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I1. €. XKEPHOBA, €. B. BOISIHCbKUIA

AAEPHA HEUITKA KIIACTEPU3ALIA IIOTOKIB JAHUX HA OCHOBI
AHCAMBJIIO HEHPOHHUX MEPEX

IIpeameToM OCITIDKEHHS B CTATTI € KJIACTEPYBAHHS JaHUX HAa OCHOBI aHCAMOJIIO HEHpOHHHX Mepex. Mera poOOTH - CTBOPEHHS
HOBOT'O MIAXOMy B 3ajadax KJIacTepyBaHHS IOTOKIB JaHUX, KOJH iH(OpMalis HaIXoAuTh B online pexuMi CIIOCTEPESIKEHHS 3a
CIIOCTEPSIKECHHSAM. Y CTAaTTi BUPIMIYIOTHCS HACTYMHI 3aBJaHHA: (DOpMyBaHHS MOJENI aHCAMOJIIB HEHPOHHHUX MEPEX ISt
KJIaCTepyBaHHs aHMUX, PO3pOOKa METOIB KIaCcTepyBaHHSA JaHUX HpU poOOTi 3 JaHMMHU BEIHKHX PO3MIPHOCTEH, pO3poOKa METO.IB
OHJIAWH KJIACTEPYBaHHS JTAaHUX 3 BUKOPUCTAHHSM aHCaMOJIB HEHPOHHUX MEPEK, sKi MPAIIOITh Y MapaielbHOMY pekumi. OTpuMaHi
HACTYIHI Pe3yJbTATH: CPOPMYIHOBAHO MPUHIUIH poOOTH aHcaMOiB HelipoHHUX Mepexxk T. KoxoHeHa, 1 BH3HAYeHI MpakTHYHI
BUMOTH JUIsi POOOTH 3 JAaHMMH BeNUKOi po3mipHocTi. [lokazaHi MOXIMBI HiIXOMM Ul BHUPIIMICHHS II€PEpaxOBaHUX 3aBJIaHb.
JlocmipKkeHO MPUHIMIT POOOTH aHCAMOITIO MapalieIbHO HANAIITOBAHUX KiacTepyBalbHUX Mepex T. Koxonena. [[nst HaBYaHHS mIapiB
aHcamOJII0 HEHPOHHUX MEpEeX BUKOPHCTOBYBAIMCS TPOICIYPH, K MpamoroTh 3a npuHiunoM WTA 1 WTM. Bynu BukopuctaHi
pamianbHO-0a3uCHI (DYHKIIIT U1 MiBUIICHHS PO3MIPHOCTEH BXIHOTO MPOCTOPY. PO3po0iieHo MaTeMaTHUHy MOJIEINb JIJIsl BUPIIICHHS
3a/a4i KJIacTepyBaHHs JaHuX B online pekuMi. Po3poOiieHO MaTeMaTHYHy MOJENb JUIsi BU3HAYCHHS SKOCTI KJIacTEpyBaHHS 3
BUKOpPHUCTAaHHAM iHIeKCY JleBica-bynnena, sikuit OyB nepedopmynpoBanuii 11 online pexxumy. BucHoBku: B po6oTi 3ampomnoHoBaHo
HOBHH MIiAXiM JO 3aBIaHHsS KJIacTepyBaHHsS IMOTOKIB JaHHX, KOJU IH(POpMAIls HAIXOAuTh B online pekuMi CIOCTEPEIKCHHS 3a
CIIOCTEPESIKCHHSAM 32 YMOB, IO KUTBKICTB 1 popMa KiacTepiB 3a3zaieriip HeBimoMa. OCHOBHA ijiesl Miaxony 0a3yeThcsl Ha aHcamOui
HEWPOHHHUX MepeXK, KU CKIalaeThesl 3 camoopraHizoBanux man Koxonena. Bei wienn ancam6iro o6poOisiroTs iH(pOpMamito, ska
TIOCJIIIOBHO IIOJIAETHCSI B CUCTEMY B INapalielbHOMY pexkuMmi. EkcriepyMeHTaIbHI pe3yinbTaTd IMiATBEpAWIN TOH (akT, Mo cucreMa
MOJKe OyTH BUKOPHCTaHa JIJIsl BUPIIICHHS IIMPOKOT0 KoJia 3aBAanb Data Stream Mining.

KnaiouoBi cioBa: knactepyBaHHs; METOH X-CepeiHiX; camoopraHizoBaHa Mama KoxoHeHa, aHcamOnb HEHPOHHHX MEPEK;
CaMOHABYAHHS.

