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1 EM-anroputm

§1.1 Cwmecu pacnpegenennii

FOBOpHT, qTO paclipees/ieHue p(ZL‘) ABJIACTCA CMECDHIO pacnpe&e/LeHuz'Z, €CJIn ero I11J10T-
HOCTBb NMeeT BU

p(x) = Zﬂ'kpk(fl'), Zﬂ'k = 1, Tk 2 O, (11)

rjie pi () — pacrpe/iesieHrsi KOMIIOHEHT CMECH, T, — allPHOPHbIe BEPOSATHOCTH KOMIIOHEHT,
K — 49ucjio KOMIIOHEHT. ByjieM cuuTaTh, 9YTO pacipeie/ieHus KOMIIOHEHT CMEeCU TPUHA/I-
JIe’KaT HEKOTOPOMY TapaMeTpHIecKoMy cemeiicTBy: px(x) = ¢(x | O).

PacemorpuMm  crerytonuii  9KCIlepuMeHT: CHadajla W3 JUCKPETHOI'O paclpejiese-
aust {7y, ..., Tk} BeIOUpaeTcst HoMep k, a 3arem u3 pacupejenenust (x| 0;) BoiOupaercs
snadenne x. [lokakem, 9TO pacipejiesieHre MePpEeEMEHHON = OyJIeT MpejacTaBIsaTh cobOoit
cmech Buga (1.1).

Beenem ckpumyro nepemennyrto z, OTBEYAIONIYIO 3a BBIOOD KOMIIOHEHTHI CMECH.
[Iycts ona mpejcrasisier coboit K-MepHbIl OMHAPHBINA CJIydYailHblii BEKTOD, POBHO OJIHA
KOMITOHEHTa KOTOPOI'0 PaBHA €MHUIIE:

K

z € {0,1}%, szzl.

=1

BepOHTHOCTb TOIro, 9TO €JIMHHUIIEe 6y,ILeT PaBHa k-a KOMIIOHEHTAa, paBHa Tg:

p(zr = 1) = .

Sammuiem pacipejie/ieHne cpa3y BCero BEKTOPA:

K
p(z) = [[ =
k=1

Ecim HoMep KOMIIOHEHTBI CMECH M3BECTEH, TO CJIydailHas BeJINTInHa & MMEeeT pPac-
upejesenne (x| Oy):

p(x|ze = 1) = o(z | Ok),



UJIA, 9TO TO K€ CaMoe,

[ a:|9,§r'“.

p(r]z) =

||EN

SamuireM COBMECTHOE pacipenaesjieHue nepeMeHdblX T U 2:

K

pla.2) = p()p(x|2) = [][melel 6]

k=1

Yro0bI HaliTH pacupejeeHue MmepeMeHHol x, Hy?KHO N30aBUTbCS OT CKPBITON Tepe-
MEHHOI:

= Zp(x,z).

CyMmMmupoBaHue 3/1eChb BEJIETCs 10 BCEM BO3MOXKHBIM 3HAYEHHSAM 2z, TO €CTh IIO
BceM K -MepHBbIM OMHApPHBIM BEKTOPaM C OIHOHN eIuHUIel:

= Zp(:p,z) = Zm&ﬂ(w | Ok).

MprI oty ansin, 9To pacipejeseHne mepeMeHHol £ B OIMMCAHHOM dKCIIEpUMEHTE ITPeICTaB-
ager coboi cmechb K KOMIIOHEHT.

§1.2 Mopgenun co cKpbITbIMU NEpPeMeHHbIMN

PaccMOTpUM BEpPOSTHOCTHYIO MOJEJb € HaOIIOJAaeMBIMU IIepeMEeHHbIMA X U IIa-
pamerpamu O, st KoTOpoii 3ajano npasponogobue logp(X | ©). Ipeamomoxum, aTo
B MOJEJIU TaKyKe CYIIECTBYIOT CKPbLMbIE NEPEMEHHbLE 7, ONUCHIBAIONIE €€ BHYTPEHHEEe
cocrosiame. Torma mpasononobue log p(X | ©) HasbiBaeTCS HENOAHVIM, & TPABIONOIO-
6ue logp(X, Z|©) — noarnvim. OHU CBA3AHBI COOTHOIIEHTEM

logp(X |©) =logd > " p(X,Z|0)
Z

Kak npaBujio, 3HaHue CKPBITHIX [IEPEMEHHBIX CYNIECTBEHHO YIIPOIIAET IPaBIonogooue u
HO3BOJISIET JOCTATOYHO IIPOCTO OLEHUTH MapaMeTphl O.

