET
CBODOOJIHO TTOJIB30BATHCS JIIOOBIMHU aJTOPUTMAMU U3 OMOJINOTEKH.

ljist paboThI C MaCCUBaMHU JIAHHBIX, ObLIa MOJIK/II0UeHa 6ubanoreka NumPy. Jlas-
Hast OubJIMOTEKA TTPEIOCTABIISIET IMUPOKUE BO3MOXKHOCTH Jjist pAOOTHI C JIBY MEPHBIME
MaCCHBAMU: MHOXKECTBO YJIOOHBIX METOJIOB JIjIs PADOTHI ¢ MACCUBAMU, BOZMOKHOCTD
co3aHust OOJTBINNX MACCUBOB 3a OJIHY CTPOKY U IIpOUee.

Taxzke ObL1a ucnosb3yercsa SciPy. 3 Hee Obljia UMIIOPTUPOBAHA YaCTh, OTHOCS-
masicst K gudppepeHimaibibiM ypaBHeHusiM. [laker SciPy mosBoJisieT pemarsb, Kak
[IPOCTBIE CUCTEMbI, TaK U CUCTEMBbI JrpdepeHnnaabHbIX YPABHEHUI ¢ TapaAMETPAMHU.
Cpeioit paspaborku 6buta Beibpana Anaconda. Ymobcrso paborsr ¢ Anaconda co-
CTOUT B TOM, ITO OOJIBITUHCTBO MIUPOKO UCITOIB3YEMbBIX OUOIMOTEK, PAOOTAIOIIX Ha
Python, yke ycraHoBjieHBI B JUCTPUOYTUBBI, YTO 3HAMUTETHHO YIPOIIAET UX TOM-
KJIFOUEHUeE.

B kadecTBe TeCTOBBIX IPUMEPOB ITOCTPOEHBI OTOOParKeHUsT XEeHOHA, 3aC/IaBCKOIO,
arrpakTopsl Ilurepa me Vona u mp.

[1] OcunenkoI'.C. Bsejgenue B CHUMBOJMYECKUIl aHAJIN3 JUHAMHYECKAX CUCTeM |

I". C. Ocunienko, H. B. Amnmosa. — Uza. CII6GLY, 2005. — 217 c.

[2] IIerperko E. . PaspaGorka u peanusarys aaropuTMOB IHOCTPOEHHS CUMBOIMYECKOTO
ob6pasa / E. 1. Ilerpenko // Daexrponnsiii ZKypuau Tuddepenupanbabie YpasHeHust

u [Iporeccer Ympasaenus. — 2006. — Ne 3. — C. 42.
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For computer modeling and dynamic system research, it is convenient to use the
symbolic image [1], which is a directed graph and is an approximation of discrete
systems. It is constructed by a given covering of the phase space by cells. Many
problems of the study of dynamical systems can be reduced to the problems of the
study of the constructed oriented graph-a symbolic image.

Definition. The symbolic image H is a directed graph G constructed by covering
C of the phase space of the dynamical system under study and reflecting transitions
from one partition element to another.

Let C = (C;,...,C}) be the finite coverage of the M region by closed sets, which
we call cells. There is a M dynamics F' and built a cover C, then we can build a
graph G that each vertex i corresponds to the cell C;, and edges correspond to nodes
between cells, that is, a directed edge i — j exists only when F'(C;) N C; # @. This
oriented graph will be called symbolically.

Algorithm for the construction of a symbolic image

1. For the initial set My, in which the values of a discrete dynamical system lie,
we construct a cell cover C. In this particular case, the cells have the shape of a
square with a predetermined edge size dy (cells can have either an arbitrary shape
or an arbitrary size).

2. To cover C, we construct a graph G, such that it is a symbolic image.

3. Using one of the algorithms for finding strongly connected vertices, for ex-
ample, Tarjan’s algorithms [3], [4] or the algorithm for finding strongly connected
vertices based on the path search [5], we allocate strongly connected vertices {iy}.
If {ir} = @, then there is no attractor in My and the localizable chain-recurrent
set is empty and the process of its localization stops [2]. Otherwise, we remove the
irrevocable vertices from the graph and move from the My region to the new M;
region, such that My = {x € M{* : i, € G}.

4. We build for M; a coverage of C, so that the edge size of the new cell d; = %.
Go to step 2 if dy > €, where € is a predefined limit cell size.

The problem of software implementation of the algorithm for constructing a
symbolic image is based on the theory proposed by G.S.Osipenko [1], [2]. For
the implementation of this project, the Python programming language was cho-
sen, which is justified by a wide choice of libraries that are convenient for working
with graphs and other mathematical structures, its stability and portability. This

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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language is well suited for the implementation of the task. The OpenGL graphics
environment is selected to display the graphics and render the images needed to
render the symbolic image. OpenGL (Open Graphics Library) — a specification that
defines a platform-independent programming interface for writing applications that
use two-dimensional and three-dimensional computer graphics. The OpenGL GLUT
library is used. OpenGL Utility Toolkit (GLUT) is a library of utilities for OpenGL
applications that is mainly responsible for the system level of I / o operations when
working with the operating system. The following functions are used: window cre-
ation, window management, monitoring of keyboard input and mouse events. The
NetworkX library created specifically for the selected Python programming language
is connected. The NetworkX package is designed to create and analyze the study
of structures, dynamics and functions of complex networks, and therefore directed
graphs. The library includes special data structures for graphs, both directed and
non-directed, a lot of standard algorithms on graphs, generators of classical and
random graphs, flexible work with vertices and edges, which can be almost any ob-
ject and have any parameters and open code, which allows you to freely use any
algorithms from the library.

To work with arrays of data, the NumPy library was connected. This library
provides ample opportunities for working with two-dimensional arrays: a lot of con-
venient methods for working with arrays, the ability to create large arrays in one
line, and more.

Was also used by SciPy. The part relating to differential equations was imported
from it. The SciPy package allows you to solve both simple systems and systems
of differential equations with parameters. Anaconda was chosen as the development
environment. The convenience of working with Anaconda is that most of the widely
used Python libraries are already installed in distributions, which greatly simplifies
their connection.

As test cases built display Hanona, Zaslavsky, attractors of Peter de Jon etc.

[1] Osipenko G.S. Introduction to symbolic analysis of dynamical systems / G. S. Osipenko,
N. B. Ampilova. — Ed. St. Petersburg state University, 2005. — 217 p.

[2] Petrenko E. I. Development and implementation of algorithms for constructing a sym-
bolic image / E.I. Petrenko // electronic journal differential equations and control pro-
cesses. — 2006. — No. 3. — P. 42.

[3] TarjanR.E. Depth-first search and linear graph algorithms / Robert E. Tarjan // SIAM
Journal on Computing. — 1972. — Vol. 1, no. 2. — P. 146-160.

[4] Sedgwick R. Algorithms on graphs / R. Sedgwick. — 3rd ed. — Russia, St. Petersburg:
”Diasoftyup”, 2002. — Pp. 496.

[6] Sedgewick R. algorithms in Java, Part 5 — Graph Algorithms / R. Sedgewick — 3rd ed. —
Cambridge, MA: Addison-Wesley. — 528 p.
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'Boponex, BI'Y

Merasutorpadus — BaykKHOE HAIIPABJICHUE B METAJJIOBEICHUN, KIACCHICCKUIT Me-
TOJ| UCCJIEIOBAHUSA W KOHTPOJIA KAYECTBA METAJUIMIECKAX MaTepuaJsioB. Kosmwie-
CTBeHHAas MeTaJsiorpadus n3ydaeT KOJNIeCTBeHHbIE XapPaKTEPUCTUKN MIUKPOCTPYK-
TYPBI CTaJiell U CILUIaBOB. BarkHasi 4acTh CTPYKTYPHOIO aHaju3a 00pasla 3aKJIro9a-
ercsi B BBbIJIJIEHNN 36peH Ha MUKPOMOTOrpadsiX MpOJIOIbHBIX U MOMEPEYHBIX IILIU-
GboB MeTa/uImIeckoro 00pasna U U3MEPEHUU UX AOCOTIOTHBIX U OTHOCHTETHHBIX
pasmepos|1].

B nocrnennee Bpems KogmdecTBEHHAs MeTassiorpadus mperepiiesa 3HAYUTE b
Hble U3MEHeHUsI 0J1arojaps MOsSIBJIEHUIO aBTOMATHYECKUX aHAJN3ATOPOB N300pazke-
uuii (AAI), HO 3a7a49a IOJHOCTHIO ABTOMATU3UPOBAHHOIO OIPEIEJICHUS CTPYKTYPbI
Merasia erme He pernera. CI0KHOCTD CO3MaéT HAJUYINE HA MCXOTHOM H300DaYKEHIH
apredaKTOB B BUJI€ TOPU3OHTAJIBHBIX JIMHUI, BHI3BAHHBIX OCOOCHHOCTSIMUA TEXHUIE-
CKOT'O TIPOIIECCa CO3/aHUs MIIMMOB 1 MECTAMHE ILJIOXO PA3JINYNMbIE TPAHUIIBI 3€PEH.

B npesgaraemoit crarbe ¢ UCIIOJIB30BAHUEM MAITHHHOIO OOYYEHUs PEIIaloTCs Ta-
Kre 3aJla9¥, KaK: BbIJIEJIEHNEe 3aMKHYTBIX KOHTYDOB 3€DEH MeTaJjljla Ha HCXOIHOM
n300pakeHnN; aBTOMATUIECKOE BBIYUC/IEHNE ILIOMAIel 36peH U IMOCTPOEHUE TUCTO-
rPAMMBI UX PaCIpeIe/IeHUs.

[Ipemraraercs momaxor K MeTa/uIorpaduaecKoOMy UCCIEI0BAHUIO, OCHOBAHHBI Ha
CerMeHTAINE ¢ TIOMOIIBI0 ofyuaemoro kiaccudukaropa. Vexomuabie manabe (100
mukpodororpaduit) GbUIM IPeIOCTABIEHB Jab0pATOPHell MeTAIOBEIeHHs] U Me-
rasutopusukn kommanun HJIMK. [Ias pemennst 3a1a9 UCIOIbB30BaIACH OTKPHITAS
6ubsmoreka KommboTepHOro 3perus OpenCV, a takxke HeitpoceTeBast mMozeab U-
Net, paspaborannas JisT CECMEHTAIINT OMOMEIUITMHCKUX MN300parKeHuit 1 XOPOIITo
NpOsIBUBINAs cebsl TIPU PENeHNn JaHHOM 3aaqm [2].

st 0OydeHnst HelipoceTeBOl MOe/ i ObLIN BpYy4YHYIO pasmedenbl 20 mindos -
KaK IPOJIOJIbHBIX, TAK W IONEPedHbIX. 14 pa3sMedeHHBIX IMLIMMOB HCIIOJIb30BAJINCH
JJist 00y 1aeHusi, 6 UCIIOJIb30BAJIMCH JJIsi TecTupoBanus. [[jisi yBesmmaenus: o0y daromneit
BBIOOPKU JIOTIOJTHUTEIHHO UCIIOIb30BAIACH &y TMEHTAIINS C IIOMOIIBIO SJIACTUIHOM ce-
Tu (elastic transform), a Tak:ke MOBOPOTHI U OTPaKEHUSI.

