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Prezentâcijas struktûra

1 ieskats Beijesa metodçs;
2 diskusija starp Dþ. Robinsu, L. Vasermanu un K. Simsu
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Klasisko (frekventistu) statistisko metoþu pamatprincipi

1 Varbûtîba ir frekvence ar kâdu notiek notikums. Varbûtîba ir
notikuma objektîva îpaðîba.

2 Parametri ir nezinâmas konstantes.
3 Statistikas metodes jâkonstruç tâ, lai tâm piemistu labas, iepriekð

definçtas îpaðîbas.
4 Hipotçzes var tikai noraidît vai pieòemt ar noteiktu ticamîbu.

Hipotçzes nevar apstiprinât.
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Beijesa statistisko metoþu pamatprincipi

1 Varbûtîba ir personisks uzskats (degree of belief) par notikuma
iespçjamîbu.

2 Lai arî parametri ir konstantes, to novçrtçðanai tiek pieòemts, ka
tie ir gadîjuma lielumi.

3 Informâciju par parametru varam iegût, izpçtot tâ sadalîjumu.
4 Hipotçzes varam tikai salîdzinât savâ starpâ. Hipotçzes nevar

noraidît, tâs var tikai aizstât ar labâkâm.
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Piemçrs

Y = α + βX

Beijesietis α un β uztver kâ gadîjuma lielumus, piemçram,
α ∼ N(0, 1);
β ∼ U(0, inf),
tâdejâdi iegûstot ðaurâkus ticamîbas intervâlus α un β pçc ievades
modelî.
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Beijesa metode

1 Izvçlas aprioro (prior) blîvuma funkciju f(θ) katram no
nezinâmajiem parametriem.

2 Izvçlas modeli f(x|θ).
3 Novçro datus X1, ...,Xn. Izmantojot Beijesa teorçmu, ar

simulâcijâm (Markova íçdes Montekarlo algoritmi) vai skaitlisko
integrçðanu iegûst aposterioro (posterior) sadalîjumu
f(θ|X1, ...,Xn).
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Viens g.l. X, diskrçtas blîvuma funkcijas

P(Θ = θ|X = x) =
P(X = x,Θ = θ)

P(X = x)
=

=
P(X = x|Θ = θ)P(Θ = θ)∑
θ P(X = x|Θ = θ)P(Θ = θ)

Viens g.l. X, nepârtrauktas blîvuma funkcijas

f(θ|x) =
f(x|θ)f(θ)∫
f(x|θ)f(θ)dθ
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n iid g.l. X1, ...,Xn

f(x1, ..., xn|θ) =
n∏
i=1

f(xi, θ) = Ln(θ)

Apzîmçjam (X1, ...,Xn) ar Xn un (x1, ..., xn) ar xn.

Posteriorais sadalîjums

f(θ|xn) =
f(xn|θ)f(θ)∫
f(xn|θ)f(θ)dθ

=
Ln(θ)f(θ)

cn
∝ Ln(θ)f(θ)
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Parametru novçrtçjumi

Modelis ar vienu parametru

θ̂ =

∫
θf(θ|xn)dθ

Modelis ar p parametriem θ = (θ1, ..., θp)

f(θ1|xn) =

∫
...

∫
f(θ1, ..., θp|xn)dθ2...dθp

θ̂1 =

∫
θ1f(θ1|xn)dθ1
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James Robins & Larry Wasserman

vs Christopher Sims
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Veselîbas ministrija (VM), lai plânotu slimnîcu budþetus, vçlas
noskaidrot, cik lielai Latvija iedzîvotâju daïai nâkoðgad bûs insults. Tâ
pirms gada izvçlçjâs 5000 iedzîvotâjus (X1, ...,X5000) un katram no
tiem noskaidroja 300 faktorus: augumu, vecumu, iepriekðçjas
saslimðanas, utt. (Xi ∈ [0, 1]300).

Daïa no 5000 tika atlasîti novçroðanai ar Bernulli gadîjuma lielumu Ri

(Ri = 1 : novçrots; Ri = 0: nenovçrots), turklât varbûtîba tikt novçrota
nav visiem vienâda, to nosaka zinâma funkcija π(X) ≡ E[R|X]. No ðiem
novçrotajiem daïai bija insults (Y = 1), pârçjiem nç (Y = 0).

