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ABSTRACT

In this paper the multilevel probabilistic model - Bayesian metanetwork - is proposed for the
tasks of intelligent data analysis. The extra level in a metanetwork is used to select
appropriate substructure from the basic network level based on contextual features. Based on
the metanetwork model we consider several possible interpretations and implementations. The
use of probabilistic metanetworks for such important tasks as filtering of the Web content and
prediction of mobile user’s preferences is discussed.

BBEJAEHHUE

OnHoit W3 HamboJiee OCTPHIX MTPOOJIEM, KOTOPHIC BO3HHUKIM Ha CETOJHSAINIHHN JICHH B
WH(GOPMAIIMOHHBIX ~ TEXHOJOTMSIX, SIBIsIeTCS TMpoblieMa HapacTarolllero ¢ OrPOMHOM
CKOPOCTBIO 00BEMa XPAaHUMBIX TaHHBIX. OCHOBHOE PEIICHHE 3TOM MPOOIIEMBI 3aKITII0YaeTCs B
MPOBEJICHUU aHAU3a JAHHBIX JUISL TOTO, YTOOBI BBISIBUTH CTPYKTYPY JaHHBIX, BHYTpEHHHUE
3aBUCUMOCTH U 3aKOHOMEPHOCTH, OCHOBHBIE XAPAKTEPUCTHKHU. [lodydeHHas MOCie aHaim3a
JIAHHBIX WH(pOPMAIIUSI MOXKET 3aMEHUTh BeCh OI'POMHBIN 0ObEeM COOTBETCTRYIONTUX JAHHBIX U
CYIMICCTBCHHO COKPATUTh BPCMsL pa60TI>I C 3TUMHU JAaHHBIMH.

B cBs3u ¢ TOsBIEHWEM HOBBIX TUIOB JaHHBIX M HOBBIX 3ajlad 0OpaOOTKM JaHHBIX
CTAHJIAPTHOTO CTATHCTHYECCKOTO aHAIH3a CTAJI0 HEA0CTaTOYHO. [TosBMIach HECOOXOMMMOCTh B
WHTCJUIEKTYAIbHOM aHaJlu3€ JIaHHBIX, KOTOPBIA BKJIOYACT WHTEIUICKTyalbHbIE METOJIbI
TIOJIYYICHU A I/IH(bOpMaHI/II/I U3 JaHHBIX. B YaCTHOCTH, I/IHTeJIJIeKTyaJIBHI)IfI AHaJIN3 JaHHBIX
BKIIIOUaeT B cels pa3paboTKy TNPUHIIMIIOB BhIOOpa OMNpe/efiecHHOW MOJIeNd JaHHBIX, a
COOTBCTCTBCHHO, MPHUHINUITIOB COOTBCTCTBH MOJICTIA JTAHHBIM. J__[J'Iﬂ COBPCMCHHBIX 3a/1a4 3TH
METO/IBI JIOIKHBI OBITh TIOCTPOSHBI € WCIMONIL30BAHUEM MCKYCCTBEHHOTO WHTEIUICKTA.
CraHnapTHBIA CTATHCTHYECKWH IMOJIXOJT MTHOPHPYET HEOMPEICICHHOCTh BBIOOpA camoit
MOJIEJIM JTAHHBIX. JTO 3a4acTyiO0 BeJIeT K PUCKOBAHHBIM OIICHKAM, OCHOBAaHHBIM TOJBKO Ha
OTHOM MOJIETTH. A ¢ YYETOM TOTO, YTO HEOMPEICIICHHOCTh BHIOOPAa MOJICTH BHOCHT CBOIO
JIONIO PHUCKA, PpEIICHHUEM TIPE/ICTABISIETCS HCMONIb30BAHHE HECKOJIBKUX BEPOSTHOCTHBIX
MOJIENEN.

B xayecTBe OJTHOTO U3 BapHMaHTOB MHTEIPAllMd HECKOJNBKUX BEPOSITHOCTHBIX MOJIeNe HaMu
MPEJTIATacTCs MOCTPOCHUE MHOTOYPOBHEBOM BEPOSTHOCTHOM MOJENIM — METACETH baiieca, B
KOTOPOM KaXKJIbIH CIENYIOIUA YpPOBEHb CETH OIpPE/eNsiecT BEPOSITHOCTH TPE/bIIYIIEro
YPOBHSL.



O} deKTHBHOE pelIeHHE 3TON 3a/1a9l OCOOCHHO HEOOXO/IMMO B TAKHX 33/ladyax, KaK aHAIH3
JIAHHBIX B CHCTEMaX 3JICKTPOHHOM KOMMEpITUH, (GUIbTpaIlds copepxuMoro cet |nternet,
MOCTPOCHHE AJIANITHBHBIX HHTEJUICKTYaIbHBIX MHTEP(EHCOB, TO €CTh B 3a/1a4ax, B KOTOPHIX
mporiecc TMPUHSTHS PENICHUN 3aBUCHT OT MHOXXECTBA KOHTEKCTHBIX NMPH3HAKOB, HAIPHUMED,
JIMYHBIX HpeI[HOLITeHI/Iﬁ IIOJIB30BATECIIA.

