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1 * +
��,����Æ������

yij = x′
ijβ + g(tij) + eij , i = 1, 2, · · · , n, j = 1, 2, · · · , mi, (1.1)

�- (xij , tij) ∈ Rp×R ��.������ β � p ��.��� g(·) ���/��� [0, 1]
���.����� eij ������� ei = (ei1, ei2, · · · , eimi)′, {ei, i = 1, 2, · · · , n} �� 
�� E(ei) = 0, Var(ei) = Σ i(0�). 1��!"�� N =

n∑
i=1

mi. #��� n � $%&�

' mi �!�02�"��
 �!�(���"#��$)%�&3�'��(�%*�)+*�,-#4� β $

g(·) �%���.+&�%���' ,5� !�(-"-�)*�%�,/�M %�$
6.01%�2��+�/ [1–4]. 3��70+&4�/ (xij , tij) �������#1�,
2��5 (xij , tij) �-�����$�+&3++)�%4& [5] / xij �������'

tij �-������6)0.7%�,-#4� β $ g(·) �%���8'�5�/!(�
0,�)6*$7,1 [6] / (xij , tij) �-������88���%��9"9:2+,
:;6.01%�,-�.8'�388%��/!' 0<,�

* 349-5�67 (10571008), 8./9-5�67 (0511013300) 98./::=9-5�67
(2007110033) ;<;>;
0<12=2005-09-02, 0>??<12=2006-10-16.
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> Liang $ Zeger[7] /,����+&*�C,����%�DE-88*�%�,/
(GEE)  !� GEE ,-/�������@A�*B��)� Lin $ Carroll[2,8] /��
����>0C��)%�,-D GEE F*A,����C��$Æ�������#�
/-���#1����� (1.1); ??��%�� GEE $C��%��9E+��,-%
*#4��.�� β $�.�� g(·) �%��F/35;@�8'�%�� β̂ �' 0<
,�.G8� ĝ(·) �6G456H�#�A@����7�"�8)�7>B9'�388
�%��/!H:#��CH�

2 ABCD
��I:,J�+�I�#;!��D

x̃ij = xij −
n∑

k=1

mk∑
l=1

Wkl(tij)xkl, ỹij = yij −
n∑

k=1

mk∑
l=1

Wkl(tij)ykl,

xi = (xi1, xi2, · · · , ximi )′, yi = (yi1, yi2, · · · , yimi)′,

x̃i = (x̃i1, x̃i2, · · · , x̃imi )′, ỹi = (ỹi1, ỹi2, · · · , ỹimi)′,

�- Wkl(t) = Wkl(t; t11, t12, · · · , tnmn) �K<+���
J (1.1) =�@� yij − x′

ijβ = g(tij) + eij , JC��%�-�9E+��,-� ��
C��%� g(·) �L>%��

ǧ(t) =
n∑

k=1

mk∑
l=1

Wkl(t)(ykl − x′
klβ).

� ǧ(ti) =
(
ǧ(ti1), ǧ(ti2), · · · , ǧ(timi)

)′, Vi �?KE�� ei �FLM,�EG��� β �

%���=�F
n∑

i=1

(
yi − xiβ − ǧ(ti)

)′
V −1

i

(
yi − xiβ − ǧ(ti)

)
= min!. (2.1)

(G.HDE�HH�F%�,/
n∑

i=1

x̃′
iV

−1
i (ỹi − x̃iβ) = 0.

�F@ β �%���

β̂ =
( n∑

i=1

x̃′
iV

−1
i x̃i

)−1 n∑
i=1

x̃′
iV

−1
i ỹi. (2.2)

I β̂ :; ǧ(t), @ g(t) �6I%��

ĝ(t) =
n∑

k=1

mk∑
l=1

Wkl(t)(ykl − x′
klβ̂). (2.3)

#�-I�F!����
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JK 2.1 O/��/ [0,1] ���� hs(·), �@P 1 ≤ s ≤ p , !

xijs = hs(tij) + uijs, i = 1, 2, · · · , n, j = 1, 2, · · · , mi,

�- uijs BL
i) lim

n→∞
1
n

n∑
i=1

mi∑
j=1

uiju
′
ij = A;

ii) lim sup
N→∞

1√
N log N

max
1≤k≤N

∥∥∥∥ k∑
i=1

vji

∥∥∥∥ < ∞,

7C A �0�G� uij = (uij1, uij2, · · · , uijp)′, v1 = u11, · · · , vm1 = u1m1 , · · · , vN = unmn .
(j1, j2, · · · , jN ) � (1, 2, · · · , N) �?KD�� ‖ · ‖ IE Euclid ��

JK 2.2 g(·) $ hs(·) / [0,1] �JBL9. Lipschitz ;@�
JK 2.3 5 n $%&$� Wij(·) BL
i) max

1≤i≤n,1≤j≤mi

n∑
k=1

mk∑
l=1

Wij(tkl) = O(1);

ii) sup
0≤t≤1

max
1≤i≤n,1≤j≤mi

Wij(t) = O
(
n− 2

3
)
;

iii) sup
0≤t≤1

n∑
i=1

mi∑
j=1

Wij(t)I
(|tij − t| > δn− 1

3
)

= O
(
n− 1

3
)
, P?G�δ > 0.

JK 2.4 O/Q� c1, c2, c3, c4, �@P3!� i = 1, 2, · · · , n, !

0 < c1 ≤ min
1≤i≤n

λi1 ≤ max
1≤i≤n

λimi ≤ c2 < ∞,

0 < c3 ≤ min
1≤i≤n

λ′
i1 ≤ max

1≤i≤n
λ′

imi
≤ c4 < ∞,

�- λi1 $ λimi IE Σi �6.$6&OMR� λ′
i1 $ λ′

imi
IE Vi �6.$6&OMR�

JK 2.5 sup
i

E‖ei‖4 < ∞.

N 1 �:;@4�KFP����;@ 2.1 �0L,��M�/ [6,9–11] 2�BL�:
;@ 2.3 �+���O/��G!Q+�)+$ H+��%*S�/ [12,13] ,2Q8�7
C+ÆRSG8�

/�:����I�! �>I�
OP 2.1 �;@ 2.1–2.4 T��Q5 n → ∞ $�!

√
n(β̂ − β) L−→ N(0, B−1CB−1),

�- B = lim
n→∞

1
n

n∑
i=1

x̃′
iV

−1
i x̃i, C = lim

n→∞
1
n

n∑
i=1

x̃′
iV

−1
i ΣiV

−1
i x̃i.

N 2 5FLM,�G Vi = I $�N��FL � (�+�/ [2,8]), Q β �%��

β̂I =
( n∑

i=1

x̃′
ix̃i

)−1 n∑
i=1

x̃′
iỹi.

5�PQ�6.01G.HDE n∑
i=1

(
yi − xiβ − ǧ(ti)

)′(
yi − xiβ − ǧ(ti)

)
= min! �F�
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N 3 5FLM,�G Vi = Σi $� β �%��

β̂∗ =
( n∑

i=1

x̃′
iΣ

−1
i x̃i

)−1 n∑
i=1

x̃′
iΣ

−1
i ỹi.

� D=̂ lim
n→∞

1
n

n∑
i=1

x̃′
iΣ

−1
i x̃i, Q β̂∗ �' ,�� D−1. J? ((C, B)′, (B, D)′) �PUJÆ

0�EG�J*�� Cauchy-Schwarz +2=�@ B−1CB−1 ≥ D−1, N β̂∗ �' ,�VA
6.�%� β̂∗ /3!�%� β̂ -6!T�

5 Σi �.$� β̂ �' ,�/KO-+�)��WI�AUVG8 C ��0%�

Ĉ = 1
n

n∑
i=1

x̃′
iV

−1
i êiê

′
iV

−1
i x̃i, �- êi = yi − xiβ̂I − ĝ(ti). �:�LI' Ĉ � C ��0%��

OP 2.2 �;@ 2.1–2.5 T��Q5 n → ∞ $�!

Ĉ
P−→ C.

OP 2.3 �;@ 2.1–2.4 T��Q5 n → ∞ $�!

ĝ(t) − g(t) = Op

(
n− 1

3
)
.