Pacemorpum npumep co cmecsiMn pacipesesenuii. B kauecTse HabogaeMbIX epe-
MEHHBIX 37lech BbicTymaeT Beibopka X = {x),..., 2/}, B KadecTBe CKPHITHIX TlepeMeH-
HBIX — HOMEpa KOMIIOHEHT, U3 KOTOPbIX CreHepUPOBaHbl 00beKThl Z = {21, ..., 2¢} (31€ch
KaxKJIblil U3 2; ABJisgeTcss K -MepHBIM BEKTOPOM), B KadecTBe MapaMeTPOB — AIIPHOPHBIE
BEPOSTHOCTH U TapaMeTpPbl KOMIIOHEHT © = (71, ..., 7k, 01, ..., 0k ). Hemomaroe mpasio-
o00me UMeeT BUIT

4 K
logp(X |©) =Y logd Y mip(w; | 6;)
=1 k=1



[IpaBsomonobue 3/1ech UMeeT BUJL «JIorapudm cyMMbly. Ecjim npupaBHATH HYJIIO €ro rpa-
JIMEHT, TO TOJIyYaTCd CJIOXKHBbIE YPaBHEHUS, He UMEIOIINe aHAJIMTUIeCKOro pernenus. Jlan-
HO€ IIPABJIONOI00ME CJI0YKHO BBIUUC/ISATH, OHO HE SBJISETCS BOIHYTHIM U MMeeT MHOIO JIO-
KaJIbHBIX 9KCTPEMYMOB, ITO3TOMY IIPUMEHEHNE UTEePAIMOHHBIX METOIOB JIJIsl €10 HEIIOCPE/I-
CTBEHHOM MAaKCUMM3AIUU MPUBOJIAT K MEJJIEHHON CXOIUMOCTH.

PaccmoTpuM Tereps mostHOE IIpaBIoNoI00He:

K
logp(X,Z10)=> > Zik{logﬂk + log p( | Hk)}-

i=1 k=1

OHO mMeeT BHJ «CyMMa, JIOTAPU(MOB», U MMO3BOJIAET AHAJTUTUICCKH HAWTH OIEHKN MaK-
CUMAJIBHOTO TIPABIOII01001sT Ha apaMeTpbl O npu m3BecTHBIX epeMmenabix X u Z. [Ipo-
OJsieMa Ke 3aKJIIOYAaeTCd B TOM, UTO HAM HE M3BECTHBI CKPBLITHIE TIEPEMEHHbIE Z, TOITOMY
X HeOOXO/IUMO OIEHMBATH OJHOBPEMEHHO C IapaMeTpaMy, UTO HUKAK He Jierde MaKCH-
MUBAIUKA HEIOJHOro Tpasomnonobus. Perenne nannoit mpobsembl npejaraercsd B KM-
an20PUMME.

§1.3 EM-anroputm

EM-asiropur™m perrraeT 3a1a4y MaKCUMHU3AIUH [TOJTHOIO ITPABOIIOIO0US Iy TEeM IoTie-
PEMEHHOI ONTUMU3AIMH 10 TTapaMeTPaM | 110 CKPBITHIM ITePEMEHHBIM.

Ormmmem cHavaIa «HAUBHBINY CIIOCOO onTuMu3aIuu. 3aduKCUpyeM HEKOTOpoe Ha-
JaapHOe NpHO/IKeHne [Ig napamerpos ©°4. [Ipn n3BecTHBIX HAO/IIONACMBIX ITEPEMEH-
HbIX X 1 mapaMerpax ©°%9 Mo MoKeM OIeHUTE CKPLITHIE HepeMeHHble, Hail/g nx nauboJee
[IPABJIONO/I00HBIE 3HAYEHUS:

7* = argmax p(Z | X,0°) = argmax p(X, Z | ©°9).
z zZ

3Has CKPBITbIe IepeMeHHbIe, Mbl MOXKEM Tellepb HalTu CJiejyrolnee MPUOJIMKEHne JIJIst
IapaMeTpOoB:

O™ = argmax p(X, Z"| ©).
S}

IToBTOpsist UTEpanUK JI0 CXOAUMOCTH, MBI IIOJIyIUM HEKOTODPLIH HTOrOBBIl BEKTOD IIapa-
Merpos O*. Jlamnas mporeaypa, OJHaAKO, He TapaHTHPYeT CXOANMOCTH M MOXKET BBIIATD
HEOIITUMAJIBHOE PEIICHIE.

lopazno Jydime pe3ysibTaTbl MOMKHO IOJIYy9YHTb, BOCIIOJB30BABIINCH 0OailecoB-
ckuM nojgxogoM. Kak u npexne, sacduxcupyem BekrTop napamerpos ©°4) no Bmecto
TOYEYHOIl OIEHKHM BBIYUCIMM AllOCTEPHOPHOE DpAaCIpeJieJIeHie Ha CKPBITBIX IIePeMeH-
ueix p(Z | X, 0°9). B srom sakmouaerca E-waz EM-airopurma.

