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Qq��R�Q CNN, �+J",+b��I�f�N
ẋ = −x + Ay(x) + u A; r ẋi = −xi + ai1y1(x1) + ai2y2(x2) + ui, i = 1, 2, (1)

�A x = (x1, x2)T �I�lS�A = (aij)�cD#.�u = (u1, u2)T ��G����u
�R�Q-lS�y = (y1, y2)T ���lS���.+N yi(xi) = 0.5|xi+1|−0.5|xi−1|, i =
1, 2. NU#/ CNN /-tV�$�������Q�� yi = ±1, �$�����GQ
x�X��UZQ�NU,���GQx�X�UZ�%-McDF� 1[1], �

a11 > 1, a22 > 1.

����� CNN QI�UZr��O%-McDF� 1, ��UZx�XQC�r��
$�0�����ox�XQC�r���SQ��A��%-./�R0�L�

�� CNN(1)�h0fr1C�I�A&ph� 9q2���e�q2�A�CNN(1)
�frQ�e�q2��'1 {s1, s2} E����A

si =

⎧⎪⎨
⎪⎩

1, iff xi > 1,
X, iff |xi| ≤ 1,
−1, iff xi < −1.

3'1 {X,−1} ��� {
(x1, x2)T : |x1| ≤ 1, x2 < −1

}
, ��� 1 ���.+Qfr�

htV�a�� 2���� −1�htV�� {X,X} 2NAp��fr��� {±1,±1}
� {∓1,±1} 2N�����1Q2�2N�h����

CNN(1) Q!��pQx�X3b (
det (A − I) �= 0

)
:

42 j3 w(VPW4
{X, X} O x10 =

a12u2−(a22−1)u1
(a11−1)(a22−1)−a12a21

, x20 =
a21u1−(a11−1)u2

(a11−1)(a22−1)−a12a21

{1, X} B x10 = a11 + u1 − a12a21+a12u2
a22−1

, x20 = − a21+u2
a22−1

{−1, X} C x10 = −a11 + u1 + a12a21−a12u2
a22−1

, x20 = a21−u2
a22−1

{X, 1} D x10 = − a12+u1
a11−1

, x20 = a22 + u2 − a12a21+a21u1
a11−1

{X,−1} E x10 = a12−u1
a11−1

, x20 = −a22 + u2 + a12a21−a21u1
a11−1

{1, 1} F x10 = a11 + a12 + u1, x20 = a21 + a22 + u2

{−1, 1} G x10 = −a11 + a12 + u1, x20 = −a21 + a22 + u2

{−1,−1} H x10 = −a11 − a12 + u1, x20 = −a21 − a22 + u2

{1,−1} K x10 = a11 − a12 + u1, x20 = a21 − a22 + u2

G5 I 65HO)374ag8 O,B,C,· · ·,K *6565Pw(V7
���.+�# CNN(1) ����oQx�X9�UZQ�������	K


QSdA���UZx�XQC�r$������ox�XQC�r���hQ��
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A�Wfv��M3b.q7G<
�m 1 7 CNN(1) d�=x�8 CNN(1) �I�UZQ�
� �N CNN(1) �h0frQ���� ω /e0��p��x�X�N1x�X

QxfR� (� ω /e0��p��q2903). �% CNN(1) "p��q�x�XR
�Q ω /e0�:�� (1) Qe�q���4Q [1], ue�Axf>�OM�qx�
X�
�m 2[16] (1) Q85=xo;�C��qx�X�
�m 3[17] (1) Qe�q���oQx�X9�UZQ�a9?z�x�XQ��

���x�X:7�Q��h�
<o � (1) Q85=xo�C�UZx�X�
�m 4[18] %- P = (pij) ��q6�/�7';Q n × n #.�C��q/�7

#. D = diag {d1, · · · , dn} ,N PD �<o�7B=Q��

dipii >

n∑
j=1, j �=i

dj |pij |, i = 1, 2, · · · , n

J98J P Q@9#.�g2 M - #. (� C1 ��!��%Q#. P Q03).
bhQJL�jG��� u �m� CNN(1) QI�UZr�
n Q��Q CNN

