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1 EAo�H��- {
Y (t) = β0(t) + x

′

β1(t) + ε,

X = x + u
(1.1)/� X � x b_ Rp �Un6 �� x !t�WÆ,�52f�� [1], X �tÆ,��� Y _F�W�n6��� t _FW�� (tK_VJ��eW). I_ t fF~�9JN�+�!SFÆ2�D� t ∈ [0, 1], ε _n6Æ/� u _ p× 1 �,�Æ/ ��5Nd�-�Z�-��h EV �-��℄y�-��$}IZF't��)M [2–10]W�fq't��� [2] �<e
y�-F�7.��h�hU�"�A� [4] Tq|�NFÆU p�7.� [5] �U℄uUG?�#l8qm�A/�U�h�h�RN
�AU5�"2�Rdxs2� [6]�U��hm��M�#l8m�;
/�h�hUF$��A�RN
�AU5��� 2011 ) 4  25 EaM�2012 ) 6  5 EaM3z|�

∗ �D�Ar;4_ (11171117,10871072), �`Q�Ar;4_ ((S2011010002371) �)"*CG;$1r;4_ (2009K020) �Æ���



218 P S e 9 9 � 36l"2<F�5�"2� [7] f [6] U5>N�;
�h�hUZl$��A<Æ/q/�A�z�
p��AjZ5�"2<F�5�"2� [9] gy	ua/
�V��U<e��U4xUg&�2qm (corrected local linear estimator) �;
�h�hU�"�A�z�
/Rds"�xss"� �;
Æ/q/U�"�A�,�U�MkBqm (generalized likelihood technique) t�
y�-U�V&"K> (goodness-of-fit

test) 	u� [10] �U_ [9] F�UqmBt�
y�-U�A	u� t�
�uU8i�Nd���UZ�b_5℄F_U�-X�xOjEf��!0y�q'X�xOZ�z	/F�I_
E[(u

′

, ε)
′

] = 0, Cov (u) = Σu, E(ε2) = σ2. (1.2)/� Σu > 0 _F~I}hs�σ2 ��})h�β0(t), β1(t) _�℄ t UZ[�7�h�)M [5,9,10]./l�I_
E[(u

′

, ε)
′

] = 0, Cov [(u
′

, ε)
′

] = σ2Ip+1, (1.3)/� σ2 > 0 ��})h�)M [2,4,6–8].o�NfWC��Nd�-X�xO##FN�N�,�Æ/ �U)q/sfWC���_�}U6#O_tq� (,�Æ/�/�q9Æ/Uq/~�) I}U�jf#iURU��hitKf�FPA[?a/
wÆ,�Nj,�Æ/ �U)q/stKy�
wÆ,hia/�A��UqF�A�t�W�h;�h�h β0(t), β1(t)U�A�=,�Æ/ �)q/sI}3tq�I}UIPtK==� [11,12] gqF7.U/q EV �-1R
F'ZLMUZ����fhitKf�FPA[?a/
wÆ,U7.��t��- (1.1) �U�h�hU�A	u�Æ {(Yij , Xij , ti) : 1 ≤ j ≤ ni, 1 ≤ i ≤ n} tC�- (1.1), =
{

Yij = β0(ti) + x
′

iβ1(ti) + εij

Xij = xi + uij ,
1 ≤ j ≤ ni, 1 ≤ i ≤ n, (1.4)/� xi _2f���t_�}U�_PA[��Xij, Yij _tÆ,���x1, · · · , xn i.i.d.,,�Æ/ (u

′

ij , εij)
′

i.i.d. 6 xi _ (u
′

ij , εij)
′ ����

E[(u
′

ij , εij)
′

] = 0, Var (uij) = Σu > 0, E(ε2
ij) = σ2

ε > 0, Cov [(u
′

ij , εij)
′

] = ρ 6= 06 min
1≤i≤n

ni ≥ 2, /� Σu, σ2
ε , ρ b�}�q_��-9�℄1d��UA~?���UA U_�h β0(t), β1(t)fCF�_[ t0 ∈ [0, 1]?U�"�A β̂0(t), β̂1(t)K< Σu, σ2