YepeamuM torapudM HOJIHOTO HPABAONONOOUA O BCEM BO3MOXKHBIM 3HAYCHUSAM
CKDBITBIX [EPEMEHHBIX Z C BECAMH, DABHBIMU AIOCTEPHOPHLIM BEPOSTHOCTSM ITHX IIe-
pemennbix p(Z | X, ©°4):

Q(0,0) = Bz iz x.00m log p(X, Z]©) = Y " p(Z] X,0%) logp(X, Z| ©).
Z



QopMaJibHO TOBOPsI, MbI HAIILJIM MaTOXKUJIaHUE Jioraprdma ITOJTHOIO IIPaBJIONOA00Us 110
allOCTEPUOPHOMY PaCIIpe/IeJIeHNI0 Ha CKPBITHIX mepeMeHHbIX. Ha M-waze HOBBINT BEKTOD
IapaMeTpoB HAXOJIUTCA KaK MAKCUMHU3ATOD JTaHHOTO MATOXKWIAHW:

O"" = arg max Q(0, 0°) = arg maXZp(Z | X, 0% logp(X, Z|©).
e o
Z

Jlajiee MbI pacCMOTPUM YCJIOBHSI CXOIMMOCTH OITMCAHHOT'O UTEPAIMOHHOIO IIPOIlecca U yBH-
JIAM, 9TO IIPU JOCTATOUHO OOIINX YCJIOBUSIX JI00asT U3 €10 CXOIAIIUXCS TOIIOCIeI0BaATE b=
HOCTEl COMJIeTcd K CTAIMOHAPHON TOYKE HEITOJIHOTO IPaB/IOI0I00MS.

§1.4 BbiBog dbopmyn gns 3agaqm pasgenieHust cMecu

Ha nexnusax EM-aiaroputwm jij1s1 pas3jiesieHnsi CMeCr rayCcCraH ObLT BBIBEJIEH CJIeJTy 0~
UM 00pa30M: HEIOJIHOE IIPaBIoIoa00ue npoauddepeHImpoBaHo 110 IapaMeTpam i Ipu-
PaBHEHO K HYJIO, B ITOJIyYeHHBIX YPABHEHUSX CTPYIITMPOBAHbBI U 3aDUKCUPOBAHBI BHIPArKe-
HUs, UMEIOIINE CMBIC BEPOSATHOCTH TOJIYIeHUA OOBEKTOB U3 OIPE/IeJIeHHBIX KOMIIOHEHT
CMeCH; TIOCJIe 9TOI0 U3 YPaBHEHMIl CTaJI0 BO3SMOXKHO aHAJIUTUIECKN BHIPA3UTh HapaMeTPhI.
B nmanHOM pa3zjiesie Mbl BbIBeJeM (DOPMYJIbI, UCXOJ U3 OIMUCAHHO# 00meit cxembr EM-
aJrOpUTMa, U YBUJUM, 9TO OHM COBIAIAIOT ¢ (PpOPMYJIaMU U3 JIEKIIH.

1.4.1 Pa3pgeneHue cmecn HoOpMasbHbIX pacnpegeneHus
BanuiieM oJTHOe IIPABJIONOI00UE JIJIsi CMECH HOPMAJILHBIX PACIIPEJICICHMI:

14

K
logp(X, Z10)=> "> zik{log 7 + log p(w; | Qk)}

1=1 k=1

Ha E-mare soraucisercs allOCTEPUOPHOE PpacIIpe/ie/IEeHNE Ha CKPbITBIX ITIEPEMEHHDBIX!

