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Coaep>xaHue npeablayLUinx NeKLnii

m Popmyna baiieca n popmyna noaHom BeposTHOCTH,

m OnpegeneHne anpnopHbIX BEpPOATHOCTENR 1 selection bias;

m (MHoxecTBeHHOE) TeCTUpOBaHME runoTes

B DKCMoHeHuManbHoe cemeiicTea. [loctaTouHble CTaTUCTUKN.

m HaueHbili 6aliecosckuii knaccudpukatop. Ceasb uenesoit dyHKLUM 1
BEPOSITHOCTHON MOAENH.

m Jluneiinan perpeccusi: ceaze MHK n wypr, perynsipusauum n wiyiap.

m CBOIICTBO COMpPS>XEHHOCTU anpUOPHOro pacnpeseseHnsi NpaBLonogobuio.

m [1porHos gas of4UHOYHOR Mogenn:

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

CBsi3b anocTepuopHoOli BEPOSITHOCT MOZENN 1 0DOCHOBAHHOCTM
O60CHOBaHHOCTL: MOHWMAaHNE U CBSA3b CO CTaTUCTUYECKON 3HAYNMOCTBIO.
JNoructnyeckas perpeccus: npobnembl ML-oueHkn w u cBssb
anpuopHOro pacrnpegesieHns ¢ OTbopom NPU3HAKOB.

m EM-anroputm. Wcnonszosanne EM-anroputma gnst otbopa npusHakos B
BaiiecoBCKON NuHeliHON perpeccun.

Bapurauunonubiii EM-anroputm. Cmeck mMogeneid n1orucTnyeckoii
perpeccuu. 2/11



V4yeT 3BOMOLUN MOAENN BO BPEMEHU

MycTb y 06beKTOB €CThb elle MeTKa BpeMeHu, TO eCTb Habntopaem (X;, yi, t;).
Panee numenn mogens p(y, w|X, A) = p(y|X, w)p(w|A), To ecTb
3aBUCUMOCTbIO OT ¢ npeHebperanu.

Bonpoc 1: kak y4ecTb Hanm4ue AONONHUTENBHON UHopMaLmn?
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PaccmoTtpum caydaiinbiii npouecc z(t), t € T

mg(t) = Ex(t), K;(t, s) = Ex(t)z(s), Rx(t, s) = Ex(t)z(s) — dyHKums
MaT. OXXUJAHUS, KOBAapUaLIMOHHAs! N KOPPEASILMOHHAA PyHKLUS.
Onpegenenue. C.n. HasbiBaeTcs €nabo cTauMoOHapHbLIM, eciu

mg(t) =m, Ry(t, s) = Ry(T = [t — s]).

Mpumep. Myctb x(t) — TemnepaTypa B ueHTpe KnTo.

Bonpoc 2: Kak BoCTaHOBMTb NPONyLUeHHbIE AaHHbIE?
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['ayccoBcKMe npoueccl

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

Paccmotpum 11, ..., t4, Toraa ans GP nmeem
p(x) = p(z(t1), ..., x(tq))T: N(m, X), rge
m = [mg(t1), ..., malty)] , B = |34l = |[Ra(ts — t5)]]-
~1
b b
VnpaxHeHue. x = [x;, Xy] ~N XH[,LI, A
X Y

-1 -1
x2[x1 ~ N (x2|py — T3 Tia(x1 — p1), Bay).
Bonpoc 1: 4to genaTb, €CiM HEM3BECTHO M, TAE [ = Me1, My = mes?!
Bonpoc 2: 4to genatb, eciv HEM3BECTHbI o un \?

Bo3smoxkHble moaudunkauun:
m HenocrtosiHHoe m(t);
m Beepetne paspoisHocTn R, (T) =
o2 (exp(=A|7|) + K * [r = 0]);
m [pyras dopma R, (7);
m R, (7) = Ry(t1, t2).




