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Coaep>xaHue npeablayLUinx NeKLnii

P(B[A)P(A)

P(B)
m Popmyna nonwoii BepostHocTu: P(B) = P(B|A)P(A) + P(B|A)P(A);
m OnpegeneHne anpnopHbIX BEpPOATHOCTENR 1 selection bias;
m (MHOXeCTBEHHOE) TECTUpOBaHME rMMNOTE3
B DKCMoHeHuManbHoe cemeiicTea. [loctaTouHble CTaTUCTUKN.
m HaueHbili 6aliecosckuii knaccudpukatop. Ceasb uenesoit dyHKLUM 1

BEPOSITHOCTHON MOAENH.

m Jluneiinan perpeccusi: ceaze MHK u wypr, perynsipusauum n wiyiap.
m CBOICTBO COMpSI>XEHHOCTU anpUOPHOro pacnpeseseHnsi NpaBLonogobuto.
m [1porHo3 gsis oAnHOYHOI Mogenn:

m ®opmyna Baiieca: P(A|B) =

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

m CBsi3b anoCcTepropHOii BEPOSITHOCTI MOAENN 1 0BOCHOBAHHOCTH
p(Mi|Xtraina Ytrain) X p(Mi)pi (Ytrain‘Xtrain)-

m OBOCHOBaHHOCTbL: MOHMMaHWeE 1 CBA3b CO CTATUCTUHECKON 3HAYMMOCTbIO.

m bBaiiecoBckast noructuyeckast perpeccusi (BJ1P): obocHosaHHOCTb 1
0TOOp NPK3HAKOB, aNOCTEPUOPHOE pacnpeseneHme.
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AnocTepunopHoe pacnpegeneHne B JOrMCTUHECKON perpeccuiu

p(y, wiX, A) = p(y|X, w)p(w|A), rae p(y|X, w) Ha W' xj).

ply, wiX, A) _ Il o(y;w x;)N (W|07 AT
p(y|X, A) p(y|X, A)

p(Ytest‘Xtesty Xtraim Ytrain) = /p(Ytest|W7 Xtest)p(W|Xtraina Ytrain)dw-

Bonpoc 1: Kak onpegenute wyiap? Eguncteennoe nn pewenmne?

p(wX, y, A) =

q(w) = —logp(y, wiX, A) = —logp(w|A) — logp(y|X, w) =
q(waap) + (W — waap) H(w — wyap) + O(|w — waap|?), rae

. T T
H=A+X RX, rgeR = diag(o(WyiapX;)o(—WyapX;j))-
HopmanbHasi annpokcumaums: p(w|X, y, A) ~ N(w|wyap, H1).
Mpuwmep. lMyctb n =1, wyap = 1.
Bonpoc 2: 4To MoXHO cKazaTb NPO NPUHALJIEXHOCTL 0OBLEKTOB C
x=0; 1; —1; 5; —5 k knaccy 17
Bonpoc 3: Kak pesynbtaT 3aBucut oT HeonpeaeneHHoctn h 17 Yro
npoucxogut npn h — 0 n npn h — oo?
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Henuneiinas pasgenstowias NnoBEPXHOCTb

p(Ytest‘Xtesty Xtraim Ytrain) = /p(Ytest|W7 Xtest)p(W|Xtraina Ytrain)dw-

MporHos BeposiTHOoCTM Kiacca 1 B 3aBUCMMOCTMN OT HEOMPELENEHHOCTY !
r=-5|lx=—-1|z=0|z=1| =5
=oo | 0.0067 0.269 0.5 0.731 | 0.9933
1 0.169 0.301 0.5 0.699 | 0.831
h=0 0.5 0.5 0.5 0.5 0.5

BOI'IpOC 1: kak YHe€CTb B MOAENIN, H4TO KJlaCCbl HE C6aﬂaHCI/IpOBaHbI?

4 .._ . . Class 0
Y I Class 1

Bonpoc 2: 4yto genatb, ecnn
pasfensaoLLas NoBepxXHOCTb
HenuHeliHa?
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Bbibpocbl 1 nponycku B AaHHbIX

! . L G0 Bonpoc 1: 4to genatb, ecnn
. pa3Aensiolasn noBepPXHOCTb
HenuuenHa?
Npes:
X o(x)=[K(x,x;),i=1,...,m].

=75 —5.0 2.5 0.0 2.5 5.0 7.5
Bonpoc 2: Yemy cooTBeTCTBYeT 0TOOP NpU3HAKOB NpU 3aMeHe

X ox)=[K(x, x),i=1, ..., m]?

Bonpoc 3: Y7o ecan 3HaveHust 4acTu NPUM3HAKOB HE 3adaHbl UK
HEKOPPEeKTHbI? YTO NpomcxoanT npu 3ameHe Ha cpefHee / mMeanany?
NcxopHas mogens: p(y, w|X, A) = p(y|X, w)p(w|A).