Beryn gacy, a o0csr gaHux N mpakTHYHO HE OOMEKCHHH.
YV nomiOHMX cHTyamisX JOyke e(PEKTHBHUMHU
[Ipo6nema KiacTepu3allii MAacHBiB JaHHX €  TOKazanu cebe KiIacTepyBalbHi CaMOHABYAHHI INTYYHi
CKJIaJIOBOKO YaCTUHOIO KOMILIEKCY 3aBJIaHb, 110 HeﬁpOHHi MCpC)Ki [6'9] i, Tepur 3a BCe, CaMOOpI‘aHi3OBHi
BUpIIIyIOThCA B paMkax Data Mining, a s ii Bupimenns ~ Manu T. Koxonena (SOM) [10], wo oGpobusttors naHi B
Ha CBOTOJHI PO3POOICHO OE3Ni¥ IiIXOAiB, METOIIB Ta NOCHiZIoOBHOMY — pexkumi.  Pesynprar  poborn  SOM

AITOPUTMIB [1-3], WO  Bigpi3HMOTECS ~ omuH  30iraeThes 3 pesynbraTamu K-CepejiHix, MpU IbOMY YHCIIO
Bil OJHOrO $IK BHXIJHHUMH TPHUIYLHICHHSMH, Tak  KJIACTEPIB M TaKOX 3aJa€ThCS alPIOPHO.
i  BUKODHCTOBYBAaHMM  MaTe€MaTH4YHMM  allapaToM. 36eperrn  MoxiuBicTh  online  00pobku  3a

O):[HI/IM 3 HAUOLIBII MOIYJIIPHUX MeTOJj[iB KJIaCTEpPyBaHHA JOIIOMOTI'OKO SOM 1 BCTaHOBJIEHHS 4HUCia KHaCTepiB m 3a
e meron K-cepenHixX, 3aBJSKM HAOYHOCTI OTPUMAHHX  JONOMOTOK X-CEpelHiX MOXKHA, CKOPUCTABLIMChH 1J€€r0
Ppe3yJbTartis, MPOCTOTI BUKOPMCTOBYBaHOTO  KJIACTepyBalbHUX aHcamOuiB [11-14], mpu upomy B sikocti
MATEMATUYHOTO anapary 1 4YHUCEJIbHOT peanigaui]’. CHCMCHTiB chaM6HIO BUKOPUCTOBYBATHU KHaCTprBaHBHi
B pamkax 1mporo migxomy mepembadaerbcs, o  Hekponni manu Koxomema SOM™ [15], xoxHa 3 SKUX
BUXiIHHM MacuB jgaHux X :{X(l),...,X(k),...,X(N)} , pO3paxoBaHa Ha pi3HE YHCIO MOXIMBUX KIIACiB
X(k) =(X1(k),...,Xi (k),...,Xn (k))T cR" K=12..N. m=23,...,M. B2 paMKax. TAKOT0 rn/:[xc.)z[y [EPIIUNA YIeH
. aacamOmo SOM “ B mapi KoxoHeHa MICTHTH BCHOTO JIBa
NOBUHEH OyTH po30MTHII Ha M HENEPEeTHMHHHX OITyKJINX 5 -
JIHIHHO PO3ALIBHUX KJIACIB, IIPU IIbOMY YHMCJIO IIMX KjaciB ~ HEMPOHHM 3 BEKTOpAaMM CHHANTUYHMX Bar Wi ,Wp, a
M 3a7aCTbCA ATIPIOPHO, BUXOMATH 3 THX HH AHIIHX, K- orapyiii SOM™ - M HEHWpOHIB 3 BaraMM-IEHTPOiTaMHU
TPABHJIO, EMIHPUYHUX HPHITYIIEHE. . MM M
AJBTEpPHATHBOIO EMITIPUYHOMY MiAX0Xy € Jocutb W ,Wo ,...,Wpy .
¢dopmarmizoBannii Meron X-cepemHix [4, 5], BempMu B
TpOMI3AKMHA 3  OOYMCIIOBANBHOI  TOYKH  30py i
MOB'SI3aHMA 3 JOCHUTh  CYBOPHMH  amnpiOpHUMHU

CTATUCTHYHUMH NPUIYIEHHAMHU PO XapakTep POSOALTY  penenviowels, ska MOKa3ana HANKpAIMii pe3yibTar y

BUXifHMX faHux. Kpiv Toro, obmasa wi METOAM  copci 3acToCOBYBAHOTO KPHTEPIO SKOCTI KIacTEpH3arii
BUMaraloTh  Garatopasosoro  mepeGopy  ZaHHX Y o qg]
, 16].

