
6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 1 of 18

Go Back

Full Screen

Close

Quit

�#­V>f&E�gÄza�§U��á

5XÚE£Ä:6�Æ��

16Ù 4�q,{9Ù§E£�{

6.3 �Å%C{

6.4 4íëê�O�{�Âñ5£ã

�öµo+Å!��©

ü µI��E�ÆÅ>ó§�gÄzÆ�

Emailµgaoxia73@163.com

¥IY|Y>Ñ����¤k

http://www.nudt.edu.cn
mailto:gaoxia73@163.com


6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 2 of 18

Go Back

Full Screen

Close

Quit

16Ù 4�q,{9Ù§E£�{

� 6.3 �Å%C{
� 1. �Å%C�n

� 2. �Å%C{

� 3. �ÅÚî{

� 6.4 4íëê�O�{�Âñ5£ã

http://www.nudt.edu.cn


6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 3 of 18

Go Back

Full Screen

Close

Quit

6.3�Å%C{
1.�Å%C�n
�ÄXe�.�E£¯K

y(k) = ϕT (k)θ + e(k) (1)

Ù¥e(k)´"þ��D("w,§ù«�.�ëêE£¯K�±ÏL4
�ze(k)���5¢y§=¦ëêθ���§¦OK¼êJ��4��"

J(θ) =
1

2
E{e2(k)} =

1

2
E{[y(k)− ϕT (k)θ]2} (2)
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6.3�Å%C{
1.�Å%C�n
�ÄXe�.�E£¯K

y(k) = ϕT (k)θ + e(k) (1)

Ù¥e(k)´"þ��D("w,§ù«�.�ëêE£¯K�±ÏL4
�ze(k)���5¢y§=¦ëêθ���§¦OK¼êJ��4��"

J(θ) =
1

2
E{e2(k)} =

1

2
E{[y(k)− ϕT (k)θ]2} (2)

TOK¼ê���KFÝ�[
−∂J(θ)

∂θ

]T

= E{ϕ(k)[y(k)− ϕT (k)θ]} (3)
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6.3�Å%C{
1.�Å%C�n
�ÄXe�.�E£¯K

y(k) = ϕT (k)θ + e(k) (1)

Ù¥e(k)´"þ��D("w,§ù«�.�ëêE£¯K�±ÏL4
�ze(k)���5¢y§=¦ëêθ���§¦OK¼êJ��4��"

J(θ) =
1

2
E{e2(k)} =

1

2
E{[y(k)− ϕT (k)θ]2} (2)

TOK¼ê���KFÝ�[
−∂J(θ)

∂θ

]T

= E{ϕ(k)[y(k)− ϕT (k)θ]} (3)

-ÙFÝ�"§=

E{ϕ(k)[y(k)− ϕT (k)θ]}|θ=θ̂ = 0 (4)
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�Kþ`§dª(4)�±¦�¦J(θ) = min�ëê�O�θ̂§�Ï�e(k)�
ÚO5�Ø��§ª(4)¢Sþ´Ã{)�"
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�Kþ`§dª(4)�±¦�¦J(θ) = min�ëê�O�θ̂§�Ï�e(k)�
ÚO5�Ø��§ª(4)¢Sþ´Ã{)�"
XJ�>�êÆÏ"^²þ�5Cq§=ª(4)Cq��

1

N

N∑
k=1

ϕ(k)[y(k)− ϕT (k)θ̂] = 0 (5)

Kk

θ̂ =

[
N∑

k=1

ϕ(k)ϕT (k)

]−1 [
N∑

k=1

ϕ(k)y(k)

]
(6)
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�Kþ`§dª(4)�±¦�¦J(θ) = min�ëê�O�θ̂§�Ï�e(k)�
ÚO5�Ø��§ª(4)¢Sþ´Ã{)�"
XJ�>�êÆÏ"^²þ�5Cq§=ª(4)Cq��

1

N

N∑
k=1

ϕ(k)[y(k)− ϕT (k)θ̂] = 0 (5)

Kk

θ̂ =

[
N∑

k=1

ϕ(k)ϕT (k)

]−1 [
N∑

k=1

ϕ(k)y(k)

]
(6)

w,§ù«Cq¦¯Kòz¤���¦¯K§ª(6)=´���¦)θ̂LS =
(ΦTΦ)−1ΦTY"e¡í�ª(4)��Å%C)"
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�´xIþ§y(x)´éA��ÅCþ§p(y|x)´^�VÇ�Ý¼ê§K�
ÅCþy'ux�^�êÆÏ"�

