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MaivHHoe oOydyeHue - 4Ype3BbIYAHHO MOJOAOW pa3fen HayKu, [0

HEKOTOPOMY MHEHHWI0 C(OPMHUPOBABIIUNCA OKOHYATEIHHO HAa CTHIKE MHOXKECTBA
pa3IMYHBIX JUCHUIUIMH B Hadase 70-X TOJ0B MpPOUUIOr0 BeKa, KOTJa Hallu
COOTEeUECTBEHHUKN BamHuk u YepBOHEKHC MaTeMaTUYECKH OOOCHOBAIN MPUHIIHUIL
MHHHMU3ALAH SMITAPHYECKOTO PUCKA ' .

OnHuM W3 TPUHUUIHAIBHO BaXHBIX CIEICTBUI 3TOr0 pe3yibTaTa cTaja
BO3MOXKHOCTh (OPMYJIUPOBATh 3aJa4d MAIIMHHOTO OO0ydYeHHs Kak 3aJadd
YUCJIICHHOW ONTHMM3AIMH, a TakkKe (OPMUPOBAHUE OIPEACICHHON METO0JIOTHH
WCCJIeIOBaHMs aNrOpuTMOB oOydeHus. KpaTko, 3Ta METO0JI0THSI 3aKII0YaeTCs B
TOM, YTO UCCIENOBATENIb AOJKEH cCOOpaTh BHIOOPKY HMPUMEPOB, IS KAXKIOTO U3
KOTOPBIX M3BECTECH MPABUIBHBIN OTBET, IMOCJIE YETO 3Ta BHIOOPKA JEIUTCSA Ha JIBE
(B mpocTeieM ciiydae) 4acTH, Ha OJHOW M3 KOTOPBIX aJITOPUTM 0OydaeTcs, a Ha
apyroii tectupyercs. [lomMumo 3TOro wuccieoBaTeNlb JODKEH 3a(UKCUPOBATH
HEKOTOpYI0 (YHKIIMIO TIOTePh, KOTOpasl I KaXJAOro TMpuUMepa U OTBETa
QNITOpPUTMA Ha STOM MPUMEPE OMPEEISIET, HACKOIBKO CUIIBHO OIIHOCS alTOPUTM.
Jlanee mpoiiecc 00y4eHHUs] MOXKHO MPEACTABUTh KaK BbIOOP TAKOTO alropuTMa u3
HEKOTOpPOTO ceMeilcTBa (HampuMep, 3aJlaHHOTO MapaMeTPUYECKH), KOTOPBIi
omnOaeTcss Kak MOKHO MEHBIIIE B CPETHEM 10 00yJaroIIeil BRIOOPKE.

Joxa3zanubiii BanmnrkoM 1 YepBoHekHCOM (DakT MO3BOJISI HAAESITHCA HA TO,
YTO TMPHU JOCTATOYHO OONBIIOM OOBeMe oOyuaromield BBIOOPKH, SMITHPUYECKHMA
PUCK, TO €CTh, CpedHsisi ommoOKa Mo oOydyaromiedi BBHIOOpKE, HE OyIeT CHUIIBHO
OTKJIOHSITHCSI OT BEPOSITHOCTH OLIMOKH Ha T€HEPAIbHON COBOKYITHOCTH MPUMEPOB.
[Tocie 3TOTO OTKPBHITHS OBLIO TPEMTOKEHO MHOXKECTBO Pa3TUYHBIX (YHKIHN

! (Vapnik & Chervonenkis, 1971)
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MOTepb, YYMTHIBAIOIIMX  CHENU(HUKY  ONpEeAEeNeHHBIX  3a7a4, a  TaKke
MPOAHAIN3UPOBAHBl T€ WJIM HMHBIE MX CBOWCTBA (BBIMTYKIOCTh, MOHOTOHHOCTb,
HEMPEPhIBHOCTh W T.JA.), CHEHHAIBHBIX METOJOB ONTHUMU3AIUHU, pPaOOTaAIOIINX
s dexTuBHEE METONOB OOIIET0 Ha3HAYEHUS, a TaK)Ke BBIJICTICHBI WHTEPECHBIC
CEMENCTBA aJrOPUTMOB, B YaCTHOCTH, JIMHEWHBIC MOJEIH, JCPEBbS PELICHU,
HEUPOCETH U T.[.

TeMm He MeHee, HaMBHAasE MUHUMHU3ALMS SMIMPUUECKOTO PUCKA B PEATBHBIX
YCIOBHSIX MPU PEIIEHUH KOHKPETHBIX NPHUKIAJHBIX 3aJa4 JajJeKO HE BCeraa
MpUBOAWIIA K TNPHEMIIEMOMY pe3yJibTaTy. HecMoTps Ha TO, 4TO B pe3yibrare
OoOy4eHHsI BBIOMPAJNICS ONTUMAIBHBIM C TOYKH 3PEHHUS] IMIUPHUECKOTO PHCKA
aNroput™M, ero 3(pPEeKTUBHOCTh HAa TECTOBOI BBHIOOPKE MOTJIA OBITH MPOU3BOIHHO
HU3KOM MpHU MaJIBIX €€ pa3Mepax OTHOCHUTEIBHO pa3Mepa paccMaTpUBaAEMOro
CeMeiCcTBa aNropuTMOB (B CTATUCTHYECKOM CMBICIE), a TakKe B pse APYrux
CJIy4aeB, HEPEAKO BCTPEYAOIINXCS HA PAKTHUKE.

Teopuss Bamuuka-UepBonukuca (a mo3aHee U JIpyrue Teopuu) GopMaibHO
MPEJIOCTaBIsANa OLEHKY HEOOXOAMMOW pa3sMEepHOCTH OO0ydarolie BBIOOPKH,
KOTOpasi rapaHTupoBaia Obl CXOJUMOCTb 3MIIUPUYECKOrO0 PHUCKA, OJHAKO, 3Ta
OIICHKa Obljla CHJIBHO 3aBBIINIEHHON M HE MOTJIa JJOCTHTaThCS Ha MPaKTUKE, KPOMeE
TOr0, XOpOUIME pPe3yabTaThl OOy4YEeHUs IJOCTUTAINCH 3a4acTyl0 M Ha MaJbIX
BBIOOpKaX.

Jlpyroii cepbe3HOM MpoOIeMOoii, TOMUMO HEJOCTATOYHOTO pa3Mepa BIOOPKH,
OBLJIO OTCYTCTBHE MTOHUMAHMS, KAK UMEHHO OTIPEJIEIIATh U B JaJIbHEHIIIeM paboTaTh
C HYXHBIMM ceMeucTBaMu anroputmoB. Kak mpaBwino, 3T ceMmeincTBa
OMHUCBHIBAJIUCh MAapaMETPUUYECKH, HampuMmep, B ciIydae 3aJaud OWHApHOU
Kinaccu(ukanum, Korjaa BeIOOpKa Moryia ObITh JOCTaTOYHO TOYHO pasjiefieHa Ha
JBA KJIACCA THUIEPIJIOCKOCTBIO B COOTBETCTBYIOLIEM ITPOCTPAHCTBE IPU3HAKOB,
MHOXECTBO  aJITCOPUTMOB  MOTJIO OBITh  33JaHO KaK MHOXECTBO  BCEX
TUIIEPILNIOCKOCTEN B MPOCTPAHCTBE 3aaHHOM pa3mepHocTH. Ha psme 3amau takon
MOJXO/ JaBall XOPOIIWE pPEe3yNbTaThl, OJHAKO, Ka3aJoCh Obl, HE3HAYUTEIHHOE
YCIIOKHEHUE MOCTAHOBKM 3aJ1aud HATJSIAHO JIEMOHCTPUPOBAIO OIPAaHUYECHHOCTH
[apaMeTpUIECKON METOI0JIOTUH.

B kauecTBe BaXXHOTO IMPUMEpPA MOXKHO PACCMOTPETH KIACCUYECKYHO 3aJady
KJIACTEPU3alUM MHOXECTBA TOYEK B HBKIHWIOBOM IIPOCTPAHCTBE, TO €CTh,
pa3OueHns 3TOro MHOXKECTBA Ha HEKOTOpbhIE TPYIIIbI TOYEK, TaK HAa3bIBAEMbIC
KJIaCTEePbl, KOTOPbIE UMEIOT HEKOTOPHIA YCTONYUBBINA CMBICI, TO €CTh, YTOOBI IPH
KJIaCTepU3alUH JPYroil BEIOOPKH, B3SITOM M3 TOTO K€ paclpe/iesieHUs, HailIeHHbIe
IPYIIbl TO-IPEeXHEMY HMEIU Obl cMbIch. [IpumeuaTenbHO, 4TO A0 CHUX TOpP B
Hay4yHOM COOOIIECTBE HET €IMHOr0 MHEHHSI OTHOCHUTEIBHO TOT0, YTO CUUTAThH
XOpomled  KjacTepusalued, ¢ KpUTEepUM  KayecTBa  (MHA4Ye  TOBOpA,
COOTBETCTBYIOINE (QYHKIIUU TIOTEPH) BHIOUPAIOTCS OTACIBHO NIl KOXKIO0W 3a1a4u.



B opHOit W3 KiaccM4eckoil (GOpMYIHPOBOK, B POJU KIACTEPOB BBICTYMAIOT
MHOTOMEPHBIE HOpMaJIbHbIE pacHpeAesieHusl, a NPUHAMJICKHOCTh KaXKJIOW TOUYKH
HEKOTOpOMY  KJIacTepy  BBIpaXaeTcss MpU  TOMOIIM  COOTBETCTBYIOIIMX
BEPOSITHOCTEH.

JlanHass TOCTaHOBKA 3a/Jlaud  MOJAPOOHO  MCCIEAYeTcsl B  paMKax
MaTeMaTUYECKOW CTAaTUCTUKH, TJ€ OHA MOJIydusia Ha3BaHHWE 3aJaud pa3JleJICHUs
cMecHu pacnpeneneHuil. TpaJulIMOHHO, OHA pellaeTcs MpU MOMOIIA METoJa
MaKCHUMAJIbHOTO MPaBAoONofo0usi, mpeiokeHHoro duiiepom, B MPEANOI0KEHUH
00 M3BECTHOM YHCJIE KOMIOHEHT cMecu. OHAKO, €CIM YHCIO KOMIIOHEHT CMEeCH
clenaTh TMEPEMEHHBIM, TO MaKCUMyM (YHKIIMH TPaBAONOAOOUS TOCTHUTAETCH,
KOrJa Ka)kJas Touka oOpa3zyeT CBOM COOCTBEHHBIN KJIACTEp, COCTOALIUNA U3 cels
camoii!