BHUXITHOMY MacuBi X, IO OOMEeXye iX MOMIJIHMBOCTI B
3agagax oOpoOkm BenMkux MacuBiB iHpopmauii (Big
Data) i moToKiB JaHWX, KOJM iHQOpMALliS MOAAETHCS Ha
BXiJ KJIACTEePYBaJIbHOT CUCTEMU MIOCTIIIOBHO
CIIOCTEPEKEHHS 32 CIIOCTEPEKCHHSAM B online pexuMi
(Data Stream Mining). VY 1wt cuTyamii HOMep
crioctepexeHnst K HabyBae CEHCY MOTOYHOTO AUCKPETHOTO

npoueci  poboru aumcam6mo Bci  SOM™
(YHKIIIOHYIOTh TapajiebHO, a B SKOCTI (hiHAJIBHOTO
pe3ynbTary — OOMpaeThCs — KiacTepyBallbHA — Mepexa-

Bimznaunmo, mo moaidHO A0 TOTO, K B KOXHIH 3
SOM™ ma koxHOMy Kpori 00po6ku indopmamii K
obupaeThbesl CBilf HEHpOH-TIEpeMOJKellb, TaK 1 B aHcamOui
Ha KOXXKHOMY KpOIll OOMpaeThCsi HEHpOHHAa MepeKa-
MmepeMoXKenpb, sSKka 3abe3ledye HaHKpamuid pe3yibTaT
KJIacTepH3arlii.

©OTI. €. XKepHoga, €. B. bogsucokuii, 2018
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CyTTeBUM OOMEXEHHSM, IO 3HMKYE MOMJIUBOCTI
noAiOHOTO MiAXOoAy, € BUMOTa JIIHIHHOI PO3IUIBHOCTI 1
ONMYKJIOCTI (JOPMOBAHMX KJIACTEPiB, B TOW Yac K peaybHi
JMaHi  MOXYTh  YTBOPIOBAaTHM  KJIacH  aOCOJIOTHO
MoBUTBHOT  opMmu. VY  TOMIOHMX CHTyaIlisIX ayXke
KOPHCHHM MOXE BHSBUTHCS BHKOPHCTaHHS TEOPEMH
Kosepa (T. Cover) mnpo IiHIHHY pO3AUTBHICTE B
MpOCTOpax O3HAK MiABHUINEHOT po3MmipHOCTI [17] 1 smp
Mepcepa (J. Mercer) [18], mo 3abe3neuyoTh Ie
migBumieHHs. Ha  ocHOBI  Takoro migxomy —Oymu
po3po0ieHi, Tak 3BaHi, SJEpHI CaMOOPraHi3oOBaHi Maru
(KSOM) [19,20], ski moka3zamu rapHi pe3yJbTaTd B
YMOBax KJIaciB JOCHTH JOBUIBHOI (GOpMH IpH BifOMiH iX

QL NL

KiIBKOCTI M 1 B yMoOBax
00po6moBaHoi BuOipku N.

V 3B'I3Ky 3 UM € JONUILHOIO PO3pOoOKa aHCaMmOIIo
SOCPHUX  KJIACTePYBAIbHHX  HEHPOHHHX  MEpEeXK,
nmpu3HadYeHoro st online 0OpoOKH TIOTOKIB JaHHUX B
yMOBaX HEBiZToMOi a00 3MIHHOT KIIKOCTi KJIaciB.

(ixcoBaHoro o0Gcsry

ApxiTekTypa aHCaMOJII0 AIEPHUX KJIACTePYBAJIBLHHX
Hel{POHHMX Mepex

Ha puc. 1 HaBeneHa apXiTekTypa aHCamOIIO
SICPHUX KIACTEPYBaJbHUX HEHPOHHUX MEpeK, sKa
MICTUTB I'SITh IapiB 00poOku iHdopMaii.

SL VL

X1(k) ( : }
S ®1(x)

x2(K) 7 )

@ 2(x) @ 2(x)

9 1(x) \

@l(x) @ 1(x)

Xn(k) ( : :

@ h(x)

M
Vi

Puc. 1. ApxiTekTypa aHCaMOIIIO SAEPHUX KITaCTePYBATLHIX HEHPOHHUX MEPEx

Buxinna iHpopMaris, sKa miiarae KIacTepyBaHHIoO,
MOJAETHECS HA HYNHOBHH (BXIIHUI) IIap CHUCTEMH Y
Ui mocmigoBrocti  X(2), X(2),..., X(K), ..., X(N), ...,
3BIIKM HAJXOJWTh Ha mepuiuii npuxoBanuii mrap (RL)
pamianpHO-0a3ucHUX (PYHKIIH, yTBOpeHUi R-HelpoHamu.
Came B T1pOMY Tmapi BigOyBaeTbCs — ITiJBUINCHHSI
PO3MIpPHOCTI BXiZHOTO MPOCTOPY 32 JOMOMOIOK CHCTEMH
sinepHux GyHKIH @ (X), @5 (X),.... 0 (X),.... oh(X) , h>n,
B SKOCTI SIKHX BHKOPHCTOBYIOTHCS a00 TpaauIiiHi
rayccianu, abo iHIIi A3BOHYBATI (QYHKIIIT, HATIPUKIIA],

-1
x-al® | _ %

Yo Vo +Ix—al?