{ K
o (X Z | @Old 0. o O Enk
p(Z|X,6%) = —p( ooy o LTI [n W i o)
i=1 k=1

BameTum, 9TO JAHHOE PACIPEIEIeHNe PaclalaeTcs B IIPOM3BEICHIE PACIPEIe/IeHIii, co-
OTBETCTBYIOIIUX OTAEIBHBIM 00beKTaM p(z; | x4, O):

l
p(Z|X,0%) =[] p(zi | 2:,07).
=1

NubiMu cJioBaMU, BEJIMYUHBI {2; } HE3aBUCHMBI TIPH U3BECTHLIX 00bekTax {x;}. Bekrop z;
nMeeT K BO3BMOXKHBIX 3HAYEHUIl. 3aluIieM UX BEPOATHOCTHU, BOCIIOJIb30BaBIINCH (POPMY-
aoil baiieca:
_ _ old
p(zie = 1)p(z; | zip = 1,0°)

gik = p(zir = 1| 2;,0) = —% -
Zj_lp(zij = 1) (.I'Z ‘ zij = 1, @Old)
ngd (:L‘z | MOld Eold)

K
Z] L 7T;)ld (:L‘z | ,ujld Eold)




Boraucimm Teniepb MaTOXKUIaHEE TOJTHOTO TIPaBI0IOI00MS:

Q(@a @Old) = EZNp(Z\X,@old) logp(X A ‘ @) =

EER 5 zz-k{log i+ log N (i | e, i) b =

=1 k=1

K
ZEZNP Z|X@old)[zzk]{10g e + log N (2 | pur, Ek)}

1=1 k=1

M~

Ham HOH&,ZLO6I/ITCH BCIIOMOTI'aTeJ/IbHasd BEJIMYINHA:

Ez iz x.000) 2] = Lx p(za = 1| 24,0) + 0% p(zix = 0] 2;,0) =
OldN(ZL'Z | ,uold Eold) B
Zj L ;)ldN(ZL'Z | ,uold Eold)

= Gik-

[Tomygaem:

4

K
Q(0,0°) = Z Zgzk{log T + log N (5 | pua, Ek)}

i=1 k=1

Jndbdepennupys gaHHbIl DYHKIIMOHAJ, HETPYIHO HOJAYyINTb hopMysibl M-1mara:

X = inr ng — )"

§1.5 [OueepreHuuna Kynbbaka-Jleinbnepa

Huseprennusa Kysibbaka-Jleitbyiepa — 9T0 Mepa pacCTOSHUSA MEXKLY JIByMsi BEpOSIT-
HOCTHBIMU PaCIPeJIe/IEHUsIMU, KOTOPAs OIPE/IEISIeTC KaK

Lall 2) = [ ata)log 250

B cjlyda€e C JUCKPETHBIMU DaCIIDEJAC/ICHUAMN OHa IIPUHUMAaET BUJI

L(qll ») :qul@g%.

KL-nuBepreniusi onpejiesieHa TOJIBKO B TOM ciydae, Korga u3 p(xz) = 0 cuemy-
et q(z) = 0. TIpu Berancsennn Mel cautaeM, 41o 0log0 =0 u 0log § = 0.

xT



Bapaua 1.1. [lokaxkure, uro KL-auBepreriust HeOTpHUIIATE/THHA.

Pemrenne. Ham nonaioburcs nepasercTo Mencena B uaTerpaabHoit dhopme: jiist Jr000i
BoruyToit byHKIwmK f(x) BBIIOJIHEHO

f (/a(x)y(x)dx) > /a(:p)f(y(x))dx, /a(:p)d:p =1, a(z)>0.

HOJII)BYHCB JaHHBIM HEPABEHCTBOM U BOT'HYTOCTDBLIO JIOFapI/I(bMa, IIoJIydJaeM:

KL (g p) = — /q(x) tog 2% 4 > —1og (/q(x)@dx) ~ log (/p(:c)d:c> _o.

q(z) q(x)
n
HepagencrBo Mencena obpariaercsi B paBeHCTBO TOTJIA U TOJBKO TOT/IA, Korja y () =
= const. B namem ciydae 3To o3Havaer, UToO % = const. [TockosibKy ¢ U p — BeposAT-

HOCTHBIE PacIpe/iesIeHNs], TO BO3MOYKHO TOJBKO IIPU X paBeHCTBe. Mbl MOTyYnin BaxK-
noe coiictBo KL-/mBeprenruu: ona odpalaercss B HyJIb TOIJa U TOJIBKO TOIJA, KOTJIa ee
apryMeHTBI paBHBL.