N 4 #��%�,-�������- GEE ,-/Æ������-�F*�0!
�� GEE 9:�#��Æ���� (1.1) WL?XR����-Y'������� β �

%��'+�SMM,�G�J�L 2.1 $ 2.2 �+�XI!PE� Vi, 4+YZ β̂ Q�'

 ,�%����0,�9E9!� Vi �[T\U�!A�M,�G�9V�N'�N�
Z�E�SMM,�EG�??"]�� �,ON� R@ β̂ Q�' ,�W%���
�0,�7� GEE ,-�9"CQ^#P�O��STZ�E� Vi �QUV[ β̂ �T�3

5"]�R n X&$�T�STUY'WU�KO\)-�FLM,�EG Vi �E��_
XV"�*��� α, N Vi = Vi(α). /]! �\�YZ\ AR(1) $ m �_2[Z1=�
α � ��.��W� ��.��5 α �.$�� 6)E-!%� (�+�/ [2, 7] 2).

G!�5 Vi ≡ V $� V �%�� 6) V̂ = n−1
n∑

i=1

rir
′
i, �- ri = yi − x′

iβ̂ − ĝ(ti).

3 [\]^_
 �) c IE?9+_X? n �0Q��/+*],�W+*�`�
aP 3.1 �;@ 2.2 $;@ 2.3 iii) T��Q5 n $%&$�!

max
1≤i≤n,1≤j≤mi

∣∣∣∣f̃(tij)
∣∣∣∣=̂ max

1≤i≤n,1≤j≤mi

∣∣∣∣f(tij) −
n∑

k=1

mk∑
l=1

Wkl(tij)f(tkl)
∣∣∣∣ = O

(
n− 1

3
)
,

�- f(·) = g(·), hs(·), s = 1, 2, · · · , p.

� J;@ 2.2 $;@ 2.3 iii) N8@�7C8'XY�
aP 3.2 �;@ 2.1 $;@ 2.3 T��J hs(·) BL;@ 2.2, Q!

A = lim
n→∞

1
n

n∑
i=1

x̃′
ix̃i (3.1)
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O/J0��ZÆBL;@ 2.4, Q!

B = lim
n→∞

1
n

n∑
i=1

x̃′
iV

−1
i x̃i, (3.2)

C = lim
n→∞

1
n

n∑
i=1

x̃′
iV

−1
i ΣiV

−1
i x̃i (3.3)

O/J0��
� S� [14] -#L 4 �8'N�8@ (3.1) =� (3.2) U (3.3) =�8',-\*��

[]G8 (3.2) =�8'�
J? V −1

i �KPUG�QO/^b0YHOM��#T�EG Φi = (ϕi1, ϕi2, · · · , ϕimi),
�@ V −1

i = Φidiag(λi1, λi2, · · · , λimi)Φ′
i, �- ϕij �P\ V −1

i �OMR λij �OM���.
JO/ mi × p �EG

bi =

⎛⎜⎜⎜⎜⎝
bi11 bi12 · · · bi1p

bi21 bi22 · · · bi2p

...
...

. . .
...

bimi1 bimi2 · · · bimip

⎞⎟⎟⎟⎟⎠
�@ x̃i = Φibi. � bij = (bij1, bij2, · · · , bijp)′, J (3.1) =.

lim
n→∞

1
n

n∑
i=1

x̃′
ix̃i = lim

n→∞
1
n

n∑
i=1

b′iΦ
′
iΦibi = lim

n→∞
1
n

n∑
i=1

mi∑
j=1

bijb
′
ij = A.

^J;@ 2.4 �@

lim
n→∞

1
n

n∑
i=1

x̃′
iV

−1
i x̃i = lim

n→∞
1
n

n∑
i=1

b′iΦ
′
iV

−1
i Φibi = lim

n→∞
1
n

n∑
i=1

mi∑
j=1

λijbijb
′
ij = B.

aP 3.3 �;@ 2.1 ii), ;@ 2.3 ii) $;@ 2.4 T��QP 1 ≤ s ≤ p , !

max
1≤k≤n,1≤l≤mk

∣∣∣∣ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i Wkl(tiv)uijs

∣∣∣∣ = o(1),

max
1≤k≤n,1≤l≤mk

∣∣∣∣ n∑
r=1

mr∑
q=1

( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i Wkl(tiv)Wrq(tij)urqs

)∣∣∣∣ = o(1),

�- σjv
i � V −1

i �_ (j, v) c�
� \) Abel +2=�S�/ [10] -�L 2 �8'�8@∣∣∣∣ n∑

i=1

mi∑
j=1

mi∑
v=1

σjv
i Wkl(tiv)uijs

∣∣∣∣
≤ c max

1≤i≤n,1≤j,v≤mi

|σjv
i | · max

1≤i≤n,1≤v≤mi

Wkl(tiv) · max
1≤r≤N

∣∣∣∣ r∑
i=1

vjis

∣∣∣∣.
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J;@ 2.1 ii), ;@ 2.3 ii) $;@ 2.4 `+_9=T��*L�8'_0=�
OP 2.1 def J (2.2) =�"_``g"�@