B paznene 1 ananmm3upyeTcss HCTIOIH30BAHUE BEPOSTHOCTHBIX CeTeH JUIST MHTEIUICKTYaILHOTO
aHanM3a JaHHbIX. B pazzene 2 Mbl ONMUCHIBAEM MOJIENb baliecOBCKOH MeTaceTH M JaeM
HECKOJIbKO BO3MOXKHBIX HWHTEpIpeTaluii 3Toil Mopenu. Pasfen 3 cofepxuT aHaU3
BO3MOXHBIX HpI/IJIO)KeHI/IfI JJs1 COBPEMCHHBIX 3aJ1a4 MPOrHO3UPOBAHUS. BI)IBOI[I)I TIPHUBCICHBI
B TIOCJIEJTHEM pasjierie.

1 UCHOJbB30BAHUE BEPOSATHOCTHBIX (BAMECOBCKHX) CETEN 14
NHTEJUIEKTYAJIBHOI'O AHAJIU3A TAHHBIX

BepositHocTHast  (badiecoBckasi) ceTh — 3T0 rpadpuyeckas MOJAETh JUISL  ONMHCAHHS
BEPOSTHOCTHBIX OTHOIIICHWHM cpequ Habopa mnepemeHHBIXx [1]. B HacTosiee Bpems
CYIIIECTBYET MHOJECTBO CIIOCOOOB TMPEACTABIEHUS JAHHBIX JUIA MX IOCIETYIOIIEro
WHTEJUICKTYaJIbHOTO aHan3a (0a3bl MpaBUJl, JISPEBbs pellleHU, UCKYCCTBEHHbIE HEHPOHHbIE
CeTH, JIP.), 4 TaKXE MHOXECTBO METOJIOB TAKOTO aHamM3a (KJIAcCH(HKAIHs, PEerpeccHs,
KJacTepusaivsi, Jp.). baifecoBckue ceTu u ©OaiieCOBCKUE METO/Bl HHTEJUICKTYaIbHOTO
aHAIM3a UMEIOT P/l MPEUMYIIECTB!

- MOTYT C JIETKOCTBIO 00pabaThiBaTh HEMOMHbIE HAOOPH! TaHHBIX;

- TIO3BOJISIIOT O0OY4YaThbCsl MPHIMHHO-CJICACTBCHHBIM OTHOIICHUsIM. M3ydeHHE MPUYHHHO-
CJIC/ICTBEHHBIX OTHOIIICHUH TMOJIE3HO, MO KpalHeH Mepe, Mo JBYM NMPUYMHAM. IDTO TOJIE3HO
JUISL M3y4eHHUs: MNpoOIeMHOM o00nacTH, KpoMe TOro, 3HAaHME IPHYMHHO-CIIEICTBEHHBIX
OTHOIIICHUI MO3BOJISIET HaM JieNaTh Mpe/ICKa3aHusl B IPUCYTCTBUU MTOMEX;

- baitecoBckue ceTu cCOBMECTHO ¢ 0alleCOBCKMMH CTATMCTHUYECKHMH METOJIAMH OOJIErdaroT
o0beIMHEHNE alTPUOPHBIX 3HAHUH 0 TpoOIeMHON 00JIacTH U TaHHBIX;

- OaifecoBCKME METOJIBI BMECTE C balleCOBCKMMM CeTSMH M JPYTMMH THIIAMM Mojeneit
npearaoT 3GpQeKTUBHBIN U MPUHIMIUATILHBIA YXO/T OT U3NUIIHEH MOJITOHKU MOoJIeiel 1ol
JaHHbIE 00y4aromei BBIOOPKH.

baitecoBckast ceTh JUIs HabGopa mepeMeHHBIX X = {Xi, ..., Xn} — 3T0 alMKIMYCCKUN
HATIPABIICHHBIN Tpad ¢ ceTeBoil CTPyKTypoil S, KoTopas KOTUPYET HA0Op VCIIOBHBIX
YTBEPKJCHUM HE3aBUCUMOCTH TEpeMEeHHbIX B X, U HaOOp JOKAJILHBIX BEPOSTHOCTHHIX
pactipeneneHuit P, cBsi3aHHBIX C  Kaxnod mepeMeHHOHM [1]. OGa 3THX KOMITOHEHTa
OTIpe/ICNIIOT COBMECTHOE paclipesieliecHue BeposiTHOCTEeH /Uit X, KOTOpoe olpeniessieTes uepes
YCJIOBHBIC BEPOSTHOCTH MIEPEMEHHBIX X MPH 3aJaHHBIX 3HAYCHUSAX POJUTEIBCKHX BEPIIHH H
3amaeTcst popmynoi (1)

