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JÑ
�«D(�¸eE,�äÿÀ�O�{, =|^¹D�mS��O��(�·bXÚ�ÄåÆ�§Ú
ëê, ±9d·bXÚ|¤�E,�ä�ÿÀ(�!!:ÄåÆ�§!¤këê!!:mÍÜ��ÚÍÜrÝ. Ï
Læ^ÄåÆ�§�Ú�/ª, òÄåXÚ�§(�Úëê�Ow¤�5£8¯K�Xê�O, T�O¯K|^�
�dØ Da�&Òï�{¦), ¹D&Ò��.ï¦^�'�þÅ�{, =ÏLDÕ��dÆS¦)DÕj
½�5�§��þ¡J����Oé�. ±ü� Lorenz XÚ9d 200 � Lorenz XÚ|¤�ÃIÝ�ä�~`²�
{�k�5. �ý(JL², JÑ��{éD(kér�°�5,Âñ�Ý¯, �Ø�4�, �Ñ
���¦�O
�{Âñ�Ýú!�Ø��±9Ø Da�O�{éD(°�5Ør�":.
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1 Ú ó

E,�ä´éE,XÚ��«Ä�Ú£ã�
ª, ?Û�¹�þ|¤ü� (½fXÚ) �E,XÚ,

�r�¤ü�Ä�¤!:!ü��m��p'X
Ä��>�, Ñ�±��E,�ä5ïÄ. 3 Watts

Ú Strogatz 'u�.�ä [1] ±9 Barabási Ú Al-

bert 'uÃIÝ�ä [2] �mM5ó���, E,�
ä®¤õ/A^uNõE,XÚ, ¿3�A+��
�
�?Ð [3−8]. <�3éØÓ+��þ¢S�
ä?12�¢y5ïÄ¥uy, E,�äØ=äk
�.�A, Ó��¥yÑÃIÝA�. �x�ä
!:A5��{üÓ��´���VgÒ´Ý,

,!: i �Ý ki ´��T!:�ë��>ê, ,!
:Ý����Ny
T!:3�ä¥��§Ý.

Ý©Ù½Â�3�ä¥�ÅÀ��!:Ý�� k

�VÇ, Ý©ÙÑl4Æ©Ù��ä¡�ÃIÝ�
ä. �äÿÀ(�©Û�E£!�ä÷*5���

*)¤Å�Ú�ä¥ÄåÆÅ�ïÄ¤�8c�
ïÄ9:.

��E,�äïÄ����c÷��, �ä
ÿÀ(�©Û�E£�cÏïÄÌ�8¥3®�
ÿÀ(�e�äÿÀé�äA5�K� [1,2,9,10],

�äÿ À ( � Ú ! : Ä å Æ � §´ï Ä �ä
ÓÚ!��!)�Ú�æ�ä���cJ. ,
3¢SE,�ä¥Ï~Ø���ä�ÿÀ(
�9�ä!:�§, Ïd�OE,�ä!:�Ä
åÆ�§9�äÿÀ(�äk��nØÚy¢
¿Â.

d·bXÚÑÑ�mS�E£ÙÄåÆ�§
Úëê, áuÄåÆïÄ�_¯K. éü���5
½·bXÚ, DÚ¿Âþ�XÚE£¯K��ó
´3®�XÚ�§(���¹e�OXÚ�ëê,

®kG�*ÿì [11]!g·AÓÚ [12−16]!Ï`�
{ [17−19] �õ«k��E£�{. �XÚ��§
(����, |^<ó ²�ä [20]!�
Ü6�
{ [21] � “���.” %C�ÄåÆ�§, ,E£
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Ñ�XÚ�§¿��XÚý¢�ÄåÆ�§, J±
�Û�x·bXÚ�E,ÄåÆA5.

