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CopepxaHue npeablayLuinx AexLni

Popmyna balieca n dhopmyna nonHoin BeposATHOCTY;

OnpegeneHne anpruopHbIx BeposiTHOCTENR 1 selection bias;
(MHoXecTBeHHOE) TeCTMpPOBaHNE rUMOTES

DKcnoHeHumnanbHoe cemeiicTea. [locTaTo4HbIE CTaTUCTUKA.

HausHbiii baiiecoscknii knaccudpmkaTtop. CBsA3b Lenesoii pyHkLMm n
BEPOATHOCTHOI MOAENN.

Jlnneiinas perpeccus: cease MHK n wypr, perynsipusauum m wyap.
CBOIACTBO COMPSIXKEHHOCTM anpuOPHOrO pacnpeseneHns npasaonogobuto.
[porHo3 ans 0gUHOYHOW Mogenu:

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

CBsi3b anoCTepMOpPHORA BEPOSITHOCTY MOZAENUN N 0BOCHOBAHHOCTH
OboCHOBaHHOCTb: MOHWMAaHWE 1 CBSA3b CO CTAaTUCTUHECKON 3HaYMMOCTbHO.
JNoructnyeckas perpeccus: npobnembl ML-oueHkn w un cBasb
anpuopHOro pacnpegenenusi ¢ oTbopom npn3Hakos.

EM-anroputm. Vicnonssosatne EM-anroputma gnsa otbopa npusHakos B
baiiecOBCKOIA NIMHENHOR perpeccuin.

Bapunayuonubiii EM-anroputm. Cmecs mMogeneii n0rncTnyeckoii
perpeccuu. 2/1



V4yeT 3BOAOUNN MOAENN BO BPEMEHWN

MMycTb y 06beKTOB €CTb ele METKa BPEMEHN, TO eCTb Habatopaem (X;, Vi, t;).
Panee umenn mogens p(y, w|X, A) = p(y|X, w)p(w|A), 1o ecTsb
3aBUCUMOCTbIO OT t npeHebperann.

Bonpoc 1: kak y4ecTb Haau4ue SONOAHUTENLHOW MHbopMauun?

s MA‘M

— x(t)
Missing part
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Paccmotpum cnyuaiinbiii npouecc x(t), t € T

mg(t) = Ex(t), Ko(t, s) = Ex(t)z(s), Ro(t, s) = E2(t)2(s) — dynkuus
MaT. OKULAHUS, KOBAapNALMOHHAs 1 KOPPENSALMOHHAS (PYHKLMS.
Onpegenenue. C.n. HasbiBaeTca €1abo CTauMOHAPHbLIM, eciu
mg(t) =m, Ry(t, s) = Ry(7 = |t — s|).
Mpumep. Myctb x(t) — TemnepaTypa B ueHTpe Knto.
Bonpoc 2: Kak BoCTaHOBMTb NPONyLLEHHbIE AaHHbIE?
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['ayccoBckme npouecch

x(t) — TemnepaTtypa B ueHTpe Kuto.
Naes: GP(my(t), Ry(7)), rae my(t) = m, Ry (1) = 02 exp(—\|7]).

PaccmoTpum 11, ..., t4, Toraa ans GP umeem
p(x) = p(z(t1), ..., $(tq))T: N(m, X), rge
m = [mg(t1), ..., ma(ty)] , T =34l = [[Ra(ti — t5)]].

-1

T OT,T T oorT (Y11 X9
VnpaxHenue. x = [x;, Xy] ~ N | x|[py, o], 5T w

12 22

-1 —1
x2|x1 ~ N(x2|py — g9 Bia(x1 — p1), E3).
Bonpoc 1: 4to genatb, ecnn HEW3BECTHO MM, e g = Mel, [y = Mmes?
Bonpoc 2: 4To fenath, eC HEW3BECTHbI 02 1 A7

Bo3moxHbie moaudukaumm:
m HenocrosiHHoe m,(t);

m Beegenne paspeisroctn R, (7) =
o2 (exp(=A|7|) + K * [r = 0]);

m [lpyras dopma R, (7).
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Jlnnelinas perpeccus c aBoatoLneli BO BpeMeH!

baliecoBckasa nuHeliHas perpeccus
(X, y) Uit (x4, yi) — BbI60pKa
Yi=W X+ e, gi ~ N(gi|0, 71, w ~ N(w|0, A71).
p(y, wIX, A, B) = p(w|A)p(y[X, w, B).
BaliecoBckasi nuHelinas perpeccus c 3BostOLMel
(X, y, t) =U" (%, y;, t;) — BbIDOpKA.
[Onsa npoctotbl cyntaem t) < to < ... <t
Yi = wiTxZ- + &4, €5 ~ N(g)0, 571).
Beegem matpuny W = [wy, ..., wp,] = [vy, ..., v,,] € R™*™
Bonpoc 1: kak 0byuntbs Mogenb, ecnu y kaxxgoro obbekta CBOii
NHOMBNAYaANbHbIA BEKTOP NapaMeTpoB w;?!
WNpesi: Anpuopn npeanonoxum, 4To v; nonyde kak peanusaums GP v;(t).

