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CoaepxaHue npeablayLUinx NeKLni

m Popmyna baiieca u popmyna NonHOR BepOATHOCTY;

m Onpegenenne anpropHbix BeposiTHOCTel 1 selection bias;

m (MHoxecTBeHHOE) TeCTUpOBaHME runoTes

B DKCroHeHUManbHoe cemeiicTBo. JocTaTouHble CTaTUCTUKN.

m HaueHbili 6aliecosckuii knaccudpukatop. Ceasb uenesoit dyHKLUM 1
BEPOSITHOCTHOW MoAenu.

m Jlnneiinan perpeccusi: cesasb MHK n wyr,, perynsipusaumm n wyap.

m CBOICTBO COMpPS>XEHHOCTU anpUOPHOro pacnpesesieHnsi NpaBLonogobuio.

m [1porHos gasi of4UHOYHOR Mogenn:

p(ytest‘Xtesta Xtraina Ytrain) = /p(}’test‘wa Xtest)p(W‘Xtraina Ytrain)dw-

m CBsi3b anoCTepMOpHO BEPOSITHOCTU MOAENMN 1 ODOCHOBAHHOCTU

m O60CHOBaHHOCTb: MOHMMAaHUE 1 CBSA3b CO CTaTUCTUHECKON 3HAYMMOCTbLIO.

m Jloructuyeckas perpeccus: npobnemsl ML-oueHkn w; CBSi3b anprnopHoro
pacnpegeneHnsi ¢ 0TbopoM MpU3HAKOB.

m HeonpefeneHHOCTL B MPOrHO3€e M anoCTEPUOPHOE pacnpefeneHmne; yHeT
HENMHENHbIX 3aBUCUMOCTEN, NPOMYCKOB N BbIOPOCOB.

m EM-anroputm. Wcnons3osanne EM-anroputma ans_otbopa npusHakos B
0alieCOBCKOW NMHENHOI perpeccuu. 2/12



EM-anroputm: BoCcnoMmuHaHue

Mycte D = (X, y) — Habntogaembie nepemenHble, Z — CKpPbITble NEPEMEHHbIE.
p(D, Z|®) = p(D|Z, ©)p(Z|O©).
Bonpoc 1: kak pewnTs 3agady p(D|®) = /p(D, Z|0©)dZ — m(f)xx?

EM-anroputm
Beeaem F(q, ©) = —/q(Z)log q(Z)dZ —i—/q(Z) logp(D, Z|®)dZ =

- [a@nosa@iaz + [ @)1z p(2iD. ©)iz + [ 10gp(DIO)(Z)02 ~
logp(DI®) ~ [ 4(2)10g iy dZ = g p(DI©) ~ Dic(allp(ZID, ©)).

Npes 1: p(D|®) — IAX 3aMeHMM Ha F(q, ®) — max.
q?
Npes 2: MNowaroeo ontumusnpyem no © u ¢, To ecTb

E-war: ¢° = F(q, ©®°!) = max;
q€Q

M-war: ©° = F(¢°, ©) — max.

Bonpoc: 3auem ¢ € Q7 Kak E-war 6b11 BbINOAHEH NpY MakCMMU3aLun
0bBOCHOBAHHOCTMN /151 MOAENU JINHERHO perpeccumn?
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BapuayunoHHbii EM-anroputm. E-war

F(q, ® 1) = max <= Dxi(q||p(Z|D, ©)) — min.
q€Q q€Q

Pralalp(ZID, ©)) =logp(DI®) + [ a@yion 2Tz
Mycts Q = {q L q(2) = H Q(Zk)}v Torpa

K K .
D1, (gllp(Z|D, ©)) / [Laczos (Dgij{?f’zﬂz)m@)dzl )

/ (Z1,) log q(Zy,) {H/ dZ]deJrZC/ (Z1,)dZy, —

j#k J#k ———

=1

/ (Zy) {/Hq long Z, ..., ZKG)de;,gk] dZ;,

i#k

E,\x logp(D, Z|©)

