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MopnyibHbIi NporpaMMHbIii HelipokoMnbloTep SNC: peanu3anus U NpMMeHeHHe

Mucyno U.C., Pauxosckuii /[ A., Pesynosa E.I"., Caunuenxo C.B., Coxonos A.M., Temepiok A.E.
[IpuBeneHo omnucaHue peadu30BaHHBIX B IMporpaMMHOM Heiipokomnbiorepe SNC 0110K0B
npenoopaboTku U Kiaccudukanuu JaHHbIX. (Onucanue KOHUENuu U apXuTekrypsl SNC cM. B
YCuM N3 2004). SNC mno3BONS€T TMOJB30BATEII0 YINPOCTUTH CO3/aHUE MPOU3BOIHHBIX
JITOPUTMOB IyTE€M HMX BU3YaJbHOro KOH(UrypupoBaHus. lIpuBeneHsl mpuMepbl NPUMEHEHUS
SNC pans  cepuiHBIX OSKCHEpPUMEHTOB KiaccU(UKALMKU JaHHbIX. PaccMOTpeHbl IyTH
IIPAKTUYECKOTr0 IPUMEHEHUS U NaJbHEMILIEro pa3BUTHS.

Modular Software NeuroComputer SNC: implementation and application

Misuno LS., Rachkovskij D.A., Revunova E.G., Slipchenko S.V., Sokolov A.M., Teteryuk A.E.

Description of implemented in Software NeuroComputer data pre-processing and classification
blocks is given. Software NeuroComputer allows end users to visually configure arbitrary data
processing algorithms with processing and control blocks. Examples of configuring SNC for
real-valued vectors and handwritten digits classification are given with a discussion of practical
applications and evolution of SNC.

MopnyabHuii nporpamMuuii Helipokomm’otep SNC: peaJiizanis i 3acTocyBaHHs

Micyno I.C., Pauxoscokuii /[ A., Pesynosa E.I"., Cninuenxo C.B., Coxonos A.M., Temeprox O.E.
Haseneno omuc peanizoBaHux B mporpamMHoMy Heripokomn totepi SNC 61okiB nepenoopooku i
knacudikanii ganux. (Onuc koHuemnuii 1 apxitekrypu SNC muB. B YCuM N3 2004). SNC
ZI03BOJISIE KOPUCTYBady CIIPOCTHTH CTBOPEHHS OBUIBHUX aJTOPUTMIB IIISXOM iX Bi3yaJbHOTO
KoH}irypyBanHsa. Haseneni npuknaam 3actocyBaHHS SNC 10 cepiiiHMX €KCIIEpUMEHTIB
knacudikamii qaaux. PO3rasHyTO NUISXHW NMPaKTUYHOTO 3aCTOCYBAHHS 1 MOJAIBIIOTO PO3BUTKY.



MoayabHbI porpaMMHbIi HelipokomnboTep SNC: peanu3auus U NpUMeEHeHHe
Mucyno U.C., Paukosckuii [I.A., Peynosa E.I'., Cnunuenxo C.B., CokonoB A.M., Teteprok A.E.

Me:xnyHapoaAHbIN HAy4HO-y4eOHbIN [IEHTP NHPOPMAILIMOHHBIX TEXHOJIOTUN U CUCTEM
Kues, Ykpauna

BBEJEHUE

B Hacrosiiiee Bpemsi BaxKHEMIIUMU 3a7jauaMi Pa3BUTHUSL COBPEMEHHBIX HH(POPMAIIMOHHBIX
TEXHOJIOTUH SBJIAIOTCSA pacliupeHue cepbl MPUMEHEHHs, ¢ OJHOM CTOPOHBI, M pacIIUpEeHue
Kpyra moJb3oBaTesied, ¢ apyrod. Ilytm pemenus »>TUX 3a4ad — MHTEIUIEKTyaIN3alns
MH(POPMALIMOHHBIX TEXHOJIOTUH, a TaK)Ke YHU(UKALIUS METOJIOB U CPEACTB UX CO3/IaHUSL.

WuTennexryanu3anus HHOOPMALMOHHBIX TEXHOJIOTUN MO3BOJISIET PAaCHIUPUTH chepy UX
INPUMEHEHUsI 3a CUeT MOSBIISIONMXCS BO3MOXKHOCTEH HCIOJIB30BaHUS B 0OJ€e CII0XKHBIX
npuiokeHusax. OHa ke MO3BOJIAET PacIIUpUTh KPYI MOJb30BaTesiel, o0ierdyasi UCIoiIb30BaHUE
MHPOPMALIMOHHBIX TEXHOJIOTHH 3a CuUeT BO3MOXHOCTH CAMOCTOSITEILHOIO  peIICHUs
UHTEJJICKTYyaJbHOM  CHUCTEMOW pPYTHHHBIX 3a7ad M oOecriedeHus Oojiee  MPOCTOTO
B3aUMOJICHICTBUS C  MOJb30BaTeleM. YHU(UKAUs METOJOB U  CPEICTB  CO3/aHUs
MHTEJJIEKTYaJbHbIX HMH()OPMAILIMOHHBIX TEXHOJOTUI I03BOJSET CHU3UTh TPYIOEMKOCTh HX
pa3paboTKy, a TAaKXKe CO3/1aeT BOZMOXKHOCTh MHTErPallMy CUCTEM PA3IMYHOIO IPUMEHEHHUS.

AKTHUBH3AIMsI UCCIEIOBAaHUIM B 00JaCTH HEHMPOHHBIX ceTe M pacumpeHue cheprl ux
NPUMEHEHHUs MIPUBEIM K MOSABJICHUIO B KOHIE 80-X rojoB HeHpokoMiboTepoB. B padorax [1],
[2] mpencraBieHbl KOHIENIMA M apPXUTEKTypa MPOTpaMMHOrO HerpokommbioTepa SNC,
KOTOPBII pa3paboTaH ¢ y4eToM HNOTPeOHOCTEH COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOJIOTHHA U
[PEIOCTABIAET  IOJIB30BATENI0  MAaKCUMaJbHO  JPY)KECTBEHHYIO  Cpely  BHU3YaJbHOTO
KOH(UTypUpOBaHHUs 3ajay.

OcHoBHOe HazHaueHne HelpokommbioTepa SNC — cosmanue, peanu3anuds ¢
UCIOJIb30BAaHUE HOBBIX HEWPOCETEBBIX M JAPYrHMX IMPOrPECCHUBHBIX TEXHOJIOIMH 00pabOTKH
uHpopmanuu. Pa3paborannas u peanuzoBaHHas apxurekrypa SNC npusBaHa oOJE€r4uTb 3TOT
nporecc sl MOTEHIMAJIbHOIO IOJIb30BaTeNs. Takass apXUTEKTypa O0ecleuuBaeT BBICOKYIO
CTENEHb IIOBTOPHOTO MKCIIOJNIB30BaHMsI pa3pabOTaHHBIX KOMIIOHEHT M IO3BOJSET THOKO
KOH(UIypHpOBaTh BKIIOUYEHHBIE B COCTaB HEHPOKOMIIbIOTEpA OJOKU. YKa3aHHbIE BO3ZMOKHOCTH
o0Jer4aroT MOCTpOeHUEe KOH(GUTYpalUil npoexkmos Uisl peuieHHs] CYUIECTBYIOIIUX U HOBBIX
3amau oOpabotku uHpopmaruu. Ilpoexkm SNC — 3TO COBOKYIMHOCTh OOpaOaTHIBAIOIIUX U
YIOpaBIAOIUX OJOKOB M CBSA3€M MEXIy HHMMH, CO3JaHHAsl IIOJb30BaTEJIeM JUISl PELEHUS
HEKOTOPOI 3a/1aun 00padOTKK JaHHBIX. (CM. Takke pazaen 1 u [2]).