E{y|x} =

∫
ydp(y|x) (7)

§´±�xCþ�£8¼ê"

http://www.nudt.edu.cn


6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 5 of 18

Go Back

Full Screen

Close

Quit

�´xIþ§y(x)´éA��ÅCþ§p(y|x)´^�VÇ�Ý¼ê§K�
ÅCþy'ux�^�êÆÏ"�

E{y|x} =

∫
ydp(y|x) (7)

§´±�xCþ�£8¼ê"

éu�½�α§��§
f(x) = E{y|x} = α (8)

äk��)"�f(x)¼ê�/ª9^�VÇ�Ý¼êp(y|x)ÑØ��
�§¦�§ª(8)�)Û)´(J�§ù��d�Å%C{5¦)"
¤¢�Å%C{(RAA)§Ò´|^x1, x2, · · ·Cþ9ÙéA��ÅC
þy(x1), y(x2), · · ·§ÏLS�O�§ÅÚ%C�§ª(8)�)"ù«S�
�{~^�kRobbins–Monro�{ÚKiefer–Wolfowitz�{"
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¦�§ª(8))�Robbins–Monro�{�

x(k + 1) = x(k) + ρ(k)[α− y(x(k))] (9)

Ù¥y(x(k))´éAux(k)�y�§ρ(k)¡�ÂñÏf"

http://www.nudt.edu.cn


6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 6 of 18

Go Back

Full Screen

Close

Quit

¦�§ª(8))�Robbins–Monro�{�

x(k + 1) = x(k) + ρ(k)[α− y(x(k))] (9)

Ù¥y(x(k))´éAux(k)�y�§ρ(k)¡�ÂñÏf"XJÂñÏf÷v
±e^� 

ρ(k) > 0, ∀k; lim
k→∞

ρ(k) = 0,
∞∑

k=1
ρ(k) = ∞;

∞∑
k=1

ρ2(k) < ∞;
(10)

Kx(k)3þ�¿ÂeÂñu�§ª(8)�)"
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¦�§ª(8))�Robbins–Monro�{�

x(k + 1) = x(k) + ρ(k)[α− y(x(k))] (9)

Ù¥y(x(k))´éAux(k)�y�§ρ(k)¡�ÂñÏf"XJÂñÏf÷v
±e^� 

ρ(k) > 0, ∀k; lim
k→∞

ρ(k) = 0,
∞∑

k=1
ρ(k) = ∞;

∞∑
k=1

ρ2(k) < ∞;
(10)

Kx(k)3þ�¿ÂeÂñu�§ª(8)�)"NÚ?ê{1
k}÷vª(10)�^

�§���ÂñÏf§����

ρ(k) =
b

k + a
(11)

½

ρ(k) =
1

kq
, q ∈ [0.5, 1] (12)
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Robbins–Monro�{��´^5¦�§ª(8)��"KieferÚWolfowitz�5
Ú^§5(½£8¼êf(x)�4�"XJ£8¼êf(x)�34�§K4

�?�x¦�df(x)
dx = 0"�âRobbins–Monro�{§KieferÚWolfowitz�Ñ


¦£8¼ê4��S��{"
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Robbins–Monro�{��´^5¦�§ª(8)��"KieferÚWolfowitz�5
Ú^§5(½£8¼êf(x)�4�"XJ£8¼êf(x)�34�§K4

�?�x¦�df(x)
dx = 0"�âRobbins–Monro�{§KieferÚWolfowitz�Ñ


¦£8¼ê4��S��{"

x(k + 1) = x(k)− ρ(k)
dy

dx

∣∣∣∣
x=x(k)

(13)

ª¥ρ(k)´ÂñÏf§7L÷vª(10)�^�§Kx(k)�Âñ�ò
¦f(x(k))��4�"
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Robbins–Monro�{��´^5¦�§ª(8)��"KieferÚWolfowitz�5
Ú^§5(½£8¼êf(x)�4�"XJ£8¼êf(x)�34�§K4

�?�x¦�df(x)
dx = 0"�âRobbins–Monro�{§KieferÚWolfowitz�Ñ


¦£8¼ê4��S��{"

x(k + 1) = x(k)− ρ(k)
dy

dx

∣∣∣∣
x=x(k)

(13)

ª¥ρ(k)´ÂñÏf§7L÷vª(10)�^�§Kx(k)�Âñ�ò
¦f(x(k))��4�"
Kiefer–Wolfowitz�{�±í2�õ���¹"�ÄIþ¼êJ(θ)�4�

¯K§XJθ3:θ̂þ¦�J(θ)�4�§@o¦θ̂��Å%CS��{�

θ̂(k + 1) = θ̂(k)− ρ(k)

[
∂J(θ)

∂θ

]T
∣∣∣∣∣
θ=θ̂(k)

(14)

·�e¡?Ø��Å%C{§Ò´±Kiefer–Wolfowitz�{�Ä:�"

http://www.nudt.edu.cn


6.3�Å%C{

2. �Å%C{

3. �ÅÚî{

6.44íëê�O�{ . . .

