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Coaep>xaHue npeablayLUinx NeKLnii

@opmyna baiteca n dopmyna nosnHow BEPOSTHOCTH;

OnpegeneHne anpuopHbIx BeposiTHOCTER 1 selection bias;
(MHoXecTBeHHOE) TeCTUpPOBaHUE rMNOTe3

JKcnoHeHumnanbHoe cemelicta. JocTaTouHble CTaTUCTUKN.

HaugHbiii baitec. CBsi3b LeneBoii pyHKLUM N BEPOSITHOCTHON MOZENN.
Jlnneiinas perpeccus: cease MHK v wyr, perynsipusaumm m wiyap.
CBOICTBO COMPSXXEHHOCTM anpUOPHOro pacnpegenieHnst npasgonogobuto.
MporHo3 A/ 0fUHOYHOW Moaenu:

p(ytest‘Xtesta Xtraina Ytrain) = /p(}’test‘wa Xtest)p(W‘Xtraina Ytrain)dw-

Cesi3b anocTepnopHoOli BEPOSITHOCTU MOAENMN 1 ODOCHOBAHHOCTU
OB60CHOBAHHOCTL: NOHUMAHKE U CBA3b CO CTaTUCTUYECKON 3HAYUMOCTLIO.
Jlornctuyeckas perpeccus: npobnembl ML-ouenkn w 1 cesasb
arnpuoOPHOro pacnpegesieHnsi ¢ 0TbopoM MpU3HaKOB.

EM-anroputm 1 otbop npusHakos B balleCOBCKOIN NuHeliHON perpeccuu.
Bapurauunonubiii EM-anroputm. Cmeck mogeneii nor. perpeccuum.
[ayccoBckme npouecchl. YUET aBositoLnMn Mogesieii BO BPEMEHM.
MocTpoeHne afeKkBaTHBLIX MYILTUMOLENEA.

Camnnuposatue. Cxema mbbca n cxema Metpononnca-XactuHrca. 2,12



Npes MCMC

MycTb MMeeTCs OfHOPOAHAs MApKOBCKas Lenb C dDyHKLUMER NAOTHOCTY
BEPOSITHOCTN nepexopa Mexay coctostHusmun q(Z;11|Z;).
m Bosbmem HekoTopoe po(Z) n creHepupyem Zg ~ po(Z);
m [enepupyem Z; 1 ~ q(Z;411Z;), i =0, 1, ..
m BoibpacbiBaem nepeble mg Habntogenuii (M npopexxuBaem, ecanm HyxxHa
HOP (i.i.d) Bbibopka).

Bonpoc: npu kaknx ycnoBusix Takasi CxemMa NpUBEAET K MONYHEHUIO BbIGOPKM
n3 p(Z) ?

Ycnosue 1: p(Z) nHBapMaHTHO OTHOCUTENBHO LIENM, TO eCTb

p(Ziy1) = /p(Zi)q(Zi+1|Zi)dZi (cTaumoHapHoe pacnpegeneHue).
HAocratounoe yenosue: p(Ziy1)q(Zi|Ziy1) = p(Z;i)q(Zi+1|Z;).

Ycnosue 2: uenb 3proguMyHa, TO eCTb CTaLMOHAPHOE PacnpefesneHne He

33aBUCUT OT HavasbHbIX yenouit V po(Z) pi(Z;) — p(Z) npn i — oo.
HocTaTouHoe ycnosue: VsVt : p(t) # 0q(t|s) > 0.
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Cxema MeTtpononuca-Xactutrca (Metropolis-Hastings)

p(Z) x p(Z), r(Z|Z;) — npepnoxHoe pacnpegeneHue.
m Nimeem Z;, comnnupyem Z* ~ r(Z|Z;);

m Buiuncnsiem P(Z*, Z;) = min (17 %)

m Z; 1 = Z" c BepositHocTbto P(Z*, Z;),
Z;11 = Z; c BeposiTHocTbto 1 — P(Z*, Z;).
7(Zpt1|2n) P(Zns1, Zn), Zintr # Zn,

Otcropa q(Zny1|Zy) =
Tciopa q(Zn+11Zy) 1 /r(Z*|Zn)P(Z*> Z,)dZ", L1 = Zn.

HocTaTouHoe ycnosue aproguyHoctu: VsVt : p(t) > 0, ¢(t|s) >0
3ameuatue 1: gns BoinonHeHWs 3Toro TpeboBaHUs JOCTaTOYHO

r(t|s) > 0VsVt.

