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g(x) BEOETI
f(x|&) INGAN)YDET IV
g THEIOE
E, log f(Y |07)=maxE, log f (Y |9)
= ZE,log f(Y]|07)=0
6 BEHTE
> logf (x| 8) = max Y logf (x, | 6)
i=1 i=1

=Y 2Zlog f(Y|6)=0
i=1

1(6) : Fisher[EER1T5!, J(6) : Expected Hessian
1(0) = E{(a—i)log F(Y16))(log f (¥ |9))T}

f
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dX)=Ff(x|q), €O BHERELLEETE
én — 0,
\/ﬁ(én — 00) —> N (O, J (90)'1| (90)‘] (90)1)
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1(0)=—E{55 fV10)]
\. /

E[(0-0,)7 300~ 0,)]
~tr{3(0)E[(6-6)(E-6,)" |}
=tr{3(0,)+3(85)*1(60:)3 (6,)
= 21r{1(6,)3(6,) ")
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ECcr MR |
D =2log f (X [8(X))~E, log f (Y |6(X)) Gare
n log f (X]&X(X))
= log f(X[O(X)-"log f(X16) L
1 Dy
+ﬁlog f(X|6,)—E, logf(Y|6,) SRRREE S

+E, log f(Y |8,)—E, log f (Y |0(X))
=D, + D, + D,

- - [EEp, VR AU D - (-

TR L R
Ec log f(Y|A(X))
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) ~0
E, log f (Y| (X)) —_—

~E,log 1(Y6)+5E, log F(Y |6)(0-6)
= "‘1(9 9) Evaaae

~E, log f (Y|4)-3(6-0) @(9 9>/ /

E, log f (Y |6(X))

4 . 1 .
Ex {Dy} = Ex {Ey log f (Y 6,)~E, log f (Y |6(X))] %Etf{u_l}

Ex {Dy} = Ey {log f (X |0(X))~log f (X |6,)} zz_lntr{”l}

E, {D,}=E, {ilog f(X1]6,)-E, log f (Y |6’0)}=O
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{ IC=-2log f (x| &)+ 2b(G) 1

rR(1976)

b(G) = E[D,]+ E[D,]+ E[D;]=tr{1(G)J (G) '}
TIC =—2log f (x| 6)+ 2tr{1(G)J (G) '}
J

o

160 ® suchthat g(x)=f(x|g,) = 1(6,)=73(6,)

- N
b(G) = tr{1(8,)J (6,) "} = tr{l,} = k

AIC = -2log f (X |6(X))+ 2k
k Ki /8T X —Z% (6 DXRIT) Y
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AIC, HBRIEIE
b(G) = n(p+1)
n—-p-—2

GIC MEHHINEM CERINIEEDOHTES

b(G) —tr{ (7% G)O’""gf(X'Q)dG(x)}
EIC Bootstrapi&IZ & /84 7 REE

b*(G)zﬁEX*{ log f (X" |(X"))~log f (X |é(x*))}
ABIC A XBI|EREHRAE

ABIC = —2maxlog | (x| )z(6| 2)d6+2q
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o o on Galaxy data (Roeder (1990))
PAN P Y = P P 052000002041813 6
PR 1196120000020 10
(P, P)=C+ Y n; log p,
=1 Bin Size log-LK AlC
] :ﬁ 28 -189.19 432.38
J
n k 14 -197.72 421.43
n.
AIC, = (—2){C +an Iog(_’j}Jr 2(k —1) 7 -209.52 431.03
-1 J
Histogram of galaxy data Best Too small
20 40 80
- k=28 k=14 k=7
15 30 [ 60
10 ] 20 40
3 |—|:| i 10 20
) 0l i Ll =0 = —
7 9 111315171921 23 2527 29 31 33 7 9 11131517 1921 23 2527 29 31 33 7 11 15 19 23 27 31
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C
yz +z'2)b

f(vlﬂ,fz,b)=(

N
((u,7%,0) =) logf (y, | u,7%b)
n=1

= N{(b—%)logz® +log'(b) —log(b -

Pearson’s family of distributions
Select the shape parameter b

C =?T(b)/ (T(b-1)T'(3))

