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AJJAIITUBHAS OINEHKA BECOBOTI'O KOO®PUIIUEHTA
B AJITOPUTME JTUHAMUWYECKOM KJIACTEPU3AIIMUA JAHHBIX

PaccmarpuBaeTcs amanTHBHBIM — alrOpUTM — ompenesieHust Kod(QQHUIMEeHTOB  3aTyxalomeld OKOHHOH MOZeNH
nuHaAMPIeckoro EM-anropurma KiracTepu3aniy IOTOKA JAHHBIX. AJITOPUTM MIPEAHA3HAUCH JUTS KJIACTePU3aNH JaHHBIX
C HOPMAITBHBIM pacrpererneHieM B R”, mapaMerpsl KOTOPOrO M3MEHSIIOTCS BO BPEMEHH, UTO COOTBETCTBYET CHUTYAIMH B
pEaNbHBIX TUHAMHYECKHX CHCTEMAaX, TaKMX KaK KOMITBIOTEPHBIC CHCTEMBI, CETH CBs3M M T.IL. Il pacueTra BECOBBIX
K03 GHUIHEHTOB TpeOyeTcs XpaHEHHe OrpPaHUYCHHOrO 00BbeMa IAHHBIX, alnropuUTM 3(P(HEKTHBHO BBIYHCINM, MOXKET
MPUMEHATECS B CHUCTEMax pealbHOro BpeMeHH. [IpuBeneHs! MaHHBIE BBIYHCIUTEIBHOTO OKCIICpUMEHTa (Ha
HMMHTAIMOHHON MOJIETH TIOTOKA).

KiioueBble c10Ba: anropuT™M KIIACTEPHU3AlUK; MTOTOK JAHHBIX; CHCTEMBI PEAHOTO BPEMEHH; 3aTyXaloIlasl OKOHHAS
MOZIEINb; aJallTUBHBII AT OPUTM.

WHTennexkryanbHBIN aHATN3 MTOTOKOB JAHHBIX HAa MPOTSHKEHUM TOCIETHUX JECATUIETUN BBI3BIBAET KU-
BOW MHTEpec HccienoBaTeneld mo BceMy Mupy. KiacrepHbiii anammns3 — 3¢ (eKTHBHBIM MHCTPYMEHT aHaIn3a
JAHHBIX, 3aKOHOMEPHBIMH SIBJIAIOTCS MHOTOYMCIICHHBIE MOMBITKYA €ro MPUMEHEHNs K ITOTOKaM JaHHBIX. B mo-
clleIHUE TOABI ObUT MPEATIOKEH Psl aJTOPUTMOB AWHAMHUYECKOH KIIACTEpH3allH, YUUTHIBAIOIINX Crenu(UKy
00pabOTKH MOTOKOB: BBICOKYIO Pa3MEPHOCTh, OOJNBIION 00beM, MOCTOSHHO MOCTYMAIOIIME U3MEPEHHUs, KOTO-
pbie TpeOyIoT 3¢ PEeKTHBHBIX, PadOTAIONINX B PEKUME PEATEHOI'0 BPEMEHH aIropuT™MoB [1].

BnepBbie mpobnema KnacTepr3aly MOTOKOB AaHHBIX, TO-BUAUMOMY, Oblla 3aTpoHyTa B 1980-¢ IT. B [2], a
COOTBETCTBYIOINAs MOJelb (hopMaimzoBaHa B 1998 r. [3]. B Hacrosiiee BpeMsi MyOIMKYETCsl MHOXECTBO PadoT,
MIOCBSIILEHHBIX CO3JJAHUIO U TIPMMEHEHHIO aJITOPUTMOB KJIACTEpU3ALMH K TOTOKaM TaHHBIX, HanpuMmep [4—16].

