2.1 (Ordinary Least Squares Estimation)1

y=xp +£
y nxl
X nx(p+l)
P (p+1)xl
nxl
P
=
SSE=Y,Ef =£'8
SSE P
SSE-6 £

px8)
{r-0)

=Yy - y'Xp- P'XTy+p x x P

1G.AF.Seber 1Linear Regression Analysis 1(John Wiley and Sons 1977) 1p. 42- 47
SR. Searle 1Linear Models 1(John Wiley and Sons 1971), p. 75- 89
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=yy-2p'X'y +P'XXp

KSSE =-2X'y+2XXP

-dp
XXp=X'y
p ={xxy"x"y
L (Best Linear Unbiased Estimator (B.L.U.E.))
E(P) =P
2. <R(XXY] (R =——y £2
-Pom
2.2 (Maximum Likelihood Estimation)2
£(0;x)
X (domain)
Fx\0) 0 # ELO\X)>£{0\x)
0 0)
P £0;x)= 0 (sufficient condition)
0 £(0;x) 0 —£6>,0<0  0=0 0
M.L.E. 0 — £0;x)=0
- 30, _~ ~

(likelihood equation)

2Robert V.Hogg, Elliot A.Tania 1Probability and Statistical Inference 1(Fith Edition 1997 by Prentice Hall,Inc.) 1p. 438 - 442
SR. Searle 1Linear Models 1(John Wiley and Sons 1971) , p. 75- 89
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p 0= (9702...6 y MLE 0
P
d -£(0;x):0
de.! £(0;x) =0
di 1£(0;x) =0
P
P 0vV02,...,0p

'OAO',IE(Q’X) <0 0,=0,5i=12..p

0
(exponential
function) (0;%) £(0-,x) In£{9\x)
(one-to-one function) (increasing function) 1(0;x)
Inf(0;jc) \n£(9:x) 0
b N0 = Rz b L2 Y
£(0;x)>0
£(0:x) =0 <A+ 1(0 x) =00 INE(9:x)
£(0;x)

(iterative numerical analysis)

— A(()*) =
0 o (07) =0

m ,X)

Om :U‘~£'(0,,x)

£\e-x) = 06 £(0,%)

£100 = -=-£(9)
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0, 01 0,
Oit( ) e
) MLE. 0
(Newton-Raphson) (Fibonacci)
(Golden)
MLE 3
() (X) P
()
y=Xp+
y - Nn(xp, (j]1n)
y |
("
fro =07 exp ) (3
N
1 y-xp y-Xp ,
p(y) =1 fr (1) = T e ) @)
\ro
(V'Xp Y'Xp~y 9
ex
(" Y2 : 2

1Robert V.Hogg 1Elliot A Tania 1Probability and Statistical Inference , (Fith Edition 1997 by Prentice Hall,Inc.) p.438 - 442
SR. Searle , Linear Models 1(John Wiley and Sons) 1p.75- 89
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1
\nE(/3-c78) =-Mn(27r)-"  CR V-Xp v v (4)

P a)
(patial ~ derivative) Inf£(P\a])

dp tfrv; :.2(71 2X'Xp-2X'y

L'y oy :
dp- ey top. VR PMY-Xpl

p={xxyx'y

f
it y-xp)w-xp

2.3 M (M-Estimation)4

(2507)

M (M-estimator)

*Peter J.Rousseeuw , Annick M. Le Roy 1Robust Regression and Qutlier Detection , (Wiley series in Probability and
Mathematical Statistic), p.145-154
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maxJIn/Cy,-X p)=
Vinf(yt-x P
,:I (y |_)

P

Y

- hf{y{ X P)

J {£)

17
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V' (Robust fonction)

M 1
P i
Py
=
v )
p(z) ="-22 P
p(z)=-In/(z) P
G (Scale  Parameter)
P
'HP Y N
%:Irfl v )X =0 (5)
i) = pl2)
5
)
(Median ~ Absolute
Deviation MAD) 0.6745 5

d
median £, - median (E)
5= 0.6745

£i i
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'Yipi—

. . H V5]
— — M
*V
g @
p{£]) 2
n )
3
(5) P P
y=p
n V= x_’ ﬂ .
quyx[ S ~J:g »1=1.2,.,m (7)
y
(Iteratively Reweighted
Least Square) (Beaton and Tukey) m
(6)