ïÄE,�ä�8I��´n)�äþ��
«ÄåÆL§XÛÉ��ä(��K�, Ïd¼
�E,�ä�ÿÀ(�´)ûNõÙ¦¯K�c
JÚÄ:. 'X, �âÃIÝ�ä�O�5 (�ä
l m0 �!:m©, zO\��!:�ë�� m �
®�3�!:þ, � m 6 m0) Ú`kë�A5 (=
#!:`kë���ä¥Ý����!:)[2], �
ÃIÝ�ä3�müzL§¥\\#�!:�, #
!:�`kë�@
Ý'���!:, ùÒI�¼
��ä�ÿÀ(�½��Ý
l��z�!:
�Ý�, �#!:��\Jøë�. E£�äÿÀ
(�9Ù!:ÄåÆ�§, Zhou Ú Lu[22] 9 Wu[23]

�Ñ, É(� (!:ÄåÆØ�Ó) ��ä�N´£
OÙÿÀ(�, Chen � [24] �ÑÓÚéÿÀE£å
{N�^. ��ä!:ÄåÆÚ!:mÍÜ¼ê®
��, Tang � [25] òÿÀE£=z¤��`z¯K,

)û
�äÓÚ�¹e�ÿÀE£. Yu � [26] JÑ

3®�z�!:�ÄåÆ�§Úëê�, é�ä
�\��ÿ���A��{�O�äÿÀ(�.

��ä!:�ÄåÆ�§(�®��§ëê�
��, Liu � [27] |^g·A���g�¢y
�
äÿÀE£.

C5, (���XÚÄåÆ�§��O¯K
Úå
é�'5. éuü���5½·bXÚ,

Gouesbet Ú Letellier[28] ò���§�¤g£õ�
ª(��Ú�/ª?1�O, Lu � [29] �Ñ
¹
k*ÿD(�g£õ�ª(���O, Bezruchko

Ú Smirnov[30] JÑ�g£�©�§(���O�
{, ¦�þ´|^���¦{�Oõ�ªXê, ,
�|^õ�ªXê��§(��éA'X��X
Ú��§. ,ù«�O�{Âñ�Ýú��3�
��Ø�. �
ýÿXÚ�âC9�äÄåÆA
5, Wang � [31,32] JÑ
�«ÄuØ Da�Äå
XÚ�§�OÚ�äÿÀ(��O�{, ,T�
{éD(�°�5Ør.

|^Ø Da�OXÚÄåÆ�§,´ÄuÄ
åÆ�§�±^�5Ú�õ�ª(�%C, �=k
�ê��Xê��"ù�Ä�b�, Kõ�ªXê
�w¤DÕ�þ, ÄåÆ�§��O=z�¦)j
½�5XÚ. Donoho[33] Ú Candès[34] JÑ�Ø 

Da�{�¦)daj½�5�§C½
Ä:, ¿
y²
�±|^Ü©Fp�Xêï�©&Ò [35].

duõ�ªXê�(���éA'X, |^Ø D
a¦)j½�5XÚ�±¢yÄåÆ�§Úëê
�Ó��O. Ø Da�`:3u&Ò�ÝKÿþ
êâþ��uDÚ�æ��{, â»
�àæ�½
n�´¶. |^Ø Dal¹k�þ*ÿêâ¥
ï&ÒC53Ø ¤� [36]!Da�ä [37]!ê
âÏ& [38] �+���
ûÐA^.

3ÿþ¥D(´Ø�;��, \5D(e�Ø
 Daï¯K, �±N��±DÕ��dÆS�
Ä:��'�þÅ (RVM)[39,40] µee?1�O.

�'u|±�þÅ (SVM) (�ºx��z�ÆS
Å, RVM ´Äu��dµee�ÆSÅ, duØ
É Mercer ^����, �±�ï?¿Ø¼ê, ÏL
b���Ñlþ��"���©Ù, ò��L��
���", �Ñ
 SVM N´L[Ü�":.

