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1 HR5HE

EV (Errors-in-Variables) B RFRKBIF I 58, FHEL&ME EV #HE (L [1-7]
FIEATTBT S HSCRR). EVF & SERR B P, RIE EV B R R BB R 8RN
FHRLTEN. B—HEH, RARSERFRYHEN OB, FAGEZ
rRA B BAEFELEEES, BRROUNMEFEERTEUMRE (INNETR
LRESHEMIEE). B, BFFHBRASHERER, Holl b B AT 28 B -5 545
MR, BENSPMERESARBRORE, EENZ ¢ @EBRANEN, Hbhx
‘%iﬁﬁﬁﬂﬂ‘lﬁlﬂ‘]%%ﬁﬁaﬂt. XBBHT ORI BRPEEMELEWRER EV

BehsLE  LAXE « SHRR y WE—TLRHERR

y = a(t) + b(t)z, ‘ (1.1)
XE o,y RBYIER, ¢ REXE, o)) RAFELREY, H b(t) #0, 7 a(t), b()
HERE. BE tite, ot £ (0, 1) I n MR A, EEANA G LERN, REH

AWBE (8, X3, Y5), i=1,2,,n B X; WEMEN 2, Vi WEMEA yi, 7,y RAEE
BRI BENARR. AR

Yi = a(t,) + b(ti)z,‘,

X =x; + ui, (1.2)
Yvi =Y + €4,

Hp z, 21,20, -, &, iid, Ex, Ex? fE7E, WEIRE (us,e;)iid, E(u;,e;) = 0, cov [(uiei)T] =

A3 2003 £ 1 A 7 HiF). 2004 ££ 9 A 21 HHEHESHR.
* WA HE THEHME (03C007) FHBPRA.
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o’L (0% >0, >0), x; Hu,yi 5 e, v He, BAMEK, i=12,.n B (1.2) A%
AYAMSEH AR EV ER
F ORER (1.2) fE3eH

(X;‘)Y;*)T - E*%(thi)z (w:’y:)T = E_%(mivyi)Tv (u;’e:)f = 2—%(u'iﬁei)T:

W cov [(uf,ef)7] = o2l BHMAE (1.2) FLUTFBE cov [(us, €)7] = 021y, o2 KA.

ERER (1.2) 1, & a(t) =q, b(t) = b, a,b KA, B (1-7] FIRFR M REEMES
FIRAR EV R, XTRRFEMLEHWXR EV BRKHL H T M ASTEABR,
ARG RAG T (1.2) PARRE a(t),b(t) 7E t = to € (0,1) ALHIE a(to),b(to) Fl
o WHRAMBUEAZ BHE/N R B, HWEHERE - HEMEH XK EV ERK
ST, JFER T ENMRES BRIiFrl st

2 alty), blto) # o Ryt F3E
ATHA 6 ARRRE (6, X, Y5), i =1,2,---n R ato), bto) F1 0. FHR

RIS IE A2 189 e /s 3R k.
yﬁ I/an(t()) ﬂj*ﬂ@ﬁ 1= 1 2 , 1y ?ﬁfi (1) an(to) > 0 (ll) Z an tO =1 915
ER Gk Gopixz R Tﬁ%ﬁ%lﬁéﬂ‘]ﬁﬁ%ifﬁglﬁﬁ k(y), ?Zﬁﬁ@ﬁ KRGk EH

3&: hn € ( 72) mgfﬁﬁﬁ%%&r"ﬁ 0 < tl < t2 < <ty S 1 & tO S (0 1) *ﬁﬁ*ﬂkﬁ
£44

Wm(to)z/ Wo.(s,to) ds, (2.1)

o Ay = [0, b)), A, = [t bty o903 n—1, A, = [eit ]

o= (5

PR B k(y) AIEH N

Dok = 0= S, 2) k)= S0 - )l < 1)

) (s+t>1{o<s t<h, }+k(2—hs_t)f{1—hnSs’tgl}J'

—MRE R hn B 2 HATRD, BILE R RS 0o oo B, hy =0, nh, 00, KX
KU TFES:

Xo =Y Wult)Xs, Yo=Y Wulto)Y?®, a=12,
=1 =1

XY = }: Whi(to) X:Yi,
i=1

§% = X2 — (X, S2=v2-(V)%,  S%, =XY - XY.