o (x)=|1+

ne € —(nx1) - Bexrop, mo 3amae "ueHTp" pamiagbHO-
6asucHoi yHkiii ¢ (X), Yp - CKalSAPHUA Mapamerp, 1o

BU3Ha4ya€e 00JACTh PEENTOPHOrO Mojis — "mupuHy" mi€el
G yHKIIIT.
Takum 4YMHOM, NPU HAAXOJKEHHI Ha BXiJ| CUCTEMHU

T n
x(k) =(X1(k),..., Xn(k)) eR",
Ha BHXOJI MIEPIIOTo MIPUXOBAHOTO mapy
RL (bopmyeThCS BEKTOPHUH CUTHAI

P(X(K) = (@, (X(K)),-... A (X(K)), ... 3, (X(K)))T €R", h>n.
Hpyruii  mpuxoBanmit  map NL  peanizye
elleMEHTapHy omepaliro Hopmanizanii curnany ¢(x(K))

BEKTOPHOI'O CUTHATy

~ k
BHY ¢(X(k)):M

o ()]

poOOTH TPETHOTO MPUXOBAHOTO mapy SL, yrBoperoro (M-

HeoOXxinHy A edeKkTUBHOI

1) camoopranizoBanumu Manamu Koxomena SOM™,

KO)KHA 3 SKAX TMpame B MPUIYIICHHI, 10 B

00po0ITIOBaHI# BUOOPIII JAHUX MICTHTHCS M KIIACIB.
SkicTh KacTepu3alii, Mo 3a0e3MeYyeThCS KOKHOIO

SOMm, OIIIHIOETHECS 3a JIOIIOMOIOI0 TOIO YH IHIIOIO
iHAexcy Bamimamii [2] B 4eTBEpPTOMY IPHXOBAHOMY MIapi

VL, e 00YHUCTIOIOTHCS BIAIIOBIIHI 1HIEKCH
VI2,VI3,...,VIm,...,VI M I KOXKHOTO 3 MOXKIMBHX
m=2,3,..,M.

I, HapemTi, y BUXiJHOMY IIapi, IO MICTUTH €JUHUH
BY30JI - JETEKTOp ONTUMYMY, BU3HAYa€TbCs KOHKPETHA

soM™ 110
KJIacTepH3allii,

3abe3mneuye
OpU  IBOMY

HallKpaity AKICTh
BBAXKAETbCS, IO B

. . . * .
AQHaAJI1I30BAHOMY MAacCHBI JAaHUX MICTUTLCS M KJIaCTEpI1B.

CamoHaBYaHHS f11ePHOI KJIACTEPYBAJIBHOI CHCTEMH HA
OCHOBI aHCaM0JII0 HEliPOHHUX MepeiK

IMporiec caMOHABYaHHS JaHOI CUCTEMH PEali3yeThes
Ha piBHi mepiuoro mwapy RL, e HATAMTOBYIOTECS LEHTPH
¢, 1=12,..,h sgepunx ¢yukuii ¢(X), i Tpersoro
NpUXOBaHOTO Inapy SL, Je yTOYHIOKTHCS CHHANTHYHI
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Baru WT , m=2,3,..,M, j=12..,m  KOXxHOI

HeiiponHoi Mepexi SOM™ ancam6iio.

PosrnssHemMo  cmodatky — mporiec
HEHTpIB  saepHUX  (QyHKIiH, 110
TTOCJTITOBHOCTI HACTYITHUX KpOKiB [21]:

Kpox 0: 3apatu noporose 3Ha4eHHs A, 1110 BU3Ha4ae
piBEHb HEPO3PI3HEHOCTI ABOX CYCITHIX SACPHUX QYHKIIIH,
MaKCHMAJILHO MOXJIMBY KiNTbKicTh X ¢yHKmA h i
TapaMeTp PELenTOPHOTO MO 7, -

HaJlallITYyBaHH
CKJIaJa€TbCs 3

Kpox 1: mpu momaBaHHI Ha BXiJ CUCTEMH IEpIIOTO
BekTopa - cnocrepexents X(1) dopmyerses mnepimuii

LEHTp C; 1Meplia paaiaabHO-0a3ucHa QyHKIIA
Yo
2
7o *|x=al
e ¢ =x(1).

Kpox 2: npu mopaBaHHI Ha BXiJ CHCTEMH APYroro
croctepexeHnst X(2) mepeBipseThCs HEPIBHICTD

[x@-cf<a

1 SIKIO BOHA BUKOHYEThCS, TO X(2) He (opmye HOBHIA

LCHTP, SAKIIO K BUKOHYETHCS YMOBaA

A<|x@2)-¢| <24, 1

TO C KOPUTYETBCSA  BIATIOBIAHO 10  TpaBHJIA

camonaBuaHHs T. Koxonena "Ilepemoskerns orpumye Bee"
[10]:

¢.(2) =c,(D)+n(A)(x(2)-¢c, 1), )

ne €, (1) =x(1), 0<7(2) <1- mapameTp KpOKy HABYAHHS.