ẋ1 = −x1 + 2y1(x1) + 2y2(x2), ẋ2 = −x2 − 2y1(x1) + 2y2(x2) (2)

�M�x�X (0, 0), 9�x�X��UZ:X��� CNN(2) Q!���4 [1], �� (2)
;���q/e��Aa (2) ��I�UZQ�IJ��G��� u = (2, 2)T ����
	K


ẋ1 = −x1 + 2y1(x1) + 2y2(x2) + 2, ẋ2 = −x2 − 2y1(x1) + 2y2(x2) + 2 (3)

�I�UZQ�=$.� (3) �QqUZ�X (6, 2) � (2,−2) hK�� {1, 1} � {1,−1}
A��qSX (4, 0) �� {1,X} A�7 (3) ��q=x��E��=x"p�>SX
(4, 0), �%��q=x$�>SXQUZX {

(x1, x2) : x1 > 1, x2 = 0
}
g;ay<�Q

M�rZG����7G 1, (3) �I�UZQ�
F? [3] Q���� CNN(1), ?#����oQx�X�UZ�X��h���o

Qx�X�SX�fr�oQx�XJ det(A− I) > 0 ���UZ�X��UZ:X�
J u = 0, (1) N

ẋi = −xi + ai1y1(x1) + ai2y2(x2), i = 1, 2. (4)

� [3] AQ0 (41), (46), (51) � (56), �
�m 5 CNN(4) ;���q���oUZx�XQ[h>�A��bV�R0R

@��L< {
a11 − 1 > a12,

a22 − 1 > a21;
A; r

{
a11 − 1 > −a12,

a22 − 1 > −a21.
(5)

�b�=Wf�� CNN(1) QUZx�XQC�r�I�UZr�
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3 �bthafBu�b�
dm 1 7 CNN(4)��q���oQUZx�X�8�8N u = (u1, u2)T , CNN(1)

�����oQUZx�X�
� �7G 5, Wf%-�R0

a11 − 1 > −a12, a22 − 1 > −a21 (6)

�L���W�R�R0 a11 − 1 > a12 � a22 − 1 > a21 �L��� j�F?Q�u>
@� j�bhWf\ u1 � u2 QD��Cs� j�

a) u1u2 ≥ 0.
J u1 ≥ 0, u2 ≥ 0 � u1 ≤ 0, u2 ≤ 0 �� F � H(N�AQx�X) hK�� {1, 1}

� {−1,−1} oQx�X�
b) u1u2 < 0.
Wf"� u1 < 0 9 u2 > 0 Q�Cs� j�g�S� u1 > 0 9 u2 < 0 Q�C�

F?S j (;?�� 1 ��� 2 QPP��). Wf�2� u1 < 0 9 u2 > 0 h�3b
"�h<

i) 1 − a11 − a12 < u1 < 0, u2 > 0;
ii) u1 ≤ 1 − a11 − a12, 0 < u2 < a22 − 1 + a21;
iii) u1 ≤ 1 − a11 − a12, u2 ≥ a22 − 1 + a21.

Wf��"�hhKs�ZGQ j�
i) �0 (6), F QX+@P

x10 = a11 + a12 + u1 > 1, x20 = a21 + a22 + u2 > a22 − 1 + a21 + 1 > 1.

u F �� {1, 1} oQUZx�X�
ii) �0 (6), H QX+@P

x10 = −a11 − a12 + u1 < −a11 − a12 < −1, x20 = −a21 − a22 + u2 < −1.

u H �� {−1,−1} oQUZx�X�
iii) �0 (6), G QX+@P

x10 = −a11 + a12 + u1 ≤ 2(1 − a11) − 1 < −1,
x20 = −a21 + a22 + u2 ≥ 2(a22 − 1) + 1 > 1.