β̂ − β =
( n∑

i=1

x̃′
iV

−1
i x̃i

)−1[ n∑
i=1

x̃′
iV

−1
i ei −

n∑
i=1

x̃′
iV

−1
i ei +

n∑
i=1

x̃′
iV

−1
i g̃(ti)

]

=̂
( n∑

i=1

x̃′
iV

−1
i x̃i

)−1

(B1 − B2 + B3), (3.4)

�- ei =
n∑

k=1

mk∑
l=1

Wkl(ti)ekl, J g̃(ti) /#L 1 -����

B2,s =
n∑

i=1

mi∑
j=1

mi∑
v=1

σjv
i x̃ijseiv, B3,s =

n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i x̃ijsg̃(tiv),

B21,s =
n∑

i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)eiv, B31,s =

n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)g̃(tiv),

B22,s =
n∑

i=1

mi∑
j=1

mi∑
v=1

σjv
i ũijseiv, B32,s =

n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i ũijsg̃(tiv),

�- ũijs = uijs −
n∑

k=1

mk∑
l=1

Wkl(tij)uijs, s = 1, 2, · · · , p. "_�"�@

E(B2
21,s)

=
n∑

k=1

mk∑
l=1

( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkl(tiv)

)2

Ee2
kl

+
n∑

k=1

∑
l �=q

[ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkl(tiv)

][ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkq(tiv)

]
E(eklekq)

=̂ E11 + E12.

J#L 3.1, ;@ 2.3 i), ii) $;@ 2.4 �.

E11 ≤ c

n∑
k=1

mk∑
l=1

( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkl(tiv)

)2

= o(n),

E12 ≤
n∑

k=1

∑
l �=q

[( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkl(tiv)

)2

+
( n∑

i=1

mi∑
j=1

mi∑
v=1

σjv
i h̃s(tij)Wkq(tiv)

)2]
= o(n).
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^ E(B2
21,s) = o(n). P B2

22,s \]a@

E(B2
22,s) =

n∑
k=1

mk∑
l=1

( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i ũijsWkl(tiv)

)2

Ee2
kl

+
n∑

k=1

∑
l �=q

[ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i ũijsWkl(tiv)

][ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i ũijsWkq(tiv)

]
E(eklekq)

=̂ E21 + E22.

J#L 3.3 �.

E21 ≤ cn
{

max
1≤k≤n,1≤l≤mk

∣∣∣∣ n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i Wkl(tiv)uijs

∣∣∣∣2

+ max
1≤k≤n,1≤l≤mk

∣∣∣∣ n∑
r=1

mr∑
q=1

( n∑
i=1

mi∑
j=1

mi∑
v=1

σjv
i Wkl(tiv)Wrq(tij)

)
urqs

∣∣∣∣2}
= o(n).

\^]�� @A E22 = o(n). JW�@ E(B2
22,s) = o(n). ^

B2,s = op(n
1
2 ). (3.5)

J#L 3.1 .

B31,s ≤ cn max
1≤i≤n,1≤j,v≤mi

|σjv
i | · max

1≤i≤n,1≤j≤mi

∣∣∣∣h̃s(tij)
∣∣∣∣ · max

1≤i≤n,1≤v≤mi

∣∣∣∣g̃(tiv)
∣∣∣∣ = o(n

1
2 ).

J#L 3.1 J8) Abel +2=�\^?#L 3.3 �8'��8@ B32,s = o(n
1
2 ). ^

B3,s = o(n
1
2 ). (3.6)

J#L 3.2 .
√

n

( n∑
i=1

x̃′
iV

−1
i x̃i

)−1

B2 = op(1),
√

n

( n∑
i=1

x̃′
iV

−1
i x̃i

)−1

B3 = o(1).