bnaronmapst ruokoit MOAYILHOM TPOTrPAMMHOM apXUTEKTYpe, OCHOBAaHHOM Ha TEXHOJIOTHUHU
COM, HelpOKOMIBIOTEP NO3BOJISAET JIETKO CO3aBaTh U UCIIOJIB30BATh HOBBIE U CYLECTBYIOIINE
osoku. YHudummpoBanuele uHTEpdeEnchl 00padaThIBAOMIMX OJOKOB YIPOINAIOT CO3/JIaHHE
HOBBIX THIIOB OJIOKOB M peal3alMil0 HOBBIX AaJIrOPUTMOB 00pabOTKM HHOpMaLUU.
OYHKIUOHAIBHOCTh OJIOKOB HE OTrpaHHuY€Ha TOJIBKO HMMEIOLIMMHCS HHTepdeiicaMu U MOXKET
OBITH paclIMpeHa BBEJACHUEM HOBBIX MHTepdeiicoB. HoBble MOMyIH MOXKHO BKIIIOYAaTh B COCTaB
SNC 6e3 He00X0AMMOCTH MepeKOMIIALNHY NTakeTa. [Ipu 3ToM pa3paboTunKy NOTy4yaroT AOCTYII
K peanu3oBaHHbIM B cucteMe SNC 0JiokaM M BCIIOMOIaTebHBIM MEXaHHU3MaM, TaKUM Kak
ynoOHast cucreMa KOH(QUI'YpUpPOBaHMs, MOIIHAs MOAJEpKKa 0a3 JaHHBIX, U BO3MOKHOCTh
UCTIOJIb30BaHUSl  CKPUIITOBBIX TexHojoruit (JScript). bnoku peanusyroT HeipoceTeBble
QIrOpUTMBl  00paboTKM uMHpOpMaLUU, METOJAbl NpenoOpadoTku HHOpMaLUU, Jpyrue
HeoOXonuMble MeTozbl. VMeromuecs MOAyIH KiacCU(UKALMM pEau3yloT Kak H3BECTHbBIE
QITOPUTMBI, TaK W aJITOPUTMbI, IOCTPOCHHbIE HA OCHOBE OPUTHMHAJIBHOM HeHpoceTeBoi
napajurMsl.
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Busyanpnas cpena  KOHQUIYpHpOBaHHUS  MPOEKTOB  SIBISIETCS  OTJIIMYMTEIBHOM
ocobeHHocThI0 HelpokomnbioTepa SNC. Vcnonb3ys BU3yaldbHYIO Cpey, MOJIb30BaTElb MOXKET
KOMOMHUPOBATh 3JEMEHTHl KOH(QUIypalHuH, BHU3YaJIbHO M3MEHSATh MOPSAOK BBITOJTHEHUS
onepaunﬁ W HapaBJICHUA IIOTOKOB J[JAaHHBIX, a TaKXE TMPOU3BOJUTHL HWHIAWBUAYAJIBHYIO
HACTPOMKY KaX/JOTO »JJIEMEHTa M KOH(QUIypallud B IEJOM. YKa3aHHbIE BO3MOKHOCTH
o0ecneunBalOT  yao0CTBO, TMOKOCTh M YHHUBEPCAIBHOCTh  JAaHHOW  peanu3aluu
HelipokoMnbioTepa. CpecTBa 3alKcy apaMeTpoB U pe3ylbTaToB B 0a3y JaHHBIX, TOCTPOCHUS
OTYETOB M CEPUIHBIX 3aIlyCKOB YIPOIIAIOT IPOLECC MPOBEICHHUS HCCIEAOBAaHMM W aHalIM3a
pe3yJIbTaTOB.

[Tpennonaraercs wucnonb3oBanne SNC B kadecTBe 0a30BOTO CpeACTBA JJISi PELICHUS
aKTyaJIbHBIX 3a/la4 WHTEJUIeKTyaau3aluu HHpopMalmoHHOW o0pabotku. K HUM B mepByro
ouepeslb OTHOCATCSA 3a7a4u 3(P(PEKTUBHOTO JTOCTYIA U UCIOIb30BaHUS TEKCTOBOW MHPOPMAIIIH.
310 O00YCIIOBIEHO POCTOM OO0BEMa 3JIEKTPOHHBIX JOKYMEHTOB B KOMIIBIOTEPHBIX 0azax
AOKYMCHTOB H I/IHTepHeT n HGO6XO}II/IMOCTBIO H3BJICKATh PCJICBAHTHBIC 3HAHUA U3 ITOU
uHpOpMaInu.

1 OBPABATBIBAIOIIUE BJIOKH

B pamkax SNC peanmm3oBan psig 00pabaThIBarOmUX OJIOKOB, OPUEHTUPOBAHHBIX Ha pEIICHUE
HEKOTOPBIX 3a/lad WHTEIICKTyaJbHOW 0O0pabOTKM MaHHBIX. B 3TOM pa3gene omucaHbl OJIOKH
KJ'IaCCI/ICbI/IKaHI/II/I u HpC}IO6pa6OTKI/I JaHHBIX, KOTOPBIC MPUMEHAIOTCA JIA CO3JaHUN MMPOCKTOB U
pEelIeHus 3a1a4 ¢ UCTIONB30BAHUEM HEMPOCETEBBIX HH(DOPMAIIMOHHBIX TEXHOJIOTHH.

1.1 Baoku-popmarsl

"®opmaTamMu" Ha3bIBAIOTCS OJIOKU YTEHUS-3aMIUCH JIAHHBIX Pa3HbIX (OPMATOB.

biaok DgenFormat. biok peanusyeT CUMTHIBaHME JAHHBIX, MOJYYEHHBIX C TMOMOIIBIO
nporpammbl DataGen [3]. IIporpamma DataGen renepupyer u 3amuchiBaeT B (aill JaHHbBIE -
BEKTOpHl MPHU3HAKOB C KOMIIOHEHTaMM, HOPMHpOBaHHBIMH K pauamazony 0.0 - 1.0, u
LEJIOYHMCIIEHHYI0 METKY Kilacca. MOXHO 3aJjaBaTh YHCIIO MPU3HAKOB; YHCIIO KJIACCOB; CIOKHOCTh
TeHEepUPYEMBIX 00J1acTel; YuCciIo 00pa3loB JaHHBIX B KJacce, U JApyrue napameTphl.

Baoxk FormatMNIST. brok peanusyeT ureHne n3odpaxkeHuil u3 QaitioB 6a3bl JaHHBIX
MNIST [4]. OTto Habopsl M300paKeHUH PYKOMUCHBIX HU(DpP, COOpaHHBIE Ul HCCIEIOBAHUMN
CUCTEM paclio3HaBaHUsI H300pa’keHUN cHUMBOJOB. [IpenocraBisiemMble JaHHBIE HCHOJIb3YETCS
NOCHEIYIOIMMHE  o0OpabaTbIBalOIlMMU  OJlokamMH,  paboOTalOUMMM  C  MOJYTOHOBBIMHU
n3zobpaxeHusiMu (6oxkamu npenodpadotku LIRADistort, koguposuiikom LiRA u ap).

baoxkn ImageSampleReader/ImageSampleWriter. Peanusyror 3anuce Ha JUCK H
yTeHne n3o0paxkeHuil Bo BHyTpeHHeM ¢opmaTte SNC. [IpumenroeTcs ais 3amucu pe3yabTaToB
MIPOMEKYTOUHOU 00pabOTKK M300paKeHUH U s JajbHEHIIero 10CcTyna K HUM Ipyrux OJO0KOB.
ObecnieunBaloT MNpocToe MOOAWTOBOE KOMUPOBAHWE JaHHBIX M300pakeHUs B (dailn u
MIPOM3BOJIBHBIN IOCTYII K 3alMCAaHHBIM JTAHHBIM.

baoku WeightMatrixReader/WeightMatrixSaver. Peanusyior 3amuce Ha IUCK U
YTeHUE MAaTpHIl CBs3eil HEWpOHHBIX ceTel. IIpuMeHsIoTcs coBMECTHO ¢ OJOKOM IepcenTpoHa,
MO3BOJIAIOT HCIIONB30BaTh paHee OOYyYEHHYI0 MAaTpuUlly CBSI3ed TIepcenTpoHa B JAPYTUX
IKCIIEPUMEHTAX.

Bbaoku LongBinaryVectorsReader/LongBinaryVectorsWriter. Peanusyior 3anuce Ha
JMCK M YTEHWE MAcCCHMBOB MHOTOMEPHBIX OMHApHBIX BEKTOPOB. BIIOKM ONTUMH3MpOBaHBI AJSA
s ¢dexkTuBHON paboOThl C OOJBIIMMU MacCUBAMM JAHHBIX (TOpsIKA HECKOJBKHX TUralaiT).
Takne MaccuBBl TOSBISAIOTCS B pe3yiabTare MpeaoOpadOTKM W KOIMPOBAHHS OOJBIIMX
00y4Jaromux BEIOOPOK.

1.2 bBaoku npexodpadoTku
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baox tpancpopmanmu mso0paxenuit LIRADistort. Peanmusyer npenBapuTenbHYyIO
00pabOTKy BXOAHBIX M300pa’keHUH, MO3BOJIAS UCKYCCTBEHHO YBEIMYMBATH 00beM OOydaromiein
BbIOOpKHU 100aBIEHHEM TpaHCHOPMHUPOBAHHBIX 300paxenuit. Tekymas Bepcuss SNC peanuzyer
cienyromue Tunel TpaHchopmanuii: MoveTransform — caBur u3oOpaskeHuss Ha 3a/laHHOE
KOJIMYECTBO TOYEK BAONb 000 ocu koopauHat, SkewTransform — BepTHKambHBIN CKOC
M300paKeHHs (IMYITUPYIOIINNA HAKJIOH).