Home Page

Title Page

JJ II

J I

Page 8 of 18

Go Back

Full Screen

Close

Quit

2.�Å%C{
é�.ª(1)�ëêE£¯K§XJ�ª(2)��OK¼ê§KdKiefer–
Wolfowitz�{��Ù�Å%C{)�

θ̂(k) = θ̂(k − 1) + ρ(k)ϕ(k)[y(k)− ϕT (k)θ̂(k − 1)] (15)
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2.�Å%C{
é�.ª(1)�ëêE£¯K§XJ�ª(2)��OK¼ê§KdKiefer–
Wolfowitz�{��Ù�Å%C{)�

θ̂(k) = θ̂(k − 1) + ρ(k)ϕ(k)[y(k)− ϕT (k)θ̂(k − 1)] (15)

XJOK¼ê������/ª§=

J(θ) = E{h(θ, D(k))} (16)

Ù¥h(·)�,�Iþ¼ê§D(k)L«k��±c�Ñ\ÑÑêâ8Ü"
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2.�Å%C{
é�.ª(1)�ëêE£¯K§XJ�ª(2)��OK¼ê§KdKiefer–
Wolfowitz�{��Ù�Å%C{)�

θ̂(k) = θ̂(k − 1) + ρ(k)ϕ(k)[y(k)− ϕT (k)θ̂(k − 1)] (15)

XJOK¼ê������/ª§=

J(θ) = E{h(θ, D(k))} (16)

Ù¥h(·)�,�Iþ¼ê§D(k)L«k��±c�Ñ\ÑÑêâ8Ü"w
,§OK¼ê���KFÝ�[

−∂J(θ)
∂θ

]T

=
[
E

{
− ∂

∂θh(θ, D(k))
}]T

= E{q(θ, D(k))}
(17)
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@o§�.ª(1)�E£¯K8(¤¦Xe�§�)

E{q(θ, D(k))} = 0 (18)

|^�Å%C�n§k

θ̂(k) = θ̂(k − 1) + ρ(k)q[θ̂(k − 1), D(k)] (19)

Ù¥ρ(k)�ÂñÏf§7L÷vª(10)�^�"
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@o§�.ª(1)�E£¯K8(¤¦Xe�§�)

E{q(θ, D(k))} = 0 (18)

|^�Å%C�n§k

θ̂(k) = θ̂(k − 1) + ρ(k)q[θ̂(k − 1), D(k)] (19)

Ù¥ρ(k)�ÂñÏf§7L÷vª(10)�^�"��5`§ρ(k)�Xk�
O\�kv
�eü�Ý§�ρ(k)ØUeü��¯§ÄK�?n�êâ
oþ��"Isermanní��«ÀJρ(k)��{§Xã6.1¤«"
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3.�ÅÚî{
ùp¤?Ø��Å%C{¢�þÒ´÷XOK¼ê���KFÝ���
|¢4��:§Ù�^Ú��eü{Ä�þ´���"�´§�|¢:
�C4��:�§ù«�{�Âñ�ÝC¤éú"��¼��p�E£
°Ý§E£�mòé�"�
\¯E£�Ý§�æ^Xe�Úî�{"
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3.�ÅÚî{
ùp¤?Ø��Å%C{¢�þÒ´÷XOK¼ê���KFÝ���
|¢4��:§Ù�^Ú��eü{Ä�þ´���"�´§�|¢:
�C4��:�§ù«�{�Âñ�ÝC¤éú"��¼��p�E£
°Ý§E£�mòé�"�
\¯E£�Ý§�æ^Xe�Úî�{"

θ̂(k) = θ̂(k − 1)−
[
∂J2(θ)

∂θ∂θT

]−1 [
∂J(θ)

∂θ

]T
∣∣∣∣∣
θ̂(k−1)

(20)