ε , ρ U�"�A� t�/Rds"�HE}O�{A�URds"_a/{A|fU5>�
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2 #*4�!H)OC/6
2.1 %,5�"IW℄�W=U [3] Uqm##gFÆU p ���h EV �-a/t����\U [5]U℄uG?�#l8 (AWLS) qm�h�RU�A���_?�h Wni(t0), i = 1, · · · , n ��

(1) Wni(t0) > 0; (2)
n∑

i=1

Wni(t0) = 1.�℄?�hU8i�t�8_ K(y)_g5U6{4f [−1, 1]NUZ[{��e�h�5~���h�B%8i�u hn ∈
(
0, 1

2

)
. W℄�8_UPA[ 0 ≤ t1 ≤ t2 ≤ · · · ≤

tn ≤ 1 < t0 ∈ (0, 1) �hH�?�h
Wni(t0) =

∫

Ai

Wn(s, t0) ds, (2.1)/�
A1 =

[
0,

t1 + t2

2

)
, Ai =

[ ti−1 + ti

2
,
ti + ti+1

2

)
, i = 2, 3, · · · , n − 1,

An =
[ tn−1 + tn

2
, 1

]
; Wn(s, t) =

1

hn

[
K

(s − t

hn

)
+ K

(s + t

hn

)
I{0 ≤ s, t ≤ hn}

+ K
(2 − s − t

hn

)
I {1 − hn ≤ s, t ≤ 1}

]
.8i�u hn VR�L hn n n UmHjLO�6 hn → 0 (n → ∞), Z� Wni(t0) U8;</2��M [13].Q- 1 ��ht; Epanechinkov � K(y) = 3

4 (1 − y2)I{|y| ≤ 1} 3 Biweight �
K(y) = 15

16 (1 − y2)2I{|y| ≤ 1} W���dq����a_H�B�	
Xi. =

1

ni

ni∑

j=1

Xij , X̃ =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

Xij , X̃2 =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

XijX
′

ij ,

Ỹ α =
n∑

i=1

ni∑

j=1

Wni(t0)

ni

Y α
ij , α = 1, 2; X̃Y =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

XijYij ,

S2
X = X̃2 − X̃X̃

′

, S2
Y = Ỹ 2 − (Ỹ )2, S2

XY = X̃Y − X̃Ỹ , Nn =
n∑

i=1

ni.zkXZ Yi., ui., εi. W�I_f t0 [?rWU�2�� (/�2,�) � y = β0 + x
′

β1, j�K Σu, ρ I}V�[ (Y
′

ij , Xij)
′ N2,� y = β0 + x

′

β1 UG?℄u,qk{_M�
Q(β0, β1) =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

[
(Yij − β0 − X

′

ijβ1)
2 − β

′

1Σuβ1 + 2β
′

1ρ
]
. (2.2)



220 P S e 9 9 � 36lp�)h℄uUG?�#l8�Aqm�f_YR�Æ,[NA/�2,�UG?℄u,qk{�FN�#U[ β̂n0, β̂n1 �� β0, β1 U�A�=
(β̂n0, β̂n1) = argminb0,b1Q(b0, b1).Æ ∂Q(b0,b1)