TpancpopmupoBanHble HW300paKeHHs MpeaHa3HaueHbl s TOAayd Ha  BXOJ
nociueAyomux oOpalaTeiBalolUX OJ0KOB — KiaccupukaropoB. I[lapameTpbl, BeIMYUHBI U
of11iee KOIMYecTBO TpaHchopMaluii 3a/1al0TCs B TapameTpax OJI0Ka, MO3BOJISS UCCIIEA0BATh UX
BJIMSIHUE Ha pe3ynbTar Kiaccudukanmu. [Ipumep TpanchopMUPOBaHHBIX N300paKEeHHIA TTOKa3aH
Ha Puc. 1, rme a) — ucxogHoe uzobOpaxenwe, 0) — mocne MoveTransform, B) — mocne
SkewTransform.

OkHO

- - Cmeu.leH\Me Casur

I Ye)

~

a) 6) B)
Puc. 1. Tunsl TpanchopMaruii HCXOAHOTO N300pasKeHHS

baok Ounapuszanum uszodpakenuii ImageBinarization. Peaymmsyer mpeobpazoBanue
MOJyTOHOBOTO ~ M300pakeHus B OuHapHoe. Ilpu npeoOpa3oBaHMM APKOCTh  IHKCEISA
MOJIyTOHOBOTO HW300pakeHHsT CPaBHMBAETCS CO 3HAYEHHEM Iopora, U B 3aBUCHUMOCTH OT
pe3yibTaTta CpaBHEHHs, MHUKCEIb BBIXOJHOTO OMHAPHOrO M300paskeHHs ycTaHaBiuBaercs B 0
win 1. Tlopor ompenensiercss Kak cpeaHee 3HAUEHHE SPKOCTH BCEX IHKCEJIEeH HCXOIHOrO
MOJIyTOHOBOT'O U300pa)KEHUS, MIIM YCTAHABIMBATHCS MOJIH30BATEIIEM.

BJoku-KoHBEpPTOPHI ImageToBinaryVector/ImageToDataSample. Peanuzytor
npeoOpa3oBaHue OMHAPHOT0/TIOIyTOHOBOTO U300paKeHHS B BEKTOD c
OMHApPHBIMU/LIETIOYUCIEHHBIMU KOMITIOHEHTaMU. [Ipu 3TOM KaKIblii MUKCENb ¢ KOOpAMHATaMU
(x,y) u300paxeHus: orodpaxkaercsa Ha y*M+x arieMeHT BekTopa, riae M — muprHa n300paskeHusl.
Pa3mepHOCTD MOJTy4eHHOT0 BEKTOpA paBHA KOJIMUYECTBY MUKCENEH NCXOAHOTO N300pakeHNsI.

1.3 bJiioku KogupoOBaHUs

baoxk xoaumpoBanusi CodingRSC. Peanusyer koaupoBaHME BXOJHBIX [JaHHBIX C
nomoipio anroputMa Random Subspace Coding [5], [6].

I[Ipu xomupoBaHMM A  TPHU3HAKOB, COOTBETCTBYIOIIMX BXOJHBIM  aTpuUOyTam
(BelecTBEHHBIM KOMITIOHEHTaM BXOJIHOTO BEKTOpa), peodpasytoTcss B N OMHApHBIX BBIXOAHBIX
npusHakoB (Puc. 2). buHapHslii Ipu3HaK ycTaHaBIMBAeTCs B | MU MOMAJaHUU BXOJHON TOUKH
B €r0 PELENTUBHOE MOJE - (TUIEP)PSIMOYTOJIBHUK B MHOTOMEPHOM BXO/JHOM IMOJANPOCTPAHCTBE
pa3mMepHOCThIO S. PazMepbl U MOJ0XKEeHHEe PeleNTUBHOTO MOJIS BHIOUPAIOTCS CIIyYailHO M 3aTeM
¢ukcupyrores. [lapamerpamu sSBISIOTCS MaKCUMAaNbHBIN pa3Mep pelenTuBHOro nojist G B 0THOM
U3MEPEHUH U €r0 MaKCUMaJlbHAasl pa3MEPHOCTH S.
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Puc. 2. KogupoBanue nanubix 0i1okom RSC
s 6noka CodigRSC 3anatorcs cnenyromye napaMeTpsl:

S — pa3mMepHOCTb MOA-MPOCTPAHCTBA PELICNITUBHBIX MOJIEH;
- G — pa3Mep peLenTUBHOIO MOJISL.

baoku LIRACoding/LIRADecode. biokx LIRACoding ocymecTBisieT KoaupoBaHUE
n300pakeHuii, npeoOpa3oBbIBasi UX B MHOIOMEpHbIE OMHApHBIE BEKTOPBI. AJITOPUTM TaKOTO
KOJupoBaHus moapoOHo onwcad B [7], [8].

bur MHOromepHoro 6uHapHoro BekTopa ("'BTOpUYHBIN NpU3HAK') ycTaHaBiIMBaeTcs B 1
IpU HAJUYUM U OTCYTCTBUM €IMHUYHBIX MHKCEJIE B ONPEIEIICHHBIX MeCTax HU300paKeHus -
peuentuBHbIX Toukax (Puc. 3). IlonokeHus: pelienTHUBHBIX TOYEK JUIl KaKJOrO0 BTOPUYHOIO
IpU3HaKa BBIOMPAIOTCS CIy4allHO BHYTPH PELENTHBHOIO MOJS M 3aTeM (PUKCUPYIOTCS.
ITapameTppl KOOUpPOBaHUA - Pa3MEpP PELENTUBHOIO IOJIA, KOJIMUYECTBO PELENTUBHBIX TOYEK B
ToJe.

H + 4—<:
+
N . q
Y 4 re)
y. e
— w >

Puc. 3. KogupoBaHue nmpu3HaKOB BXOIHOTO H300paKEHUS
Jlns 6moka koqupoBanus LIRA 3amaroTcs ciemyroniue napamMmeTphl:
- MaskRows, MaskCols — pa3zmep okHa npu3Haka (IIMpHHa W, BEICOTa h);
- MaskPositive, MaskNegative — KOJTMUECTBO «IOJIOKUTEIBHBIX» M «OTPULATEIBHBIX» TOYEK
IIPU3HAKOB;
- MaskBorder — MMHUMalbHOE pPACCTOSHHE OT TPaHUIBl OKHAa NpPU3HAKa A0 TPAHUIBI
N300paxKeHus,;
brok LIRADecode peanmu3yeT [IeKOIUPOBAaHWE U BH3YAJIU3AIHMIO H300pakKCHHH,
MIOJIy4YEHHBIX B pe3ynbraTe pabotbl Osoka koaupoBaHus LIRACoding. [Ipu nexoaupoBaHuu
BEKTOPOB '"MOJIOXKHTEIbHbIE" PELlENTUBHbIE TOUKU MPHU3HAKOB B rpa)uyeckoil KOHCOJIU B BUJE
KpacHbIX TOYEK, a "OTpuuaTesibHble" - B BHJE 3€leHbIX. OTCYTCTBHE PELENTHUBHBIX TOUYEK
NPEJCTAaBICHO CHHUM I[BETOM. B 3aBHCHMMOCTH OT KOJIMYecTBa NPHU3HAKOB, aKTUBHPYEMBIX
HEKOTOPBIM IHUKCEJIEM, MEHSETCSI €ro SPKOCTh IMpH BHU3yalnu3aluu. TakuM oOpa3oM, MOKHO
3pUTEIBHO OLIEHUTh KauecTBO (TOJIHOTY) KoJupoBaHus m3zoOpaxkenuil. Ha Puc. 4 npexacrasien
npuMep BbIBoJa Oisoka, OykBa T o003HauaeT neHCTBUTENBHBIN Kiace, R — pacno3HaHHbIi, N —
HOMEp MpUMepa.



Bitmap console

Puc. 4. IIpumep BeiBoga LIRADecode
1.4 baoku kiaccupuranuu

B omuceiBaemoii Bepcun SNC peann3oBaHbl Hanbosee HM3BECTHBIE M AP (PEKTHBHBIE
QITOPUTMBI KJIaCCU(PHUKAIMM OWHApHBIX M BEIECTBEHHBIX NaHHBIX: Pa3JIMYHbIe BapUAHTHI
nepcentpoHa, «K Ommkadmmx coceneii» m SVM (Support Vector Machine). Bce onu B
HacToslIllee BpeMs AaKTUBHO NPUMEHSIOTCA JUIsl pEIIeHUs MPAaKTUYEeCKH BaXKHBIX 3a1a4
pacrno3HaBaHUs 00pa3oB.

Bbuoku Binary / Gradual Perceptron. bioku peanu3yroT alroputmsl KiaccCu(puKanuu ¢
MOMOIIBIO TiepcenTpoHa. HelipocereBast apXuTeKTypa mepcenTpoHa OblUia MpeioKeHa B KOHIE
1950x romoB [9]. Ilpouenypa oOyueHus mHepcenTpoHa HAXOAUT JMHEUHYIO pa3AesIOIIyIo
MOBEPXHOCTh MEXKIy JBYMs KJIaccaMH JaHHBIX, €CIIM OHa CYIIECTBYeT. bBUHapHBIH U
rpajyajibHbIi IEPCENTPOHBI pab0Tal0T, COOTBETCTBEHHO, C BXOJHBIMU JaHHBIMU - OMHAPHBIMU
WM BEIIECTBEHHBIMH BEKTOPAMH.