- )+

~logI'(5)}-b3 log{(y,

b u T2 Log-L AIC
0.60 0.801 0.030 -58.84 121.69
0.75 0.506 0.431 -51.40 106.79
1.00 0.189 1.380 -47.87 99.73
1.50 0.185 4.152 -47.07 98.14
2.00 0.201 8.395 -47.43 98.86
2.50 0.214 13.87 -47.82 99.63
3.00 0.222 20.21 -48.12 100.25
o0 0.166 8.545 -49.83 103.66
BRAZFE  AJINRIEER The University of Tokyo 10



Box-Cox ZHLMD /NS A—HRTE
7 = h(y ) . ﬁ_l(yﬁ —1) for ﬂ, * O g(y) Box-Cox transformation f(Z)
" " logy, forA1=0 z=h(y)
9(y) = ‘ f (h(y)) ¢—
dh, y=h"(2)
AIC AIC 2 Iog d 0 l 5 3 4 5 Inverse transformation . : " : . "
y Jacobian of the transformation 2390
AICvs. A
A -1.0 -0.5 -0.3 0.0 0.3 0.5 1.0 2380
log-L | 1030.8 | 482.4 | -261.7 | -70.8 | -405.0 | -628.9 | -1191.9 2370 best A
AlIC -2057.6 | -960.8 | -519.5 145.5 814.1 | 1261.7 | 2387.9 2360
AlIC’ 2365.1 | 2356.2 | 2355.3 | 2356.9 | 2362.0 | 2367.4 | 2387.9 2350
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1
Original WHARD data (US BLS) Best Box-Cox transformation (A=0.1)
4000 13
3000 12
2000 11
1000 10
0" 9
0 24 48 72 9% 120 144 168 192 0 24 48 72 96 120 144 168 192
HEEAY  db)IRIUER BEBEE VI (BRI 11
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plot(sunspot,ylim=c(0,200))
y <- log( sunspot)

plot(y) S
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data(Sunspot) # Sun spot number data

boxcox(Sunspot)
lambda aic'
1.00 2360.26
0.90 2335.22
0.80 2313.48
0.70 2295.33
0.60 2281.11
0.50 2271.26
0.40 2266.32
0.30 2267.05
0.20 2274.59
0.10 2290.79
0.00 2318.78
-0.10 2363.66
-0.20 2432.86
-0.30 2534.61
-0.40 2673.75
-0.50 2848.16
-0.60 3050.32
-0.70 3271.90
-0.80 3506.54
-0.90 3750.16
-1.00 4000.25
lambda = 0.40

LL'
-1178.13
-1165.61
-1154.74
-1145.66
-1138.56
-1133.63
-1131.16
-1131.52
-1135.29
-1143.40
-1157.39
-1179.83
-1214.43
-1265.31
-1334.88
-1422.08
-1523.16
-1633.95
-1751.27
-1873.08
-1998.13

AIC' minimum =

aic
2360.26
2174.47
1991.98
1813.07
1638.11
1467.50
1301.81
1141.79
988.58
844.03
711.27
595.39
503.84
444 .85
423.23
436.89
478.30
539.12
613.01
695.88
785.23

2266.32

LL
-1178.13
-1085.24

-993.99
-904.54
-817.05
-731.75
-648.91
-568.90
-492.29
-420.01
-353.63
-295.70
-249.92
-220.42
-209.62
-216.45
-237.15
-267.56
-304.51
-345.94
-390.61

mean
4.909502e+01
3.545844e+01
2.591126e+01
1.917397e+01
1.437922e+01
1.093610e+01
8.439901e+00
6.611858e+00
5.258840e+00
4.246205e+00
3.479466e+00
2.891856e+00
2.435839e+00
2.077302e+00
1.791544e+00
1.560501e+00
1.370809e+00
1.212437e+00
1.077716e+00

variance
1.575552e+03
7.049401e+02
3.199262e+02
1.474669e+02
6.914276e+01
3.303737e+01
1.612487e+01
8.065706e+00
4.155209e+00
2.222464e+00
1.250918e+00
7.574966e-01
5.096385e-01
3.947690e-01
3.595107e-01
3.814048e-01
4.562814e-01
5.937308e-01
8.175441e-01

9.606427e-01 1.170321e+00
8.563591e-01 1.722986e+00
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data(Sunspot) # Sun spot number data

boxcox(Sunspot)