SIK1110 X BUKOHYETBCSI yMOBa
2A <|x(2) -],

TO (hOPMYEThCS HOBA siZiepHA (PYHKIIis

e e
Vo tlx=cal” 7y +x=x()
Ile#i mporec peami3yeTbCsi TMNPH  HAAXOJDKEHHI

KOXHOTO HOBOTO crioctepeskerss X (K). Skmio s Ha kporri
N Gyme chopmosano h pamianpHO-6a3rcHEX GYHKIIH, TO
B TMOJANBIIOMY iX KIJBKICTh He 30UIBIIyEThCSA, a
YTOYHEHHS Bxe copMmoBaHuX LeHTtpiB ¢, 1=12,..h

MOXX€ TPOBOJMTUCS TUTbKH 3TigHO 3 yMmoBow (1) i
MIPaBWJIOM CaMOHABYaHHS (2).

[Iporiec HamamTyBaHHS TPETHOTO IPUXOBAHOTO
mapy TaKoX CKJIamaeTbcss 3 Tpbox eramiB  [10]:
KOHKypeHIii, Koomepauii i CHHanTHYHOI ajanTamii i

peanisyerbest s koxknoi SOM™ ancam6i1r0, TIpH ITLOMY
BEKTOPU CHHANTHYHUX Bar er“ OmUCy0Th h-BUMIipHI

HEeHTPOoinu (POPMOBAHUX KIIACTEPiB.

Ha erami koHkypeHWii curHan C  BUXOAY

apyroro mpuxosanoro mapy NL ¢(x(k) € R" naaxomuts

Ha BXOIM BCIX SOMm, Jie TIOPIBHIOETHCSA 3 KOXKHHAM 3

BEKTOPiB CHHANITHIHUX Bar WT (k=1) B cenci Bigcrani
D(p(x(K). W] (k=D = |o(x()-w] (=D, (3

j=12,.m; m=2,3,..M . Ockinbku "(p(x(k))":l, TO

3aMICTh €BKJIIZIOBOi MeTpuku (3) Habarato mpocTiie
BUKOPHUCTOBYBATH KOCHHYCHY Mipy ITOAiOHOCTI

sim(@(x(k)), w] (k ~1)) = ¢" (x(YW' (k-1),

3a momoMorow skoi s kokuoi SOM™ BusHauaetnes
CBili HEHPOH-TIEPEMOKEIh, IS IKOTO

@' (x(IW" (k1) = mex @' (x()W (k-1) .

Ha erami koomepanii Bce M-1  HelipoHiB-
MEPEMOXKIIIB aHcamOJIo ¢bopmyroTh obunacri
TOMNOJIOTIYHOIO CYCINCTBA, B SKHX HAJAIITOBYIOTHCS
HE TUTBKA IIi TEpeMOXIN, a W iXxHi HaHOMMmKYi
cycimm. Ilg  oOmacte  ommcyerbcs — (PYHKIISIMHU
cycizctea  ¢(j,1), B sKOCTI SKHX MOXYThb OyTH
BHUKOPHUCTAaHI SIepHI ¢byHKIii aHaJIOTIvHI

panmianbHO-0a3UCHUM (DYHKIISIM TIEPIIOTO MPUXOBAHOTO
mapy:

: 4
o(ih) =—— —
i (=D - (k-]
Ha erani cuHantuaHOi amanTamii BigOyBaeThCs
YTOYHEHHSI CHHANITUYHHUX Bar-1eHTpoi B
KOXHOI 3 som™ 32 JIOTIOMOrOI0  TpaBuiia

camonaBuanHs T. Koxonmena "Ilepemokens oTpumye
Oinpme’":
w" (k) = w" (k1) +17(k)eo(§, (go(x(K)) —

-w" (k -1). @

*
HeckmagHo 6auuTH, 1Mo A MEpeMOKIIT W;-n (@)

30iraeTbes 3 MpaBUIOM HaBYaHH 2).
Heo0xinHO 3ayBaknTH, 110 B MpPaBWIi caMOHaBUYaHHS (4)

napametpu  kpoky 7(K) 1y  obuparoThes, K
NpaBWJIO, BUXOJIIYM 3 CEMIIPUYHUX MIpKyBaHb 1
NMOBUHHI ~ MOHOTOHHO  3MEHIIyBaTucs B  IIpoleci
HaJIAIITyBaHHS.