JlaHHBIe MOCTYMAIOT HAa BXOJHbIE HEHPOHBI. BX0/HBIE HEMPOHBI CBSA3aHBI C BBIXOJHBIMU
HEHpOHAMHU, KOTOpBIE COOTBETCTBYIOT KJIacCaM, C TIOMOIIbIO MaTpHmbl cBsi3eil. PesymbraT
KJaccu(uKalui — BEKTOpP aKTUBAIMM KJIACCOB — ONpEAENsIeTCs IyTeM YMHOXEHMs BEKTOpa
BXOJIHBIX JaHHBIX HAa MATPHILY CBS3EH.

bnok kmaccudukatopa (QyHKIHMOHUPYET B JBYX OCHOBHBIX peXHMMax — OOydeHHs U
tecTupoBaHus (pacro3HaBanus). OOydeHrne OJOKOB NepCenTpoHa MPOU3BOAUTCS MO OOBIYHOMY
anroputMy obydenus nepcentpona [10], [9], [11].

Howmep xmacca ompenensieTcs Mo BBIXOAHOMY BEKTOPY aKTHUBAIlMH KJIACCOB, KaK MHICKC
3JIEMEHTa C MaKCHMaJbHBIM 3HaueHueM. [l mepcenTpoHa B pekume oOydeHHs, Beca CBs3ei
IpH OMKOKE KJIACCU(PUKALUU U3MEHSIOTCS CIIENYIOIINM 00pa3oM:

wi(t+1) = wy(f) — Qx;, AJI1 HEBEPHO PACMO3HAHHOTO KJIACCa;

wa(t+1) = wy(f) + ax;, IUIE ICTUHHOTO KJjIacca,

rae (f) u (¢+1) — HoMepa TeKyIIel U caeayroIer unTepanuii; @ — K03(PpGUIMEHT CKOPOCTH
oOy4denus (00bIYHO paBeH | st OMHAPHOTO TEPCENTPOHA); X; — 3HAUEHHWE CHUTHAJIa Ha BBIXOJIC
i-r0 BXOJIHOTO HeHpoHa (s OuHapHOoro Heiipona — 0 wiu 1); j u kK — HOMepa HEBEpPHO
Pacro3HaHHOTO U UCTUHHOTO KJIACCOB COOTBETCTBEHHO.

JU1s IepcenTpoHOB 3a1al0TCs CIEIYIONIUe TapaMeTphl:

- Pa3mep ceru NetSize;

- Tapamerp D — «3amuTHBIN KOA(PPUIHMEHT», YMEHBIIAIOMNN aKTUBALIUI0 HCTUHHOTO KJlacca
(yMHOkeHUEM Ha BenuuuHy 1-D), "3arpynnss” oOydeHue nepcentpoHa [6];

- Ilapamerp «, omnpexensromUii CKOPOCTh WM3MEHEHHUS BECOB CBS3€H IpaayanbHOTO
MepCEnTPOHa.

CdopmupoBanHyto B mporecce OOy4eHHs MaTpHIly CBs3ed NepcenTpoHa MOXKHO
COXpaHHWTh B (aije A MOCIEAYIOIEro HWCIONb30BaHMsA. [lepcenTpoH MOKET Takxke
UCTOJIb30BaTh paHee 00YUYEHHYIO MaTpUILY AJIs pacliO3HABaHMUSL.
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baoku Binary / Gradual KNN. bioku peamusytor merox Ommkaifmero cocena,
KOTOPBIN SIBJISETCS OJHUM M3 CaMbIX M3BECTHBIX aJlTOPUTMOB Kiaccupukauuu [12]. Aaroputm
MO3BOJISIET KJIACCU(HUIIMPOBATh IPOU3BOJIbHBIE JIaHHBIE C CaMBIMU CJIOXHBIMH TpaHHLIAMHU
KJ1acCOB U IIyMOM. OCHOBHBIM HEJIOCTaTKOM METOJa SBJISETCS €r0 PECypCOEMKOCTh - OOJIbIIOE
BpeMs Kilaccu(UKaluu U TpeOyeMblii 00beM MaMsTH.

B SNC peammzoBanbl nBe wmomudukaruu Omoka: KNNBinary m KNNGradual,
paboTatomiye ¢ OMHAPHBIMU U BELIECTBEHHBIMU BEKTOPAMHU COOTBETCTBEHHO.

broku mpousBomaTr mouck K OMMKaWIIMX COCENeld K TeCTOBOMY BEKTOPY CpPEId BCEX
BEeKTOpoB oOywaromieil BbiOOpku. Ecnmu K=1, To pesynpTatomM Kiaccu(pUKalMl TECTOBOTO
BEKTOpa CUMTaeTCs Kiacc Ommkaimero Kk Hemy Bektopa. Ecmu K>1, TO pe3ynbratom
KJaccu(UKalMy CUUTAETCS TOT KJacc, MpeACTaBUTENIe KOTOPOro OOoJble BCEro cpenu
HalIeHHbIX K BEKTOpPOB (Ipolieypa «TroJ0COBaHMs»). BIM30CTh BEKTOPOB OMPEIENIOTCS Kak
KOCHHYC yIJ1a WM DBKIUAOBO PACCTOSIHUE MEXKAY HUMH, UJIH 110 IPYroil MeTpuke OJIU30CTH.

Baoku Binary / Gradual SVM. Peanusytor knaccudukarop Ha ocHOBE MeTo10B SVM
(Support Vector Machines) [13].

Metoa SVM nonyuun mupokoe pacnpoctpanenue B 1990x romax ([14], [15], [16], [17]
U CCBUIKM B 3THX paloTax), XOTS €ro OCHOBBI OBLIM 3aJ0KEHBI TOpa3fo paHblie. Meron
MO3BOJIET KIACCHU(PUIIMPOBATh MPOU3BOJIbHBIE JaHHBIE U SBISETCS OJHUM M3 CaMbIX TOYHBIX
YHUBEPCAIbHBIX METO/I0B KIaCCUPHUKAINH.

[Ipu s3xcniepumenTax (pasznen 2.4) BappupoBaiIuch cTangapTHele napameTpel SVM: C u €.
Hcnonp3oBanock RBF-sapo ¢ mapamerpom Gamma.

1.5 lonmojiHUTEIbHBIE 0JIOKH

baok Busyaamzanmum ImageViewer. Peanusyer Busyanuzanuio wu300paxeHUd B
rpaduyeckoil KoHCOMH. B 0oCHOBHOM HCHONB3yeTCs Il MPOCMOTPa OIIMOOYHO PACHO3HAHHBIX
n300paxkennii 6a3et MNIST. OToOpaxkaercs u3o0paxkeHne, HoMep U300pakeHus B 0a3e JaHHBIX
(N), Homep mpaBmiibHOTO Kiacca n3o0paxkenus T (True), a Takyke HOMep PaclmoO3HaHHOTO Kilacca
mzoopaxennss R (Recognized) (Puc. 5). Homepa wu3o0pakeHUii, KOTOpbIE HEOOXOIUMO
0TOOpa3UTh, 33JJAI0TCS KaK MmapameTpsl 0J0Ka B mpoliecce KOHGUTypHUpoBaHus, JIUOO B Mpoliecce
paboThI KOH(PUTYpAITHH.

[T E——— mag...|
T4 T9 T3
A R B R: 7 ‘s R 5
N 247 117 R 249
T8 T 6
o R4 E R5
H01 N 1162

3

T7 T 9

5 R: 9 C} R 5
7393

1522 M: 1709

O 70 ¥ { R
LI—INEBB 2130 T 2135 _'vl

Puc. 5. Ilpumep BbIBOa ImageViewer

Baok ontumuszanuu BekTopoB LBVectorOptimizer. brokx peanusyer duibTpariuio
MacCHUBOB OMHApHBIX MpU3HAKOB. [Ipu 3TOM ynanstoTcs OMHapHBIE MPU3HAKH, KOTOPBIE PEIKO
W/WIM 4YacTo BCTpeyaroTcss B oOywaromieil BbiOOpke. [loporoBeie 3HAYCHUs QUIBTpAINH
(MUHMManpHAs M MaKCHUMallbHas dYacToTa BCTPEUYAaEMOCTH) 3aJal0TcCsl I0JIb30BAaTEIeM B

KOH(HTypamuy npoeKTa.

A
m o

o
w




Source Histogramm
EHistogranm

4

"‘""L' TN
| 2l
Puc. 6. [Tpumep BeiBoga LBVectorOptimizer

Baok cratuctukn MatrixStatistics. biiok peanin3yeT moAcyeT U BbIBOJI CTATUCTUYECKOM
uHpopMaluu (B BHUJAE THCTOTPAMMBI paclpeiesieHus: BECOB) MATPHIIBI CBSI3eH MEpCenTpoHa.
[TomydyenHast ctaTucTUKa OTOOpa)kaeTcsl B BUJE AWArpaMMBbI I KaKI0TO Kiacca B ActiveX-
koHconu (MS Web Chart). [Ipumep BbiBoga 610ka npenacTaBieH Ha Puc. 7, rae mo ocu abcuucc
BBIBEJICHBI BE€Ca MIPU3HAKOB, [0 OCH OPJAMHAT — YaCTOThI BCTPEUAEMOCTH MTPU3HAKOB.