n
P(X)=T]P(X;| pooumenu;) (D)

i=1
ITockompky baitecoBckass ceTh st X ONPEACHSCT COBMECTHOE  BEPOSTHOCTHOE
pacnpeseneHue A X, Mbl MOXEM, B NPUHIUIE, BBIYUCIUTEL JIFOOYIO MpPeJ/ICTABISIONIYIO
HHTEPEC BEPOSTHOCTH. DBAa30BBIA ANTOPHUTM BEPOSTHOCTHOTO BBIBOAA JUISI OTPAHHYCHHOTO
YUClla TUCKPETHBIX TIEPEMEHHBIX ObUT pa3zpaboTaH, MpoaHAIM3UPOBAH U DKCIEPUMEHTATILHO
nmpotecTrpoBaH B [2]. OH U3MEHSICT HAMTPABICHHE 3aBHCHUMOCTEH (0OpaInaeT Tyru) B CETEBOH



CTPYKType ¢ IpUMEHEHHEM TeopeMbl baiieca /10 Tex mop, Moka HEOOX0AMMasl BEPOSITHOCTh HE
MOXET OBITh BBIYMCICHA HEMOCPEJCTBEHHO M3 ceTH mo ¢opmyie (1). B obmiem ciyuae,
BEPOSTHOCTHBII BBIBOJI B IPOM3BOILHOM baitecoBckoii ceTu siBisieTcst NP-cioxHbM [3].
OnHoif 13 HanboJiee MHTEPECHBIX 3a7ad B MHTEIUICKTYAJIbHOM aHalM3e JaHHBIX SIBJSETCS
3anaya OOy4YEeHHUs BEPOATHOCTHOM CETH C HEM3BECTHOM CTpykTypoi. Ecnm 3HaHWl o
Mpe/IMETHOM 00JIacTH HEeOCTaTOYHO, a TaKKe B Cllydae, KOIJIa HEJOCTYITHO CMBICIOBOE
3HAYEHHE OJIHOM MM HECKOJBbKUX TIEPEMEHHBIX, BKCHEPT HE MOXKET TOYHO OIICHHUTH
CTPYKTYPY BEPOSITHOCTHOM CeTH. ANTOPUTMHMUECKOE HaXOXKJECHHE CTPYKTYPhl CBOJUTCS K
MOMCKY B MPOCTPAHCTBE BO3MOXKHBIX CTPYKTYp [4]. s pemenus: mpobieMbl HCIOMb3YIOTCS
JIBA METO/Ia: BHIOOP OJTHOM HaWIy4llIeld MOJETH U BEIOOPOUHOE YCpETHEHHE IO HECKOIBKUM
aJIeKBaTHBIM MOJICIISIM [5].

PaccmarpuBaeMble Mojienu baifecoBckoi ceTH M MeTO/Ibl 0Oy4eHHUsl HallpaBJieHb! Ha CiIydail,
KOT'JIa TICPEMEHHBIC B MPOOIIEMHON 00JIaCTH TaK WJIM WHAYE SBITIOTCS "OTHOPOTHBIMH'', YaCTh
U3 HUX BIMSET Ha 3HAYEHUS JIPYTMX IEPEMEHHBIX, HO CaMH YCJIOBHbBIE 3aBUCHMMOCTH
OCTal0TCs HEM3MEHHBIMM. B TO Xe BpeMmsi, CYIIECTBYET Psii 3a7a4, B KOTOPBIX KOHTEKCT
CUTYaIlMM BIUSICT Ha YCIOBHBIC 3aBUCUMOCTH MEX1y NepeMEHHBIMU B TPOOIeMHOM 00nacTH.
IlpuMepbl TakMX 3a/a4 pPAcCCMOTPEHBI B pazjene 3. [l pelieHus Takux 3ajad HaMu
Tpe/laraeTcsi MoJieJIb MHOTOYPOBHEBOM BEpOSITHOCTHOM MeTaceTH.

JlmHaMMYecKre BEPOSITHOCTHBIE CETH pacCMaTPUBAIOTCS B Ka4ecTBE MOJIelieit B 00NacTsX, rie
MepeMEHHbBIE TIPUHUMAIOT pa3fIMuHble 3HAueHWs co BpeMeHeM [6]. [IuHamuueckue
BEPOSATHOCTHBIE CETH MOJIENUPYIOTCS KaK CKPBITHIE MApPKOBCKUE TPOIECCHI, OHH KOJTUPYIOT
CTOXaCTUYECKOE HW3MEHCHME COCTOSHMSI CeTH BO BpeMeHM. TaxuMm oOpa3oM, OHHM
CYIIECTBEHHO OTJIMYAKOTCA OT Mpe/iaracMoit Mojienu baitecoBCKUX MeTaceTen.