�©�8�´|^��dØ Daï�{
l�D(À/�&Ò¥�OE,�äÿÀ(�Ú
!:�ÄåÆ�§, JÑ
ÄuDÕ��dÆS
�E,�äÿÀ(�Ú!:ÄåÆ�§��O�
{. T�{Ø=¢y
�O��¯�ÂñÚ4�
��Ø�, �éD(kér�°�5. ±ü
� Lorenz XÚ��#!:�\Ó(� (!:Äå
Æ�Ó) ÃIÝ�ä�~, b½#!:9�ä¥�
!:�§(�Úëêþ��, �äÿÀ(����,

��±�ä�Ó(�A(�#�\!:�ÄåÆ
�§��ä!:ÄåÆ�§�Ó, �âÃIÝ�ä
�`kë�A5, #!:�`kë�Ý��:, l
�±�OT#!:9�ä!:�ÄåÆ�§±
9�ä�ÿÀ(�.

2 ��dØ Da

DÚ�Ø nØo´ÿþõ�&Ò�¤k�
�:, ����ÄeÄ¼êXê�Ø 8. ,3
æ�L§¥É��àæ�½n���,¦�êâæ
8�Ýé$, 3éõ+�¡�¯K, 'X3õUØ
^�� (fMRI) ¥, ¾<I��³up^|Ë��
¸eé��mâU�¤MÜ¤�, ù¬é¾<�è
x�)�³. Ø DanØÏLØ 8���ÿþ,

=DÕæ����æ�, â»
�àæ�½n�
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��,¢y
õ:&Ò�p�æ8.

Ø DaL§�©�&Ò�DÕz!�ï
�ÿþÝ
Ú|^ï�{¡E&ÒnÜ©. Ø
 Da¥ï¡E�&Ò´�«¦)j½�5X
ÚDÕ)��{. duj½�5XÚ¥��ê��
ê�u�§��ê, ¤±Ï~¬kÃ¡õ�), �
´XJXÚk���DÕ), K·��±ÏLØ 
Da�{|^���*ÿþBUïDÕ).

Ø   D a £ã�: ® � , D a Ý 
 Φ ∈
RM×N , � N À M , DÕ�þ x ∈ RN×1 3Ý

 Φ e�ÑÑ� y ∈ RM×1, = y = Φx, Ø D
a��â y ï x. �?nã�½p�êâ�A
òÙõ��þ=������þ. e x ���&
Ò´�DÕ�, �òÙ?1,«C�¦Ù�±D
ÕL«, ~^�C�kFp�C�!�ÅC�Ú
P{i;�. �
ï�DÕ&Ò, *ÿêâþ7
L÷v O(KlnN), Ù¥ K ��DÕ&Ò�"�
��ê, �Ý
 Φ 7L÷v�å�å^� [41]. é
u�&Ò�¡Eï®kõ«�{, ©z [36] ®
y², |^ÿþ�ÏL¦)�` l1 �ê�� x:

x̂ = arg min ‖x‖1, Ù�å^��:

y = Φx, (1)

ù´��à�`¯K, �±=z��55y¯K
¦), �=ÄJl. Ù¦ï�{�k��Jl�
{!���C©{�.

��dØ Da�ïÒ´�â x 3,Ä
e´DÕ�!êâ y ´�ÿþ��k��£, �
O x ����Ý¼ê. �Ú\\5ÿþpdD
( e ∼ N(0, σ2IN )�, (1)ª��

y = Φx + e, (2)

ùa¹\5pdD(��5£8¯Kw,�±
Ï L � � � ¦ {, | ^ 4 � z � . Ø � ² � Ú
é x ?1�O, �T�{Âñ�Ýú��3é�
��Ø�. du�©¥òÄåXÚ�§�¤
Ú�/ª, XÚý¢�§=´Ú�/ª¥��ê
�, Ù{�Ü©��Xê�", =Ú�/ªXê
�þ´DÕ�, Ïd�©JÑ|^ÄuDÕ��
dÆS��'�þÅ¦)DÕ�þ x. T�{
ÄkéDÕ�þ x �z����D���"þ
��pdk��. P (x|α) =

∏N
i=1 N(xi|0, α−1

i ),

Ù¥ αi �pd�Ý¼ê�_��, α ¡��ë

ê, , � é α ½ Â � � Gamma © Ù � � k �,

dd¦� xi ��ªk�÷v t ©Ù�´DÕk
�. |^S��{¦� α Ú σ2 ������Ý,

= (αMP, σ2
MP) = arg maxα,σ2 P (y|α, σ2), S�L

§¥�Ü© αi ªuÃ¡�, =éA� xi ªu",

Ù¦ªuk�� xi Ò¡���'�þ, �� x �
���Ý¼ê P (x|y,α, σ2) �, ����O�þ�
� x �:�O.

