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[T, a(x:6)p(6)
J@Hinzlq<xi:6”)p(6”)d 9’

p(x) = _f@q(x;&’) 40



201

maximum a posteriori
estimation method, MAP )

B(X) = A(X; Gyap)

0,0 =argmax p(@| X, X,,...,X.)
0

éMAP = arg max Zlog q(x;;60) +log p(6)
1=l i

0
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D,

MAP

(penalized MLE)

o

Oppp = arg gnax (Z log q(x;;6) + log p(‘g)j
i—1
\ -~ J
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PL() = Y log a(x,; ) + log p(x)

= —Elog27z—lZ(xi — 1) —1|0g27z,82 -
2 9 & 2

" 1 L
—PI—(,U) Z(X _IU)_,B— - Huap = I’H—,B_z ;Xi

.1
Hue = _in
N
e | el =zl <[l
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p
p(&; F)

0 p

(hyper-parameter)
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(empirical Bayes method)

p
{Xi }inzl

..... X3 5) :j® P(X, X,,..., X, | @) p(E; £)dE

= [ TT,a(x:0)p(6; B)do
(marginal likelihood) )i

ML(B) = | T T, a(x;0)p(6; 5)do
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p

B o= argmax ML ()
b

ML(B) = | T T, a(x;0)p(6; 5)do

(type
maximum likelihood estimation method)

(evidence)
(stochastic complexity)
(free energy)
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dim @& 1

log ML(B) ~ g(Byue: B) + log 27z~ log| -4

N

‘9|\/|AP = arg max[g (‘9; ,B)]

0
2
(B) — 0

. 00,00,

g(6; ) = Zlog q(x,;0) +log p(6; B)

——|9(6:8)),5.



210

Bes=argmax || px,, ;... X, |0) p(&: £)d0

P es
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dim@

> 109004 Ge) = Om) I 10g27 o)

3 1
log p(Gyae: B) =0(1) 5'09 |H |=O(logn)
1 dimé@

éMAP ~ HAML =0(1) Elog |H |~ logn
O(1)
log | [T,a0x:0)p(@:; )
e
~ Zlog 10%:6,) - 2 logn
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(Bayesian information
criterion)

BIC =-) log q(x:;6,, ) +%dim6’logn
=1

BIC P
BIC
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AlIC vs. BIC
AIC BIC

AIC =) logq(x;; 6, ) +dimé
=1

BIC =-) logq(x;; 6., ) +%dim6’logn
=1

BIC
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MAP

MAP

BIC
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q(x; ) = rexpt _2

{Xi }inzl’ X €R

1 " 7 1
I0g ML(B) ~ = 10927 =~ 3 (% — fise ) —%—Elogmﬂz +1)
i=1

Hap = n+,8‘ ZX
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Octave



Octave

exl2.m

clear all

n=20; mu=0.5; sigma=1;
xx=sigma*randn(n,1l)+mu;
betas=[0.01:0.01:3]; b=length(betas);

mu_MLE=mean(xx);

sigma_MLE=std(xx,1);

fori=1:b
beta=betas(i);
mu_MAP(i)=sum(xx)/(n+beta.”(-2));
logML(i)=-n/2*log(2*pi) ...

-sum((xx-mu_MAP(1))."2)/2 ...
-mu_MAP(()"2/(2*beta2) ...

-log(n*beta”2+1);
end
[dummy,c]=max(logML);a
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figure(1); clf; hold on;
plot(betas,logML,'r-')
plot(betas(c),logML(c), @16")
xlabel('beta’)

legend('log ML)

print -deps logML.eps

figure(2); clf; hold on;
plot(betas,mu*ones(1,b),'g-")
plot(betas,mu_MAP,'r-")
plot(betas,mu_MLE*ones(1, b),'b-")
plot(betas(c),mu_MAP(c),'@16")
xlabel('beta’)
legend('True','MAP','MLE',4)

print -deps MAP.eps
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