FEHAS (XY i=12,-,n} 8 (to—hn, to+hn) NEREEIHEL y—br—a=0
) 1F. A2 BE B F 75 AR

n

A .~ q)? )
Q= Qb =Y % lel +‘Zg Wrilto) (2.2)
i=1
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EBIRAN K BIURAG I alto), b(to). B alto), blte) HIAHITE alto), blto) W
Q(@(to),b(to)) = min Q(a, d).

TR Qto), b(to), BA1ER Q %F o,b RIMGH, REALHETE, B

n

0Q _
Se = -2 ;(1 + b)Y, — bX; — a)Woi(to) =0,
5
a=3 Wnilto)Vi—b>_ Wnito)X; =Y — bX. (2.3)
i=1 i=1
22}
aQ .
o5 =20+ b?)~2 ; [(¥: — a — bX:)Wailto) Xi(1 + b?)
+ b(}/z —a-— in)ZWni(to)] = 0,
%

(1~ )XY ~ a(l — b*)X — bX2 + bY?2 — 2ab¥ + o = 0.
¥ (2.3) RALREHEE

(1 - )XY - XV) = b(X2 — (X)) + b(Y2 - (¥)?) =0,
b2S%y — b(S% — S%) — S%y =0,

B RS

S2-5%  [/5%—si\
= 1.
b=y, * ( 25% ) +

H AR AT 8 X b(to) B HIAR IE 3 [E A& — el it BT
(1) ﬁ SE{Y > 0 B"Ta

~ S2 - §2 52 — 5212
=Y _°X 1, 2.4.1
bto) = =gz * ( 25Z, )+ (241)
BB B(to) > 0.
(2) ¥4 Sky <OH,
- S2 — 8% S2 - §Z\2
=Y X +1, 24.2
w0 = S| ) 242

BB B(to) < 0. Hy (2.3) EAIBE] alto) HIMMALIE 3 Bl A& D TSR 7 &

alte) =Y — b(to)X. (2.5)
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FIFH Q(alto),blto)) E X o2 WIMALIE L B8 /N = Feth i &

o) = [1-+ Be0)'] 3 (4 - alte) - K1) X0 Watto). (2:6)

i=1

3 FEHHR

AXARGBEEE {Wailto)}_, 1 (21) A1, HPBEH k() REA B0
L1 M RMRBRERS, RitABE <t <t2< - <t, <1 BHHRESLMH

1
llgfgxn{]tiH-til} :O(og n)~ (3.1

n

SAF (31) BIET [0,1] Al n DNRGT AR FREERAMHIE (F0, to MR
ERME T OH TR AR IET, R UBE T TR R

EH 1 Y 2 o0 (n—o00) Bf, dlto), blto) Fl o2 (to) 43R alto), b(to) Fl 0> (1)
SRS, ¥ n - oo BT,

dto) D alto),  blto) > b(to),  o2(te) L o (3.2)

EHE 2 Y 2 00 (n o 00) B, dlt), blto) Fl 02 (to) B alto), blto) Fl o
HIsEAH S A TE, 2 n — oo B,

a(te) — alty), a.s., E(to) — b(ty), as, ;E(to) — 0%, as. (3.3)

4 TEEBIERR

AT IHE a(to), bto), 02 (to) BIMLPE, SEIERRLLT JLANEIH.
SR 1 {Wailto)} ., BAUTHR:
1) STFEBWIES <, n— oo B

> Wailto)I{[t, — to] > ¢} — 0 (4.1)

i=1

2) FEEFH A #5

max Wp,(ts) < Alogn

max. . (4.2)

TESEH max ([t~} = 0 (R52), WFLE C > 0 6§ max X [tien —ti] < SRES
1) Jf‘seA BT,

Clogn
|3_ti|§lfél?§xnltz+1’ti|§ —.
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MY s € Ai, [ti—to| 2¢ B n B KIH

s —to| =|t:i —to+s—ti| > |t. —to| — |5 — 1]

Cl Cl
ognze_ ogn>i.
n n 2

>|t; —to| —

[ivd
I{|t —t0|>s}ﬂ{seA}<I{|s—t0|> }n{seA} i=1,2,---,n.