2 OINPEJEJEHUE u BO3MOXKHBIE UHTEPIIPETAIIUA
MHOT'OYPOBHEBOU BAUECOBCKO METACETU

OmnpenemuM baifecoBcKyr0 MeTaceTh aHAJIOTMYHO ONPEJICIICHUI0 CEMAaHTUYECKOW MeTaceTH
[7.8].

Onpenenenue. baifecoBckas BeposSTHOCTHas MeTaceTh — 3To Habop baltecoBckux ceTei,
KOTOpbIE HAKIAJBIBAIOTCA JIPyI Ha Jpyra TaKUM CIOCOOOM, TpHU KOTOPOM 3IEMEHTHI
(BepIIMHBI WIIM JIYTH) KaXJOW MPEJBIIYIIEH BEpOSTHOCTHOM CETH 3aBUCAT OT JIOKAIBHBIX
pacIpenesicHH BEPOSTHOCTEH, CBA3AHHBIX C Y3JIAMH CIEAYIOIIEr0 YPOBHS CETH.

BBeneHue Takoro omnpesieieHUsT JaeT BO3MOXHOCTh  HUCIOJIB30BAaHUS ~ HECKOJIBKHUX
HHTEPIPETAUN BEPOATHOCTHON METACETH.

IlepBasi wuHTepnperanus baiiecoBckoii MeTaceTH - MOJCIMPOBaHUE  YCJIOBHBIX
3aBHcUMOcTed. PaccmoTrpum baitecoBckyro Metacets ¢ 2 ypoHsAMHU (puc. 1) jurst 3amadm
MPOTHO3UPOBaHUsl. KOHTEKCTHhIE TEpeMEHHBIE MOTYT paccMaTpUBAThCs Kak BEepXHUHU
YPOBEHB YIPABICHHUS IO OTHOIIEHUIO K YPOBHIO CETH € NMPOTHO3UPYIOIIUMH NEPEMEHHBIMH.
Kax/p1ii ypoBeHb METaceTH — 3TO BEpOSATHOCTHAs CETh, COJEpKalllas BEpIIMHbI U JYTH.
Kaxnas nyra B baltecoBckoif ceTM OJHOTO YpOBHSI COOTBETCTBYET YCJIOBHOHM 3aBHCHMMOCTH
MEX/Ty JIByMs IEpeMEHHBIMHU (BEpIIIMHAMMU ), KaK MMOKa3aHO Ha puc.2.

CranyapTHelif OalfecOBCKMI BBIBOJI NMpUMEHSETCST B balleCOBCKOM ceTH KaX710ro YpOBHS.
Hampumep, P(Y) BRIUHCISETCS CIEIYIOIMUM 00pa3oM:

P(Y)=P(X)xP(Y|X) )



T KOHTeKCTHBIN ypoBeHE

i

Puc. 1 JIByxypoBHeBas baifecoBckas MeTaceTh JJISI MOJICIMPOBAHUS YCIOBHBIX
3aBUCHUMOCTEHN

P(P(YIX)|P(BIA))

Puc. 2 YcnoBHble 1 6e3ycIOBHBIE BepOSTHOCTH B BaliecoBckoit MeTaceTn

VY3161 2-T0 YPOBHS CETH COOTBETCTBYIOT YCIOBHBIM BEPOSITHOCTSIM 1-ro ypoBHs cetn P(BJA)
nu P(Y[X). Hyra Ha 2-OM YpOBHE CETH COOTBETCTBYET YCJIOBHOH BEPOSTHOCTH
P(P(Y|X)[P(BJA)). Jlormgeckuit BRIBOJI MOKa3aH cOOTHONICHHEM (3):

P(Y)=P(X)xP(P(Y|X)|P(B|A))*XP(B|A) 3

JIByXypoBHEBass METaceTh MOXKET OBITh JIETKO pacliipeHa JI0 MHOTOYPOBHEBOM

(MHOTOKOHTEKCTHOM) MeTaceTH [8]. MHOroypoBHEeBOE INMpe/ICTaRICHUE KOHTEKCTa MO3BOJISET

peNIaTh CICTYIONTHE TTPOOICMBI:

* MOJIy4aTh HHTCPIPETHPYEMOE 3HAHKUE, UCTIOJIB3YS BCE H3BECTHBIC YPOBHH €r0 KOHTEKCTA;

* MOJIy4aTh HEM3BECTHOC 3HAHME, KOT/Ia HHTEPIPETAIUS €r0 B HEKOTOPOM KOHTEKCTE M CaMm
KOHTEKCT U3BCCTHBI,

* MOJy4YaTh HEM3BECTHOE 3HAHUE OTHOCHUTENIHLHO KOHTEKCTa, KOTJla M3BECTHO, KaK 3HAHUE
WHTEPIPETUPYETCS B 9TOM KOHTEKCTE;

* npeoOpazoBaTh 3HAHUE U3 OJTHOTO KOHTEKCTA B IPYTO;



* B mpeaenax 00O MpOOJIEMBI MOMYYaTh 3aBUCHMOCTH IMPH PACCMOTPEHHUH HECKOJBKHX
KOHTEKCTOB M HCIOJBb30BaTh TaKWE 3aBUCHMOCTH, UYTOOBl BBIYMCIUTH OoJiee TOYHBIE
pelIeHus MpoOIEMBI.

