
� 26 � � 3 � � � � � � � Vol. 26 No. 3
2003 Z 7 Q ACTA MATHEMATICAE APPLICATAE SINICA July, 2003

M��O���XGA���V ∗

�	
 � �
(foM�����V������ 310027)

U L Y�DW���nv�D�e� (hY� r.k.h, �vO), ���	j��W��
�����e������l�	���
�N�
zsQ�Y�iKjv��sQ�	

���� r.k.h �����	�s��	�q�n
zo���t��d��N�

zf [1] 
X�d��
�N�
zsQ�Y
�	�
�N�sQ�D�vAb�q
��p�GX����	��N�
zf�p��K��z����A�eG�
�U�X�WCqQ��	�
z��j���ui�
��I Kosko B�t��N�
���Dg [2], Sui��qn��A���A�	
��� N�
z������W��

0 QK
O����z��H�������R��af����y��LqZ�N���

����by�EhR���������zi� [3] u��O���g��tL��
uDO���g�����tg�e��t�w���J�t�l���tFEz�
n��TW��t���O���tR�����B�� Kosko ���u��� �
O������Eh�Tvj� [2], �u�b�O���tR��O��� “! ” �
�R��p�!XLX��� �����Lk"� (r���#") �yC"�$�
�#�!����%P�ZX�O���tR����g�vj� %P�e�vj�
JO���!r�����rz"���ZX�Dy �vj�o�y �vj�O"
O�yrB��# &vj�'��B��u Kosko ���(M�N�! ���O
���tR$E�N�vj��Hc�$E�B��Uh�wE$sd [4−6] CC!
�%P���#�!�w�%O�tR�E��Te&y )FEJ�B�!y#�
E�Zy#$I!�%f�E"��r��O���g�#X�zR��Eh�L�
Rh$aqZ�'&(� [7,8] Z�'ow*E%f�)X�X%$�)Z�y��"
*wlDb���%�t��&���gH���F&�eL� [1,9] �������
'�O���g��ly��O(y��e���#"�#�!�$�)r����
O���tRRh�'+�����'yCl�ZO���g����L�qZ�'
y �nJ�d�(HO���tR�� �r,���

�d�bI"���q(w�Z-�x�(HX%$��& 'y �D+�)
*.Z-xx�C'�Z$EX%$ w1

2 %f�'*�O���tR� 'Eh�)J
e��O���tR!�r,.�v"Z-+xCC�$EX%$ w %f�'*�O
���tR� 'Eh��*��l�d��z�!�Lk�)(��
/c 2001 * 4 R 9 +,W02002 * 8 R 16 +,W,+,0
∗-. 863 J/ (2002A412010 0) 1foM�1-2,�dkJ/#$-Q0
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1 S%W&
Z w1

2[a, b] =
{
u(x) | u(x) -r.0�j u(x) ∈ l2[a, b]

}
, [a, b] ⊂ RRR. Z w1

2 �WMj
*�

(u, v) =
∫ b

a

[uv + u′v′] dx, ∀u, v ∈ w1
2[a, b]. (1)

q3� ‖ ‖ = (·, ·) 1
2 , [7] �3D� w1

2[a, b] �X%$�

R(x, y) =
[
ch(x + y − b − a) + ch(|x − y| − b + a)

]/
2sh(b − a), (2)

TE'wL(t�4 u(x) =
(
u(y), R(x, y)

)
, ∀u ∈ w1

2[a, b]. R(x, y) E'r'��T
R(x, y) = R(y, x), Z Rxi(x) = R(xi, x) = R(x, xi), r3Dc/

{
(xi, yi)

}
(1≤i≤n)

(yi � xi

C y = u(x) ZX�r�t), 5a�y��"*��B�t(L�

Hw
n (x) =

n∑
i=1

R∗
i (x)fi, (3)

b� R∗
i (x) =

i∑
t=1

βitRt(x), fi =
i∑

k=1

βikyk, βit �!�P
{
Rt(x)

}
(1≤t≤n)

� Schemit kp

At�� (3) �E' Hw
n (xi) = yi (i = 1, 2, · · · , n), b��k6�4

r(x) =
∫ xi+1

xi

G[i,i+1](x, t)ltu(t) dt, (4)

b� lt = −D2 + I, D �'*xw.�&�� I �4�&�� G[i,i+1] �(w�50!
�4

G[i,i+1](x, t) =

⎧⎪⎪⎨
⎪⎪⎩

et − e2xi+1−t

2(e2xi − e2xi+1)
(ex − e2xi−x), x ≤ t,

et − e2xi−t

2(e2xi − e2xi+1)
(ex − e2xi−x), x ≥ t,

xi < x, t < xi+1, i = 1, 2, · · · , n − 1.