Takum 00pa3oM, TOSBWIMCH TIOHATHS  “‘CIOKHOCTH  MOJACIH H
“CTPYKTYypHOTrO MnapameTpa’, TOUHEe, OHU, KaK U MHOTUE JPYTHe MOHATHS, ObUIH
aJanTUPOBAHbl U3 MAaTeMaTUYECKOW CTAaTUCTUKU. B mocinenHeMm mnpuMepe B poiH
CJIO’KHOCTH MOJIENIM BBICTYIAJIO YHMCJIO KJIACTEPOB WM paclpeiesIeHHi, KOTOpbIE, B
CBOIO OY€pellb, SIBISUIUCH CTPYKTYpPHBIMHM MapaMmerpamu. Jpyrumu mnpumepamu
CTPYKTYpHBIX TapaMETpPOB  SIBIISIIOTCS  CKPBITbIE CJIOM B  MHOTOCIONHBIX
neprenTpoHax win (akTopbl B JIATEHTHBIX (DaKTOpHBIX Mojeisx. Bekope craio
OYEBUIHBIM, YTO NPU ONTUMHU3ALUU IMIUPUUYECKOTO PUCKA (WM MPU PEUICHUU
000 Ipyro# 3a7aui ONTUMH3AIMK B 00yYeHUH) HEOOXOIMMO KOHTPOJIUPOBATH
CIOXHOCTh Mojenu. OpuH crmocoO0B TaKOro KOHTPOJS TOJy4YWs Ha3BaHUE
“perynsipuzaiiusi’ M 3a4acTyl0 3akKoyalics B TOM, 4YTO K ONTHMHU3HPYEMOU
GbyHKIMH T00ABISIICS HEKOTOPBIA YiieH, MTpadyoMui pe3yIbTHPYIONTYI0 MOIEIb
3a €€ W3JMIIHIOK CIO0XKHOCTh. KpoMe Toro, mosiBUJIOCH HECKOJIBKO TEOpHid,
MO3BOJISIONIUX OO0BSICHUTH (heHOMEH “‘nepeoOydeHus’”’, a Takke M30exarhb ero, B
YacTHOCTH, WH(POPMAIMOHHBIN KpUTepui AKaWKe, CBA3BIBAIONIUN  YHUCIIO
mapamMeTpoB B MOJIETH U PE3yJIbTUPYIOIIee 3HaUeHne (PYHKITMN TIPaBAONOA00HMs Ha
oOyuarorieit BoiOOopke. Ilozmuee I'mpeon IlIBapi paspabGotan OGaiiecoBCKui
UH(OPMAIMOHHBINA KPUTEPUH, B KOTOPOM HCIIOIB30BAJl TE K€ UICH, UTO U AKauKe,
HO WCXOJIUJ U3 TMIPUHIUTIOB 0aiiecoBCKOM cTaTUCTUKU. O0a 3THX KPUTEPUS UMEIOT
B KaQUe€CTBE aHAJIOTHH IIHPOKO M3BECTHBIA MpuHUIHUN OKKaMa, COTJIACHO KOTOPOMY
U3 JIBYX MOJeJNied, MOKa3bIBAIOMIMX OJMHAKOBBIM pe3yslbTaT Ha o0O0ydaromen
BBIOOpPKE, CTOUT MPEANOYECTh Ty, KOTOpas KMCIOJIb30Bajla MEHBIIEE KOJIUYECTBO
apaMeTpoB.

B Buay TOro, 4to B OCHOBE TEOPUU MAIIMHHOTO OOYyYEHHUsS H3HA4YaJbHO
JIeXKaIU Pe3yJbTaThl U3 MHOKECTBA IPYTHX HAYYHBIX TUCLIMIUINH, HA NPOTSKEHUU
BCEr0 BPEMEHM Yy HCCIIe/IOBATeNIe BO3HUKAIM WAEU MO MPUMEHEHUIO TEX WIH
MHBIX METOJIOB M3 POJICTBEHHBIX HAYK [JI PEUICHUS KIIOYEBBIX MPOOJIEM BpOE
BbIOOpa Mozenu. VckimtoueHueM He crana u OaiiecoBCKasi CTaTUCTHKA, KOTOpas C



cepeansbl 90-X rOJI0B U MO HACTOSIIMNA MOMEHT IIEPEKUBAET PEHECCAHC UMEHHO B
CBSI3W C TE€M, YTO OHAa HalllJla CBOE€ MMPUMEHEHHWE B OypHO pPa3BUBAIOIIUMCS
MalTuHHOM O0yYeHHUH.

[Ipuuunbl nonynsipHOCTH 0aileCOBCKOrO MOAXOAa B MAIIMHHOM OOy4YeHUU
3aKJIIOYAIOTCS BOBCE HE B MHTEPHPETAMU TOHATHS BEPOATHOCTH, KaK MEpHI
YBEpEHHOCTH (B TMPOTHMBOBEC  YACTOTHOMY  ONPEACIICHUIO),  BOIPEKH
pacnpocTpaHeHHOMY YOeXIEHHUIO, a CKOpee B TOM, 4TO OaliecOBCKas mapajaurma
MpEeAnoiaraeT KOHCTPYHUPOBAHUE MOJEJIEH C HCIOJIb30BAHUEM OMNPEIEICHHOTO
MaTEeMaTUYECKOTO S13bIKa, BIIaJIEHNE KOTOPHIM MO3BOJIIET OBICTPO KOMOMHHPOBATH
MEJIKME COCTABJISIONINE B €UHYIO MOJIETb.

Bce paccmaTrpuBaemMbie 0OBEKTHI, YUACTBYIOIINE B MOJIETH, OMPEICISIOTCS
KaK cllydyallHble BEJIMYMHBI, B3aHMMOJEHCTBYIOIIME JAPYr C JPYroM COIJIacHO
COOTBETCTBYIOIIHUM (pakTOopaM, Kak MPaBUIO, UMEIOIINM BEPOSTHOCTHBIA CMBICIL.
YacTp M3 3THX BEJIUYUH MOXKET CUUTAThCS ‘“HAOII0/1aeMbIMHU’, YacTO MPU3HAKU
OoOy4YaronMx MPUMEPOB BBICTYHAIOT B AITOW POJIH, JApyras 4YacTb Ha3bIBAETCS
“CKpBITBIMU” ¥ MOXET OTBE€YaTh 3a HACTPauBaeMbl€ MAapaMETPbl, OCTAJIbHbIC
BEJIMYMHBI HA3bIBAIOTCS ‘‘TUIEpIIapaMeTpaMu’ U (PUKCHUPYIOTCS KaK KOHCTAHTHI.
MopaylbHOCTh TOCTPOCHHSI BEPOATHOCTHBIX MOJEIEH B JaHHOM CJydae
3aKJII0YaeTcsli B TOM, YTO THUIIEPIIApaMeTpbl, BOCIPUHUMAEMbIE KaK KOHCTAHTHI,
MOTYT OBITh 3aMEHEHbl Ha CIly4ailHble BEJIMYMHBI, OMNpEIeNIeHHbIE B APyrou
MOJIeNIH, U, HAIIPUMeEp, CTaTh HACTPAUBAEMBIMU MapaMeTPaMU MOCe 00bEeTMHEHUS
MOJENEN.

[ToMmuMoO 3TOrO, B OTIWYHE OT CaMBbIX PAaHHUX aJTOPUTMOB OOy4YEHHUS, B
KOTOPBIX HACTPOWKA MapaMeTpPOB 3aKII0YANIACh B UX ONTHUMH3AINU, O0aleCOBCKHIA
MOJX0/ TMPEANnojiaraeT TaK Ha3bIBaeMbIN “‘0alleCOBCKUN BBIBOJ~ B OTHOIICHUH
apaMeTpoB, TO €CThb, IOJYYEHUE YCIOBHOTO paCHpEeleNieHUs] Ha 3HAYEHUS
CKPBITBIX TEPEMEHHBIX MpPHU YCIOBUU HaOmogaeMbiX. [IoCKOIbKy Ha NpakTHKe
oOydaroriasi BRIOOpKAa YacTO 3allyMJieHAa WM UMEET TMEPEeKOChl, TO BCTPOCHHBIC
MEXaHHU3Mbl MOJIETTUPOBAHUS HEONIPEAECICHHOCTH B IPUHATUH PEIICHUN OKa3aJnCh
OYEHb KCTATH.

Cranu  QopMynHpOBaThCS BEPOSITHOCTHBIE AaHAIOTH pPaHEe W3BECTHBIX
HEBEPOATHOCTHBIX METOJIOB, B KOTOPBIX IOCJIEAHUE BO3HUKAIM KaK YacTHBIE
Cly4aW, COOTBETCTBYIOIIME OIEHKE MaKCHUMAJIbHOTO  MPaBIOMOAO0OUS B
COOTBETCTBYIOIIMX pACHpPEICNCHNUsIX; B KayeCcTBE MpPHUMEPA MOXXHO MPHUBECTU
0alieCOBCKUM METOJ IJIaBHBIX KOMHOHGHTZ, MPEVIOKEHHBIM OJTHUM M3 BEAYIIUX
CHEIUATHICTOB 10 OaitecoBckuM Metoaam Kpuctodepom bumronom.

Kpome Toro, ObUIO TPOAEMOHCTPUPOBAHO, HYTO BO MHOTHX CIIydasx
peryjispusanus HEBEPOATHOCTHBIX MOJIENIe COOTBETCTBYET ONPEACIICHHBIM

? (Bishop, 1999)



ATIPHOPHBIM PACTIPEICNICHHSAM B BEPOSTHOCTHBIX . JTO B CBOIO 0YEPEib 3aT0KHIO
OCHOBY [IJii HEMapaMeTpUYecKoro OalieCOBCKOro IMOJAXO0Aa K 3aJaye BbIOOpa
Mozaenu. Bmecto Toro, 4toObl 00ydaTh HECKOIBKO aNTOPUTMOB C PAa3TUYHBIMU
CTPYKTYpHBIMM MapamMeTpaMy, a IOTOM BBIOMpPATh M3 HUX HAWIY4YIIUA TpU
TIOMOIIH, HarpUMep, KpuTeprst AKkanke', GbUIO MPEIOKEHO HACTPAHBATH TOIBKO
OJHY MOJENb CO CHEUHAIBHBIM alPUOPHBIM PACHPEACICHUEM Ha CTPYKTYpPHBIE
[apameTphl.