B npuHIMNe, Ml MOXEM JOIyCTUTh, 4To balfecoBckas MeTaceTh MOXET MMETh CTOJBKO

ypOBHEH, cKOIbKO HeoOxoaumo. Ha puc. 3 mpuenieH npuMep TpexypoBHEBOH baitecorckoii

METAaceTH.

a)

Puc.3 Tlpumep TtpexyporHeBoit bBaitecoBckoit mertacetu. Tpetuit yposens (D)
YIPaBIsSeT YCIOBHBIMHM 3aBUCUMOCTSMH BTOPOIO YPOBHS CETH, KOTOpas
YIIPaBISET YCIOBHBIMH 3aBHCHMOCTH MIEPBOTO YPOBHSL, cM. (8).

Bropas unTepnperanus  baiiecoBckoii  MeTacetm - MojenmpoBaHMe — oTOOpa
COOTBETCTBYIONTMX aTPUOYTOB JUIsI TPHKIATHBIX 1efeid. Metonsl orbopa aTpubyTOB
M3BIICKAIOT TIOJIMHOKECTBO aTpMOYTOB, KOTOpbIe BIMSIOT Ha IlefieBoM KoHIenT. Cuia u
CabOCTh K&XJOT0 M3 3THX METOJOB Oa3MpyeTcss Ha XapakTEpUCTHUKAX JOMEHA M THIAx
JaHHBIX. Kax M3BeCTHO, HeET €JMHOro MeToja oTOopa aTpuOYTOB, KOTOPBIA MOXET
MPUMEHSATHCS BO BCEX MPHKIIATHBIX 001acTsx. BIOop MeTona oT6opa aTpuOyTOB 3aBHCHT OT
PA3NMYHBIX XapaKTEPUCTUK HAOOpa JaHHBIX.

baifecoBckass MeTaceTb MOXKET ObITh MHCTPYMEHTOM JUIS MOJIEIMpOBaHUS 0TOOpa
pelieBaHTHBIX aTpuOyTOB. IlepeMeHHBle KOHTEKCTa paccMaTpHBAarOTCs, OISTh Ke, Kak
BEPXHHIA YpPOBCHb VIPABICHHS MO OTHONICHHIO K YPOBHIO CETH C IPOTHO3HPYIOITHMH
MepeMEHHBIMU. 3HAYCHUSI TEPEMEHHBIX KOHTEKCTA BIUSIOT Ha PEIEBAHTHOCTh NIEPEMEHHBIX B
ITPOTHO3MPYIOIIEH MOJIENH, KaK MOKa3aHOo Ha pucC. 4.

Mbl paccMaTpuBaeM peIeBaHTHOCTh KaK BEPOSITHOCTh BaXKHOCTU TIEPEMEHHOM Ui BBIBOJIA
IeJIeBOro aTpubyTta B JIAHHOM KOHTeKcTe. [Ipu TakoM ONpeseNieHuH peleBaHTHOCTh
HacJie/lyeT Bce CBOMCTBa BEPOSTHOCTH, KaK TMOKa3aHO Ha puc. 5. YCJIOBHas pelleBAHTHOCTH
W(Y|X) — 310 ecTh peleBaHTHOCTh Y NPH 33JaHHONW peneBaHTHOCTH X. CTaHIapTHBIA
OaifecOBCKMIA BBIBOJI TPUMEHSIETCS K PEIEBAHTHOCTH, KaK MOKa3aHO B COOTHOIIICHUH (4).