Bamaua 1.2. Ilycrs 3ayanbt Boibopka X u pacupenenenne na oobextax p(z | 6). Dmrm-
PHYECKHM DacIpe/je/ieHneM Ha3bIBA€TCsl JUCKPETHOEe paclpelie/ieHne Ha O0beKTax, HpH-
cBauBaloliee KaxkJIoMy 00beKTy n3 obydaroineli BoIOOPKH BepOSTHOCTH 1/{:

He ) — f[ (%) i

=1

HOKa)KI/ITe, qTO MaKCHMU3AITIA HpaBﬂOHO,HO6I/IH 9KBHUBaJICHTHA MHWHHUMHU3aIIUN JUBEp-
rerarun Kynpbaka-/lefibiepa MexKry SMIUPHIECKHM DpaclpeaeeHHeM H IIPaBOIIoIf00H-

enr KL (i(x | XY H L(z| Xﬂ,@)).
Pemenune. PacrimieM ykazaHHYIO JTUBEPreHITUIO:

log 71/6 =

KL (z(x | X°) H L(z| Xf,ﬁ)) = ZZ:E p(z; | 0)

l
1

L1l
:izlzlogz—Zizllogp(xi|9)—>m9m.

OT1bpocuM KOHCTaHTHBIE JICHBI:

¢
Z logp(z;]0) — max .

i=1
Muzr HOJIYIUJIN 3aJa9y MaKCUMU3allun HpaB,ZLOHO,ZLO6I/IH.

Taxkum 06pa30M, METO/[ MaKCUMYyMa HpaB,ILOHO,ILO6I/IH CTapaeTcd HO,ZLO6paTb TaKHe I11a-
paMeTpPbl MOJIEJIN, 4TOOBLI OHA JdaBaJla paBHOMEPHOE pacCIlIpe/ie/IEHNE Ha 00 bEKTaX BbI60pKI/I
u IIpucBarBaJia HYJIEBYIO BEPOATHOCTL BCEM OCTaJIbHBIM 0O'BEKTaM.



§1.6 O6ocHoBaHne EM-anropuntma

[IpeicTaBuM HemoJIHOE TTPABIONONOONE B BUJIE CYMMBI JIBYX (DYHKITHIL:

logp(X |©) = L(q,0) + KL (¢l p), (1.2)
rie
p(X,Z|0)
L(q,0) = q(Z)log ————~—~,
0:0) = De
p(Z]X,0)
L(ql|l p) =-— q(Z)log ————~-.
(all )= = a@oe
Bagaua 1.3. Jlokakmre, 9T0 9TO HpeJcTaBIeHHe KOPPEKTHO.
Peurenne.
p(X,Z|0) p(Z]X,0)
a(Z)1og B2 N g(z)log B2
2l (2 s
_ 0g P 210) _
- p(Z|X,0)

:Z )logp(X |©) =
7z

=logp(X |©)) q(Z) =
Z

= logp(X | ©).

Bamernm, aro L(q, ©) — 970 HUXKHSSI OIEHKA Ha JIorapuM IIPaBOIOI00HS:

logp(X [©) = L(q,0) + KL (¢l p) > L(q,0).
>0

Bynem 1o ovepe i MakCHMU3NPOBATH HIKHIOIO OTEHKY 110 ¢ 1 110 O. 3adukcupyem
cHagaJIa BEeKTOp IapaMerpos O°¢ u maiinem MakcuMyM 110 ¢. 3aMeTHM, 9TO B Pas/ioiKe-
Hun (1.2) jleBast 9acTh He 3aBUCUT OT (, TOITOMY HIZKHsS OIEHKa OyJleT MaKCHMasIbHa
torna, korjna KL-auBeprenmus Oyjier MuHuMasibHa. Mbl 3HaeM, YTO MUHUMYM JTUBEpPreH-
NN paBeH HYJIIO U JIOCTUTAETCsl Ha PABHBIX PacHpeje/ieHnsx. Takum 00pa3soM, HUKHsISI
OTleHKa JIOCTUTHET cBoero MakcnMyMa Ha ¢ = p(Z | X, 0°4). Mo nomyanmu E-mar EM-
AJICOPUTMa — BBIYUCJIEHIE AIIOCTEPUOPHOIO PACIpee/IeHns] HA CKPBITHIX ITePEMEHHBIX.

Badukcupyem terepb ¢ U HaiijleM MakcuMyM HuzkHeil orenku 1o ©. [Ipeobpazyem
3a/1a4y:

_px.7]0)
=D a2 =

_Z )logp(X,Z[©) = > q(Z)logq(Z) =

Z
= Zp (Z]X,0°Y log p(X, Z | ©) + const(0) =

= Q(0,0°) 4 const(0) — max .