300000
100000 4

O Class0
H Class3
B Classd
O Cla=s?
B Classh
O Classs
B Clazs4
O Class3
104 i I O Class2

ﬂ H W Class
14 . . . Il . . .
0 240 480 720 90 1200 1440 1BE0 1920 2160

10000 4

1000 H

100 H

Puc. 7. IIpumep BbiBoa MatrixStatistics

2 TIPUMEPHBI ITPOEKTOB SNC: KIACCUDPUKAIIUA JAHHBIX

SNC mo3BoJyisieT co31aBaTh MPOCKTHI MJIsi PEIICHUs 3a7ad KiIacCU(PUKAIUKU JTAHHBIX -
OTHECEHHUSI NTaHHBIX K OIHOMY M3 3aJaHHOTO Habopa kmaccoB. OOyueHHe KiaccUpUKAIH
MIPOM3BOJUTCS C HMCIOJB30BaHUEM OOydYaroIieil BHIOOPKH, TI€ MMEIOTCS 00pasibl JaHHBIX C
M3BECTHOM NPUHAUIEKHOCTBIO K Kiaccy. B kauectBe mpumepa ucnonbzoBaHuss SNC s
pemeHuss 3amad  KiacCU(UKAIIMK PAaCCMOTPEHBI MPOEKTHI I KIAcCH(HUKAIMKA BEKTOPOB
BEIIIECTBCHHBIX NMPU3HAKOB U N300paKeHUN PYKOMTUCHBIX CHMBOJIOB.

2.1 IIpoekThI K1acCH(PMKAIUM BEKTOPOB BelleCTBEHHbIX NPHU3HAKOB

B sTom Turme 3anau naHHbIe NpeAcTaBiIeHBI B BUIe Habopa npu3zHakoB. Habop npusHakos
(bopMUPYET BEKTOP, KOMIIOHEHTHI KOTOPOTO SIBIISFOTCS BEIIECTBEHHBIMU YMCIIAMH - 3HAYCHUSIMU
npusHaka. C noMoupio nmpoekToB SNC MpoBOAUIOCH SKCIEPUMEHTATIBLHOE CPABHEHHE Pa3HBIX
QITOPUTMOB KIACCU(UKAIMU HAa CTAHIAPTHBIX TECTOBBIX HAOOpax BEIICCTBECHHBIX JTaHHBIX.
HccnenoBanuch mumpoko pacnpocTpaHeHHbIe Kitaccudukaropsl: K Ommkalimux coceaeit, MeTo
ONOpPHBIX BEKTOpoB (SVM), mepcentpoHbl, a TakXe OpUTMHAJIbHBIE HEHPOCETEBBIE
knaccudukaropel RSC/RTC. Ucnons30Banuch W3BECTHBIE TECTOBBIE BEIOOPKH C HETMHEHHBIMU
rpanunamu kiaccoB — "naBe crupanu” (DoubleSpiral) [18], [19], u "3agaua Jleonapna-Kpamepa"
(Leonard-Kramer) [20].

Kaaccnpukarop RTC/RSC. B SNC peanuzoBaH OpUTMHAJIBHBIM — alrOpUTM
KiaccuuKanuu, OCHOBaHHBIM Ha "KOAMpoBaHWU co ciydaiHeiMu moporamu’ - RTC/RSC [6],
[5] m ero momudukanusax. Takoil crnocod® KOAMPOBAHHS ITaHHBIX MO3BOJIET CO3/ABATh
KJIaCCU(UKATOPHI C BBICOKMM OBICTPOJCHCTBHEM U KAaueCTBOM pAaclo3HaBaHUsA M paboTaTh C
JAHHBIMH, UMEIOUTUMU CJIOKHBIE TPAHUIIbI KJIACCOB.
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B pamkax peanuzoBannoit B SNC monenu knaccugpukatop RTC/RSC coctout u3 aByx
00BbekToB — Koauposiirka RSC u coOcTBeHHO KiaccudukaTopa, B pOJd KOTOPOTO BBICTYMAET
OMHaApHBIA TMepcenTpoH. BmecTe OHM COCTaBISIOT KiaccU(UKATOp C TpeMsi HEHPOHHBIMH
CIIOSIMU: TIEPBBIA (BXOJIHOM) cloil - A HEHPOHOB, COOTBETCTBYIOLIUX KOJUYECTBY aTpUOYTOB
BXOJIHBIX JAHHBIX (9JEMEHTOB BEKTOpa); BTOPOIl (IIPOMEXYTOUHBIA) CIOH - N JBOMYHBIX
HEHUPOHOB; U TPeTUi (BBIXOAHOI) ciioii - C HEHPOHOB, COOTBETCTBYIOIINX KJIacCaM.

B xondurypanuu npoekra ydactBytor cremyromue oowekThl (Puc. 8): DGENFormat,
CodingRSC, BinaryPerceptron, WeightMatrixSaver.

T e e e 1

LSEMFarmat CodingRSC El BinPerceptron

Whotors,
|

DGEMDGEMS CodRsSC

E} E} ".w."eiqhtMatrixil E}

U

s
L _

| wheightMatrin

U

U

Puc. 8. Kondurypamnus npoekra knaccuduraropa RSC

Ha Bxon knaccugukaTopa mojaroTcst oOydaromias M TECTUpYOILas BBIOOPKM B BHJIE
BEKTOPOB C BEUICCTBEHHBIMH KOMITOHEHTaMH. BEKTOpHI mpencTaBieHsl B (hopMaTe MmporpamMmbl
DataGen [3] u HaxoASTCs BO BHEIIHUX (aiinax.

bnox DGENFormat npousBoauT utreHue AaHHbIX U3 (aiina. C ero BBIXOJA JaHHBIE
noctynatoT Ha BxoJ 010ka CodingRSC, rne nmoaseprarorcss KOAMPOBAHHUIO U MPeoOpasyroTcs B
MHOTOMEpHBIE OMHapHBIE BEKTOpHI. [lJis KOAMPOBaHWS BXOIHBIX JAHHBIX JOJDKHBI OBITH
YCTaHOBJIEHbI CIIEAYIOIINE MapaMeTphl: KoiauyecTBO N OMHApHBIX "BTOPUYHBIX" NPHU3HAKOB,
napameTp G (MakCUMalIbHBIN pa3Mep pelenTUBHOTO 1moJjsi) kogupoBanus RSC [5], u HekoTopbie
JONIOJTHUTENbHBIE MTapaMeTphl - TUI M HadyaJlbHOE 3HAYCHHE T'eHepaTopa CIy4aiHbIX YUCell, U Jp.

3akoaMpOBaHHBIC JaHHBIC, TIPEACTABICHHBIC B BHUJE OMHAPHBIX BEKTOPOB, IMOAAIOTCS HA

Bxo7 Onoka nepcentpoHa BinaryPerceptron. Ilepcentpon paboTaet B 0THOM U3 ABYX PEKUMOB —

o0y4eHus: Win TecTHpoBaHus. [lepexon B HyKHBIH peXHM OCYIIECTBIISICTCS C OMOIIBIO JIBYX

yhpaBistonx — 61okoB  control Processing, mpucyTcTByomux B OJOKe HepcenTpoHa

BinaryPerceptron. Marpumna cBsizell, ¢ KOTOPOW ONEpUPYET TNEPCENTPOH, IMEPHUOTUICCKH

coxpansercs B ¢ailn Ha qucke ¢ nomolsio oobekra WeightMatrixSaver.

B pexxume oOyueHuss Ha BXOJX KiaccH(pHUKATOpa MHOTOKPATHO IOAAeTCs OoOydaromias
BbIOOpKa. biok BinaryPerceptron n3meHsieT MaTpuily cBsi3el IepcenTpoHa B COOTBETCTBUU C
anropuTMoM 00ydeHHs. X0 mpoliecca 00ydeHHsT KOHTPOIUPYETCsl KiIacCu(UKaIueid TeCTOBOM
BbIOOpKHU. B mapamerpax mpoekTa kinaccudukaropa 3a1aeTcsi KOJIUYECTBO NMPOXOA0B 00yUEHHH,
MoCJ€ KOTOPOTO BBIMOJIHSETCS TECTHpPOBaHHE. B ommchIBaeMBbIX gajee SKCIEPUMEHTaX STOT
napameTp paBeH | — mocie KaXJIoro Nnpoxoia oOydaromied BBIOOPKH MPOBOAMIICS KOHTPOJIb
pe3yIbTaTOB HAa TECTOBO BBIOOPKE.