Z W =
{
u(x, y) | u(x, y) Z I = [a, b] × [c, d] �-r.0� u′

x, u′
y, u′′

xy ∈ L2(I)
}
, C [8],

W �KZ"X%$ Rsz(x, y), jE'4 Rsz(x, y) = Rs(x)Rz(y), b� Rs(x), Rz(y) ��
��MX%$%f w1

2[a, b] � w1
2[c, d] ��X%$�r3Dc/ {

(xi, yj , ul)
}

(1≤l≤L)
(ul �

(xi, yj) 5 y = u(x, y) �r�t� l r�w7� (i, j); l q8w7 i, j ��i�#) ��
%�y��"*w��t&��4

y = R∗(x) =
n∑

l=1

( l∑
k=1

l∑
t=1

βkβtRl

)
uk. (5)

βl (l = 1, 2, · · · , n2) {Rl}(1≤l≤n) �P#� Schemit kpAt�� Rl = Rxiyj (x, y) (l =
1, 2, · · · , n). BE"J (4) �'/�k66X��
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2 T w1
2 Y()N*+F,

82 Kosko B[2] ��l��b�O�tR����$�r'��1����D#�
!��9cr��#�o�N�c� ���! ��1�Ju�Z��%vj�O�
tR��G����! �vj��"�c�2F�gH93B�3�e&c�4m�
UxO���tR y = F (x) ��E���1 (xi, yi) (i = 1, 2, · · · , n) 1�����e&
c��B�t���P1O�tR 4$E��N�vj��ek��d��z��1
25�

2.1 -P./HB012
N�r#�(H w1

2 �y !�l��#ZXb#w���
34 1 1) X%$!� Rxi(x) Z [a, xi] Sha6jw:�Z [xi, b] �Shaiw

:�E�5 a = xi−1, xi = b Hc a = xi, b = xi+1 ZX�!�6�nf [xi, xi+1] ⊂ w1
2

�X%$�)��Z� Rx−
i
� Rx+

i
. 2) Zz" [xi, xi+1] ⊂ [a, b] �5 Rx−

i
(x) � Rx+

i
(x)

m7��B�ttRJ [a, b] ���B��tRZnf [xi, xi+1] (i = 1, 2, · · · , n) $E!
P���k6� 3) X%$!�C;� a, b, xi Ysvj�$E87%#��TrHz
"3� T � x ∈ [a + T, b + T ], Rxi+T (x + T ) = Rxi(x).

a 1) X& Rxi(x) �w�xwV���ZZ [a, xi] �� R′
xi

(x) > 0, R′′
xi

> 0. Z
[xi, b] �� R′

xi
(x) < 0, R′′

xi
(x) > 0, :oSh�JS:�yC�7�qX%$!��(

L� Rx+
i
� Rx−

i
P� u(x) =

(
u(y), R(x, y)

)
g8��oyC�7� 2) 5"X(L�

(4) Zz"nf [xi, xi+1] ����k6J a, b h(�:Znf [xi, xi+1] ���qX%$
� Rx−

I+1
(x) � Rx+

i
(x) ZX��B�t���JN!Z [a, b] ��B�t!�!P��

�k6� 3) nz"3� T P� Rx+
i
(x) � Rx−

i
(L��8l 3) �7�

82j� 2 � 2) Z;nf��m7�B�t(L�Ji� [a, b] m7��B�t
(L��dj$E!rm7��er#*�mO<<�'�B!Zi�nf�����
l�#�=XG�nf [xi, xi+1] (i = 1, 2, · · · , n) �&9�

# X = [a, b], Y = [m,n] �����#"��D#"�CKj9�3%f� A =
{Ai} (1 ≤ i ≤ n) � B = {Bi} (1 ≤ i ≤ n) ��� X � Y ��S9P� xi, yi ��� Ai

� Bi �9c� a < x1 < x2 · · · < xn < b, m < y1 < y2 < · · · < yn < n ��ZO�tR�
5w7r��#�!� Ai U��j*(w4

C 1 :4>56:T

Ai(x) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Rx−
i
(x) · R−1

x−
i

(xi), U xi−1 < x ≤ xi,

Rx+
i
(x) · R−1

x+
i

(xi), U xi < x < xi+1,

0, bB.

