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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 rMMNOTES
m DKCrMoHeHUManbHoe ceMelcTBo. JocTaTouHble CTaTUCTUKN.
m Naive Bayes. CBsi3b LeneBoii pyHKLUN 1 BEPOSTHOCTHOR MOAENN.
m JlnHelinas perpeccusi: knaccudeckuii nogxog, ceass MHK u ML-ouenkn,
perynspusauyun u MAP-oueHku ansi BeKTopa napameTpoB w.
m CBOIACTBO COMPSIXKEHHOCTM anpuOPHOTO pacnpeaeneHunsi npasaonogobuto.
m [1porHo3 s oAnHOYHOI Mogenn:

m ®opmyna Baiieca: P(A|B) =

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

| | CBﬂ3b anOCTepI/IOpHOI7I BEPOATHOCTU MOAENN N 060CHOBaHHOCTV|
p(Mi|Xtraina Ytrain) 0.8 p(Mi)pi (Ytrain|Xtrain)-

u |_|pOI'H03 4053 MHOTrunx Moﬂe“eﬁ: p(Ytest|Xtesta Xtraina Ytrain) =
K

Zp(Mk|Xtrain> ytrain)pk(Ytest|Xtest> Xtraina Ytrain)-
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[Mpumep BbIDOPA MOAENN

a — applicant, r — reviewer
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[Mpumep BbIDOPA MOAENN

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

py1X) = [ pyIX, wip(w)dw = / 91— w
Cow’ (1 —w) " CiE2w' (1 —w) 2032w 11(1—w)52dw:2.8-10—510000

2) p(dla, ) = p(d|a)
Mostomy p(d|a = 0) = Be(wy), p(dla = 1) = Be(ws).
Prior : p(wl) = U[O’ 1]7 p(wQ) = U[O’ 1]
plyiX) = [ ol un wnplunpluzavnde = [ [ CB1-wnP el

w8 (1—w1)?"C132wi% (1—wo) B2 CR3wi (1—wo)*2dwy dwy = 4.7-1071 CCCC
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[Mpumep BbIDOPA MOAENN

3)p(dla, r) = p(d|r)
Moatomy p(d|r = 0) = Be(wy), p(d|r = 1) = Be(ws).
Prior : p(w;) = UJ0, 1], p(wz) = U[0, 1]

p(y|X) =0.27-10"°'cccc

4 p(dla, ) = p(dja, 7)
Mostomy p(dla = 0, r = 0) = Be(wy), p(dla =0, r = 1) = Be(ws),
p(dla=1, r =0) = Be(ws), p(dla =1, r = 1) = Be(wy).

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

p(ws) = U[Ov 1]’ p(wy) = U[Ov 1]

p(y|X) =0.18 - 107%tcccce
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[pvmMep BbIbOpa Moaenu

-115¢

—-120f

log Ev

—125¢

130 1 2 3
Model

CpaBHeHue obocHoBaHHOCTENR, 326 06BEKTOB B BbIbOpKE

6/19



Bbibop Mogenn: 3aBUCMMOCTb OT pa3mepa BblIOOPKY
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[MpocToe noHMMaHne 0OOCHOBaHHOCTK

Evidence : p;(y|X) = /pz'(Y|X, w)pi(W)dw

pi(w|X, y) = TX)

MNpegnonoxxeHus:
B W OLHOMEpHbIN
m AnpuopHoe pacnpegeneHune p;(w) NIOCKoe C WNPUHOA Awprior

m AnocTepunopHoe pacnpegenerune p;(w|X, y) CKOHLEHTPUPOBAHO BOKPYT
Wprp C WUPNHOR Awpost

Awpost >

Torpa: log p;(y|X) ~ log p;(y|X, warp) + log <Aw :
prior

A
Nns M-mepHoro w: log p;(y|X) =~ log pi(y|X, warp) + M log < wPOSt) .
Awprior

8/19



[Mpumep onTumusauum evidence

yi =w+ei, g5~ N(el0, B71)
yilw, ..., yp|w ~ N (ys|w, 871, w NN(w|0 a_l).

B Bn/201/2 S )
p(Y|a7 /B) - (27T)n/2\/m __/Bzyz T_’_a) .