3 E,�äÿÀ�O

éu�a¹kõ�ª(�½ö�±ÏL�?
êÐm¤õ�ª(��ÄåÆXÚ, e�|^�m
S�ï�ÄåXÚ��§,ÄkA�½XÚ�§
�Ú�/ª, =ò�§��ÛïC¤���5£
8¯K, |^���¦{¦£8�§�Xê, |^
£8Xê�(���éA'XlÓ����§
�(�Úëê. ,T�{Âñ�Ýéú, du�
½�Ú�(��õ�ª�êõu¢S�ê, ¤±é
uDÕ(��/ªT�{�3��Ø�, |^Ø
 DaTÐ)û
ù
¯K. Ø Daµee�O
XÚ�ÄåÆ�§, b½g£ÄåXÚ/ªXe:

ẋ = F (x,A), (3)

Ù¥ x = (x1, x2, · · · , xn) ∈ Rn �XÚG�Cþ,

A �XÚëê. F (x,A) = (F1(x,A1), F2(x,A2),

· · · , Fn(x,An)) �²w�þ¼ê. b�XÚ�Cþ
þ�*ÿ, Kz�XÚCþ�±L«¤Ú�/ª

ẋi =
N∑

l1,l2,··· ,ld=0

(ai)l1,l2,··· ,ln

d∏
j=1

x
lj
j ,

Ù¥ d �Cþ��p��ê, Xê� (ai)l1,l2,··· ,ld

��þ Ai ���, �¤�þ/ª� ẋi = Fi(x,

Ai) = ϕAT
i , Ù¥ ϕ =

∑N
l1,l2,··· ,ld=0

∏d
j=1 x

lj
j . ÀJ

·����ê d�, du"��'�, Ai ¥��Ü
©���", =Ù´DÕ�.

�XÚ3,ëê A eüz�, ¼� n �XÚ
G�Cþ� µ �ÿþ� [x(t1), x(t2), · · · , x(tµ)]T,

éu1 i ��§ Fi d*ÿþ [xi(t1), xi(t2), · · · ,

xi(tµ)]T Úæ�ªÇ¦� χ̇i = [ẋi(t1), ẋi(t2), · · · ,

ẋi(tµ)]T, Ó�¦ � Ý 
 Φ � µ � 1 � þ Φ =

[ϕ(t1), ϕ(t2), · · · , ϕ(tµ)]T, dd·�¼�Xe�ª

χ̇i = ΦAT
i + e, (4)
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Ù¥ Ai �dXê (ai)l1,l2,··· ,ld |¤��þ, e �ÿ
þD(. |^��dØ Da�±�OÑ Ai ��,

du Ai �XÚ���3éA'X, �OÑXÚz
��§ Ai ��B��OÑ��XÚ��§. �

÷v�å�å5, òÝ
 Φ �z���Ø±T��
¤3�� 2- �ê.

�d K �!:|¤�ä�, �{üå�, b�
!:m=ÏL1��Cþ�3ÍÜ, é1 i �!
: [ẋ1]i L«¤

[ẋ1]i = [F1(x,A1)]i

+
K∑

j=1,j 6=i

Ci,j([x1]j − [x1]i), (5)

Ù¥ i = 1, 2, · · · ,K,Ci,j �1 i �!:�1 j �!
:�ÍÜrÝ. é (5)ª¤�¹�!:Cþ?1©
|, r¹k1 i �!:�¤kCþ©¤�|, ù��
ò (5)ª©¤ K |, =�¤Xe K |ªf�Ú:

[F1(x,A)]i −
K∑

j=1,j 6=i

Ci,j [x1]i

Ci,1[x1]1

Ci,K [x1]K

, (6)

éÙ¥�z�|þ�Uìc¡0���{?1�
O�§(�Úëê, |^1�|ÚÙ¦Cþ��O
��Ñ1 i �!:��§, Ù{�|�OÑ�1 i

�!:�ë�!:Ò9ÍÜrÝ. é�ä¥¤k!
:þ�1T�O�{, ·�B��
�ä�ÿÀ(
�.

e¡±·b Lorenz XÚ�~`²ü�XÚ�
§±9õ�XÚ|¤�ÍÜ�äÿÀ(���O
�{, Lorenz XÚ±

ẋ = axy + bxx,

ẏ = ayx + byy + cyxz,

ż = azxy + bzz (7)

/ª�Ñ, �~Xê©O� ax = 10, bx = –10, ay =

28, by = –1, cy = –1, az = 1, bz = –8/3� Lorenz X
Ú?u·bG�.

éu(½5XÚó, À����ê��¿�
X¦���þ�DÕ. ± Lorenz XÚ���ê d =

3 �~, 3 ti��,

ϕ(ti) = [x(ti)0y(ti)0z(ti)0, x(ti)0y(ti)0z(ti)1,

· · · , x(ti)3y(ti)3z(ti)3]

� 64 �. d þ ª � �, é ẋ  ó � k
x(ti)1y(ti)0z(ti)0, x(ti)0y(ti)1z(ti)0 � ü � ¤
é A � X ê � � ", Ù { � ¤ é A � X
ê � � "; Ó n, ẏ � k x(ti)1y(ti)0z(ti)0,

x(ti)0y(ti)1z(ti)0, x(ti)1y(ti)0z(ti)1 n���", ż

� k x(ti)1y(ti)1z(ti)0, x(ti)0y(ti)0z(ti)1 ü � �
�". ϕ(ti) � Xê� þ � � DÕ� þ, � â
� � d Ø   D a � n, · � Ï L µ � ẋ � �
Ú [ϕ(t1),ϕ(t2), · · · ,ϕ(tµ)], �±�OÑ ϕ(ti) ¤
éA�Xê�þ Ai, ẏ Ú ż �"Xê�þÓn��.

éud K � Lorenz XÚ|¤�Ã��ä, �
!:m=ÏLCþ x ÍÜ, b½1 5 �!:�
1 10, 11 Ú 17 �n�!:ÍÜ, ��O1 5 �!
:�Ù¦!:�ÍÜ�¹, ��ê�� d = 3, |
^ü�Õá!:��O�{��� ẏ, ż ¤3��
§. ò ẋ ¤3��§L«¤ (6) ª�/ª, K·�
��� K |¥�1 1 |� [F1(x,A)]5 = [ẋ]5 =

10[y]5 − 10[x]5,
∑K

j=1,j 6=i
C5,j [x1]5 = 3[x]5, 1 11

|� C5,10[x1]10 = [x1]10, 1 12 |� C5,11[x1]11 =

[x1]11, 1 18 |� C5,17[x1]17 = [x1]17, = ẋ ¤3�
�§�k 64K �, �k 5 �´�", Ù{���
�". dd·�B��
1 5 �!:�ÄåÆ�
§9�T!:ÍÜ�!:�ÍÜrÝ. Ó�, XJ
1 10 �!:�1 5 �!:ÃÍÜL²�3ÍÜ�
�, é�ä¥�z�!:�Ud�{?1�OB�
�
���ä�ÿÀ(�!!:ÄåÆ�§!Í
ÜrÝÚÍÜ��.