(6)
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�d�''*�O���tR$�#w��4

y = F (x) =
n∑

i=1

Ai(x)mi, (7)

e; Ai(x) (i = 1, 2, · · · , n) ���k��O�P� Ai(xi) = 1, TCj� 1 �� 1) ;o
n∑

i=1
Ai(x) < 1, mi(i = 1, 2, · · · , n) r�ScO�P�zq x ∈ [a, b], j# xi ≤ x ≤ xi+1,

�bNFwL<L��4

If x is Ai then y is Bi, If x is Ai+1 then y is Bi+1,

#wvj (7) ��� mi. rHz"!� u(x) ∈ w1
2, Z [xi, xi+1] �5 Rx+

i
, Rx−

i+1
��B

�y���(L� (3) �

y =R∗(x) =
n∑

i=1

i∑
k=1

i∑
t=1

βikβitRkut

=(β2
iiui + β2

i+1,iui + βi+1,iβi+1,i+1ui+1)Rx+
i

+ (βi+1,iβi+1,i+1ui + β2
i+1,i+1ui+1)Rx−

i+1
. (8)

:q

mi = Rx−
i
(xi)(β2

i,iu1 + β2
i+1,iui + βi+1,iβi+1,i+1ui+1),

mi+1 = Rx−
i
(xi)(βi+1,iβi+1,i+1ui + β2

i+1,i+1ui+1).

C (6), (7) �Z
∣∣u(x) − F (x)

∣∣ =
∣∣u(x) − Ai(x)mi − Ai+1(x)mi+1

∣∣
=

∣∣u(x) − Rx+
i
mi − Rxi+1mi+1

∣∣ =
∣∣u(x) − R∗(x)

∣∣,
�*�=�?*(L��P�� mi,mi+1tZX�#� βij (i, j = 1, 2)�Znf [xi, xi+1]
� Rx−

i+1
� Rx+

i
� Schemit 76kpAt��CFZ F (x) = R∗(x),j F (xi) = R∗(xi) =

ui (i = 1, 2, · · · , n). e�M (7) ���� u(x) ��c (xi, ui) (i = 1, 2, · · · , n) �%�y
�t���ZrtR&9O����#X�7<r x, u �t��>#,=2� gx, gu,
#! xgx ∈ [0, 1], ugu ∈ [0, 1], CH βij ∈ [0, 1] (i, j = 1, 2, · · · , n), :�#=>X7U�
gx, gu, !Z mi,mi+1 ∈ [0, 1]. =(�5 gx = gu =

(
sup{mi,mi+1|ui, ui+1}

)−1. ( r (7)
��#�!�� (6) �#�!�!#w#�4

Ai(x) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

(
Rx−

i
(x) − R−1

x−
i

(xi−1)
)(

Rx−
i
(xi) − R−1

x−
i

(xi−1)
)−1

, U xi−1 < x ≤ xi,

(
Rx+

i
(x) − R−1

x+
i

(xi+1)
)(

Rx+
i
(xi) − R−1

x+
i

(xi+1)
)−1

, U xi < x ≤ xi+1

0, bB,

(9)

� Ai(x) �tK� [0,1], j Ai(xi−1) = Ai(xi+1) = 0, Ai(xi) = 1. � δ (� [a, b] � [m,n]
� xi � yi (i = 1, 2, · · · , n) �@���Nnf?o�U δ → 0, T@��'Cu1�Zn
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f [xi−1, xi] ��
∣∣Ai(x) − [

