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STATISTICAL INFERENCE FOR SINGLE-INDEX
VARYING-COEFFICIENT MODEL WITH COMPLEX DATA
UNDER CONSTRAIN CONDITION

ABSTRACT

The single-index varying-coefficient model integrates the flexibility
of both single-index models and varying-coefficient models, enabling
dimensionality reduction and avoiding the "curse of dimensionality"
associated with multidimensional parameters. This allows the model to
effectively perform modeling and prediction in high-dimensional
environments, thereby demonstrating certain advantages in handling
complex data and being more persuasive than single-index models.
Furthermore, in practical applications, due to the influence of
measurement techniques, environmental factors, etc., data often deviates
from reality, leading to measurement errors. Additionally, in the partially
linear single-index varying-coefficient model, it is often necessary to
impose certain linear constraints on the parametric components, making
the model more aligned with real-world scenarios and effectively
reducing estimation bias. This paper investigates the statistical inference
problem of the partially linear single-index varying-coefficient model

under additional constraints and the model under stochastic constraints

I
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with measurement errors.

Firstly, this paper introduces the research background and
significance of the single-index varying-coefficient model for complex
data under constraints, as well as the current research status of
single-index varying-coefficient models both domestically and
internationally. It also provides a brief overview of the statistical methods
involved in the thesis, including local polynomial regression estimation,
Newton's method, and the method of Lagrange multipliers.

Secondly, we consider the partially linear single-index
varying-coefficient model with additional constraints. When there are
linear constraints on the parameters of the linear component, we first
assume that the initial vector of the index function is known, and use
local polynomial regression and profile least squares estimation to obtain
initial parameter estimates. We then further obtain iterative estimates of
the vector using the Newton-Raphson algorithm. Subsequently, we apply
the method of Lagrange multipliers to perform constrained estimation on
the model, yielding the final constrained estimators of the parameters and
index function. Under appropriate conditions, we prove the asymptotic
properties of the obtained estimators. Finally, Monte Carlo simulations
demonstrate that data with constrained parameters outperform those
without constraints in finite samples.

Lastly, we investigate the stochastic constrained estimation of the

v
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partially linear single-index varying-coefficient model with measurement
errors. When the covariates are contaminated with measurement errors,
we first utilize bias-corrected components to eliminate the measurement
errors and obtain the bias-corrected stochastic constrained hybrid
estimators of the parameters and index function through a bias-corrected
profile hybrid estimation method and Newton's method. Then, we
construct the function of the parametric component using the generalized
estimating equation. Finally, numerical simulations verify that the effect
of stochastic constraints is better than that without constraints.
Cheng Ying (Applied Mathematics)

Supervised by He Banggiang
KEY WORDS: random constraint estimation, profile least squares
estimation, newton iteration, measurement error, single index variable

coefficient models,
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: GREREEIPIR 12, HEWRSL
AN R B (3.8) A1 (3.9 Kby g, BEla () HifliitEa()

N
=
(O8]

Ni
N

F6, MR R— MG, 613 8 DRI, () BEER .
e

0 = {XT(In —SB)T(In —SB)X}_I XT(In —SZ),)T(IH sy, Ga
G (Bug: B)=(1,,0,) (R, 1R, ; )_1 R W, (Y -X8), (3.13)
W4 o BN
6 :li{Yi—&T(ﬁTU,.;,@)Zi—éTXi}Z, (3.14)
n g

SO TR
b=(X"x) X7 (3.15)
Hoh X =(1,-8,) X, ¥=(1,-S,)r.
TELIR A 40 =b T, FIH Lagrange 524 Bh ok 54
F(0.2)=(Y-X0) (V- X6)+247 (40-b) (3.16)
B A kxR R R T, B TRl F(0,4) 4 ORI A KRS, &
ATRT LS R BLUR A2
OF

= DXV 42X X0+24"1=0

g (3.17)
—=2(40-b)=0
04

12
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IS/l b w = AT G
(X R) V(2R ano-(1R) an
KO AN (3.17) e, 135

b= Aé—A(f(Tf() A,

BB A(KTR) AT R, WA R

i:[A()?T)?)I AT} (Aé—b), (3.19)