∂b0
= 0,

∂Q(b0,b1)
∂b1

= 0, RN β0, β1 U�A�
{

β̃n1 = (S2
X − Σu)+(S2

XY − ρ),

β̃n0 = Ỹ − X̃
′

β̃n1.
(2.3)Q- 2 “+” I�hsU�MG�'�J��I_ Σu, ρ �}��A�U
wÆ,hi��_M Σu, ρ U�A��

Σ̂u =
1

Nn − n

n∑

i=1

ni∑

j=1

(Xij − Xi.)(Xij − Xi.)
′

,

ρ̂ =
1

Nn − n

n∑

i=1

ni∑

j=1

(Xij − Xi.)(Yij − Yi.).dÆ/vI β̃n0, β̃n1 �U Σu, ρ, =R β0, β1 U�A��
{

β̂n1 = (S2
X − Σ̂u)+(S2

XY − ρ̂),

β̂n0 = Ỹ − X̃
′

β̂n1.
(2.4)�%_M σ2

ε U�A��
σ̂2

ε = Q(β̂n0, β̂n1) =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

[
(Yij − β̂0 − X

′

ij β̂1)
2 − β̂

′

1Σ̂uβ̂1 + 2β̂
′

1ρ̂
]
. (2.5)�A�RN
 β0(t0), β1(t0), Σu, ρ, σ2

ε U�A��
2.2 PD07��;H�xO	

C1 (1) E(x) = E(X) = µx, Var (x) = Σx > 0 6EfZ��
(2) ,�Æ/ (u

′

ij , εij)
′

i.i.d., �� E[(u
′

ij , εij)
′

] = 0, Var (uij) = Σu > 0, E(ε2
ij) =

σ2
ε > 0, Cov [(u

′

ij , εij)
′

] = ρ 6= 0;

(3) x1, x2, · · · , xn i.i.d., xi _ (u
′

ij , εij)
′ ��

(4) �BÆ,�O
w 2 BKN�= min
1≤i≤n

ni ≥ 2, 1 ≤ i ≤ n.

C2 PA[ ti, i = 1, · · · , n �� 0 ≤ t1 ≤ t2 ≤ · · · ≤ tn ≤ 1 6
(1) max

1≤i≤n
{|ti+1 − ti|} = O

(
log n

n

)
; (2) max

1≤i≤n
{|ti − i

n
|} = O( log n√

n
).

C3 E[‖x1‖4
+ ‖u11‖4

+ ‖ε11‖4
] < +∞.

C4 {Wni(t0)}n
i=1 W (2.1) �;�/���h K(·) _�� Lipschitz xO�6jZ`{4Ug5{��e�h�
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C5 β0(t), β1j(t) (j = 1, 2, · · · , p) UFXLh�� r X Lipschitz xO�=gpZ
t, s ∈ [0, 1] Z

|β(1)
0 (t) − β

(1)
0 (s)| +

p∑

j=1

|β(1)
1j (t) − β

(1)
1j (s)| ≤ L|t − s|r,/� β1(t) = (β11(t), · · · , β1p(t))

′

, L, 0 < r ≤ 1 �x0h���U_}����p�U�AjZ�"2�Rdxs2��3 2.1 KxO C1–C46��6 log n
nhn

→ 0 (n → ∞)V�β̂n0, β̂n1, σ̂
2
ε s�_ β0, β1, σ

2
εUK�"�A��3 2.2 KxO C1 6�� ρ̂, Σ̂u s�_ ρ, Σu U5�"�A��3 2.3 KxO C1–C4 6��6 log2 n√

nhn
→ 0 (n → ∞) V� β̂n0, β̂n1, σ̂

2
ε s�_

β0, β1, σ
2
ε U5�"�A��3 2.4 KxO C1–C5 6��6 log2 n√

nhn
→ 0 (n → ∞) V�jZ

(β̂n0 − β0, (β̂n1 − β1)
′

)
′

= Op

(
h1+r

n +
log n

n

)
.I; hn ∼ ( log n

n
)

1
3+2r , jZ

(β̂n0 − β0, (β̂n1 − β1)
′

)
′

= Op

( log n

n

) 1+r

3+2r

.Q- 3 fq�� r _�*)h�_}���A�Ub�me_:�fy[?U�*9eZ��K r f 0 N 1 ~J�+V��A�Ub�me℄℄ O(n− 1
3 ) _ O(n− 2