P(Y)=@(Y)xP(X)XP(Y|X)=(X)x(Y | X)xP(X)xP(Y|X) (4)
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Puc. 4 /IsyxypoBHeBas bailecoBckasi MeTaceTh /I MOJICTMPOBAHUS

BBIOOpA peJIeBAHTHBIX aTpHOyTOR

FeneEaHTHOCTE

Puc. 5 OnpeﬂeneHHe PEICBAHTHOCTH HOI[06H0 OIIPCACIICHUIO BEPOSITHOCTH

CeTh peNeBaHTHOCTH ONpEJIENIEHA HaJ 3a/JaHHOM MPOTHO3UPYIOUIEH BEPOSTHOCTHOH CETHIO
(puc. 6). OHa KOJUpPYET VYCIOBHBIC 3aBUCHMOCTH MEXAY peleBaHTHocTsIMU. CeTh
PEIEBAHTHOCTH COJICPKHUT TECPBUYHBIC PEJICBAHTHOCTH M YCJIOBHBIC PEJICBAHTHOCTH. [lpm
pPaccMOTPEHUM TAKOTO OIpeNlelieHUs] CeTH pPelIeBAaHTHOCTH HaJ MPOTHOZUPYIONIEH CeThIo,
OYEBUJTHO, UTO MEXK/Y y3IaMH 0OEHX ceTel CYIIECTBYET CTPOTOe€ COOTBETCTBHE, HO YT HE
00s13aTeNIbHO JIOJDKHBI COOTBETCTBOBATH JIPYT JIPYTY (Kak MOKa3aHo Ha puc. 6). ITo o3HavaeT,
YTO PEJICBAHTHOCTH JIBYX MEPEMEHHBIX MOTYT OBITh 3aBHCHMbBI, XOTS MX 3HAYCHHUS YCJIOBHO
HEe3aBUCUMBI U HaoOOpoT (kKak OyjeT Moka3zaHO Ha mpuMmepe Ha puc. 7). TomoJorus sTux

ceTell B 0011IeM cilydae OTIMYHA.
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Puc. 6 CeThp peleBaHTHOCTH oOmpesielicHa Haj NMPOTHO3HUPYIONIEH ceThio. BhBoa
IIEJICBOTO aTprOyTa MOKa3aH COOTHONICHHEM (5)

PY)=@(A)XY(X | A)xY(Y | X)xP(X)xP(Y|X) (5)

CBsI3b MEXJTY BEPOSTHOCTBIO M PEICBAHTHOCTBHIO MOXKET OBITH OIpe/ie/icHa B COOTBETCTBUU €
MTPABHIIOM:

p(x)=g  OHwx)<e. (6)
POX )XY X ) ifw(X )26,

r7ie O - mopor peleBaHTHOCTHU. Ilopor pelleBaHTHOCTH BHIOMpaeTCsl COTNIacHO (OPMYIUPOBKE
3a/1a4M M CYIIECTBYIOIIEMY KOHTEKCTY.

Puc 7. Ilpumep TpexypoBHEeBO# baiiecoBCKOil MeTaceTH. TpeTHil ypOBEHb YIIPaBIsAET
pelleBaHTHBIMM aTpUOYTaAMU Ha BTOPOM YPOBHE, KOTOPBIH YNPAaBISIET PeleBAHTHBIMU
aTpuOyTaMM Ha TIEPBOM YPOBHE.



MBI MOKEM HCITOJIB30BAThH O0JIee MPOCTOE MpaBuiIo Truma (7):

_0 0ifp(x)<8;

P(X
(=X )ifwix) 26

(7)

CeTh peJIcBAHTHOCTH M TMPOTHO3UPYIONIAsl CeTh - JBA YPOBHSI CTPYKTYpbl MeTaceTH. B
MPUHIIMIIE, MBI MOXEM TpeanojiaraTb, 4YTO baliecoBckas MeTaceTh, MOJEIHpPYIOIAs
PElIeBaHTHOCTh aTPUOYTOB, MOKET UMETh CTOJLKO YPOBHEMH, CKOJIbKO Heobxoaumo. Ha puc. 7
baitecoBckast METaCETh COCTOUT M3 3 YpOBHEH.

Tperbs unTepnperanusa baiiecoBckoii MeTaceTH - KOMOMHUPOBAHHAS METACETh MEPBOTO U
BTOpOro BUIOB. B obiem ciydae oba M3 ypoBHEH ympaBiIeHUs, BBEJICHHBIC BbIIIC, MOTYT
CYIIIECTBOBATH B MTPOOJIECMHOI 001aCTH.

Bcee cBolicTBa BXONSAINUX CETEN - Te KE caMmble, KaK Mbl MX ONUCAIM Bblle. DakTUUIECKH B
KOMOMHHPOBAHHOM METACETH JIBA YPOBHs YIIPABIECHMs BO3/ICHCTBYIOT Ha OCHOBHOM ypOBEHB
(puc. 8).