T _
vi=[vj(t1), -, vj(tm)], Ko, (t, te) = a; " exp(=Alt; — ).
n
Toraa p(wi, .., W) = [[ N(v;]0, (;K)™"), rae
j=1

K" = [lexp(=Alt; — ti)]-
Bonpoc 2: 4to npousoiiger npu A — 07 5/1



[lony4eHne anoCcTepMOPHOro pacnpeneneHns

MMycTb [ONOAHMTENBHO AaHA TOYKA ANSt NPOTrHO3a (Xyy41, bmt1)-
Havitu: p(wla sy Wi, Wm+1|y7 Xa ta ﬂa A? )‘)
lng(y, Wi, ..., Wiy, Wm+l|X t /87 A-7 A) X

m

Zlog B — 5 (s wxZ —I—Z[%logaj—l—%logdetK—%VJT-KVJ'].

=1
10gp(W1, ooy Wiy, Wm+1|Y7 X t /87 A- A)

—% Zajv Kv; —l—,BZW sz W; — 252%‘” Xi| -

i=1
T

BBep,eM u=[wy, ..., Wm+1] € Rm+hn,
T
0 ﬂxzx; o 0 0 Y2X2
K, = ,m=7
0 0 . ,BXmX; 0 YmXm
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[lony4eHne anoCcTepMOPHOro pacnpeneneHns

Beegem u = [wy, ..., wm+1]T e Rm+hn,
logp(Wi, ..., Wi, W1y, X, ¢, B, A, A) x —% [uTZ_lu— 2uTm] =

n m m
1 T T T T
—5 E a;jv; Kv; + E W; X;X; W; — 203 E YiW; X;
j=1 i=1 i=1

.
6X1X1 0 e 0 0 Y1X1
T
0 Bxaxy ... 0 0 Y2Xao
K; = : ,m=J : :
0 0 ... Bxmx, O YmXm
0 0 o 0 0 0
AK,  AKw ... AKi o
AKo A Koy - 1&[(27 m41
K, = )
AKpi1,1 AKpq1,2 o0 AKpg1, myl

Otcroga u ~ N(u|(K; + Ko) 'm, (K; + Ky) ™'
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OT1bop npusHakoB 1 NogboOp KOBapUaLMOHHOR PyHKLMM

Bonpoc: kak onpegenuts A, 5, \?
Paccmotpum 3agavy p(y|X, t, 5, A, \) — 61112}3.

Paccmotpum Z = (w1, ..., Wy41) 1 Bocnonb3dyemcs EM-anropntmom.
E-war. q(Z) :p(wlv cees Win, Wm+1|Y) X t /87 A )‘)
M-war. E;logp(y, Wi, ..., Wi, Winp1|X, ¢, 5, A, X) — 6max

3

n
log 3 — QZE —WZ-TXz')Q—i-%Zlogaj—l—%logdetK—
=1 j—

%Z EV KV] — max .

B, A, A
m
-1_ 1 ZE T 32, _ 1 _ 1
= = S — W X, o; = =
B m £ 1 (yl ¢ Z) P EV;—va tr(KEv; T)
1=
102 tr(KEV, ¥, )
Hint: oW = — 3~ %%
- N —_— —T.
J tr(K(Ev;)(Ev;) ")
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OT1bop npusHakoB 1 NogbOp KOBapMaLMOHHOR PyHKLMM

M-war. E;logp(y, Wi, ..., Wi, Wnp1|X, ¢, 5, A, X) — ﬁmjx)\

|3

log 3 — QZE —wiTXZ')Z—i-%Zlogaj—l—%logdetK—
=1 j=

1
52 Ev Kv; — max.

By AN
m
_ 1 E _ 1 _ 1
== E — w x;)% a; = = :
m 1 Z ’ J EV;—va tr(KEvjv;r)
1=
Id T
Hint: o — l—oz? tr(KEv]-vj)

J tr(K(Ev;)(Ev;)")

B= Z ajEvjv]T-, toraa f(A) = Zlogdet K — 3tr (KB) — max.

7=1
#—-t dKK—1 t K —B|=0
a My B U Nl

Bonpoc: kak nonyunts onTumansHoe A7
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