62 Bl AN (3.18) TR O Lt

b=( k) wd (k) a2 k) ] (a0-0) 320

c

(103 B) Ho£ AU T AT SLATF

A -1 ~
&, (1 B) = (1,,0,)(RI 7, R, ;) R W, ,(Y-X0,) (32D
o (LIR A
n R R . 2
& :lz{g—dj (BU:B)z,-6rx,) (3.22)
n i=1
Hro, /2 d it E5E 0.

3.3 EEHER

PR X LeE P2 |, 45 R A ) SR A

0 FRAEMH S, 8B, ={BeB :|B-B,|<en}.

(AD) U RYEZRE [ ()T MEE T g, s pAFEE 0, HIET £
A2 1 B Lipschitz 265, HpT & p'U KISCHE

(A2) HEFEP(1,) RIEEM, HY(4,) R C(t,) BB —NIGHRET LilE 1

W Lipschitz 41k, b (1) = E(227 | BU =1,),C(1,) = E(2X"|B1U =1, ) A

13
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r(t,)= E(J;(I)Uag (B1U)zz"w(BiZ)|piU = to) .

(A3 E(|x]') <o, B(|2] ) <o () <0 -

(A4 (10,2, X,) 1 <i<n) R P F R3RIR & 9 51, LA I 5 40
Q(n)=0(p"), Hh0<p<IUAFEAHHL.

(A5) nh*/log’n—oo, nh*logn—0: nhh}/log’n—o, nk’=0(1),

(A e, () (1< j<d){ET FRAFESK HSH, Hrho, ()25 )

(A7) ¥ K () EHSCHE (-1,1) LR BAA R SEAIFRMEZ 5 R
LB iLp

id f(iz)(l.—([zf 0, [(R,7, 4R ;) zre,TﬁW,ﬂZ)T . 8, =h*+{logn/nh}"”

py =[R2 (t)dt » RTG53 BITE A ADAA)H5E LI £ () AW () 3 LI

Nadaraya-Watson 1% 4 115735 7€ SN
A 1& T T _
f(to)_;ileh( —t, ) I (1) Zzz K, (B'Z~1,)

EIE 3.1 HEMHAD-(A6)KAL, N

1 1/2

5w 6 (1:)-a, <zo>u=0({ i J
' logl’l 1/2

s o 0s0) - )]0 {2221 ],

EIE 32 HFMHFAD-(A6)KAL, N
Jn(B-5, )—D—>(o, o’ TOY T, ) .
EI 33 HEMHAD-(A6)KAL, N
Jn(6-6,)—2>(0,0°A")
EIE 34 HFMHFAD-(A6)KAL, N

Vi (6.-6,)—(0,07A"'¢") .

14
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3.4 Z5RAVIERA

SIEE 3.1 HEMAD-(AT)AL, N
nx"(1,-S,) (1,-5,)e—2>D(0,0°A) .
R A=E[X-C"(glU)¥ (pIU)Z] .
WERR 2% Xia Al LiPJf 5] 5 2 fIIERH .
SIEE 3.2 HEMAD-(A6)AL, N
Vn(6-6,)—2>N(0,0°A™).
WEER

ﬁ(é—@o)zﬁ{)ﬂ (1,-5,) (1, —Sﬁ))(}1 X'(1,-58,) (1,-S,)(Y - X6,

= {n‘)(T (1,-S, )T (1, —Sﬁ)X} ey (2,-S, )T (2,-S,)(H,+¢),
FApeB, H|B-p|=0(n""), B5IHE 1 FRKCER, AT
nXT(1,-8,) (1,-S,)X