OTOT MOAXOJ, B YacCTHOCTH, NPUBHEC BeCbMa HHTEPECHBIE CBOICTBA B
MOJIENIA, TTO3BOJISIA CTPYKTYPE MOJEIM MEHATHCA MO0 MEpe IOCTYIUICHUS HOBBIX
oOydJaronmmx JJaHHBIX, 0e3 Tmepe3amycka Mpomeaypsl OOydeHHs, OJIHAKO
MOTpPeOOBal CYIIECTBEHHOIO HW3MEHEHHUSI METOJOJIOTUM OOYYEHHS] U U3MEHEHUS
oOpa3za MBIIIUICHUS] BCEX 3aHMMAIONIMXCA MAIIUHHBIM 00ydeHueM. OO0 3ToM
MOJXO0J€E AAJee U MOUIET PEYb.

['py6o roBopsi, ceMeNCTBO HEMapaMeTPUUECKUX METOIOB MOXHO Pa3AeiUTh
Ha JB€ TIPYNNbl: CBA3AHHBIE C TAayCCOBCKUMHU MPOLECCAMU M CBSI3aHHBIE C
nporeccoM upuxiie. OTU rpynnsl pa3BUBAIUCh HE3AaBUCUMO U HE MEPECEKAIUCH
10 TOW NMPUYMHE, YTO METOIBI U3 KaXKJ0M IPYNIbI pelain CcBou 3axaun. HecmoTps
Ha TO, 4TO (OPMAIBLHO TAYCCOBCKHI TPOIECC SBIACTCS HEMapaMeTPUIECKUM
pacrpenereHueM HapaBHe ¢ mpoieccoMm Jlupuxiie, 0COOEHHO B MOCIIEIHEE BpeEMs
0]l HENapaMETPUUYECKUMH MPOLECCAMU IMOHUMAKT HMEHHO BTOPYH TPYIILY
MPOLIECCOB, U M3 JTAHHOTO MOHSATHS IOYTH MOJHOCTBIO BBITECHEHBI I'ayCCOBCKHUE
npouiecchl. [lo aTo¥ mpuumHe B gaHHOM pedepare OyayT pacCMOTPEHBI TOJBKO
METOJIbI BTOPOU T'PYIIIIHL.

MNepBasa paboTa

B 2000 romy Ha ogHON W3 TIABHBIX MEXKIYyHAPOIAHBIX KOH(GEpPEHIUH IO
mamuHHOMY oOydennio Neural Information Processing Systems (NIPS) Obuia
omyb6nmkoBaHa ctaThs Kapna OaBapaa Pacmyccena “The Infinite Gaussian Mixture
Model”. D10 6blna 0fHA U3 MEPBBIX CTATeH, IEMOHCTPHPYIOMIAs HCIIOIb30BAHIE
HemapaMeTpruIecKX 0aileCOBCKUX METO/I0B B MAIIMHHOM OOYYEHUH.

B cratee paccMarpuBanach KilacCMUecKkas 3ajadya pa3[eieHUus CMECU U
[JIABHBIM 00pa3oM BHUMAHHUE YJIENSJIOCh AalpUOPHOMY pAaCIpeleeHUuI0 Ha
MPUHAJJICKHOCTh KOMIIOHEHTaM CMECH. TpaJUIMOHHO ISl 3TOr0 MPUMEHSIIOCH
pactipenenenue lupuxiie 3agaHHod pa3mepHocTH. B cBoelr pabore Pacmyccen
paccMOTpen OAUH U3 METOJI0B 0aileCOBCKOTO BBIBOJIA, @ UMEHHO CXEMY T'€Hepaluu

3 (Bishop & Nasrabadi, 2006)
* (Akaike, 1974)
> (Rasmussen, 2000)
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BbIOOpKHM TI0 ['mOOcy (manmee — cxema ['mb6ca) anms monenu ¢ pacrpeaesieHueM
Jlupuxme, mociie 4ero mepemen K Ipeaesly OTHOCHTEIBHO YHCIA KIIACTEPOB.
Oka3anock, 4TO Mpeaea CYIIECTBYET U UMEET OY€Hb MPOCTOM U MOHSITHBINA CMBICI:
BEPOSATHOCTh MPHUHAJICKHOCTH KaXIOM TOYKA K JHOOOMY U3 BO3MOXKHBIX
KJIACTEPOB MPOMOPLIMOHATIBHA YUCIY TOYEK, YK€ OTHECEHHBIX K 3TOMY KJIacTepy.
Kpome TOro, Touka wHMeeT BO3MOXHOCTh 0O0pa3oBaThb HOBBIM KIIACTEP C
BEPOSITHOCTBIO, MPOMOPUUOHAIBHON IMapaMeTpy KOHILIEHTPALMU CHUMMETPUYHOTO
O0eckoHeuHOMepHOro pacnpenenenus Jupuxie. HecmoTpst Ha BCIo TPOCTOTY 3TOTO
pe3yJsibTaTa, OH UMEJ OYE€Hb CEPbE3HOE 3HAUCHUE: PAHEE HE MPEANoJIarajioch, 4To
oOpa3oBaHHE HOBBIX KJIACTEPOB MOXKET OBITh IMPOMOJEITHPOBAHO AMPUOPHBIM
pacnpeneneHueM.

[Tonyuennass PacMycceHOM KOHCTPYKLHSI paHee Yyxe Oblia OTKpbITa
dpaniysckuM MaTemaTHkoM JlaBumom AnbaoycoM’ H mosjHee Oblia Ha3BaHA
TIPOLIECCOM KHTaHCKOro pecropaHa . IIpHMedaTeNbHO, YTO STOT HEOKHIAHHO
BO3HHKINI B pabore Pacmyccena ciywaiiHbli mporiecc, Kak OBLIO IMOKa3aHO
MO3/HEe, SABJISIETCS OJHUM M3 NPEACTABICHUN Ipouecca Jupuxiie, KOTOpbId cam
Pacmyccen mutupyeTr B CBOEH CTaThe, HO, CyJs 10 BCEMY, HE BUAUT CBSA3U MEXKIY
JIBYMS STUMH IIPOLECCAMMU.

Ota pabota PacMycceHa He mpejiokuiia caMmy KOHIIETIUIO MCIOJIb30BaHMs
HermapaMeTpruuecknx 0aiileCOBCKMX METOJIOB, KOTOpasl Oblja M3BECTHA paHee, HO
3aTO MPOAEMOHCTPUPOBAJIa KpalHENW NMPOCTOM NMPAKTHYECKUN METOJ BBIBOAA, YTO
MOACTErHYJI0O  MHTEpPEC HAay4yHOro cooOllecTBa K  HEMapamMeTpUYECKUM
0alleCOBCKUM METOJIaM.

B nanpHelimem o06macTh pa3BUBaiach MO CIEAYIONIMM HaIpaBICHUSIM:
[OJy4YE€HUE  HOBBIX  MOJEJIENM M3  CTapbIX, IIyT€M  KCIOJIb30BaHMS
HeMapaMeTPUUECKUX PACIPEICICHUN BMECTO MapaMETPUUYECKUX, U UCCIENOBAHUE
CBOWCTB HOBBIX Mojened, pa3paboTka Oonee dPGEKTHBHBIX METOJOB
0alieCOBCKOTO BBIBOJIA JUIA DTHUX MOJEISH, a TakKKe TIOUCK HOBBIX
HEMapaMeTPUUECKUX CIIyYalHBIX MPOLIECCOB.

PasBuTHE HenapaMeTpUUECKUX CaYHamHbIX NPoL,EeCccoB

% (Aldous, 1985)

" Takoe Ha3BaHHE STOT CIIy4aifHBIN Tpollecc MOMYYWIT H3-3a HATJSATHOW MeTadopsl
IIOBCACHUA ITOCCTUTCIIA B KUTaliCKOM peCcTOpaHe, KOTOpLIP'I CaauTcCid 3a JIF000H U3 BO3MOYKHBIX
CTOJIOB C BCPOATHOCTBIO, HpOHOpI.IHOHElJ'ILHOfI qUuCly CUAAIUX 3a HUM HIO,I[efI. B I[aJ'ILHefILHeM
Apyrue cnyqaﬁHHe MMpoHECChl CTAaJIM TAKKC HAa3bIBATb B YCCTb 3aBeI[eHI/II71 O6H.[CCTBGHHOFO
IINTAHWs.



[lepBbiM K3 HeEmapaMETPUUYECKUX CIy4ailHbIX MPOLECCOB OBLI MPOIECC
Jupuxne®, npennoxenusiii Tomacom ®eprycconom B 1973 1. B cBoeii paGote
@epryccoH MNpejIoKuII cpa3y JBa HKBUBAJIICHTHBIX OMNpPEAEJICHUsl IMpolecca
Jupuxiie, mnepBoe U3 KOTOPBIX OBUIO CXOXE€ € OJAHUM U3 OIpeIeTIeHUI
rayCCoBCKOI'0 IpoIiecca U pacCMaTpUBaIO CBOMCTBO 1000 BRIOOPKH U3 Mpolecca
Jupuxiie ObITh paclpeeseHHOM COrNlacHO pachpenenenuto  upuxie c
ONpeNesIeHHbIMU TapaMeTpaMu. BTopoe ke OCHOBBIBAJIOCH Ha MPEACTaBICHUU
rpolecca ¢ TOYKH 3pEHHUS IOHATHUS CYYAUHOU Mepbl.

[Iponecc [dupuxie He oOrpaHuyuicsa JBYMs ompeneleHusMu. bynyuu
MHTEPECHBIM MAaTEMATHYECKUM OOBEKTOM, MOJE3HBIM IS MHOTHUX MPAKTUYECKHUX
3a/ia4y, OH MPUBJIEK K ceO¢ BHUMAaHHE HAYYHOTO COOOINECTBa, B pe3yJbTaTe 4Yero
JUTSE HEero ObUTH TIONYYEHBI pa3InyHbIe YKBUBAJICHTHBIC OINPEICIICHUS WM, WHAYE
rOBOpSI, IPEACTABIEHUS, ONIEPUPYIOIINE Ha MEPBBIN B3I HE UMEIOIIMMHU HUYETO
oOIIero MOHSATUSMH, HO HA CAMOM JIeJIe OMUCHIBAIONINX OJIUH U TOT K€ CIIyYaHbIN
porecc.

