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B Y, YHOL, Y ~ (1, 07), 50, o220, U338 ) B /)y —3fevd: (OLS):
Hos =Y =arg mjn Z(yi _,U)z

KONIEY T AN, pfS TR 5 22 KI B iz 4y TRUMUE, FH52 b
IR R BT RE SCRYINBUA T 23 AT A I 5T (BLUE) -

~_ZYi/5i2_ . X
=Sz 0 2,

(Y, _/1)2

i=1 oF

2.0

3 _ 1 .
E(i)=p, var(i)= 1o <& =var(io),

2 b, eBLUE.



b ﬁzzy'—“)riju (e

o Yy ~N(u o), M?iil%li&L(y)z—izn:(yi;zﬂ) , max L(y)cminzn:(y‘;f) o

ﬁ‘ﬁéﬁ%?ﬁia = 1, maxL(y)@mmz(y —4)° <:>m|n2(y y)

o DIRMHHRIR: vi=ute,6~(0,07),Ry,=0,Y,% =0, =0,¢~(0)),
SRR AR G N T T AR TR Ty 2 5 A T L[] A

i =Xu+e, &~(0)

LSt u= ZZX)%Zi _ ZZ:G(;Zi
-5 E *ﬂ—i@iﬁ : Z(y| o Yi/u)z = Z(Ui_lyi _Ui_lzu)z = Z(y| _IU)Z /Giz

AR e AT i 2 GMAR B (U5 2257 1F), B T A M A 1) j:2 BLUE .



TEFEESRTE

Gauss - Markov{ 5 e AR AL T 22551
y=XB+g, e5XMir, E(e)=0, var(e) =c’l,
HHELAHN N RZE T ZAR T, HEefIth 7 Z /M MEIAEXT £

R ZETT BT A SRS 5, change - point) 2SR K . 1R 22 7 Z5 [ 3t AR
=224, "EERHRES B EMKGER, Wl e miEIEES,



% (heteroscedasticity) 7
y=Xp+g, e5XMAL, £~ (0,G), G=o’l,

B2 LSTTE SRz 2T,  HLSH TR e e AU T 7 2= 57 MR E.
G SRAE ST A i U5 22 B B SE R R, BT AT N P e/ RIS
{HLSATH AR A& AR (BLUEBIKH T 75 25 55 AR %)

W5, WRARTERMNEGERER R T EAFTFZA A, AT
REAS 21 G @ 1 LSAL T BB 4 B il o, BT S/ — 3 {7t (GLS:
Generalized Least Squares), BiIIALLSA! it (WLS: Weighted LS).

THEATE L EG = 0’1 HGFHE AT LT 584 CAfE I T HIGLS,
NG 5 FEGIN A D HR IS BB 2 T BEAUIN B U /> — 3L (IRLS).
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[~ X

B~ 7 ZE A A
y=XB+eg, E(e)=0, var(e)=G >0, e5XMsr
i G LA

/D _3% (GLS)

|7 Ee /N 3k (GLS ) : GLSHR/IME AR 2 75 A1
min(y — XB)' G™(y - Xp)
AT AGLS i Pos = (X TGX)XTG Y.

SRR 2275 F(y — XB) TG H(y — XB)3R T, 75 1E M 5 &
X TGy — XB) =0,
= GLSftiitPgs = (XTGX)XTGy.



A4 GLSH) Hbr s E B A R (y — XB) G (y — XB)?
IESHEIA) —log L

PR AT AN TT EM SRS, ATRE 2 Bk H bR R 2e 5%
WA I8 T R (R iR 221 5 Al

TR y=Xp+e,e~0, G), FHILLFG™"? 15
G—l/Zy:G 1/2X'3+G_1/2 <,
Ly =Gy, X =GY?X, §=GY%, BT EFHER

y=Xp+2, £~(0 1), (*)

SRR (*) N ELS (OLS, Ordinary LS), HiRZ 5 F1K

(Y- XB)" (V- XB) = (y — XB) G*(y — XB)
Bt DA ()N FHOLS 77 (e ) < W R AR /N A i bR K



BRICNILSIE AP = (X TX)EXTY, RAY =G Y2y, X =G2X,

~

Bos =(XTX)XTY =(XTGX)*XTGYy

AL E(Bous | X) =B var(Boss | X) = (X"GX)
B, 2 BII B 2 M ARt - (BLUE).