= nil/zi{Xi -C' (ﬁ(;rUi )\Iﬁ1 (ﬂgUi )Zi }{XzT _ZiT\IFl (ﬂgUi )C (ﬂgUi )}

i=1

+0, (én +n’”2)
= E[x-C"(gU)¥ (pU)z] +0,(1),
PN
nx"(1,-S,) (1,-5,)H,
= nl/zii)?i {ag (8'U,)z,~[2].0, J(RT W, ;R ;) R IV, ;H ﬂ} :
W R, , AW, , (05 X, AT LA %)

nilzn:Kh (IBTUi _to)ZiZiTao (ﬂTUi )
i=1

-1/2 pT _
n RO,ﬁWO,ﬁHﬂ—

nliKh (ﬂTUi _to)(ﬂT(/;l _toniZiTao (ﬂTUi )

15
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=15 (1) (1) (1)@ [LO] +0,(5,).
Hrf ® /& Kronecker A, WS 3R Xia Al L7 51 B 2, FATIRITE
n"' Ry Wy R, 5 =15 (8 )W (¢, )®diag {1, 14 }+0 ,(6,),
Fr A R] LA1S 2]

(2.0, (R, W ,R ;) R W, ,H,=2a,('U,)+0,(3,).

it X=X, -([ 20,0, )R R,0) RI,2) 133

1 1

X1, =S, )T (1,-5,)H,

_ nfl/zz{Xl_ el (ﬁOTUZ_)‘{FI (IBOTU[)Z,- +0p (5,,)Z[Ta0 (ﬂTUi)Op (5n )}

i=1
_0,(n"52).

H (A5 A[f31imn"?5; =0,

(1,5, (1,-5,) 4, =0, 1)
g5 H 3.1 152513 3.2 4t
EIE 3.1 BYIERA
kg B 1, AT LA R

B vt BRI

1 0

O (9 (3.23)
0 /sz+ P( Vl)

n T _ k
L e, (1:8) =%2Kh (IgTU[ —1, )[%J 227k =0,1,2,
i=l1

n T — k ~
Tn,k (to;ﬂ):%th (IBTUi _tO)(ﬂ Uhl to} Zi ( i_aTXi )k =091’
i=1

[&(,t(’;ﬁ) J(%,o(%;ﬂ) (pn,l(to;ﬂ)}_(%o(fo;ﬁ)],
ha (ty; ) ' :

l

16
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ﬂTUi _to

k
T, (1: ) %ZK,I (B'U, —1, )( j Z, (e (BU, )2, +07X, +5,-0"X, )
i=1

=lil<h (B'U, _to)[ﬁTU};j _ZOJkZ,» (a§ (B'U, )z, +e,- (é—H)TXi )
R

=1, (t5:8)+ A, (15:8)-B,, (t:8) > (3.24)
5158 2 110-6] =0, (n) X, (57U, ) 1, HEATIRBDIRIF, i 45(3.23)
A (3.24), FATAIEE]
Mo (103 8) = Pus (103 B) o (1 )+ hp, 0 (6.8 ) (1)

2

+ 7 Ousa (103 B) s (1) 0, () (325)

1< T ﬂTU[_tO ' T (4 -1/2
B,,,k(to;ﬁ)=;;Kh (B'U, -1,) Fe 2, (0—0)=0p () (3.26)

ik (3.24) & (3.26), #[LIEF]

{Tn,o (to;ﬂ) A, (to;ﬂ)] _ {%,0 (to;
T, (to;ﬂ)_An,l (to;ﬂ) (2% (to;

+£[¢n,2 Eto;ﬂ;a? (tO )J_i_ 0, (h2) , (3.27)

2

KA peB,, ATATLIEH]

n Trr o\ 12
An,k (to;ﬂ) =%2Kh ('BTU:' _to)[%j Zigi = Op (hz +{10in} ] , (3.28)
i=1

40 (3.27) 1 (3.28), AJLAEZ|

(d(%ﬂ)_ao (to;ﬂ) J _((Dn,o(to;ﬂ) P (to;

h{&'(to;ﬂ)_a;)(to;ﬁ)} B ¢zz,1(t0;ﬂ) %,2(%2

2 (¢t 172
+h7[a?( o)t J+ op(h2)=0p Hloin} +h2], (3.29)
& (to)ﬂ3 /1y n

XRERAS B EHE 3.1 (S5 8 BoT.
EIE 3.2 BYIEEH

17
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2 Y=E[ /L Ua, (BU)2-T(B0)¥ (B0)Z | B Y i
i,