XHTF ha = 0 (n > oo), BTG |s—to] > § B n FEAAKK Bl Feapk. gkeh k() RE
HEN [-1,1) WERBEEERRATE, YseA, i=12,n |s—to] > H,

AZEn BHKREE |58 > 5= > 1 Bl k(5R) =0 NI scdi, i=1,2-,n
REn 4K, EH

s—1 3 _

TR H

.’3_nk(3+t°>1{|s—t0|>— 0<s t0<h} 0;

=
hn

XBE, 4 n oK
> Wailto)I{|t: — tol > €} = Z/ W (s, to) dsI{|t; — to] > ¢}
i=1 i=1 74

k(g—h;ﬁ)l{b—to[z “1-h, <, t0§1}=0.

:Xn:/ Wa(s, to) I{[t: — to] > €} ds
=1 A
S,Z:;/Ai Wn(s,to)I{|s—t0| _>_~—;—}ds
= 1 -t
-3 [, () {2 5

=1 A n hn
= 1 2—s—t
+Z;/AE’“( Fon 0) {|s‘t0|>— 1-h,<s t0<1}ds—0
# (4.1) AL

lrgaganm(to)— ma,x/ Wo(s,to)ds

M t; —t;— tiv1 — t;
%m IAi— ma.xl 1]+ Jtia |
hy, 1<i< n 1<i<n 2

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



78 ¥R #H ¥ ¥ # 28 %

<M . bl < CMlogn  Alogn
~—.h—n 1%1 I s nhn - nhn ‘
(4.2) FKiEE.
IR 2 % () HRBTE to Mg, W
lim Y Wailto)f(t:) = f(to). (4.3)
=1
i {EiE
Lim D Woilto)| £(t:) — f(t0)] = 0. (4.4)
i=1

W) R, BER [f(0)] < G XH F(0) 7E to BHEESE. Rt TAERDIES -,
BEFS/DK 6 >0, jt; —to] <O B, [f(t) - flto)] <e. FR

I

S Wailto)| f(t) = Fto)| = D Walto)|f(t) = flto)| + D Walto)|£(2.) = f(to)]

[t —to|<d [ti—to|>6
e > Wailto)+2G Y Wi(to)
lti—to|<d [ti~to|>8

<sZWm t0)+2GZWm to)[{|t; — to] > &}

=€+ ZGZWm(tO)I{ltl ~ to] > §}.

=1

d1 (4.1) & ¢ B9EEME, "T%0 (4.4) B

SIF 3 & f(t) AFREE BEYLER &,&, - & iid. FTFAERBE D, 15 Var (&) <
D.

1) # - oo (n — oo ), W24 n — oo B,

Y Wailto) f(t:)(& — E&) 5 0. (4.5)
1=1
2) %ﬁog%—)oo(n—)ooﬂﬂ), M n — oo i,
Zwm (to) f(t:)(& — B&) — 0, as. (4.6)

g &suplf(tH"G 1) AAGER: 34 n — oo B,

Var (; Wi (t0) f(t:) (& — Egi)) 0 (a7
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BXE HH(42F

