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F/5E  KEEAS OLS

5.1 JUFRERFAEIG

“RKFEEAFE L ” (large sample theory), tHFR“#iia# i ” (asymptotic
theory), W5 MFEARRE n #&TC T I Geit- & 18

KA IR I R A S SR A0

(1) MR RIR BT 38 o /DEEABER I ™48 S E TR A EE K
R B S A MRS B IEAE . RN R P A A, X
AR SR L. MESAREETIER!
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B B AL IR T IR E . REEAT IR RESRRL E 5 H
SN IAFH R

By =By +e, FHPE(LE)=0.

BT ey H—Hsr, MTEHMIR, B

E(Ye) =E[(BYa +&)& | = BE(Vu&) + E(&7) = E(g7) >0
AR BRARARE TRBN T IEZS 70T, KFRAS HE 10 0 I R
(2) /INEEAS BAE A 70 A (exact distribution) MEHfE S . REEA M

AT HET

(3) REEABRERMEARTER R, £2/0n>30, &I 100 LI L.



5.2 KIS
1. FAE M FF A4S

EX  WEtEFsil{a,} | ={a.a,,a, -} “UYCEL” (converges) T
i& d, iﬂj’\jhman :aﬁian —> d> ﬁ[:]%vg>0’ ﬁ%EN >0, /I:\lg‘n> N,

Nn—oo

Hifla, —al<e, Hl{ay,, ay,,, -} BIEAKXIH (a-¢,a+e) N

[ I )
L J
a—e a ate

K51 HsE R AI sk



2. BEALFHIRIUC

EX BEHUFHI{x,} = {%, % X, -} “ HCHRZRULEL " (converges in
probability) 7% %t a, id Aplimx =a, Hx —t—>a, WHRVe>0,

N—o

N — o, %.‘B7§rl]imP(|xn—a|>g)=0o
FEEHEe>0, HnBiRB AN, BEYLAEE X, & F X [H
(a—¢, a+¢e) ZHMIREZRINST 0.



a—e a ate

5.2 FEHLF 2Rk

XFFBEVLF 2 SRENUAERE, Hn] e SRt A2 e O
B TUR AR R USRI AT



X BENLFAI{x,}  “KEERIEE” TREMALEX, i&A
X, —2> %, GERBEHLFHI{x, —x} _ W UELT 0.

P el (14 22 bR B S IR BE U ST A2 e is /AR FF,  preservation of
convergence for continuous transformation) {Ei5 g() NIELZ AL,

Mplimg(x,) = g(plimxnj .
24 X, F) 0 A R AR AR rf T 3 x BRI IS, g () BRI 7041 B 28 il Bkok
AT g (x) BRI

BER I T plim 5L A g () P His FH IR . EEHE 7 E

nN—o0

TUEER, —RRE(®) 2[EX)]



fH: Hplims? =02, N

Nn—o0

plims = plim(sz)l’2 = (plim 52)V2 = (%)

(RONFHR = BRI .

WREEAR T 27T Z ) — B, WIREARSRAEZE 2 bRt 2 1Y)
—EfE 1),

=%




3. KIFFFUEL

EX  FENLFFHI{x,} _ “AKB 7Y (converges in mean square)
THE a, WRIMEXX )=a, limVar(x)=0.

N—o

il MK TSR AR 2R S 78 0 254

WEBR: VIS RAE(Z W)

Yx, FIIERCRERE T a, J7ZEBERE/NEET 0 B, A
plimx, =a, BIFERRPRALx B 1k (degenerate) i £ a.

i e M D SO e B TR IR
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4. KU

EX  CHEHUF{x, ) SRENIASE x B RER 7 A o6 2 (cdf) 73 )
HNEOEFO-

WRX TAEESLH e, #A limF, (c) = F(c), MIFRBEHLTF{x,}"
“URorFWEL” (converge in distribution) TFEHLAZ & x, il AN

X —9I X

(511 =5 t 70 A 1) B BRI ,  H R AR A e B ST A
AEIEZS B R AT R AL



K 5.3 KAmisk

10



WO EA A A, %, —Ssx, MFR{X, )", “WhEEA”
(asymptotically normal).