(a”, B%) = argmax p(y|a, B).

a? B
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OboCHOBaHHOCTb AJst INHEHOW perpeccuy

y=Xw+e, w~NWw0, A7) e~ N(e|0, o*T)
CoemecTHoe npasgonogobue: p(y, w|X, A, 02) = p(y|X, w, o2)p(w|A).
ObocHOBaHHOCTb:

pYIX. A, 0%) = [ oy, WX, A 0w = [ plyIX, w, o?)p(wlA)dw.
vIX, A, 02 ~ N(y|0, 0?T+ XA™'X")

MNoatomy:

log p(y|X, A, 02) —1log det(J2I—|—XA_1XT)—%yT(a2I+XA_1XT)_1y.
[Mpumep

y; = sinx; + &;, T; paBHOMepHO BbIGpaHo Ha [—7/2, /2], &5 ~ N(0, ¢?)

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

3Ha4veHusi napametpos: o = 0.01, o2 =0.1.

MpusHaku: 1, z;, x?, ceey xf,
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[Npumep: cpaBHeHWEe Moaenel
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BaliecoBckasi normctuyeckasi perpeccus

Mycte X € R™*™ — npusHakoeass MaTpuua, ay € {jzl}m — METKM KJacca.

p(y, wIX, A) =p(y|X, w)p(w|A), rae p(y|X, w) Hff W' xj).

.
plyjlw, x;j) = oly;w x;) = m

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

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

Yto npouncxoaut, korga a; — 0o?

5
T Y. e e
.

. "‘.... Y . ., .
* d:'."‘p' . R R IS

- , ,
4 -2 0 2 4 6 -5 - - - - 2
xry

Bonpoc 3: 4emy paBHa Wy 7, 415 BEIDOPOK Ha puc: Bblule?
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OboCHOBaHHOCTbL At TOTUCTUYECKON Perpeccum

Mycts X € R™*™ — npusHakoBasi MaTpuua, a 'y € {il}m — MeTKU KJlacca.
p(y, w|X, A) = p(y|X, w)p(w|A), rae p(y|X, w) Ha y]w X;).

Npesn: BoibpaTe Moaesb C MaKCUMasbHOIA O6OCHOBaHHOCTbrO.
Bonpoc 1: 4yem oTimyatoTcs pasHble mogenn 6aiiecoBCKOW NOrUCTNYECKON
PErpeccumn, onnucaHHble Bbiwe?

Bbiuncnenne obocHosanHocTH.
Mycte panee p(w|A) = N(0, A™1), A = diag(a).

Torpa A* = argmax p(y|X, A) = arg max/p(y\X, w)p(w|A) dw
A A

Q(w)
Mpobnema: nHTerpan aHaAUTUYECKN HE BbIYUCNSETCS.
Annpokcumauus Jlannaca —-H!

log Q(w) ~ log Q(wmap) + 3 (W — wiap)' VV log Q(wmap) (W — Wuap).
1 T
A* = arg max <Q(WMAP)/€—§(W—WMAP) H 1(w—wMAP)dW>_
A

Bonpoc 2: Kak onpegensietca wyap?
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BapuraloHHble HUXKHIE OLIEHKM

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

Bwmecto f(z) — Max paccMoTpum g(x, &) — magx

| " = argmax g(z"~ L £)
3
" = argmax g(z, £")
x
VLB ans curmoungHoin dyHkumm

o) 2 o(©)exp (e (20(6) ~ Da® - €+ T1E).
1 Bonpoc: B 4em npenmyLiecTso

08 ucnons3sosarust VLB npn makcumusaun

06 0BOCHOBAHHOCTU B NOFUCTUNYECKOIA perpeccmm?

=
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0.2

0,
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LB ans obocHoBaHHOCTY B JIOTMCTUYECKOV perpeccuu

etA 1WTAW o
p(y, w|X, A) Hoij Xj) oy 2 > VLB(w, £, A) =

] 1

)

VAGtA —Fw' A o&)-1, T T 9 , _—

IR 3 A T () exp (228507 (wog w — )+ 0=
7j=1

m 200)=15 & 4 T T
vdet A Ha(gj)e 4g; 5]- D) e 2V A w+w v' rae

" 20(&)-1, T o1
A —A—I—Z%ijj, V= §Zijj'

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

5

Nnntoctpauus oTbopa Npn3HakoB B JIOTMCTUYECKONR perpeccum
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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(wnap) + 3 (W wyap) H™H(w — wyap) + O(|w — waapl®), rae
. T T

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

HopmanbHasi annpokcumaums: p(w|X, y, A) ~ N (w|wyap, H1).

Mpuwmep. Myctb n =1, wyap = 1.

Bonpoc 2: Y41o MoXHO CcKa3aTb NPO NPUHALJIEXHOCTL 0DBLEKTOB 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 !
z=5|xz=1|z=0|z=—-1|x=-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?

Class 0
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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