OO6nacTe MPUMEHEHUsT AMHAMHYECKON KIIaCTepU3allii JaHHBIX J0CTaTOYHO INMPOKa. Takue ajaropuTMBI
BOCTpeOOBaHBI MPH HAOMIOAEHUH 32 CJIOKHBIMUA CUCTEMaMH, TAKUMH KaK HH()OPMAaLUMOHHBIE CHCTEMBI, KOMITb-
IOTEPHBIE CETH, B JOITOBPEMEHHBIX MOMYJIALMOHHBIX, KOTHUTHBHBIX, COLMOMIOTHYECKUX HCCIEI0BaHUAX B pe-
JKUMe peajbHoro Bpemenu [17-21]. O6pabotka 6ompmnx 00beMoB HHQOPMALUK B PEXUME PEATBHOTO BpeMe-
HU TpeOyeT 3P (HEeKTUBHBIX, OBICTPOACHCTBYIOIIMX aJTOPUTMOB, a TAK)KE CHKAaTUSI JAaHHBIX — HEOOXOUMO OTKa-
3aThCsl OT XpaHEHHsI BCEr0 MaccHBa AaHHBIX (n3Mepenuit). [Ipu sTom mHpoOpManus, noisydeHHass HeJaBHO, 3a-
YaCTyI0 UMeeT OONBIIYI0 3HAUUMOCTh, HEXKEIN CTaphbie TaHHBIC.

Eme ogHoit BaskHOH 3a7a4ell mpu pa3paboTKe alropuTMOB MAIIMHHOTO O0YYEHUS SIBISCTCS COKpAlllCHHE
KONTMYecTBa napaMerpoB anroputma (user-defined parameter) myrem pa3paboTKy aZanTHBHBIX MEXaHH3MOB
[1]. Takoit MexaHU3M Ui ONpeENeNeHIs TapaMeTpa 3aTyXarolero BpeMEHHOI 0 OKHa MPEIO’KEH B TaHHOW pa-
00Te 1 MOXeT ObITh MPUMEHEH HE TOJBKO IJISl OMHCAHHOTO 3/1eCh aIrOpUTMa KiacTepusauuu [22], HO u apy-
rux, Takux kak DenStream [23].

1. Junamuveckuii EM-ajaroput™ Ui IOTOKA JaHHBIX, B3BEllIEHHbIX 110 BpeMeHH

B [22] Ha ocHoOBe [24] myTeM NpUMEHEHHUsI 3aTyXarollel OKOHHOW MOJEIN MOCTPOEH allrOPUTM, KllacTe-
PHU3YIOIIMK TOTOKU AaHHBIX, IPUYEM KaKIOH TOUKE COOTBETCTBYET BECOBOH KO3 duimeHT w = w(Af), sBis-
fomMics QyHKIHEH OT BpEMEHH, MPOLICANIET0 ¢ MOMEHTa MOCTYIJICH!SI N3MEpeHus (TOUKH), a Bec KiiacTepa
W(t) sBisercs cyMMOW BECOB BCeX BXOMSIIMX B HET0 TOYeK. B kauecTBe BecoBOW (QyHKIMHM BhIOpaHa
w(Af) = ¢ “ (a=0), 06naaomas cleayomuMy CBOHCTBAMHE:

1) B MOMEHT BO3HUKHOBEHHS TOUKa UMeeT Bec, paBHbIA 1: w(0) = 1;
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2) ¢ TeYeHHEM BPEMEHH BeC TOYKH MOHOTOHHO yObiBaeT k 0: lim w(Az?) = 0;
At—0

3) ecnu U3BECTEH BeC TOYKHM 4epe3 Aty ell. Bp. Mocje ee BOZHUKHOBEHHS, TO BEC 3TOW K€ TOUKH eIle de-
pe3 At, en. Bp. paccuuThiBaeTcs 1o Gopmyie w(At+AL) = w(At))w(AL);

4) ecnii U3BECTEH BeC KJlacTepa B MOMEHT BPEMEHH { U 3a MOCCAYIOUNNA EpHOA BPEMEHH [UTUTEbHOCTH
At B XJ1acTep He TONaaalio HOBBIX TOYEK, TO €ro Bec mepecuuThiBaeTcs 1o Gopmyne W(t+At) = W(H)w(At).

