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Coaep>xaHue npeablayLUinx NeKLnii

m Popmyna baiieca n popmyna noaHom BeposTHOCTH,

m OnpegeneHne anpnopHbIX BEpPOATHOCTENR 1 selection bias;

m (MHoxecTBeHHOE) TeCTUpOBaHME runoTes

B DKCMoHeHuManbHoe cemeiicTea. [loctaTouHble CTaTUCTUKN.

m HaueHbili 6aliecosckuii knaccudpukatop. Ceasb uenesoit dyHKLUM 1
BEPOSITHOCTHON MOAENH.

m Jluneiinan perpeccusi: ceaze MHK n wypr, perynsipusauum n wiyiap.

m CBOIICTBO COMpPS>XEHHOCTU anpUOPHOro pacnpeseseHnsi NpaBLonogobuio.

m [1porHos gas of4UHOYHOR Mogenn:

p(Ytest|Xtesta Xtrains Ytrain) = /p(Ytest|Wa Xtest)p(W|Xtraina Ytrain)dw-

CBsi3b anocTepuopHoOli BEPOSITHOCT MOZENN 1 0DOCHOBAHHOCTM
O60CHOBaHHOCTL: MOHWMAaHNE U CBSA3b CO CTaTUCTUYECKON 3HAYNMOCTBIO.
JNornctuyeckas perpeccus: npobnembl ML-oueHkn w; CBA3b anprmopHOro
pacnpegeneHnsi ¢ 0TbopoM MpU3HAKOB.

HeonpepeneHHoCTb B NPOrHO3e 1 anoCTEPUOPHOE PacnpeaesieHne; yYHET
HENMHENHbIX 3aBUCUMOCTEN, NPOMYCKOB N BbIOPOCOB.

m EM-anroputm. Wcnons3osanne EM-anroputma gns otbopa npusHakos B
baiiecoBCKON NuHeliHON perpeccun. 2/12



EM-anroputm: BoCmoMmuHaHue

Mycte D = (X, y) — Habntogaembie nepemeHHble, Z — CKpPbITble NePEMEHHbIE.
p(D, Z|®) = p(D|Z, ©)p(Z|\).
Bonpoc 1: kak pewnTs 3agady p(D|®) = /p(D, Z|0©)dZ — m(gx?

EM-anroputm
Beegem F(q, ®) = —/q(Z)log q(Z)dZ —I—/q(Z) logp(D, Z|®)dZ =

- [a@nosa@iaz + [ o@)1ogp(2iD. ©)iz + [ 10gp(DIO)(Z)02 ~
logp(DI®) ~ [ 4(2)1og ey dZ = 0§ p(DI©) - Dy (allp(ZID, ©)).

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

E-war: ¢° = F(q, ®71) - max;
qe@

M-war: ©° = F(¢°, ©) — max.
Bonpoc: 3auem ¢ € Q7 Kak E-war 6b11 BbINOAHEH NpY MakCMMU3aLMn
0bBOCHOBAHHOCTM /151 MOAENU JINHERHOI perpeccun?
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BapuayunoHHbii EM-anroputm. E-war

F(q, ®1) = max <= Dx(q||p(Z|D, ©)) — min.
9eq 9€q

Daalp(7D. ©) = er(Dle) [ a@or 2Tz
Mycts Q@ = {q 1 q(2) = H Q(Zk)}v Toraa
K K
I1;=1 a(Zy)
Dk (q|lp(Z|D, ©)) /Hq (Z,) log D, zjll JZK@)dzl...de =

/ (Z1,) log q(Zx) {H/ dZ]deZC/ (Z1,)dZy, —

J#k |

=1

JFk

Eq\k 10gp(D7 Z|®)

q(Zy)

/q(Zk) tog Lo logp(D, Z[©) 2 = azn)
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BapuayunoHHbii EM-anroputwm

D, Z|©®
Fla. ©) = [ 2)log %dz — logp(D|©) — Dyr([[p(Z/D. ©)).
q(Zy,) .
E-war. /q(Zk)log %eEq\k 10gp(D,Z|®)de —>qn(r1Z1£1).

MonHbii anropntm
Mowaroso ontumusupyem no ® v q¢(Zy), k=1, ..., K, 10 ectb
E-war: log ¢(Zy,) o< Ep\ 1 log p(D, Z|eshy;
M-war: Eg4s logp(D, Z|®) — max.
Bonpoc 1: 3a4em HyxHa dakTopusauus? Hem nosyyeHHble nTepaTuBHbIe
chopmynbl nydwe dpopmyn nosHoro EM-anroputma?

Bonpoc 2: kak noHATb, 4TO B KOHKpeTHOI 3agade dopmynsl E n M-waros
BbIMNCAHbI BEPHO?
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Hapywenue ceoiictea p(w|x;) = p(w)

Mpeanonaraemeiii pesynsTaTt PeanbHble gaHHbIe
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BOI'IpOCZ KaK MOXHO Y4€CTb YKa3aHHYIO HENNHERHOCTb B MOAeJ'II/I?
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CmMecb mMofeneii NormcTuYeckoi perpeccum

BeposiTHOCTHasi Mofesib reHepaummn gaHHbIX
m Beca mopeneii B cmecu 7 nosiyyeHbl U3 anpuopHOro pacrnpeaeseHuns
p(m|p);
m BekTopbl napaMeTpoB Mogeneli Wi, nosly4eHsl N3 HOPMasbHOro
pacnpegeneruns p(wi|Ag) = N(wy|0, A,;l), k=1,...,K;
m [Ins kaxporo obbekTa X; BbibpaHa Mogenb fi,, KOTOPON OH
onucbiaetcs, npudem p(k; = k) = my;
m [ns kaxgoro obbekTa X; KNacc y; OnNpefesneH B COOTBETCTBUN C
MoAenbto fr, 1 yi ~ Be(a(wzixi)).
CoemecTHoe npasgonogobue moaenn
ply, wi, ..., wg, w|X, Ay, ..., Ak, pu) =