0= E[J;él)Uag (BU)22'ay (U )V -E (U |gU ))Tjﬂo( )} :

2

l(ﬁ)zZn:{Yi—dT(,BTUi)Zi—éTXi} : N(ﬂ,é)=%6&(ﬂ)/8ﬁ“),

i=1

1y = (& (fUp) 2. &7 (P'U,:)2,) =5,(v-X0),
Z bt ET A5 3

313 2, ATLMRE| L, (B)=G+o, (Vn) 14 (B)=o0,(vn), XEHGET
—ANHH B4

A(B)=4(B)-G+o,n,N(B.8)=N,(8.6,)+0,(Vn),
)

No(8.0,) =3 0% (6)/op"

= i{x _d<ﬂTUi )Zi - 00TXi }dn (IBTUi )ZiJ;(l)U[W (ﬁTZi )

i=l1

— 23,.04: (B, )Z[J;(I)in(ﬂTZf)

+Ya{d’ (87U)-a (U] 25,Um(5'Z)

18
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_i{d(ﬁTU")_d(’BgUi )}T Zid'T (ﬂTUi)ZiJ;(l)UiW(IBTZi)

i=1

S la(piv)-a(pi0)) 28" (510)20,0m(5'2)
=TI, +11, -T1, 11, .

T peB,, - B

<en ', BAVRIE S - T ) =0, (n2),
g £r BB L FORHOE SO ST LB BT, = o, (Vi) o XTI, ()

Y = BV AT ENETF, T LASE

I, = Z{a (5'U,)-é( ﬂOTUl.)}T Za, (B'U,) 2% Uw('X,)
+i{o}(ﬂTU[)—d(ﬁoTU[)}TZi{o?'(ﬁTU[)—a;(ﬁoT )} 20 Uw(B'X,)

_ 2J;U(I>U,-a(} (B1U) Zay (BU,) 2 (U, ~ E(U,|BU, )}T
T (B =B )0, ()

ST, , BATHEEE 3.1 1 (3.28). (3.29) AEHISEH LoeVels], &
AT A4 2]

I, = Zi:({d(ﬂoTUi)_ao (:BoTUi)}T Zao (ﬁo )ZJ U
~E{a(BV,)-a (B1U.)] Za) (B, )27,V
+nE({a (BU)-e, (ﬂOTU)}TZa(;T (B v )

=Zi:gil—‘(ﬂg ¥ (BIU,)Z 40, (V).

GREFTE, RIRITFEN,(£,6,)=0, Mk RbksRa &R
PIS R EFE 3.2 4518
EIE 3.3 BYIERR

19
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-1

Vn(0-0,) =Vl (1,-5,) (1,-5,) x|
X'(1,-5,) (1,-5,)(r - xa,)
=t (1,5, (1 ;) x]

X (1,=83) (1.-5;) (11, +e)

y\jﬂEBn ’ “B_ﬂo

=0,(n?), 1 AS M3 E 32 W,

-1

%HX%Q—%YQJSAX}nmxwg—%fﬁfw»Hﬂ

Vi

Z{”UZZ{Xf‘CT(ﬂoTUi)‘PI (ﬂJU,»)Zf}{Xf—Zf‘Pl(ﬂJU,-)CmoTUf)}}_l
nmg 7 {%T (502, ~[ 2.0, (R W,R,,)' Rl_’ﬁW;ﬁHﬂ} +0,(5,+n")