Taxkoii BEIOOp BecoBOM (DYHKITUU, BO-TIEPBHIX, MO3BOJSET 00padaThIBaTh TUHAMIYCCKUE JTaHHEIC B PEXKU-
Me peajbHOro BPEMEHH; BO-BTOPBIX, He TpeOyeT XpaHEHUs 00paOOTaHHBIX JAHHBIX; B-TPETBUX, YYUTHIBACT
«HOBBIE» JTAHHBIC ¢ OOJBIIMMH BECaMH, 4eM «crapbie». CIeayer OTMETHTh, YTO TMOM00HBINH BBHIOOP BECOBOI
¢yHKIMH, oOecTIeYnBaIONICH 3aTyXarollee BpEeMEHHOE OKHO, SIBISICTCA JOCTATOYHO PAacIpOCTPaHEHHOW Mpak-
TUKOH ¥ IPUMEHEH HEe3aBUCUMO, HarpuMep B [23] (¢ TOYHOCTHIO 10 OCHOBAHUS).

[IycTs B HEKOTOpBIE MOMEHT BpEMEHU HAa0Op M3MEpPEHUH (HAa30BEM HMX UCXOOHBIMU OAHHbIMU) PA3OHUT
KiaccuueckuM EM-anropuTMoM Ha MHOXKECTBO KiactepoB. Kaxnmwiii kimacrep C mpencTaBieH (yHKIMCH
IJIOTHOCTH HOPMAJILHOT'O PACIIPENIEIICHUS B MTPOCTPAHCTBE XapaKTEPUCTHK:

(x|, 2) = {2n)[Zlexpl(-p) = ()]} 7, (D
rJie L ¥ ) — KOOPJMHATHI IEHTPAa W KOBAPHAIMOHHASI MAaTPHIlA KJIacTepa, PACCUMTAHHBIC COTIACHO COOTBET-
cTByROIMM (hOpMyIaM Uisi HOPMATIBHOTO pacipenenenus, xe R? — KoopMHATHI HOBOH TOUKH, HHICKC k — HO-
Mep KJacTepa, JUIs MPOCTOTHI omylieH. BecoBbie koa(hQUIMEHTH! KIacTepoB B Ha4albHBIE MOMEHT BPEMEHHU
YCTaHABIIMBAIOTCS PaBHBIMH KOJIMYECTBY TOYCK B HHX.

IlycTh Teneps {Xi, X, ...} €R?— nomox dannwix, T.e. TOUKH, TOCTYMAIOMME B TIOCIIEIOBATEIBHEIC MOMEH-
THI BPEMEHH 11, fp, ... . B MOMEHT MOCTYIUIEHUS! OYE€PEIHON TOYKM X OHa OTHOCHUTCA K OTHOMY W3 KJIacTEpoB
METOI0M MaKCHMAJIBHOI'O MPaBIONogo0us. BeposSsTHOCTD T, MPUHAATICKHOCTH TOUYKH X K Kiactepy Cj ¢ BecOM
W, onipenensiercst popmyoit

W o (X|Hkaz1<)
Zz{iIVVi(pi()d Hiazi) '

HpI/I IIOABJICHHHU B IIOTOKEC oqepezmoﬁ TOYKH X BBITIOJITHACTCA CHCHYIOH_II/Iﬁ AJITOpUTM.