B E(Bgs| X)=E((X'GX)*XTG Y| X)=(XTG*X) X "G *Xp =p.
var(Be sl X) = (XTGX) X TG Mvar(y | X)GIX(XTGX) = (XTGX) ™
SE(X), EGME R, Po o AEBLUE, It JE 577 2 808 & 4 /& BLUE.,



GLS5OLS

ZRNE P AR R O 505 Z BB AS AT, RIS AN A2
ZARisL, OLSHiH B2 Toimi), {HOLSH I Z K.

01 SR J TR 388 5 £ 5%/ — e (OLS )45 B (AT M g, o
Bors =(XTX) X Ty =argmin ||y — XB |1

R Wk

EBois | X)=B, var(Bos| X)=(X"X)* X GX(XTX)™

j\jﬁGLSIEéBLUE’ mu&‘ﬁvar(ﬁow | X) 2 Var(ﬁGLS | X) ,EP

(XTX)XTGX(XTX) ' >(X'G*X)™



GLSAR DV —EERGTEEDH

INRGLSH R ZE P T ZH R | — B fadobasn, |
G=0°G,, HHG,CH,c°KH,

ASAGLSHVEA AT o BERS (y — XB) Gy — XB) = (y — XB) G, (y — XB)/ &2,
mﬁin(y— XB) G (y-XB) = mﬁin(y— XB)' Gy' (y — XB)

= GLS flitt N o = (X TG, X)X TGy, G =o’G, P A m S H o AN lE

o S EE A T R%E T EZE N G =1, BIEIEH IGMIE . A GLSZ: 4/ T-0LS.

o FHN—ANEERIH T NG =var(e) = o*diag @/ w,,...,.1/w, ), Hrhw, ..., w LA
IR, GLSWARNINA A /N3 (WLS, Weighted LS)
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WLS S HiFE A&

FE R A cluster survey , x NEEiAclusterIRFE/H A&, vy &3 T cluster Am A
MEREHEC R, Ean . e, REEE, WHE7ZEEs BE U R

var(y; [ X;) = Gzlmi’

WRZE T2 - W T 2N G = var(e) = azdiag(i,i ...... ij

m m, m

AU /N — 3 (WLS, Weighted LS):
B Aly = XB+¢,E(e) =0, G =var(e) =c’diag(l/w,,... 1/ w.), i AU Ew,,..., w EL40.
1IEW =diag(w,,..., W, )RIG,*, AL/ 3k H breiFor a0 T

(y—XB)"W (y — XB) = iwi (Y, _XiTB)2 = i(\/wl)ﬁ - WiXiTB)Z
— ﬁWLS =(X'W X)™*X Wy = (i WiXiXiTj (iwixiyi j’
TR 22 - e = \/Wi(yi _XiTﬁWLS)

________________________________________________



BIL(EE). Yy, Y HOL, Y, ~ (1, 070), pREN, B ol = o Im, mT A1, o K50,

MIGLS /WLS : 1= Z—”r‘r?' I35,

2.m

Ry 2 i cluster BT, ZGTH IR mAMREAR SIRFY (R
B cluster N FIAMAEMED

an Ry iicluster FUZH A FR AL, AL 8 e L el g geit &, al g blmy,..., m i
(B R Bt/ ME T ZE W] e Syl b, ATREAN A2 ).
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12 (77 = W A PR RLE) . BGRY, = B, + B + &, 6 ~ (0,07 Tw,), W 1. WLSHR/MY,
Z\Ni(yi _ﬁo _ﬂlxi)z

ZW(X )_()y| = _Zwixi_ P T _PY = _ZWiyi
P = Zw(x—x) Xy = Sw, Bo = Yu =B Xy yW_Z—Wi

— 2 2
X, O

var(f,) = Zw(x— )2’ var(fo) = ZW ZWi(Xi—XW)Z

Ve IR IBLER T8 F S R RO 2 (2, )
DY~ o~ A = 2 (Y, oy~ )

iE‘IVi = \/Wiyi , ~i = \/Wixi , Zi = \/Wi’ —tﬁ/ﬁﬁﬁ%%ﬁ%ujﬂi(y. - zilBO - ii:31)2
i=1

TR T SRR AN ¥, =28, + X B+ &, & ~(0,0%), EAFAIED.
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%13, iz 4e salarygov (alr3) VL& 1 32 B BURF ISR 1495 RO M5 2., A FE