Definçjam arî θ(X) ≡ E[Y|X], kas nosaka insulta varbûtîbu atkarîbâ no
veselîbas stâvokïa. Ðî funkcija nav zinâma. Turklât π(X) izvçlçta tâ, ka
Cov{θ(X), π(X)} 6= 0.
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Modeïa pieòçmumi

n (5000) iid novçrojumi

(X1,R1,RY1), ..., (Xn,Rn,RYn).

Xi ∈ [0, 1]d, Yi ∈ {0, 1}, Ri ∈ {0, 1} d = 300

θ(X) = E[Y|X] π(X) = E[R|X] Cov{θ(X), π(X)} 6= 0

Mçríis novçrtçt

ψ ≡ E[Y] = E{E[Y|X]} = E{E[Y|X,R = 1]} =

∫
[0,1]d

θ(x)dx
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θ(x) = E[Y|X = x] =

= 1 · P(Y = 1|X = x) + 0 · P(Y = 0|X = x) = P(Y = 1|X = x)

P(Y = 0|X = x) = 1− θ(x)

Lîdzîgi

π(x) = P(R = 1|X = x) 1− π(x) = P(R = 0|X = x)
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Frekventistu pieeja

Horvica-Tompsona novçrtçjums

ψ̂ =
1
n

n∑
i=1

RiYi

π(Xi)

ψ̂ ir nenovirzîts un bûtisks (consistent), bet neefektîvs (inefficient).
Taèu eksistç uzlabotas H-T versijas.
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Beijesieðu pieeja

Izvçlas aprioro sadalîjumu W(θ).

Ticamîbas funkcija vienam novçrojumam (x, r, ry)

fX(x)fR|X(r|x)fY|X(y|x)r

n novçrojumu (Xi,Ri,RiYi) ticamîbas funkcija
n∏
i=1

f(Xi)f(Ri|Xi)f(Yi|Xi)
Ri =

=
∏
i

π(Xi)
Ri(1− π(Xi))1−Riθ(Xi)

YiRi(1− θ(Xi))(1−Yi)Ri

Aleksis Jurðevskis (LU) Atðíirîbas Beijesa un klasiskâs statistikas metodçs 08.10.2012 14 / 18



Ticamîbas funkcija

L(θ) ∝
n∏
i=1

θ(Xi)
YiRi(1− θ(Xi))(1−Yi)Ri

Kombinçjot W(θ) un L(θ) iegûst posterioro sadalîjumu Wn. Tâ kâ ψ ir
funkcija no θ (ψ =

∫
[0,1]d θ(x)dx), θ posteriorais sadalîjums noteiks ψ

vçrtîbu.

Teorçma, Robins un Ritovs 1997
Jebkurð novçrtçjums, kas nav funkcija no π(·), nevar bût vienmçrîgi
bûtisks (uniformly consistent).

Tas nozîmç, ka jebkurð novçrtçjums ψ̂, kas nav funkcija no π, nebûs ψ
apkârtnç neatkarîgi no novçrojumu skaita.
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Viena no beijesieðu piedâvâtajâm atbildçm ir aprioro sadalîjumu W(θ)
padarît atkarîgu no π.

VM piemçrs. Kardiologam ir izveidojies priekðstats par θ, un viòð vçlas
to izmantot, analizçjot VM datus ar Beijesa metodi. VM ierçdnis
paskaidro, kâdi apsvçrumi par θ tika òemti vçrâ izvçloties π, taèu
kardiologs ierçdòa informâciju neòem vçrâ, jo par insultiem ir daudz
labâk informçts. Ðajâ gadîjumâ θ apriorais sadalîjums bûs neatkarîgs
no π.

Turklât W(θ) atkarîba no π ir nepiecieðams, bet ne pietiekams
nosacîjums.
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Secinâjumi

Beijesa metodes, lai arî ar plaðu pielietojumu, noteiktâs situâcijâs var
nestrâdât. Beijesieði ir ticamîbas funkcijas vergi (slaves to the
likelihood).

Beijesa metodes ir çrtas, ja nepiecieðams modelî ievietot personiskos
vai ekspertu uzskatus par pçtâmo objektu.
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Paldies par uzmanîbu! Vai ir kâdi jautâjumi?

Avoti
1 Vasermaòa blogs normaldeviate.wordpress.com
2 L. Wasserman "All of Statistics", 2004
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