=YX - (AU )Y (BU) 7,50, (6) 2 (8'U,)0, (5,)]
{ELX—CWﬂﬁﬁq“%ﬂﬁUZT71=0Anm$)=0AU,

-1

&ﬂX%Q—%YUJS»X}n”X%Q—%YUfS»g

Va

-1

(e[ x-c (o) ()]

gEE5I 3.1 . 5l 3.2 MOREUEE, 1S3EH 3.3 MLt
EE 3.4 BYIERR

-1

M =(X"X) , p=1-MA[AM AT 4,

-0, =(1 ) & p (2 k) [ a(50R) ] (45-0)-0,

20
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A A

=M -MAT[AM AT (AMT R - 46,)-6,
_ ( =M AT [ am" AT A)(M-‘f(-‘?—eo)
:(I—M‘lAT[AM‘IATTA)(é—@o),

gha RIS B 3.2 nI15REH 3.4 458,
3.5 HYEIRRL

BT I BRI AR A 76 AT BRI S U3 7 VR RO, % R DA s 0 2

B AR R AL
Y, =a,(BU,)Z,+a, (BU, )2, + 0, X, + & i=1,2,n,

Hrha (t)=2exp(t), a,(t)=1-5, U,=(U,,U,)" By=(Bun.Br) =(1/3,2/3),
0,=(0,,0,,) =(1.6,09) , Z,=(Z,,Z,)" » X,=(X,,X,) » i=Lene KA
Epanechnikov #% B{ % K () = O.75(1—t2)1 (|t|£1)o U, j=1272RM[-11] £y
SIS BN, X E(X,)=0, Cov(X,,X,)=2x05", k=1,
MZICIES i, Z,~N(0,2), j=12;6~N(0,0.6).

BATE BB R ERAMG TR IF 28 RSB RBRE, FeA R

54 50,100,200, FEHEAT 200 YOI E 2T iM% (Bias). ArdE%E (SD)
MBJ7RZE (RMSE). BERXS RS (2) HIZEER 7 N2t X R o6 40 = b,
Hepa=(11), b=2, FHEEATA LA MARRES BRI R BB LR

(CRIREEEAE i
R 3-1 RUSEAEA LLAFAT TR

N KLk Bias(d,)  SD(4,) RMSE(4,) Bais(4,)  SD(d,) RMSE(4,)

50 T 0.0592 0.0731 0.0794 0.0626 0.0778 0.0783
50 H 0.0503 0.0652 0.0627 0.0601 0.0721 0.0742
100 T 0.0386 0.0468 0.0475 0.0447 0.0522 0.0544
100 H 0.0331 0.0441 0.0462 0.0413 0.0516 0.0501
200 T 0.0182 0.0305 0.0354 0.0325 0.0372 0.0364
200 H 0.0141 0.0287 0.0307 0.0314 0.0327 0.0331

21
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R 32 RIS B AR N T4 R

N HILIH Bais (Bol) SD ([301 ) RMSE (/;01 ) Bais (/}02) SD (/}oz) RMSE ([302)

50 ¥ 0.0276 0.0284 0.0291 0.0185 0.0217 0.0163
50 =l 0.0243 0.0217 0.0238 0.0141 0.0184 0.0134
100 ¥ 0.0128 0.0145 0.0183 0.0107 0.0118 0.0105
100 =l 0.0105 0.0126 0.0147 0.0072 0.0098 0.0085
200 ¥ 0.0045 0.0059 0.0063 0.0057 0.0064 0.0075
200 =l 0.0023 0.0026 0.0026 0.0028 0.0035 0.0044

20 -15 10 05 00 05 10 15

B3-1 o, () Haft s B32 a, () moftitss R

M 3-1 MK 3-2 A 40

(1) BWEALRARFMT, BERARNEZ, RUSHAEIRRES
UK ZE . B 2 M T 1R 22 HAE N o

(2) IEFARBEEMEMEL T, ALRKETHRESENIE RS 5
BRI 22 . il 2 IS 7 1R ZEHAE RN o

B 3-1 A 3-2 43 BNBEAR R B N =200 B, fE5 [E L R4 1 PR EL 4
TN IFERR R o, () F e, (), ANFARTEAE th, F8hR BB Al v 285 SRAE G 29 R 2%
NG R R RCR S, U 2R T T B A Al v it Re o AEAR [RIPR R
r, F o> LRV SRR AR S REUE Y SHAE R LR T 5 EA R &K TN TR
PRAELG, FETREETE ), (AR AR E .

