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CopepaHue npeablayLuinx AeKLni

P(B[A)P(A)
P(B)
®opmyna nonHoii seposTHocTu: P(B) = P(B|A)P(A) + P(B|A)P(A);

m Popmyna baiieca: P(A|B) =

Onpegenenne anpropHbix BeposiTHOCTeR un selection bias;

|

|

m (MHOXeCTBEHHOE) TeCTUpOBaHME rMnoTe3

B DKCMoHeHUManbHoe ceMeiicTBo. [locTaTouHbIE CTaTUCTUKN.

m Naive Bayes. Cesizb ueneBoii pyHKUNM 1 BEPOSITHOCTHON MoZenu.
=

Jlnneiinas perpeccus: knaccuyeckuii nogxod, ceaszb MHK u ML-oueHkn,
perynsipndauynun n MAP-oueHkn ans BeKTopa napameTpoB w.

CBOIACTBO COMPsSIXKEHHOCTM anpuOPHOrO pacnpeeneHuns npasaonogobuto.

[MporHo3 anst oAMHOYHOW Mogenn:

p(ytest|Xtesta Xtraina Ytrain) = /p(Ytest|Wa Xtest)p(W|Xtraina Ytrain)dw-
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BJ1P: AnoctepuopHoe pacnpeaenerue

p(wIX, y, a) = 20 WK o) _ plYIX, wp(wla
. py|X, @) p(yX, @)
Torga logp(w|X, y, a) x log p(y|X, w) + log p(w|a).

x p(y|X, w)p(w|a).

HopmanbHoe anpnopHoe pacnpegenexue.
Paccmotpum p(w|a) = N(0, 771), Toraa

T T T
—logp(w|X, ¥, a) o< gz lly = Xwl® + Fw|® = o2y y — by Xw+
ﬁWTXTXW + %WTW x % (WT(TI + U%XTX)W - %yTXW) x

s(w— m)TZ_l(W —m), rge

-1 —1
m = (XTX+m2I) X'y, = (7‘I+ U—gXTX) .

1 Tao
Takum obpasom, p(w|X, y, a) x e~ 3(Ww-—m) I~ (w—m)

Bonpoc 1: Y1o mbl Moxem cka3aTb npo pacnpegenedue p(w|X, y, a)?
Bonpoc 2: Yto nonyuunock b, ecan bb1 B kavecTse p(w|a) bbino B3sTO
Laplace(0, 7I) ?

Bonpoc 3: Yro nosyuunnock bbl, ecan 61 B kavecTBe p(w|a) bbina B3siTa

CMECb HOpMaJibHbIX pacnpesenieHnii E TN (my, Xp) ?
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ObocHoBanHoCTb (evidence)

Mogens M;: pi(y, w|X) = pi(y|X, w)p(w)

LLlar Habniogaemsbie | CkpbiTble Pesynbrat
O6yquV|e (Xtraim Ytrain) W p(W|Xtraina Ytrain)
KOHTpOﬂ b Xtest Ytest p(Ytest ‘ Xtest ’ Xtrain ) Ytrain)

_ p(Ytraina W|Xtrain)
fp(ytraina VV*DQ:min)dVV>|<

p(W ‘ Xtrain ) Ytrain)

p(ytest|Xtesta Xtraina Ytrain) = /p(Ytes‘w W|Xtest> Xtrain» ytrain)dw =
/p(ytest‘wa Xtesta Xtraim Ytrain)p(W|Xtesta Xtraim Ytrain)dw -

/p(}’tede, Xtest)p(W|Xtraina Ytrain)dw
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ObocHoBanHoCTb (evidence)

Mogene M;: pi(y, w|X) = pi(y|X, w)pi(w)
MNyctb umeetcas K > 1 mopeneii.
Mpouecc nopoxpaeHus BbIbOpKU:

m [lpupona sbibupaet mogens n3 K gOCTynHbIX MOAENeEA C anpuopHbIMM
BepositHocTamun p(M;), i =1, ..., K.

m [Ins BbibpaHHOli Mogenn i* npupoga CIMNANPYET BEKTOP NapaMeETpOB
w™ n3 anpnopHoro pacnpegenerusi p;« (W)

m Vimes i*, w* npupoga Bbibupaet Xy aim U COMNANDPYET Virain W3
Di* (y‘Xtrainy W*)