[TepBbIM pa3paboOTaHHBIM MpECTAaBICHUEM ObLJIa KOHCTPYKIIUS HA OCHOBE
ypubl ITombs’, npemioxenHas B 1984 r. ®pemom Xomme, B 4ecTh KOTOPOToO ee
WHOT/Aa Ha3plBalOT. B  JaHHOM ClOy4allHOM TMPOILECCE  MOAEIUPOBATIOCH
pacrpeneneHue Haja pa30MEHUSIMU MHOXKECTBA HATypalbHBIX YHCEIN, IIyTeM
o0o6menuss momenu ypHbl [loiia. CmycTss TOA OBUIO TPEMIOKEHO Jpyroe
pacrpeniereHue, BIIOCIEICTBUM IIOJYYUBILEE HAa3BaHUE IIpollecca KHUTANCKOro
pecropana'’, 0 KoTopoM yxe GbIIO CKa3aHO BbIlie. B 060mMX 3THX paGoTax He
YIOMUHAJIOCh CBSI3U € TpolieccoM Jupuxie, XoTa €e MOXKHO ObLIO MPOCIEAUTD,
TaKk Kak mojaenb ypHbl [lonia TecHO cBA3aHa c pacnpeneneHueM [lupuxie, a
MIPOLIECC KUTAWCKOTO PECTOPaHa, B CBOK 0UYEPE/lb, IOJIHOCTHIO SKBUBAJIEHTEH yPHE
Xomme. TeM He MeHee, 00a 3THX pacHpeiesieHUsi CTPOro TrOBOPsl HE SIBIISIIUCH
AKBUBAJICHTHBIMU TIpolieccy Jupuxiie, MOCKOJIbKY UX HOCUTEJIEM SIBISIIOCH APYroe
MHOXECTBO. B gjanpHedmeM mnOpoulecc KUTAMCKOrO pecTopaHa CTajl 4YacTo
MPUMEHSTHCA JJISI ONpPEACIICHUS HemapaMeTPUUYECKHX MOJAENEH, sl KOTOPBIX
BBIBO/T OCYIIECTBJISJICS IPU MOMOIIU cXeMbl [ mO0ca, MOCKOIbKYy OH OB Hanboiee
yI00€H 7151 5TOrO.

B 1994 r. Obul0 Takke OTKPBITO APYroe, KpailHe Ba)KHOE MPE/ICTABICHUE
mporecca JIMpUXjie, HAa3BaHHOE MPOLECCOM pasloMa Talkh =, KOTOpoe
ompenensyio mponecc Jupuxiie KoHCcmpyKmueHo W TO3BOJSIO, HANpPHUMED,
AHAJIUTUYECKH TOIYUYUTh BEPOSITHOCTh, C KOTOPOW JIOJKEH MOBTOPATHCS KaXKIbIN

8 (Ferguson, 1973)

? (Hoppe, 1984)

10 (Aldous, 1985)

' (Sethuraman, 1994)



U3 YHUKAJIbHBIX 3JIEMEHTOB BBIOOPDKH, CTEHEPUPOBAHHON M3 JIAaHHOTO CIY4YaillHOTO
npoiecca. BrocneacTsuu, mpouecc pazioma Majku okKaszaics Hanbojee yaoOeH
JUISL BapHAllMOHHOTO BBIBOJA, B YACTHOCTH, MO TOW MPUYUHE, YTO OH, KaK H
pactpenenenue Jupuxie, ObUl CONPSKEHHBIM aNpHOPHBIM paclpe/ieIEeHueM K
MyJIbTUHOMUAIBHOMY. CTOUT TE€M HE MEHee YHOMSHYTb, 4YTO TMPH 3TOM
MCIIOJIB30BAJICSl TAK HA3bIBAEMBIN OrpaHUYEHHBIN MPOLECC pa3joMa MaJKu (aHTJ.
truncated stick breaking process), B KOTOpOM MaKCHMaJbHOE YHCIO CTPYKTYPHBIX
MapaMeTpOB UCKYCCTBEHHO OrPAaHUYMBAETCS CBEPXY.

Hcnonp3oBaHWe AaHHOTO TIpoliecca, Kak MpaBUIO, HE CO3JaBalio
TPYAHOCTEN ISl HEMOCPEACTBEHHOTO BBIBOJIA MapamMeTpPOB MOJEIU, HO OHO
MPEACTABISIO CEPhE3HYI0 HACOJIOTMYECKYI0 U METOJOJOTHUECKYI0 MpoOIeMy.
AGcomoTHOE OONBITMHCTBO PabOT, B KOTOPHIX HCIOIB30BaJICA mporecc Jupuxie
U €ro MpeicTaBlI€HUWE HMEHHO B BHUJE IMpolecca pazjioMa MNalKd (C UEJbIO
BAPUAIIMOHHOTO BbIBOJA), (opManbHO paboTanu C HemapaMeTPUUYECKUMHU
MOJEISIMU, OJIHAKO, MO CYTH 3TH MOJENIU ObUIM aHAJOTUYHBI MapamMeTpU4YeCKUM!
Kpome Toro, 310 orpannuenrie npyu npuOIMKEHHOM BBIBOJIE 3aHUKAIIO AUCIIEPCHUIO
aIIOCTEPUOPHOTO PACIIPE/ICIICHHS .

B 1997 r. 6buto mpemioxkeH mpouecc Ilurmana-Fopa ', koTopblit B
HEKOTOpPOM cMbIciie 0000man npouecc upuxiie U Mo3BOJSUT MOMy4YaTh APYrou
XapakTep yracaHus BEpPOSITHOCTEH TIOBTOPEHHS] YHUKAJIbHBIX 3JEMEHTOB U3
6a30B0i1 Mephl. B wacTHOCTH, y1aBaioCh TOOUTHCS CTENIEHHOTO 3aKOHA YOBIBAaHUS
ATUX BEPOSATHOCTEW, KOTOPOMY 4YacTO OTBOJUTCA OCO0OE MECTO B ONUCAHUH
Pa3JIMYHBIX TPOLIECCOB.

Eme oguH BaXHBIM HemapaMeTPUUECKHN MPOLECC, HA3BAHHBINA MPOLIECCOM
uHamiickoro Gydera'!, 6bu1 mpemnosken B 2005 romy Kak pacpeieleHHe Haj
KJIaCCaMU SKBUBAJECHTHOCTH OWHApPHBIX MAaTPHUI] OECKOHEYHOW pa3MEpPHOCTH.
I'py6o TrOBOpsA, eciu B Mpolecce KHUTANCKOrO pecTopaHa MOAEIHPOBANIACH
CUTyalus, B KOTOPOM KaXIblil OOBEKT MOT MNPHUHAIIECKATH OAHOMY U TOJBKO
OJTHOMY KJjaccy (pa30MeHHro), TO B Mpoliecce HHIUHCKOTro 0ydera 00bEeKThI MOTIIN
MpPUHAJIEKATh MPOU3BOJBHOMY YHCIY KJIACCOB, YHCJIO KOTOPBIX 3aBUCEIIO
norapudMuyuecku OT Yucia oO0bekToB. Takum o0OpazoM, MPOIECC HHIUKWCKOTO
Oydera OTIMYHO MOAXOAMI JJIsi MOJEIHMPOBAHUS MOJENIEH JTATEHTHBIX CBOMCTB
(anrn. Latent Feature Models).

Uyte mozxke, B 2007 romy, Oblla MMOKa3aHa Ba)KHAs CBsI3b IMpoIllecca
MHIHicKoro Gydera ¢ GeTa mpoleccoM ', a TaKKe MONYYeHO ero KOHCTPYKTHBHOE

12 (Wang & Blei, 2012)

1 (Pitman & Yor, 1997)

' (Griffiths & Ghahramani, 2005)
' (Thibaux & Jordan, 2007)



TpeCTaBIIeHNUe, aHATOTMYHOE MPOIIEcCy Pa3IoMa Maik| s mponecca Jupuxie'’.
PesynbraThl, mONy4eHHBIE B OTHX paboTax, TMO3BOJUIN YHUDHIIMPOBATH
TEOPETUUYECKHE METOJbl paboThl C PSIAOM HEMapaMeTPUUEeCKUX MPOIECCOB
(BKirogas mponece Jupuxite, nponecce IntMmana-Hopa u iponece 6eta-bepryim)
U TIIy0Xe MOHATh UX CBOMCTBA KAaK CIyYalHBIX Mep”.

Cpenu mnpouynx HMHTEPECHBIX HEMAPAMETPUUYECKUX pPACHpPEACICHUN CTOUT
TaKke OTMETUTh uepapxudeckuil npouecc Hupuxne (MUIIJ), mpemioxxkeHHbIH B
2005 romy rpynmou rccienoBaTeneit . JlaHHbIHi MPOIIECC MPEACTABISLIT U3 CceOst
JBYXYPOBHEBBIM T'€HEPATUBHBIM NPOLECC, HAa IEPBOM YPOBHE KOTOPOrO IIpHU
MOMOIIM KOpHEBOro mpoiiecca upuxie BbiOupaics npoiecc upuxiie BTOpOro
YPOBHsI, U3 KOTOPOTO YK€ TeHepupoBaicsi oOBeKT. B oTimume ot 0OBIYHOTO
npouecca Jupuxiie, UIIJ] mo3Boisu1i MOIEIUpoOBaTh CMECh PACIHpPEICICHUN HE
TOJIBKO B PaMKax OJIHOW BBIOOPKH, HO U OJTHOBPEMEHHO ISl HECKOJIBKUX BBIOOPOK,
KOTOpbIE TIO TIPEANOJIOKECHUIO MMENIH O0IIre mapameTpbl KOMIOHEHTOB CMECH.
DTO MO3BOJISUIO MPUMEHSTh HeMapamMeTPUYECKHEe METOJAbl B CUTyalusAX, KOrja B
pPacCHOpsDKEHUHM HMMEETCsl HECKOJIbKO BBIOOPOK,  TMOJYYEHHBIX, BEPOSTHO, B
HECKOJIbKO Pa3IUYHBIX YCIOBUSX, OJJHAKO UMEIONIUX YACTHYHO 00Wf)yI0 NpUpooy, u
Py 3TOM HCIONB30BaTh JAHHBIE KaXJOW BBIOOPKH I OIEHWBAHHS OOIIUX
[apaMeTpoOB, OJHOBPEMEHHO BBIMOJHSASA KIACTEPU3ALMI0 KaK BHYTPU KaXIOU
BBIOOPKM HE3aBUCUMO, TaK U KJIACTEPU3AIMI0 KJIACTEPOB, MOJYYEHHBIX JIs
Kaxaond BeIOOpKH. [lommmo 3toro, WMIIJ] MokHO OBLIO HMCIOJB30BATh M IS
CUTYaIlMH, KOTJa B PACMOPSDKEHUH UMEETCs] TOJIBKO OJTHA BBHIOOpKA, HO Tpedyercs
MIPOMOJIETUPOBATH MOAO0HBIN Y(PPEKT pa3HOPOTHOCTH TAHHBIX B HEH.