9(Z) i
/ A2 108 1 gD zie) Pk 7

.dZi =
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BapuayunoHHbii EM-anroputwm

p(D, Z|®)

q(Z)
q(Zy)

E-uJar./ Z:)lo dZy — min,
q(Zy,) g%eEq\klogp(D,m@) Pz

MonHbli anropntm
Mowaroso ontumusmpyem no ® n q¢(Zy), k=1, ..., K, 10 ectb

E-war: log ¢(Zj,) o Eg\, log p(D, Z|©1);
M-war: Egs logp(D, Z|®) — max.

F(g, ©) = / 4(Z) log dZ = log p(D|®) — Dycr (qllp(ZID, ©)).

Bonpoc 1: 3ayem HyxHa dakTopuzaums? HYem nonyyeHHble MTEPATUBHbIE
dopmynsl nydwe dopmyn noavoro EM-anroputma?

Bonpoc 2: Kak noHsTb, 4To B KOHKpeTHOI 3agayve chopmysbl E n M-waros
BbIMUCaHbI BEPHO?
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Hapywenue ceoiictea p(w|x;) = p(w)

Mpeanonaraemelii pesynbTaT PeanbHble gaHHbIe
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Bonpoc: kak MOXHO y4eCTb YKa3aHHYIO HEIMHERHOCTL B MOAEAN ?
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CMecb mMofeneid NormcTuYeckoi perpeccum

BeposiTHOCTHast Moaenb reHepauny faHHbIX
m Beca mogeneli B cMecu 7t noslyHeHbl U3 anpriopHOTO pacrpeseneHus
p(m|p);
m BekTopbl napametpos Mogenelt Wy, Nosy4eHbl 13 HOPMasbHOro
pacnpegeneruns p(wi|Ag) = N (wy|0, A,;l), k=1,....K;
m [Ins kaxporo obbekTa X; BblbpaHa Mogenb fi,, KOTOPON OH
onuceiBaercs, npudem p(k; = k) = my;
m [Ins kaxporo obbekTa X; KIacc y; ONpefesieH B COOTBETCTBUN C
MOAENBIO fi. 1 i ~ Be(a(w;,xi)).
CoBmecTHoOe npasgonogobre mopenu
ply, wi, ..., wg, w|X, Ay, ..., Ak, pu) =

K m K
p(rlp) [T V(welo, ALH]] (Z WlU(yz‘WzTXi)>
k=1 =1

Beenem matpuuy ckpbiTbix nepementbix Z = ||zix||, roe zik = 1 <= k; = k.
p(y7 Wi, ..., WK, T, Z‘Xa Aly" A—K7 IJ‘):
K

p(ﬂ.‘“) HN(Wk|O7 Alzl) HH (7710' yzwl Xz)>2il-
k=1 i
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MNonydenne MAP-oueHky

Nycts p(w|p) = Dir(p) = lif[?k(”g)nﬂgk—l

ply, wi, ..., wg, m, Z|X, Ay, ..., Ag, p) x

K K
T Zil
fik= 1 H v/det Ay exp(—%kakwk H (mo y,wl X; ) .

f:lN
::13

i=110=1
(71' ,WIi,...,W)=arg max p(y,wi,...,Wg, X, A1, ..., Ax, 1).
T, Wi, ey WK
m K
E-war. log ¢(Z) ZZZ“ log 7; + log J(yzwl X;)), OTKyAa
=1 [=1
.
Yik = P(zik = 1) X To (YiWg,X;).
M-war. E;logp(y, w1, ..., Wi, w, Z|X, Ay, ..., Ag, p) =  max
m T, W1, ey WK
T T
W, = arg I{Ilvakx —%Wk Apwy + Z%‘k log U(inkXi)] .
i=1

m
T = argmﬁLXZlog Tk (Z Yk HlE — 1) = m x max (0, v, + pp — 1).

k=1 =1
N——
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[lonydeHre anoCTEPUOPHOrO pacnpeaeneHns

Bonpoc: kak nonyuuts p(wy, ..., wg, w|X, y, Ay, ..

p(y7 Wi, ..., W[, 7T|X7 A17 ey A'KJ IJ‘)OC

K AK7 l’l’)?