Ù¥∂J2(θ)
∂θ∂θTL«OK¼êJ(θ) 'uθ����ê§¡�HessianÝ
"w

,§HessianÝ
´é¡
§
�34íO�L§¥7L�y§��½
5"
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3.�ÅÚî{
ùp¤?Ø��Å%C{¢�þÒ´÷XOK¼ê���KFÝ���
|¢4��:§Ù�^Ú��eü{Ä�þ´���"�´§�|¢:
�C4��:�§ù«�{�Âñ�ÝC¤éú"��¼��p�E£
°Ý§E£�mòé�"�
\¯E£�Ý§�æ^Xe�Úî�{"

θ̂(k) = θ̂(k − 1)−
[
∂J2(θ)

∂θ∂θT

]−1 [
∂J(θ)

∂θ

]T
∣∣∣∣∣
θ̂(k−1)

(20)

Ù¥∂J2(θ)
∂θ∂θTL«OK¼êJ(θ) 'uθ����ê§¡�HessianÝ
"w

,§HessianÝ
´é¡
§
�34íO�L§¥7L�y§��½
5"
XJOK¼ê´(½5¼ê§@oÚî�{ª(20)òk�¯�Âñ�Ý
Ú�Ð�E£°Ý"�´§ùp¤^�OK¼ê���£8¼ê§X
ª(16)¤«§Úî�{Ä�þØU·^§
�HessianÝ
�L�ª�J
¦"L.LjungJÑ
Uõù��{��ÅÚî�{(SNA)
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θ̂(k) = θ̂(k − 1) + ρ(k)R−1(k)q(θ, D(k))|θ̂(k−1) (21)

Ù¥q(θ, D(k))´OK¼ê���KFÝ��§R(k)´HessianÝ
3θ̂(k−
1):þ�Cq/ª§3A½�OK¼êe§§�±2g^�Å%C{5
(½"e¡§|^�ÅÚî{5?Ø�.ª(1)�ëêE£¯K§ÙOK
¼ê�ª(2)"�âª(17)§k

q(θ, D(k)) = ϕ(k)[y(k)− ϕT (k)θ] (22)
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θ̂(k) = θ̂(k − 1) + ρ(k)R−1(k)q(θ, D(k))|θ̂(k−1) (21)

Ù¥q(θ, D(k))´OK¼ê���KFÝ��§R(k)´HessianÝ
3θ̂(k−
1):þ�Cq/ª§3A½�OK¼êe§§�±2g^�Å%C{5
(½"e¡§|^�ÅÚî{5?Ø�.ª(1)�ëêE£¯K§ÙOK
¼ê�ª(2)"�âª(17)§k

q(θ, D(k)) = ϕ(k)[y(k)− ϕT (k)θ] (22)

�HessianÝ
�
∂J2(θ)

∂θ∂θT
= E{ϕ(k)ϕT (k)} (23)
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θ̂(k) = θ̂(k − 1) + ρ(k)R−1(k)q(θ, D(k))|θ̂(k−1) (21)

Ù¥q(θ, D(k))´OK¼ê���KFÝ��§R(k)´HessianÝ
3θ̂(k−
1):þ�Cq/ª§3A½�OK¼êe§§�±2g^�Å%C{5
(½"e¡§|^�ÅÚî{5?Ø�.ª(1)�ëêE£¯K§ÙOK
¼ê�ª(2)"�âª(17)§k

q(θ, D(k)) = ϕ(k)[y(k)− ϕT (k)θ] (22)

�HessianÝ
�
∂J2(θ)

∂θ∂θT
= E{ϕ(k)ϕT (k)} (23)

w , §HessainÝ 
 ´ £ 8 ¼ ê § Ù O ( L � ª J ± ( ½ "
�R(k)´HessianÝ
3k����O�§Kk

E{ϕ(k)ϕT (k)−R(k)} = 0 (24)
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�âª(9)§��R(k)��Å%C�{�

R(k) = R(k − 1) + ρ(k)[ϕ(k)ϕT (k)−R(k − 1)] (25)
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�âª(9)§��R(k)��Å%C�{�

R(k) = R(k − 1) + ρ(k)[ϕ(k)ϕT (k)−R(k − 1)] (25)

u´§�.ª(1)��ÅÚî�{8(�

θ̂(k) = θ̂(k − 1) + ρ(k)R−1(k)ϕ(k)[y(k)− ϕT (k)θ̂(k − 1)] (26)