K ATNCSIERAE , A REHLAS & AR 8 T KA
“URERIE” EE I AU B S (AT 2 Ja & 1 78 20 26 AF) -

2 14 d ””

X, —F>x" = “X,—X

n

RZAIR: Hx, 5 xR BAREEIER, x5 xR SEFrEUE A
SRA] DURAHE A (KL, x5 xAH B AT .

14
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W R g() NELERE, Hx —25x, Mgx,)—>g(X)-

2 x oA SR AR x a0 A i, g(x ) B0 H 28 R 8%
g(x) 734 .

B: Bigkx ——>z, HFz~N(0,1),

M x2 —4— z* ,\':F'Z ~ (), BIx*—5 41
(.jj$7im PR 20)

T bR LB 25 B 7 BRONHIE 2 (1) 73
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5.3 REUEARGH IR EH

1. 55K EE(Weak Law of Large Numbers)

(B {x, ) AT 50 EOBELRE 9, BLE(K) = w5 Var(x) = 077
7, RRRIR, == 37 X —u.

iIEEH y‘jE(Yn):,U’ ﬁﬁ
x1+---+xnj 1

2
vmnpwm( )= Dot =0, W, T

FIE, %, 2. FEAEMORR, AT RIS, o
RHERS
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2. FLRBREIE(Central Limit Theorem, {&i2 CLT)

B BE{x | AMSLE AR BENLF S, HE(M)=u,
Var(x) = o2 fE4E, Mn (X, — 1) —2>N(0, 62)

RIS RBOE R, (X, — 1) —2—0, Mivn — o0, MV (X, — 1) (BF
“o0-07 TFRIARIRIL 0 AT o

HEaB, (X, — ) W8] 0 E@EEE%W@@J 0 Fy ki Aok~

ZFAUNARRNAAR), FRON “Ini8L” (root-n convergence).

2

2
B, ﬁf%}”ﬂﬂﬁ%N(g,%} (EA T ﬁ%ﬁoo
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et i T, O BB S T S E Ry T2 4 N0, ),
: J Jo7in (0,2)
(EITBRAR B, B2 4E T

HET B 2 4RV IRT -

B 5 {x, 1, 9 S F 4 A O BE WL 1 R 9, ELE(x) =
Var(x,) = Z1E4E, Mvn (X, - 1) —2>N(0, 2).
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5.4 ZitEAIEARNE

=]

1. WHIRE
B B R — B AT, 7o BhEEIRE (B- f)R BN,

ENX UMEHE pRMGIHSH B, NHIAIRE(Mean Squared
Error, f&jic MSE)N

MSE(B) =E| (8- )’ |

— AR T RN AT S E T IR E
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AT B ARG AR ERAL B, EIVTE & G012 % (systematic error).
EMX  LMEHHE gk S 58, WHARZE NBIias(8) = E(8) - .
EX W H AW % Bias(8) =0, NIFK SN T IR 1 i+ & (unbiased

estimator) .

Rl YRR N T S m T T M, H

MSE(B) = Var(B) + [ Bias(B) |
ER: MSE()=E[ (-5 |=E| [ B-ED) +ED) -4 ]|

17



—E[-EB)] +26{[-ED) | ED - 5] +E[ED) - 5]
= Var(B)+ 2E{ [ #-E(B) | E(B) - B} +[Bias(,§)T
A X
e [B-E) BB -8 =[E(B)-BJE[ A-E(B) |=[E(B) - p]-0=0

BT R ER/ME, RIUNE AT ETEY 5 “ME” Zh#
17 B4 (trade-off)

EZ AL PIANES VECH7CE

MSE(B) =E]| (B~ B)( - B) | =Var(B) +[ Bias(B) | Bias(4) |



2. —Hihir=
EX WHEplimg =4, WEHHE L RS HAN—BUEITE

N—o0

(consistent estimator) .

— 50k (consistency) BiWkH, MREAE R ART, B, M
KB BB

KRG T EREA, Mk EERER,

INFRAE T TTEA B, EMCE FURA KRS IR
HAREZ K, HiFEEASRES R HSHE.