FEAMERA B f sy 05 BEAMERALI N, 2ot NBOATHE RS 2%k (Score) .
et 5% %ﬂ uxﬁ@él@?%i%o A i AR R T
ZE iR
MaxSalary HAA %
Score Rﬁiﬁﬁ%%ﬁ (82-1017)
NE ZHRAT B JE 72 S B (number of employees)
NW ZHAAT B 2o N3
JobClass NW NE Score, MaxSalary
Account_clerk 52 68 258 1549
Account_clerk_Intermediate 26 29 269 1712
Account_clerk_Principal 10 13 321 2182
Account_clerk_Senior 16 24 273 1982
Accountant 1 12 352 2555
Accountant_Chief 0 5 709 4060
Accountant_Principal 0 4 505 3424
Accountant_Senior 2 18 404 3031

H
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WLS :iwi (yi _XiTB)Z = i(\/wlyl - WiXiTB)2

e, )RS, ARG W X, Jw y, B L S AR A A S R
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IR IR /> — IR ITVE(IRLS)

R Z T ZH MG = var(e) s AR F, WIGA B fh i (BEUnHRG =G(0)H

SRR MBEOH I, FATAT LR pAOAR /MU H b ek £

min(y - XB)'G(8) " (y — XB)

[FIN AL THBANG = G(0) A KA S . IEE RN WHe &5 MG A,
M GLSTTVEZS ZftivhBs MW Bz, WIvT R AR Z b vh iR 2
GHHIZH0. AL AT LL5y i 8 e B kAR

o 4530, RIZEG, LAGLSTVAfhiilp:

o Z5ER, fEHIRZETHGH RIS LT,
ZITVERR NIEACINALLS (IRLS, Iteratively Reweighted LS).
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(179 o R N SD PPN S VAV =i N L= = = i
y = Xp+¢,&~(0,G),G =diag(s/,0%,....,0;
kol =0l =...=0> =c’(KHD,0.,,=..=c° =r°CRED , mBAH.




GLS : min,(y - XB)'G ™y~ Xp) =T min [Z(y. B, Z (yi =

i=m+1

IRLSHEVE
Step0. k =0, HILEILB™ =B oo
Stepl. k =k +1, it &k Ze =y — XB*™Y, 3:fliit o, 72

m n
o = Zeflm, 7192 = ¥ e /(n—m)

i=m+1

A (k)2 A(k)2 A(k)Z)

2z gtz gz 2

= G(") diag (&

Step2. HEGLSHEHBY =(XTGO X)) X6V Yy,
goto Stepl, EE £ ILSK.
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4L, 5622 A l). W RFLAS mimag RFAR, FATHEALTIm, (E 514 I
IR mAGE FE L MORREME A ARk g, IR iR = IE A,

“2logL(g,0% e m) =S X S X B og6%) 1 (n- mylog(r?)
i=1 o T

i=m+1

ERAEBI A J7 AR 3G 7 & Bim log(o®) + (n—m) log(z?).
R JE e piiAl, &5 Wimlog(o?) + (n—m)log(z2) 5%,
A R TRL & GLSH H ARk %
SHFARATZE E LS m<n-1, #/ME —2log L(B, 02, 7%, m) 5H1452Fr FAHRE, AT LAN
IRLS 5 V4SR5 B ik -

(,@mﬁmz,fmz):argﬂm!nz(i(yi X B 5 G B) +m|og(o-2)+(n—m)log(rz))
0Tt o 4

i=m+1

10 ER B/ IME SS(m) = SS(m, 8., 6.2, 7. %), MimEI At it Ay

m =argmin SS(m),

2 2 N \ \A_A /\2_/\2/\2_’\2
B0’ o Wt g = B.,.6° =6, =17,".
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E: KT HIRRE
RV y = XB+¢,e~ (0,0°)
AT RPEIETE, R TTRERAME ||y - XB P B RIBZ G E NS =||y - XB|I? /(n— p)

L b, FATRME T IR H AR e AT [F A5 2 B o A T
f(B.c)=lly-XBI/o° +nlog(c”)

1
R - _ H ﬁj: - - _
RZEEASK, f =-2logL, HAIsREm% L (27207)" exp( >

o 10B=2X"(y=XB)/c2=0= XT(y=XB)=P=(X"X)*XTy
o 10t =—||y-XB|?Io*+nlc?=0=62=|y—XB|* /n.