Cern U-Net 1os1HOCTBIO CBEPTOUHAS, B HEil HET MOJIHOCBS3HBIX cyioeB. OHa mpocTa
KOHIIENITYAJIBHO, ILJIOXO 11epeo0ydaeTcst U U3-3a OTHOCUTEIBHOIO HEDOJIBIIOrNO KOJIU-
JecTBa MapaMeTpoB eil Hy»KHO MEHbIIe JaHHbIX Jisd o0ydenusi. [y qaHHON 3a/1a9m
HCIIOJIH30BAJIACH CIIEYIONE pa3Mephl ciioeB: 256-128-64-32-16-32-64-128-256. ra
[OJIaYK Ha BXOJ CETU HUCXOJHOE M300parkeHue pas3pe3aoch Ha dbparmeHTsl (6ardu)
pa3mepa 256x256. Ha BbIxXOze ceTn mosrydaroTcst n300paskeHus TaKOro YKe pasmMepa.

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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Wrorosble npejickasanus cKiensaorcs. B kadecrse dyukuuu omubok (loss) ucrosns-
30Basiach binary crossentropy (Tak Kak CeTh JOJIPKHA DPA3IMIATH TPAHUIIBI 3€PEH
u (HOH, TO eCcTh Pa3/essaTh MUKCEIN N300parkeHusl Ha JIBa KJIACCa), UCIHOJIb3yeMast
MeTpuka — accuracy. Ilocie 100 ureparyii TOYHOCTH ceTH Ha O0yUaIONeil BHIOOD-
Ke cocraBmia loss: 0.2479 — acc: 0.9083. TounocTh HaA TECTOBOI BHIOOPKE COCTABUIIA
val loss: 0.2867 - val acc: 0.8946.

IIpumeps! mosydaemMbIx n300pazkeHuil IPeICTABIEHBI HA puc. 1.

o o
50 50 1
100 100 A
150 150 A
200 200
250 250 4
50 100 150 0 50 100 150 200 250

(a) (b)

Puc. 1. Bxox cetn U-Net (csieBa) n Bbixoz (cpasa).

K coxastennro, HeKOTOpBIe n300parkeHusI, moydaeMble Ha Bbixose cetu U-Net,
COJIEPKAJIY HE3aAMKHYTBIE I'PAHUILL (¢Jab0 Pa3MIuMble U Ha BXOIHOM H300pake-
HUM) 9TO IPUBOJUIIO K OMMOOYHBIM 3HAYEHUAM [IPH LoJcUeTe wiolnaeii 3epen. s
3aMBIKAHUS TPAHUIL BCEX 3ePeH JMOMOJTHUTEILHO ObLT pa3padoTaH aJrOpUTM IOCTOO-
paborku ¢ ucnosbzoBanneM OpenCV, BKIIOUAIOMNI CJICYIONHe TIari:

— KOHTPACTUPOBAHUE MUKCEJIEH, 9PO3U U JUIATAINS T300PAXKEHNUs;

— HUCIIOJIB30BaHUE ajropuTMma Bojopasieia (watershed) s nomcka cerMeHTOB HA
M300paKEHNN;

— OTBICKaHME KOHTYPOB U ILIONIA/eil HailJleHHBIX aJOPUTMOM CEI'MEHTOB.

PesynbraTom paboThl anropurMa SBISETCS THCTOIDAMMa PACHPEIETICHHs I1I0-
mageit 3epen nunda (puc. 2).

Jljisi cpaBHEHUsI STAJIOHHBIX U TOJIyYeHHBIX THCTOIPAMM HCIOJIb30BAIACh (PYHK-
s compareHist() uz 6ubsmoreku OpenCV. B kadecTBe METPUK KadecTBa UCIIOJIb-
30BAJIUCH BEJIMIUHA KOPPEJIAINN, U CTaTUCTHKA Xu-KBajpar. Cpe/iHee 3Ha9eHIE KOP-
peJsidaiun Ha TecToBO# BbIbOpKe cocraBuio 0.996, craructuku Xu-kBaapar 12.11, gro
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Puc. 2. T'ucrorpammbl mwiomaeii 3épen (cjeBa 9TaIo0H, CIpaBa BOCCTAHOBJIEHHOE N300pa-

JKEHHe).

POBODPHUT O COIVIACOBAHHOCTH MOJIyYaeMbIX PacIpe/ieJieHui (IpH yPOBHE 3HAUMMOCTH
2 _
0.05 kpuTHIecKoe 3HAYEHHE Xy, = 22.4).

[1] TOCT 5639-82 Cranu u criaBbl. MeTO/b! BBISBIEHUS U OIIPE/IEJICHUs BEJIMYNHbL 3¢PHA
(¢ Usmenennem N 1) [Texcr|. — Bsamen 'OCT 5639-65; Beea. ¢ 01.01.1983. — Mocksa:
Wsn-Bo cranmapros, 1988. — 16 c.

[2] Ronneberger O.,

Fischer P.,

Brox T. U-Net:

Convolutional

Networks for

Biomedical Image Segmentation // Medical Image Computing and Computer-Assisted
Intervention, New York: Springer, Cham, 2015. — vol. 9351, C.234-241.
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Machine learning usage in the tasks of quantitative metallography
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Voronezh, Voronezh State University

Metallography is an important area in metal science, a classic method of research
and quality control of metallic materials. Quantitative metallography studies the
quantitative characteristics of the microstructure of steels and alloys. An important
part of the structural analysis of the sample is the selection of grains in micrographs
of the longitudinal and transverse sections of the metal sample and the measurement
of their absolute and relative sizes[1].

Recently, quantitative metallography has undergone significant changes due to
the advent of automatic image analyzers (AAI), but the task of fully automated
determination of the metal structure is yet to be solved. Complexity is created
by the presence of artifacts in the form of horizontal lines on the original image
caused by the features of the technical process of creating slices and often poorly
distinguishable grain boundaries.

In the proposed article problems of isolation of closed loops of metal grains in
the original image, automatic calculation of grain areas and the construction of a
histogram of their distribution are solved via machine learning usage.

An approach to metallographic research is proposed based on segmentation using
a trained classifier. Initial data (100 micrographs) were provided by the NLMK
Laboratory of Metallurgy and Metallophysics. To solve the problems the OpenCV
computer vision library as well as the neural network model called U-Net were used.
The U-Net model was developed for biomedical images segnemtation and has proved
to be good at solving such problems. [2].

To train the neural network model, 20 metal slices, both longitudinal and trans-
verse, were manually marked out. 14 marked sections were used for training and 6
were used for testing. To increase the training sample there was additionaly used
an augmentation process using the elastic network (elastic_transform) as well as
rotations and reflections of input images.

The U-Net network is completely convolutional i.e. it has no fully connected
layers. It is conceptually simple and poorly retrainable, and it needs less data for
training because of the relatively small number of parameters. The layer sizes used
for this task are 256-128-64-32-16-32-64-128-256. To feed the network input the
original image was cut into fragments (batches) of size 256x256. Images of the same
size are obtained as output of the network and final predictions are glued together.
As a function of errors (loss) binary_crossentropy was used (since the network must
distinguish between grain boundaries and background thus dividing the image pixels
into two classes) an accuracy metric was used. After 100 iterations the accuracy of

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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the network in the training set was loss: 0.2479 - acc: 0.9083. The accuracy on the
test sample was val_loss: 0.2867 - val_acc: 0.8946.
Examples of the resulting images are shown in Fig. 1.

o o
50 501
100 100
150 150 A
200 200 4
250 250 1
50 100 150 0 50 100 150 200 250

(a) (b)
Fig. 1. U-Net input (on the left) and output (on the right) images.

Unfortunately, some of the output images of the U-Net network contained open
borders (poorly distinguishable in the input image as well), which led to erroneous
values when calculating the grain areas. To close the boundaries of all grains, an
additional post-processing algorithm was developed using OpenCV, which includes
the following steps:

— pixel contrasting, image erosion and image dilation;
— the watershed algorithm usage for searching for segments in the image;
— approximation of the contours and areas of the segments in the algorithm output.

The output of the algorithm is the distribution histogram of the grain areas of
the slice (Fig. 2).

The compareHist() function from the OpenCV library was used to compare the
reference and obtained histograms. Correlation value and Chi-square statistics were
used as quality metrics. The average correlation value in the test sample was 0.996,
the Chi-statistic was 12.11, which indicates the consistency of the obtained distri-
butions (at a significance level of 0.05, the critical value is x2;, = 22.4).

[1] GOST 5639-82 Steel and alloys. Methods for the identification and determination of

grain size (with Change N 1) [Text]. - Replaces GOST 5639-65; Used since 01.01.1983.

- Moscow: Publishing house of standards, 1988. — 16p.
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Fig. 2. Grain area values distribution histograms (reference is on the left, test sample is
on the right).

[2] Ronneberger O., Fischer P., Brox T. U-Net: Convolutional Networks for Biomedical
Image Segmentation // Medical Image Computing and Computer-Assisted Interven-
tion, New York: Springer, Cham, 2015. — vol. 9351, pp. 234—241.
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3Mocksa, Bblcimas mKoia SKOHOMHUKA
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SMarzne6ypr, lepmanns, Yausepcurer Orro dhon Iepuke

OJinH 13 TOAX0/I0B K PEIIEHUIO 3a/1a9d TEOPUH PACIUCAHUI ¢ HECKOJIBKUMU TIPU-
GopamMu — MeTpUIeCKHH MOJIX0/] — OCHOBaH Ha BBejieHnn MeTpuK [1]. OH 3akirovaer-
Csl B IIOJIyY€HUU OIEHKHU abCOJIFOTHOI MOTPENTHOCTH U HAXOXKIEHUU TTPUOJIMKEHHOTO
pelleHns it 3a/a9 TEOPUHU PACIHUCAHUI [JIsi HECKOJBKUX TPUOOPOB € KPUTEPHUEM
MUHIMHU3AIUINA MAKCUMAJIHLHOTO BPDEMEHHOTI'O CMEIEHNUs.

BBogurcs nonsitue MeTpuKHM (PAacCTOSHUSI) MEXKJy NpuMepaMu 3ajadu. Vaes
[IPEJIJIAraeMOro MOJIX0/1a COCTOUT B IIOCTPOEHUH TI0 UCXOIHOMY IIPUMEPY 3a1a49u JIPY-
roro mpuMmepa, JJisi KOTOPOro yAaéTcs HAfTH ONTUMAJIBHOE WIN TPUOJIMKEHHOE pe-
[IeHne, ¢ MUHUMAJIbHBIM PACCTOSTHIEM JI0 UCXO/IHOTO IIPUMEePa TI0 BBEJIEHHONW MeTpH-
Ke.

MeTrpudaeckuii TOX0/] O3BOJIAET HATH HOBBIE 3D (DEKTUBHBIE TOJUHOMUAIHHO
paspemuMble dacTHble ciaydan N P—Tpyaabix 3aad. [logydeHHble OMEHKH MOTYT
OBITH UCIIOJIb30BAHBI IIPYU PENIEHUH 33121 C TIOMOIIBI0 TAKUX AJITOPUTMOB, KAK METO]
BeTBell U TPaHUI], BETBJEHUI U OTCUYEHU, BETBJIEHUI U OIEHOK, TPOIPAMMUPOBAHUS
B OPPAHUYCHUSX U T.]I.

B gacrHocTn, ObLIM HAIEHBI MMOJUHOMUAJIBHO PA3PEINMbIe YACTHBIE CJIyYan
N P-TpyIHBIX 3aJIlad TEOPUU PACIUCAHUN I HECKOJBKUX MPUOOPOB Pa3IUTHOIO
THIIA. DTO 3aJa9U JJIS JIBYX U HECKOJIbKHUX [apaJlie/IbHbIX [IPUOOPOB, & TaKKe 3a-
JIad KOHBEepHOI'O THUIIA.