J (3.4),(3.5) $ (3.6) =�+��8�L 3.1, hU8'
√

n

( n∑
i=1

x̃′
iV

−1
i x̃i

)−1 n∑
i=1

x̃′
iV

−1
i ei

L−→ N(0, B−1CB−1). (3.7)

� ξ =
n∑

i=1

x̃′
iV

−1
i ei. P??K c ∈ Rp, JBL ‖c‖ = 1, c′ξ =

n∑
i=1

c′x̃′
iV

−1
i ei � ���

a�W$�J E(c′ξ) = 0, Var(c′ξ) =
n∑

i=1

c′x̃′
iV

−1
i ΣiV

−1
i x̃ic. bW� � c′ξ=̂

n∑
i=1

aiεi, �-
a2

i = c′(x̃′
iV

−1
i ΣiV

−1
i x̃i)c, εi �� ��J Eεi = 0, Eε2

i = 1. 7:��8 (3.7) =�UV8'
n∑

i=1

aiεi√
n∑

i=1

a2
i

L−→ N(0, 1). (3.8)



854 @ A < B = � B 27 =

J#L 3.2 .
lim

n→∞
1
n

n∑
i=1

a2
i = lim

n→∞
1
n

c′
( n∑

i=1

x̃′
iV

−1
i ΣiV

−1
i x̃i

)
c > 0.

QJ� [15] -#L 3 �. max
1≤i≤n

a2
i

( n∑
i=1

a2
i

)−1

−→ 0. ÆJ� [16] -_E 2.2 . (3.8) =T��

^ ( n∑
i=1

x̃′
iV

−1
i ΣiV

−1
i x̃i

)− 1
2 n∑

i=1

x̃′
iV

−1
i ei

L−→ N(0, Ip).

JW=$#L 3.2 N8@ (3.7) =T��^�L 3.1 @8�
OP 2.2 def �

I1 =
1
n

n∑
i=1

x̃′
iV

−1
i

(
êiêi

′ − eie
′
i

)
V −1

i x̃i, I2 =
1
n

n∑
i=1

x̃′
iV

−1
i

(
eie

′
i − Σi

)
V −1

i x̃i,

�- êi = (êi1, êi2, · · · , êimi), êij = ỹij − x̃′
ij β̂I . Q!

Ĉ =
1
n

n∑
i=1

x̃′
iV

−1
i ΣiV

−1
i x̃i + I1 + I2. (3.9)

) dk = (0, 0, · · · , 1, · · · , 0)′(k = 1, 2, · · · , p) IE_ k "%�� 1 ��i%�J� 0 � p �

`c���P??K� k, l, J#L 3.1, 3.2 Q;@ 2.3, 2.4 �8@

E
∣∣d′kI1dl

∣∣ ≤ c

(
d′k

1
n

n∑
i=1

x̃′
iV

−1
i V −1

i x̃idk + d′l
1
n

n∑
i=1

x̃′
iV

−1
i V −1

i x̃idl

)
max
i,j,q

E
∣∣êij êiq − eijeiq

∣∣
= o(1).

bW� I1 = op(1). � Wi=̂V −1
i x̃i, Wij IE Wi �_ j 2�QP??K� k, l, J#L 3.2 $

;@ 2.5 �.

E
[
d′kI2dl

]2 ≤ c

n2

n∑
i=1

[ mi∑
j=1

mi∑
q=1

(W ′
ijdk)2 · (W ′

iqdl)2
]

≤ c

n
max

i,q
(W ′

iqdl)2 · 1
n

n∑
i=1

d′kx̃′
iV

−1
i V −1

i x̃idk

= o(1).

Q I2 = op(1). ^J (3.9) =$#L 3.2 � (3.3) =N8@�L 3.2.
OP 2.3 def "_�"@

ĝ(t) − g(t) =
n∑

k=1

mk∑
l=1

Wkl(t)x′
kl

(
β − β̂

)
+

n∑
k=1

mk∑
l=1

Wkl(t)ekl

+
( n∑

k=1

mk∑
l=1

Wkl(t)g(tkl) − g(t)
)

=̂ G1 + G2 + G3. (3.10)
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J;@ 2.2, O/0� M , �@ sup
0≤t≤1

|hs(t)| ≤ M , Q
∣∣∣∣ n∑

k=1

mk∑
l=1

Wkl(t)hs(tkl)
∣∣∣∣ ≤ M.

jJ
∣∣∣ n∑

k=1

mk∑
l=1

Wkl(t)ukls

∣∣∣ = o(1) $�L 3.1 . G1 = Op(n− 1
2 ). J?