ROHTEKCTHBIA YpOBeHb A KOHTEKCTHEIR ypoBeHs B
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Puc. 8 KomOunuposanHas baliecoBckast MeTaceTh ¢ IByMsl YPOBHSIMU YITpaBJICHHUS

3 IPUMEHEHUE BEPOATHOCTHBIX METACETEN

Kax yxe ObUIO 3aMEUCHO, TPHMCHECHHME TpesUiaraeMoil Mojaeld (B pa3IH4HBIX €€
UHTeprpeTalmsix) 3p¢peKTUBHO NS 3a/ad aHalu3a JaHHBIX B MPOOIEeMHBIX o0JacTsX, TJie
KOHTCKCT CUTYyalllUu BJIMACT HA YCJIIOBHBIC 3aBUCHUMOCTHU MCIKIY NICPCMCHHBIMU B HpO6J’[€MHOI71
obnmacTu. ABTopaMH OBUT TPOBEJIEH aHallM3 TAaKUX 3a7ad W BBIJICJICHBI CIIEYIONINE
AKTYaJIbHBIC 3a/1a4n B oOacTu TTOCTPOCHHSA WHTCIUICKTYAJIBHBIX I/IH(bOpMaHI/IOHHI)IX CHCTEM,
HaIpPaBJICHHBIX Ha MOJIb30BaTEIIS:

- pueTpanmst conpepxuMoro ceTH Internet s KOHKPETHOTO MOJTH30BATEIS;

- MOJICIIMPOBAHKE MOJIB30BATEIBCKUX MPEIMTOYTCHMIM;

- IPEIOCTABJICHHE TTOJIH30BATEIO HHPOPMAITHOHHBIX H JIP. BUJIOB YCIIYT.



HauGompnmmif dKOHOMHYECKHH APQPEKT pENIeHHe TaKuX 3a/ad MPHHECET B MOOHIBHOM
nHpopManmoHHOH cpesie (MoObmIbHOM INternet) s monab3oBaTeNeli MOOHIIBHBIX Tele(hOHOB,
HMEIOIIHX BBIXOJ] B TTIO0ATBHYIO ceTh. JIOCTHXEHHs B OECIIPOBOHBIX CETEBBIX TEXHOIOTHSX
W HENpephIBHO YBEIUYMBAIOIIeecs YHUCIO TMOJb3oBaTellell MOOUIILHBIX Telle(OHOB JienaeT
MOOHJIBHBIA TEPMHHAT BO3MOXKHBIM KAHAIOM JUIS TPETOKEHHS HHIHBHIYATH3HPOBAHHBIX
yCIyT MOOWIBHBIM TOJB30BATENIIM M CO371aeT BO3MOXKHOCTH OBICTpOi  pa3paboTku
MOOWJIBHOM  3JEKTpOHHON KomMepind [9]. CKOpOCTh M TOYHOCTH MPEIOCTABICHHUS
BBIIIEYKA3aHHBIX YCIYT elle Ooliee aKTyallbHBI M3-3a2 BBICOKOH CTOMMOCTH OeCIpOBOJHOTO
CETEBOTO TpaduKa, a W pa3Mepbl TCPMHHAIA OTPAHHYCHBI 10 CPABHEHHWIO C JOCTYIIOM B
Internet yepes mnepcoHalbHBIE KOMIBIOTEPHL, YTO TpeOyeT TIIATEIbHONH (QUIbTpamuu
HH(POPMATIHH.

OnHo W3 HanboJiee BAXKHBIX OCOOCHHOCTEH MOOMIIBLHOHN Cpellbl - MOOMILHOCTh. MOOUIbHBIC
CETEBBIE CEPBEPHI M Jlake MOOMIIbHBIE TEPMMHAIIBI B COCTOSHUM TEMEPh OMPEJEIUTH CBOH
KOOpJIMHATHl C  BBICOKOM TOYHOCTBIO. OTO JlaeT BO3MOXHOCTH  MpPe/IOCTABICHUS
MOJIH30BATEIISIM OTICPATUBHBIX U JIOKATM30BAaHHBIX yeryT [10].

Iens mpenocTaBiIeHUs JTOKATM30BAHHBIX YCIYT - CHaOJUThH MOJb3oBaTellss MHpopMalueit o
HEOOXO/TUMBIX €My OOBEKTaxX, NMPUHUMAs BO BHHUMAHHUE IPOCTPAHCTBEHHOE pACCTOSHHE
MeXy HUM U oObekTamu. PacmonoxeHue ToONb30BaTeNss B JaHHOM cliydae sIBISIeTCS
CYIIIECTBEHHBIM KOHTEKCTHBIM aTPHOYTOM, OTJIMYAIONIAMCS OT aTpHOYTOB MOTPEOHOCTH H
KeJlaHUsl, U Takoi aTpuOyT ’KelaTeJIhbHO BBIHECTH B OT/EILHBIH YpOBEHb BEPOSTHOCTHOMN
MeTaceTH — ymnpaBmwiomui. CTpyKTypa MHOTOYPOBHEBOM —CTPYKTYPHI  TpOdaition
moJIh30Bates OblIa mpeaoxeHa B [11].

