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CopepaHue npeablayLuinx AeKLni

P(B|A)P(A) .

P(B) '
m Popmyna nonwoii sepositHocTu: P(B) = P(B|A)P(A) + P(B|A)P(A);
m OnpepeneHne anpuopHbIx BeposTHocTeli u selection bias;
m (MHoXecTBEHHOE) TeCTUpOBaHNE rMNOTE3
=
E

m Popmyna baiieca: P(A|B) =

DKCnoHeHUManbHoe cemelicTBa. [locTaTouHble CTATUCTUKN.
HausHbiii baiiecosckunii knaccndpmkatop. Cesi3b LeneBoii pyHKLMN 1
BEPOSATHOCTHOI MOAenn.
m Jlunelinan perpeccusi: cessb MHK n wyr,, perynsipusaumm n wyap.
m CBOIICTBO CONPSIXKEHHOCTM anpuoOpPHOrO pacnpeAeneHuns npasaonogobuto.
m [1porHo3 s ofuUHOYHONR Mogenn:

p(Ytest|Xtesta Xtrains Ytrain) = /p(Ytest|Wa Xtest)p(W|Xtraina Ytrain)dw-
m CBsi3b anoCTepMopHOi BEpPOSITHOCTY MOAENN N 0BOCHOBaHHOCTH
p(Mi|Xtraina Ytrain) 0.8 p(Mi)pi (Ytrain|Xtrain)-
m OBOCHOBaHHOCTbL: MOHUMAaHME 1 CBA3b CO CTaTUCTUHECKON 3HAaYUMOCTbHO.
m Baiiecosckas noructnyeckas perpeccusi (BJ1P): seegenmne n otéop

MPU3HAKOB.
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BaiiecoBckasi noructuyeckas perpeccus

Mycte X € R™*™ — npusHakoBasi MmaTpuua, ay € {jzl}m — METKM Kacca.
p(y, w|X, A) = p(y|X, w)p(w|A), rae p(y|X, w) Ha y]w X;).

.
p(yjlw, x5) = o(y;w x;) = m

Bonpoc 1: kak BbibpaTts p(w|A)?

Bonpoc 2: Mycts p(w|A) = N(0, A™!), A = diag(c)

Yt0 npoucxogut, Korga a; — 0o0?

MpumMepbl HEOLHO3HAYHOCTK BbIOOPa pa3feNnTeNbHON NPSIMOIA.
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Bonpoc 3: 4emy paBHa Wy 4nsi BbIDOPOK Ha puc. Bbilie? 3714



OboCHOBaHHOCTb ANt IOFMCTUYECKON pPerpeccuu

Mycts X € R™*™ — npusHakosas maTpuua, ay € {jzl}m — MeTKU Knacca.
ply, wIX, A) = p(y|X, w)p(w|A), rae p(y|X, w) Ha YW x;).

Naes: sBbibpaTb Mogeb C MaKCUManbHOIA O6OCHOBaHHOCTb}0.
Bonpoc 1: 4em oTnnyatoTca pasHble mogenn baliecoBCKOW NOrnCTNYECKOI
perpeccuu, onnucaHHble Bbiwe?

Bbiuncnenne obocHosaHHOCTY.

Mycts panee p(w|A) = N'(0, A7), A = diag(a).

Torga A* = argmax p(y|X, A) = argmax | p(y|X, w)p(w|A) dw
A A

Q(w)
Mpobnema: nHTerpan aHaINTUYECKA HE BbIYUCISETCSA.
Annpokcumaumsa Jlannaca -H!

log Q(w) ~ log Q(Wwap) + 5 (W — wiap) V'V log Q(Wmap) (W — Wiiap).
1 T .
A* = arg max <Q(WMAP)/6_§(W—WmAP) H 1(W—W|\/|AP)dW>_
A

Bonpoc 2: Kak onpegensetca wyap?
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BapuraynoHHblie HUXKHUE OLIEHKN

Onpepenexune. g(z, &) BapnaunoHHas HuXHss oueHka ansa f(x) <
f(@) =gz, Va, ¢
f(&) =g(&, 9.

Bmecro f(z) — max paccmotpum g(z, §) — maéx
x x,

"= argman(l’n_la £)
3
2" = argmax g(x, ")
x
VLB gnsi curmongHoii doyHkumm

1 x—£
o) 2 a(©)exp (~e(20(6) - Da” - €+ 5.