Pabora mommepxana rparrom PH® Ne17-19-01665.

[1] JIasapes A. A. Teopus pacuucanunit. Meroasr u amropurmsr. // — M.: WITY PAH,
2019. — 427 c.

Bcepoccuiickast koagepennuss MMPO-2019. Poccust, r. MockBa, 26—29 nosibpss 2019 r.
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Thera are many approaches to solving scheduling problems. One of them is a metric
approach [1]. Tt is based on the metrics. It consists of obtaining an estimate of the
absolute error and finding an approximate solution for scheduling theory problems
for many machines on the criterion of minimizing the maximum lateness.

The concept of metric (distance) between the examples of the problem is intro-
duced. The idea of the proposed approach is to construct another example according
to the original one, for which it is possible to find the optimal or approximate solution
with a minimum distance to the original example in the metric.

The metric approach allows to find new effective polynomial solvable special cases
of N P-hard problems. The obtained estimates can be used for solving the problems
by such algorithms as the Branches and Bounds method, Constraint Programming,
Branch and Cuts, Branch and Price, etc.

Polynomially solvable particular cases of NP — hard scheduling problems were
found for many machines. These are problems for two and many parallel machines,
as well as flow-shop problems.

This research is funded by RSCF, grant 17-19-01665.

[1] Lazarev A. A. Scheduling Theory. Methods and algorithms. // — Moskow: ICS RAS,

2019. — 427 p. (in Russian).

Russian National Conference MMPR-2019. Russia, Moscow, November 26-29, 2019
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PaccmarpuBaercs 3aj1ada Teopun PACIUCAHUIN JIJIsT OHOTO MPpUOOpa, Ha KOTOPOM
HY2KHO 00CITy 2KUTD TpeboBaHUs MHOKECTBA
N = {1,2,...,n}, n = |N|. Ilpubop ne moxer ob6ciykuBarb 60j€e OJHOIO TpPe-
boBanus ogHOBpeMenHoO. [IpepbiBanust oOcyKuBanus TpebOBaHNN 3aIPEIeHBI.

HecMmoTpst Ha TO, 9TO B MareMaTuIeCKOM IIPOIPAMMUPOBAHUN MCXO/HbIE U JBO¥-
CTBEHHbBIE 33J[a9i OOBIYHO MMEIOT OIMHAKOBBII CTATYC CJIOYXKHOCTH, OKA3aJ0Ch, UTO
JIBOVMICTBEHHBIE 38/1a91 TEOPUH PACIUCAHNIT, PACCMATPUBAEMBIE B 3TOU CTATHE, UMEIOT
MEHBIIIYIO CJI0XKHOCTh, 9€M HUCXO/IHDIE.

IIpenmoxen anropuryM pemterns: N P-TpyaHoit 3aaa4u Teopun paciucanuii 1 | r; |
Pmax JJIsl TIPOU3BOJIbHBIX HEYOBIBAOIUX (DYHKINUAX IITpada, peaau3yonuil MeTo
BeTBell u rpanul]. HuKHsIs OlleHKa peIleHuil OAIPUMEPOB BBIIIOJIHSIETCsT C UCIOJIb-
30BAHUEM DEIIeHNs “IBOWHOI 3aa1n’’, KOTOPOE MOXKET OBITh HAIEHO 38 KOJIMIECTBO
omeparmii, He mpesbimaiomee O(n?).

B jomostnenne kK IBOMICTBEHHOI 3a/iade, peleHa Tak»Ke u obpaTHas 3aa4da. AJ-
ropuTM™ €8 permenns umeer ciokuocts O(n?) onepamuit. Ecii B 3a1aMe MIHIMA3a-
U1 MAKCUMAJIbHOI'O BPEMEHHOI'O CMEIIEHUsI MBI “IIBITAEMCsl BBIPOBHATE BPEMEHHOE
CMelleHrne, MUHUMA3UPYS MAaKCUMAJIbHOE, TO B “o0parTHOil” 3a/ade CMemeHus “Bbl-
paBHUBAIOTCS 3a CUET MAKCHUMHU3AIUN MUHUMAJIbHOTO. [Ipuaymuresnbabe mpocton
3aIIPEIEHbI.

Pabora mognepxkana rpantom PH® Ne 17-19-01665.

[1] JIazapes A. A. Teopusi pacnucannii. Meronst n anropurmsr., M.: UITY PAH, 2019. —

427 c.
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On the Dual and Inverse scheduling problems

Alexander A. Lazarev'?3 jobmath@mail.ru
Nikolay Pravivets'« pravdivets@ipu.ru
Frank Werner* frank.werner@mathematik.uni-magdeburg.de

"Moscow, V. A. Trapeznikov Institute of Control Sciences of RAS
2Moscow, Lomonosov Moscow State University

3Moscow, Higher School of Economics National State University
4Magdeburg, Germany, Otto von Guericke University

We consider single machine scheduling problems, where a set of n jobs has to be
processed on a single machine, where N = {1,2,...,n} and n = |[N|. The machine
cannot process more than one job at a moment. Preemptions of the processing of a
job are prohibited.

Although in mathematical programming the original and dual problems have
usually the same complexity status, it turned out that the dual problems of the
scheduling problems considered in this paper have a lower complexity than the orig-
inal problems.

We proposed an algorithm for solving the NP-hard problem 1 | 7; | ¢max for
arbitrary non-decreasing penalty functions, which implements the branch and bound
method. By considering the dual problem, a lower bound of sub examples solutions
is carried out using a solution to the “dual” problem, which can be found in the
number of operations not exceeding O(n?).

In addition to the dual problem, the inverse problem has also been solved for the
lateness objective function. We proposed an algorithm with a complexity of O(n?)
operations. Whereas in the problem of minimizing the maximum lateness we “try
to equalize” the lateness while minimizing the maximum, in the “inverse” problem
the latenesses are “equalized” due to the maximization of the minimum. Definitely,
manual machine idle times are prohibited.

This research is funded by RSCF, grant 17-19-01665.

[1] Lazarev A.A. Scheduling Theory. Methods and Algorithms. (In print in Russian:

Teoriya raspisaniy. Metody i algoritmy.) / Moscow: ICS RAS, 2019. —427 p.
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MawwunHHoe oby4eHue B 3aga4ax NpoOrHo3a OTKa30B
obopyaoBaHus

Hexpacos Hearn Bacuavesur' ivannekr@mail .ru
IIpasdusey, Huxonrati Anexcandposu’« pravdivets@ipu.ru

'Mocksa, NucturyT npobiaem yupasiaenns uM. B. A. Tpanesnukosa PAH

B nacrosiiee BpeMsi BO BCex BHJIaX ITPOU3BOJICTBEHHON JIE€SITEIBHOCTH IIPOU3BO-
JUTCA TUIyOOKasi aBTOMATU3AINSA U WHTEICKTYATN3AINAS TAKAX KJIACCHICCKUX TPO-
M3BOJCTBEHHBIX 33/1a4, KAK KaJEHAPHOE IJIAHNPOBAHNE, YIIPABJIEHNE TEXHOIOT e~
CKHUM IIPOIIECCOM, KOHTPOJIb Ka9eCTBA, MOHUTOPHHI COCTOSHUS OCHOBHOI'O 00ODY/I0-
BaHUsI U T.II.

C TOYKM 3peHusi TEOPUU YyIIPABJIEHUs, COBPEMEHHAs] aBTOMATU3UPOBAHHAS CU-
creMa TexHudeckoro obcsyxkusanus u pemonra (TOuP) upepcrasigerca B Buje
3aMKHYTOr0 HWH(MOPMAIMOHHOIO KOHTYPA, 3a/adeil KOTOPOro SBJISIETCS Te€HePUpPO-
BaHUe KaJIeH/IaPHOIO IIJIAHA BBIBOJA OOODYIOBaHUS 13 PabOTHI C yYETOM TEKYIIeil
[IPOM3BOJICTBEHHOI cuTyanuu Ha mpeanpuatun. MadopMalus o TeKyeil Ipon3BoJI-
CTBEHHOU cuTyaruu (pOpMaIu3yercs, B OCHOBHOM, IIPOM3BOJICTBEHHBIM ILIAHOM ¥ CO-
crosiHEEeM 00OpyoBaHus, U mocrymnaeT B KoHTYp TOuP B Buzme curnana obpartHoit
CBHA3M.

HenTpasbHoil TexHmueckoir 3ajmadeili KoHTypa yupasienuss 1TOuP sasisiercs
OIeHKAa U MPOrHO3MPOBAHUE COCTOSIHWsI OCHOBHOTO 0GOpyIOBaHUsI (3a7ad1a MOHU-
ropunra). OjHako, Mojeab (OYHKIMOHUPOBaHUS OOOPY/JOBAHUS HE BCETJIA MO-
KeT OBITh CHHTE3WPOBAHA TOYHBIMU METOJAMHU. DTO OIpeIesser IUPOKOe IIPHU-
MEHEHIEe AJBTEPHATHUBHBIX IIOIXOJ0B K MOJEJIUPOBAHUIO HA OCHOBE JAHHBIX, B
JaCTHOCTH METOJO0B MAIMMHHOTO o0ydeHms. B HacTosmeir padoTre pacCMOTPEHBI
OCHOBHBIE METOJIbl IIPOTHO3MPOBAHUS TEXHUYECKOI'O COCTOSHUS OOOPYIOBAHUS C
[IpUMEHEHNEM MAIlMHHOIO OOyYeHUsl, ITPOaHAIU3UPOBaHa UX MH(MOPMATUBHOCTH C
TOYKU 3PEHUsl JUACHOCTHKM HEIOJIaJI0K ODOOPY/IOBaHUs, & TaKyKe IMpUBeIeHa 00-
masi JIOruKa aBTOMATHU3UPOBAHHOTO MPUHATHS PEIICHUs O KOPPEKTUPOBKE IIJIAHA
TOuP Ha ocHOBe BBIpAOATHIBAEMBIX UMU BBIXOIHBIX JIAHHBIX.

Pabora nmommepxana rpaarom PH® Ne 17-19-01665.

[1] JIazapes A.A., Hewpacose U.B., IIpasdusey H.A. Evaluating Typical Algorithms of

Combinatorial Optimization to Solve Continuous-Time Based Scheduling Problem //
Algorithms, Bazel (IlIseitapua): MDPI, 2018. — C.1-13.
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On the Dual and Inverse scheduling problems

Ivan Nekrasov' ivannekr@mail.ru
Nikolay Pravivets'« pravdivets@ipu.ru

"Moscow, V. A. Trapeznikov Institute of Control Sciences of RAS

Currently, there is an active introduction of digital technologies in all industrial
spheres. Deep automation and intellectualization is being conducted for such classic
industrial problems as production scheduling, technology workflow handling, qual-
ity control, assets monitoring and maintenance, etc. Optimization of maintenance
schedule is one of the key points that can bring significant savings and efficiency
increase to an industrial enterprise.

From the control theory standpoint the automated enterprise asset management
system (referenced further as EAM) can be considered as a closed-loop information
system that generates the asset’s outage schedule with reference to the current pro-
duction state. The current production state is mainly formalized based on produc-
tion schedule and current equipment health which both are structured as a feedback
information flow of the EAM-system.

The central technical problem for the closed-loop maintenance systems is how
the technical state of the equipment should be calculated and estimated (the moni-
toring problem). Currently the general approach for equipment state estimation is
associated with modeling. However, the process of asset performance is not always
suitable for precise modeling techniques (for instance using the physical dependencies
and equations) which gives a huge field for applying data based modeling approach
including various machine learning (ML) methods. This paper gives an overview
of main ML methods for the equipment technical state estimation and analyses
how these methods are applied to equipment failure prediction. It also describes
the workflow how the estimation algorithms’ output information is utilized in the
automated process of correcting the maintenance schedule.