[Togo6unoe npumenenue MWIIJ] cymecTBeHHO yiydmiamo pe3ylbTaThl B
3a7]a4e pa3JeICHUE CMECH, U MTO3TOMY BO MHOTMX HEMAPAMETPUUYECKUX MOIEISAX
ucroas3oBancs HermocpeacTBenno UIIJI, BMecto oOpraHOTO TIporiecca lupuxiie.

Tem ne wMenee, WIIJ] Obl1 HE €AUMHCTBEHHBIM HENMAapaMETPUUYECKUM
pacrpeneneHueM, NPU3BaHHBIM  CMOJEIHUPOBATh HMEIOIIMECS B JAHHBIX
HMEpPAPXUUYECKUE 3aBHUCUMOCTH. DBBUI TakKe MpPEeNIOKEH BIIOKECHHBIN IPOLECC
KUTaKlCKOI0 peCTopaHa19 (OIHOBpEMEHHO € JaHHON paboOTO APYroil KOJJIEKTUB
VUYCHBIX OITyOJIMKOBAJl ASKBHUBAJICHTHBIM BJIOKEHHBIM mporecc Jupuxie 20 ),
KOTOPBIN MO3BOJISLT HE ITPOCTO MOJEIUPOBATH HEONIPEAEIEHHOE YHCIIO KIACTEPOB B
BBIOOpKE, HO TaK)Ke UX CTPYKTypy B Buae nepeBa. BIIKP Obin mpeioxkeHn He Kak
a0CTpaKTHBIA CTATUCTHUYECKUUA METOJ,, 2 B KauyeCTBE CPEACTBA ISl MOCTPOEHUS

16 (Teh, Gorur, & Ghahramani, 2007)

17 (Broderick, Jordan, & Pitman, 2012)

18 (Teh, Jordan, Beal, & Blei, 2006)

19 (Blei, Griffiths, & Jordan, 2010)

20 (Rodriguez, Dunson, & Gelfand, 2008)

10



OoJiee JIETaNbHBIX meMamuiyeckux Mooeneli, 4acTO BBIOMpPAaeMbIX B KadyeCTBE
MIPWIOKEHUST UCCIENOBATEIsIMUA B 00JIACTH HEMapamMeTPpUUECKHX METOJOB, U IS
JAHHOM 3a/1a4M MOKa3aJl KpallHe XOPOIIUE PE3yJIbTaThI.

JIo cux mop BC€ PacCMOTPEHHBIE CIIyYaWHBIE IPOLECCHl MpPEAIonaraiu
OECKOHEUHYI0O CHMMETPHUYECKYI0 3aBUCUMOCTh MOJEIHPYEMbBIX JTAaHHBIX (QHIIL.
infinite exchangeability), kpaifHe Ba)kHO€ M YacTO HCHOJIb3yeMOE CBOMCTBO B
0aileCOBCKOM CTAaTUCTUKE, O3HAUYaOIIee, YTO TPOU3BOJIbHAS (OecKOoHEeUHas)
[IEPECTAaHOBKA JAaHHBIX HE MEHAET MX COBMECTHOI'O pacupeiesneHus. BakHbiM
YaCTHBIM CJIy4a€M 3TOr0 CBOMCTBA SIBJISICTCSI HE3aBUCHUMOCTb WM OJUHAKOBOE
pacrpeniesieHue CIy4ailHbIX BEJIMYHMH, KOTOpOE elle Oojee 4acTO BCTPEYaeTCs B
MaTeMaTUYeCKON CTAaTUCTUKE, OJTHAKO, SABJISETCS 00Jiee CUIIbHBIM CBOMCTBOM.

beckoHeuHasi cuMMeTpUYecKasi 3aBUCUMOCTh, TPy0O TOBOpPS, MIPEAIOJIAraeT,
YTO TMOPSAOK, B KOTOPOM paccMaTPUBAIOTCS JaHHbIE, HE UMEET 3HAYECHHUS. ITO
MPEIIOIOKEHUE SBJISIETCS aJEKBAaTHBIM JUIS psAda 3adad, OJAHAKO, BO MHOTHX
ClIy4asX JaHHbIe UMEIOT BHYTPH ceOsl pa3IuyHble 3aBUCUMOCTH, HECOBMECTHUMBIE C
ATUM MpeAnojoxeHueM. Tak, Hampumep, NOpH aHadu3e U300paXKEHUW WIH
BPEMEHHBIX PAIOB MOPSIOK PACCMOTPEHHS COOTBETCTBYIOIIMX OOBEKTOB (TOYEK
M300pKEHHUS] WJIM DJIEMEHTOB psifa) MOXET OBITh ONPEACNSIONIM IS
pe3yabtraToB. Kpome Toro, coriiacHo teopeme Jle ®unertn’’, A CUMMETPUYECKHU
3aBUCUMBIX JIaHHBIX BO3MOXKHO pAa3JIOXKUTh COBMECTHOE pAaCIpEICIICHUE Ha
anpuOpPHOE paclpeliesieHHe Ha HEKUU CKpwvimbli napamemp, BOOOIIE TOBOPS,
OECKOHEUYHOMEPHBIM M MpaBIONoA0OHUE JaHHBIX, OTHOCHUTEIIBHO 3HAYEHHS 3TOrO
napaMerpa, Onarojaps 4YeMy CO3/aeTcsi TeOopeTHyecKas OO0OCHOBAaHUE IS
CyLIECTBOBAaHUS HEMApPaMETPUUECKUX PACTIPENCTICHUM.

OnHako, MOCKOJBKY pa3JIMuHbIe TPUIIOKEHHS, B KOTOPBIX MOPAIOK JaHHBIX
ObT Ba)keH, TpeOOBalM HHCTPYMEHTOB CTaTUCTUYECKOTO aHajau3a, CTald
MOSABJISATHCS PA3JIMYHbIE PACIIUPEHUS KIIACCUYECKUX HENAPAMETPUUECKUX METOJIOB,
KOTOpBIE HE TOJIBKO IMO3BOJISIA YYECTh CYLIECTBYIOIIME 3aBUCUMOCTH B JAHHBIX U
3a CUET ATOTO MOBBICUTH TOUHOCTh MOTYYAEMBbIX PE3YJIbTATOB, HO M U30aBISIIA OT
HEOOXOJAMMOCTH HCIOJB30BaHMs 0OoJiee paHHUX METOJIOB B COUYETAHUU C
HEHAJIe)KHBIMH 3BpUCTHKaMH. Hampumep, B paboTax 1O MOJEIUPOBAHUIO
BPEMEHHBIX 3aBUCUMOCTEH B JAHHBIX HEPEIKO MOYKHO OBLIO BCTPETUTH IBPUCTHUKH,
HCIOJIB3YIOIIME Pa3JIMYHbIE BapUALlMM METOJA CKOJIB3AIIETO OKHA, B KOTOPBIX IS
MOJyYEHHsS] KaueCTBEHHBIX pEe3yJIbTaTOB TPEOOBANOCHh TIIATEIBHO HACTPAUBATh
pasMep U Ipyrue rnapameTpbl OKHA.

[lepBbIM U3 OAOOHBIX pacIIMpPEHU ObLI 3aBUCHMBIN MPOIECC I[I/Ipnxnezz,
onyOnukoBaHHbIM B 1999 rony MaklMkepHoM, a Tak e psii APYTUX MPOLIECCOB,

2! (de Finetti, 1931)
22 (MacEachern, 1999)
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pa3pabOTaHHBIX MMO3JHEE, KOTOPhIE O0BEIUHSIO TO, YTO OHH 0000MMIaIn OOBITHBIH
nporecc Jdupuxie, aenas ero 3aBUCUMBIM OT KaKOU-IMOO BEIMYHUHBI (HAIPHUMED,
BPEMEHM WM KOOPAMHATHI B MPOCTPAHCTBE), KaXKI0€ OTIEIbHOE 3HAYCHHE
KOTOPOM Kak Obl MOPOK/IaJI0 CBOM HE3aBUCHUMBIN mpolecc Jupuxie.

Jlpyrum pacliMpeHrueM CTaJI HEJaBHO IPEJIOKECHHBIN y4yeHbIMU bieeM u
OpeiizepoM METPUUYECKU-00YCIOBICHHBINA MPOIECC KUTAMCKOTO pecTopaHa (aHTIL.
distance-dependent Chinese Restaurant Process)®’, KOTOpbIii B CBOIO OuYepeib
0000111211 TIpoIIecC KUTANCKOr0 pecTopaHa, 0JJHaKo He ObLI 0000IIeHHEM TTpoIecca
Jlupuxie ¢ TOYKHU 3peHus ciydaiiHou Mepbl. Ecim 3aBucumbii npouecc dupuxie
OBLI MOCTPOEH Ha OCHOBE KOHCTPYKTHBHOTO MpeAcTaBieHUs mpoiecca upuxie,
to MOIIKP ompenensics B mpocTpaHcTBe pa30MEHUN IMOCIIEN0BATEILHOCTH
HaTypaJbHBIX YUCEJI M HUCHOJb30BaJ I MOJEIUPOBAHUS 3aBUCHUMOCTEN BHYTpPH
JAHHBIX allPUOPHO MU3BECTHBIE MOIMAPHBIE PACCTOSHUS JIJISl BCEX PACCMaTpPUBAEMBbIX
00BEKTOB, KOTOPHIE MOTJIM UMETh MPOHW3BOJIBHYIO MPUPOAY M HE 00s3aHBI ObLIN
o0pa30BbIBaTh HACTOSAIIEE METPUUECKOE TMPOCTPAHCTBO. JlaHHBIE paccTOSHUSA
peoOpa30BLIBAINCH B MMAPHBIE BEPOSITHOCTU “‘CUEIUICHUS JIByX OOBEKTOB B OJIMH
KJIacTep MPHU MOMOIIU CHEUUATIbHBIX (DYHKIIUN yTracaHusl.