K K K
I~ 11 Vdet Ay exp(—Lwi Apwy) 11 <Z Wla(yleTXz‘)> :
he1 k=1 =1 \Il=1

m

Naesn: nangem q(Z, wi, ..., wg, w) = q(Z)g(wq, ...
Hanbonee 6auskoe Kk p(wy, ..., wg, m, Z|X, y).

log q(Z) Eq 2 logp(y, wi, ..., wg, m, Z|X, A4, ..
m K

>3z (Elog mi + Elog o (yiwyxy))

i=1 k=1

= p(zix = 1) x exp (Elog 7, + Elog a(yivv;xi))

log g(7) o Eq\,r logp(y, wi, ..., Wi, m, Z|X, Aq, ..

K m
Zlogwk (Hk -1+ Z Ez,»k> = 7 ~ Dir(p + 7).
k=1 i=1

s Wi )q(m),

°7AK7 IJ‘)OC

'7AK7 /“L)O(
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MonyyeHue anoctepuropHoro pacnpegenerust (Npogokerne)
—

logg(wq, ..., Wg) x Eq\w logp(y, w1, ..., Wi, m™ Z|X, Ay, ..., Ag, p) x

K m K
T T
> (‘%WkAka + ) Ezjlog U(inkXi)> = fr(wi).
k=1 i=1 k=1
Bonpoc 1: Kakyto cTpykTypy umeert q(wy, ..., Wg) ?
Bonpoc 2: Kakoii Bug umeet pacnpegenerune q(wg)?

BapuanTbl annpokcumaumu g(wy):
m Annpokcumaums Jlannaca: q(wy) ~ N (wj, E.1);
m Nwem g(wy) = N (my, E,;l) Takoe, 4To Dx 1 (q||Ck fr(Wk)) — min
q

m YuncnenHo (€Cn YNCAO NPU3HAKOB N HEBEJINKO);

m C nomouwsto VLB ans curmongsl n cooTBeTCTBYIOLEN BEPXHER OLEHKN
pnst Dicr(ql|Cr fe(Wi)).

Bonpoc 3: Kak onpegenuts A1, ..., Ag, u?
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Onpepnenexne runepnapamMeTpoB CMECU MOAESEl

Makcumnzaumns 0bocHOBaHHOCTM

p(y|X, Ay, ..., Ag, p) —»  max
(¥IX, Ay W, ma

le,eﬂ: BOCNOJIb3yEMCA BapUMaUUNOHHbIM EM—aﬂFOpI/ITMOM.

E-war: naiigem ¢(Z, wq, ..., wg, w) = q¢(Z)g(wy, ..., wg)q(m),

Hanbonee 6anskoe Kk p(wi, ..., wg, m, Z|X, y).

M-war: E;logp(y, wi, ..., Wi, m, Z|X, Ay, ..., Ag, p) - max .
Ai, .., Ak

K n ' '

Z Zlog o, — ai,Ew,%j —  max |, rae Ap = diag(agy, - ., Qgn).

k—1 le Q11 .oy K

old .
1-— o Dwy;

Qi = L Hint: o =
J Ew,%j J E2wy;

Bonpoc: Kak nonyunts Ewy; n Dwy;?

3ameuvaHmne: MoOXHO cpasy caenatb ucnonssosaTs VLB ans curmongoti

yHKLMN, 4TOBBI NOAYHYNTL HUXKHIOW rpaHuLly 06OCHOBaHHOCTU

p(y|X, Ay, ..., Ak, p) 2 p(y|X, Ay, ..., Ak, )

n Torga Ha E-ware aBTomaTnyeckn q(wy) byget HopmanbHbIM.
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