B (Xirain, Ytrain) 4aHbl HabnrogaTento.

m [lpupopa Boibnpaer Xiest 1 COMNANPYET Yiest U3 Pix (Y| Xtest, W)
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ObocHoBanHoCTb (evidence)

Mogene M;: pi(y, w|X) = pi(y|X, w)pi(w)
Obuwas mogens M: p(y, w, M;|X) = p(M;)p;(w)p;i(y|X, w)

p(ytest|Xtesta Xtraina Ytrain) =

K
Zp(ymstp{testa Xtraina Ytrain, Mi)p(Mi|Xtesta Xtraina Ytrain) -
i=1
K
Zpi(ytest‘xtesty Xtraim Ytrain)p(Mi|Xtrain7 Ytrain)
i=1

p(ym"aina Mi|Xtrain)
P(Ytrain‘Xtrain)

/p(ytrain> W, Mi|Xtrain)dW = p(Mi)pi(ytrain|Xtrain)

p(Mz’|Xtrain> Ytrain) = X p(YtrainyMi|Xtrain) =
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[Mpumep BbIDOPa MOAENN

a — applicant, r — reviewer

0, HeT PhD,
a, r=
1, PhD.
d — decision
de 1, npuHaTb, Cny4an:
10, orsepruyTs. p(dla, r) = p(d)
ST o0Td=1 p(dla, r) = p(d|a)
T = = g
a=0] 9 0 B p(dla, r) = p(d|r)
a=1]| 132 | 19 B p(dla, r) = p(dla, 7)
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[Mpumep BbIDOPa MOAENN

1) p(dla, r) = p(d)
Moatomy p(d|w) = Be(w). Prior : p(w) = U|0, 1]

p(y[X) = /py\X w)p(w dw—/Cgl—

Coraw® (1—w)?" Ci22w!? (1 —w) 2 C2w (1 —w)*?dw = 2.8-10~>'CCCC

2) p(dla, r) = p(d|a)

Moatomy p(dla = 0) = Be(wy), p(dla = 1) = Be(ws).
Prior : p(wy) = U|0, 1], p(wz) = U[0, 1]

p(y|X) = / p(y1X, w1, wa)p(wn)p(ws)dwr dws = / / CO(1—w1)°

wd(1—wy) Y CL2w3 (1—w9) B2 CR2wi (1—ws )2 dw dwy = 4.7-107 CCCC
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[Mpumep BbIDOPa MOAENN

3)p(dla, r) = p(d|r)
Moatomy p(d|r = 0) = Be(w), p(d|r = 1) = Be(ws).
Prior : p(wl) = U[0> 1]7 p(wQ) = U[0> 1]

p(y|X) =027-10""cccco

4) p(d‘(h T) = p(d‘(h T)

Mostomy p(dla =0, r = 0) = Be(wy), p(dla =0, r =1) = Be(wy),
p(dla =1, r =0) = Be(ws), p(dla =1, r = 1) = Be(wy).

Prior : p(wy) = U0, 1], p(we) = U[0, 1],

p(ws) = U0, 1], p(ws) = U0, 1]

p(y|X) =0.18-107°'cccce

9/23



[Mpumep BbIDOPa MOAENN

-115¢

—120f

log Ev

—125¢

-130 2 3
Model

CpasHeHue obocHoBaHHOCTeli, 326 06bekTOB B BhIGOPKE

10/23



Beibop mogenn: 3aBUCMOCTb OT pasmepa BbibopKM
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obbekTa B BblbOpKE obbekToB B BhIbOpPKE
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[MpocToe noHumaHme 0OOCHOBaHHOCTM

Evidence : p;(y|X) = /pi(Y|X7 w)pi(wW)dw

pi(y|X, w)pi(w)
p(y|X)

pi(wlX, y) =

MpepgnonoxeHus:
B W OfHOMEpPHbIA
m AnpuopHoe pacnpeaenesue p;(w) naockoe ¢ WUpUHOh Awprior

m AnoctepunopHoe pacnpegenerne p;(w|X, y) CKOHLEHTPUPOBAHO BOKPYT
WM AP C WAPUHOR Awpost

Awpost >

Torpa: log p;(y|X) ~ log pi(y|X, waap) + log (Aw :
prior

A
Ons M-meproro w: log p;(y|X) =~ log p;(y|X, warap) + M log <M> .
Awprior
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Mpumep onTumusayum evidence

yi =w+ ¢, g ~N(el0, 5~
s Ynw ~ N (yilw, B~
Bn/201/2

(2m)/2\/nB + .

o, ...

p(yla, B) =

Y

(o, %) = argmax p(y|a,

a?B

B).