�� G �� {−1, 1} oQUZx�X� ^�
dm 2 %- CNN(4) ����oQx�X�8�85 u = (u1, u2)T , CNN(1) �I

�UZQ�
� J a12a21 = 0 ��� [9] AQZG 5 # (1) �I�UZQ�J a12a21 > 0 ��D

P = diag {1, a12/a21},8 P �/�7#.9 PA��2Q�� [11]AQZG 1I��hQ
���# (1)��I�UZQ�J a12a21 < 0��Wf8s� a12 > 09 a21 < 0Q�CQ
 j�� a12 < 09 a21 > 0Q�C�F?S j ($Y."�;?�� 1��� 2QPP
$"NZ�B�C). ��ZGQ%-�#0 (5)�L�[� a12 > 0, a21 < 0, a11−1 > 0
I a22 − 1 > 0, ��0 (5) >bV�R0R@�R[<

i)
{

a11 − 1 > a12,

a22 − 1 > −a21;
ii)

{
a11 − 1 > a12,

0 < a22 − 1 ≤ −a21;
iii)

{
0 < a11 − 1 ≤ a12,

a22 − 1 > −a21.
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7�R0R i) �L�D�7#.N diag {1, 1}, �7G 4 �# A− I � C1- #.�Aa�
[9] AQZG 5 # (1) �I�UZQ���R0R iii) ��Q jF?��R0R ii) �
�Q j (By;?�� 1 ��� 2 QPP��), �>@�bh$"��R0R ii) �
L�s� j�

\f

l1 : u2 = 1 − a22 − a21, l2 : u2 = −(1 − a22 − a21), l3 : u2 = a22 − 1 − a21,

l4 : u2 = −(a22 − 1 − a21), l5 : u1 = a11 − 1 − a12, l6 : u1 = −(a11 − 1 − a12),
l7 : u1 = a11 − 1 + a12, l8 : u1 = −(a11 − 1 + a12)

� (u1, u2) xhh�UbLYq\2�I_4��n2�� D1 M D25 �� (]D 1), X
a � b hK��\f l5 > l1, l5 > l2 Q;X�J a22 − 1 = −a21 �� l1 � l2 9^�
u1 = 0 .���$d�2� D1,D2,D10,D18 � D6, ��Q��> a22 − 1 �= −a21 Q�
C�%���Wf%-

a11 − 1 > a12, 0 < a22 − 1 < −a21. (7)

] 1

Wf���n2��_4h�`F<

F�<2� D1;
Fb<2� D2,D4,D6,D8;
F"<2� D3,D5,D7,D9;
F[<2� D10,D14,D18,D22;
FY<2� D11,D13,D15,D17,D19,D21,D23,D25;
FY<2� D12,D16,D20,D24;
F`<2� D1 − D25 Q_4 (r@\f l1 − l8 Q;X);
F`< l1 − l8 Q;X�

- ∆ = det (A − I), �0 (7) �# ∆ > 0. \f
l9 : (a11 − 1)u2 − a21u1 = ∆, l10 : (a11 − 1)u2 − a21u1 = −∆.
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�2� D1 h�"q\2��h (]D 2):

G11 =
{
(u1, u2) ∈ D1 : |(a11 − 1)u2 − a21u1| < ∆

}
,

G12 =
{
(u1, u2) ∈ D1 : (a11 − 1)u2 − a21u1 > ∆

}
,

G13 =
{
(u1, u2) ∈ D1 : (a11 − 1)u2 − a21u1 < −∆

}
,

a�2� D2 h�Qq\2��h<
G21 =

{
(u1, u2) ∈ D2 : (a11 − 1)u2 − a21u1 > ∆

}
,

G22 =
{
(u1, u2) ∈ D2 : (a11 − 1)u2 − a21u1 < ∆

}
,

�^\f l9 �vy2� D1

(
�� G12 = G13 = φ(A0)

)
, I l9 ���2� D3 h�Q

q\2��h (]D 3):

G31 =
{
(u1, u2) ∈ D3 : (a11 − 1)u2 − a21u1 > ∆

}
,

G32 =
{
(u1, u2) ∈ D3 : (a11 − 1)u2 − a21u1 < ∆

}
.