(xi − xi−1)−1(x − xi) + 1
]∣∣ → 0, Znf [xi, xi+1] ��P?@

E
∣∣Ai(x) − [

(xi − xi+1)−1(x − xi) + 1
]∣∣ → 0, �� (9) ��(H Ai(x) (L�JC (7) �

� Ai(x), )x mi = ui, �JwL�e�O���g!,s [9]:

y =
n∑

i=1

A′
i(x)ui, A′

i(x) =

⎧⎪⎨
⎪⎩

(xi − xi−1)−1(x − xi) + 1, xi−1 < x ≤ xi,

(xi − xi+1)−1(x − xi) + 1, xi < x ≤ xi+1,

0, bB,

(10)

rz"� x ∈ [xi, xi+1],

∣∣∣
n∑

i=1

Ai(x)ui −
n∑

i=1

A′
i(x)ui

∣∣∣ =
∣∣∣

2∑
i=1

(
Ai(x) − A′

i(x)
)
ui

∣∣∣ → 0.

F1�e��O���gJ'*�O���tRh(m��)j
n∑

i=1

Ai(x) ≈
n∑

i=1

A′
i(x) = 1,

#�CC�M��( (7) �'*O�tRU δ → 0 1�A��c (xi, ui) �e��O�
��tR�G�CH�B(L��8��*c%EEhcS?��B��2FgHEw
/yC4

34 2 ( gH>>ER��!�Z��c (xi, ui) �t��� (6) j*�'*O
���tR (7) AK w1

2 ���%�y�t��.Z��y�t��k6�@��o"
vj�!��B�"*w�e��O���g%�Y,'*O���tR!ZU[�

8 U@��u1�Hc�r'Cs��tc1�F1?e��C�$s9p�=
(?L���EqZ�[���� �F1�O�tRF?:r�"*��#O�tR
Us!�Z4ms;�E#�#��CC��B�ttR��O�tR�!�F&�
��v@�

2.2 -P./HB0JE
3\m7O�tR1�� l%�r�E�?�rv�t!��u�<<x�%

���#wy#��x�y !&�=CC�gH5"X�>GA�tc�'*O�t
RJ�B�ttR�d�Z A =

{
(xi, yi)

}
(1≤i≤n)

, B =
{
(xik

, yik
)
}

(1≤k≤K)
(�J A �

=D� K �P(c�=�#�r A �c!B'�%�B'�1� �#�b=���
%�P(M�e"b">x=j K L���r B ��c5a��x�zm7O�tR
y = F (x) =

K∑
k=1

Aik
(x)mik

, � F (xik
) = yik

. CH y = F (x)  4�� B ���Ecr A

P�'*O���tR�82�B�ttR�8����#Jr A�B��"*uL�
b=� B P�O�tRr A ���%�Y, y = F (x) !�U[�# ε �Rm7tRr
A P�?�c�Sqk6'l�)Z C = A − B. X& C ��;c�Gr y = F (x) �
GE'k6 ε �'l�?���Sq9v�G��)Ds"%E'k6Do'lc�b
sI��P# D =

{
(xkt , ykt)

∣∣ ∣∣F (xkt)− ykt

∣∣ ≥ ε, 1 ≤ t ≤ T
}
, 5a D �?�Z��%f

�!�nf�6b��O�P����=(�rHK D ��?��nf [xik
, xik+1 ] z

=b���c (xkl
, ykl

) (Tb�� xkl
Znf [xik

, xik+1 ] �), # xkl
�9c6bO�P

Akl
, )��nO�P AIK � AIK+1 �:m�Fmrg�uZnf [xik

, xkl
] � [xkl

, xik+1 ]
JC�!��X%$�� y = F (x) �c (xkl

, ykl
) ∈ D, JuE'k6'l�gHnf

[xik
, xik+1 ] Wb= D �c�Gr y = F (x) E'k6 ε 'l�?E'�Z]nf�Mv

Sq.G��^�'=;rXE'k6 ε 'l�CH'*O�tRZG�nf�Sq�
m7��e�Sq%UVb=nf� y = F (x) �t�rb=�z�K D cnf !P
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?�O��rX C ���EclE'k6 ε�'l�e?�i�O�tRr A��?�
Sq�HY��zE�O�tRU�2c�s1�bSq<<#���^V�<��T
&@x�V&9�uj<<'�^Sq.Jb!,���O�tR�Sq�8�\J�
e�c�NNxH�Sq1f�3\�Sq>>�B'*6V�&O����F"�t
RSq�31��rH���r]�gH<<_Evj��24m�GE!<?8Hy
�_Y�9pZX����UgHvj]��ZP�� B P@��nf [xik