3. AEESTmENaIRE

EX RN (B, - BN, ), HhZ kR,
FR B, AT IE 7S 43 %0 (asymptotically normally distributed), #X ~
A if 75 2 (asymptotic variance), ity Avar(8,).

A A B, —L N (B, Z/n). (B, - B)ULEE] 0 s E 5

%LI%J@IJ 0 HIEFEMIFE, BN “niidL” (root-n convergence).

4. HHEBY

BB, 5 B, #52 I IEAAG TR, HENEFESHANZ 5
Voo MRV -Z) NP IEEEE, WAKE LB, EREEEN
(asymptotically more efficient).
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5.5 Wk mEHES
ST AT B TS, 3 AR RIS S M A S B 5L
X5, gikr “Hrhiliz g #” (Slutsky Theorem).

1) x —5x, y—Lsa = x +y,—>Xx+a.

FEMRPRAL, v, BN E B a, Hix, +y, EMFR AL R 325 x, BI#TiT

AT XA B X + @
el tnRa=0, Mx +y —L5x.
2) x. —45x, y,—250 = xy,—2>0.

FEMIRAL, v, iR 0, x, A 15 HIEL /A x, Hx,y, BN 0.
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(3) BEMLIAE x,—>x, BEHLEREA —L>A, Ax, 7] LUHE

= A X —4> AX.
KR N x~ N0, %), MAx —25N(@O, AZA).
FEMRPRAL, FEHLAERE AR HEBERE A

E& M tddas ik ANES >, H
Var(Ax) = AVar(x)A'= A A’

(4) BEHLIE X, —— x, BV FEA, —2> A, A x, 7T LLAHSR, A™
A = “IRB X A'x, —25 xX'A'Xo
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5.6 FENLERERIPER
BEHLF A {x, |~ WFR “BENLILFE” (stochastic process). U1 R Ry
FTE], e {x ), AR “HSTEFPA1” (time series).

1. mEFRdEE

a2 E 1978—2007 FHIE LK, Bl 976, Tig79, s Tag07 | 2
{B N34 (1388 B2 I IK A E N BN AR E 88 AN E 17041, il fd v
E(7,475) 5 Var(mygs) ? FRHFIEA TR IZIKF AR E{N Y 1!

R 30 FWIAREEKE S MEAZL, "Rz =
E(r,) Bt &
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K 5.4 HFETEDMIALLIEEL, 1978—2007



“PERE PRI AR B SRAT BR YR 53 AT AN I B HERS 1M 50E
L1 x (2040 5 x; 3 A A E (VL )3

(X, %) FI 3 A1 5 (%5, %5) FH T

(X, Xy, X5 ) 93 A1 5 (X, Xg, X, ) AH[A] o

E X BENLERE {x ], & ™8 F 52 I 32 (strictly stationary
process), fHjFR-FAIEHRE, WRXAEE m DB AL A
(toty, ot} BEALIIE (X, X, -, x| VRS 20 A 55 T BE AL IR &
(X e Xt 0 X i | TR AR 204, IO AE R
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(%2 X0 % J IR AP AT AU T {t,, 1y, -+, t, } S5 AN I Z T
FHXTER B, AR T He gt

B R ()7 N did, W) RPRE R, HARE
R

B RN AR (%] = 00X X (B x = %), T{x )" 52
P A, Eﬁﬁﬁi%’iﬁ’]?ﬁﬁﬁ?@

5l ZRELLUF—Fr B 8 V353 FE (first order autoregression, f&jic
AR(1)),
Vi = PYia+ &, Cov(y._.&)=0

Hr, {e}NMOLF AR
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O R po1, Wiy FRFRILEL <L My R

MERA: R p=1, Wy, =y +5. B, y =y, +5+& ++5.

W4t > o, Var(y,)=to> 5w, HHo’=Var(s), BIJ7ZE K
KR, PLETET . Kt {y ) ARFRERE. R, {y RN
“BEMLIEE” (random walk), 77 “HALFR” (unit root).