E

[ n∑
k=1

mk∑
l=1

Wkl(t)ekl

]2

= Op(n− 2
3 ),

Q G2 = Op(n− 1
3 ). \^?#L 3.1 �8'�. G3 = Op(n− 1

3 ). ^J (3.10) =�8@�L 3.3.

4 klCm
�7-I���nb�!c��2�#a�W p = 1, m = 3, β = 2, ��SMM,�G

�2� (xij ,tij) �%*MF!>? N(0, 1) $ U(0, 1) �:#�!`� eij !>? N(0, 0.82),
SM�bd� ρeijeik

≡ 0.6. W+�� W (·) �)+��-)��W� Epanechnikov )d
K(u) = 0.75(1 − u2)+. W$ec\BL h = O(n− 1

3 ). b�7";@`!VAC�����
�)%��6Gec�6H�N O

(
n− 1

5

)
, abV@A9"0L�ec[TdQ�ec��

bWI�UV6) “undersmoothing” ,-[Wec (+� [17]), �@-!�dde�)ef
9S�Yg)K,-[T9"6Gec hopt. N() hopt 1 n− 2

15 N�@A9" ^�e

c ĥ, N ĥ = hopt · n− 2
15 . J? hopt �456H� O(n− 1

5 ), bW ĥ �456H� O(n− 1
3 ), N

�BL#�Pec�V\�
P?+*�"]�R$+*��� g(t), %*f V = I $ V = Σi P β �%�CH,2

��7�"�nb�7c�� 5000 c�f%���%�`\,� (Bias) \^b� (SD) $J
,�� (MSE) ,2�7�"��>B!I 1 3E�

h 1 �� β ���ogf��
g(·) n ��� ��o Bias SD MSE

30 β̂I 2.0080 0.0080 0.0889 0.0079

β̂∗ 2.0045 0.0045 0.0663 0.0044

sin(2πt) 50 β̂I 1.9972 -0.0028 0.0728 0.0054

β̂∗ 1.9974 -0.0026 0.0539 0.0029

30 β̂I 1.9915 -0.0085 0.0954 0.0091

β̂∗ 1.9915 -0.0085 0.0721 0.0053

e2t 50 β̂I 2.0168 0.0168 0.0663 0.0047

β̂∗ 2.0042 0.0042 0.0458 0.0021

5"]�R� 30 $�P?�� g(t) = sin(2πt) $ g(t) = e2t, �%�� ĝ∗(t) ��">B
%*!f 1 $f 2 3E�
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g 1 g(t) = sin(2πt) �pghh (gh) g 2 g(t) = e2t �pghh (gh)

���hh (ih) ���hh (ih)

iI 1 I�i`MAj"'j�O�d9��q�!"]�R�X2�P?+*���
g(t), β �jZ%� β̂I $ β̂∗ 4r!rh ? β �s` 2, %��,��^b�$J,�W�
\W.�79':#i�X&$ β 70�TBr!riF0�P?�*���$�!:#!
9� β̂∗ �70TB'jG? β̂I �7�J?%� β̂∗ ���SM�M,�>#�' β̂I Qk
kjl�SM�M,�>#��>BjN4T%��T�V[�f 1 I'�� g(·) �%�W
!ki�TB�
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STATISTICAL ANALYSIS OF THE SEMIPARAMETRIC

REGRESSION MODEL FOR LONGITUDINAL DATA

Tian Ping

(Department of Mathematics, Xuchang University, Xuchang 461000;

College of Applied Sciences, Beijing University of Technology, Beijing 100022)

Xue Liugen

(College of Applied Sciences, Beijing University of Technology, Beijing 100022)

Abstract For the semiparametric regression model with longitudinal data, the estima-
tors of paranetric component and nonparametric component are obtained by using generalized
estimating equations and usual nonparametric weight function method. Under some suitable
conditions, the asymptotic normality of the parametric estimator is shown, and the optimal con-
vergence rate of the estimator of nonparametric regression function is obtained. A simulation
result illustrates the finite sample performance of the proposed estimators.

Key words Longitudinal data, semiparametric regression model, generalized estimating
equation, asymptotic normality, convergence rate.