3.6 KEINE

ARSCAEFR 7> SR NE AR A R AU AUAEZL T, S B 2R TH R, JF

22
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UEM T PR Al T AT R B, S8 5 AT BE AR, 5 B AR AR A R 2 T
TERAEAT L A T I RS BT bR s S BT L AR A N IS A i
T E O MR AR AR AR R B SR Bl R B ME L AR N ST A 2,
PRI TR RCR . FEARCE IR EERD b, AT PR S AN E R R
BAESE GO0 T 0 eV SR AR AR R B A [ 4 A 7t

23
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£ 4E HAMNERENIBD LM RIFT REIREAIREN
Z)RAGTT

A TEREHLLI AR AT T 557 0 R iR 22 ) i L MR L FE AR AR AR B A, e
R AR B ERAAAE N B, PR T IR BRI BRI BRI, RaES
HOB oy WIREHLZ R A THR, ARG S R NS AE NIRRT 1 Bréa il ok i 2 il IS
oA, AEAS AR N R

4.1 FREHEZE

RSB, MR R M EHR A SR SdE, B TlE TR M85
M A MERE, WRSEA ST, SA0EIRZER M LRI R
WALy -

(4.1
V=2+u,

{Y:aT(ﬂTU)Z+6?TX+g,

HAy RN R, XeR?, ZeR', UecR"ENWEE, HHIEET 5(Y,Z,X)
Mz, HE(e|Z,X,U)=0fVar(e|Z,X,U)=0" s a()=(a,(), (), 0, () &
REFPIRFR A ERE . PN EIRZEw, A0 EENN, %A RIRRHE N E
WEMBEY, Ri%(X,Z,U,&)HEM, HCov(u)=2,.

BZH B W INMBENL L AR AT, 7T LA R TS (RS e v, 5 & an R i)
BEHLLI R 2%

AO+n=d,

Horb AR kxq MATIHRRICREERE, d 2 kx1CmmE, HE(n)=0, th
JIZEFER 0?0 MBENLIA R, @ NOHIEERR.

REN NI Z 2 AN RZER, B S A AR & i S S R AT

DR, X HEAT AR AT AR v n] e BB AL R VS . pR BT VR AR 1AL
AEBO o3 H iR ik AL A HEVESIMEX BT, X 7y vk (1 iR 22 7 22 02 LN
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B AT o XueMTFengBS HY 7 — Ik WAL A8 B 16 35 75 1575 )8 B dahn Al R 4L
AR (YA L, (RIS Sk R R SR, AL T AR IR RO AR A S AT A T
Horacle?t /it . Fanl125 & R S £ 1k 1A A2 8 B3, S 7 — R R &
AR QIR (N IR r P 5 VAN o3 4= b i A

4.2 it A&

TR A AR B RSN A A DN R R 2, B R A 2k [ T A
Newton-Raphson S5 BTl tH S HOANHRAR s 4L, 15 BIA S A N &R ZE I 4555 s 2
HIRI AL T

6 (1: 5,0)) = (1,0, ) (RE, Wi, R, ) R W, (Y-XB), (42
S RY, R, 5 b ORI,

A _E R A AN I R iR 22 A SR AR R B Al T R, (B2 Z 2 S A EIREN,

FITLAZE & You ™ B, B NEEIES> 8 QR T Bkt &R 22 51 S iR 2%

i;/lti:ﬁOUi’ V=Z+u7 m‘?%l:

1 t,—1,
Q= liz ® h K, (t—-1,)
_n = L — 1 (tl_lojz v
h h
v A
(RL,) WopRey =
0,8, 0,5770,8 — tl _to VT t2 _to VT tn_tO VT
ol ho? ho
t,—t
VV]T 1 h 0 I/]T
Kh (tl_to) f ¢
Kh (tz _to) VzT %V;
Kh(tn_to) t —t
VT n OVT
n h n
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1 t,—1t,
1 T 1 & h
;(R(;/,ﬂo) VVO,ﬁoRg’ﬁo :;;ZIZZT ® ti_to (tl_to jz K/’l (tl_to)
h h
1 L ;to
+122u® K, (1-1,)

log 7 1/2
+0{( — J } (4.3)