5 ) ~J�6K r = 1, hn ∼
(

log n
n

) 1
5 V�tF�Vb�me O(n− 2

5 ).�3 2.5 KxO C1–C5 6��6 log2 n√
nhn

→ 0 (n → ∞), 6 nh2+2r
n → 0 V�j

[ n∑

i=1

W 2
ni(t0)

]− 1
2

(β̂n0 − β0, (β̂n1 − β1)
′

)
′ d.−→ N(0, Ω1),/� Ω1 = Cov

[
(ζ0i, ζ

′

1iΣ
−1
x )

′
]
, ζ0i = εij −u

′

ijβ1(t0)−E(x
′

ij)Σ
−1
x ζ1i, ζ1i = (xi−E(x1))εij −

(xi − E(x1))u
′

ijβ1(t0) − (uiju
′

ij − Σ̂u)β1(t0) + (uijεij − ρ̂). “
d.−→” �[Gs"b��

3 OC/(�K8�
z���U_}�5AUNK�>~O}�F3 3.1 K log2 n√
nhn

→ 0 (n → ∞) V� {Wni(t0)}n
i=1 jZK�2�	

a) K n VHV�Efx0h C, YR
max

1≤i≤n
Wni(t0) ≤

C log n

nhn

. (3.1)



222 P S e 9 9 � 36l
b) g℄CLUxuh δ > 0, K n → ∞ V�

n∑

i=n

Wni(t0)I{|ti − t0| ≥ δ} → 0. (3.2)F3 3.2 P f(t) �Z[�h�6f t0 xd�7�j
lim

n→∞

n∑

i=1

Wni(t0)f(ti) = f(t0). (3.3)F3 3.3 P f(t) �Z[�h6f t0 xd�7�n6�� ε1, · · · , εn i.i.d. ��
Eε1 = 0, Eε2

1 = σ2 < ∞. n6 �3hs6� ξ1, ξ2, · · · , ξn �'�� Eξi Ef�EfZ�h D, YR ‖Cov (ξi)‖ ≤ D (3gn6hsZ ‖Cov (vec(ξi))‖ ≤ D, i = 1, 2, · · · , n), �h vec (·) �[Ths��nn6F~ ��6 log2 n√
nhn

→ 0 (n → ∞), jK n → ∞ V�
n∑

i=1

Wni(t0)f(ti)(ξi − Eξi)
a.s−→ 0;

n∑

i=1

Wni(t0)ξi
a.s−→ Eξ;

n∑

i=1

Wni(t0)f(ti)εi
a.s−→ 0;

n∑

i=1

Wni(t0)εi
a.s−→ 0;

n∑

i=1

Wni(t0)f(ti)ξiεi
a.s−→ 0;

n∑

i=1

Wni(t0)ξiεi
a.s−→ 0.Q- 4 O} 3.1–3.3Uz�)M [4] �UO} 1–2 � [2] �O} 3 </|�� 6�KxO log2 n√

nhn
→ 0 (n → ∞) -6 log n

nhn
→ 0(n → ∞) V�NdZ��RXW “

a.s−→ 0” �� “
P−→ 0”.F3 3.4 P Xn � i.i.d. 6�� E|X1| < ∞, an �FxWh�� An =

n∑
i=1

ai 6
lim

n→∞
An = ∞, B Tn =

n∑
i=1

aiXi

An
, N(n) = ♯{i : Ai

ai
≤ n}, I max

1≤i≤n

ai

An
→ 0 6 sup

n

N(n)
n

< ∞,j
Tn

a.s−→ E(X1), n → ∞.F3 3.5 I_Xn �jZm�U�n6����I 0 < an ↑ ∞6 ∞∑
i=1

E
( |Xn|p

a
p
n

)
<

∞, g�~ p �� 1 ≤ p ≤ 2 6��B Sn =
n∑

i=1

Xi, j
Sn

an

a.s−→ 0, n → ∞.O} 3.4, 3.5 Uz�8)M [11] �UO} 1.1, 1.2.W℄_} 2.1 Uz��9__} 2.3 Uz�~�zk����z�_} 2.3. �A��z�_} 2.2.ei 2.2 dql �z ρ̂
a.s−→ ρ, Σu zktR�



2- ~k(��^M�
!w�X�u�*S��e EV �+S'e�? 223W℄ ρ̂ = 1
Nn−n

n∑
i=1

ni∑
j=1

(εij − εi.)(uij − ui.), �I%z�
1

Nn − n

n∑

i=1

ni∑

j=1

(εij − εi.)(uij(l) − ui.(l))
a.s−→ ρ(l), l = 1, · · · , p,j	uRz�/� uij(l) �[ uij UZ l ~s��/qzk�j

1

Nn − n

n∑

i=1

ni∑

j=1

(εij − εi.)(uij(l) − ui.(l))

=
1

Nn − n

n∑

i=1

ni∑

j=1

(1 − 1

ni

)εijuij(l) −
1

Nn − n

n∑

i=1

1

ni

ni∑

m 6=s

εimuis(l).�LNK ni ≥ 2 V� 1
2 ≤ 1 − 1

ni
≤ 1, AVt>zO} 3.4 UxO���CjZ

1

Nn − n

n∑

i=1

ni∑

j=1

(
1 − 1

ni

)
εijuij(l)

a.s−→ ρ(l), l = 1, · · · , p.[N�
E

( 1

ni

ni∑

m 6=s

εimuis(l)
)2

=
1

n2
i

E
[ ni∑

m 6=s

ε2
im(uis(l))

2 + εimuimεisuis

]
(3.4)

≤
(
1 − 1

ni

)2[
Eε2

11(u11(l))
2 + (Eε11u11(l))

2
]

(3.5)

≤2Eε2
11E

[
(u11(l))

2
]
, (3.6)6 n

Nn−n
≤ 1, ajWO} 3.5 R

1

Nn − n

n∑

i=1

1

ni

ni∑

m 6=s

εimuis(l)
a.s−→ 0.pK

ρ̂
a.s−→ ρ.z��ei 2.3 dql f_} 2.3 UxO��K n → ∞ V�tKz�H�℄W	

X̃
a.s−→ E(x1) = µx, (3.7)

S2
X

a.s−→ Σu + Σx, (3.8)

Ỹ
a.s−→ β0 + µ

′

xβ1, (3.9)

Ỹ 2 a.s−→ β2
0 + β

′

1(Σx + µxµ
′

x)β1 + σ2
ε + 2β0µ

′

xβ1, (3.10)

S2
Y

a.s−→ σ2
ε + β

′

1Σxβ1, (3.11)

S2
XY

a.s−→ Σxβ1 + ρ, (3.12)

X̃Y
a.s−→ β0µx + (Σx + µxµ

′

x)β1 + ρ. (3.13)



224 P S e 9 9 � 36l℄WN�WO} 3.3 t}�K n → ∞ V�
X̃ =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

Xij
a.s−→ EXij = E(xi + uij) = E(xi) = µx.

(3.7) Z1z�[
X̃2 =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

XijX
′

ij

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

xix
′

i +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uijx
′

i

+

n∑

i=1

ni∑

j=1

Wni(t0)

ni

xiu
′

ij +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uiju
′

ij . (3.14)WO} 3.3, K n → ∞ V�
n∑

i=1

ni∑

j=1

Wni(t0)

ni

xix
′

i

a.s−→ µxµ
′

x + Σx, (3.15)

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uijx
′

i

a.s−→ 0, (3.16)

n∑

i=1

ni∑

j=1

Wni(t0)

ni

xiu
′

ij

a.s−→ 0, (3.17)

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uiju
′

ij

a.s−→ Σu. (3.18)pK X̃2 a.s−→ µxµ
′

x + Σx + Σu. Cj (3.8) Z1z�zkXtR (3.9)–(3.13) 6��WNd℄W�_} 2.2 UZ�K< β̂n0, β̂n1 U_MZ
β̂n1 = (S2