Mycte X = X+7Z X-Z= 0, rae Z - MaTpuL 3Ha4EHWiA NPOMYCKOB.
Hosas mogens: p(y, w, Z|X, A) = p(y|X, Z, w)p(w|A)p(Z|X).

p(wly, 5(, A) x ply, W|X, A) = /p(y, w, Z|)~(, A)dZ =
/ p(y[X, Z, w)p(w|A) p(Z|X) dZ.
——
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EM-anroputwm

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|®)dZ — max7

Mpumep 1.y = Xw + ¢, w ~ N (w0, A ),ENN( ﬁ I)

by, WX, A, B) = p(y[X, w, Bp(wlA). i

logp(y|X, A, B7") o —3logdet(B' T+ XAT'X ) -1y (B7'I+XAT'X )7!
——

EM-anroputi?

Beegem F(q, ®) = —/q(Z)log q(Z)dZ —I—/q(Z) logp(D, Z|®)dZ =
—/q(Z)log q(Z)dZ+/q(Z) log p(Z|D, @)dZ—l—/logp(D|(~))q(Z)dZ =
log p(D|©) — / 4(Z)log 5547 = log p(D|®) — D (/|p(Z|D, ©)).

Npea 1: p(D|®) — IMAX 3aMEHUM Ha F(q, ®) — max.
q’
Npesa 2: MNowaroso ontumusupyem no ® u q, 10 ectb

E-war: ¢° = F(q, ©®°!) = max;
q
M-war: ©° = F(¢°, ©®) — max.
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EM-anroputm ans makcummusaumm oboCHOBaHHOCTU

y=Xw+e, w~N(wl0, A7), e~ N(0, 37T)
p(y, wiX, A, B) =p(ylX, w, B)p(w|A) = )
log p(y, w|X, A, 8) o< B log B — %Hy - Xw||2 + %logdetA — %W Aw.

F(q, A, B) = —/q(W) log g(w)dw + /q(W) log p(y, w|X, A, B)dw =
log p(y|X, A, 8) — Dkr(q(w)|p(wly, X, A, 8)) = max.

) )

E-war (cuutaem A, [ dukcnposaHHbIMK)
F(g, A, B) = max <= q(w) = p(wly, X, A, §) = N(w|wo, 3"), rae

To=A+BX X, wy=p45;'Xy.

M-war (cuutaem g(w) rkcpoBaHHbIM)

€y lozp(y. wiX, A, )= [ a(w)logply, wiX, A, f)dw - .
F(A, B) = 2 log 3 — ﬁEHy — Xw|*+ 3 Zlogaj 5 Za]Ew — max.

A, B
OF _L__ . 1
E 20 Ew =0 oy = Ew]'

Hint: 1 = o;(E*w; + Dw;) = o™ =

05 = 5 — 3Ely - Xw|* =08 =

old .

1 af Dw;
2.0
E2w;

___m
Elly—Xwi? " 7714



EM-anroputm ans makcummusaumm oboCHOBaHHOCTU

MoTeHumwan nona TouyeyHoro 3apsaga: ¢ = k%.

ycTb MMeeTCsi HECKONBbKO 3apsiioB 1, ..., ¢ B TOYKAX Z1, ..., Z.
l
Torpa p(x) = kZ ”x ol Mo Habopy ToYek X1, ..., X;; U USMEPEHHLIM
=1
-1
Yi = p(x;) — p(00) +eiy €0 ~ N(g]0, 877)
~——
=0

TpebyeTcs oueHnTb Y(X) As X U3 TECTOBOV BbIOOPKM.

i y =®w +¢e, e ~ N(g|0, ﬂ_II), roe
" ‘ _ 1 L T

=0 L “h @ — H6+”xl_x]” H bl 7/7 j — 17 m;

w ~ p(w|A) = N(w|0, A™h).

War 1: p(Ytrain| Ptrain, A, 5) — %aéc NO3BOANT OTOBPaTh NPU3HAKW.
LLlar 2: MporHos gns TecToBoii BbIbOpKM:

p(Ytest‘q)tesh q)traina Ytrain) = /p(Ytest‘Wa @test)p(w‘q)traina Ytrain)dw
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Pe3yanaTb| ANnA 3a4a4n BOCCTAHOBJIEHUA MOTEHLMAA
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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?

12/14



Hapywenue ceoiictea p(w|x;) = p(w)

Mpeanonaraemeiii pesynsTaTt PeanbHble gaHHbIe

L e

o o

Income
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BOI'IpOCZ KaK MOXHO Y4€CTb YKa3aHHYIO HENNHERHOCTb B MOAeJ'II/I?
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