Le#t mporec 3py4HO OpraHi3yBaTd 3a JOTIOMOT'OI0 CHCTEMH CITiBBiTHOIICHB!

n(k) = r(K); r(k) = ar(k-1)+[@(x()| = ar(k-1)+1,

y(K) =nkK)y(k-1), 0<a <],
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gKi Tmpu o =1 aBTOMAaru4yHO MEPETBOPIOIOTHCS B
MIPOIIETyPY CTOXACTHYHOI allpOKCHMAITi.

HecknamHo mOMITHTH, IO NEpIIWi 1 TpeTid wapu
cucteMd (PaKTHYHO HABYAKOTHCS 3TIHO OJHOTHITHUM

npoueaypam Tty WTA 1 WTM [10].

HanamTyBaHHSI 4eTBePTOro MPUX0BAHOTO MIAPY

Y  d4eTBepTOMY IpPHUXOBAaHOMY INApi CHUCTEMH
MIPOBO/IUTHCS OLIIHKA SIKOCTI KJIacTepH3allii 3a JJ0IOMOTr0I0

Toro um inmoro ingexcy Bamizauii VI™ [1], mpu mpomy
el 1HAEKC pPO3PaxoOBYEThCS I KOXHOI 3 Man KoxoHeHa

SOM™, m=2,3,...M . B sKoCTi Takoro iHaekcy 3pyd4Ho

BHKOPUCTOBYBATH KpHUTepiit [esica-bynnena
(Davies DL, Bouldin DW) [22], 3a momoMmororo
SKOTO  MOKHAa  OLIHIOBATH  SKICTh  KJIacTepu3arii
HaBITh y  pa3i  HechepuyHHX  KJACIB. Jost

BUIAJIKy M KJIACTEPiB IeH iHICKC MOXKe OyTU 3amucaHuil
Y BULJISII

s(w]' (K),uj (K), p(x(k)) = s(wg' (), ug (), p(x(k)))

m
DB(m) = Y. max
j:]_]SqS.m
a#]
ae D(WT(k),Wan (k)) - BimcraHe MK TEHTpPOiTAMH:

D(W]' (), w (k) = W () - wf ()],

s(w' (k),uj (k), p(x(K))) =

uj(k) - uiTka QyHKLis HANEXKHOCTI BekTOpa @(xX(k)) no
j-To KnacTepy BUIIISY:

Ui (K) = 1, sxmo @(X(K)) Binnecen 10 j-ro knactepy,
o IHIIIOMY BHIAJKY.

. . . . . *
B skocti onTuManbHOI KiJIBKOCTI KiactepiB M
oOupaeThcs 3HaueHHs, 110 3abe3neuye MiHiMym DB (m),

10610 DB(M") = Min { DB(2), DB(3),..., DB(M)} ,

DW] (), Wi (K))

XapaKTCPpUCTUKHU

s(w' (k),u; (k), p(x(k))) -

BHYTPIIIHBOKJIACTEPHOTO PO3CIFOBAHHS 11 j-TO KJIacTepy:

1
N

uy0scion-wicoff
k=1

N
2. uj(k)
k=1

KU PO3PaXOBYEThCS Y BUXITHOMY LIapi.

[pu  o0poOmi  HecTamioHapHUX
HamxomaTh B online pexumi, ingexkc DB (m)
JMOUITPHO MOAWUQIKYBaTH s POOOTH B  pEXHMI
""KOB3HOTO BikHA" po3MipHOCTI 1<s<N.
[pu BOMY Moudikarii M TAI0THCSA
TITBKM ~ XapaKTEepPHUCTHKA  MDKKIACTEpHOI  BijCTaHi,
SIKi PO3pPaxOBYIOTHCS Ha "KOB3HOMY BiKHI'" 3a JIOTIOMOTOIO
BUpazy

IaHUuX, 110

1
k

> oot -wieof

s (K), uj (K), @(x(K)),5) =| ===

Ipu [BOMY TMependadaerscsi, mo oOcsr BuOipku N
HEOOMEXKeHHi, a  3pocTae 3  IUIMHOM  dYacy
k=12,...,N,N+1,...

Pe3yabTaTn MoaeIl0BaHHSA

Mu BUNpOOYBaIM 3alpOIIOHOBAHUN METO/ 13 JBOMA
pi3HMMHM HaBYaJIbHUMHM Habopamu nanux. Ilepimii Habip
JaHUX IITyYHO CTBOPEHO TaK, IIO BiH MICTUTE 3
kiactepH, 300 criocTepeskeHb, KOXKHE CIIOCTEPEKEHHSI Ma€e
3 o¢ynkuii. Jdpyruit HaGlp nanmx "Ipuc" B3sto 3 UCI-
penosutopito [24]. Leit HabGip manux ckiamgaerbes 3 150

CIIOCTEPE)KEHb, SKI TOMUISIOTECA Ha 3 KiacH, Je
KOYKHE CITOCTEPEIKCHHS Mae 3 BHITaIKOBI
¢ynkmii.  Kimactepum  9iTKO  BHAHO B IITYYHOMY
CTBOpEHOMY  Habopi  JmaHuX 1  TIOKa3aHi  Ha

PUCYHKY 2.

k L
> uj()
r=k-s+1
OOuncmoBanbHa  TOYHICTB 3aIPOIIOHOBAHOTO
Merony Oyna TOpiBHSHa 3 BIJJOMHM aIrOPUTMOM

K-means ta HaBeneHa y Ta0mumi 1.