] 2 ] 3

bh�WfhKD (u1, u2) �F�A\� D1, �FbA\� D2, �F"A\� D3,
�F[A\� D10, �FYA\� D11, �FYA\� D12, �F`A\�\f0 ab I�
F`ADX a E j (1) QI�UZr��]�C�F? j�

F�<D D1 EaZ�8
|u1| < a11 − 1 − a12, |u2| < 1 − a22 − a21. (8)

Wf^c\x�X�E�� CNN(1) Qx�XQ�C�
1.1. �� {X,X} AQ�pQx�X O, �0 (8), �X+@P

|x10| <
1
∆

[
a12(1 − a22 − a21) + (a22 − 1)(a11 − 1 − a12)

]
< 1,

|x20|
{

< 1, (u1, u2) ∈ G11,

> 1, (u1, u2) ∈ G12 ∪ G13.
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��J (u1, u2) ∈ G11 �� O ∈ {X,X}; J (u1, u2) ∈ G12 ∪ G13 �� O �∈ {X,X}; J
(u1, u2) hK� G11 > G12 � G11 > G13 Q_4.�� O hK�� {X,X} > {X,−1}
� {X,X} > {X, 1} Q_4.�

1.2. �� {1,X} AQ�pQx�X B, �0 (8), �X+@P

x10 > a11 − (a11 − 1 − a12) +
−a12a21 − a12(1 − a22 − a21)

a22 − 1
= 2a12 + 1 > 1,

x20 >
−a21 − (1 − a22 − a21)

a22 − 1
= 1,

u B �∈ {1,X}.
1.3. �� {−1,X} AQ�pQx�X C, �0 (8), �X+@P

x10 < −a11 + a11 − 1 − a12 +
a12a21 + a12(1 − a22 − a21)

a22 − 1
= −2a12 − 1 < −1,

x20 <
a21 + 1 − a22 − a21

a22 − 1
= −1,

��� C �∈ {−1,X}.
1.4. �� {X, 1} AQ�pQx�X D, �X+@P

|x10| <
a12 + a11 − 1 − a12

a11 − 1
= 1, x20

{
> 1, (u1, u2) ∈ G11 ∪ G12,

< 1, (u1, u2) ∈ G13,

���J (u1, u2) ∈ G11 ∪ G12 � (u1, u2) � G11 > G12 Q_4.�� D ∈ {X, 1}; J
(u1, u2) ∈ G13 �� D �∈ {X, 1}; J (u1, u2) � G11 > G13 Q_4.�� D � {X,X} >
{X, 1} Q_4. (�� D � O D3).

1.5. �� {X,−1} AQ�pQx�X E, �X+@P

|x10| <
a12 + a11 − 1 − a12

a11 − 1
= 1, x20

{
< −1, (u1, u2) ∈ G11 ∪ G13,

> −1, (u1, u2) ∈ G12,

���J (u1, u2) ∈ G11 ∪ G13 � (u1, u2) � G11 > G13 Q_4.�� E ∈ {X,−1}; J
(u1, u2) ∈ G12 �� E �∈ {X,−1}; J (u1, u2) � G11 � G12 Q_4.�� E � {X,X} >
{X,−1} Q_4. (�� E > O D3).

1.6. �� {1, 1} AQ�pQx�X F ,

x10 = a11 + a12 + u1 > 2a12 + 1 > 1, x20 = a21 + a22 + u2 < 1,

u F �∈ {1, 1}.
1.7. �� {−1, 1} AQ�pQx�X G,

x10 = −a11 + a12 + u1 < −1, x20 = −a21 + a22 + u2 > 2a22 − 1 > 1,

u G ∈ {−1, 1}.
1.8. �� {−1,−1} AQ�pQx�X H,

x10 = −a11 − a12 + u1 < −2a12 − 1 < −1, x20 = −a21 − a22 + u2 > −1,

��� H �∈ {1,−1}.
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1.9. �� {X,X} AQ�pQx�X K,