W ol <1, WHZTERL R 2, W

Var(y,) = p? Var(y, ;) + o

27



2

R B iR T p° <1 i Var(y) 5 IRET %,

—pP
Var(y,) A
3
Var(y,)=p*Var(y,_,) +02
oF
45° -
O Var(y) Var(y,_;)

K55 PR K E R RE R ZE ISR
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EX  BEPLEFE{x |, 255 FF2 52 (weakly stationary process)
ol 177 &= #2313 2 (covariance stationary process), 15 E(x, ) AN
Tt, 1M H Cov(x, % )N AHE Tk (B} x. 5 x.., 768 18] b AR X6 R )
ARG T H A0 Bt

SRR AR R 5 7 B O E L.
FECoV(X,, X, ) 2 k=0, TEIJTZNHEL

BN — Tz TR i x |, Bk oy B = i3 #2 (white noise
process), WX} TV t, #A E(x,) =0, 1M H.Cov(x, x,,)=0, Vk#0.

X HREAEEEA—ER Id, BA—E ™ H- P
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PRSP R I AR A 5 PRSI RE Y TE 0 R F

B AR, R8P AR R ZOR P A (RIBEE,
7\ W7 =S AR TR AE), AR 20 An Al Be T BE R ke

X TBEHLIE B R (x, )7, Aol SO Rt A R 8 T A i A

MR x ) () PR R, AT A4 B 2 (38) P Rt 7
2. WA
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2. BRI

“PERETRERLRE” (=T o7 BE)ie A e PN FREE
FEEHOD AR IR ERE, RN EAT AR EE SR AR ST [/ 73 i o

(EAH EMOSL R EER T REHM AT EN S, L, 54F
FRIIE AR 2 W R 5 25 B AR A 5%

HAFEREK RS 100 4§57 168 K 2 8l ] 2T AN A Bk
S, FRONERIEIE ST (ergodic, HUFR “imTE” ).

wrin oL E s, R ENA BN SR 2L, Ty
EATH AL
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el
Ergodicity

o Ergodicity refers to the persistence of the sequence.

e Formally, we say that a stationary process {z;} is ergodic if, for any
two bounded functions f : R¥*! - R and ¢ : R — R,

nhjgo |Elf (2is -5 Zitk) - 9(Zitn, - - - s Zitnt1)]|
= |E[f(zis - - 5 zivi)]| - [E[9(2itns - - -5 Zignsd)]|

@ We can understand this formula by considering a (slightly stronger)
condition, for two scalar random variables, x and y.

@ Since Cov(z,y) = E[zy] — E[z]E[y], it follows that

Elzy] = E[z]E[y] <= Cov(z,y) =0

Bo Zhao (School of Finance, NKU) 42 / 57



Some concepts for time-series analysis Ergodicity

o If we further require that, for any functions f and g,

then in effect, not only can’t x and y be correlated, but they can't
have any relationship whatsoever (and so they must be independent).

o Ergodicity means that this condition must be met in the limit as the
random variables become far apart in the sequence.

@ Intuitively, what this means is that a sequence is ergodic if it is
asymptotically independent (two random variables positioned far
apart in the sequence are almost independently distributed.)

@ Stationary processes that are ergodic are called ergodic stationary.

Bo Zhao (School of Finance, NKU) 43 / 57



Bl AR(L)RZ A5 AT ?
EIRyY, = pyu e, HH|p|<lo HETEERE ) 18,
Cov(y,, Y1) = Cov(py, , + &, Y1) = PO,
IS ] [R] & 9 2 1,
Vi = pYia+ & = p(PYi, +6) +6 = P+ PEL T &

Wi
Cov(,, Vi) = COV(pZyt—z +PEt+E Vi) = ,020'5

N TR TR A § B, Cov(y,, Yy ;) = plote HT|p| <1, #4 j —> o),

32



Cov(y,,y, ;) > 0. K, ARQ)NHILIAL.

AT IR L R (Ergodic Theorem) B {x, .~ JMrim A 7 i)
PR, HE(X) =g W%, =37 x—2ou, EIREAIIR, 2
SR E(x) B — Bt

AR RBUE R E A, T ir .