)

Ttkz

Bxoa: x — HOBast TOUKa, [, Y 4, Wj;— XapaKTepUCTUKHU U Beca kiactepos (k = 1,2,...,K), Af — Bpems, npo-
HIefiiee ¢ MOMEHTA MOyYeHUs TPeabIayIIel TOUKH.
1. Tlepecuutats Beca kinactepoB W= e M,
2. PaccunTaTh BEepOsSTHOCTH MOMNaJaHUS TOUYKH X B KJIACTEpPhI cornacHo (2). OTHECTH X K OIHOMY U3 Kila-
CTEpPOB METOJOM MaKCHMaJIbHOTO MPaBIONOA00NS.
3. Inst 3TOrO KiIactepa MpOX3BECTH MEpecyuer LEeHTpa |1, KOBapHallMOHHOW MaTpHLBL ). U Beca W:
Wu +x

w (n_-x)°
= Y = = W=,
b= 2o W +1 2 W +1

i€ UHOEKCHI «—» U «1T» COOTBETCTBYIOT 3HAUEHUSM JI0 U TOCIIE IepecueTa, HHACKC K OIMYIEH.

3ameTnM, 4TO BecoBas (DYHKUMSA COAEPKUT mapamerp a = 0, mpuyeM npu a = 0 pa3paOOTaHHBIN anro-
puT™M coBnanaer c¢ [24]. [laHHBII mapaMeTp BIHSET HA CKOPOCTh yCTapeBaHWS TOYKHU: MPHU €ro BO3pacTaHUU
TOYKa ycTapeBaer ckopee. O4eBHIHO, OH MOXET OBITh OMpPEeNieH OTACIBHO IS KaXKAOro KiacTepa U 3aBUCHT
OT MHOXKECTBa (DaKTOPOB: CKOPOCTH M3MEHEHHSI [TapaMeTPOB Ki1acTepa, YacTOThl OCTYIUICHUS TOYEK U T.II.

2. AJanTHBHBIN aJITrOPUTM pacdyeTa mapaMeTrpa BecoBoil pyHKIMH

HazoBem TouKy, moirydeHHyI0 B MOMEHT BPEMEHH f), HE3HAYNMOI B MOMEHT BpEeMEHH ¢ = fy+At, eclu ee Bec
HIDKE Hallepe]] 3a[aHHoro Manoro 3HaueHns € (0 < & << 1): w(Af) = ¢ “Y < &. Orkyna nonydaem a =—In g/At, Te
At — BpeMs, 32 KOTOpPOE TOUYKa JIOJDKHA MOTEPsITh 3HAYMMOCTh. Onpeaenum A¢ kak Bpems, 3a KOTOpOe MaTeMa-
TUYECKOE OKHJIAHWE TOUEK KiIacTepa BBIMAET 3a MPENeibl TOBEPUTEIHLHOTO AIUIUIICONIA C JOBEPUTEIHLHON Be-
POSTHOCTEIO p, ONPEENIEHHOT0 B MOMEHT f. [lomoskmm, 4To 3a BpeMs A¢ CKOpOCTh IBUKEHUS [IEHTpa KiacTepa
V WM3MEHUTCS HEe3HAYUTEIhHO, TAK YTO MOXKHO NIPUHATH €€ MOCTOSHHOM. Torma, 3Hast HarpaBJIeHUe CKOPOCTH,
paccuuTaeM r — pacCTOSHHE OT IIEHTPa KiacTepa J0 TPaHUIlb TIOBEPUTEIHLHOT0 JUTHIICOUIA C 3aJaHHOU J0Be-

66



PHUTENBHON BEPOSITHOCTHIO B TOM HANpPaBICHWU, U Toraa Ar=r/|V |, a olleHKa JUIs mapameTpa BECOBON (yHK-
MU OyJIeT BBIYHMCIICHA KaK
a=—|v|ln¢g/r. 3)
3aMeTHM, YTO TIPU UCTONB30BaHuH (3) BecoBas (yHKIUs W HE 3aBUCUT OT €IUHUII M3MEPECHUS BPEMEHH
U PACCTOSIHUS.