JocTaTtouHoe ycnosue nuBapuanTHocTu: VsVt p(s)q(t|s) = p(t)q(st).
3ameuanue 2: V6exxaaemcst B BbINMOJHEHUN YCIOBUS MOACTAHOBKON.

Ons s = t ouesngHo. Myctb s # t, Toraa p(s)q(t|s) = p(s)q(t|s) =

Bs)r(tls) min (1, BHHED) = min(a(s)r(tls), 5(6)r(s|t)) = B(t)a(slt).
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Cxema MeTtpononuca-Xactuvrca (npogoskeHne)

m Vimeem Z;, camnnupyem
2° ~ r(2)2,),
m Buuncnsiem P(Z%, Z;) =

. B2 )r(Z:]2)
min (1’ ﬁ(Zi)r(Z*\Zi))

] Zi—i—l = Z*, P(Z*, Zl),
Zi=12;,1-P(Z", 1)
Ecan r(Z¥|Z) = r(Z|Z7), 7o

P(Z*, Z;) = min (1, ’;(é)))

[Mpumep

p(x) =N <0’ o’ <0.§5 O'i%))’

oc=2,
r(Z*|Z) = N(Z*|Z, o°1).
Pe3yanaT coOMnAnpoBaHMA
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Penakcauns mogenn Vsnura

[MycTb B KaXK[OW TOYKE €CTb MArHUTHbIA MOMEHT Z; € [—1, 1| un

p(x) = 7 exp(—E(x)/T), rae E(x) =

Peanm3au,|/|ﬂ MArHUTHbIX MOMEHTOB

4

0 1 2 3 4
x

1
HamarHunueHHoCTb: 1 = N E x|,
i

roe N — 4ncno aToMoB B peLUeTKe.
Bonpoc 1: kak oueHuTb cpeaHtoo
HamaruuyenHocts: Ep,u?

— Z Tilj — hzarz

(4, 5)ee i
VpagHeHusi [amunbTOHa
NycTb ecTb YacTuua, KoTOpas
ABVXKETCSl B MOJie C MOTEHLMAIOM
U(x).
X, P — KOOPAMUHATbI N UMMYALC

YacTuubl.
T

K(p) = BB — kunetunueckas
3Heprus.
H(x, p) =U(x) + K(p) -

raMmabTOHMAH.
de; _ OH. dp; _  0H
dt — Op;’ dt — ox;*

Bonpoc 2: 3a4em Ham ypaBHeHUS
lamunsToHa?
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CeoiicTa ramunbToHoBoM guHamuku (HD)

dfti = gg; ‘flpti = —gg — ypaBHeHus [amunbToHa
dz — JV,H(z), rae z = (x, p), J = 0, I
dt z 1 bl 9y _In On *

_ dH
3aKOH COoxpaHeHUs NOJHOW SHepruu: % = 0.

Obpatumocts: [x(t + s), p(t + s)] = HD(x(t), p(t), s);

[x(t), p(t)] = HD(x(t + s), p(t + s), —s);
[x(t), —p(t)] = HD(x(t + s), —p(t + ), s).
CoxpaHenune hazosoro obbema: dpdx = const.

CumnnekTnarocTs: B' J !B = J=! rge B - sikobuan HD no nape (x, p).

Mpumep

2 2
Ue) = 5. Kp) = . :
do _ _
d_:tc =D cl_zt7 =T a 0
x(t) = rsin(t + @),
p(t) = rcos(t + ¢). -
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FamunsToHoBbI MeTogel MonTe-Kapao (HMC)

p(x, p) = % exp(—U(x) — %pr), U(x) = —logp(x) (cumtaem m = 1).

Naes: camnanpyem (X1, p1), .., (Xm, Pm) U3 p(X, p) v BoibpacsiBaem p;.

Cxema camnnuposavus HMC:
0

Bbibnpaem x°;
Ha ware j > 1 camnaupyem p’ = N(0, I);
Pewaem ypaBHeHust lamunstoHa 3a uHtepsan At = Tk,
ctapTys w3 (x/ 1, p’) n nonyyaem (x’, p’,, ),
nepesopaymsaem umnynsc: (x’, —p? . );
MprHMMaemM HOBYIO TOYKY C BEPOSITHOCTbHIO
A= min(l, exp(—H(x!, —phay,) + H(x)"1, p/);
MNepexogum Ha war 2.
3ameuvanue: HMC ectb vacTHbIll cnyyaii cxembl MeTponosnnca-XacTuHrca.