, xik+1 ] �
KE3\R��aop�1��ErZc xik

� xik+1 �P� δ IKW���ywBH
'*�O�tR�e�CHZ δ IKW�'*��O�tROEUN�%vj��b�
� δ �82k6 ε �'l�5ak6 r(x) (L� (4) lZ�#_Znf [xik

− δ, xik
+ δ]

� [xik+1 − δ, xik+1 + δ] W�
∣∣F (x)−U(x)

∣∣ < ε, U(x) �R��p���Z]nfpW�
�B�ttR [xik

, xik+1 ] − [xik
, xik

+ δ] ∪ [xik+1 − δ, xik+1 ] (δ �B�@�k�) ����
PJ�BO�tR�G��nb����Sm�O���b�X��T������O
�tR�Hc`Rh$��`z�b=@q<c�pP�e?�'*O�tR,�B�
ttRUbvj�uj%Cz�k[wCH��k6(L� r(x) �KZ�gH7�#
Cm7P�'*�O�tR��tcLxs6v6XD=rR6X��p����k
6!�e�� ���tR�V#!X��
3 T w Y)N*+F,(>?

# X = [a, b], Y = [c, d], Z = [m,n] �����#" x, y ��D#" u �CKj9
�3%f� A = {Ai} (1 ≤ i ≤ n), B = {Bi} (1 ≤ i ≤ n) � C = {cl}(1≤l≤n2) (C P'\
AX�m7 n2 L��) ��� X,Y � Z ��S9O�P� xi, yi q� Ai � Bi �9
c� a < x1 < x2 < · · · < xn < b, c < y1 < y2 < · · · < yn < d, Ry+

j
(y), Ry−

j
(y) "*J�x

�y�j*'*O���tR�4

y = F (x, y) =
n∑

i,j=1

Cij(x, y)mij , (11)

Cij = AiBj =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Rx−
i
Ry−

j

(
Rx−

i
(xi)Ry−

j
(yi)

)−1
, U xi−1 ≤ x ≤ xi, yj−1 ≤ y ≤ yj 1,

Rx+
i
Ry+

i

(
Rx+

i
(xi)Ry+

i
(yj)

)−1
, U xi ≤ x ≤ xi+1, yj ≤ y ≤ yj+1 1,

Rx+
i
Ry−

j

(
Rx+

j
(xi)Ry−

j
(yj)

)−1
, U xi ≤ x ≤ xi+1, yj−1 ≤ y ≤ yj 1,

Rx−
j
Ry+

j

(
Rx−

j
(xj)Ry+

j
(yj)

)−1
, U i − 1 ≤ x ≤ xi, yj ≤ y ≤ yi+1 1,

0, bB,

�zq (x, y) ∈ I, xi ≤ x ≤ xi+1, yj ≤ x ≤ yj+1, bNF+L��

if x is Ai and y is Bj then y = Cij ;
if x is Ai and y is Bi+1 then y = Ci,j+1;
if x is Ai+1 and y is Bi then y = Ci+1,j ;
if x is Ai+1 and y is Bj+1 then y = Ci+1,j+1;

��n� (5) �yC�Znf [xi, xi+1]× [yi, yi+1] ��)%{# l = 1, 2, 3, 4 �GHrw
7r (i, j), (i + 1, j), (i, j + 1), (i + 1, j + 1) �|?� βlk (l = 1, 2, 3, 4; k = 1, 2, 3, 4) (�
r]nf� Rx+

i
(x), Rx−

i
(x), Ry+

j
(y), Ry−

j
(y) � Schemit kpAt��rz" u(x, y) ∈ w
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��B����

R∗(x, y) =
4∑

l=1

l∑
t=1

βltut

l∑
k=1

βlkRk =
4∑

l=1

fl(u1, u2, u3, u4) Rl. (12)