4 �ý¢~

±vk>Úg��Ã�ÃIÝ�ä�~`
²�{�k�5. b��äd 200 �!:|¤�Ó
(��ä (!:ÄåÆ�§�Ó), Xã 1 ¤«. �
�!:�� Lorenz XÚ, !:m=ÏL Lorenz X
Ú (7)ª�1��Cþ x �pÍÜ. XJ·���
\��#·bXÚ��!:, T#·bXÚ��§
(�Úëêþ��, �âÃIÝ�ä�`kë�A
5, �òT#·bXÚ��ä¥Ý���!:�ë
�, I��OÑ�ä�ÿÀ(�, ����!:�
Ý5(½#·bXÚ�Ú�ä¥=
!:�ë�.
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Ó��
�y�ä�Ó(�A5, �I��OÑ#
·bXÚ9�ä�!:�ÄåÆ�§.

Äk�âT#·bXÚ�ÑÑ�mS��O
ÑÙ�§Úëê; Ùg�â�ä¥�!:�ÑÑ�
mS��O�äÿÀ(�Ú!:ÄåÆ�§, XJ
#·bXÚ��ä´Ó(����â�äÿÀ�
��!:�Ý, ò#·bXÚ�\�ä8I!:þ
¤��ä¥��#�!:; ��#�O�ä�ÿ
À(�u��ä#!:�ë��¹. Ó�·�'�

��dØ DaÚ���¦{�êâ�ÝéÂ
ñ�Ý�K�, ±93D(�µe��dØ Da
�Ø Daé�O°Ý�K�.

ã 1 ÃIÝ�äÿÀ(�ã

� � � � � � � � � � � ����� �� � �� � � 	 
� � 

ã 2 RLS � BCS �OÂñ�Ý'�

#·bXÚ�§Úëê�O�, õ�ª¥C
þ��p��ê�� d = 2, Kõ�ª�k 27 �.

é ẋ, ż ¤3�§kü��"�, ẏ ¤3�§k 3

��"�, �ÃÿþD(�, ��OØ���O�

�ý¢����ýé�, ©O|^��dØ D
a (BCS) Ú4í���¦{ (RLS) ?1�O, K·
���üö�"��OØ��ÿþêâ�Ým�
'X�, Xã 2 ¤«, lþ�e�g� ẋ, ẏ, ż é
A��"�. dã��, BCS �'u RLS, Ø=Â
ñ�Ý¯, ��34���Ø�. �� d = 3

�, ·�©O|^ BCS Ú CS éõ�ªXê�þ

� � � � � � � � � ����� � �� � � � �� �
ã 3 CS � BCS �OÂñ�Ý'�

� � � � � ��� � �� � �� � �
�

� 	 
	 

ã 4 ØÓDÕG¹e CS � BCS �OÂñ�Ý'�

� � � � � � � � � � � � � � � ��� � � ��� � ��� � � 	 
 �
 �
ã 5 D(é CS � BCS �O°Ý�K�

148901-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 148901

� � � � � � � � � � � � � � � �
� � 	 � 
 � 	 � ��  �� � �� � ��� �� � �� �

� � � � � � � � � � � � �� � � � �� � � � � �� � � �� � � � � � 	 � 
 � 	 � �� � � ��� � �� � � � �� � �
 � �� � � � � � � �� � � �� � � � �� � � �� � � � �� � � � � � � � � � � � � � � � �� � � � �� � �� � �� �  � � � ! " # $� � ! " # $� � � % & ' ( ) * +
� � 	 � 
 � 	 � ��  �� � �� � ��� �� � � � � � ! " # $� � ! " # $

� � � � � � � � � � � � �� � � � �� � � � ��� � � �� � � � � � 	 � 
 � 	 � �� � � ��� � �� � � � �� � �
 � �� � � � � � � , � � � - .� � � ,� � � � , � � � / .� � � , � � � � � � � � � � � � �� � � � �� � � � ��� � � �� � � �� � � % & ' ( ) 0 +

� � 	 � 
 � 	 � �� 1 �� � ��� �1 � � � � ! " # $� � � % & ' (� � ! " # $
� � � � � � � � � � � � �� � � � �� � � � ��� � � �� � � � � � 	 � 
 � 	 � �� � ��� �� �� �1 �� � � � � � � � � � � � � � � �� � � � �� � � � ��� � � �� � � �� � � � 2 � � � 3 4 � � � 5 4� � � 2� � � � 2� � � 2

) 6 +
ã 6 ©O|^ CS Ú BCS �O (a) ẋ, (b) ẏ, (c) ż ¤3�§"���"��'� (a), (b), (c) ¥�ã�L"��OØ��D(
rÝ�K�, mã�L�"��OØ��D(rÝ�K�

?1�O, Ù¥�"���OØ�Xã 3 ¤«, 3
�� 150 ?�OØ�A��", BCS � CS A�±
�Ó��ÝÂñuý¢�.