R(k) = R(k − 1) + ρ(k)[ϕ(k)ϕT (k)−R(k − 1)] (27)
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�âª(9)§��R(k)��Å%C�{�

R(k) = R(k − 1) + ρ(k)[ϕ(k)ϕT (k)−R(k − 1)] (25)

u´§�.ª(1)��ÅÚî�{8(�

θ̂(k) = θ̂(k − 1) + ρ(k)R−1(k)ϕ(k)[y(k)− ϕT (k)θ̂(k − 1)] (26)

R(k) = R(k − 1) + ρ(k)[ϕ(k)ϕT (k)−R(k − 1)] (27)

�ÅÚî�{´ék^��{/ª"±§�Ä:§�±�«NõE£�
{�S3éX"ª(26)¥§��ρ(k) = 1

k§R(k) = 1
kP

−1(k)�§=���
��¦4í�{"�OK¼ê��J(θ) = 1

2E{ν
2(θ)}��Å%C{(½�

ÅÚî{)Ò´4íý�Ø�{(½4í4�q,{)"
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6.44íëê�O�{�Âñ5£ã
RLS!RELS!RIV!RML!SA�4íëê�O�{�±Ú�/L«Xe

θ̂N+1 = θ̂N + KN+1ê(N + 1) (28)

KN+1 = FN+1PNϕN (29)

ê(N + 1) = y(N + 1)− ϕT
N θ̂N (30)

§���O�3uëê�þθ̂N!êâ�þϕNÚ?��þKN+1äkØÓ
�/ª"
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6.44íëê�O�{�Âñ5£ã
RLS!RELS!RIV!RML!SA�4íëê�O�{�±Ú�/L«Xe

θ̂N+1 = θ̂N + KN+1ê(N + 1) (28)

KN+1 = FN+1PNϕN (29)

ê(N + 1) = y(N + 1)− ϕT
N θ̂N (30)

§���O�3uëê�þθ̂N!êâ�þϕNÚ?��þKN+1äkØÓ
�/ª"
4í�{´�C���5�©�§§éu4í�{�Âñ5§L.LjungA
^½~(½5�©�§�­½5)§=ODE{?1
ïÄ"ùp=�Ñ
��éu5�£ã§¿Úy�
'�5�Âñ(J"
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lïÄO2Ý
{��Å%C{m©"d4í�O�{§�PN+1 =
1/(N + 1)§K

θ̂N+1 = θ̂N +
1

N + 1
ϕN ê(N + 1) (31)
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lïÄO2Ý
{��Å%C{m©"d4í�O�{§�PN+1 =
1/(N + 1)§K

θ̂N+1 = θ̂N +
1

N + 1
ϕN ê(N + 1) (31)

5¿�ϕNÚê(N+1)´N+1��±c¤këê�O{θ̂N , θ̂N−1, θ̂N−2, · · · }�
¼ê"c¡®²©Û§��mO\�§?��þKN+1eü§θ̂Nò
�θ̂N−1, θ̂N−2��C"¤±§�*þ�±^²­L§ϕ̄NÚē(N + 1, θ̂)5

�Oª(31)¥�ϕNÚê(N + 1)(=�N¿©��§ϕ̄NÚē(N + 1, θ̂)éθ̂��

6'XØ��m
UC)"Ù¥ē(N + 1, θ̂)Úϕ̄N½ÂXe

ē(N + 1, θ̂N) = y(N + 1)− ϕ̄T
N(θ̂N)θ̂N

ϕ̄N(θ̂N) = [−y(N) · · · −y(N−n) u(N) · · · u(N−n) ē(N, θ̂) · · · ē(N−n, θ̂)]T
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lïÄO2Ý
{��Å%C{m©"d4í�O�{§�PN+1 =
1/(N + 1)§K

θ̂N+1 = θ̂N +
1

N + 1
ϕN ê(N + 1) (31)

5¿�ϕNÚê(N+1)´N+1��±c¤këê�O{θ̂N , θ̂N−1, θ̂N−2, · · · }�
¼ê"c¡®²©Û§��mO\�§?��þKN+1eü§θ̂Nò
�θ̂N−1, θ̂N−2��C"¤±§�*þ�±^²­L§ϕ̄NÚē(N + 1, θ̂)5