Var(ZWm t0)F(t:) (& Eg,) sz to) F(t:)Var (£;) <DG2ZW2 to)

i=1
DG? Alogn

< J(to) <
<DG? lrélggan(o)_ o

B4 2 — oo(n — 00)) AT (47) AL,
) }EA W;:l = nz(tO) (t ) E* - 61 E&i» ﬂl‘J Ef: = 07 E(€Z)2 = Var (é‘:) = Var (51) S
D. B¢&,6,---,&id HH42)F

logn ) A*logn

max. W| = lréllagcn[ F(t:)|Wailto) < G max Wm(to) < GA—— e e (4.8)
BEH (4.6) oL, BAUAHIER: X @% — oo BY,
Y Wit —0,  as (4.9)

B (4.9), W FAEBEL EOES ¢, id
eV =gr{jeg)1 <eViY, € =g 1{lg] > Vi),

W oer=eM 4@, BeM = —pe®, {1¢?) - EIe®)), REHHE0MIENER. B
3‘_

BIEP| =Bl 161> Vi) = [ Il (el > Vi) aF@ = [ el aF)

x? © g2 —2.-1 2 _2.-1
< ——=dF(z </ ——dF(z)=¢"“"2E({)* <e %72 D.
/|z|>e='\/i€2 @) < [ S dFE) (&)

FRLLY n R KR
zn:Elff”l < 6—2D§n:i_% < 2y/nDe% < %e\/ﬁlog n. (4.10)
=1 i=1

(GXEMEIT X4 n FHKBH 4D < logn). T {& i iid B B < +oo. FA
max |67 = max [6/17{I6}] > *Vi} < max g < 2Vm,  as.

1<ikn

N
max |16 - BIEP | < max (6”1 + BIE7) < gax 167+ max Ple”)|
552\/_+62\/—§252\/_, a.s.
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v E(€? - Ele®))? < Ele®? < B2 < D, Mifi

ST E(€” - Blg?)? < nD.
=1

Fi{ (4.10) J¢ (9, 5(3 3.3] (Bennett {8 AR%K) A

P36 2 eylogn) =P {Z(lé‘z)l El¢?)) > evim logn~ZElf(2)|}
1=1

=1

<P {IZ |§(2)| E[fz)[)’ %eﬁlogn}

n(ie-Llogn)?
<2exp { - : 2\/— }
2(D + 2¢62/nie J-logn)
logn 2 : 1
< - H B
_2exp{ 10e } Son (K& €< 20)
MF L 02 < oo, #
n=1
ZP(Z'&@” > E\/ﬁlogn) < 0.
n=1 =1
Hi Borel-Cantelli 2| B4
S| <evlogn,  as. (4:11)
i=1

Hi (4.8), (4.10), (4.11) AT %

|Z (€ = BE™)| < max (w2 (1P + Y Bl
- i=1 1=1

SA*log log”n

h. ey/nlogn + —6\/—10g n) = —EA N a.s
A& —Ou%O(nﬁao) WX n— oo B,
S wnEe? - B¢y —o0,  as. (4.12)
=1

W Ty = Wi;(ﬁ — Efgl))’ b, = 1@%R|W* | < m_n W {Z0 e, R EYEA H T
KRN B3], H

max |Zn;| = max |W, Hffl) - E§§1)| < D+/nb,e,

1<i<n 1<i<n
Var (Zy,;) = Var (W36 — BeM)) = (w7, [2Var (¢V)
<< max |W, |) Var (€7) < b2 D.

1<i<n
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Ve > 0, H Bennett 88 AZERX K n — oo B, ibﬁ? -0k lo;n —~ 0. 3Fig B :=
9DA*(A* +1) &

P{lgzm-

2

€
~ 2Dnb? + 2De?\/nb, }

> 5} <2exp

2

2D(A*)? 1850 4 2D Ave? HEL }
2

{
{

=2exp { - _— }
{

* logZn x.2log?n 1
2D(A )Z(J—ﬁhn) mgrn T 2DATE Pt

2 1
= 1/(Bo) s (H e< E)’
53]
ZP(’ZZM > e) < 00
n=1 =1
i Borel-Cantelli 5|A > Z,; >0, as., B
=1
Y waE - EeY) —0,  as. (4.13)
i=1