IMocTpouM OIEHKY A1 V , KCTIOAB3YA X1, Xa,...,Xy — MOCHEHUE N TOUEK, TONABIINE B TAHHBIA KIacTep, U
MOMEHTBI WX TIOCTYIUICHHS 11, b, ...,ty. IIyCTh f) — MOMEHT BPEMEHH, KOTJia B KjacTepe Oblia MoJyvYeHa TOUYKa,
MPEANIECTBYIONAS U3BECTHBIM, a Ly U 2o — [IEHTP KJIacTepa U ero KOBapHallMOHHAS MATPHUIlA B 3TOT MOMCHT.
Torna, MOCKONBKY Ka)ash U3 TOYCK X; ABISICTCSA peanu3aiueil ciyqaiiHOW BETHYHHBI, KOTOpas, B CBOIO Oue-
penb, eCTh CyMMa HOPMAJIbHO PacIpee/ICHHOW MHOTOMEPHON BEIUYMHBI M HECIy4ailHOrO CMEIICHHMSI, 3aBU-
CSILLEro OT CKOPOCTH LIEHTPA KJIACTepa M BPEMEHH, MOXEM 3aKII0UUTh, YTO X; = §+V (1), T1e & — peannsa-

UM HOPMAJIBHO paclpeleleHHON CIydyallHON BEIUMYMHBI CO CPEIHUM Ly U KOBAapUAIMOHHOH MaTpHLed X,
i=1.2,...,N. Torma, 0003HauuB cpemnee aast N MOCISTHUX TOUEK KaK L, HIMEeM

N N N
i=1% _ 2in& 7 2in _to)‘

N N N
Cpennee Bcex &; ecTh OIEHKA JUIA L, TOITOMY UISL V MOKHO ITOCTPOUTD OI[EHKY
V= N(p—p)
== > 4
Zizl(ti_to) ( )

MIPUHSB B KaUeCTBE |y OLIEHKY [IEHTpa KjlacTepa B MOMEHT BPEMEHH .

Jns mepecdera a mpeaiokuM CIEAYIOIMA noaxo]. B HayalbHBII MOMEHT BPEMEHH MOXKHO HPUHSTH
a =10, T.e. IPEONONOKUTh, YTO LEHTP KJIacTepa HE cMmemiaerca. llpu momamaHum B KiacTep KaKAOH TOYKU
HAKaIUIMBaTh 3HAYCHMA | U 3HaMeHartens B (4), a Mpu MonajaHuu Kaxaod N-M TOYKH — epecuUnuThIBaTh d CO-
rinacHo (4) u (3). Takol moaxon MO3BOMAET HE XPaHUTh 0OpaOOTaHHbBIE TOYKH AJIS aJITOPUTMa MepecueTa a TaK
Xe, KaKk U I aJIFOpUTMa KIIacTepU3aLiH.

OTtHOcuTENBHO BBIOOPa MapamMerpa N MOKHO CAENATh CIEAYIOIUE MPEANONIoKeH s : N TOKHO OBITh 10-
CTaTOYHBIM IS PENPE3CHTaTUBHOCTU BBIOOPKH; C OPYroil CTOPOHBI, IPU yBEIWYEHUH N CHIDKAETCSl 4acToTa
nepecuera koddduuuenta a. Takum obpazom, BEIOOp N OnpeAensercs KelaeMoi 4acTOTON mepecueTa mnapa-
MeTpa 3aTyXaHHs ¢ U OTpaHHYeH CHU3Y MHHHUMAJIbHO HEOOXOIMMBIM 00beMOM BBIOOpKH. Pe3ymbraThl Kcrie-
PUMEHTOB, MJUTIOCTPUPYIOLINE BOMPOC KauecTBa OLEHUBAHUS CKOPOCTH B 3aBHCUMOCTH OT BhIOOpa N, mpHBe-
JICHBI B TPETHEM ITYHKTE.