15

Puc. 2. llItyyno 3reHepoBaHuii Habip JAHUX
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Tabauns 1. Pezyrsmamu knacmepyéants 0711 pi3Hol KITbKOCmi Kiacmepie

| SOMM | k-means
IlITy4Ho 3reHepoBaHuii HA0ip aHNX
TOYHICTD KJIacTepizawil [uist 2-X KiacTepiB 0,71 0,70
TOYHICTh KJIacTepizamii Jyst 3-X KiacTepiB 0,89 0,76
TOYHICTh KJIacTepizaii JJst 4-X KiacTepiB 0,68 0,67
"Ipucu @imepa’
TOYHICTh KJIacTepizamii JJist 2-X KiacTepiB 0,84 0,83
TOYHICTh KJIacTepizamii Jyst 3-X KiacTepiB 0,91 0,87
TOYHICTb KJIacTepizawil 1t 4-X KinactepiB 0,72 0,73

Jnis Bisyanizaiii B3ATi HA0OpH JaHUX MPOCKTYBAIH

3a jpomomoroto Mmeroxy PCA (aHami3 OCHOBHHX
KOMIIOHEHT) Ha TpH OCHOBHI KOMITOHEHTH.
-;'..
-, :..

Pesynerati poOOTH aHCaMOJII0 HEYITKOI KIIacTepyBaHHS
MOTOKIB IaHUX HABEJICHO HA PUCYHKY 3.

a) lTy4no 3rerepoBanHuii Habip JaHUX

6) "Ipucu Dimepa”

Puc. 3. PesynpraTi Bi3yanizauii 3aripornoHOBaHOTO aHCAMOITIO
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BucHoBKkH aHcamOIIIo HeﬁpOHHHX MEpEK, CICEMCHTaAMU SIKOI0 €

camoopranizoBui Manu T. Koxonena. 3ampomnoHoBana

V cTaTTi NponoHyeThes HelpoMepekeBHit Miaxia o ~ CUCTEMa  XapakTCPHU3YETbCS — HPOCTOTOK  YHCENIBHOI

3amadi  KiacTepusaiii IMOTOKIB JaHUX, sKki B online peamizaiii, BHCOKOIO IWIBHAKOAI€I0O 1 Moxe OyTH

pe)KI/IMi HAIXOMATh Ha 06p061(y’ B HpnnymeHHi’ 110 BUKOpHUCTaHa JJIsd BI/IpiH.ICHHﬂ IIMPOKOTo Kjacy 3aaayd

3a3/anerigb HeBioMi KiNbKiCTh KiacTepiB Ta ix ¢opma. OOpOOKM — MOTOKIB ~ JaHMX B YMOBAaX  ampiopHOi
B 0CHOBI TiIXO/y NEKUTH ifies AAepHOT KIacTepH3allii Ta ~ HEBM3HAYEHOCTI MO iX BJIACTHBOCTI.
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SINEPHASI HEUETKASI KJIACTEPU3AIIUS IOTOKOB JJAHHBIX HA OCHOBE
AHCAMBJISI HEUPOHHBIX CETEMN