Hp ® IR Kronecker Fefl. Kronecker Fef i1 77 i~
BEA kg S0 A =(a,) gxd 9 5085 B =(b,), a,Rb, 5 AR a, 15 b, ()

j e, W

a,B a,B - a B
(@B a,B a,B - a,B
a,B a,B - a,B

A A A -1 ~\ vy s
VA € =(a,, dghby,hb,,....hb, )= (R, Wy u RE, ) Ry, Wy, (Y = X6) HEAT
Jr B 2] fiw AT LAAS 2]

e :(&l,d2wdd,hli,hl52,...,héd ): ((ROTﬁO )TWO%ROT%— _Q)“ (Ro?ﬂo )TVVo,ﬁo (Y—XH),

Hor

Q:lifu@) K, (t—1,)-

2 h
n t—t, (t—t,
h h

VU w4 s R 3 M O i B
a(ty; B0, =(1,0,, )((Rofﬂo ) W, R, —€2 )_1 (RL) Moy (F-X6). 40

0 S, N SRR ER A (B U 0 T RE R
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[ 0, J(RIMh R = 2) Bl

%)

[ O (B4 p R, =2) RopWog

-1
0= (1 ALY )((RoV,ﬁo )T WO,ﬁoR(I)/,ﬁo -0 ) (ROV Bo )T Wi g, »

—SﬁO)Y,

e B3

mann:(K—& o’ﬂm - ) Z OSﬂO’ (to;ﬁmeo)a
Al 153 0 I 2 fmprofilets /) 3 ftiit Hy
0=(X"X-X"0'5,0X) (X'Y-X"0"5,0Y).
RO N (4.4) KB, WTBLAEI G (1,0 B,.60,) AR AT

&(to;ﬁo,eo)z(ld,od)((Rofﬂu)TWMROV%—Q) (RL,,) Wy, (F-X6 )

VA ERAE B, CRIBITEOLT, 1330 7 IA L HF NS E L, A8 iR £
WmhihE, (HRELEFRER P ARE B, NESE, UK E—=&R/MRET
TR TT I RAL T B, I Newton-Raphson 2 [ Fisher ¥ 73 77 15K SR Al v1 77

1, BIRAETES, B XA R

X=(1,-5p)X» Y=(1,-S3)Y .
0 :(}T} X0’z QX) I(XT?—XTQTZMQY) :
&(to;ﬁ):(ld,od)((RoV ) W, R - .Q)l (ROVﬁ )TWO,B (r-x0).

X TAFAELI R FEA 40+n=d THES, ZZEDurbin®, Theil®”, Theil*
SCERIR AT 7, BREARS ARG, 153 MR

27
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m - tﬂ ¥ m : (4.5)
PR (4.5) SRHTT /b Zaeflivh, 0 M THELR W T R BUA B
F(9)=(I7—0T;()T(?—QT)?)—&T(to;ﬁ)zu&(to;ﬁ)Jr(d—Aﬂ)T@’1(d—AG), (4.6)
X (4.6) oK FIFEH N 0, 193]

oF (0)
00

BEAR 6RRA T

=2X (V-0"X)+2X 0"5,0(Y-0"X)+24'0" (d - 40) =

0,, = ()?T?u ATOA-XTQ"S OX )1 ()?T?—XTQTZMQH A'07d ) :
FEAN @13 B ) T8 S b b6 1 BB AR

1B) = 1,0, (835 Wl | (R, 030,

43 EELER

FEVHRREARTERT 1T, Jedhth — IR M PR

(AD BTU ERERELf ()X T FHEET B, 1S A 0, HAET k
/2 1 B Lipschitz 26, HHT & p'U KI5
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