X − Σ̂u)+(S2
XY − ρ̂)

a.s−→ (Σu + Σx − Σu)−1(Σxβ1 + ρ − ρ) = β1,

β̂n0 = Ỹ − X̃
′

β̂n1
a.s−→ β0 + µ

′

xβ1 − µ
′

xβ1 = β0.W σ̂2
ε U_MZ

σ̂2
ε =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

[(Yij − β̂0 − X
′

ij β̂1)
2 − β̂

′

1Σ̂uβ̂1 + 2β̂
′

1ρ̂]

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

[Y 2
ij + β̂0

2
+ β̂

′

1XijX
′

ij β̂1 − 2Yij β̂0

− 2β̂
′

1XijYij + 2β̂0X
′

ij β̂1 − β̂
′

1Σ̂uβ̂1 + 2β̂
′

1ρ̂]

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

Y 2
ij +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

β̂
′

1XijX
′

ij β̂1 − 2

n∑

i=1

ni∑

j=1

Wni(t0)

ni

Yij β̂0
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− 2
n∑

i=1

ni∑

j=1

Wni(t0)

ni

β̂
′

1XijYij + 2
n∑

i=1

ni∑

j=1

Wni(t0)

ni

β̂0X
′

ij β̂1

+ β̂0

2
− β̂

′

1Σ̂uβ̂1 + 2β̂
′

1ρ̂. (3.19)GBRU (3.10), (3.14), (3.9), (3.13), (3.7) ZUZ�=Z
σ̂2

ε

a.s−→ σ2
ε .�z_} 2.4 � 2.5, d��~O}�F3 3.6 fxO C1–C5 6���g�_U t0 ∈ (0, 1) Z

n∑

i=1

ni∑

j=1

Wni(t0)

ni

βk(ti) − βk(t0) = O
(
h1+r

n +
log n

n

)
, k = 0, 1.z�zk [13] �O} 6.1(iii) Uz��F3 3.7 P f(t) �Z[�h�6f[ t0 xd�7�jfO} 3.3 UxO��K

n → ∞ V
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(f(ti) − f(t0))(ξi − Eξi) = op

[( n∑

i=1

W 2
ni(t0)

) 1
2
]
.q ∀ ε > 0,WO} 3.3Uz�t}�K n:sHV�Z n∑

i=1

ni∑
j=1

W 2
ni(t0)
ni

(f(ti)−f(t0))
2 <

ε, pK
∥∥∥Cov

[ n∑

i=1

ni∑

j=1

Wni(t0)

ni

(f(ti) − f(t0))(ξi − Eξi)
]∥∥∥

≤D

n∑

i=1

ni∑

j=1

W 2
ni(t0)

ni

(f(ti) − f(t0))
2 < Dε.�O} 3.7 6��ei 2.5 dql W_} 2.3 Uz�t}� (S2

X − Σ̂u)+
a.s−→ Σ−1

x . NA�K n :sHVZ
β̂n1 − β1 = (S2

X − Σ̂u)+(S2
XY − ρ̂ − (S2

X − Σ̂u)β1).�LN Cov (Xij) = Σx + Σu, Cov (Yij) = β
′

1(ti)Σxβ1(ti) + σ2
ε ≤ C‖Σx‖ + σ2

ε , pK
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Xij − E(X11)) = Op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
,

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Yij − E(Y11)) = Op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
.
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S2

X =X̃2 − X̃X̃
′

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Xij − E(X11))(Xij − E(X11))
′

−
[ n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Xij − E(X11))
][ n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Xij − E(X11))
′

]

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(Xij − E(X11))(Xij − E(X11))
′

+ op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
.