#� fl(u1, u2, u3, u4) (l = 1, 2, 3, 4) (�&(L�5 Rl (l = 1, 2, 3, 4) i��ZX�t�
{�J (10) �!,�x

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

m1 = mij = Rx+
i
(xi)Ry+

j
(yj)f1(u1, u2, u3, u4),

m2 = mi+1,j = Rx−
i+1

(xi+1)Ry+
j
(yj)f2(u1, u2, u3, u4),

m3 = mi,j+1 = Rx+
i
(xi)Ry−

j+1
(yj+1)f3(u1, u2, u3, u4),

m4 = mi+1,j+1 = Rx−
i+1

(xi+1)Ry−
j
(yj+1)f4(u1, u2, u3, u4),

P�X (11) 7TE F (x, y) = R∗(x, y), CF�ZXw/yC4
34 3 # I �@�� n2 ��nK Il = [xi, xi+1] × [yj , yj+1] (i, j = 1, 2, · · · , n; l �

r i, j |?). � (11) j*�'*O���tRZ w �G� Il �AK"�%�y�t�
�.Z��y�t��k6���B�"*w�e��O���g%�Y,'*O��
�tR!ZU[�

Z w �'*O�tR�E"'/HZ w1
2 �j� 3 �yC�w�e;��B�l

�ZG�)"�nKqZ�
8 \AXe��O���g�J��xVV!,�nG�#�!�87[\!b

tK� [0, 1], => AND �cM� OR �E`��CHX%$!��:!��:ZG�
nf���NF�<L��p�@H 1, :E`��#�&]�PJ��D#"�#�
!��TcO�P�UK&�� Rc H Rp j@�'Cu1�Z�'c#w�o�F1�
(11) ��4�e��O���gZ w ��Sq'/HZ w1

2, �#B�#��^&9�
4 @DRIZ

1) �d&#�!���%J?e��y#c!�ZX�O���g$E�y��
"*w��B�JuUvj�

2) �dZ r.k.h ��N�o=_�����<�fH�-��UgHrN"�?�
&9Sq1�9w'L`=��^V�<���BA�fH�jSq<<_�)"�@
u<s)�B `�5y{I�u�d��Sqw<�HK���tT&�ZX��s
)�B=�-x�3\!��O�tR<<$E�;�vj�4mH8�FE�N��
���1�#�N�oI!S&CHFEs;�?�Hvj4mmA�nKO!�%
vj��e4!?��tc�O���T���It��e%�SmC�t�l�{Y
CO!�B|�

3) O�tRrRlp�k6�P��`�l�e�CHgHx;�#82�c�
�t(L��(L� r(x) lD��vj��`�e,RhgH!�� O�tRr�
�k6�L~U~�h�ouL��h&��=�

4) �d�VV�o�Z�y���"*w�>GA�t!O���g�#X%E
qZ,?e�t��gU[�� �2F�'5!O���gUE��'[D>>3�
�tc#X�kn��Ub5"��T�m#�5"J\ao}�~?ZD�B'�z
�o}�Gq���

5) ��L`���E#��?�Hc����1���%9S��F1�#!�
�p�9S�t!PJ�7��
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6) m7�dO���g1��)$IWM%f�X%$���'��#wj��
F��F&�G2�

34 4[10] 5 V �!� f : x → R���� Hilbert %f�jE'Lk ∀ f ∈ V, ∀x ∈
X, ∃ τx ≤ 0, !Z

∣∣f(x)
∣∣ ≤ τx‖f‖V , � V �jKZEX%$�
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A SORT OF EXTENSIVE FUZZY
CONTRLER AND PROPROTIES

YUE Shihong

(Institute of Mathematics, Zhangjiang University, Hangzhou 310027)

Abstract In Hibert space with reproducing kernel (r.k.h), we set up a special fuzzy con-
troller with the modified membership function in input space, which is the best approxima-
tion operator in the r.k.h. The research shows that the classical controller isn’t better than
this controller. The new controller has following advantages, it can perform learning once to
the sample data and keep over the difficulty that a usual fuzzy controller must come from,
and can estimate a super bound. In the nature of fuzzy approximation presented by Kosko
B, i.e., the certainly, the new fuzzy system in this paper is also optimal.

Key words Fuzzy control, membership function, reproducing kernel