This research is funded by RSCF, grant 17-19-01665.

[1] Lazarev A.A., Nekrasov I.V., Pravdivets N.A. Evaluating Typical Algorithms of Com-

binatorial Optimization to Solve Continuous-Time Based Scheduling Problem // Algo-
rithms, Bazel (Switzerland): MDPI, 2018. — p. 1-13.
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MyJ'IbTVIaI'eHTHbIe moaenn n MetTogbl CamMmoopraHnsaunmn
pacnmcaHmﬁ Ana peweHnsa CNOo>XXHbIX 3a4a4 a4anTuBHOINoO
ynpasJsieHns pecypcamunm B peaJibHOM BpeMeHun

Cxobeaes Ilemp Oaezoeun'* petr.skobelev@gmail.com

LCamapa, ITIYCC PAH
2Mocksa, HAO "T'K "Tenesuc 3namuii"

PaccmarpuBarorcst BbI30BBI COBPEMEHHON SKOHOMUKH U IIPUMEPBI CJI0KHBIX 33184
YIPaBJIEHUsS PECypCaMy B PeajbHOM BPEMEHU: YIIPaBJeHUE I'DY30BBIMU II€PEBO3Ka-
MM 1 MOOMJIBHBIME OPUTAIAMU, MAITMHOCTPOUTEIbHBIM ITPOU3BOICTBOM, IEIIOYKAME
[TOCTABOK ¥ JIpyTHE.

Broigensrorcss 0cOOEHHOCTH COBPEMEHHBIX 3a/1ad YIPABJICHUS PECYypCAMHU B pa3-
JINYHBIX MPEJIMETHBIX 00JIACTAX, 3aTPYIHSIIONNE TPUMEHEHNE KJIACCUIECKIX MEeTO-
JIOB U CPEJICTB, CBA3AHHDBIE C POCTOM CJIOYKHOCTH Om3Heca, OOJIBINOi pa3MePHOCTHIO
JIAHHBIX, PA3HOOOpa3ueM TpeOOBAHUM 3aKa30B U PECYPCOB, HEOOXOIUMOCTHIO ITPUMe-
HSITh WHJUBUJIYAJBHBIN MOIXO0M K KaXKJIOMY YUYACTHUKY, [HOTPEOHOCTHIO IPUHUMATD
pellleHnst B PeAJIbHOM BPEMEHU U T.]I.

Dopmyupyercsd 3a7adua aJalTHBHONO YIIPABIECHUS PECypPCaMy B PEaIbHOM Bpe-
MEHH.

PaccmarpuBaercs MyJIbTHAreHTHBIH OAXO/I K HOCTPOEHUIO CJIOXKHBIX PACIINCa-
HUIi, pa3pabOTaHHBINA HA OCHOBE TEOPUU CJIOZKHBIX aJIAIlITUBHBIX CUCTEM. B 9TOM 1101
XoJjle pelenne Jo00i CJIOYKHON 3a/[adi IJIAHUPOBAHUS U OITHMU3AINKA PECYPCOB
dopMupyeTcst KaK HEYJIydIIaeMoe «KOHKYPEHTHOE PABHOBECUE» - KOHCEHCYC, IOCTHU-
raeMblil Ha BUPTYAJbHOM DBIHKE MYJIBTHATEHTHOW CHCTEMBI 32 CYET KOJIJIEKTHBHO-
IO IPUHATAS PEIIeHnil ¥ B3anMO/I€HCTBHS IPOrPAMMHBIMU areHTaMu OTpedHOCTe
U BO3MOYKHOCTEIA, [IPEJICTABJISIONINX HHTEPECHI, IIPEJIIIOYTEHIs U OIPAHUIEHNs] BCEX
YYIACTHUKOB. VTepalnoHHbII IIPOIECC TIOCTPOEHMST PEIeH s JIFOOOH CJI0YKHOM 3a/1a91
U IOCTUYKEHUS TAKOTO KOHCEHCYCa PACCMATPUBACTCS KaK MPOIECC CAMOOPTAHU3AIIII
AreHTOB, CIOCOOHBIX CAMOCTOATEIFHO IPUHAMATH PEIIECHUs, HO IIyTEM IIePErOBOPOB
COTJIACOBAHHO BBIABJISATH U pa3peniaTh KOHMINKTHI, IPUYEM KaK C YIeTOM YaCTHBIX
STOUCTUYHBIX HHTEPECAX YIACTHUKOB, TAK U 00bEIUHLIONIEH nX 0OIIeil CUCTeMBI.

IToka3bIBarOTCS U aHAJIU3UPYIOTCSI HAIIPABJIEHUs] PA3BUTHS MOJIEEl U METO/IOB
KOJUIEKTUBHOTO TPUHSTUsI PEIIeHUI B XOJI€ CAMOOPIaHU3AIMKM areHTOB HA BUPTY-
AJIBHOM PBIHKE CHCTEMBI: OT IEHTPAJM30BAHHOTO U ITOCJIEI0BATEILHOTO IeTePMUHU-
POBAHHOTO TPUHATHS PEIICHNN, PEAKTUBHBIX areHTOB W OOIel 1emeBoit (OyHKITNNT
CHCTEMBI — K IIOJIHOCTBIO PACIIPEIEJIEHHOMY ¥ I1apaJsijIeJIbHOMY, HeJIeTePMIHIPOBaH-
HOMY IIPUHSITAO PEIIeHUil, C IPOAKTUBHOCTHIO areHTOB, UX COOCTBEHHBIMU (DYHKITU-
sIMU YJIOBJIETBODEHHOCTH W OOHYCOB M IITPagOB areHTOB, BO3MOXKHOCTBIO CaM0O00y-
9eHUsI Ha OCHOBE OIIBbITA, 8 TAKKe, B IEPCIEKTUBE, HAIIPABJISIEMOIl cCaMOOpTraHm3auei
(guided self-organization) ¢ romeocraTndeckoil rapMoHU3aIMel 3HAYCHUN KPUTEPH-
€B.
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IIpuBousiTcst pe3yJibTarbl UCCIIEIOBAHUA U Pa3pabOTOK MYJIbTHANE€HTHBIX CUCTEM
JUIS 3JIAIITUBHOIO YIIPABJIEHUs] PECYPCAME B PEAJIbHOM BPEMEHH, & TaKKe IIPUMEPHI
IPUMEHEHNH, OKa3bIBAIOIINe BO3MOXKHOCTH cylecTBeHHO (Ha 15-40%) nosbimars
3¢ deKTUBHOCTD pabOTHI IpepusiTHii 3a cuer "tobepusamun' pecypcos.

O6CyK 1a10TCs IPEUMYIIECTBA IPEIJIaraeMoro MOAX0Aa /it IPUMEHEHUN B CJIOXK-
HBIX 3aJI@49aX: [IPOCTOTa U MOHATHOCTH JJjIsI PaspabOTIMKOB, YCTOWUYNBOCTD K U3Me-
HEHUsIM TPeOOBaHMii, BOSMOXKHOCTb aJIalITUBHOI'O M3MEHEHUsl ILJIAHOB, paclapaJiie-
JINBAEMOCTD, TIPOU3BOJUTEBHOCTD, MACIITAOUPYEMOCTD, YKUBYIECTb U T/I.

Hameuarores myTu ganabHeinero pa3suTus MOAX0/A, CBA3AHHbIE CO3aHIeM -
POBBIX IJIAT(OPM U IKO-CUCTEM YMHBIX CEPBUCOB JIJIsl YIIPABJIEHUsI PECYPCAMU B Pe-
aJIbHOM BPEMEHH.

[1] Rzevski G., Skobelev P. Managing Complexity . London-Boston: WIT Press, 2014. —

C.156.
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Multi-agent models and methods of schedules self-organization
for solving complex problems of adaptive resource management in
real time

Skobelev Petr'?x petr.skobelev@gmail.com
1Samara, Institute of Control of Complex Problem of Russian Academy of Science
2Moscow, ”Knowledge Genesis” Group

The challenges of modern economy and examples of complex problems of real
time resource management are considered, including problem domains of cargo trans-
portation, factories, supply chains and some others.

The number of issues are identified which restrict applications of classical combi-
natorial search and different heuristics methods and tools for modern resource man-
agement: growing complexity of business, high dimension of decision making space,
variety of demand and resource requirements, individuality of all participants, real
time constraints, etc.

The problem statement for adaptive resource management is formulated.

The multi-agent approach for solving complex problems of resource management
is presented based on theory of complex adaptive systems.

In this approach the solution of any problem of scheduling and optimization is
formed as a “competitive equilibrium” of demand and resource agents, representing
preferences and constraints of all participants. Agents interact on virtual market
of the multi-agent system until this equilibrium is reached as a consensus among
agents and can’t be self-improved by any one of agents. The process of consensus
formation is considered as a process of agents self-organization, which all are able to
take their own individual decisions, but also discover and solve conflicts with other
agents by negotiations, with the view on individual egoistic interests of agents and
also interests of system as a whole.

The modern view and formal definition of virtual market is presented and benefits
and advantages for developers and users are discussed: easy to learn for program-
mers, high adaptability, high performance and scalability, resilience of plans, etc.

The key directions of development of models and methods of collective deci-
sion making are presented and analyzed starting from centralized and sequential,
deterministic decision making by reactive agents with common fitness function —
to fully decentralized and parallel, non-deterministic decision making by pro-active
agents with individual fitness functions and bonus-penalties, advanced by guided
self-organization.

The results of research and development of multi-agent systems for adaptive
resource management are presented and key issues and risks of systems design and
implementation are analyzed and addressed.

A few business cases are given showcasing the improve of efficiency of business
up to 15-40% by ”uberisation” of resources.
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The next steps of future research are outlined with the focus on developing digital
platform and eco-systems of smart services for resource planning and optimization.

[1] Rzevski G., Skobelev P. Managing Complexity. London-Boston: WIT Press, 2014. —
p- 156.



Intelligent Optimization and Effective Management 377

Pacwwupenune anropntma FUMILI gnsa ontumunsayun
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! O6benuuérnbIi HHCTHTYT saepHbIX Hccnenopanmit, RU-141980 Iy6Gua, Poccus

2Texnomormueckuit macTuTyT Kapiacpys, DE-76021 Kapicpys, Tepmarnms

It onpeiesIEHHOTO Kpyra 3a/iad BBITHCINTEIbHON MaTeMATUKN, B TOM 9HCTIE,
JITst TPOOJIEMBI KHHEMATHYIECKOro (DUTHPOBAHUS JJAHHBIX B (PU3UKE TACTHUIL, sIBJISICT-
Csl TIOJIE3HBIM DACIIMPEHNE CUCTEMbl YPABHEHUN 3a CUET BBEJIECHUs T.H. YDABHEHUIT
cBa3u Buga @i (p) = ©r(p1,-..,pn) = 0, 33JAI0IUX U3BECTHBIE U3 IPEJAMETHOl 06-
JIACTU COOTHOIIEHUS MeXK/Iy IapaMerpamMu p. Hare BCEro oHn OKa3bIBAIOTCs HEJIU-
HEUHBIMU U BBIYUCJIUTEIHLHO CJIO?KHBIMU, 1 Ha IIPaKTHUKE OKa3bIBa€TCsA HEBO3MOZK-
HBIM JIHOO HEIPAKTUIHBIM CHU3UTH PA3MEPHOCTH CHCTEMbI, HEIIOCPE/ICTBEHHO pelnast
YDaBHEHUS CBSI3M.