! Bonpoc: B 4em npenmyecTso
08 ucrnonb3osaHus VLB npu makcumusauun
0b0CHOBAaHHOCTM B AOrMCTUHECKOl perpeccumn?
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LB gnst 060CHOBAHHOCTY B JIOTMCTUYECKOW Perpeccuy

1 T
p(y, wiX, A) Ha y]w x] v )tAe 2V AV > VLB(w, £, A) =

T
\/detAe W AWHO_ 53 < 20( 53) (WTXjX}-W—gjz) + Yiw ;‘j‘fj) —

(2m)n/2 TAg
mn 2‘7(51) 2 & / T
e S | T s A ST
]:1 m m

r_ 20(&;)— 1
A —A—I-Z 0223' XJX], V—Ezijj'.

j=1 =1
Torpa p(y|X, A) > LB(A, &) = /VLB(W, £ A)dw — %agc.

)

NnntocTpauns otbopa npu3Hakos B JIOrMCTUYECKON perpeccum
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AnocTepuopHoe pacnpeaeneHune B NOrnMCTUHECKON perpeccui
—
p(y, wIX, A) =p(y|X, w)p(w|A), rae p(y|X, w) HU YW x;).

ply, wiX, A) T o(yw x)N (WIO, A
p(Y|X7 A) B p(Y|X7 A)

p(Ytest|Xtest> Xtrains Ytrain) = /p(}’test|w> Xtest)p(W|Xtraina Ytrain)dw-

p(wlX, y, A) =

Bonpoc 1: Kak onpegenuts wyap? EguncTteentoe an pewenne?

q(w) = —logp(y, wiX, A) = —logp(w|A) — logp(y|X, w) =

g(waap) + (W — wyap) H(w — wyap) + O(||lw — wuap|®), rae
T T

H=A+X RX, rge R = diag(o(WyapX;)o(—WyapX;j))-

Hopmanshas annpokcumauus: p(w|X, y, A) ~ N (w|wyap, H ).
Mpumep. lMyctb n =1, wyap = 1.

Bonpoc 2: 4T1o MOXHO CKa3aTb Npo NpUHAAAEXXHOCTb 0BBEKTOB C
x=0; 1; —1; 5; —5 k knaccy 17

Bonpoc 3: Kak pesynsTaT 3aBUCHT OT HeonpeaeneHHoctn b~ 17 Yo

nponcxognt npu h — 0 n npn h — 00?
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HenuHelinast pasgenstowias noBepxXHOCTb

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

MporHo3 BEpOSITHOCTM Kiacca 1 B 3aBUCMMOCTH OT HeonpeaeneHHocTn bt

r=-5|lx=—-1|xz=0|z=1| x2=5
h =00 | 0.0067 0.269 0.5 0.731 | 0.9933
h=1 0.169 0.301 0.5 0.699 | 0.831
h = 0.5 0.5 0.5 0.5 0.5

Bonpoc 1: Kak yy4ects B Mogenun, 4To knacchl He cbanaHcuposaHbl?
Bonpoc 2: p(W|Xirain, Ytrain) He conpsiraetcst ¢ p(Yiest|W, Xtest)-

Yr1o penatsb?

Class 0
Class 1

Bonpoc 3: H1o genatsb, ecin
pa3genstollast NoBepxXHOCTb
HennmHenHa?
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Bbibpocbl n nponycku B AaHHbIX
. ___________________________________________________________

4 ... . . Class 0
M Class 1

Bonpoc 1: 4to genatsb, ecan
pa3genstolast NoBepxXHOCTb
HenuHeliHa?

Npes:

x— o(x)=[K(x,x;),i=1,...,m].

Iy
=75 —5.0 —2.5 0.0 2.5 5.0 7.5

Bonpoc 2: Yemy cooTseTcTByeT 0TOOp NpU3HAKOB Npu 3ameHe

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

Bonpoc 3: Y7o ecnn 3HaveHus 4acTu NPU3HAKOB HE 3aAaHbl WK
HEKOPPeKTHbI? YTO nmpoucxogut npu 3ameHe Ha cpeaHee / meguaHy?
NcxogHas mogens: p(y, w|X, A) = p(y|X, w)p(w|A).

Mycts X = X + Z, X-Z=0,rpeZ- MaTpuLua 3Ha4yeHnli NpOnyCcKOB.
Hosas mogens: p(y, w, Z|X, A) = p(y|X, Z, w)p(w|A)p(Z|X).

p(wly, f(, A) x ply, W|X, A) = /p(y, w, Z|)~(7 A)dZ =

/ p(yIX, Z, w)p(w|A) p(Z/X) dZ.
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EM-anroputwm

Mycte D = (X, y) — Habnogaembie nepemenHble, Z — CKPbITbIE NEPEMEHHBIE.
p(D, Z|®) = p(D|Z, ©)p(Z|0).