Bonpoc 1: Yem 3agaetca npegnoxHoe pacnpeaenenne 8 HMC?

Bonpoc 2: 3a4em nepeBopadnBaTh 3HaK UMMynbca?

Bonpoc 3: Yto bbi10 ncnonbsosaHo npu nosydennun popmysnbl wara 47
Bonpoc 4: Kakue 3HaueHus moxet npunumatse —H (x1, p1) + H(xo, p1)?

Bonpoc 5: MapaHTupyetca nn 3prognyHoCTb Aas Takoli Lenn? 612



PeweHne ypaBHeHuii [amunbToHa

de; _ 9H. dpi _ _ 9H Meton diinepa
dt Op;’ dt ox; o 8U(X(t))
— ypaBHeHus [amunsToHa. pi(t+e) =pi(t) — o
Hacrtpoiika HMC xi(t+e) = z;i(t) + epi(t).
m xg: U(xg) =~ max U (x); Mpobnema: Heesska yepes spems T’
X
m 3anycK HeckoNbKMX Lienei: ectb O(T) lgmeTop, nepBoro nopsigKa).
m Boibop warae: A(1 —A) > 0; Meron Ie:p rog < AU(x(1))
m OueHka acbpekTneHoI pit +3) =pilt) = 575,
pa3MepHOCTU BbIGOPKN. zi(t +e) =zi(t) +epi(t + 3),
) o gaU( (t+e))
Bonpoc 1: 3ayem pilt+e)=pi(t+5) - 55—
U(xg) ~ max U(x)? 3ameuanue 1: HeBﬂ3Ka yepes Bpems T’
X

ectb O(T<?) (meTop Il nopsgaka).
3ameuvanue 2: Metog obpatum: ecin
CHavana naTw Bnepeg no spemenn 7', a

Bonpoc 2: Kak onpegennts, 4To
uenb cownack?

Bonpoc 3: Y10 paet ycnosue 3aTem Haszag, To yepe3 T BepHemcs B
A(1 — A) > 0 Ha BeposiTHOCTb WCXOAHYIO TOUKY.

npuHATAA obbekTa? 3ameuanne 3: Coxpanser

Bonpoc 4: Kak oueHntb MOAND LN POBAHHYIO MOJHYHO SHEPrUto.

ahbekTMBHYIO pa3mepHOCTbL? 0/12



Cpagterne HD co cxemoii MeTtpononuca-XactuHrea ¢

ANaroHaJIbHbIM NPeasIoXKHbIM pacCrpenesieHnNeEM

B o/ 1 0.99
p(x)_N<0’ o <0.99
MeTpononnc-Xactunrc
r(Z*|Z) = N(Z*|Z, o°1)

)

amunnsTonos MC

Leapfrog, ¢ = 0.25, T = 6.25.

4 2 0 2 4
x

CreHepupoBaHHbIe COMMIIbI

w
£
H
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Metoabl MonTte-Kapno no Jlanxesery (Langevin
Monte-Carlo)

JKBUBAJIEHTHAs 3anuncb MeTOoa |eapfrog:

zilt +€) = ai(t) — 5 252D 4 epy(t),
pit+e) =pi(t) — § (8U§§ft)) + 8U(’g§fi+5”) .

Cxema camnnuposavus LMC:

Bbibnpaem xgo;
Ha ware j > 1 camnaupyem p’ = N(0, I);
Pewaem ypagHeHus [aMunbTOHa 33 MHTepBan Masblii UHTEpPBan €:

x) =x/7t — %VXU(Xj_l) + ep’,

Phew = P’ — 5 (VxU (™) + ViU (x))

1 nepesopaumsaem umnynsc (x7, —pl.,);

[MprHUMaemM HOBYIO TOYKY C BEPOSITHOCTbIO 1 B Cuy MasocTu wara €,
MNepexogum Ha war 2.

3ameuanue 1: ObbiuHo LMC pabotaet xyxe, yem obwmiit HMC.

Bonpoc 1: B 4ém npeumyuiecteo HMC no cpasHenuto co cxemoli 'nbbca?
Hint: MNogymaiite, moxeT nu HMC reHepupoBaTh 13 pasHbix Mog,
MYJAETUMOAAILHOIO pacnpeneneHns? 11/12
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