FUMILI — sT0 ajroput™ ONTUMHU3AINNA U HAKET IPOIPAMMHOIO OOECIIedeHus,
[IPEIHA3HAYEHHDBIN I HAXOXKIEHUSA SKCTPEMYMOB KBAJIPATUYHBIX (DYHKIIMOHAJIOB
suna F(x,p) =3, f?(x;, p), BOSHUKAIOUUX [P PEIIeHNH 3a/1a4 OITHMHU3AIIN Me-
TOJIAMH HAMMEHDBINUX KBa/[PATOB HJIM MaKCHMAJbHOTO IpaBjonofobus. B manHoii
pabore paccMmarpuBaeTcst pacimpenne ajropurma ontumusanuun FUMILI, naszsan-
HOE METOJIOM HUCKJIIOYeHUs M depeHInaioB, MO3BOILAIONIEE PEIIaTh 3a1ady OINTHU-
MU3AIUH 18 DYHKIIMOHAJIOB C IPOU3BOJIBHBIM YnCIOM CBsideil. [IporpamMmmuo meror
OBbLT peaim30BaH Kak pacimpenune cymectByiomero koma FUMILI.

B jokmazie OyyT paccMOTPEHBI BO3MOYKHBIE MPUMEHEHHUSI JIAHHOTO METO/a Ha
npuMepax KHHEMATHIeCKOTO (DUTUPOBAHUS MOJCIUPOBAHHBIX U IKCIEPUMEHTAJb-
HBIX JAHHBIX HUCCIIeI0BaHmii ¢pusnkn dactuil. [lokazaHo, 9TO €ro UCIOJIB30BaHUE
[TO3BOJISIET JIOOUTHCA 3HAIUTEHHOTO IPUPOCTA TOYHOCTH ITPU HAXOZKIEHUN NCKOMBIX
apaMeTpoB.

[1] Kurbatov V., Tokareva V., and TsirkovD. FUMILI-based minimization with

constraints using method of elimination of differentials // EPJ Web Conf. 201,

EDP Sciences, 2019. — p.07001.
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Extension of the FUMILI algorithm for optimization of quadratic
functionals with constraints on parameters

Vladimir Kurbatov' kurbatov@jinr.ru
Victoria Tokareva® victoria.tokareva@kit.edu
Dmitry Tsirkov'« cyrkov@jinr.ru

! Joint Institute for Nuclear Research, RU-141980 Dubna, Russia
2Karlsruher Institut fiir Technologie, DE-76021 Karlsruhe, Germany

For a certain range of problems in computational mathematics, including the
problem of kinematic fitting of data in particle physics, it is useful to expand the
system of equations by introducing the so-called constraints in the form of equations
vr(P) = pr(p1,...,pn) = 0 that determine relations between the parameters p,
known from the subject area. Most often, they turn out to be nonlinear and compu-
tationally complex, and it is impossible or impractical to reduce the dimensionality
of the system by solving the constraint equations directly.

FUMILI is an optimization algorithm and a software package designed for find-
ing the extrema of quadratic functionals of the form F(z,p) = Y, f#(z;,p) that
arise in solving optimization problems by the methods of least squares or maximum
likelihood estimation. In this work we consider the extension of the FUMILI opti-
mization algorithm, called the method of elimination of differentials, that allows to
solve search for the extrema of functionals with an arbitrary number of constraints.
A software realization of the method has been implemented as an extension to the
existing FUMILI code.

The talk will consider possible applications of this method using examples of
kinematic fitting of simulated and experimental data from particle physics studies.
It is shown that its use allows to achieve a significant improvement in accuracy when
finding the desired parameters.

[1] Kurbatov V., Tokareva V., and Tsirkov D. FUMILI-based minimization with con-
straints using method of elimination of differentials // EPJ Web Conf. 201, EDP

Sciences, 2019. — p.07001.
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OdvHamunyeckue baiiecoBckne ceTu Kak MHCTPYMEHT
TecTupoBaHus BEO-npuaoXeHunin metogom cassuHra

Aszaprosa Tamwvsana Bacuavesra'x ivdas92@mail .ru
IMoayxun Ilasen Ba./zep'beeuu1 alfa_force@bk.ru

'Boponesx, Boponexckuii Tocynapcrsennsiii Yuusepcurer

B coBpemMeHHBIX ycI0BUSIX pazBuTHe HHMOPMAIMOHHON chephbl 1 BeO-TeXHOIOT
3aHNMAET 3HAYUTEILHOE MECTO B IIPOIECCE CO3IAHUsI CPEICTB XPaHEHUs u obpa-
OOTKM JAHHBIX B PA3JIUYHBIX OTPAC/IAX IKOHOMUKH, IIPOM3BOJICTBA U 0OPA30BAHUS.
Beb-Texmnosorun co3aoT onTuMasbHbIE BO3MOXKHOCTH s 0DeCIeueHus TOCTYITHO-
cru, (PYHKIMOHAJBHOCTH ¥ CBOEBPEMEHHOCTH JIOCTYIIA K 0obOpabaTrbiBaeMoil HHGOP-
maruu. Hapsiay ¢ SsBHBIMU PEUMYIIECTBAMU BeO-IPUIOXKEHUsT 00J1aIAI0T HEJI0CTAT-
KaMW, CBsI3aHHBIMU IIpoOeMaMu Oe3omacHocTu. B HacTosiiiee BpeMsi CyIIecTByeT
JIoCTaTOYHO ObmupHas Kiaaccudukanus ysa3puMocrein BeG-niputoxkennit OWASP u
MITRE, ob6bemunsioniasi pa3jndHble 110 CII0co0y OOHAPYKEHUS U CTEIEHN KPUTUY-
noctu omubku. /s obHapyKeHnsT OMMOOK BeO-TIPUJIOXKEHIT UCIIOIB3YIOTCS CIIETH-
aJIbHbIE METO/Ibl TECTUPOBAHMS, 0COD0E MECTO CPEId KOTOPBIX 3aHUMAET TeXHO/IOTHST
dazzunra. [log dazzuHroM MOHUMAETCsST TPOIECC TECTUPOBAHUS, 3aKIIOYAIOIIANCST
B MOHUTOPHUHIE 33 BHEJIPEHUEM CJIYIAHBIX JAHHBIX, IPU3BAHHBIX BHI3BATDL COOBI-
THe ¢O0s MM OMUOKN (PYHKITMOHMPOBAHUS BeO-TiputoKenus. Metost dhas3urra 1mo3-
BOJISIET HAKAILUIUBATH CTATUCTUYECKUE JIAHHBIE 110 Pe3yJIbTaTaM TeCTUPOBAHUS, 00-
paboTKa KOTOPBIX CIIEIUAJIBHBIMU MATEMATUIECKUMU METOJAME MOXKET O3BOJIUTH
OCYIIECTBJISITh HEITPEPBIBHYIO OIMTUMU3AINIO IPOIEeAypbl TecTupoBanus. CoBpeMeH-
HbIE HAIIPABJIEHUSI IIPOIEIYP TECTUPOBAHUS BEO-TIPUIOKEHNIT METOIOM (ha33MHTA BO
MHOI'OM CBS32HBI C PA3BUTUEM MATEMATHIECKUX METOJOB AHAJIM3a CTOXACTUIECKUX
IIPOIIECCOB, a/IEKBATHO MOJEIMPYIONINX OCHOBHBIE ITAIIBI, IIO/IIIPOIECCH U ITapaMeT-
pbl TecrupoBanusi. IIporeaypa ¢a33uHra MCIOIb3yeT JUCKPETHOE IPEeJICTABJICHIE
Bpemenn. OJHUM W3 COBPEMEHHBIX, HO B TO K€ BPEMsi XOPOIIO alpoOUPOBAHHBIX
METO[0B MOJE/IMPOBAHUS CTOXACTHIECKUX ITPOIECCOB C JUCKPETHBIM BPEMEHEM, SB-
agores auHamudeckue 6aitecosekue ceru (JIBC). B mannoit pabore paccMoTpeHb
OCHOBHBIE ACIIEKTHI UCIIOJIH30BAHUS U HACTPONKHN ONTUMAJIBHBIX IIaPAMETPOB MO/Ie-
Jleil JIMHaMUYecKuX 6aileCOBCKUX ceTeil Jijisi TeCTUPOBAHUs BEO-TIPUIIOKEHMIT MeTO-
jgoMm daszsurra. JIBC MoryT ObITb pacCMOTPEHBI B BUJIE TOC/IEI0BATE/IBHOCTHA CTa-
tuveckux Gaiiecosckux cereil (BC). BC npegncrasiger coboii uepapxuieckyio rpa-
bUIECKy 0 BEPOSITHOCTHYIO MOJIE/b, OIUCHIBAIOIIYIOCS CTOXACTUICCKIMU YCIOBHBIMEI
CBSI3SIMH MEK/Ty JIOYEPHUMHI U POJUTETHCKUMHU BeprmHamu. CeMaHTHKa COBMECTHO-
ro pacrpejeienust cpe3os JIBC MoxkeT ObITH [IpeJICTaBIEHA B CJIE/IYIONIEM BUIE

T N
P(Xir) = [[ ] P(XD)Parents(X]). (1)

t=14i=1

Bcepoccuiickast koagepennust MMPO-2019. Poccust, r. MockBa, 26—29 nosibpst 2019 r.
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rie X; — sepmmuanl JIBC — caydaiinble BeJWYHHBI, TIpeICTABIEHHbIC TaOIIIAMH
YCTIOBHBIX BeposiTHOCTeit, Parents(X}) - ponurenbckue seprmunsl s X, . Js mo-
cTpoeHust DARECOBCKUX CETEll UCIIOIB3YEeTCs MEIHOe IPABUIIO, KOTOPOE MOYKHO IIPEJI-
CTaBUTH CJIEJYIONIM 00pa3oM

P(xy,...,xy) = P(xp|zn_1,...,21) X P(zp_1|Tpn_2,...,21)X

L 2
.XP(1‘2|Q?1)P(J?1):HP(Z‘i|1‘i_1,...,CC17...71’1). ( )
i=1

Hacrpoiika ochoBHbIX napamerpos JIBC ocytecTBisieTcst ¢ IOMOIIBIO IPOIEILY P
obyuenusi. [Iporeaypsr 00yuenus: JIBC mompasessiercst Ha o0ydeHre CTPYKTYPhI U
napamerpoB. OOyueHne CTPpyKTyPbI HAIIPABJIEHO HA OIPE/e/IeHne BepIIuH 1 (popMu-
POBaHWs TOIOJIOTUYIECKUX CBsi3eil MeKy BepimHamu. B mannoii padore [ist mpo-
neaypa odyuenust crpykrypbl JIBC TectupoBanus meronom das33nHra mpejyioyKeHo
UCII0JIB30BaTh TECTHI Ha YCJOBHYIO HE3ABUCUMOCTD C OIEHKOI 3HAYUMOCTHU 110 KPUTE-
puto ITupcona u xpurepmio 3Haxkos (G2 kpurepuit). Oupeesenie HATPABICHHOCTH
cBazeit mexay Bepmumuaamu JIBC peanusyercs Ha OCHOBe HCIOIb30Banusi HbOTO-
HOBCKHUX aJIOPUTMOB, B 4dacTHOCTH ajiropurMma JlesenGepra-Mapksapara (JIM) B
COYeTaHUN C MeTOJIOM BpoiifieHa, MO3BOJILIONIETO HOJIYYATh IPUOJINKEHHbIE 3HAUE-
nug fkobmana s Kak10it urepanuu ajaropurma JIM