Hecmorpss Ha TO, YTO, Ha TMEpBBIM B3MIsLA, o00a H3THX CEMEHCTBa
pacrpeneneHuil TpeaoCTaBIsIn OJJUHAKOBBIE BO3MOKHOCTH ISl CTATUCTUYECKOTO
MOJEIUPOBAHUS HE-CUMMETPUYECKH 3aBUCUMBIX JIaHHBIX, UX pa3inydue
BBIPAXkaJloCh B JOCTATOYHO TOHKOM CBOWCTBE MAPSUHANLHOU UHEAPUAHMHOCHU
(aarm. marginal invariance), KOTOpoe 3akKJIIO4YaJoch B TOM, YTO OTCYTCTBHE
nHpopMauu O KakKoM-IHOO OOBEKTE B JAHHBIX HE MEHSJIO IPOIECC BBIBOJA
mapamMeTpoB i BCEX OCTalbHOM BBIOOPKH, Kak e€ciau OBl OTCYTCTBUE
HaOrogaemMoil nH(opMaIuu OBIII0 SKBUBAJICHTHBIM OTCYTCTBHIO CAMOTO OOBEKTA.
JlanHHO€ CBOWMCTBO TpHCyIle Kak OObIYHOMY mporeccy Jlupuxme, Tak u
3aBUCUMOMY Tipolieccy Jlupuxiie ¥ aHaJOTHYHBIM ITPOLIECCaM, HO HE BBIIIOIHSAETCS
111t MOMKP, 4To nenaetr ero HHTEPECHBIM HENapaMETPUUECKUM PACIPEACIICHUEM,
OJIHAKO HE MO3BOJIAET C HUM paboTaTh, KaKk CO CIy4ailHON Mepoil B 001IeM ciiydae.

VYBennueHne MOMyJsPHOCTH HEMapaMEeTPUUECKUX METOJOB  BBI3BAJIO
OLIYLIEHHWE, YTO OHHU SABJISIOTCS B HEKOTOPOM pOJie TMaHanmeed H IMpo
napaMeTpUYeCKue aHaJIOru CTOUT 3a0bITh. OHAKO, OBLIO 3aMEUYEHO, YTO B Cydae,
KOT/Ia BhIOOpKa ObLTa MONy4YeHa M3 KOHEYHOM CMECH Ha OCHOBE pacCIpeiesICHUS
Jlupuxiie ¢ H3BECTHBIM YHUCJIOM KOMIIOHEHT, mnpouecc Jupuxie, Oyaydu
OCCKOHEUHOMEpPHBIM 00001IeHreM pactpeneneHus Jlupuxiie, He cnocoOeH
BOCCTAHOBUTh BEPHOE YKCIIO KOMIIOHEHT CMECH JaXX€ B JOCTAaTOYHO MPOCTHIX
ciyqasix. B 2013 rony JDxepdpu Mwmmepom m MoThio XappucoHOM Obliia
OImyOJIMKOBaHA CTAaThsl C TOBOPSIIMM HazBaHueM “A simple example of Dirichlet

3 (Blei & Frazier, 2011)
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process mixture inconsistency for the number of components”?*, HarmsamHO
JIeMOHCTpHUpYyromias 3ToT 3 dekT. He nckmouerno, 4ro 3ta mpobdiaeMa OyaeT ogHOM
U3 TJIaBHBIX, CTOSAIIUX IEpe] MCCIASAOBATEIIMH B 00JACTH HElapaMeTPHUYECKUX
0aiieCOBCKHUX METOJOB B OJIMIKANIIINE TO/IBI.

UcTopua NnpuaoxeHuM HenapaMeTpUIYecKnMx 6aMecoBCKMX
MeToz0B

[Tockonpky mpoOiema BBIOOpa MOJEIM M aBTOMATHYECKOTO T0100pa
CTPYKTYPHBIX TapaMeTpOB aKTyallbHa JIsi aOCOJIOTHO BCEX 3a7a4 MAIIMHHOTO
oOy4eHHs M CMEXHBIX OOJacTel, HemapamMeTpUYeCKHe METOJbl B HACTOSIIUN
MOMEHT HCIOJb3YIOTCS MOBCEMECTHO, BCIEICTBUE YErO0 HEBO3MOXKHO H3JI0KUTh
MOJHYI0 KMCTOPUIO HX MNpPHIOKEHU. bojee Toro, Ha BOJIHE MOMYJSIPHOCTH
HEMapaMeTPUUYECKUX METOJOB IMOSBUJIOCH MHOXKECTBO paboT, B KOTOPBIX
COOTBETCTBYIOIIME  TMapaMETPUUYECKUE  alNpUOpPHBIE  paclpelneieHuss  OblUIn
3aMEHEHbl Ha HemapaMeTpuyeckue 03 KaKux-IM0O HWHTEPECHBIX CIEICTBU,
KpoOMe BO3MOKHOCTU PabOTHI C HEOMPEAEICHHBIM YUCIOM TTapaMeTPOB, U MIOTOMY
€1Ba JIM MPEJCTABIISIONIMX UHTEPEC C UCTOPUUYECKON TOUKH 3peHust. Tem He MeHee,
MOXHO BBIJIETIUTh HauOoyiee Ba)KHbIE PaOOTHI, MOMYJISPU30BABLINE MPUMEHEHHE
HemapaMeTpHIeCKuX 0aileCOBCKIX METOOB.

ITockonpky HanboJiee OYEBUIHOM W OJIHOM W3 KJIACCHYECKUX 3ajlad, B
KOTOPBIX OCTPO BCTA€T BOIPOC BbIOOpA MOJENH, SBIAETCS 3ajladya KJIacTepHU3aluu
(a Takxke ee BapWaHTHI), KaK YK€ OBUIO 3aMEUEHO BBINIE, MEPBOM pabOTOM, B
KOTOpOW OBUTM TPUMEHEHb METOJIbl HemapaMmMeTpUYecKOW CTATUCTUKH, ObLIa
paGota Pacmyccena®, B KOTOpOil ObLia MpeACTaBIeHa “OGecKOHEYHas” MOIENb
cMecu HopMalbHBIX pacnpeaenenuil. Crnemom 3a Heit, B 2001 1. KOJIJIEKTUB
aBTOPOB, B KOTOpbIM Takxke Bxomuil PacMycceH, pa3pabotai Jpyryio
“OeCKOHEUHYI0”  MOJEIb CMECH  paclpeleseHuid, HO Ha ceil  pa3
c(hOopMyIHpPOBaHHYI0O B BHJ€ T'€HEPATUBHOIO MpoIlecca, MPOTSHKEHHOTO BO
BPEMEHH, B paMKaX KOTOPOTO JaHHbIE T€HEPUPYIOTCS U3 CMEHSIOLUX APYr-Apyra
(mepexIoYaronMXxcsi) KOMIOHEHTOB CMECH, B HEKOTOPOM CMBICJIE aHAJIOTMYHO
TOMY, KaK 3TO IPOUCXOAUT B KJIACCUYECKOU CKPBITOM MapKOBCKOU MOJENH, HO C
BO3MOXHOCTBIO aBTOMATHYECKU OIPENENATh IMOSBICHHE HOBBIX COCTOSIHHI
(KOMIIOHEHT CMECH) IO Mepe IOCTYIUICHHsI HOBBIX JHaHHBIX . Kak u B
npeapiaymed  pabore  PacmycceHa, OBIJIO  WCHOJIB30BAaHO  JHCKPETHOE

** (Miller & Harrison, 2013)
?% (Rasmussen, 2000)
26 (Beal, Ghahramani, & Rasmussen, 2001)
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npeacTaBiieHne mpoiecca Jupuxnie (mpolecc KUTaCKOrO pecTtopaHa), a BBIBOJ
OCYIIECTBJISUICS TPU MTOMOIIH cxeMbl [ nboca.

[Tocne Toro, kak B 2006 roxy bneum u J[>xopman pazpaboTtanu aaroputTm
BApPUAIIMOHHOTO BHIBOJIA JUIS MPOIIECCA PA3ioMa TalIKH. ', MOJEIH, UCTIOIb3YIOMIHe
nporecc Jupuxie, craliM CyHIECTBEHHO Yalle ONpeAessiTh HMEHHO C
UCIIOJb30BaHUEM JAHHOI'O TPEJCTABICHUSI C LENbI0 JaTbHEWUIIEr0 MPUMEHEHUS
BAPUALIMOHHOTO BHIBOJA.

[ToMumo 3amauu pazfeneHus CMECH, APYroil 001acThiO-3aKa3uyMKOM IS
HeMapaMeTPUUeCKMX METOJOB CTaino Kkak pa3 HabupaBmas B 2000-x Tomax
memamuyeckoe mooeaupoganue. Bo MHOrOM 3TO IMPOU30IUIO MO MNPUYHUHE TOTO,
YTO KOJUIEKTHUBBI YUYEHBIX, 3aHUMABIIMXCS HEMapaMEeTPUUECKON CTaTHUCTHUKOW H
TEeMaTUYECKUMHU MOJIETISIMU CYIIECTBEHHO Nepecekanuch. C Ipyroi CTOPOHBI, B TO
BpeMsI Kak 3aj/iaya pa3feieHus CMECH B KJIACCUYECKOM €€ MOHMMAaHUM (ITOTyYeHHE
MapaMeTpoB TraycCHUaH M IMPUHAIJICKHOCTEH TOYEK HSTH TayccuaHaM) Obuia
JOCTAaTOYHO “‘CyX0il”’, TEeMaTH4YeCKUEe MOJIeNU, OyAyur METO/IaMH aHaju3a TEKCTOB,
MMEJTM BEChbMa HATJISIIHBIC TIPWIIOKEHUS U OBLTH TeM 0oJiee aKTyalbHBI B CBSI3H C
OypHBIM pa3BUTHEM O00JACTH MH(POPMAIMOHHOTO TOWCKA M MHTEPHETA B IEIOM.
beiio ony6nnkoBaHo HemMalio paboT, B KOTOPBIX OJTHOBPEMEHHO HCCIIEIOBAINCH U
HEMapaMeTPUUECKUE paclpelesieHuss W UX MPWIOKEHUS K TEeMaTUYECKOMY
MOJEIUPOBAHUIO, TaK, HaNpuMep, ObUI MPEIJI0KEH BJIOKEHHBIM Ipoliecc
KHTAifiCKOr0 pecTopaHa >° , a Taike pasIMYHble METOAbl BHIBOAA - JUIA
HenapaMeTPUIECKUX MOJEIEN.