. — VB
- ET,(y|0,1)
—— ET,(y|0.01,1)

n
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2 imavil
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OboCHOBaHHOCTb ANt INHEWHOW perpeccuy

y=Xw+e, w~NWwl0, A7), e ~ N(g]0, o°T)
CosmecTHoe npasgonogobue: p(y, w|X, A, 0?) = p(y|X, w, o?)p(w|A).
ObocHOBaHHOCTB:

p(ylX, A, 0%) = / Dy, WIX, A, 0%)dw — / p(yIX, w, 0%)p(w]A)dw.

X, A, 0® ~ N(y]0, 0’ + XAT'X")

Moatomy:

log p(y|X, A, 0%) o —1 log det(021+XA_1XT)—%yT(UQI—i-XA_lXT)_ly.
[Mpumep

y; = sinx; + &;, x; paBHOMepHO BbIbpaHo Ha [—7/2, /2], &5 ~ N(0, o?)

w ~ N(w|0, o~ 'T)

3HaueHunsi napametpos: o = 0.01, o2 =0.1.

Mpushaku: 1, x;, z2 k

x

IR iy s
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[lpumep: cpaBHeHue moaenel
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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.

5 T 2
R Yoo soeslt e, e

B . :
[E O .. i

-0

-15[

= ) 0 2 4 I3 = —4 -3 ) -1 0 1 2 3 4 5
a1

Ty
: ?
Bonpoc 3: 4emy paBHa Wy 4nsi BbIDOPOK Ha puc. Bbilie? 15723



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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BapuaunoHHblie HUXKHUE OLEHKY

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

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

¢" = argmax g(z" ", €)
¢

z" = argmax g(z, £")
x

VLB gnsi curmongHoii doyHkumm

1 x—£
o) 2 a(©)exp (~e(20(6) - Da” - €+ 55
l Bonpoc: B 4yem npeumyLlecTso
08 ncnonb3osatusa VLB npn makcumusaun

o 0b6OCHOBAaHHOCTM B NOrNCTUYECKON perpeccun’?

=

0.4

0.2
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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

20 40 60 80 100
Iteration

10 20 30 40
Iteration




AnocTeprnopHoe pacnpeieseHne B NOrMCTUYECKON perpeccum
—
p(y, wIX, A) =p(y|X, w)p(w|A), rae p(y|X, w) HU YW x;).
ply, wiX, A TT o(yw x)N (WIO, A

p(y[X, A) p(y[X, A)
p(Ytest|Xtest> Xtrains Ytrain) = /p(Ytest|W> Xtest)p(W|Xtraina Ytrain)dw-

p(wlX,y, A) =

Bonpoc 1: Kak onpegenuts wyap? EguncTeentnoe an pewenne?

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

q(wMAp) + 3w = waiap) B (w — waiap) + O(|[w — wuiapl[*). rae
= A+ X'RX, rge R = diag(c(Wy4pX;)0(—WriapX;))-

Hopmaanaﬂ annpokcumaumsi: p(w|X, y, A) ~ N(w|wyap, H™).

Mpumep. lMyctb n =1, wyap = 1.

Bonpoc 2: 4T1o MOXHO CKasaTb Npo NpUHAAAEXHOCTb 06BEKTOB C

x=0; 1; —1; 5; —5 k knaccy 17

Bonpoc 3: Kak pesynbtaT 3aBucut oT HeonpegenenHoctn h~1? Yro

npoucxogut npn h — 0 n npun h — oo?
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HenuHelinast pasgenstowias noBepxXHOCTb

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

MporHos BeposiTHOCTK kiacca 1 B 3aBUCMMOCTM OT HEOMPELENEHHOCTH ht
z=5|xz=1|z=0|z=-1|2x=-5
= o0 | 0.0067 | 0.269 0.5 0.731 0.9933

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 y4ecTs B MOAeNM, 4TO Kiacchl He cbanaHcmpoBaHbl?

Class 0
Class 1

Bonpoc 2: 4to genatb, 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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