i (4.12), (4.13) & B¢V + BeP =0
i W,;-(ég” + gfz)) — 0, a.s.
i=1

Ivd §n: Wrer -0, as., B (4.6) BOL. iEEE
1=1

}ﬁi? 1 &%mﬁﬁ 5751752""7611 iid EE, E§2 ﬁE, Fﬁm&% €1,€2,° ", €n lld,
Eey =0, Ee?2 = 0? < co. f(t) ERHBTLE to ML HEL. & %“n- —+ o0 (n — oo), W24

n — oo B,
W) (106 5 0056 (4.14)
Xn: Wi(to)€; — EE. (4.15)
Pt
Fe i . .
3 Wailto) f(t:)e: -0, Y Wailto)es . (4.16)
= Pt
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O (4.14), R BAR. B (4.5), (4.3) 8741, 24 n — oo I,

3 Wailto) f(t)6 > BEY Wiulto) f(t:) = f(to) BE
=1

i=1

;:Eiﬁ 2 &%m&% 617627” En *E;E‘LZE—L %MEE €1,€2,' " ,€n *HLELZELLL
E(eil&;) =0, Ee? =0® < +oo, f(t) HRALE to WHEEL. # # [ s 00 (n— o0), M
Mn — oo B,

n

}: Woilto)f(t)&e, =50, > W (to)ere, -5 0.

i=1

#El% 3 &'&ﬁm&i € €1$£2a"'7€n lld E§7 E£2 ﬁ%E MMEE €1,€2, " ,€y lld,
Eey =0, Bel = 0 < oo. f(t) HRATE to BHEELE. # g2k — 0o (n— co), M4

n — oo [,

T

D Waulto)f(t:)& — f(to)EE, as, Y Wai(to)& — EE. as.

i=1 =1

i 1]

n

Z Woilto) f(ti)e, — 0, as., Z Whi(to)ei — 0,  aus.

i=1

*Eie 4 &%HL&E 61762)"'?671 *EEZE!—L ﬁémﬁi €1,€2,  ,€n *ﬁﬁ?ﬁ\iﬁ
E(ef&) =0, Eef = 0% < too, f(t) HRHIE to MLELS. & l\égﬁ)z — o0 (n = 00),
MW n — oo B,

Z I/Vni(tO)f(tl)fzel — 0, a.S., Z Wni(to)giei — 0, a.s.

=1 =1

FHEHA R EEL R,
EIM 1B E‘?ﬁﬁ%%%m (n—o00). BHEL 1, ¥ n— oo B,

X =3 Woilto)X; = EX; = Ex,

=1

=Y W (to)X? 25 EX?

1=1

=Var (X;) + (EX,)? = Var (z) + 0® + (Fz)? = 0° + Ex*.

i
S% = X2 —(X)? 55 0% + Ex? — (E2)? = 0% + Var (). (4.17)

PEIDE ST S BT v = a(t) +eb(ts), FTEAH S8 2 FIHER 1. & n — oo BT,

Z Wn: t() Z an tO t ) + Z Wm tO sz —) a(to) -+ b(t())EI

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



14 BRBHE: BRBAMEM KR BV RBKSH T 83
HEX KRR LATH, 2 n— oo,

Y = i Whi(to)Y, = i Wai(to)y: + i W, (to)e, — a(to) + b(to) Ex. (4.18)

i=1 i=1 i=1

BT v? = a?(t:) + 226%(t;) + 2z:a(t:)b(t:) B 513 2 ML 1 7740, 24 n — oo B,

Z Wi (to Z Wn1 to (ti) + zn: Wi (to)bz (ti).’L‘? +2 i Wm-(to)a(ti)b(ti):c,-

=1

—-) a (t()) + bz(to)EiL‘2 + 2a(t0)b(t0)Ez

M 1 MR 2 8, 2 n— oo B,

Z Wi, (to)yie: = Z W (to)a(t:)e; + Z Wi (to)b(ts)zie; — 0.

=1

NH#EL L aTH, X n— oo i,
ZWni(tO)e? *E-)O'z.