3�Ó�OØ�e, Xê�þ�DÕ§Ý�ê

â�ÿþgê, =�O¤I�êâ�Ý�m�'X
Xã 4 ¤«. duõ�ªXê�þLuDÕ�|
^ RLS �O�)�O�Ø, Ïd·��'� BCS

� CS üöm�ØÓ. ·��XÚ¥Ô��"��
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ýéØ�ýé��Ú��µ�IO, �� 0.1. 3C
þ��p��ê���, =DÕÝ$, CS ¤Iêâ
�Ý�u BCS, �DÕÝép�, BCS ¤Iêâ�
Ý�u CS.

�ÿþ¥¹kþ�� 0, ��� 1 �pdxD
( N(0, 1)�,êâ�Ý�� 300. d = 3�, gþ
e�g� ẋ, ẏ, ż éA��"��OØ��D(r
Ý�K��, Xã 5 ¤«. �±wÑ, Ø Daé
D(�°�5éf, 3D(rÝ=� 10−5 ��O
Ø�Bm©×�O\, |^��dØ Da��
OØ�¿vkwÍO\.

�w«��dØ DaéD(�°�5, ±9
õ�ª"���"��OØ��D(rÝ�Cz,

·��Ñ ẋ, ẏ, ż n��§�õ�ª¥,"���"
��O��ý�m ��ýé��D(rÝl 0

� 0.12 ��O�¹, Xã 6 ¤«. dã��, 3v
kD(�, üö�k�~p��O°Ý, �XD(
O\, �'uØ Da, ��dØ DaéD(k
ér�°�5; duDÕ�.ò���þ�õê�
���", ¤±dã 6(a)—(c) ã��ã��,"�
��OØ�©ª�", ù�´�
;�LÆSy�,

~�ýÿ�O�þ.

e¡·��Oã 1 ¥�ä�ÿÀ(�. !
: N6 �Ý� 22, ´�ä¥Ý���!:, =¤k
!:¥DÕ5�����, DÕ5��O°Ý
Ú¤Iêâ�Ý¤�', Ïd=±d!:�~, Ù
¦Ón��. !: N6 ©O�!: N5, N8, N12,

N17, N19, N31, N36, N37, N53, N57, N60, N62, N77,

N94, N107, N116, N120, N124, N129, N171, N183,

N200 �ë�, !:mÍÜÏLCþ x ¢y. D(
rÝ�� 0.01 �pdxD( N(0, 1), d = 3 =Ú
�õ�ª��ê� 200×64 �, ��:ê� 3×104,

�O�� N6 �Cþ x6 �Ù¦�!:�ë��
¹Xã 7 ¤«. dã��, �k 22 �!:�!
: N6 �ë, ÛÜ��ãL« N6 !:�ÍÜ�"
�, �ÍÜrÝþ� 1, !: N6 ¥Cþ ẋ6 ��
§� ẋ6 = 10y6 − 10x6. Ón·��O��� N6

¥Cþ ẏ Ú ż ��§3#NØ�S����§
�Ó, |^Ø Da3dD(rÝe¿ØU�O
ÑT(J. #·bXÚ�ÄåÆ�§��ä!:
ÄåÆ�§´Ó(��, Ïd#·bXÚ�±�
\T�ä.

