(Ordinary Least Square method)
(Ridge Regression by Breiman method )
(Garrote Linear Regression method)

(OLS)
(2.1) Voo XI? i
nX1
X n X (p+1)
3 (p+1) X1
nxl
P
E( )=0 Cov(fi):C|2/,,
(2.1)
(2.2) SHB) - (y-xp)(y-xp)
(2.3) (XX)P = Xy
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(2.3) (normal equation)
(2.4) P = (x'xy'x'y
(2.4)
3
E{fi) = E (XX)-2y
= (XX)-IXE(y)
= (XXy'X'xp
P
P
(ill-condition) 3
P
P P /?
XX <72
1? cov(/?)
(2.5) cov(/?) = or2(XXyl
(12.1?) P I?

(2.6) (22 = (?-1?) - P)
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P P

(2.7) diP.P) - <Btrace(xxyl

= EP-PHP-P)

= E~pp-2pp'+p'p

= Eppl-pop

E d(P.p) (equivalent) P P

(2.8) PP = p'p+or2trace(x'xyl
(2.9) Var(*d(p,P)» = 2(zatrace(xxy?2

(2.5).(2.7) (2.9)
X X P
(XX)'1 (eigenvalue) XX

XX ) XX | =
I,...,p A A = trace(XX) P
A
XX
(.max=A1>/12>"3 >...>(" =",)>0
(2.7) P P
X X
D ) 1
2.10 = il

( ) d(p,p) ¢ l:l(/{i)



(2.9) P
(2.11) gt
IAVz;J
XX
P P (2.10)  (2.11)
d(p, P) Varrd(p, P)
(RID)
. .1970 (Hoel) (Kennard)
XX XX
k XX
(2.12) PR= (XX +kiy'x y k>0
(XX +£)w = (2.12)
(2.13) PR=fvx'y
(P)
(2.13)

PR=[\+k{xxyx'p
(2.14) = zp

12



Z=[l+*(XX)-1] 1 = (XX + 1)
P R ,Z
) E() Et(Z)
(characteristic equation)
w-em = 0
lz-~11 = 0
Z
2.15 = -
( ) ) (Z, +«)
(2.16) E,(Z) =
(*1+ k)
2) z
Z=[1+"XX)"1]'1
=1-KW
3) PR (2.14)
[?* = 2Z2/? X X

(symmetric positive definition)

A
A
]

(zfi){zp)

I e 1(2)y

< "E:,(Z)PP

k>0

13
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£maX(Z) = _/ max /| raax X X
z 2) K z =1 z
K -» oo
a'a <
SSEiPn) = (y-XPR) (y-XpR)
= SSE(P)
P
(2.17) SSE(P) = Jy-pXy
PR P SSE(PR)
y vy Xy
(2.18) SSE(PQ T yy-px'y—kpRPR
(2.17) (2.18)
k

(2.19) MSE() T vare) e niaszin)



£(/?) =P P

E(PR = zP

difi | = e[(pr-p)\pR-P)
= E'{P-P)zz(P-P)a+@zP-P)(zP-P)
= aldrace(XX) zz+p\z - (z- P

= cr2ftrace(x'x + k\yl-ktraceCXX + H)"2]
+k2p" (XX +kiy2P

= [(x'X +M)-" i

(2.20) = Yy(k)+y2(k)
difi , 2
yk)  y2AK)
y X(k) PR
y 2(k) zP P k=0 Z
P
k>0 y 2(k)

y2(k) = bhias2(PR)

PR

15
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k
X X k
( . .2533) k
(Hoel Kennard) (Baldwin) . .1975 TZE-SAN-LEE
(Macdonald Galameau) . .1975
( . .2534)
k Binary Search
( . .2539)
k (Sequential  Search) k
k .. 1995 (Breiman)
k (trace) (XX(XX +£1) ])
kopl K trace{X X (x X +kl )
K oef K
d k
1 kbef= 0.0 d =0.001
2 k(1= kbef +0.001
3 k , =0.001 trace{X X(XX +wW 1

) trace(XX(XX +kplyx) =

) trace(X X(X X +kopll) 1) A
2 )



k )

PR=(xx +tkiy'xy

1. d =0.1 0.01

/raceCXXCXX + M )'l)

2. d = 0.001

fraceCXXtXX + M )-1)

d = 0.001

d =0.001
£./=00

k,,; = Ky +0.001

trace(X X (X X +k,, 1)) uifiu

° s = ‘J °
NUMUUIDFITNTIIMINATDU

UMY
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(GAR)
. . 1995 (Breiman)

(Stein  estimator)
GAR

(2.21) pG(k) = ckpk k= +

cR<(p +\f b
=1

(2.22) y. = YJCkPkXki+£1l
PXi = zfc
(2.23) yl = J'ckZK+£
(2.24) y B2 199NN
y nXl
Z
c (p+1)X1
X1
P

E()-=o Cov(s) = crar,

18

X(p+1)



(2.25)

(2.26)

19
(2.24)

(y-Zc) (y -Zc)
yy-c Zy-y Zctc ZZc

yy-2¢ Zy+c ZZ¢

| (2.25) :

—~
D
~—

|

= -2z'y+2z'zc = 0

N

N

()
11

LYy

GAR

GAR
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