B cnyyae BO3MOXXHOCTH BBIIETUTH AJISI KaXKAOTO KiIacTepa XpaHWIHUILE TOYEK o0beMma NN; MPeaaokuM
Jpyrod MOAXOo[ K MepecueTy napaMerpa a: Ipu MOCTYIUIEHHH B KJIACTEP HOBOM TOYKH OHa 00aBJisieTcs B Xpa-
HUJIMIIE BMECTO CaMOU CTapol, 3HaA4YeHUe a IepecuuThiBaercs cornacHo (4) u (3). B atom cimyuae mepecuer
napamMerpa 3aTyXaHHs IPOUCXOAUT MPH MOCTYIUIEHWH B KIacTep KaXI0W TOYKH, 1 N OrpaHHUYEHO JIUIIb BbIe-
JICHHBIM 00BEMOM XpaHWIUIIA TOUYEK, C OAHOH CTOPOHBI, I MUHUMAIBHBIM 3HaYEHUEM /sl peNpe3eHTaTUBHO-
CTH BBIOOPKH — C APYTOM.

3. BeruncauTeJbHbIH JKCIePUMEHT

Pazpabotannslii anroput™ ObuT peann3oBad Ha C#. Bbuto mpoBeneHO HECKOIBKO CEpUil IKCIIEPUMEHTOB, B
KaXJIOM U3 KOTOpBIX MoaenupoBaiiock 9 000 Toyek B OTHOM KIIACTEPE, LIEHTP KOTOPOro CMEIIAJICS ¢ TTOCTOSIHHON
CKOpOCTBIO, a KOBapHAIMIOHHAsI MAaTPUIIA OCTaBaNach HEM3MEHHOM. PaccUnThIBaNNCh OLIEHKH CKOPOCTH COTJIACHO
(4) npu paznmuuHbIX N. B MOMEHT OCTYIIIEHHS Ka)KIOH TOUKH MPOM3BOAMIACH OLIEHKA CKOPOCTH v, ISl CKaJsipa

KOTOPO# PacCYMThIBATIACH OTHOCHTENBHAS IOTPEIIHOCT O = [Vv—V|/v, ObLIH MOTyYeHbI BBIOOPOUHBIC CPEIHHIE V) ,

0 CpemHEeKBaJpaTUYeCKWE OTKIOHEHHS O, Os llepedncieHHple BHIOOPOYHBIE XapaKTEPUCTHKH TPU
- . . 400 0
|V | = 0,04 en.pacct./en.Bp. ¥ TOCTOSHHON KOBapHAIIOHHOW MaTpuIle X = o 400 MpuBeIeHBI B Tadm. 1.

C YBCIIMUCHUCM N NOrpCHOCTb, B CPEAHCM, YMCHBIIACTCA, KaK U €€ CPCAHCKBAAPATUICCKOC OTKIIOHCHHUC.

67



Tabnuma 1
PesyabTaThl 3xcnepumenta npu v = 0,04

N 100 250 500
v 0,0724 0,0394 0,0346
o, 0,0196 0,0079 0,0044
5 0,8281 0,1682 0,1544
o5 0,4574 0,1041 0,0820

Tpaexkropus ckansipa OLEHKH CKOPOCTH B CPaBHEHUU C TPAEKTOpHEN NCTUHHOTO €ro 3HaYeHUs, A yIIo-
MSHYTOro 3kcriepumenTa npu N = 500 npuBenen Ha puc. 1.
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Puc. 1. TpaekTopun CKaIsIpoB OLEHKH CKOPOCTH (YepHas JIMHKS) U er0 HCTHHHOTO 3HaYeHus (cepast smaus) pu N = 500

Bb1n mpoBenieH BBIYMCIUTENBHBINA SKCIEPUMEHT, B KOTOPOM ISl OMHHUX U TeX K€ MCXOAHBIX MapaMeTpoB
06110 cMoenpoBaHo 30 KOMIUIEKTOB TaHHBIX, TIOTYYEHHBIX B TPEX KiIacTepax ¢ HOpMaIbHBIM pacipeneieHu-
eM B R’, mpiueM MecTOIoNIoKeH e HEHTPOB KIACTEPOB H3MEHSIOCH CO BPEMEHEM.