=1
Wi, 7 — oo fit,
Y2 = Z Woi(to) Y7 = Z Wai(to) (v + €:)?
i=1
= Wai(to)yi +2 Z Whai(to)yse; + Z Wii(to)e?
i=1 =1 =1

L, a2(to) + b2(to) Ex® + 2a(to)b(to) Ex + 2.

H, = n— oo,
5)2/ Zi;é - ()7)2 —P-) a2(t0) -+ bz(to)EiL'z + 2a(t0)b(to)Ex + a? — (a(to) + b(to)E.Z‘)z
=0? + b%(to) Var (). (4.19)

BEWIE Sy MBS, BT

XY = zn: Whi(to) XiYi = Z Wailto) (i + ui)(y +€:)

i=1 =1
n n n n
= Wi(to)zsys + D" Woilto)yius + > Wailto)wies + Y Way(to)use..
i=1 i=1 =1 =1

ERF Cov [(ui,e;)7] = oL, AL 1 AL 2 41, 2 n— oo B,

n n
Z Wni(to)l‘,el —5'} 0, Z Wni(to)uiei —P-) 0,
=1 i=1
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Z VVm-(to)y,'ui = Z Wm'(to)a(ti)ui + Z Wm(to)b(tl)wlul —11} 0,

1=1 =1
Z Wni(tﬂ)xiyz Z an(tO)a xt + Z an tO)b(t )1‘ _) a(t())-E‘zj + b(tO)E -
1=1

#4 n — oo B, xy & a(to)Ex + b(to)Ex?
S%y = XY = XY 55 a(to) Ex + b(to) Ex® — (Ex)[a(to) + b(to) Ex] = b(to)Var (z). (4.20)

M (4.17), (4.19) Fit (4.20) BT40, 24 n — oo B

Sy — 5% _p, o +b(to)Var (a) — [0® + Var (z)] _ b*(to) ~ 1
252, 2b(tg)Var () o 2b(ty)

§2 — §2\2 P bz(to) —1\2 . bz(to) +1
\ﬂ gs?x.yx) = \/( 2b(to) ) +1= 2(to) .
B (4.20) ATUAF H: 24 S%y > 0B, b(to) > 0; 24 S%y <O HF, b(to) <O.

THEIEM: 24 n— oo B, b(to) — b(te). S BAMFH.
(1) 4 S%, >0, & b(to) >0. Hy (2.4.1), ¥4 n — oo W,

_ S3 - 8% SE -S4\, . P Bt =1 (Bt +1
_ = b(ty).
b(to) 357, + ( 25T, ) +1— 2b(t0) + 2b(tg) ‘ (o)

X

(2) 24 S%, <OW, F b(to) <0. H (24.2), X n — oo i,

Beg) = S 5% (5%—S§<)2+1 P b(to) = 1 _lbz(to t_,
v . 252 2b(to) 2b(to)

X

d(te) =Y — b(to) X - alto) + b(te)Ex — b(tg) Ex = alty).
HH

a2(to) =[1+ (b(t6))?] T [Y2 + (@lta))? + (b(ta))>X? — 26(t0)Y — 2b(t0) XY + 2(tq)b(to) X ]

=1+ (5(t0))*] "' [S2 + (B(t0))25% — 2b(t0) S%y]

£ (1+6%(to)) "' [o? + b(to) Var (z) + bz(to)(a2 + Var (z)) — 2b*(ty) Var (z)] = o

I HEL 3 AR 4, R ATIER] E B 2.

Bt AN AFHER A EAGEE T EERERNE LS, EHE
%\E%@ﬁé gj#ﬂﬁﬁ%)\vﬁ B TR EEACRSI B 3 {EH P M AL AR, it
RO
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Abstract In this paper, a linear varying-coefficients structural EV model is given. The
estimators of parameters of linear coefficient at t = ¢ are constructed by using the weighted
orthogonal regression least square method. The weak and strong consistency of estimators
are also obtained.
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