Mpb1 nostyamiin OnTUMA3AIMOHHYIO 3a/1a9y ¢ M-mrara EM-aiaropurma.

Ommcannblii crrocod BbIBoJa E- m M-1maros mo3BoJisieT moIydIuTh BaskKHOE CBOMCTBO
EM-anropurma — na kaotcdoti e2o umepayuu 3nauenue npasdonodobus He YMeHbuaemc.
HetictBuTenbHO, TIocsie E-mara 3navenne HUXKHEH OIEHKHM COBITA IAeT CO 3HAYEHUEM IpaB-
JIOIIO/IO0MST, & 3HAYUT, MAKCUMU3AIUA OIeHKN Ha M-1mrare npuBejieT U K MaKCUMUA3AIUN
IIPaBJIOIIOI00MSI:

log p(X | ©"") = L(q,0"") + KL (¢ || p) > L(g,0™") = L(g, 0°) = p(X | ©°).

Eciin npasjionogobue orpaHndeHo CBepXy, TO II0C/Ie/[0BATEIbHOCTh 3HAYEHHH IPaBJIOIO-
nobust {p(X | ©")}; obazarenbho coiigercs. 37ech Mbl 0GO3HAYIIN TOCIEJI0BATEILHOCTE
napaMeTpoB, remepupyemyto EM-ajropurvon, epes {O};.

CymecTByior u 60j1ee CUIbHBIE YTBEPXKIEHNS O CXOJMMOCTH.

Teopema 1.1 ([1]). Iycrs Q(O©,0°9) nenpeprisna no © u ©°4. Torna Bee npeiesbble
TOUKH mocieoBarebHocTH {©'}; ABIAIOTCS CTAIHOHADHBIME TOYKAMHE HEMOJIHOIO IPaB-
gononobus p(X | ©), a nocaegosaremsrocts {p(X |©Y)}; MonoToHHO CXOMUTCH K 3HATE-
aufo npasaononobus L* = p(X | ©*) B ogHOIT n3 crammoHapHbIX TOUeK OF.

O6GparumM BHEMaHKE Ha TOT (DaKT, 9TO CXOJAUMOCTD HOC/eIoBaTeIbHOCTH {©'}; He rapaH-
TUPYETCA — Y Hee MOZKET ObITh HECKOJIHLKO IOJIITOCIIEI0OBATETLHOCTE, KarXKIasi N3 KOTOPBIX
Oy/JIeT CXOUThCA K CBOEH CTAIlMOHAPHOI TOYKe. Tak:Ke OTMETUM, YTO Pedb UJIET TOJHKO
0 CXOJIMMOCTH K CMaAUUOHAPHOT TOYKE; CXOIUMOCTD K JOKAJIHHOMY MAaKCUMyMy TapaHTH-
pyercs JIMIIb JIjIsi HEKOTOPBIX CeMeficTB pacipejie/ienuii (Hapumep, j1jist SKCIIOHEHI [ Ib-
HbIX [1]).

[Tokaxkem omHO M3 cBoiicTB EM-anropurma.

Bapaua 1.4. Jlokaxkure, 9ro ecim ©' He SIBJISETCST CTAIHOHAPHOH TOYKOMH Jiorapugma
npasonogobus, To ciaeyiomee npubmnkenne O, pernannoe EM-anaropmnryom, 6yger
orimiaThcest or O

Pemtenne. Ilycts O He aBAgETCA CTAIMOHAPHON TOYKOMH, TO €CTh
Ve logp(X [©)lg: # 0.

Beimosianm E-miar, Haiinem ammocrepuopnoe pacipeesenne ¢(0"), u 3amuinem pas3iozKeHne
[IPABIONIOI00US:

logp(X |©) = L(¢,0) + KL (¢(6") || p) .

~~
=0

KL-juBeprenius 3/1ech paBHa B culy BbiGopa pacrpesesenust ¢(0%). TlockoabKy Ha j1aH-
HOM paclpe/Ie/IeHNN JOCTUTAeTCd MUHUMYM JIMBEPreHINH, ee I'PAJUEeHT PaBeH HYJIIO:

VoKL (¢(0) ] p)le: = 0.
[Tosryaaem:

VeL(q, @)|9z' = Velogp(X | @)|ei _YGKL (¢(©) || p)|ei: Ve logp(X | @)|ei # 0.

=0

Takum obpasoMm, Touka O He gBIAeTCS MAKCHMyMOM HUYKHEl OICHKH, M IO3TOMY Ha
M-mare 6yeT caenan mepexos K HoBoil Touxke O £ ©F
[
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