�Oª(31)¥�ϕNÚê(N + 1)(=�N¿©��§ϕ̄NÚē(N + 1, θ̂)éθ̂��

6'XØ��m
UC)"Ù¥ē(N + 1, θ̂)Úϕ̄N½ÂXe

ē(N + 1, θ̂N) = y(N + 1)− ϕ̄T
N(θ̂N)θ̂N

ϕ̄N(θ̂N) = [−y(N) · · · −y(N−n) u(N) · · · u(N−n) ē(N, θ̂) · · · ē(N−n, θ̂)]T

u´§ª(31)���

θ̂N+1 = θ̂N +
1

N + 1
ϕ̄N(θ̂N)ē(N + 1, θ̂N) (32)

½

θ̂N+M = θ̂N +
N+M∑

k=N+1

1

k
ϕ̄k(θ̂k)ē(k + 1, θ̂k) (33)
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þª¥oN²þd�m²þ¤�O§oN²þ�

θ̂N+M = θ̂N + E
[
ϕN(θ̂N)e(N + 1, θ̂N)

] N+M∑
k=N+1

1

k
(34)
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þª¥oN²þd�m²þ¤�O§oN²þ�

θ̂N+M = θ̂N + E
[
ϕN(θ̂N)e(N + 1, θ̂N)

] N+M∑
k=N+1

1

k
(34)

þª¥
N+M∑

k=N+1

1
k§�N → ∞�§���þ"XJ^4t5L«ù��þ§

=À��mºÝ§�N = t, N + M = t +4t§Kª(34)�

lim
4t→0

θ̂N+M − θ̂N

4t
=

∂θ̂

∂t
= R−1f(θ̂) (35)

Ù¥
R = lim

N→∞
RN , θ̂ = lim

N→∞
θ̂N

f(θ̂) = E
[
ϕ̄N(θ̂)ē(N, θ̂)

]
@o§ª(34)�±w¤´ª(35)��©�§�)"
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q§d���
�4íúª

RN+1 = RN +
1

N + 1
[ϕ̄N+1ϕ̄

T
N+1 −RN ] (36)

UìÓ��í�L§§���N →∞�§þª�w¤Xe�©�§�)

dR

dt
= G(θ̂)−R (37)

Ù¥

G(θ̂) = E
[
ϕ̄N(θ̂)ϕ̄T

N(θ̂)
]
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q§d���
�4íúª

RN+1 = RN +
1

N + 1
[ϕ̄N+1ϕ̄

T
N+1 −RN ] (36)

UìÓ��í�L§§���N →∞�§þª�w¤Xe�©�§�)

dR

dt
= G(θ̂)−R (37)

Ù¥

G(θ̂) = E
[
ϕ̄N(θ̂)ϕ̄T

N(θ̂)
]

ù�§ª(35)Úª(37)£ã
4íE£�{�ìC;�§�±r§^uc
¡é���a4í�{þ"u´§�±rE£�{�Âñ5��©�§
�ìC­½5�éXå5"
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½n6.3 �Ä~�©�§ {
θ̇ = R−1f(θ)

Ṙ = G(θ)−R
(38)

Ù¥f(θ̂) = E
[
ϕ̄N(θ̂)ē(N, θ̂)

]
§G(θ̂) = E

[
ϕ̄N(θ̂)ϕ̄T

N(θ̂)
]
"Ù­½5©Û

�Ì�(J�QãXeµ
(1)XJ[θ̂, R] = [θ∗, G(θ∗)]T´þã�©�§���oN²ï:§K

θ̂N −→ θ∗ w.p.1

=±VÇ1Âñ"
(2)4í�{¤kÂñ:�8Ü´

Ds = {θ|f(θ) = 0}

���f8"
(3)θ̂NÂñ�θ∗�7�^�´ª(38)3θ∗�����SÛÜ­½§=�¦Ý



G−1(θ∗)
df(θ)

dθ

∣∣∣∣
θ=θ∗

�¤kA��äkK¢Ü"
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òþã½n^u�«4í�{¥§����«4í�{Âñ5�(Øµ
(1)4í���¦oÂñuý�"
(2)4í9ÏCþ{�o´Âñuý�"
(3)XJ&D'p§4í2Â���¦{Âñuëêý�¶XJ&D'é
$§@oÂñ��ý���¹�UÑy"
(4)XJXÚ´��wÄ²þL§§½´��g£8L§§O2���¦
{Âñuëêý�"
(5)XJXÚ´��g£8wÄ²þL§§Cq4í4�q,{Âñuë
êý�¶éuÉ��g£8wÄ²þ�.§XJ&D'p§�Âñuý
�¶3ùü«�¹e§Ñ´Âñuq,¼ê�ÛÜ4��"
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