x10 = a11 − a12 + u1 > 1, x20 = a21 − a22 + u2 < 1 − 2a22 < −1,

u K ∈ {1,−1}.
N.!/�J (u1, u2) ∈ G11 �� CNN(1) �Yqx�X<QqUZ�X G � K

hK�� {−1, 1} � {1,−1} A�QqSX D � E hK�� {X, 1} � {X,−1} A��
q�UZ�X (��UZ:X) O �� {X,X} A�SX D �� {X, 1} AQUZXN{
(x1, x2) : x1 = −(a12 + u1)/(a11 − 1), x2 > 1

}
, �UZX_`M� {X,X} A�NU j

(1) �I�UZQ��7G 1, Wf"w j (1) X=x�bhEht�b� {X,X} A
QlS{QXl�

x1 = −a12 + u1

a11 − 1
, |x2| < 1,

dx1

dt
= a12(x2 − 1) < 0;

x1 =
a12 − u1

a11 − 1
, |x2| < 1,

dx1

dt
= a12(x2 + 1) > 0.

�� x1 = −(a12 + u1)/(a11 − 1) P�x�X O Q|X+ x10 QT_�a x1 = (a12 −
u1)/(a11 −1) P� x10 Ql_����x�X O P��[A\f x1 = −(a12 +u1)/(a11 −
1), x1 = (a12 − u1)/(a11 − 1), x2 = 1 � x2 = −1 !L�Q2�o�aZ.+

V (x1, x2) = (x1 − x10)2 − a12

a21
(x2 − x20)2,

�A x10 � x20 �x�X O QQX+��� {X,X} A�{ (1) Q�� V v� t QK+
@P

dV

dt
= 2(a11 − 1)(x1 − x10)2 − 2a12(a22 − 1)

a21
(x2 − x20)2 ≥ 0.

Wf��xD|JQ/-+ c ,N}f V (x1, x2) = c I\f x1 = −(a12 + u1)/(a11 −
1), x1 = (a12 − u1)/(a11 − 1) � x2 = 1 !L�Q2� Ω1 �� {X,X} A�a D QUZ
XJ t ≤ 0 �}� Ω1. 7 (1) C�=x�8�=xoQx�X"�p� O, A.hht
�#�=x�>SX D � E QUZXg;�Aay<�QM�r�u (1) �I�UZ
Q�

J (u1, u2) ∈ G12 �� CNN(1) �"qx�X<QqUZ�X G � K, �qSX D;
J (u1, u2) ∈ G13 �� CNN(1) ��"qx�X<QqUZ�X G � K, �qSX E; �
�QB�C�7 (1) �=x��E���=xoQx�X"�p�SX�I=x�>S
XQUZXg;�aK�a~�u (1) ��I�UZQ�

J (u1, u2) � G11 > G12 Q_4.D��� CNN(1) �[qx�X<QqUZ�
X G � K, �qSX D �P� {X,X} > {X,−1} _4.Qx�X E (> O D3); J
(u1, u2) � G11 > G13 Q_4.D��� CNN(1) ��[qx�X<QqUZ�X G �

K, �qSX E �P� {X,X} > {X, 1} _4.Qx�X D (> O D3), ��QB�
C� (1) ���pC�=x�Aa (1) ��I�UZQ�

Fb< D D2 EaZ�8�
a11 − 1 − a12 < u1 < a11 − 1 + a12, |u2| < 1 − a22 − a21. (9)
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2.1. �� {X,X} AQ�pQx�X O, �0 (9), �X+@P

|x10| <
1
∆

[
a12(1 − a22 − a21) + (a22 − 1)(a11 − 1 + a12)

]
< 1,

(u1, u2) ∈ G22, |x20| < 1; (u1, u2) ∈ G21, x20 < −1,

uJ (u1, u2) ∈ G22 �� O∈ {X,X}; J (u1, u2) ∈ G21 �� O �∈ {X,X}; J (u1, u2) �
G21 � G22 Q_4.�� O P�� {X,X} > {X,−1} Q_4.�

2.2. �� {1,X} AQ�pQx�X B, ]QX+@P

x10 > 2a11 − 1 > 1, x20 >
−a21 − (1 − a22 − a21)

a22 − 1
= 1,

u B �∈ {1,X}.
2.3. �� {−1,X} AQ�pQx�X C, ]QX+@P

x10 < −a11 + a11 − 1 + a12 +
a12a21 + a12(1 − a22 − a21)

a22 − 1
= −1,

x20 <
a21 + 1 − a22 − a21

a22 − 1
= −1,

u C �∈ {−1,X}.
2.4. �� {X, 1} AQ�pQx�X D, ]QX+@P

x10 < −a12 + a11 − 1 − a12

a11 − 1
= −1, x20 > 2a22 − 1 > 1,

u D �∈ {X, 1}.
2.5. �� {X,−1} AQ�pQx�X E, ]QX+@P

− 1 =
a12 − (a11 − 1 + a12)

a11 − 1
< x10 <

a12 − (a11 − 1 − a12)
a11 − 1

<
a12

a11 − 1
< 1,

x20 =
(a11 − 1)u2 − a21u1 − ∆

a22 − 1
− 1

{
< −1, (u1, u2) ∈ G22,

> −1, (u1, u2) ∈ G21,

���J (u1, u2) ∈ G22 ��E ∈ {X,−1}; J (u1, u2) ∈ G21 ��E �∈ {X,−1}; J (u1, u2)
� G22 > G21 Q_4.D��� E P� {X,X} � {X,−1} Q_4. (�� E � O D
3).

2.6. By��r���o�pQx�XQX+��#���o"��qx�X K
P�� {1,−1} A�

N.!/�J (u1, u2) ∈ G22 �� CNN(1) �"qx�X<�qUZ�X K ��
{1,−1} A��qSX E �� {X,−1} A�I�q�UZ�X (��UZ:X) O ��
{X,X} A�mF�A�%UlS{Qht��N (1) �I�UZQ�

J (u1, u2) ∈ G21 �� CNN(1) "��qx�X<UZ�X K, �E��# (1) �I
�UZQ�

J (u1, u2) � G21 � G22 Q_4.D��� CNN(1) �Qqx�X<�qUZ�
X K ��qP� {X,X} > {X,−1} Q_4.Qx�X E (> O D3). x�X E ��
{X,−1} AQUZXN {

(x1, x2) : x1 = (a12 − u1)/(a11 − 1), x2 ≤ −1
}
. 7 (1) C��q
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?z E �o�Q=x�8�=x�> E QUZXg;ay<�QM�r�u�E�I
7G 1 �N (1) �I�UZQ�

F"< D D3 EaZ�8�
a11 − 1 − a12 < u1 < a11 − 1 + a12, 1 − a22 − a21 < u2 < a22 − 1 − a21. (10)

� (7) � (10) IF?Q���J (u1, u2) ∈ G32 �� CNN(1) �Yqx�X<QqUZ
�X F � K hKP�� {1, 1} � {1,−1} A�QqSX B � E hKP�� {1,X} �
{X,−1} A��q�UZ�X (��UZ:X) O P�� {X,X} A�WfEaZ {X,X}
AQlS{QXl�

x2 = −a21 + u2

a22 − 1
, |x1| < 1,

dx2

dt
= a21(x1 − 1) > 0,

x1 =
a12 − u1

a11 − 1
, |x2| < 1,

dx1

dt
= a12(x2 + 1) > 0.