Jlpyrue mpoekThl Kjaaccu(puKaTOpoB Ui BEKTOPOB NPU3HAKOB C BEIECTBEHHBIMU
KOMITOHEHTaMHU:

* C ucnonv3oeanuem Kiaccuukamopoé OUHAPHBIX 6eKmOpoe. Peanuszanys Ipyrux TUIIOB
KJ1accu(pUKaTOPOB BO3MOXKHA ITyTEM 3aMEHbI 0JIoKa Kiaccu(pukaTopa OMHAPHBIX BEKTOPOB B
MPOEKTe, onucaHHoM Bbime. OOmas cxema mpoekra nmpu 3ToM He MeHsercs. B SNC
peanu3oBaH M HUCHOBITaH  psAA  OJOKOB  KiIacCU(pUKAIMU  OWHApHBIX  BEKTOPOB:
BinaryPerceptron, BinaryKNN (meton Ommkaiimero cocena), BinarySVM (merox Support
Vector Machines).

* be3 ucnonv3oeanusa Knaccugukamopog 6unapHvix 6eKmopos. boiee TpalulMOHHAs cXeMa
KJaccu(UKaluy He MCIOJIb3YeT IMPEeIBAPUTENIBHOIO BBIJICIECHUS OMHApHBIX MPU3HAKOB U3
BxogHoi wuH(popmarun. Kraccudukaropel paboTalOT HEMOCPEACTBEHHO C BXOIHBIMH
HaHHBIMU. [Ipy 3TOM MPOEKTHI cOCTOAT U3 OJ0Ka-(hopMaTa A YTCHUS BXOAHBIX JAHHBIX U
coocTBeHHO Onoka kimaccudukaropa (Puc. 9). Peanmm3oBan W wuchbeITaH psig  OJIOKOB
KJaccu(uKaluy BEKTOPOB ¢ BellecTBeHHbIMU unciamu: GradualPerceptron, GradualKNN,
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GradualSVM. Kak u B ciydae OWHApHBIX KJIACCH(PHUKATOPOB C KOAWPOBAHUEM, OJIOKH
KJaccu(UKaIUK SBISIOTCS B3aMMO3aMEHSIEMBIMH.

DSEMFormat il GradualPercept
Yectors,
DSERForm.at !

E} 'l.w.l'eiqhtMatrixEl E}

o
s wheighthatrin

Puc. 9. Kongurypauus npoexkra 0JHOCIONHOTO MEPCENTPOHA.

2.2 TecToBBIC 32241

DoubleSpiral (ucxonnasi ¢popmyupoBka). Ita U3BeCTHasi TecToBas 3angaya [19], [21]
SIBJIIETCSL KJIACCHUECKUM TPUMEPOM 3aJlaud HEIMHEWHOH Kiaccupukanmuu. B Takux 3amadax
KJIACChI BXOJIHBIX JJAHHBIX HE ABJISIFOTCS JIMHENHO pa3/IeTMMbIMU B UCXOJHOM IIPOCTPAHCTBE.

B skcnepumenTax mo pemeHuro 3amadn DoubleSpiral (traditional) mcmons3oBaHbI /BE
HEe3aBHCHUMbIe BBIOOPKH MaHHBIX — oOydaromiasi U TectoBas. Kaxkiaas u3 BEIOOPOK COAEPXKUT IO
192 o6pasna nanaeix. B rpadguueckom Buie NCXOTHBIC JaHHBIE peAcTaBieHbl HA Puc. 10.

147+ 14 o+,
N x X X o + y x X X x N .
+ + T + X o+ + * F o4+ X o+
xx++qu‘97xx-'-"‘_‘_>< + xx++xx05?7'(xx++ x L
x P ety X e X s x T e, X ++ .
N L ++4;X<%,« +++ X X . N + o +++ K +, Xx . X
xRy e X X 02 Koo g‘{« RN RO
-16x + X "-o,e%x(‘%:;'ﬁﬁi x + x g4 ||+ 08 dex + % nék -,i‘-l‘;ﬁ X+ v 14 ||+ 08
X 4 it <X + % X 4 X et X+
x v ox o+ Bk x XX ++x + x v ox T+ _ﬁsxxxxx + X
x % i ++ x o+ Xty + x
+ X + + X + x + 4+ + X +
< w Spgxxx LT x e S x T
x ¥ + o+ * x Tl o+
x X ¥ x X
a) Obyyaromast BEIOOpKa 0) Tectupyrorias BEIOOpKa
Puc. 10. Ucxonusie nanasie DoubleSpiral (traditional)
. [Tpumenenne kimaccudukaropa RTC/RSC. Ilpu skcrepuMeHTAIBHOM HMCCICIOBAHUT

TOYHOCTH U CKOPOCTU KJacCH(PHUKAIMN BapbUPOBAIUCH CIEAYIONINE MapaMeTphl: pa3Mep CETH
(NetSize); mapamerp G komupoBmuka RSC; mapamerp D Ounapuoro mepcentpona (Defense
Coefficient). IlocrostHHBIM mapameTpoM KoxupoBmuka RSC — sBIsIOCh  KOJIMYECTBO
MOJIPOCTPAHCTB KAXJO0TO HEMPOHA BXOJIHOTO CJIoA S=2.

= ITpumenenne knaccuduraropa Gradual KNN. TectupoBanue metona «K Omkaimmx
coceqieil» Mpou3BOAUIIOCH C pa3HBIM YHCiIoM coceneil (K), U pa3HbIMU MEpaMu CXOJICTBA MEXITY
Bektopamu: EBkimumoBo paccrosinue (Euclidean); cymma monyneit paznoctu (“Manhattan™). B
KadecTBe "OMOPHBIX TOYEK'" MCIOIB30BaAIach BCS 00ydaroIias BEIOOPKa.

. [Tpumenenne knaccugpukatopa Binary KNN c¢ xomupoBanuem RSC. IlpoBomunoch
TecTUpoBaHUE KiaccudukaTtopa «K Ommkalmux coceneid» s OWHAPHBIX  BEKTOPOB,
MOJTyYEHHBIX KOJMPOBAHWEM HCXOJHBIX MaHHbIX MeTojgoM RSC. U3meHsiemple mapameTpsl —
yicino OMHapHBIX Ipu3HakoB NetSize, MakCHUMaJbHBIA pa3Mep PELENTUBHOTO IMOJI B OJHOM
mmepennn G, kommdectBo coceneit K. Mepa cxonacTBa Mexay OMHApHBIMH BEKTOPAMH
onpenensuiach kKak kocuHyc yriaa (Cosine).

DoubleSpiral (cayuaiinoe pa3Ouenme). [lanHbie Juisi 3TOM 3aJaud MOJIYYEHBI MyTEM
cinydaitHoro pa3zOuenus 384 TOYeK HMCXOIHOW CHHUpAId Ha JIBE BBIOOPKH — OOYYAIONIyIO0 H
TECTUPYIOIIYI0, Kak mpemiokeHo B [21]. Takum oOpa3zom, HEKOTOphIE TOYKH oOOydaromiedl u
TECTHpYIOIIEH BBIOOPOK HE HAXOIATCS B HEMOCPEICTBEHHOW OJIM30CTH JpYyr OT JApyra.
Wcxonnble ganHbie 1S 3TOM 3a/1a4u peacTaBiieHsl Ha Puc. 11.
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a) O0Oyuaromiast BHIOOpKa 6) Tectupyromas BeIOOpKa
Puc. 11. Ucxonnbie nannasie 11 3agaun DoubleSpiral (cmyuaiinoe pazouenue)
3amaua Leonard-Kramer. Dta 3amadya Takke SIBISETCS HM3BECTHOW TECTOBOM 3aadyeh
HeJMMHeWHON kiaccudukanuu. B obGyuatomieil u TectoBoil BeiOOpKax nmeercs no 450 oOpa3nos
nanabiX (Puc. 12).

06 06
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A R
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T — T T +1
06 04 Q2 X% Q2 04 06 %2 -0,
+

| oo
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X

AOQ
+1
X2

06

a) O0ydaromiast BRIOOpKa 6) Tectupyroimas BbIOOpKa
Puc. 12. Ucxonusie nannble 3amgaun Leonard-Kramer

2.3 Pe3y.m)TaT1>1 IKCIICPUMEHTAJIBHBIX HCCJIeIOBAHUM HA TECTOBBIX 3aJa4ax

B Tabn. 1 mpeacraBieHbl pe3yiabTaTbl NpUMEHEHUs peanu3oBaHHbIX B SNC cxem
knaccupukamun RTC/RSC, Gradual KNN u Binary KNN ¢ xonupoBannem RSC st pernenust
TPEeX ONHCAHHBIX BBIIIE TECTOBBIX 3a/ad. TaMm e MpHUBEICHBI Pe3yJabTaThl pabOTHl APYIHX
KJ1accu(hUKaTOPOB M M3BECTHBIX HEMPOIIAKETOB MPH pelieHny 3TuX 3a1aq ([21], [22]).

Tabmn. 1. PegyapTarsl paboThl kiaccudukaropos, peann3oBaHHbIX B SNC.