I[peameTroM wuccieqoBaHWS B CTaThe SBISAETCS KIACTEpPH3alUs JaHHBIX Ha OCHOBE aHCaMmOls HEHPOHHBIX —CeTeil.
Ileab paboThl — CO37aHHE HOBOTO IMOJAXOJA B 337adax KIacTepU3allMU MOTOKOB JAHHBIX, KOrjaa WH(OpMaIms mocTymaeT B online
pexxuMe HaOmrogeHWs 3a HaOmioneHMeM. B crathe pemiaioTcs cieayomue 3agadd:  (GopMHpOBaHHME MOJENM aHcamOuei
HEHpPOHHBIX CeTeH JUIsl KIacTepu3allMd JaHHbIX, pa3paboTka METOJIOB KIACTepU3allMM JAHHBIX TNpU padoTe ¢ JaHHBIMHU
OOJBIIMX pPa3MEPHOCTEH, pa3paboTKa METOMOB OHJIAWH KJIACTCPU3AIMH JAaHHBIX C KCIOJIb30BAaHUEM aHcamOJel HEHpPOHHBIX
ceTed, paboTalOMMX B TMAPAJUICIIFHOM pexuMe. [lolydeHbl Clenyromme Ppe3yabTaThl:  cHOPMYIUPOBAHBI  TIPHHIUITEI
paboter aHcamOuieli HelipoHHBIX ceTeld T. KoxoHeHa, W ompeneneHbl NpakTHYecKHe TpeOOBaHMs IS PadOTHl C JaHHBIMH
Oonpmiol  pasMepHocTH. [loka3aHBI BO3MOXKHBIC TOJXOIBI JUISI PEHICHUS TEePEYMCICHHBIX 3amad. VlccliemoBaH TMPHHIHIT
paboThl aHCaMOIs TapajuleIbHO HACTPOCHHBIX Kkiactepusyrommx cereil T. Koxonena. [l oOydeHus cioeB aHcamOIs
HEHPOHHBIX CETed WCIOIb30BAIUCH MpoUeAypbl, pabotatromue 10 npunuuny WTA u WTM. bBeui  ucnoib3oBaHbl
pannanbHO-0a3sucHbIe (GYHKIMKM JUIs  TIOBBIIMICHHS Pa3sMEPHOCTCH BXOMHOTO MpOCTpaHcTBa. PaspaboTaHa MaremaTHUecKast
MOZCIb I PEIICHUA 3aJavyd  KIaCTEpu3alMyd JaHHBIX B online pexXKUME. PaapaGOTaHa MaTreMaThudyeCKasd MOACHb JJIA
ONpE/eNeHNsT KauecTBa KJIACTEpU3alMHM C HCIOJb30BaHHeM uHAekca JlaBuca-bynnena, kotopbiidi Obul mepedopMyIHpoBaH
it online pexuma. BeiBogbl: B paboTe mpemioskeH HOBBIM MOIXOHI K 3ajadye KIACTEPH3alUM IOTOKOB IaHHBIX, KOTIa
nHpOpMaIMs TocTyrmaer B online pexuMme HaONMIOJCHHE 3a HAONIOACHWEM T[PH  YCIOBHH, 4YTO KOJIMYECTBO U
¢dopma KkmactepoB 3apaHee Hewms3BeCTHbL. (OCHOBHAas HJIes OTOr0 IOAXOAa Oa3Wpyercs Ha aHcaMmOlie HEWPOHHBIX
ceTed, KOTOPBIM COCTOMT M3 caMmoopraHm3yrommxcs kapt KoxoHena. Bce wienbl aHcam0iisi oOpabarbiBaoT WH(OpPMAIIHIO,
KOTOpasi  IMOCIeNOBaTeNbHO  IOJACTCSI B CHCTEMY B IMapajlIeIbHOM  pEXHME.  OKCIICpUMEHTAlIbHBIE  PE3yJbTaThl
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NOATBEPAUIIN TOT q)aKT, YTO paccMmarpuBacMas CHUCTEMa MOKET OBITH KCIIOJIL30BaHa JUIL pCIICHUS MIMPOKOIro Kpyra 3aJlad Data
Stream Mining.

KiaoueBrblie ciioBa: KﬂaCTepI/IBaHI/IS{; MCTOJ X-Cpe,JIHI/IX; CaMOOPIraHU3YyIOLIasACs KapTa KOXOHeHa; aHcaMOJIb HeﬁpOHHLIX CeTefI;
camMoo0y4eHHe.

KERNEL FUZZY CLUSTERING OF DATA STREAMS BASED ON THE ENSEMBLE
OF NEURAL NETWORKS

The subject matter of the study is data clustering based on the ensemble of neural networks. The goal of the work is to create a new
approach to solving the tasks of clustering in data streams when information is fed observation-by-observation in online mode. The
following tasks were solved in the article: the model of neural network ensembles for data clustering was created, the methods of data
clustering to process mass data were developed, the methods of online data clustering of data using neural network ensembles
working in the parallel mode were developed. The following results were obtained: the operation principles of the ensembles of the
Kohonen neural network were formulated and practical requirements for dealing with mass data were specified. The probable
approaches to solving these problems were indicated. The operation principle of the ensemble of parallel tuned Kohonen clustering
networks was studied. The procedures based on the WTA and WTM principles were used to train layers of the neural network
ensemble. Radial basis functions were used to increase the dimension of the input space. The mathematical model was developed for
solving the problem of data clustering in online mode. The mathematical model was developed to determine the quality of clustering
using the Davies-Bouldin index, which was rewritten for online mode. Conclusions. The paper proposes a new approach to solving
the problem of clustering data streams when information is fed observation-by-observation in online mode, provided that the number
and shape of clusters are unknown in advance. The main idea of this approach is based on the ensemble of neural networks, which
consists of Kohonen self-organizing maps. All members of the ensemble process information that is sequentially fed into the system
in parallel mode. Experimental results confirmed the fact that the considered system can be used to solve a wide range of Data Stream
Mining tasks.
Keywords: clustering; X-means method; Kohonen self-organizing map; neural network ensemble; self-learning.