/‘JJ X () Py

(=)
9110 (6) 914N 'Z"':xj(v;[(_yx;;);)/ S]-(yi ".‘i"? )/ s =0

11039970 nyx//[
i=1

injwm(yi_x"ﬂ)=0 ; J=1,2.0m (8)
i=1 =l ~

A
($V13)




X'WOCp =X "Wy 9

n X (Weight)
10 2.. 0
P
P XWXy Ly (10)
P P
P
P k
P =(X'WOX)-"X'WO0y
©)
(Robust Criterion)
2
1) " (Ramsay’s robust criterion function)5
P, yl
p(z) =a-2[L- exp(-alz|) -(L + Ofz[)] \2\ < oo
Me)=—112)
yl(z) = zexp(-afz]) 7 <©
(Z) -
(z) = exp(-afz]) <@

"1 531 1921



(1)
(' ming constant)
OLS 03
95%
Py (Extreme Value)

21 p(z)

_—
b
S

"
S

<D

-35 -30 -25 -20 -15 -10 -5 O 5 10 15 20 25 30 35

2.2 yl(2)

¢

D
(%4}

5 10 15 20 25 30 3

-35 -30 -25 -20 -Y§.-10

? O ]
D

s

e
, =




23 0)

A1\
L\
L

-35 -30-25 -20 -15-10 -5 0 5 10 15 20 25 30 35

(Tukey’s robust criterion function)6

yl
2 6 x
0{z) =« 2 éllbéall oy e
T 7 >a
=—p(2)
7<-3
yl(2) = f-T -a< Z<a
\7>a

! I
2539). 219
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\1<-a
{7 1'\a)2 -3 <1<a
1> 2
(1)
(Turning Constant)
OLS 4,685
95%
Py (Extreme Value)
24 p(2)
Sl i
——
Wi
.
T
A
12 9 -6 3n’jb 3 6 9 12
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2.5 yl(2)

2.6 (z)
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21
p(z) VI @
( ( )
) )
! 10 Z<WM
10 rl-1
t=2 \z\t~t2 tsign(z) u 2\ > t
172 10 (- s
ajzj-"a? asign(z) \Ezl\ a <[z <b
cz\-—1° asign{z% -\1*  afc-\2\)
- / <7<
a=di c-b [ c-b z\(c-b) b <<
h=34
¢=85 a(btc-a) 2\ > ¢
W In sin(z/a)
- cos & al <
_1 cos\a) sm\a) 2l Z<an
a= 1.3% 0 0 0 2>aK

a'll-exp(-alz|) zexp(-fiz)  exp(-az) z<0
a=03 (L+afz))]
12 7 ?
21" Bad L<a
2 v (2* v
a=4.68 1- 1- 1>4



26

24 (Bootstrap Estimation)7
(Bootstrap method) (non-
parametric - estimation) (Bradley Efron) . .2520

(nonparametric maximum likelihood estimater)
(with replacement)

(E(s) =0) (Var)=cr)
E{stn) =G2n

1
p o= {xx)-"x'y

y =xp E=y-y JTA=°

~ ~ L0 j=1
2 f (empirical distribution) &,

£] (with replacement) EX£2,.. . E*

3 *
Threechven DA 1“Brostraig Reyession bkl 1980:233-234

By B (Rt s 140 roclcin o e Brstep ACtgmenand il Inc 199 Tp 16+ 10
: )
"y C )L 28
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y'-Xp+E* =j+E*

GSE+= A *2. * ¥
SSE* P
SSE*= * *
(
y-xpr[y*-xp
y -P'xAy-xp®
y
=gty oy et s PEXY %
=Y Y 2P XY 4 g

T E=-2X'y*+2XXp
dp

0 P 23 B



1) P P E
2) P
W(2n-pl
Cov\p J <j2(x'x)
Var(P') <Var(P)) Pi
Var(p]) > Var(Pi) P
P P
]
v
LE )=0

2. Cov{e], 1) =0
3 Var( ;)=2"

28

p ]

(Bootstrap Sample)
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