RBUEREREEA x I EAMSL, Moy e BV (X, | A 1E
“FEFIFEI<” (serial correlation), W A< RAEML R AL 5% .

KHUEHERAE A B0 AR, TS 5 B R ()
e TR (Rt 454
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Rl WIR{x | ETL S RS PRI R, X AR AT AL
BRECE (), {F(x)), BRI M TR A

AT ARS8 B , BTSRRI AR (X ] BT “ SRR
(population moment)E[ f ()], #B AT LLHI HXF N “FEASKE ” (sample

moment)lz_n: f(x)—2tAtil
n I=1

[ %11 E(xix{)KxKﬂEE%Zleix{ﬂﬁliWEﬁ, HoAr(xx(), HbE
BUHRE . HA, xo= (X Xy oo X ) o
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s FH RO B R e BOE 75 o5 — 261, RIE D P51

E X FRBEHL TR {x } 5 B4 (martingale) , 1 5 B 2
Vi>2

EOG [ Xig0 0 %) = Xy
B BEHLIFEEREX =X +60 TR, E(X | Xy X)) =X_go

Bl wEANSA RN, rAAERAKIEE S RERY
OV AR 23N M b, BRE(puy | By o) PL) = Pro
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EX  WEENSAR (], A8 ZE 4 F 5 (Martingale Difference
Sequence, fijic MDS), IR EHLEX | X 4 %) =0, Vi>2,

X E ARG x EMSL T e TE i £1E.
ik, Cov(x,x_;)=0, Vj=0.

MRS E AT R, BE 0 P A oo A e

E(x)=E, ..« [E(Xi RETRE X1)] =0

36



el NEUT AT B £y, AT RIEE S A
WERR: RB{x ] ={X, X, Xg, -} UL FE
ENHEDN NG =X, g =X—%,» Vi>2,

SFVi>2, ZMHH

E(9i [ 9+ 01)

=E(9i [ Xy %) ({gi_p T 91}5{Xi_1’ T Xl}@,/z\lﬁﬂﬁf—ﬁ/ﬂfé,%)
=BG =X [ Xy %) (X g =% — %)

=E(X | Xy, X)) = X4 CHEH T B2 MEE)

=X _,—%_,=0 (O FE T E )

37



#hE SR FOIRBR EIE (Central Limit Theorem for Ergodic
Stationary MDS)

RBE{ g, )" OWEE AT () PR B 22 A B LI B B, ELE Iy 22
A Cov(g) ~E(90) = Z, iWg==3" g, I
Jng—25N(0, X)

38 ) AR PR E FEAGE H T id 15T, e Bid B T AR
WL AR SL P A 7 P 41 o
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5.7 KFEA OLS HRE

BRE 5.1zt

y,=XB+¢g (1=1--,n)

R 5.2  #riE AL HFA2d 75 (ergodic stationarity)

(K+D)4ERENLE Ry, x; | 9l ST i P Aa £ .

L41] SRR A RBEHLREAR, Wy, x ) BSE R 50, R
S TR,

39



RE 5.3 0 EMRA & (predetermined regressors)

i RS &N “HiE” (predetermined), BI'eA 15 R HAMIHE
HIER, BIE(x,.&)=0, Vi, Ko

EEI ﬁ: COV(Xik1 gi) = E(Xikgi) _ E(Xik)E(é‘i) =0-0=0, E& Xi 5 & K*H
Ky PibAEe = AEZHT, x CAEME, §4 “HEwRELE".

Xig
g =Xx&=| 1 |§
Xik

Al E(9;) = E(Xi&) =05

E XU A A &



SefBE be i A A AR CE LSS, O B ZR P 5 2 .
IAE S AR B AR S AR ASAH I O T B T8] 2 S B0 0 111 )

R 5.4 #s&M(rank condition)

K x K 5EFEE(x ) NAERLIERE, BIHSSAEE[E(x X)) f74E . X
FARIE THERFEART, (XX)FTES

BE 55 o N#EDRFHN, HHEWITEEKE
S =E(9,0)) = E(&7 %, X)) NAERLHIFE .