(3.20)zkXZ
S2

XY =X̃Y − X̃Ỹ

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

[
(xi − E(xi))(xi − E(xi))

′

β1(ti)
]
+

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(xi − E(xi))εij

+

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uij(xi − E(xi))
′

β1(ti) +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uijεij

+ op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
. (3.21)NAZ

S2
XY − ρ̂ − (S2

X − Σ̂u)β1

=
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(xi − E(x1))(xi − E(x1))
′

(β1(ti) − β1(t0))

+

n∑

i=1

ni∑

j=1

Wni(t0)

ni

uij(xi − E(x1))
′

(β1(ti) − β1(t0))

+

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(xi − E(x1))εij −
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(xi − E(x1))u
′

ijβ1(t0)

−
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(uiju
′

ij − Σ̂u)β1(t0) +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(uijεij − ρ̂)

+ op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)

∼=
n∑

i=1

ni∑

j=1

Wni(t0)

ni

ζ1i +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

ζ2i(β1(ti) − β1(t0))

+ op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
, (3.22)
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ζ1i = (xi − E(x1))εij − (xi − E(x1))u

′

ijβ1(t0)

− (uiju
′

ij − Σ̂u)β1(t0) + (uijεij − ρ̂),

ζ2i = (xi − E(x1))(xi − E(x1))
′

+ uij(xi − E(x1))
′

.

(3.23)WO} 3.6, 3.7 � E(ζ2i) = Σx t}
n∑

i=1

ni∑

j=1

Wni(t0)

ni

ζ2i(β1(ti) − β1(t0))

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(ζ2i − Σx)(β1(ti) − β1(t0)) + Σx

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(β1(ti) − β1(t0))

=op

(( n∑

i=1

W 2
ni(t0)

) 1
2

) + Op

(
h1+r

n +
log n

n

)
. (3.24)dW n∑

i=1

W 2
ni(t0) ≥

( n∑
i=1

Wni(t0)
)2

n
= 1

n
� nh2+2r

n → 0 tR
S2

XY − ρ̂ − (S2
X − Σ̂u)β1 =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

ζ1i + op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
.pK

β̂n1 − β1 =

n∑

i=1

ni∑

j=1

Wni(t0)

ni

Σ−1
x ζ1i + op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
.[

β̂n0 − β0 =Ỹ − X̃
′

β̂n1 − β0

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

β0(ti) − β0 +

n∑

i=1

ni∑

j=1

Wni(t0)

ni

x
′

i(β1(ti) − β1)

+
n∑

i=1

ni∑

j=1

Wni(t0)

ni

(εij − u
′

ijβ1) −
n∑

i=1

ni∑

j=1

Wni(t0)

ni

X
′

ij(β̂n1 − β1)

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(εij − u
′

ijβ1) − E(X
′

ij)(β̂n1 − β1) + op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)

=

n∑

i=1

ni∑

j=1

Wni(t0)

ni

ζ0i + op

(( n∑

i=1

W 2
ni(t0)

) 1
2
)
, (3.25)/� ζ0i = εij − u

′

ijβ1(t0) − E(x
′

ij)Σ
−1
x ζ1i. W℄ (ζ0i, ζ1i)

′

i.i.d. 6
max

1≤i≤n
Wni(t0)

( n∑
i=1

W 2
ni(t0)

) 1
2

≤
√

n max
1≤i≤n

Wni(t0) ≤ C
log2 n√

nhn

−→ 0.
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[ n∑

i=1

W 2
ni(t0)

]− 1
2

(β̂n0 − β0, (β̂n1 − β1)
′

)
′

=
[ n∑

i=1

W 2
ni(t0)

]− 1
2

n∑

i=1

ni∑

j=1

Wni(t0)

ni

(ζ0i, ζ1i)
′ d.−→ N(0, Ω1).z��ei 2.4 dql _} 2.4 Uz�W_} 2.5 z��U (3.22) � (3.25) Z�O} 3.6tR� � 1 = ?
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Abstract Removing the assumption that measurement error variance or reliability ratio

is known, we propose the adjust weighted LS estimators (AWLSE) for the estimated param-

eters of varying-coefficients EV model with replicated observations as well as the variance

of model error. Under some mild conditions, we conclude that all of these estimators are

strongly consistence and coefficient function estimators are asymptotically normal.
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