Bonpoc 1: kak pewnTs 3agady p(D|®) = /p (D, Z|®)dZ — m@ax7

Mpumep 1.y = Xw + &, w ~ N(w|0, A1), e ~ NV(0, 37'T)

p(y, wIX, A, B) =p(y|X, w, B)p(w|A).

logp(y[X, A, 571) o ~4logdet(3 T+ XA X") Ly (3 T+ XA 'X") !
N——

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 =
logp(DI®) ~ [ 4(2)1og ey dZ = 0§ p(DI©) ~ Dic(al}p(ZID, ©)).

Naesa 1: p(D|®) — MAX 3aMEHUM Ha F(q, ®) — max.
q’
Npesa 2: Mowaroeo ontumusupyem no © u ¢, 1o ectb

E-war: ¢* = F(q, ® 1) = max;
q
M-war: ©° = F(¢°, ©) — max.
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EM-anroputm ans makcummusaumm obOCHOBaHHOCTM

y=Xw+e, w~N(wl0, A7), e ~ N(0, 37'T)
ply, wiX, A, 8) =p(ylX, w, B)p(w|A) =. )
log p(y, w|X, A, 8) < Zlog 8 — |y — Xw]|®> + Llogdet A — Iw Aw.

F(q, A, B) = —/q(W) log g(w)dw + /q(W) logp(y, wiX, A, B)dw =

logp(y|X, A, 8) — Dxr(¢(w)|p(wly, X, A, 3)) — nax.

E-war (cuntaem A, 5 dukcuposaHHbIMN)
F(g, A, B) = max <> q(w) = p(wly, X, A, §) = N(wlwo, 251), rae

To=A+BX X, wy=p45;'Xy.
M-war (cuutaem q(w) dukcnpoBaHHbIM)

€y logp(y, wIX, A, 5) = [ a(w)logp(y, wiX, A, Gdw - ma.

n n )
F(A, ) = Zlog B — gEHy — XW||2 + % Zlogaj — % Zajijz» — Igaéc.
j=1 ’

oFr _ 1 1 1

—
5 — 3Ewi =0 < a; = !

Gaj - QOtj 2 Ew]Q. )
H' -1 = E2 D new _ 1_a§|d ij
int: 1 = a;(E"w; + Dwj) = of*™ = —gr—

F 2
%:%—%EHY—XWH :0<:>ﬂ:EHy—7n;(w||2' 11/14



EM-anroputm ans makcummusaumm obOCHOBaHHOCTM

MoTeHuuan nons TodedHoro 3apsiga: ¢ = k2.

MMycTb MMEETCA HECKONLKO 3apsSA0B 1, ..., ¢ B TOHKaX Z1, ..., Z.
!
Torpa ¢(x) = kz ﬁ. Mo Habopy TOYEK X1, ..., X, U U3MEPEHHBIM
i=1
~1
Yi = p(xi) — p(o0) +ei, & ~ N(0, 77)
——
=0

TpebyeTcs oueHnTb Y(X) 418 X U3 TECTOBOI BbIGOPKN.

y=®w+e, e ~N(0, 37'1), rpe

00

& 1
=0 # o P =||—
H i

v g =1, m;
w ~ p(w|A) = N(w|0, A7h).

z

War 1: p(Ytrain| Ptrain, A, 5) — rﬁaéc no3BoAMT 0TObpaTh NPU3HAKM.
LLlar 2: lMporHos gas TectoBoii BbibopKY:

p(ytest‘q)testy q)traina Ytrain) = /p(}’test‘wa q:>test)p(vv‘q>train7 Ytrain)dw
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Pe3yanaTb| ANnA 3aa4m BOCCTAHOBJIEHUA NMOTEHLWATIA

OnTUManbHbI ObocHOBaHHOCTL MO MTEPALUAM
1500 — Alogp(y|®, A, 5)
20 —
. < 1000
S0 =
2;3 500
0 3
A 0
0 200 100 600 800 1000 0 5 15 20 25
i Iteration
Cpep'Hee anoCcTepunopHOro BoccTaHoBneHHbI noTeH unan
pacnpeneneHna wy
10 1
3
= .ol E 0
£ 0| iveidey
. ¢ -3
1 2
—10 6
*  Posterior mean 2
. o
00 05 10 15 20 25 30 35 e i 3
min(|x =z, [x — z]|)
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