K m
p(m|p) [T NV (welo, ALH]] (Z WlU(inzTXi)>
k=1 =1 \I=1

Beegem maTpuuy CKpbITbIx I'IepeM;HHbIX Z = ||zik||, roe zik = 1 <= k; = k.
(y,Wl,...,WK, T, Z‘Xa Al7" A—K7IJ‘):

K .
p(m|w) H (wi|0, A1) HH (mo YiW, XZ)) ‘)
k=1 '
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MNonydenne MAP-oueHkp

Myctb p(m|p) = Dir(p) = % Hﬂ'l‘;k_l.

p(y, wi, ..., wg, m, Z|X, Ay, ..., Ag, p) x
K

K A A
[T T VA&l w LT TT (o))
I[+T

(

= i=11=1
ﬁ*,wf,...,w}):arg max  p(y,wi,...,wg,w X, Ay,..., Ak, p).
Ty WL, ey WK
m K
E-war. log ¢(Z) ZZZ” log 7, + log a(yzwl X;)), OTKyAa
=1 [=1 .
Vi = p(zik = 1) X To(YiWy,X;).
M-war. E;logp(y, w1, ..., wg, w, Z|X, Ay, ..., Ag, p) - max
m T, W1, ooy WK
W) = arg max —EWkAka + Z%k log a(yzwkxl)]
=1
T = argmnglog T (Z Yk HlE — 1) = m x max (0, v, + pp — 1).
k=1 i=1
—
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[lonydeHre anoCTEPUOPHOrO pacnpeneneHns

Bonpoc: kak nonyuuts p(wy, ..., wg, w|X, y, Ay, ..., Ag, p)?
ply, wi, ..., wg, w|X, Ay, ..., Ak, p) x

K K . m [/ K .

H ik~ H Vdet Ay exp(—iw, Apwy) H <Z mo(yw, xz))
k=1 k=1 i=1 \I=1

Naes: naiigem q(Z, wy, ..., wg, w) = q(Z)g(w1, ..., wg)q(m),
Haubonee 6nuskoe k p(wy, ..., wg, m, Z|X, y).

log q(Z) x Eq\Z logp(y, wi, ..., wg, m, Z|X, Ay, ..., Ag, p) x
m K .

Z Z Zik (Elog m, + Elog a(yiwkxi)>

i=1 k=1

= p(zix = 1) x exp (Elog 7 + Elog a(yinxi)).

lqu(ﬂ') & EQ\-,r lng(y, Wi, ..., WK, T, Z|X7 A17 ceey AKJ IJ‘) X
K m

Zlogﬂk (uk -1+ Z Ezik) — 7 ~ Dir(w| p + 7).

k=1 i=1
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MonyueHne anoctepropHoro pacnpegenequs (npogoskeHue)

logg(wi, ..., Wg) X Eqw logp(y, wi, ..., Wi, ™ Z|X, Ay, ..., Ag, p) x

K m K
T T
> (—%WkAka + ) Ezlog U(Z/iwkxi)) = fulwp).
k=1 i=1 k=1
Bonpoc 1: Kakyto cTpykTypy umeet ¢(wy, ..., Wg) ?
Bonpoc 2: Kakoii Bug umeet pacnpegenenune q(wg)?
BapuanTsl annpokcumaunu q(wy):

m Annpokcumaums Jlannaca: g(wy) = N (wi|wi, 3.1);

m Vwem g(wi) = N (wi|mg, ;1) Takoe, uto

Dk r(q||Ck fr(wg)) — mqiﬂ

m YuncnenHo (€can YNCAO NPU3HAKOB 1 HEBEJINKO);

m C nomowbto VLB ans curmongbl u COOTBETCTBYHOLLEN BEPXHEN OLEHKN
ans Drcr(q||Cr fr(we)).

Bonpoc 3: Kak onpegennts Aq, ..., Ag, u?
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Onpegenexvie runepnapameTpoB CMecu Mogenei

Makcummnsaums obocHOBaHHOCTK

p(y|X, Ay, ..., A, p) — max
( | ) Ay, .., Ax, {u}
Npes: sBocnonbsyemca sapuaumonHbiM EM-anroputmom.
E-war: naigem ¢(Z, wq, ..., wg, w) = q(Z)g(wy, ..., wg)q(m),
Haubonee 6nuskoe k p(wy, ..., wg, m, Z|X, y).
M-war: E;logp(y, wi, ..., Wi, m, Z|X, Ay, ..., Ag, p) - max .
A, .., Ak
K n ' '
Z Zlog o) — aiEw,%j —  max |, rae Ag = diag(agy, - ., Qgn).
Q11 .oy Ky
k=1 |j=1
1 . 1-— a°'d Dwy;
ap; = —=-. Hint: o = —————

2
E2wy;
Bonpoc: Kak nonyunte Ewy; n Dwy;?

2
Ewkj

3amevaHue: MoXHO cpasy caenatb ucnosnb3sosate VLB gna curmongHoii
hyHKUMIM, 4TOBBI NOMYHYUTE HUXKHIOK FPaHULLy 0BOCHOBAHHOCTM
p(Y|X> Ala ceey AK7 l’l‘) > ﬁ(Y|X> Ala sy AK) l’l‘)

u Toraa Ha E-ware aBTomatuyeckn ¢(wy) byner HopManbHbIM.
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