Bo Bropoii nmomouHe 2000Xx roaoB HemapaMEeTPHUYECKHE METOIbl CTalu
MPUMEHSTHCA U 3a IPEAeIaMu TPAJAUIIMOHHBIX JIJIsl 0alleCOBCKOM CTaTUCTHUKU 3a/1ad,
HAampUMep, Ul aHAIH3a COLMATBHBIX ceTeii  , B OHOMH(bOpPMATHKE ' WIH B
COIMAJIBHBIX UCCIIEIOBaHUSIX (OCOOCHHO MHTEPECHA CTaThs, I MPU WX MOMOIIU
MOJICJTPOBANACH CTATHCTHKA MOMBITOK CYHIIHAA ).

Takke HemapaMeTpuuecKue METOAbl HAlULId CBOE MPUMEHEHUE B
KOMITBIOTEPHOM 3pCHHMH, O0JIACTH, Ka3alloch Obl, OE3HAJe)KHO ‘‘3aXBAYCHHOM
JAPYTUMU TapaJurMaMyd MalTUHHOTO OOyYeHHs U Jlaxke 0aileCOBCKUMHU METOJIaMH,
Cpend KOTOPBIX B JAaHHOW 0O0JIacTU TPAJAWIIMOHHO OBLIM  TOMYJISIPHBI
HEHAaNpaBJIEHHbIE rpadudeckue MOJEJH, HEKOTOPBIM o0Opazom

27 (Blei & Jordan, 2006)

28 (Rodriguez, Dunson, & Gelfand, 2008)

% (Wang & Blei, 2012)

30 (Xu, Tresp, Yu, & Yu, 2008)

3! (Dunson, 2010)

32 (Ruiz, Valera, Blanco, & Perez-Cruz, 2012)
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IPOTHBOIOCTABIIAEMbIC >° HATIPABICHHBIM, B KOTOPHIX OOBIYHO HCIIONB3YIOTCS
HemapaMmeTpuueckue pacnpenesieHus. OIHUM M3 CYIIECTBEHHBIX MPEUMYIIECTB
MOJOOHBIX MOJIEJIEll 1O CpaBHEHHWIO, HANpUMeEp, C MOJEIsSIMH Ha OCHOBE
CITy4alHBIX MapKOBCKHUX IT0JieH, Obllla BO3MOXHOCTh CETMEHTAIIUU HU300paKeHUH
0e3 mpeaBapuTENIbHOTO OOyYeHHUsS Ha pa3MeueHHOUW oOywaromied BbIOOpKe. Tak,
JUIsl CETMEHTAlMU M300pakeHU ObLIM YCIEIIHO MpUMEHEeHbl npouecc [Iurmana-
HMopa B 2008r. . a B mOCNEACTBHE U METPUYECKU-00YCIIOBIECHHBIN MPOIECC
KUTalCKOI0 peCTopaHa35.

Hpyroii nmpukiagHOil 001acThi0, B KOTOPOH HemapaMeTpUYECKHE METO]IbI
MOJIYYIJIM TIHAPOKOE PACTIPOCTPAHEHHE, CTajla 00paboTKa €CTEeCTBEHHOTO S3bIKA.
Ha ochoBe mporeccoB Jupuxme 0, Ilutmana-opa >’ u wmoIIKP ** Gbum
chopMynHpoBaHbl SA3BIKOBBIC Mozenu. HMepapxmdueckuii mporecc Jupuxie Obur
TaKKe IPUMEHEH I aBTOMATHYECKOT0 MOTy4eH s IPAMMATHKH SI3bIKA .

C otkpbeituem B 2007 romy mpoiiecca MHIUKUCKOTO Oydera CTajio Takxke
MOSIBIISITECS OTPOMHOE YHCIIO MOJIEEeH JTaTEHTHBIX CBOMCTB, BKIIOUYAIONINUX B ce0s
BA)KHYIO 0alleCOBCKYIO MOJETh MATPHYHOTO Pas3IOKEHHS ~ H APYTHEe METOMbI
dakroproro anammza’.

Takum 00pa3om, Hayajcs M JO0 CHUX TMOp HE 3aBEPIIMIICS MPOIECC
“HenapaMmerpuzanun’  OaileCOBCKMX Mojened. brmaromaps OTHOCHUTENbHOU
MPOCTOTE, C KOTOPOU HEMapaMeTPUUECKHe paclpeaesieHuss MOTYT OBITb BCTPOCHBI
B CYILECTBYIOIIME OaileCOBCKHE MOJENH, a TaKKe pPa3BUTHE METOJ0B BBIBOJA,
CKOpPOCTh MOSIBJIEHHS pPadOT, B KOTOPBIX NIPUMEHSIOTCS HEMapaMeTpHUeCcKue
METO/Ibl, HEMPEPHIBHO PACTET, OJHOBPEMEHHO C STUM paCIIMPSETCs 00JacTh UX
MIPUMEHECHMUS.

JBO/IIOLUMA METOA0B BbiBOAA AJ1 HeMapamMeTpHMYecKmX
Mozenemn

> B nannom cJIydae TOJ] MPOTUBOIOCTABICHHEM CJICYET ITOHUMATh HE CONICPHUYECTBO B
HAY4YHOU cpelle TNPHUBEPKCHIIEB TEX WJIM HHBIX METOJOB, & KOHCTPYKTHBHOE OTJIHYHEC B
OIIpEICIICHUN 000MX THIIOB MOJIEJICH U METOJIOB paOOTHI C HUMH.

3* (Sudderth & Jordan, 2008)

33 (Ghosh, Ungureanu, Sudderth, & Blei, 2011)

36 (MacKay & Peto, 1995)

7 (Teh Y. W., 2006)

3% (Blei & Frazier, 2011)

39 (Liang, Petrov, Jordan, & Klein, 2007)

40 (Meeds, Ghahramani, Neal, & Roweis, 2006)

4l (Paisley & Carin, 2009)
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BriosiHe BO3MOXHO, 4TO ONPEAEIISIIONIUM JI Pa3BUTHUSI 00JACTU OKa3aJoCh
HAJM4YHUE MPOCTOTO U JOCTaTOYHO A(()EKTUBHOrO METOAa BBIBOJA MJIsl Ipoliecca
KUTalCKOr0 pEecTopaHa, a HMEHHO cxeMbl [1b0ca, KOTOPYIO HCIOIb30Bal
Pacmyccen. HecMoTpst Ha To, uTo mpouecc Jupuxie ObLT yKe JaBHO H3BECTEH,
JUIS BBIBOJIa B MOJENSAX HA €ro OCHOBE MPUMEHSUIUCh Manod(d(EeKTUBHBIE W,
TJIaBHOE, CIIOKHBIE B peaiu3alliid U HACTPOMKE METOJbl TeHEepallud BBIOOPKHU C
ucrnosib3oBanueM neneit Mapkosa (anri. Markov Chain Monte Carlo, MCMC)
obmrero tuma. Cxema ['n66ca Takke SBISETCS METOJIOM M3 ATOTO CEMEWCTBa, HO B
OTJINYHME OT MHOTHX JIPYTMX METOJIOB MOXET OBITh OYEHb JIETKO peaju30BaHa B
psilie cy4daeB U He TpeOyeT HACTPOUKHU IIPHU BHIBOJIE.

[To aTum mprurHaM cxema ['m66ca 4acTo UCTIONB3YETCS HCCIIeOBATESIMU B
Ka4yeCTBE IEPBOM IMPOLEAYPhl BBIBOJAA IIPU peAM3allMd HOBOM Monenu. B Buay
TOTO, YTO MHOTHE OalecoBCKHE MOJENu caMH Mo cebe (GOopMyIHpYIOTCS, Kak
2eHepamuenslii.  npoyecc, TO €CTb, KaK TMpOLECC TeHepaluuu BBIOOPKH,
pacnpeieIeHHOM COTJIaCHO JaHHOW Mojienu, cxeMa ['mboca 4acTo eCTeCTBEHHBIM
oOpazoM MOXXeT OBbITh TIOJy4eHa M3 OmpeeneHus monaenu. Hepenko, kak u B
cinydae pabotel Pacmyccena, moipoOHOEe pacCMOTPEHUE BBIKIIA0K, BOZHUKAIOIINX
B cxeMe I ' m60ca, HaTAJIKMBAET MCCIEA0BaTEIeH Ha HOBBIE Hen .

Hecmotpss Ha cBoro mpocToTy cxema [mbOca Takke HMeeT U pAl
HenoctaTtkoB. Kak u Bce metost MCMC, BeiOOpKa, monydaemcst mo cxeme ' nooca,
FapaHTUPOBAHHO CXOJMTCSA K HACTOALIEMY aloCTEPUOPHOMY PaCHpPEACIICHUI0
TOJIBKO TIpU OECKOHEYHOW JJIMHE Iienu MapkoBa, HpuueM 70 CHUX TOp He
CYIIECTBYET Crmocoba OmpeNeInuTh €€ CXOAUMOCTh, IMO3TOMY HCCIEA0BATENN
MPOCTO JENAI0T CTOJBKO MIATOB N0 CXEME, CKOJIBKO WM IIO3BOJSIOT UX
BBIYHCIIUTEIHHBIE BO3MOXXHOCTU. [10100HBIN MOIX0] MOKET OBITH MpUEMIIEM IS
TEOPETUYECKOW pabOThl U MyOIMKAIIMU PE3YJIbTATOB B HAYYHBIX CTAaThsIX, HO HE
BCerJa MPUMEHUM B MPOMBIIUICHHBIX TPHIOKEHUSIX, T/ HEOOXOAUMO OBITh
YBEPEHHBIM B HaJI€)KHOCTH PE3yJIHTATOB.