Aw = [JTT 4+ Ndiag[H*]] 1 J T e(w) (3)
F(Xn+1) - F(Xn) —
zzT

Jns1 = Iy + I =X - X, (4)

IIponeaypa obyuenusi mapamerpos IBC st hopMupoBaHusi HAYAJIBHOIO pac-
upeziesenus ycaoBubix Bepogrnocreil P(Xy), momesu nepexona P(X;|X;_1),Mmone/u
Bocupugatus P(F;|X;) ocylmecTBisiercs METOJIOM MAKCAMAJBLHOIO IPABIOLIOI00US.
st reHepanuu TECTOBBIX BBIOOPOK MeTOJO0M (ha33MHIa M IMPOTHO3MPOBAHUS 0SB~
JIEHUs IIPOI'PAMMHBIX OINHMOOK B IPUJIOZKEHUSX C TUIIOBBIM HAOOPOM KOMIIOHEHTOB,
UCIIOJIB3YIOTCs aJIlOPUTMbI BEPOSITHOCTHOI'O BbIBOJIA. 1IpOoBE/IeHHbBIE B PAMKAX UCCJIe-
JIOBaHUSI IKCIEPUMEHTBI MOKA3aJA, UTO HAnOOJIee MPUMEHNUMBIMU SIBJISTIOTCS aJIro-
PUTMBI HA OCHOBE B3BEIIMBAHUs C YIETOM MPABIONONO0OUs, B YACTHOCTU AJTOPUTM
muoroyacrudaoro duisrpa (MUD). MYUD o6sagaer BHICOKOI TOUHOCTBIO, OJHAKO
TpebyeT TeHepUPOBAHUS JTOCTATOTHO OOJIBIIIONO 9UC/Ia BBIOOPOK. [l onTuMmu3arinn
kiaccutdeckoro MUD u cHmKeHUsS OOIIEro YUCaa BBHIOOPOK, HMCIOJIB3YeTCs Teope-
ma Pao — Bueksesuia — Kosmoroposa (PBK), koropasi B pamkax MY®, ceoxut-
¢ K CPABHEHUIO BECOB BBIOODOK, IOJIyYEHHBIX Ha KaxkjoM mare remeparmun MY
durprpa.Kaxnpiit 3 BecoB BIOOPKU Oy/IeT XapaKTePU30BaTbCsI COOTBETCTBYIOIIEH
nocrarounoii craructukoii T(X)

W (X1, Xpp1lBrer) = P(Bea | Xg1, X )N (X1, X1 1Bt (5)
D(W(Xt+1|Et+1)) < D(W(Xt+17Xt+1|Et+1)) (6)
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B nporiecce BoImosinenns nuccae0BaHus [ KaXKJI0M0 THUIIA IPOTPAMMHBIX OIIH-
60K BeO-npuJtozkKeHuili npoucxoaut nocrpoerrne JIBC ¢ yuérom crenuduku TecTu-
POBaHMsI, & TaKyKe UMEOIIUXCsl MEXaHU3MOB CKAHUPOBAHUS U JIETEKTUPOBAHUSI IIPO-
rpaMMHBIX OMMOOK. VICIIoIb30BaHMEe TAKOTO TIOX0/1a TI03BOJISET MIOBBICUTH TOYHOCTD
BOCCTAHOBJIEHHsT pacupejenennii Bepositaocreit P(Xy), P(X;|X;-1), P(E;|X;) 3a
CUeT perrenus 3324 (PUIBTPAINN, TPOrHO3UPOBAHNS U CIVIAYKUBAHUS, 8 TaAK¥XKe UC-
KJIIOYHTH y3JIbl, He BHOCHAIINE BKJIAJ B UCKOMOE pacCIpejiejieHus BeposTHOcTeil. B
[IPOIIeCCe PeasIn3aliiy IIPOIELy Phl BEPOSITHOCTHOIO BBIBOJIA, MOJIeib Ha ocHoBe JIBC
ITO3BOJISIET PEAJIM30BATH CTPYKTYPUPOBAHHOE HAKOILICHHE JAHHBIX OTHOCUTEIHHO
BeO-TIPUJIOXKEHUH C TUIIOBBIM HAOOPOM KOMIIOHEHTOB, a TAKKE OCYIIECTBIISATH (hOp-
MHUPOBaHHUE [TPOTHO30B OTHOCUTE/IFHO HAJIMYIHNA ONTHOOK.

[1] Azarnova T. V., Polukhin P.V. Advanced hybrid stochastic dynamic Bayesian network

inference algorithm development in the context of the web applications test execution //
IOP Conf. Ser., Bristol: IOP Publishing, 2019. — C. 052028-052035.
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Dynamic Bayesian networks as a framework for web-applications
fuzzing testing

Azarnova Tatyana Vasilyevna'x ivdas92@mail.ru
Polukhin Pavel Valerievich' alfa force@bk.ru

Voronezh, The Voronezh State University

The modern conditions in the information sphere elaboration and web tech-
nologies, occupies a significant place in the process of creating data storage and
processing facilities in various sectors of the economy, production and education.
Web technologies create optimal opportunities for ensuring availability, functional-
ity and timeliness of access to the processed information. Along with the obvious
advantages, web applications have drawbacks related to security issues. Currently,
there is a fairly extensive classification of web application vulnerabilities OWASP
and MITRE, combining different methods of detection and severity of errors. To
detect errors in web applications, special testing methods are used, a special place
among in which occupies fuzzing technology. Fuzzing is closely related to the test-
ing process, which represents a monitoring procedure of random data generation
algorithm, designed to cause a failure or error event under the functioning of a web
application. Fuzzing method allows us to accumulate statistical data of the testing
results, processing of which by special mathematical methods can allow continuous
optimization of the testing procedure. Modern directions of web application fuzzing
testing procedures are tightly bound with the development of mathematical meth-
ods, especially for the stochastic processes analysis that properly simulate the main
stages, subprocesses and testing parameters. The fuzzing procedure uses a discrete
representation of time. One of the modern, but at the same time well-tested methods
of stochastic processes modeling with discrete time are dynamic Bayesian networks
(DBN). In this paper, we consider the main aspects of using and configuring the op-
timal parameters of dynamic Bayesian network models for web applications fuzzing
testing. This approach is due to the necessity for building a time distributed model,
as the testing process can be distributed over a wide time interval. DBN can be
considered as a sequence of static Bayesian networks (BN). BN is a hierarchical
graphical probabilistic model described by stochastic conditional relationships be-
tween child and parent vertices. Semantics of joint distribution of DBN slices can
be represented in the following form

T N
P(Xir)=]] H P(X!)Parents(X?). (1)

where X/ — DBN vertex — random variables, represented by tables of conditional
probabilities, Parents(X}) is the set of the parent elements for X;. The common
way for building Bayesian network is based on a chain rule, which can be represented

Russian National Conference MMPR-2019. Russia, Moscow, November 2629, 2019
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as follows
P(xy,...,xn) = P(zp|Tn_1,...,21) X P(xp_1|Tpn_o,...,21)X%

- 2
.XP(£E2|JU1)P($1):HP($¢‘$1_1,...,.Tl,...,lil). ( )
i=1

Setting the basic parameters of the DBN is carried out by learning procedures.
The DBN learning procedure is divided into the structure and parameters learn-
ing. Structure learning be intended to defining vertices and forming topological
relationships between vertices. In this research, for the structure learning procedure
of fuzzing testing, DBN model set forward to use conditional independence tests
with evaluation of significance by Pearson’s criterion and the criterion of signs (G?
criterion). Determination of relationships orientation between the vertices of DBN
is implemented through the use of Newtonian algorithms, especially Levenberg —
Marquardt (LM) algorithm combined with the Broyden method

Aw = [JT T + Adiag[H*]] 71 T T e(w) (3)
F(Xn-H) — F(Xn) B

J,
22T 22l 2= Xngr — Xa (4)

Jn+1 - Jn +

It is important to note that the Broyden method is the most adapted optimiza-
tion approach for the LM algorithm, as it allows to obtain approximate values of
the Jacobi matrix for each iteration of the algorithm. In particular, this allows to
parallelize individual blocks, during the execution of the LM algorithm (Jacobian
calculation), the total number of rows of the matrix will be processed N, /n,, N; —
the total number of rows of the Jacobian matrix that require calculation, n, — the
number of available parallel processes within the computing system.

The procedure of DBN parameters learning for initial conditional probability
distribution P(Xj), transition model P(X;|X,_1), perception model P(E;|X;) for-
mation is carried out by the maximum likelihood method. Probabilistic inference
algorithms are used to generate fuzzing test samples and predict the software errors
appearance of the applications with a same typical set of components. Performed
experiments within a framework of the research, showed that the most applicable
algorithms are based on the likelihood weighing approach, in particular the mul-
tiparticle filter algorithm (MPF). The MPF is highly accurate, but requires the
generation of a sufficiently large number of samples. To optimize the classical MPF
and reduce the total number of samples, the Rao — Blackwell — Kolmogorov (RBK)
theorem is used, which in the framework of the MPF reduces to comparing the sam-
ples weights, obtained at the each step of the MPF filter generation. Each of several
sample weights will be characterized by a corresponding sufficient statistic T'(X)

W(Xy 1 X1 | Brias1) = P(Bea1| Xy 1, Xop)) N (Xg, Xy [ B (5)
D(W(Xt+1|Et+1)) < D(W(Xt+17Xt+1‘Et+1)) (6)
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During research process for each type of the web applications software errors,
the DBN is built taking into account the specifics of testing, as well as the available
scanning mechanisms and detecting software errors. Such approach employment
allows to increase the accuracy of the probability distributions P(Xy), P(X;|X;-1),
P(E;|X;) by solving the filtering, predicting and smoothing problems, as well as
to exclude nodes that do not contribute to the desired probability distribution. In
the process of implementing the probabilistic inference procedure, the DBN model
allows to perform a structured data accumulation of web applications with a typical
set of components, as well as to make predictions about the errors existence.