HauvansHoe momokeHue 1eHTpa nepBoro kimacrepa [ = (650,700), koBapraluoHHAss MaTpHIa AUATO-
HaJbHAA, O =Gy =700 (3mech BepXHHil HMHIEKC — HOMEp KIACTepa), CKOPOCTb MABIDKCHHS IIEHTpA
vi= 7 en.paccrt./en.Bp. [y Broporo knacrepa = (100, 300), koBapuanuioHHas MaTpHIla TaKXKe JuaroHalbHasl,
61°=0"=400, v,=5 eapaccT./en.Bp, M1 TPEThEro aHamormuno ps3= (550, 500), o;°= 0° =200,
v3=4 en.paccrt./en.Bp, Hanpasienus ckopocteld 3ajaBauch cirydaiiHbIM 00pa3oM. TOYKHM MOAETHPOBAIHCH C
WHTEpBAJIOM B 1/3 en.Bp. ¢ paBHBIMU BEpOSTHOCTSIMHU IONAAaHUs B KKK U3 KiaacTepoB. O0paboTKa JaHHBIX
MPOU3BOAMIIACH MPEATIOKEHHBIM QJITOPUTMOM, MepecueT mapamerpa a mnpousBomuics corinacHo (3) u (4).
B MOMEHT OKOHUaHHS pacyeToB ISl KaXKIOr0 SKCIEPUMEHTa OBIJIO BBIYMCICHO OTHOIIEHHE OTKJIOHEHHS OlLle-
HEHHOTO IIEHTpPA KIACTEpa OT MCTHHHOIO K HCTHHHOMY CPEIHEKBAIPATHUECKOMY OTKIOHEHHIO Apy/c*. Tu-
CTOTpaMMBbI UX 4acToT 10 BceM 30 sKcrepruMeHTaM MpUBENEHBI Ha pHc. 2.

-

-

oo~
oo

(=T~ T = T = R T = N = |
<]

£ R L

[ =T = T T T T~ T = ]

028 032 036 0.3 <004 008 0,12 016 02 024 028 032 036 >0,36

[=1
rl._.
[=1
d
o
(=]
35}
P2
(=]
%5}
o
W
(=]
%5}
o

Puc. 2. 'ncrorpaMMBbl 9acTOT OTHOCHTEIIBHBIX OTKIIOHCHHH IIEHTPOB KIIACTEPOB:
a — TIepBOT0; O — BTOPOT'0; 8 — TPETHEr0 B MOMEHT OKOHYAHHUS IKCIICPUMEHTA
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Ha puc. 3 npuBenena Busyanuszanusi onHoro u3 30 pe3yiabpTaToB. DIUIHIICAME 0003HAYEHBI IOBEPHUTENb-
HbIe 00JIACTH KJIACTEPOB C BepOATHOCTHIO 0,9 (IMyHKTHpHAs JWHHUS — UCTUHHBIE, CIUIOLUIHAS — TOJyYEHHBIE B
MPEATIOKEHHOM aITOPUTME) B MOMEHT OKOHYAHHS DKCIIEPUMEHTA.

.....

Puc. 3. Touku 1-ro kiacrepa 0003Ha4EHBI KPYXXKaMH, 2-TO — TPEYTOJIbHUKAMH,
3-r0 — KpecTHKaMH; MHTEHCHBHOCTD I[BETa OTPa)KaeT HOBU3HY N3MEPEHNS (TEMHBII — HOBBIE TOUKH, CBETJIBII — CTaphle)