[TosToMy B HacTOSIIMA MOMEHT AaKTMBHO Pa3BUBAIOTCS TAK Ha3bIBA€MbIE
sapuayuonnvle Memoobl 6aileCOBCKOro BBIBOAA ~ , KOTOpPbIE HPHOTIKAIOT
allOCTEPUOPHOE  pACHPEAECICHUE JPYTMM pacHpedeI€eHHEM U3 HEKOTOpPOro
JOCTaTOYHO IPOCTOTO CEMENCTBA, B KOTOPOM, KAaK MPABUIIO, PACIPENCIICHUE Ha
BCE NEPEMEHHBIE Pa3AeisaeTCs] Ha NMPOU3BEICHUE OJHOMEPHBIX PaCIpeaeICHU Ha
KaXIyl0 W3 nepeMeHHbIX. [locTpoeHne cxemM BapHalMOHHOTO BbIBOAA B 0OIIEM
cCily4dae SIBIISIETCS HETPUBHUAIBHON 3a/adeil M 3adacTyio TpeOyeT MpUMEHEHUs
HOBBIX MaTE€MaTUYECKUX HJEH, H3-3a YEro OHU CYIIECTBYIOT HE ISl KaxIoiu
MOJIETIN.

2 (Kulis & Jordan, 2012)
# (Lawrence, 2000)
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[TockonbKy B BapHallMOHHBIX METOJAX 3ajiaya BhIBOJA (POpMYyIHpyeTCs He
KaKk 3a7ada TeHepallud HECMENIEHHOW BBIOOPKM U3  alOCTEPUOPHOTO
pacrpeneneHus, a Kak 3aoaua onmumuzayuy 1o NpUOIMKEHHUIO paclpeaelieHHus,
TO BapUAllMOHHBIE AITOPUTMBI SBISIOTCS OemepMUHUPOBAHHLIMU, TO €CTb, UX
BpeMsi palOThl MpelcKa3yemMo, W TOTOMY OHHU NpPEACTaBIAIOT HE TOJBKO
TEOPETUUECKHUI UHTEPEC, HO U CYIIECTBEHHO 00Jee YCIENTHO MOTYT MPUMEHSATHCS
Ha MPaKTHUKE.

B nocnegnue roapl BapyalMOHHBIE METOMBI CTaNM €lle 0oJiee MOMYJISIPHbI
Ha BOJHE aKTyaJbHOCTH 3aJa4 oOpabOTKH TaK HA3bIBAEMBIX OOJBIIUX OOHEMOB
nanHbix (anra. big data). Tak, Matom Xoddmanom, [IBugom bren, ogaum us
KIIFOYEBBIX HCCIIEOBaTeNeld HemapaMeTpUyecKux O0aleCOBCKUX METOJIOB, W
IPYTUMH ObIT MPEUIOKEH METOJ CTOXAaCTHYECKOro BapHAIMOHHOrO BBIBOIA'
MO3BOJISIIOLIMNA OCYHIECTBIIATH BHIBOJI B JOCTATOUHO IIUPOKOM KJIACCE MOJIEIIEH, HE
MIPOCMATPHBasi OTHOBPEMEHHO BCIO 00y4aroIIyto BEIOOPKY. Takum 0O6pa3om, B TOM
yuciae W I HelmapaMeTpUYeCKUX MoJielied BapUallMOHHBIM BBIBOJ CTajo
BO3MOXKHBIM OCYIIECTBIIATh MMapauiebHO U 00pabaThiBaTh OTPOMHBIE MAaCCHUBBI
JAHHBIX B MPOMBINUIEHHBIX MacmTabax. i1 HemapamMeTpu4ecKux MoOAeNe
napajnenbHble MPOLEIyphl BHIBOAA IpEeUIarainch W paHee ©, HO OHH He
cojepkaiu B cebe eIMHOro perenTa, MPUTOJHOr0 s JOCTATOYHO ILIUPOKOIO
Kimacca Mopenei. Takke MogoOHbIE pPa3pabOTKM TMOSABISUIUCh WU JIJIST CXEMBI
I'u66ca™.

Hecmotps Ha T0, uro Metoasl MCMC u BapuallMOHHBIE METO/IbI OHAYAITY
HESBHO MTPOTUBOMOCTABIISLIUCH APYT-APYTY, B JaldbHENUIIIEM MHOTHE UJEU U3 padoT,
B KOTOPBIX JIS BBIBOJIa MCIOJIB30BaIUCh HMMEHHO MeTojasl MCMC, Obutn
3aMMCTBOBAHBI JI IOCTPOEHHUSI HOBBIX BapUAllMOHHBIX AJITOPUTMOB. B yacTHoCTH,
MONYJISIPHBIA MPUEM KOLIANCUPOBAHUSL, 3AKITIOYAIOLIUNCS B TOM, YTO COBMECTHOE
pacrpeneneHue UCX0IHOW MOJEIN UHTETPUPYETCS MO YaCTH MEPEMEHHBIX Ja0bl B
JalbHEUIIEM HCKIIOYUTh W3 MPOLENyphbl BbIBOJA, ObLI BIIEPBbIE 3a/I€HICTBOBAH B
BBIBOJIE O cXeMe I'mGGca [UIs MOJENM JIaTEeHTHOro pasmernenus Jupuxne® u
HEOJHOKPATHO JTOKa3ayl CBOIO 3(P(EKTHBHOCTh B CaMBbIX Pa3HBIX 3agadyax. ITOT
mpueM ObLI CTOJb TOIMYJISPEH, YTO HECMOTPS Ha ONpPEJCIICHHbIE MAaTEMAaTUIECKUE
TPYAHOCTH, OH OB aIanTHUPOBaH [Jis BapUAIIMOHHBIX aHAJIOrOB, B TOM YHUCIIE U
JUIS HemapaMeTPUUYECKUX Mojieneii .

4 (Hoffman, Blei, Wang, & Paisley, 2013)

4 (Asuncion, Smyth, & Welling, 2008)

* (Williamson , Dubey, & Xing, 2013)

47 (Gonzalez, Low, Gretton, & Guestrin, 2011)
* (Griffiths & Steyvers, 2004)

49 (Kurihara, Welling, & Teh, 2007)
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Kpome Ttoro, amroput™m ¢uivmpa uacmuy ), MOPOJAUBIINM CEMENCTBO
METOJIOB IOCJIeI0OBAaTENbHOM reHepaiuu Beioopku (anri. Sequential Monte Carlo,
SMC), Oyayun oguum u3 metonoB MCMC, okaszan BIUSHHE Ha MOCIEIHUE
paboTHI TI0 8aAPUAYUOHHOMY 8b1800Y 8 pealbHoM 8pemenu (aHria. online inference)
JUIS HerapaMeTPUUYecKnuX Mojielieil Ha OcHoBe mporecca Jupuxie’ .

Takum 00pa3oMm, OYEBUAHO B3aMMHOE BIUSHHE B HEKOTOPOM CMBICIE
MPOTUBOOOPCTBYIOLIMX HaIpaBlIeHUH B o0jiacTu OailecOBCKOro BbiBojaa. Kpaiine
MHTEPECHBIM MPEICTABISAETCS MOSBICHNUE B MOCIEIHEE BPEMS cUOPUOHBIX METO/IOB
BBIBOJIA JJISI HEMApaMETPUUECKUX MOJENIEH, ¢ OJHOW CTOPOHBI MPEACTABISIOMINX
u3 ce0s BapUAIlMOHHBIC AITOPUTMBI, a C JPYrOoM HCIONB3YIONUX BHYTPU CeOs
metoxst MCMC. TIpuMmepoM MOXeT MOCTYyXuTh pabora Borra m bmen™’, B
KOTOPOH MpH MoMoIIH cxembl [ mo6ca armeranTHO Obla pelieHa BaxkHas mpoodieMa
BApUALIMOHHBIX aJITOPUTMOB ISl Tipoliecca Jlupuxiie Ha OCHOBE IMpoIlecca pasjioMa
Majkd, a WMEHHO HEOOXOJUMOCTh BPYYHYIO OTpaHUYMBATh MaKCHUMAaIbHO
JOMYCTUMYIO pa3MepHOCTh Mozenu. Pabora Bonra m bres, a taxxke psm apyrux
paboT>’, 06paTHIN BHUMAHHE HAYYHOTO COOOIIECTBA HA TIPOOIEMbI, BhI3bIBACMBIC
JAHHBIM OTPAaHUYEHUEM, KOTOPBIMU paHEe MPEHEOPETaIoCh.

3aKjiroyeHme

B  nmamHoMm pedepate Oblma  pacCMOTpeHa  UCTOPHS  PAa3BUTHUSA
HerapaMeTpUUecKnX O0alleCOBCKUX METOIOB OT paHHUX paboT, 3a70iro 10
MOSIBJICHUSI TIOHATHUSI MAIIMHHOTO OO0Y4YEHUs, JO CaMbIX MOCJIEIHUX PE3yJIbTaTOB B
obnmactu. B HacTosimmii MOMEHT HeMapaMeTPHYEeCKHE METOABl MPOAOTKAIOT
HAOUpaTh TMOMYJSPHOCTh M AaKTUBHO pPa3BUBATHCS, HMCTOPUS HMX MPUMEHEHUS
JIAJIEKO OT CBOETO 3aBeplieHHs. B TO Bpems Kak KIACCHYECKHUE METOJbI BPOJIE
npouecca Jupuxie, oTkpeiToro eme B 1970-pie TOABI, JOCTATOYHO XOPOIIO
M3Y4YEHBl B CaMbIX pPAa3HBIX AaCMEKTaX, B OTHOIIEHWU 00Jiee€ HOBBIX IPOIIECCOB
MOJ00OHOTO TOHHWMAHMS €Ile HE JIOCTUTHYTO, HE TOBOPS YK€ O IOCTOSTHHO
pa3pabaThiBaéMbIX HOBBIX paclpeneleHusx. MOXKHO TPEANONOKUTh, 4YTO B
JabHEHNIIIEeM B COOTBETCTBUU C OOIIMM TPEHIOM Pa3BHUTHs 00JACTH MAIIMHHOTO
o0yueHus OymyT pa3pabaTeIBaThCsS HOBBIE METOJIBI, Bce OoJiee cCrienupuIecKue U
CHEIUATbHO 3aTOYCHHBIC TOJ KOHKPETHBIC 3aJadd, i1 KOTOPHIX OyayT
TpeboBaThCs HOBBIE, O0Jee AP (HEKTUBHBIE METOIBI BHIBOIA.

CnMUCoK AnTepartypbl

50 (Gordon, Salmond, & Smith, 1993)
> (Lin, 2013)

32 (Wang & Blei, 2012)

>3 (Bryant & Sudderth, 2012)
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