B FE A IR TC SR BAEE N 0, U 5.5 ELRE 5.3 5.
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REEA OLS, A “r™#gshAart” 5 “ IEaSEELaishim”,
HAHERR&E A St

5.8 OLS Y RFEAMER

X X
X X
n
BT X=] 2 XX =00 % X)) =D XX
X; X;

Horf, xxi K x K IR

42



i=1 i

BN Sy= XX =23 XX (HEHUERE X X IREA L ).

Y1
FO7T, XY =06 % x| 2 |= 20 Xy

Y
;H;Elj’ lelj\jKX].l-EJ%o

EX Sy =0 XY =237y, (LR Xy, AR, B

b=(X'X)_1X§/:(X'Xj_ XYy _[Z.;Xixi’] [Z.lxi)’iJ_ S>_<>1<SXy

n n n

43



KRR KIETN > o), Sy 15S, KBRS .

EIE(OLS HirENARHEARMER)
(1) (b N—FfhitE) EfE 51542 F, plimb=2.

N—o0

() (bWHHLIEE) MAILEE 53 E()=0) L BT
5.5(El{g,} ¥ MDS), v/n(b—B)—2-N(0, Avar(b))-

o, Avar(b) =[E(x,x)]" S[E(xx))] > TS =E(g,9]) = E(&7%,X])
(3) (Avar(b) it —Efli it &) B S ASH—MGit &, N

Sk SSL A& Avar(b) () —BUfti it &

44



WERH: (1) FFRZERT LIS N

b—B=(XX)"'X'g= ( - j - [Zl ' } {Zl ' ] S d

He, g== leg, O = X;& 0 UE 5.2 EME | x;x/ } /2 BT Ad AT

PRSP, WORESTIE ML E R, S, = Z_lx,x,—>E(xx)

B 5.4 BIRE[E(X)] T, HSE —[E(xx)]" - BT
[ = X6 =Xy, =X B)}, {9} Wi Zﬁiq:%%)?ﬂ
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€ 5.3 EWE,

Sxx 0 —p>[E(XiX;)]_

Zin:lgi — > E(0g;) =E(x5) =0, AL,
Hplim(b-£)=0.

N—o0

1

g R

n

*.0=0,

Pah 5 [F IR AR m A R (R € 5.3), s fRiE OLS — 2 fx
H LA,

LL—JoRIA BN

46



K156 HLEhUs R R B HUR— S fiii
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BRBLY, = a+ px +&, HCov(x,&)>0. HSERIHZ(a+ px) 5

AE AL (@ + px) B MH

5.6,

1T x5 6 EHSE, B4 BN, o B TR 2% Bk

I, & WA ) 30K i

CEAR [ JEI 26 L LS A 2R B, Bt B

2, tHCov(x,&)<0, N BKALA .

HE R FEASEY B (n — o) e fi i 72 (bias) VH R Y 7

HAF0L T ATRE S I Cov(x;, &) =07

EFERRR R, WERBERERRERENEXRZNHI R

L

48



(2) TR ZED - f=53,7. #vn(b-B) =Sk (Vng). i

& 5.5 KEESFHIHOWMEER, Jng—>N(0,S), Hrf
S =E(g,0{) = E(&7%,%{) -

i T Jn(o-p)=Si(Vng) & Jng i & A E . W
Jn(-8)—>N (0, Avar(b)).

FH T Sy E%Z? X X —P > E(xX!), W

Avar(b) = [E(x,x)] " S [E(xx))]"

A3 Var(AY ) = AVar(Y)A';s e/, [E(xx)] X FRAEEE .

49



ER: AR RILBIBARMIEZRS 047 o

@) WIHRFFES—LoS, T SE—Ls[E(x)] ", #fliit &
Avar(b) = Sy S Sk —E[E(xx)] S[E(XxX)] s 7 Avar(b) I —K
flitt &,

T Sk S Sk BB AP S (“PIF AR )RE—AS(“F
[, SRR A “ Jeiflith & B “ =R {f5 11" (sandwich

estimator) .