3akjaoueHne

Pa3paboranHblif anroputm HeTpeboOBaTeNeH K pecypcaM (BpeMsl, MaMsTh) U MPUTOAEH IS OIePaTUBHOTO
MOHHUTOPUHTA B OOJBIINX AMHAMHYECKUX CHCTEMax, TAKHX KaK KOMIIBIOTEpHBIE CHCTEMbI M ceTH. Boruncnu-
TENBHBIN KCIIEPUMEHT T0Ka3aJ IPUEMIIEMOE KauecTBO €ro paboThl Ha MMUTAIIMOHHON MOJEIH.
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Application of data stream clustering is quite general. Applications of data streams include mining data generated by sensor net-
works, meteorological analysis, stock market analysis, computer network traffic monitoring, long-term population-based, cognitive,
real-time sociological studies etc. These applications involve datasets that are far too large to fit in main memory and are typically stored
in a secondary storage device. Real-time processing of large volumes of data requires efficient, fast algorithms and data compression.
Moreover, recently obtained objects are often more important than the old ones, so several clustering algorithms implement a damped
window model with a user-defined decay coefficient. This coefficient is not obvious. An important task in the development of machine
learning algorithms is to reduce the number of algorithm parameters (user-defined parameter) through the development of adaptive
mechanisms. Such a mechanism for determining the decay coefficient proposed in this paper.

A Gaussian mixture data stream algorithm is constructed with damped window model. Decay coefficient for the object according
damped window is w=w(Af) where At is time since object arrived from the stream into cluster, weight of the cluster #{¥) is sum of all its
objects. Recent objects receive higher weight than older ones, and the weights of the objects decrease with time. It is usually to assume
w(Af)=e" (a20), with following properties:

1) when arrives, the object weight is equal to one: w(0)=1;

2) over time object weight monotonic decreases to zero: lim w(At) = 0;
At—> o

3) if weight of object w(At,) after A¢, units of time is known, then after more Az, it can be easily recalculates as
w(At+AL) = w(At)W(AL);

4) if weight of cluster W/(¢) for the instant in time ¢ is known, and during the next time period Af there was no new objects arrived in
this cluster, then weight of this cluster can be recalculates as W(t+Af) = W(t)w(Af).

Let at initial instant in time we have a set of K Gaussian clusters C; that described by their means i, and correlation matrixes .
Weight W, at initial time defined as a number of objects in cluster C;. Let {x|, x, ‘..}eRd is data stream, i.e. set of objects with
timestamps ?y, ,, .... When a new object x with timestamp # arrives to the cluster Cy, the following algorithm executes.

Input: new object x, cluster parameters: mean L, correlation matrix Y, weight W, (k=1,2,...,K), time period since last object arrives Az.

1. Recalculate weights Wy = ¢““W, (k=1,2,....K).

Wi (x| His 2k )
P W9, (x| Mo 2 )
3. For this cluster (in with x is, index of cluster is dropped) recalculate mean p, correlation matrix )’ and weight V-

2. Calculate probabilities of belonging x to the A-th cluster m; = . Put x into the most probable cluster.
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Wu +x —x)?
T :L; L= w (Z +MJ; W=Ww+1,
W+1 W+1 W+1

where indexes - and + corresponds to the values before and after recalculation.
Note that weight function depends on ¢>0, that may be defined individually for each C;. We propose the following algorithm to re-

calculate a separately for each cluster at the time the object arrives into cluster.
Input: x, x,,...,xy —last N objects putted into cluster, ¢, #,,.. .ty — their timestamps, Ly — cluster mean X, — cluster correlation matrix.

1. At initial instance of time #;adopt a=0, i.e. we assume that cluster is not moving.

2. When object x; with timestamp ¢, (i<N) arrives into the cluster, accumulate variables p= (x; +x, +...+ xy)Nand ¥ (t,—1,) -

N(u—py)

V= ZN (t,~t,) using accumulated variables. Calculate a =-|V |In &/r, where r is Euclidean distance be-
=11 0

3. If i=N calculate
tween iy and confidence ellipse boundary (confidence probability p = 1 - €) in direction of v vector. Set #)=ty, assign L, and X, a corre-
sponding values of cluster at the time 7y and return to step 1.

We perform an experiment using an imitation model of Gaussian mixture clusters with moving centroids. Some results are shown in
this article. Proposed algorithm is undemanding to resources (time, memory) and therefore is suitable for real-time monitoring in large
dynamic systems, such as computer systems and networks. Quality of decay coefficient adaptation is acceptable as follows from the
experimental data.
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