[1] Azarnova T. V., Polukhin P.V. Advanced hybrid stochastic dynamic Bayesian network

inference algorithm development in the context of the web applications test execution //
IOP Conf. Ser., Bristol: IOP Publishing, 2019. — P. 052028-052035.
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MpumeHeHne MeTOO0B UHTENNIEKTYa/IbHOrO aHan3a AaHHbIX B
oueHke (hyHKUMOHaNbHOU 3P(PEKTUBHOCTUN KOMaHA, MeHea>KepoB

Aszaprosa Tamwvsana Bacuavesra'x ivdas92@mail .ru
Acnuna Hamanus Teopauesna® andrey050569@yandex.ru
Bondapenxo FOausa Basenmunosna' bond.julia@mail.ru

'Boponexx, ®PI'BOY BO «BopoHeskcKuii rocy1apCTBeHHbIl yHIBEPCHTET >
2Boponex, PI'BOY BO «BopoHeKCKHil roCyIapCTBEHHbIH TeXHIUECKH yHIBEPCHTET>

[Ipumenenne KoMaH | MEHE/ZKEPOB B YIPABJIEHUH IPOEKTAMU MOXKHO PacCMaT-
pUBaTh KaK YCTOSIBIIYIOCS TEHJIEHIIUIO COBPEMEHHOro OumsHeca. Pe3y/ibraTHBHOCTD
[IPOEKTOB HAIPSIMYIO 3aBUCUAT OT 3(DPEKTUBHOCTH KOMaH]I MeHezkepoB. [Ipu dop-
MUPOBAHUHU KOMAHIBI HEOOXOINMO HAPSLY ¢ TPOMECCHOHATbHBIMY 3HAHUSAMU Y IUThI-
BaTh POJIEBbIE OCOOEHHOCTH BCEX BXOJSAIINX B HEE WIEHOB, AHAJIN3UPOBATH BO3MOK-
HOCTh WX ILTIOJIOTBOPHOM, PEe3yIbTaTHBHON COBMECTHOH paboThl. B manmoit padbore
[IPE/IJIOZKEHA CUCTEMa aJIrOPUTMOB (popMUpOBaHUs (DYHKIMOHAIBHO-3(DPEKTUBHBIX
KOMAaH][ MEHEJ[PKEPOB, DA3UPYIOIINXCsT HA METOJ[aX MMOMCKA aCCOIMATHBHBIX ITPABIUI,
meromuke P. M. Benbuna [1] ajis onenku posieBbix npoduiieli MEHEeIZKEPOB U Heli-
POCETeBOIl TEXHOJIOTUN PACIO3HABAHUS (DYHKITMOHAJIHHON 3(D(MEKTUBHOCTH KOMAHT
MeHeZKEPOB TI0 POJIeBOMY cocTaBy |2, 3|. [lst permmeHus: 3a1a9m ONEHKN POJIEBBIX
npoduseil MeHeKEPOB KOMaH/Ibl OblIa BbIOpaHa METOUKA OPUTAHCKOTO JOKTOPA
ricuxosiorndeckux Hayk P. M. Besduna. CyniHoCTh JaHHON METOIMKE 3aK/IFOIAETCSI
B CIIEIUAIBHOM TECTUPOBAHUU BCEX UJIEHOB KOMAaHJIbI, HA OCHOBAHWUN KOTOPOTO IS
KaXKJIOr0 4IeHa KOMAHIbl CTPOUTCS €ro POJIEBOM MpOdUIIb, MPEICTAB/ISIONIN CO-
60it BEKTOD, KaKJasd KOOPINHATA KOTOPOTO, OTparkaeT DAIbHYIO OIEHKY BbIPAXKEH-
HOCTHU y JIAHHOI'O dJjIeHa KOMAHJIbl TaKUX POJieil KakK: TeHepaTop ujieill, aHaJUTHK,
HCCJIEIOBATENH PECYPCOB, KOOPJIMHATOP, KOHTPOJIED, PEATIH3ATOD, MOTHBATOD, BJIOX-
HOBUTEJIb KOMaHIbl. Ha oCHOBaHUU POJIEBBIX MPOdUIeil 1IEHOB KOMAaH bl B paboTe
[IPE/IJIATAETCsT CTPOUTD OIEHKY POJIEBOIO COCTaBa KOMAH/IBI, IIPEJCTABICHHYIO B BUIE
MaTpUIlBbl OJIN30CTH POJIEBBIX poduiieii. B KadecTBe MaHHON MATPHUIIBI UCIOIb3YeT-
¢ OO MATPUIA PACCTOSHUM, MO0 MATpUIa KOI(MDPUITMEHTOB PAHTOBOI KOpPeIs-
nun Crmpmena. DddekTuBHOCTH pabOThl KOMAHJIBI MEHE/?KEPOB OIEHUBACTCS 110
dyuKImoHabHOM Mozesn oneHkn MeHerMeHTa (PMOM nim MFAM). B ocHoBe
MFAM Jiexkat 1ecTh OCHOBHBIX (DYHKITUII MEHE/KMEHTa: ILIAHUPOBAHUE, OPraHU-
3amys, MOTUBAIUS, KOHTPOJIb, KOODAWHAINS U KOMMyHuKarus. Jlanape OyHKITIT
bOpMUPYIOT CTPYKTYDPY YIIPABIEHUS — XapaKTeD B3aNMOCBA3EHl KOMAHJIbI, €€ KOM-
MYHUKAIMOHHBII TPOMUIH, U OIEHUBAIOTCH SKCIIEPTHBIM TeCTHpOBaHMeM. B pam-
KaX HUCCJIeJIOBAHUS JIeJIAeTCs IOIBITKA IOCTPOUTH MHTEJIJIEKTya bHble UHCTPYMEH-
ThI IPOTHO3UPOBaHUS (DYHKIIMOHAJIBHON 3(DPEKTUBHOCTH KOMAH/ I MEHEIZKEPOB 110
ee pOJIeBOMY cocTaBy. B KadecTBe MHCTPYMEHTOB BBIODAHBI HelpoHHBIE ceTm. Ha
BXO/T HEPOCETU TOJAETCS MATPHUIA POJIEBOIO COCTABA KOMAHJIBI, & HA BBIXOJ[: OIEH-
Ka PYHKITHOHAIHHON 3D PEKTUBHOCTH KOMAHIBI — BEKTOP, KOMIOHEHTHI KOTOPOTO
OTparkKarT KOHKPETHBIE 3HAYEHUS 110 KaXKJIOMYy KPUTEPUIO (DYyHKIINOHAIBHON MOo/Ie-

Bcepoccuiickasi koagepennuss MMPO-2019. Poccusi, r. MockBa, 26—29 nosibpss 2019 r.



386 UnresiekTyasbHast ONTHMHU3AUs U 9(MOEKTUBHBIH MEHEZKMEHT

JIX OIEHKU MEHE/[PKMEHTa, KOMMYHUKAITHOHHBI TPOMUIIb U YyPOBEHL COCTOSTHUS Me-
He/IKMEHTa B KoMaHe. B KadgecTBe ajroputMa obydennst HEHPOHHON ceTu B padbore
HCIOJIB3YETCsT aJllOPUTM 0OPATHOTO pacipocTpanenust omubok (back propagation).

B uccnemoBannmu Takyke mpecTaBiIeHbl aJrOPUTMbI OOyUYeHUsT Ha OCHOBE acCo-
raTuBHbIX npasmi (Associations rules learning — ARL). AcconpaTuBHble npasu-
Jla, UCTIOJIBL3YIOTCSL JIJTsT TIONCKA POJIEBOTO COCTaBa KOMaHJI, KOTOpbIEe HAMOOJIee IacTo
BBICTYTIAIOT KaK 3(MPEKTUBHDBIE, U MPUHITHS PEIIeHNut 00 M3MEHEHNN POJIEBOTO CO-
crTaBa KOMaHJIbI JIJIs [TOBBINIEHUs] ee IOTeHInabHol dddexkTtuBroctu. [lycts [ =
= {i1,42,...,ig} — MHOXKecTBO poseil no Benbuny, D = {T1,T5,..., Tk} — MHO-
2KeCTBO 3(PMDEKTUBHBIX KOMAH[ MEHEIZKepoB (6a3a JaHuble s 00yIeHns] IPABLLI).
Kaxnas xkomanna B 6a3e mamabix D mveer yHUKAIbHBIN uiaeaTuduraTop 1D u co-
CTOHT M3 MOJAMHOXKECTBa 00beKTOB (poJeit) uz muoxkecrsa I, 1. e. T, C I. Komanua
T}, mpejicTaB/IsIeTCs B BUJie OMHAPHOTO BEKTOPA, TJIe

t = 1, ecyim COOTBETCTBYIONIAS POJIb z:,« C Ty,
0, ecyim coorBercTByOMAs Poab i, & Tj.

AcconmaTuBHbIe TpaBUJIA JIJI PACCMATPUBAEMON 3a/1a4M MIPEJICTABJISIIOT CODOM M-
mwmkarmmu Buga X — Y, tme X C I, Y CIu XNY =9, X, Y — cocraBbl KOMaH/T
menekepoB. [Ipasuina X — Y mmeror momuepxkky Sx .y, IPEICTABISIONIYIO OO0
porteHT 3P HEKTUBHBIX KOMAH MEHEKEPOB U3 0a3bl JaHHLIX [, KOTOpbIE COep-
’KaT paccMaTpuBaeMblit Habop posieit o bBesbuny X UY . IIpasuia xapakrepu3yoTcs
TaK>Ke JIOCTOBEPHOCTBIO — IOKA3aTe b, XapaKTePU3YIOIIUil HACKOJIBKO YacTO acco-
[UATUBHOE IPABUJIO OKa3bIBaeTCsi BepHbIM. llesbio aHam3a (QyHKIMOHAJIBHO -
bEKTUBHBIX KOMAH]I MEHEJ[?KEPOB sIBJISETCsI BBISIBJIEHUE CJICLYIONINX 3aBACUMOCTEH:
€cJI B KOMaHJIe MEHE/I?KEePOB NMeeTCsi MHOXKEeCTBO poJteil 1o Benbuny X, To Ha ocno-
BAaHUU 3TOI'0 MOXKHO CJIEJIATh BBIBO/I, YTO MHOYKECTBO POJIeil Y TakrkKe B Hell JI0JIZKHO
OBITh.

Sajiauy ompejesieHnst aCCONMATUBHBIX ITPABUJI MOXKHO Pa3e/IuTh Ha JIBE.

1. Haxox erne Bcex HaOOpOB posieii o Bebuny, KoTopble yI0B/IeTBOPSIIOT MUHU-
MaJIbHOMY TIOPOTY IMOJJIEPYKKU. TaKIe PO HA3BIBAIOTCI “4ACMO 6CMPEUAIOUUMUCA.

2. leneparus acconMaTUBHBIX IPABUI U3 MHOXKECTBA JaCTO BCTPEIAIOITUXCH PO-
Jeit U3 1. 1 ¢ JOCTOBEPHOCTDHIO, Y/IOBJIETBOPSIONIEHl MUHUMAJIBHOMY IIOPOTY JIOCTO-
BEPHOCTH.

Jlj1si reHepaIun acCOUATHBHBIX IIPABUI B pabOTe UCIOIb3YeTCs aJroput™ Pa-
kem Arpasasia (Rakesh Agrawal), umeromuit nazsanue Apriori.
[1] Beabun M. Komanapr menemxepos. CeKpeTsl yCriexoB M NpuHauHbl HEyaad, Mocksa:

HIPPO, 2003. — 315 c.
[2] Asaprosa T. B. NndopMaloHHbIE AaHAJUTHYECKUE IPUJIOKEHHS JJIsl OLEHKH IeJI0BE-

YEeCKOT'O IOTeHINaJIa OPraHu3allMOHHbIX CUCTEM // COBpeMeHHaH 9KOHOMUKA: Hpo6ne-

Mbl 1 pemtennst. — 2017. — No 10 (94). — C. 14-32.
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The use of managerial teams in project management can be considered as an
established trend in modern business. The effectiveness of projects directly depends
on the effectiveness of management teams. When forming a team, it is necessary,
along with professional knowledge, to take into account the role features of all its
members, to analyze the possibility of their fruitful, productive collaboration. In
this paper, we propose a system of algorithms for the formation of functionally ef-
fective managerial teams based on the methods of searching for associative rules,
the method of R. M. Belbin [1] for assessing role profiles of managers and neural
network technology for recognizing the functional effectiveness of role management
teams [2, 3]. To solve the problem of assessing the role profiles of team managers,
the methodology of the British doctor of psychological sciences R. M. Belbin was
chosen. The essence of this technique consists in special testing of all team mem-
bers, on the basis of which for each team member is built his role profile, which is
a vector, each coordinate of which reflects a ball rating for the severity of this team
member of such roles as: idea generator, analyst, resource researcher, coordinator,
controller, implementer, motivator, team inspirer. Based on the role profiles of team
members, it is proposed to build an assessment of the role composition of the team,
presented in the form of a proximity matrix of role profiles. As this matrix, either
the distance matrix or the Spearman rank correlation coefficient matrix are used.
The effectiveness of the team of managers is assessed by the functional model of
management assessment (MFAM). MFAM is based on six core management func-
tions: planning, organization, motivation, control, coordination and communication.
These functions form the management structure — the nature of the team’s rela-
tionships, its communication profile, and are evaluated by expert testing. As part of
the study, an attempt is made to build intelligent tools for predicting the functional
effectiveness of a team of managers by its role composition. Neural networks were
selected as tools. The matrix of the team’s role structure is fed to the input of the
neural network, and the output: the assessment of the team’s functional effectiveness
is a vector whose components reflect specific values for each criterion of the func-
tional model of management assessment, the communication profile and the level of
management status in the team. As an algorithm for training a neural network, the
work uses the back propagation algorithm.
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The study also presents learning algorithms based on associative rules (Asso-
ciations rules learning — ARL). Associative rules are used to search for the role
composition of teams that most often act as effective, and make decisions on chang-
ing the role composition of a team to increase its potential effectiveness. Let
I = {i1,ia,...,ir} — many roles according to Belbin, D = {T},Ts,..., T} —
many effective management teams (database for training rules). Each command in
database D has a unique identifier ID and consists of a subset of objects (roles) from
set I, i.e. T), C I. The command 7T} is represented as a binary vector, where

.= 1, if the relevant role 4, C T,
"7 0, if the relevant role i, ¢ Ty.