� � � � � � � � � � � � � � � � � � � � � � � � � � �� � �� � �� � �� � �� � �� � �� ���� �� �
←

←

	 
� � � � � � � � � � � � � � � � � � � � � � � � � � ��� � �� � �� � �� � ��  � � � � � � �� � � � � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � �� � � � �  ! ! � �
ã 7 !: N6 ¥ ẋ ¤3�§ÚÓ N6 ÍÜ�!:ÍÜrÝ��O(J

#�!:ATÚ�ä¥�=
!:�ë, �â
ÃIÝA5, AT`kë�@
Ý�'���:,

ò�ä¥¤k!:þÏLT�{�OÑ��{Ù
¦!:�ë�, B��
�ä�ÿÀ(�, Ó��

±���ä���Ý
9z�!:�Ý, ò!:U
Ý���üS, ��·��ë�#!:��â.

d u �äÿ À Ú ! : Ä å Æ � O � ü
� Lorenz XÚ�§��O�{aq, D(é�
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O°ÝÚÂñ�Ý�K����, ¤±·�Ø2'
� CS � BCS 3�ä�Oþ«O. ��·�ò#!
:�\�ä¥Ý���cü�:, é�ä(�?1
#�OL², #!:�\�~.

I�`²�´, XJü�!:��ÓÚ, Kù
ü�!:´Ø�E£�, �±|^�ÓÚ��¦ü
!:�ÓÚâU¢y��E£. ·�é\��ä
?1
�ý�y, ��
�Ã��ä�Ó�(J.

�Ó�O�Ie, ØÓ�ÄåÆXÚduüz�
Ý�ØÓ�O¤I��êâ�Ý�ØÓ, XÚüz
�Ý�ú�O¤I�êâ�Ý��, 'X Lorenz,

Rössler Ú HR ²��.nöüz�Ý�g4~,

¤Iêâ�Ý�gO\. ©¥?Ø�´g£XÚ,

XJXÚ¹k�g£�, 'X�¥�§!FHN ²
��.�, �±æ^©z [30] ¥����Ú�(�
/ª.

5 ( Ø

JÑ
ÄuDÕ��dÆS�ÄåÆ�§�
O�{, òT�{í2�E,�ä��O¥, ¢y

=|^ÑÑ¹D(�mS�Ó��O�äÿÀ
(�!!:ÄåÆ�§!ÍÜrÝÚÍÜ��. ·
�'�
T�{©O����¦{ÚØ Daé
ü�·bXÚ�OÂñ�Ý9�OØ��K�, ±
9T�{ÚØ Da3D(�¸eD(rÝ©O
é�OØ��K�, |^T�{�O
ÃIÝ�ä
�ÿÀ(�!!:ÄåÆ�§ÚÍÜrÝ. (JL
², ÄuDÕ��dÆS�Ø Da�{�Ñ
�
��¦{Âñ�Ýú!�Ø���":, Ó��
éØ Da�{éD(kér�°�5; 3D(�
¸eO(�OÑ
�ä�ÿÀ(�!!:ÄåÆ
�§Ú!:mÍÜrÝ.
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Estimating topology of complex networks based on
sparse Bayesian learning∗
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Abstract

We propose a method of estimating complex network topology with a noisy environment. Our method can estimate not only

dynamical equation of the chaotic system and its parameters but also topology, the dynamical equation of each node, all the parameters,

coupling direction and coupling strength of complex dynamical network composed of coupled unknown chaotic systems using only

noisy time series. Estimating the system structure and parameter is regard as estimating the linear regression coefficients by recon-

structing system with universal polynomial structure. Reconstruction algorithm of Bayesian compressive sensing is used for estimating

the coefficients of regression polynomial. For the reconstruction from noisy time series we adopt relevance vector machine, namely we

use sparse Bayesian learning to solve sparse undetermined linear equation to obtain the objects mentioned above. The Lorenz system

and a scale free network composed of 200 Lorenz systems are provided to illustrate the efficiency. Simulation results show that our

method improves the robust to noise compared with the compressive sensing and has fast convergence speed and tiny steady state error

compared with the least square strategy.

Keywords: sparse Bayesian learning, Bayesian compressive sensing, topology estimation, complex networks
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