RN f 58 —Tinlog(c?) 5B Tk, U E S 2 RMRp, FATR] Zi%nlog(c?)
PLE SR 28— TR 1 o, R i ME ||y = XB |17, BERPLS J7 i
BHH14(EL) ANFe x5 log- 7 26 R AL I
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5 Ry = XB+2,2 ~ (0,G), 3G = o2(p" 1),

PR 2 B BHARW)ERL: & = ps +35,,5, ~ (0,0%) 5 &lr

BT LA i AT BN OLSA g = (X TX) X Ty,
IRLSx HEiEAR T H M
o ST T4 52 HIB, e=y — XB,

_Ze /(n_p) /O Zel |+1/Z:ei2
i=1
A ,\2(A|| J|)|<I i<n

o 452G, GLSHTEBRFHEITE: B=(XTCX)IXTCly




WLSH T IELR 4

=

w3
huf

VFZ gttt a AR DA i) @ a] e A o an R A dse /s —3fe i) i@t
CEEanAR A mla . | SRR

min ZWi (B, 9)(Yi _XiTB)2
Hrp—o REE T ER/ RS

IRLS : B(k) —arg min Zwi (B(k—l) , e(k—l))(yi . XiTB)2
p
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16 (ZE PRI MAG T 732 - R Bl E). By = X B+g,6~ (0,07°1,),
min " p(y, —x;')
p() = 0K T-0x#K, p(0)=0.
Real, Hp(t) =[t]° B
min|ly—X gll,=min> |y, —x BI°
PRONER /N J5i% . p =UNFR R /N — 3% (LAD : least absolute deviation).
/N RIL HUBRR A, EANR S  H OK B B /)N i AR B AE R

Bilhn, XAy =1u+ee~(0,0°1), T/ —3fhit A A 5k
m = median(y,,.., y,) =minY_| y, - u|
H A Eem L LSty ha i

XFF /L ik, BUE BARBRAL
Z| Yi _XiTB |p :ZWi (B) | Y; _XiTB |2, /E\:EF'Wi (B) :| Yi _XiTB |IO_2 -
IRLS: w,(B)=ly,—x,"BI"?*, B*™® =argmin Y w,(B®)|y, —x,'BP.
B



7 logistic[al A A o AR Sy BUE 0,1, HAAEX,i=1,..,n.
logistic[al A5 AL & — AT T N AR & 5 H AR F Ok R IR,
eAREAEEp, = E(y, | x,)=P(y, =1|x) BB W FEX:

_ _exp(x; B)
pi=p;(B) = T+ exp(x ')’

ﬁszmﬁsz%zttlf’ip Fiodds, BB

logit(p;) 2 Iog[LJ =X; B

1-p

_ Vi1 n YV exp(xiTB) ! _ eXp(XiTB) -
L) =TT p" @~ p) H(1+exp(XiTB)j (1 1+eXP(XiTB)J




log - LA BRI % -
logL = > "[y;logp; +@-y) log({l—p; )]

score ki % :
8IogL

Z (y| pi):XT(y_p),
ﬁﬁﬁi‘v=(y1,---,yn) X=Xy X)) BTFE, p = (pyie, )

alogL

PR RALIR A TH R AAIR T R = OFJ % -

Newton - RaphsonZi%: :
Bnew — Bold _(azlog_ll_—]l alogl— ‘ »
opop op "
Newton - Raphson VA TR IE =2, % T-logisticmlH, & skhs
—FhIRLSHZ::




E 2 #l|Hessian matrix
o°logL
opop’

HrhW =diag(p, (1~ p,),-, P (1= Py))

= _ZXiXiT P (1_ pu) =—X "WX

Ft LLNewton - Raphsonik X 5 #2 7] 5 A
Bnew _ Bold 4 (X TWX )_l X T (y — p)‘ bl = (X TWX )_1 X TWY/,

g = XB + Wy =)y

Y EREK =0,p =B,
Dk =k+1, THHWHEE, y=XB*? +W (y—p)| o

)FEHB: B = (XWX | X Wy.
goto(1)




B, X M (Generalized Linear Model, GLM)
FIMLER fift 77 75— AR F IRLS vk o

GLME )12 Fdros /A el B, oA .
(= u(x) = E(y | )5 5 %) ’
o ESEMEEIAER (EAWREER: g=a+xB)

o logisticlal IR (0-THRIELR  logit() = o +XB)

. Probit[al IR (-1 HHE 0 (1) = a+X'B) ;

o Poisson[F UK G4 RHR log (10 = ar +XTB)

_________________________________________________________________________________

Poisson[al HFL R (y., x.), y, Nt HEO N, x A H A8 8, 38 AR

y; ~ Pois(z), 4 =exp(a+x; B)
B g5 x5 25, X, = 1,0, A PIAEAS 1]
x. =0:y, ~ Pois(e”); x,=1:y, ~ Pois(e“*”)