50 100

0

5 10 15

0

original data y

50 100 150 200
transeformed data z
I I I I
50 100 150 200
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al)5 (1)

e T y Yy BRZES X BEEK
1 0.00 0.125 0.8
2 0.05 0.156
3 0.10 0.193
4 0.15 -0.032
5 0.20 -0.075 0.6 -
6 0.25 -0.064 S
7 0.30 0.006
8 0.35 .0.135 0.4 .
9 0.40 0.105 o
10 0.45 0.131
11 0.50 0.154 0.2 )
12 0.55 0.114 I o ®
13 0.60 -0.094 o * .
14 0.65 0.215 0 .
15 0.70 0.035 .
16 0.75 0.327 o G
17 0.80 0.061 J X
18 0.85 0.383 -0.2 ' J J ‘
19 0.90 0.357 000 020 040 060 080 1.00
20 0.95 0.605
21 1.00 0.499
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y, = T(x)+e
f(x)=a,+a,x+---+a x", & ~N(0,0°)
Yi = N(ﬂi’gz), M =3y +a X "‘"""amxim

y=a,+& Yy =a,+aX+ax +&
fF(y[x)
fF(y[x) s

// _____ y ~% . y=a, +aX+a,Xx’

X X
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R INGA—FF FREDTE  AIC
-1 1 0.05889 2.12
0 2 0.03427 —1.25
1 3 0.01669 —-20.35
2 4 0.00866 -32.13
3 9 0.00839 -30.80
4 6 0.00800 —-29.79
9 / 0.00798 —27.86
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18 2 [B] )& D R

0.0015

RER

TR (S BEER R A

/

0.00125 -

0.001 -

0.00075 -

0.0005

-~

-1 0 1 2 3 4 5 6 7 8 9

-40

-50

-0

¥

AIC,

012 3 456 7 829

Y=L+ Bx++Lx"+e,  &~N(0,07)
gz(ﬂO’ﬂl’.."ﬂpiaz)

“6) =—2|og(27z02>—2ﬂ102i[yi Y/ yi,)

6(0) ———Iog(27z )——

AIC, =n(log27z +1)+nlogé’ +2(p+2)
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Estimated Regression Curves

0.8

0.6

0.4

1.0
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val—vr3v
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0.6

0.8

0.8
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M ETIL

FIZ IXEFRRDORAMEN 0 LB T & Z/M>TWin

y; = a(Xx +b)* + &

4=1.1515 b=-0.3035 &2 =0.00875
AIC = 21(log 27262 +1+10g 0.00875) + 2x3 = -33.92 < —32.13

0.8 0.8

0.6 0.6
0.4 / 0.4
0.2 0.2

0 0

0.2 I I L I -0.2
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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y, = f(x)+e ‘9i~N(O’C72)

data(TemperData) # Highest Temperature Data of Tokyo

Isgr(TemperData)
Original data and
regression curve of the model with order 20
Eﬁ Eaﬁ@u%%?\}l/ )‘ Vlwil l.
— il J

P,
i Y
)“l W h| I L:J

'm “- l
ll lLH ] L'Wlll'l'l”" ’

m 4
f(x)=a+)> b;sin(jwn)+>_c, cos(jwn)
j=1 =1

10 16 20 25 30 235

§
|

T T T T T T
0 100 200 300 400 500

Original data and trend component

polreg(TemperData,7) minimum aic = 2461.42299407814 at order 7

ZIEREFET IV

m

f(x)=a,+ax+--+a x" =

| M.IJ il P'Md x f H

i 'nl' l

n

§ 10 15 20 25 30 35
|
=

| | | | | |
0 100 200 300 400 500
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Whard 7T —#% (ZIE[EIFR)

data(Whard) # Wholesale hardware data
y <- log10(Whard)

polreg(y, 14)
Original data and trend component
minimum aic = -596.05411885131 at order 11
<
[ad ]
o
[ad]
£ _
¥
o |
[ad]
© |
o
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EosETIL
#h 4 ] &R R B
i x1 X2 X3
HEA -8.0 45.42 141.68 2.8
ABJI| -13.6 43.77 142.37 111.9
FL 1R -9.5 43.05 141.33 17.2
5 -5.4 4082  140.78 3.0
R [it] -6.7 39.70 14117 155.2
S -3.2 38.27 140.90 38.9
€iR -0.1 36.55 136.65 26.1
¥ -5.5 36.67 138.20 418.2
=S -7.6 36.15 137.25 560.2
BHR -10.0 36.33 138.55 999.1
2HE -0.9 35.17 136.97 51.1
£ H —4.7 35.52 137.83 481.8
RIR -0.4 25.68 139.77 5.3
EH 0.5 35.48 134.23 7.1
R#R -0.6 25.02 135.73 41.4
IN= 0.2 34.37 132.43 29.3
r N 1.5 33.58 130.38 25
ERS 2.0 31.57 130.55 4.3
=0 0.1 33.55 133.53 1.9
#AB 25 13.5 26.23 127.68 34.9
HERAY  db)IJEPAR SENA 24