���SX B� EQUZX_`M�\f x1 = (a12−u1)/(a11−1), x2 = −(a21+u2)/(a22−
1), x1 = −1 � x2 = −1 !L�Q2�o�NU�j B � E QUZX��x�X O g
1�Wf"w|JxDQtq/-+ c1 � c2 ,N�}f V (x1, x2) = c1, V (x1, x2) = c2(
V (x1, x2) ��F�AZ}Q.+ )

�\f x1 = (a12 − u1)/(a11 − 1), x2 = −(a21 +
u2)/(a22 − 1), x1 = −1 I x2 = −1 !L�Q2� Ω2 ?zx�X O, a� Ω2 Q_4.l
S{�I0lG�J t → −∞ �� B � E QUZX}� Ω2 A��%�7 (1) C�=
x?z"qx�X B,E � O AQ�q�o�8�=x�> B � E QUZXg;ay
<�QM�r��E��7G 1 �# (1) �I�UZQ�

J (u1, u2) ∈ G31 �� CNN(1) �"qx�X<QqUZ�X F � K, �qSX B;
J (u1, u2) � G31 � G32 Q_4.D��� CNN(1) �[qx�X<QqUZ�X F �

K, �qSX B ��qP�� {X,X} > {X,−1} Q_4.Qx�X E (> O D3); �
7G 1 �# (1) ��I�UZQ�

F[<�D D10 EaZ�8�
u1 > a11 − 1 + a12, |u2| < 1 − a22 − a21. (11)

� (7) � (11) �# CNN(1) "��qx�X<� {1,−1} AQUZ�X K, u (1) �I�
UZQ�

FY< D D11 EaZ�8�
u1 > a11 − 1 + a12, 1 − a22 − a21 < u2 < a22 − 1 − a21. (12)

� (7) � (12) �# CNN(1) �"qx�X<QqUZ�X F � K hK�� {1, 1} �
{1,−1} A��qSX B �� {1,X} A�F?S� (1) ��I�UZQ�

FY< D D12 EaZ�8
u1 > a11 − 1 + a12, u2 > a22 − 1 − a21. (13)

� (7) � (13) �# CNN(1) "��qx�X<� {1, 1} AQUZ�X F, �E�� (1) �
I�UZQ�

F`< D\f0 ab − D1 > D2 Q_4EaZ�8
u1 = a11 − 1 − a12, |u2| < 1 − a22 − a21. (14)
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� (7) � (14) �N�J (u1, u2) � G11 > G22 Q_4.D��� CNN(1) �[qx�
X<�qUZ�X K, �qSX E, �q�UZ�X (��UZ:X) O, �qx�X D

(> G D3) P� {X, 1} > {−1, 1} Q_4.�J (u1, u2) � G12 > G21 Q_4.D�
�� CNN(1) �Qqx�X<�qUZ�X K, �qx�X D (> G D3); J (u1, u2)
� ab >\f l9 Q;X�� CNN(1) �"qx�X<�qUZ�X K, Qqx�X E (>
O D3) � D (> G D3). �F?Q����# (1) �I�UZQ�

F`< DX a EaZ�8
u1 = a11 − 1 − a12, u2 = 1 − a22 − a21. (15)

� (7) � (15) �#�JX a P�\f l9 Qbf�� CNN(1) �Yqx�X<�qUZ
�X K, �qSX E, �q�UZ�X (��UZ:X) O, Qqx�X B(> F D3) �
D(> G D3); JX a �\f l9 Q.f�� CNN(1) �"qx�X<�qUZ�X K,
Qqx�X B (> F D3) � D (> G D3); JX a �\f l9 .�� CNN(1) �[qx
�X<�qUZ�X K, "qx�X B (> F D3), D (> G D3) � O(> E D3). B
yF?Qv�lS{Qht��# (1) �I�UZQ� ^�
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ON THE COMPLETE STABILITY OF CELLULAR NEURAL
NETWORKS WITH EXTERNAL INPUTS AND BIAS

LI Xuemei

(Department of Mathematics, Hunan Normal University, Changsha 410081)

HUANG Lihong

(College of Mathematics and Econometrics, Hunan University, Changsha 410082)

Abstract It is presented that if a two-cell CNN without external inputs and bias has a
stable equilibrium point, then the corresponding CNN (with the same feedback template)
for any external inputs and bias has a stable equilibrium point, and is completely stable.

Key words Cellular neural networks, complete stability, equilibrium points,
saturation regions, external inputs