3anaua
Kaaccudgukarop DS (traditional) | DS (random) | LK
KoanuecTBo 0ommboKk pacno3HaBaHusi, %
RSC + Bin Perceptron 0 2,08 0
RSC + Binary KNN 0 2,08 0,67
Gradual KNN 0 4,27 0,39
Cascade Backprop - 5,7 -
Cascade associative - 7,3 -
Kernel associative - 5,8 -
NeuroLand - - 1,33
NeuralWorks - - 2
BrainMaker - - 19,17
Bpemst 06yuyenusi (KoJ1-BO MPOX0A0B 00y4eHMs):
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RSC + Bin Perceptron 100 Mmc - 20 ¢ 100 Mmc - 20 ¢ 250 mMc - 60 c
Cascade Backprop - 35¢ -
Cascade associative - 1,1c -
Kernel associative - 0,46 ¢ -
NeuroLand - - 7 (400)
Neural Works - - 15 (250)
BrainMaker - - 600 (5500)
Bpemsi pacno3naBaHusi
RSC + Bin Perceptron 10 mc - 200 mc 10 mc - 200 mc 25 mc - 500 mc
RSC + Binary KNN 10mc-13c 10mc-13c 25 mc-60c
Gradual KNN ~10 mc ~10 mc ~25 Mc

CpaBHeHue pe3ynbTaTOB pabOTBHl pa3HBIX KiIacCHU(PUKATOPOB HA OMHCAHHBIX TpexX
TECTOBBIX 3aJa4dax IIOKa3bIBA€T, 4YTO nqun/Ie pe3y.]'H)TaTI)I II0 TOYHOCTH paCHO3HaBaHI/I$[,
CKOpOCTH O00yUYeHUsI, U TI0 CKOPOCTH KJIacCU(UKAIIMK TIOTYyYEHBI C TOMOMIBIO KJIaCCU(UKATOPOB
RSC u Gradual KNN.

2.4 IIpoekTsl KiIaccupurkanmus U300pakeHUuil pyKONMCHBIX CHMBOJIOB

C nomomipio npoekToB SNC mpoBOIMIIOCH 3KCIIEPUMEHTAIbHOE CpaBHEHUE HauOolee
M3BECTHBIX QJTOPUTMOB KJIACCU(UKAIMU HA CTaHIAPTHOM Habope M300pakeHUN pPYKOMHCHBIX
mudp (6aza MNIST [23]). HccnenoBaiuch OpUTrHHAIbHBIE HEWpOCeTeBbIE KIaCCU(PUKATOPHI
LiRA u u3BecTHble Ki1accu(UKaTOpbl APYrux TUIMOB: K OMMKaWIIMX cocelled, METO OMOPHBIX
BeKTOpoB (SVM), mepcenTpoHsI.

IIpoexkr knaccupuxaropa LiRA. Knaccudukarop mo amroputmy LIRA [8], [24]
SBIISICTCA PAa3HOBHIHOCTBHIO Kiaccupukaropa RSC mns cimydas OuHapHbIX u300pakeHuid. OH
TaKk’kKe MOXKET paccMaTpuBaThCsi Kak pa3BuTHe nepcentpoHa Poszenbnarra [25]. OOydenue
HEHPOHOB BBIXOJAHOTO CJIOS PEATN30BAHO IO MpaBHIIy OOYyUYEHHs IMPOCTOrO OHOCIONHOTO
NepcenTpoHa ¢ noMoinpko 0oka BinaryPerceptron.

PeanuzoBannbsiii B pamxkax SNC mnpoekt kiaccudukaropa LiRA (Puc. 13) comepxur

cienytomue  Onoku:  FormatMNIST, ImageBinarization, LIRADistort, LIRACoding,
BinaryBerceptron, WeightMatrixSaver.
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Puc. 13. Korduryparus npoekra kinaccudukaropa LiRA
Bxonnble nannpie uymrtaoTes w3 QaitnoB 6a3st MNIST ¢ momomipio oObekTa
FormatMNIST. TIlpountanHsie u300pakeHHsi OWHAPUBUPYIOTCA C TOMOIIBIO  OJOKa
ImageBinarization. bunapusoBanHble U300paxeHus moaatorcs Ha BxoJ 6noka LIRADistort, rae
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K HUM NPUMEHSIOTCS TpaHCc(hopMalMy — repeMerienus u casuru. Konndyectso Tpancopmanuit
Naist 3amaercs mapamerpamu mpoekta (mpu Ngsg = 0 Tpanchopmammu OTCYTCTBYIOT). [lpwm
NPOBEJICHUN HKCIEPUMEHTOB C TpaHchopManusiMM Ha BXOJ| Kiaccu(ukaTropa IOJAIOTCS
UCXOJHbIE M300pak€HUSI M HECKOJIBbKO BepcUil TpaHCPOPMHUPOBAHHBIX H300paskeHu. Tum u
napameTpsl TpaHcopmaruii cnenu@uYHbl JUIS KaXJoro Homepa TpaHchopmarmu. [lanee
nzobpaxenust konupyrorcs 6iokom LIRACoding, u cpopmupoBaHHble MHOTOMEpPHBIE OMHAPHBIE
BEKTOpHI MOCTYNAIOT Ha BX0J Oio0ka BinaryPerceptron, peanusytoiiero mpouenypy oOydeHus u
KJIacCU(PUKAITUH.

OOyueHnue TMpPOU3BOAMUTCS C pa3HBIMH MapaMeTpaMu  (KOJMYECTBOM HEWPOHOB
MIPOMEXYTOUHOTO CJI0sg W Mapamerpamu kojaupoBimka LiRA), B teuenume makcumym 40
MIPOX0/I0B 00y4arolei BEIOOPKH, MOCHIe KaXI0W U3 KOTOPHIX KaueCTBO OOy4YEHMs MPOBEPSETCS
Ha TECTOBOW BBIOOpKE. MaTpwuiia CBsi3el mepcenTpoHa MEPUOIUYECKH COXpaHseTcs B ¢aii
nomorpio 6moka WeightMatrixSaver.

JApyrue npoekrTsbl KiaaccuGpuKaTopoB pykomucHbIX mugp. PeasmsoBanneie B SNC
O70KM KIacCU(UKATOPOB TaKXKe MCIOJIB30BAHbI JUISL 3aJlaud PACIO3HABAHUS MOJIYTOHOBBIX
n3o0pakeHnii. BO3MOKHOCTH Takoro mnpuMmeHeHusi pocturaercss B SNC myrem 3aMeHbl B
KOH(Urypanuu MpoekTa OJioKa MepcentpoHa OJOKaMU COOTBETCTBYIOIIUX KIACCH(PHKATOPOB.
bbun co3ganbl M MPOTECTUPOBAHBI Pl IPOEKTOB KIacCU(PUKATOPOB ¢ MPUMEHEHHEM OMHAPHOTO
koaupoBanusi LiRA. B psge mnpoekToB mOnMyTOHOBBIE u300paxkeHus ©6azsl  MNIST
HETOCPEICTBEHHO MOaBaIMCh Ha BX0 bl 0J10K0B Kiaccudukainuu Perceptron, KNN, SVM.

Pe3ysabTaThl pacno3HaBaHus pyKONUCHbIX cuMB0JI0B 6a3bl MNIST. Knaccugpukarus
MOJIyTOHOBBIX M300pakeHui mnpousBoaunach Ha 6aze MNIST [23]. baza cogepxutr Habop u3
60000 obyuaronmx 1 10000 TecTOBBIX HNPUMEPOB MOJYTOHOBBIX M300paKEHUH PYKOMUCHBIX
uudp pazmMepoM 28x28 MUKCENEH.

B Tabn. 2 npuBeneHsl pe3ynbTaThl KiacCUPHUKamMU (MPOLEHT OIMIMOOK), BpeMeHa
oOyueHus: U pacno3HaBaHus kiaccugukaropa Binary LiRa na 10000 o0pa3ioB TecTupyromniei
yactu 6a3el MNIST.

Tabn. 2. PezynpraThl paboThl Knaccudukatopa LiRA na 6aze MNIST

. Pa3mep cetun

Ndist 98k | 256k | 512k
Omnbdku kiaaccupukanum, %
0 1,57 1,45 1,33
4 1,06 1,07 0,92
16 0,85 0,70 0,65

Bpemsi 00yuenus

0 313c | 537c | 1065c
4 04349 | 144 2.74
16 334 9.74 1144

Bpemsi pacnio3HaBaHus
— | 2¢ | 39¢ | 1lc¢

B Tabn. 3 mnpuBeneHbl pe3ynbTaThl pacro3HaBaHWs (TPOLEHT OIIMOOK), BpeMeHa
o0y4eHHsT W pacmo3HaBaHUS Ha oOyuwatomed u Tectupyromeil BeiOopkax 06a3st MNIST c
nomoInbio kinaccupuxkaropa SVM (paznen 1.4).