B nocnenaue rogp1 OBUTO pazpaboTaHO MHOKECTBO METOAOB (ubTparuu [12]. Ouiastparus
COJICPXKUMOT'O CeTH U aJamNTallds Mo/l MOJIb30BATeNs IOCTATOYHO aKTYaIbHBI U B TIPUBBIYHOMN
Internet-cpese B HACTOSNIYIO 3MOXY TEPEMOJIHEHHH e¢ HMH(popMmarmeid. HpopManmoHHbIe
CUCTEMBb! TpeOYIOT Takoro MOIh30BATENbCKOIO0 WHTepdelica, KOTOphl MoxkeT "pazyMHO"
OMpEJIENATh TPE/ANOYTEHHS IONB30BATENS M MCIONb30BaTh WX JUIS IPETOCTABICHUS
HeoOXouMo# HHpOPMAaITHH.

B obmem ciydae 3amada MOJICIMPOBAHUS TPEIMOYTECHUN TOIB30BATCIICH W (DHIBTPAIHH
uH(popMallud UMeeT HaboOp TepeMeHHBIX (aTpuOyTOB), KOTOphIE BIUSIOT Ha BHIOOp WIH
npeinodTeHue (11eeBoit aTpuOyT) MONb30BaTENsI ONPENENEHHBIM 00pa3oM. BeposTHOCTHBIE
CBS3M MEXJy OTUMHU aTpuOyTaMU KOJUPYIOTCS B TIIEPBOM, IPOTHOZUPYIONIEM YpOBHE
baitecoBckoit Metacetn. Kpome TOro, Ha MeXaHU3M IIPUHATHS pELIECHUS, TO €CTh
3aBUCUMOCTH MEXJTYy aTpUOyTaMU TIEPBOTO YPOBHSI, OKA3hIBACT BIUSHUE KOHTEKCT CUTYaIlUH
(HacTpoeHHe, CaMOYYBCTBHME, IPHUCYTCTBHMS JIPYTHUX IIOJEH psioM, IPOCTPAaHCTBEHHOE
pacmojiokeHue, BpeMs JHS M T.J0.). B CBolo ouepelb CBSI3M MEXKNY KOHTEKCTHBIMH
aTpHOYTAMH TAK)XX€ MOTYT OBITh BEPOSITHOCTHBIMH, H HX TPE/UIATACTCSI KOTHPOBATH BTOPHIM,
yIpaBIsIoNuM ypoBHeM baifecoBckoit MeTaceTH.

SAKVIIOYEHUE

B pabGote mnpemnoxeH ¢opmanusm baifecoBckoif MeTaceTH Kak MOJEIM MHTErpalliu
HECKOJIbKHX BEPOSITHOCTHBIX CETEH IS PEHICHHS 3a7a49 WHTCIUICKTYAIBHOTO aHaIH3a
JIAaHHBIX. B OCHOBe Tako#l MOJIENM JIEKUT CTaHAapTHas BEPOSITHOCTHas ceTh. Kaxblii
JIOTIOJTHUTETIBHBIN YPOBEHh B METACETH HCIOJB3YETCS, YTOOBI BHIOPATH COOTBETCTBYIOIIHE
KOHTEKCTY 3aBUCHMOCTH aTpUOYTOB 0a30BOM CETH WJIM COOTBETCTBYIOIIYIO MOJCTPYKTYPY U3



6a30BOro ypoBHs ceTH. I1pe/utoKeHb! TPH UHTEPIPETAIlMH BEPOSTHOCTHOM MeTaceTn. O0mmit
dopManu3M MpeniioxkeHHOM bailfecoBckoif MeTaceTM MOXKHO HUCHONB30BaTh JUISL pelleHUs
HECKOJIBKHX 3a/1a49 MOJICTHPOBAHUS: MOJICIMPOBAHHE YCIOBHBIX 3aBHCHMOCTEH B mpodaiine
MOJIb30BaTeNs, MOJIEIMpOBaHUE BHIOOpa pPENeBAHTHBIX aTpUOYTOB U KOMOMHHMPOBAHHOE
MOJIETUPOBAHHUE.

Haubonee akTyanbHbIMH OONACTSIMU MPUMEHEHMS TPE/UIOKCHHON MOJIENM BEPOSTHOCTHON
METAceTH SIBIIIOTCS  (HIBTpAIlds  COACPXKHMOro ceTH INnternet st  KOHKPETHOTrOo
MOJIb30BaTeNsl U MOJICIIMPOBAHUE TIONH30BATENICKUX TPEANOYTEHUM B OOBIYHBIX U
MOOWIBHBIX PACTIPEICICHHBIX HH(POPMAITMOHHBIX CUCTeMax. OJKHJIAETCsI, 9TO HCITOJIP30BAHKE
baifecoBckMX MeTaceTelt NpHHeceT HaMOONBIIMH SKOHOMUYCCKHH 3(pdekT B MOOHMILHOM
JJICKTPOHHON KOMMEPLIHH.
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