FARES = E(s?x, X)) 10— EOfti vH &, 00 iR A8 B 1 VU B 4E kAT
5%

50



B S.6(RFEE R ML) E[ (o) | FE HL R IR
(Vi, j, k)

KA RBAMERIEE -

FERUE 5.6 T, AHEMS =37 efx xS i, ok
fe. )1 M TR ITRE

B—BAE, s* R o’ —E Ut

51



il ST LT EE(sY) = ot EBUL T = .

e gMs £l X(XX)'X']e
n-K n-K n—K
_ £e-eX(XX) X | CGRFUETT)

iEHH: 82 = (72%%% 3 %)

_n s'e_a'X(X’Xj_ Xn'e} (IR )

n—K| n n n

_ _z ' “’Sxxg} (G5 S, 105 %)

T plim— =1, pnmnz = E(e?) = o* (B Ay e, ) BT SST

PR T 41), plimG'S,, g =0"[E(XX ]_100:0, Hplims? = o2,

N—00 Nn—o0

_1I

52



5.9 ZMFRRHIRFERIT

1. WIGEBENERE: H,:8 =5

TEFB B H BB T, V(b - B)—2>N (0, Avar(b,)),
P,y OLS fhitEbHE k NIuE, Avar(b,) FEFFE Avar(b) H 2
(k, K)NTCZE: i Avar(b, ) 25T Avar(b, ) FI— b 1T

EX t G E:

tkE\/ﬁ(bk_Bk): bk_lgk — bk*_lgk d >N(O,1)
JAvar (b, ) \/3 Avary  SE ®)
N

53



st €' 0) = (LA, = [H(si 8 sk, B i

PrifEiR” (heteroskedasticity-consistent standard errors), faiFR “Fafd
FritER 7 (robust standard errors, White’s standard errors, Huber-White
standard errors, Eicker-Huber-White standard errors).

EHEF IR IFARM R “SFMFRTTE” MERE, ME “FIMF57
FZE” KRN FHE

giitEt ARy “Fafd t HE”, BRMARHEIEZS A, ARt 0 Af .

[, RS T4 H, . Hoin, TR AT 5%, i
S, [ KT I A 1,96, TELEH, .
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Rl (ESRIFETTZENECE T, A @ bniE Urid 5N 18 (FRAS (i)
PRrELR .

WEBR: RIXE(s” | x) =0 > 0(5AFFT ), RIS E e/,

S =E(x X&) = E, E(X Xie! | %;) = E, |:Xi Xi E(é; | Xi):| =" E(%;X{)
HFs*—L5o®, S, —2>E(xx), #ls’S,, &S H—HhHit&.

-1
Avar(b) = S)_Ol< (SZSXX )S;& = SZS;()l( —g? (EX'XJ = nSZ(X'X)_1
n
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SE"(b,) = J%/Varwk) : J% 2 (XX =82 (XX,
BEARIER “/IMEA OLS” s (IR bRt i A 2.

2. WML H: R B=1> HARIFHITEL.

me le m><1

MRYE TR R A 06 IR, B2 (Rb—r) i R/, B — kAl
(Rb—r) (Rb—r)o fEH BILHIEN T, Git&

W =n(Rb—r) [RK\/\ar(b)R'}_1 (Rb—r1)—"> »2(m)
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e n FRpia/n -n, W EEMHLE N

W = [\M (Rb— r)]'[RKv\ar(b)R'T[\m (Rb— r)]% Z2(m)
JEEA: idc, =+/n(Rb-r), Q =RAvar(b)R’, MW =c'Q'c, .
FEH AL TG T
C, EJH(Rb—r)=Jﬁ(Rb—Rﬂ)=JﬁR(b—ﬁ)=R[Jﬁ(b—ﬁ)]o

A An (b - 8)—2>N (0, Avar(b)), Tfic,5&~/n (b— B) (L4 £,
e, ——>c, HAFc~N(0, RAvar(b)R').
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7 3. Q=Var(c) = RAvar(b)R' , H T Avar(b)—2—Avar(b) ,
Qn 4p)Q ©

Kk, W=cQ'lc,—>cQlc= c’[Var(c)]_lc ~ 7°(m).

s¥: BT R TR, HAvar(b) NIEEHIE, #MQ YELE.
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