[Mpumepbl aaep

ObozHauum r = ||z1 — z2||.
m K(z1, 1) = 02 exp(—71r?) (RBF);
m K(z1, z3) = o2 exp(—77r) (Laplace);

K(z1, x3) = o (1 + \/gr/l) exp (—\/gr/l) (Mattern 3/2);
K(zy, x3) = o (1 + V5 /1 + §r2/l2) exp (—\/gr/l) (Mattern 5/2);

.2
sin“(7r
m K(z1, 29) = 0 exp (—2#) (Periodic);
m K(x1, x9) = Zafajllajg (Linear).
Bonpoc 1: Kak Bbibpats sigpo? Kakue dbyHKummn 3a8aéT Kaxgoe n3

BblLLENEPeYNCIEHHbIX?
Bonpoc 2: Kak nonay4utb sapo, OTAMYHOE OT BbllLENepeqNCIEHHbIX !
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JlnHelinas perpeccus c aBostoLmeli BO BpeMEHN

baliecoBckast nuHelinas perpeccus

(X, y) = U™ (xi, y;) — BbIOOpPKa.

Vi =W X; + &, & ~ N (g0, 71, w ~ N(w|0, A71).

p(Y> W|X’ A, ﬁ) :p(W|A)p(y|X, W, /8)

baliecoBckas nuHeliHas perpeccusi ¢ 3BOtOLMEN

(X, y, t) =U" (%, y;, t;) — BbIDOPKA.

Ona npocTtoThl cuntaem t1 < tg < ... < tp,.

Y; = WZXZ' + &5, i~ N(€i|0, ,B_l).

Beegem matpuny W = [wy, ..., wp,] = [vy, ..., v,,] € R™*™
Bonpoc 1: kak oby4utbe Mogesib, ecaum y Kakgoro obbekta CBOii
VHAWBNAYaNbHBIVE BEKTOP NapaMeTpoB w; !

Npesi: Anpropn npeanonoxum, 4To v; nosayde kak peanusaums GP v;(t).
vi=[vj(ts), .y vi(tm)] Ko, (t, ) = a7 exp(=Alt; — ).

n
Torpa p(wi, ..., W) = | | N(v,]0, aj_lK_l), rae
=1
K = |[exp(=Alt; — t&|)[| "
Bonpoc 2: 4yto npowusoiiget npu A — 07 6/11
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[lonydeHre anoCTEPUOPHOrO pacnpeneneHns

MycTb AONONHUTENBHO AaHa TOYKA A/t NPOrHO3a (Xpm41, tmtl)-
Haiitu: p(wla cees Wi, Wm+1|y7 Xa ta ﬂa A? )‘)
lng(y, Wi, ..., Wiy, Wm+l|X t /67 A-7 )\) X
m
. T
o log B — 5 (yi w X;) —I—Z[%logaj—l—%logdetK—o;—ijKVj].

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

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

i=1
T

BBe/J,EM u=[wy, ..., Wm+1] € Rm+hn,
T
0 ﬂx2xg oo 0 0 Y2X2
K; = ,m=7
0 0 e ﬂxmx; 0 YmXm
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[lonydeHre anoCTEPUOPHOrO 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

.
ﬁxlxl 0 e 0 0 Y1X1
T
0 BxaoXy ... 0 0 Y2Xao
K, = : ,m=7 : ,
0 0 ... Bxmx, O YmXm
0 0 o 0 0 0
AK,  AKp ... AKi o
AKo A Koo . 1&[(27 m41
K, = }
AKpi1,1 AKpg1,2 o0 AKpg1, myt

Otciopa u ~ N (u|(K; + Kz) 'm, (K; +Kz) ™).
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OTbop npusHakoB 1 NoAbOP KOBapUALMOHHONW pyHKLM

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

Paccmotpum Z = (W, ..., Wy41) 1 Bocnosibdyemcss EM-anropntmom.
E-war. q(Z) :p(wlv cees Win, Wm+1|Y) X t /87 A )‘)
M-war. E;logp(y, Wi, ..., Wi, Wnp1|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, X
m
-1 _ 1 ZE T \2. _ 1 _ 1
= = W X o; = =
/B m‘ - (yl 1 Z) » ] EVIva tr(KEvj T)
1=
1— a2t (KEV; v, )
Hint: o = J 2
- N —_ —T.
J tr(K(Ev;)(Ev;) ")
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OTbop npusHakoB 1 NoAbOP KOBapUALMOHHONW pyHKLM

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= ZaJEv] , Torpa f(A) = Zlogdet K — Str (KB) — max.

2#—-t K - Ep)_o
ax M an o] T

Bonpoc: kak nony4nts onTuMansHoe A7
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