Tabmn. 3. PegynbpTatsl pabotsl kiaccuduxaropa SVM Ha 6aze MNIST

Ndist| Epsilon Gamma C [Pe3yabrat, % Bpewst Bpewms
o0yueHusi, 4 | Ppacmo3H., ¢
0 | 0.001 0,00000047 5 1,41 5.4
3 | 0.001 | 0,0000004768 4 1,07 15
4 | 0.001 [0,000000476837 5 0,96 27,3 150
6 | 0.001 |0,000000476837 5 0,96 49,2
7 10.001 ]0,000000476837 5 0,85 51,5
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Kak Bugno w3 Tabn. 2, konuyecTBO OMMOOK pacro3HABaHHUS YMEHBLIAIOCh C
yBennueHneM KkosmdectBa N HelipoHOB BToporo cios. Hampumep, konndectBo omubok E Ha
10000 tectoBbix mpumepax 0bi0o E=1150 mpu N=4000; E=330 npu N=32000; u E=175 npu
N=256000 (cMm. Takxe [25]). Bpemsa oOyuenus mpu N=256000 coctaBmsuio meHee 10 MuH Ha
2,500-MTI'11 mpouieccope.

Hekotopoe ymeHblIeHHE KOJMYECTBA OMIMOOK OBLJIO AOCTUTHYTO 32 CYET YBEIHUYCHHS
napamerpa D mepcentpona. Hammyummwmii pesynapTaT 6€3 pacmupeHus: oOydaromieil BRIOOPKH
TpaHchopMalMsIMU BXOAHBIX H300paxenuit coctasui 133 ommbku mpu N=512000.

Jlng nanpHeHIIero yMeHbIICHHS KOJMYECTBA OLIMOOK MCIIOJIb30BAJICS PacCIIUpPEHHBIN

oOyvaromuii HaboOp, MOJyYEeHHBI C TOMOILIbIO J00aBIEHUS TPaHCHOPMHUPOBAHHBIX BEpCUil
OpUTHHAIBHBIX M300pakeHU B 0aze AaHHBIX. TpaHchopMamuy MPOU3BOAWINCH C TTOMOIIBIO
oobekra LIRADistort, 1 oCyIecTBISUIMCH CABUTaMHU U HAKJIOHAMH HUCXOJHOTO M300paxenus. C
MOMOIIbI0 00Y4YEeHHsI HA TAKOM PacIIMPEHHOM TECTOBOM HabOpe ObUIM MOJy4YEHBI Pe3yiIbTaThl B
65 ommbok Ha 10000 TecTOBBIX MpUMepax, YTO SBJIAETCS OJHUM U3 JIYUIIMX pE3yJIbTaToB,
MmoKa3aHHBIX B Mupe Ha 6a3ze MNIST [4].
HccnenoBanust MO paclo3HaBaHMIO PYKOMMCHBIX cuMBOIOB 0azel MNIST ¢ momomibio
anroputMa SVM (6e3 mnpenBapuTesbHON OMHApU3allMd M TEPEeKOAUPOBAHUS H300paKeHHIN)
MOKa3aJdy XOPOUIYI0 AWHAMUKY YIIYYIIEHUS PE3YJIbTaTOB C YBEIMUEHUEM 4YHCIIA HCKAKEHUH.
OpHako HE yAaloCh MCHBITATh AITOPUTM Ha OOJIBLIEM YMCIIE MCKaXEHHM U3-3a TOTO, 4TO IS
UCTIOJIb3YyEeMON Bepcusl allTOPUTMOB HE XBaTHIIO UMeloIierocst oobema namatu 4GB.

3AK/IIOYEHHUE

Texymas Bepcusi mporpamMmmHoro Helipokommbiorepa SNC ucnosb3oBanach sl CO3aHUS
U OTJAaJKU OPUIHMHAJBHBIX HEWPOCETEBBIX KJIACCH(PHUKATOPOB Ha OCHOBE anroputMoB RSC u
LiRA. Beimn co3ganbl KOH(GUTYpaly MPOEKTOB sl MPOBEACHUSI OJIMHOYHBIX M MacIITaOHbBIX
CEpUHHBIX OJKCIEPUMEHTOB C IPUMEHEHMEM JTHX, a TaKXKe JAPYTUX H3BECTHBIX
KJIaCCU(UKATOPOB. DTO TO3BOJWIO IMPOBECTU CpPaBHEHHE pPabOTHl PA3IUYHBIX AITOPUTMOB
KJIaccU(UKAIIUK HA Pa3IMUHBIX TUIAX JaHHBIX.

PeanuzoBaHHble aNrOpUTMBI HCHOJB30BAIMCH JUIsl pEIIEHUs 3ajad KiaccupUKaluu
JAHHBIX — PYKONMHUCHBIX IHU(PpP M HCKYCCTBEHHO CTE€HEPUPOBAHHBIX BEKTOPOB MPU3HAKOB.
CoznaHHble TPOTOTUIIBI CUCTEM KJIAcCCH(PHUKAIMU TOKa3aJId pe3ylbTaThl HAa YPOBHE JIyUIIMX
M3BECTHBIX AITOPUTMOB, MIPEBOCXO/IS MX MO psAAY MOKazaTesed (CKopocTh 00ydeHus U paboTsl,
TOYHOCTh pacno3HaBaHus). [Iporpammusbiii HelipoxommbioTep SNC mokaszan cedsi 10CTaTOYHO
yI00HBIM B paboTe, MO3BOJISS CO3/1aBaTh U BBITOJHATh MAacCIITaOHbIE CEpPUIHBIE IKCTIEPUMEHTHI C
KJIacCU(UKATOpaMU pa3IMYHbIX THIIOB M TOJy4YaTh peE3yJbTaThl B BHAEC HHPOPMATHUBHBIX
CIELMAIN3UPOBAHHBIX OTUETOB.

Takum o00pa3oM, pa3zpaOoTaHHBIA M peaTM30BaHHBIA NMPOTPAMMHBIA HEWPOKOMIIBIOTED
SNC mpencrasisier coboit 3QpeKTUBHOE CPEACTBO AJIs CO3AaHUS HEHPOCETEBBIX TEXHOJIOTUMN
pelleHns  Pa3HOIUIAHOBBIX  MPHUKIATHBIX  3aJady. ITO  JIOCTUTHYTO  HCIOJb30BAaHUEM
OpPUTMHAJIBHBIX HEMpPOCETEeBBIX ApXHUTEKTyp, a TakXke peanu3alnuell HeHpoceTeBBIX OJIOKOB
00paboTku MHGOPMAIIMK U APYTUX, UCIIOJIB3YEeMBIX B cucTeMe 0JI0koB, B Bujie COM momynei.
Cuctemnas apxurektypa SNC mno3BosiseT TMOKO KOH(PHUIYypHpOBaTh HEHPOKOMIBIOTEp IS
pemieHuss TpeOyeMbIX 3ajJay, a TakkKe Jerko BKIYaTh B €ro COCTaB HOBBIE OJIOKH,
pa3paboTaHHbIE C Y4ETOM CUCTEMHBIX TPEOOBAHHIA.

Texkymias Bepcusi CHCTEMbl pacCuMTaHa Ha KBATHM(QHUIMPOBAHHBIX IOJIb30BaTENEH,
MIOCKOJIBKY CO3[IaHMe MPOeKTa TpeOyeT 3HaHUS He TOJBKO CIEIU(HUKH pelraeMoi 3a1adyu, HO U
nporpaMMHoil cTpyktypsl SNC u nporpammupoBanust Ha JScript. [losromy BaxkHOW 3anadeit
ABJIAETCS yHNpOIIEeHHE Hucnonb3oBaHusd SNC 18 Mosb30BaTeneil, B YacTHOCTH, 3a CYET
aBTOMATH3ALIUM COCTABJICHUS HEMPOCETEBbIX KOHPUIypalui JUIsi THUIMOBBIX 33Ja4 — HaIpUMED,
BKJIIOYEHHEM IIAOJIOHHBIX KOH(PUTYpALHii, U.T.I1.
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Janprelimee pazsutue SNC npeanonaraeTcst B CIEAYOIUX OCHOBHBIX HAIIPABJICHUSX:
- peanu3alysi HOBbIX aIrOPUTMOB 00pabOTKH MH(pOpMALIHH;
- pacumpeHue (PyHKIMOHAILHOCTH U Habopa OJOKOB B paMKaX CYIIECTBYIOIIEH apXUTEKTYPHI;
- MepenpoeKTUPOBAHNE HEKOTOPBIX CUCTEMHBIX PELICHHH.
B Gosee otnaneHHOM epCeKTUBE TUIAHUPYETCS:
- peanuzanus U MoAJep>KKa pacrlpeeeHHbIX BEIYUCICHUN;
- Iepexo K Kpocc-IuaThOpMEHHON peaan3aiuu;
- BkmoueHne B coctaB SNC cpeiacTB TOMIEPKKHA pEIIeHHs] 3a7a4  HHPOPMAIMOHHOMN
00paboTKHu.
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