Variable Selection for a Regressi

y,. Temperature, x,,: Latitude, x,:Longitude, x,,: Altitude

2
Y, =8, + X, +a,X, +aX, +¢&, & ~N(0,0°)

latitude

Select variables among X1, Xy, X3 approprlate to predlct Y,
/(a,,a,,8,,8,,0 )———Iog(27m )— ~ Z Y — ZajxJ
j=1

AIC(X,,,, %51 X5, ) = N(log 27 +1) + nlog 6° + 2(k + 2)

longitude
X, -0.0 X1, Xy
119.7 119.7 -28.9
-35. -30.8
None X, 8.6 XpXxs | . ol X X2, X3
154.9 26.6 | 128.3 88.9 1.9 90.8
-5.9
Selected model

-63.0

-3.0
y, =40.490-1.208x,, —0.010x,, +¢&,, N o, 316
g, ~ N(0,1.490) 1519 | 295 | 122.4

HRKRZFE  ALIRMER The University of Tokyo 25



Householderi&

U: FEOEXRZETH RIILOREIZEZRL)

el =lly - Zall, =[u (v - Za)[, = Uy -Uzal

min [ < min|Uy ~Uza |

Sttt Sim SLm+1

X=[z|y]IN = UX=S= ST
Smimﬂ

_ O —
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/"% % (Householderix)

S1, m+1

Uy -Uzal, | 5,0 s || ¢ [IR
Stmit |
| O - | O —
Sipa | [Sn o s &
=|| ||r2n +Sr?1+1,m+1
| Smma | L Srm J[L8m |
BRAS )RR B R ERAR 217



i /N 3Ef

+d

Si * Smla ] | S

Smm am _Sm,m+1_

A Sm,m+1
am =
S
mm
A Si,m+1 — Si,i+1ai+1 - Si,ma
ai =
i
2
2 Sm+1,m+1
Gm =
n
BERAE  JLJIRYER [EEN) ¥
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AICIC K % R#UEIR

~ N ., N
((0)=-—log27x62 — — i
(0)=—7log2zo, = Sy Sy

AIC =-20(0)+2(/3 7 X — X ) :
= N(log2z5? +1)+2(m +1) .
kk
fork =1,....m
Sii ot Sk | &y S1,m+1
- I 0
B Skk__ak_ _Sk,m+1_

A2 1 = oo 2
Oy _H k+1,m+1+ + m+1,m+1

AIC, = N(log 2767 +1)+2(k +1)

1,m+1

Sk,m+1

m,m+1

m+1,m+1
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HouseholderZ it

a—2w-(w'a)

U=1-2ww'

UUu '™ =1 -2ww")(l —2ww')’
= —4ww' +4ww' ww' = |

RRKF

LN LR ER SES): 2
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HouseholderZ it

HaH2 = HbH2 — JU suchthat Ua =b

a—b Ua=(1 —2ww')a
a D] _,_@-b)@-b) ,,
Ja—b|f T
:a_(a‘H:)_(zH‘zb) {(a—b)+(@+b)]
=a—(a—h)- (a-b)(lal Z‘HbHZ)
Ja—b]
b

W =

RRKF

LN LR ER SES): 2
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HouseholderZifa

S
X1 X Xim X1 X1(1)
Xy Xy 0 X X1 0
_ _ _ 1 _ —
X = : : | b, = ; X1 _+Ha1H
_an Xn2 Xnm_ _Xll_ | 0 _
B _ [ @ © . O]
1) @ Xl(l) 1 2 3 X
1 2 m (2) @ ... y@
O X(]-) .o X(l) O X22 X23 sz
T I o I VIVHES R R Re
0 Xy - X ' '
B . (2) (2)
B 0 0 Xz o Xnm_
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