The associative rules for the problem under consideration are implications of the
foorm X — Y, where X C I, Y C I and XNY = @, X, Y — are the teams
of managers. The rules X — Y have support Sx_,y, which is the percentage of
effective managerial teams from the D database that contain the considered set of
roles according to Belbin X UY. The rules are also characterized by certainty —
an indicator that characterizes how often an associative rule is true. The purpose
of the analysis of functionally effective managerial teams is to identify the following
dependencies: if the managerial team has many roles according to Belbin X, then
based on this we can conclude that the set of roles Y should also be in it. The task
of defining associative rules can be divided into two.
1. Finding all sets of Belbin roles that satisfy the minimum support threshold.
Such roles are called frequent.
2. Generation of associative rules from the set of frequently occurring roles from
clause 1 with confidence satisfying the minimum threshold of reliability.
To generate associative rules, the work uses the Rakesh Agrawal algorithm, called
Apriori.
[1] Belbin M. Management teams. Secrets of success and reasons for failure,
Moscow: HIPPO, 2003. — 315 p.
[2] Azarnova T. V. Information analytical applications for the evaluation of the human
potential of organizational systems // Modern economy: problems and solutions, 2017.
— No. 10(94). p. 14-32.
[3] Azarnova T. V. Neural algorithm for assessing the functional efficiency of management
teams based on their role structure // Science issues, 2017. — No. 2. — p. 4-18.
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Metrox rpaguentroro ciycka (MI'C) kak mpaBuiio HCIIOJIB3YeTCs [IPH MOJEJIHU-
POBaHUU DEIIeHNI B 9KCTPEMyMaX IIeJeBbIX (DYHKINN ONTUMU3AIMOHHBIX 3a/1a4.
MHoromMepHbIe IMOCTAHOBKU TaKUX 3aJad MPUBOJAT K IOMCKY KOMIIBIOTEPHBIX pe-
mennit MI'C, mo3BoJISIIONUX TPOBOIUTH MHOIOIAPAMETPUYECKYIO OIEHKY BbIOUpa-
eMOro HampaBjeHus nBrKeHns. CyImecTByeT MHOXKECTBO OJXOJOB K PEATU3AINN
MI'C ma xoMIbIOTEpE M3 KOTOPBHIX MOXKHO BBIJICJINTH OCHOBHBIE: METOJ, HAUCKOPETi-
IIIero CIycKa, MeToJI, KOOPIMHATHOTO citycka [aycca — 3eiiesist, METOJ COMPSIKEHHBIX
I'paJMeHTOB 1 T.II. BCG 9THU METO/IbI 6BBI/IpyIOTCH Ha I10CJIe/IoBaTeJIbHOM BBIYMCJICHUN
b pepeHITnaIbHBIX XapPAKTEPUCTHK B TEKYIIEM IOJIOKEHUH TOYKU TOBEPXHOCTH,
9TO HAKJIAJBIBAET HA AJTOPUTM COOJIIOIEHUE PA3IUIHBIX JIOMOJHUTEIBHBIX yCJIO-
BUiT J[JIsi KOPPEKTHON pabOThI aJropuTMa pacdéra B 3aBUCHMOCTH OT KOMITBIOTEPHO-
IO TPEJICTABICHHUS TTOBEPXHOCTH HMCCaeyeMoil pyHKIMN. 3HAIUTETHHO BO3PACTAET
CJIOYKHOCTD TAKHUX TOJXOJ0B IIPH yBEJIMIEHUN PA3MEPHOCTH TOCTABICHHON 3a/1au.

B npeioxkenHoii crarbe pa3bupaercst ojuH u3 moaxo10B K apromarusanuu MI'C,
6a3upyIomuil CBOI0 paboTy Ha MCIOJIB30BAHUHU IIPE/IBAPUTEHHO PACCINTAHHDBIX JIO-
KAJIbHBIX T€OMETPUIECKUX XAaPAKTEPUCTUKAX (DYHKITMOHAJIHHONW 00JIACTH, IIPEICTAB-
JIEHHBIX KOHEUHBIM HAOOPOM BOKCETHHBIX 00Pa30B, COPA3MEPHBIX C ITOM 0071aCThIO.
Nudopmannonnoit 6a30if 11t pabOThI AJTOPUTMA SABJSIOTCA KOMITBIOTEPHDBIE T'€O0-
MeTPUYEeCKHe MOJIE/IN, [T0JIyYeHHbIE HA OCHOBE METO/1a (DyHKIMOHAIbHO-BOKCEJIBHOIO
MogespoBanust [1]. JleMOHCTPUPYHOTCST IPUHIMIIBL YIIPABJIEHUS] TPAMEeHTHBIM JIBU-
JKEHUEM, a TaKzKe OCOOEHHOCTH IIePeXoJia K yBEJIUIEHUIO pa3MeprHocTn 3aaad. Ompe-
JIeJIEHBI TPENMYTIIECTBA PAOOTHI aJrOPUTMA, TO3BOJIAIONINE PACIIAPUATE UCIIOIH30Ba~
HUE TaKOro MOJX0/a K 3a/adaM JIOKAJIHHON ONTHUMU3AIUNA Ha TPUMEpPEe MPOKJIAJIKA
TPacC MaKCHMAJbHOTO CKOPOCTHOTO CITycKa. lIpuBesiéH npumMep peasusaiuy perre-
HUsI 9KOHOMETPUIECKON 3a/[a9i C IPUMEHEHUEM IIPeJIJIOYKEHHOTO TIOX0/1a.

[1] Toaox A. B. ®yHKIMOHAIBHO-BOKCEJILHBII METO B KOMIIBIOTEDHOM MOJeINpOBaHun |/
Monorpadnsa, Mocksa. PUBMATJINT, 2016. — 112 c¢., ISBN: 978-5-9221-1680-0.

Bcepoccuiickast kougepennuss MMPO-2019. Poccust, r. Mocka, 26—29 Hos16ps 2019 1.
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The gradient descent method (MGS) is usually used in modeling solutions at
extremum points of objective functions of optimization problems. Multidimensional
formulations of such problems lead to the search for computer solutions of the MGS,
allowing multi-parameter estimation of the chosen direction of movement. There
are many approaches to the implementation of MGS on a computer from which the
main ones can be distinguished: the steepest descent method, the Gauss - Seidel
coordinate descent method, the conjugate gradient method, etc. All these methods
are based on sequential calculation of differential characteristics in the current po-
sition of a surface point, which imposes on the algorithm the observance of various
additional conditions for the correct operation of the calculation algorithm depend-
ing on the computer representation of the surface of the function. The complexity
of such approaches increases significantly with an increase in the multi-dimension of
the task. In the proposed article, one of the approaches to the automation of MGS is
analyzed, basing its work on the use of pre-calculated local geometric characteristics
of the functional area, represented by a finite set of voxel images commensurate with
this area. The information base for the algorithm is computer geometric models ob-
tained on the basis of the functional voxel modeling method [1]. The principles of
gradient motion control, as well as the features of the transition to increasing the
dimension of tasks are demonstrated. The advantages of the algorithm, which allow
to expand the use of this approach to the problems of local optimization by the
example of laying tracks of maximum speed descent, are determined. An example of
the implementation of the solution of the econometric problem using the proposed
approach.

[1] Tolok A. Functional voxel method in computer simulation // monograph, Moscow.

FIZMATLIT, 2016 .— 112 pp., ISBN: 978-5-9221-1680-0.
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IIpodeccnonanbublii nHOGOPMAIMOHHO-AHATUTUIECKUAN PECYPC, HMOCBSAIICHHBIH Ma-
MIXHHOMY OOYEHHIO, PACIO3HABAHUIO 00PA30B U NHTEJIEKTYAIBHOMY aHAJIN3Y JaH-
ueix. llean pecypca — CKOHIEHTPUPOBATH MH(MOPMAIUIO O JOCTUXKEHUST BEILYTIINX
HAYIHBIX KO, CIOCOOCTBOBATH OOMEHY OIIBITOM, HAKOIIJICHNIO M PACIIPOCTPAHEHHIO
HAYYIHBIX 3HAHMN; IPEJOCTABUTD IIJIOMIAJKY I BUPTYAJbLHBIX HAYIHBIX CEMUHAPOB
1 00CYZKIEHUI.

XKypHan«MauwwuHHoe obyyeHne 1 aHanNn3 aHHbIX>»
http://jmlda.org

}I{ypHaJI Mammmanoe O6y'-IeHI/I€ 1 aHaJIU3 JJaHHBIX Hy6JII/IKyeT HOBbBIE TeOpeTUuIeCKnue
n O630prIe CTaTbU C pe3dyjibTaTaMl HAayYHbIX I/ICCJIB,ZLOBaHI/IIL/'I B O6.HaCTI/I HNCKYCCTBCH-
HOTO MHTEJIJIEKTA, TEOPETHIEeCKOl nHpopMaTuku u npuioxkenuii. [leas xypraaa —
Ppa3BUTHE TEOPUU MAIIUHHOTO 06yquH${7 NHTE/VIEKTYAJIbHOI'O aHaJIn3a JaHHBbIX U
METO/IOB ITPpOBEJACHUA BBIYUC/IUTEIbHBIX 9KCIIEPUMEHTOB. HpI/IHI/IMaIOTCH CTaTbU Ha
PYyCCKOM " AHIJINHCKOM dA3BbIKaX.



Hayunoe usdarue

MATEMATUYECKUE METO/IbI
PACITIOBHABAHIA OBPA30OB

Tesucor moxkIa10B
19-it Beepoccuiickoit kordepeHIn
€ MEXK/IyHAPOJIHBIM YIaCTHEM

ITonmmcano B evars 19.11.2019
®opmar 60x84 1/8
Yen.-new. 1. 20,1, Ya.-uzm. . 21,17
Twupazxk 200 sk3

Usnarens — Poccuiickas Akanemns Hayk

[Tewars — YHUJI PAH

OTrnegaraHo B 3KCIEPUMEHTAJIBHON 1udpoBoil Tunorpadpuun PAH

Uz naercs no pacropsizkenuio mnpesuauyma PAH
U pacIpocTpaHsieTcs O6eCIIaTHO



