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1 Ú ó

E,�äÄåÆ1��ÙÿÀ(��m'X
��¯K, =d®���äÄåÆ1�5�íÑd
�ä�ÿÀ(�, CAc5Åì¤�E,�äÄå
Æ�¡���9:, �2��\/?Ø [1], kéõ
k��£O�{�JÑ. §�oNþ�±©�ü�
a: �aý­u£O�ä��*(�, =£Oz^
>´Ä�39�­�� [2−5]; ,�aý­u£O�
ä(��÷*5�, XÝ©Ù!à8Xê� [6−8].

î8��, �Ü©�{�ïÄÌ�8¥u£O
�{3nØþ�Âñ5ÚÊ·5�Ø%¯K; 
é
£OL§�¯úmk?Ø. e,�£O�{�,3
nØþ�½Ù´Âñ��Âñ�ÝLú, ¢SA^
þd�{�ÓuÃ�. 'X�ä�ÿÀ(�´m�
5Cz�; 2'XÉ^���, �U¼�k��Ý
��mS�. 1�«�/Ì�Ñy3�äSk­½
ÓÚ���¹. Ï��äSÜÓÚ´ÿÀ(�£O
�æN [9], ù��kl�ÓÚ��ÓÚ�LÞ�6
��mS�â´k�� [10]. 3�kk���mS

��±|^�^�e, é£O�Ý�
)Òw�c
�­�. ��£O�Ý�6�ëê, Ò�±ÏLN
!dëê5Jp£O�Ý. XJdëêØUN!,

�U��é�½�mS��ÝU���£O°Ý
�þ?. 
)£O�Ý��6^�éJp£O�Ç
�¬ké��Ï. ¤±£O�Ý´E,�äÿÀ(
�£OïÄ¥��Ø��À�¯K.

Äud«�Ä, �©ÏLg·A�"£O�
{ [2,9] é£O�Ý3�ÓÚ«�ÚÓÚ«�©O
�
&?. fÍÜ�ÓÚ�ÑØ­½, 
­½ÓÚ
��ÍÜÑ�r [11]. ��©Qã�B, ·��½r
ÍÜ=�ÍÜrÝ?uÓÚ­½«�. éu?u�
ÓÚ«�rÍÜ�¹¬3©Ù���!¥?Ø.

3�éN´?n�fÍÜ«�, ·��âg·
A�"�{�£OØ���m�N´�êP~�,

òP~�ê½Â�d�{�£O�Ý. ��£O�
Ý´�ÍÜrÝ��êO����Ê·(Ø, ¿3
nØþ�
©Û?Ø. Äu·��CJÑ��E°
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«m. uy°Ä¡ã�Ý�ª�ÓÚ�µþ�m�
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* I[g,�ÆÄ7 (1OÒ: 10875011, 11075016), 973 �8Ä7 (1OÒ: 2007CB814805), ��ÜÆ¬:Ä7 (1OÒ: 20100003110007)

Ú¥
p�Ä��ï�Ö¤;�]7]Ï��K.
† E-mail: zgzheng@bnu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

120508-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 12 (2012) 120508

2 Äug·A�"ÓÚ��ä(�
£ O

Yu � [2] u 2006 cJÑ�g·A�"ÓÚ�
�{¤õ/é�äÿÀ�*(�?1£O. e¡�
{�0�, äN[!�ëw©z [9]. b�k���
ä, !:�ê� N , ÙÄåÆüz�§�

ẋi = Fi(xi) − s
N∑

j=1

cijH(xj). (1)

Ù¥, i, j = 1, 2, 3, · · · , N ; xi ´1 i �!:�G�;

Fi ´1 i �!:�á��ÄåÆüz�§; H �
ÑÑ¼ê; s ´ÍÜrÝ; C = {cij}N×N , ´£ã�
ä(��.Ê.dÝ
½¡��Ý
. ·�b�T
�äXÚ�ÿÀ(���; ®�^�´!:�Äå
Æ Fi(xi) ÚÑÑ¼ê H .

�
U
3®��mS� {xi(t)} ��¹e�
íÑ�ä���Ý
 C, ·��±dÓ� N ��
f|¤�A�ä, 
ò�&ÿXÚ (1) ��°ÄX
Ú. �A�ä¥!:�m�ë�´��mCz�,

Ù1 i �!:�ÄåÆüz�§�

ẏi = Fi(xi) − s

N∑
j=1

dij(t)H(yj) + ui, (2)

Ù¥

ḋij = −eT
i H(yj),

ui = kiei,

ei = yi − xi,

k̇i =
1
2
‖ ei ‖2 .

(3)

dij(t) ½ D(t) = {dij(t)}N×N ¡��Of. �±y
², XJ N ��mS� {H(xi)} ���5Õá, =
k�Of limt→∞ D(t) = C. °ÄXÚ����ä
(����£O.

(2) ª¥�CþÐ©^��À�¿ØK�£O
�Âñ5. �
~�¬K�Âñ�Ý�Ï�, 5½
Ð©^�©ªÀ� yi(0) = xi(0), dij(0) = 0. Ï�
3�AXÚ�ÄåÆ�§ (2) ¥Û¹k��mCz
�	\°Ä xi, ¤±3ê��[¥æ^ 2 �9�¥
©�{, �mÚ�� 0.002. À��� 4 !:�k�
�ä��°ÄXÚ��ä(�,

C =


3 −1 −1 −1

−1 2 −1 0

−1 −2 4 −1

−1 0 −1 2

 .

Ø���5, 3±eê��[¥!:þ^ Lorenz

�f [12]: Fi(x) = [10(x2 − x1), 28x1 − x1x3 −
x2, x1x2 − 8/3x3], Ù ¥ i = 1, 2, 3, 4; Ñ Ñ ¼
ê H(x) = (x1, 0, 0).

3 fÍÜ^�e�£O�Ý

�
ïþ£O�Ý, k½Â�Of�²þ�é
£OØ�

derr =
1

N2

N∑
i=1

N∑
j=1

|dij − cij |
c′ij

,

Ù¥, c′ij = max{|cij |, c̃}, c̃ �u |C| ¥����"
�. ²þ´é�Of�¤kÝ
�?1²þ. 3e
©¥�¿�XéØÓ�mS�����Xn²þ,

EP� derr.

du�äXÚSÜÓÚ´£O�ä(��æ
N, ·�k�ÄfÍÜù«?u�ÓÚ«��{ü
�¹. ÏLê��[õ«ÍÜ�ª, ·�uy3�
Of��­½�c²þ�é£OØ� derr Ñ´�
�m�ê4~� (ã 1). =3£OØ���4��
�ck'X

derr ∝ e−vt, (4)

Ù¥ v ´��ëê. 3ÍÜrÝ�Ó�, ØÓ�
5ÍÜ� Lorenz �äÂñ�ÝCq��; ÍÜ
rÝØÓ�, Âñ�Ý�O²w. ã 1 ¥ÍÜr
Ý s = 0.1 �£O�Ý²w' s = 0.001 pü�ê
þ?. éuÙ¦�ÍÜ�ªÚØÓ�f (X Rössler

�f [13]!Chen �f [14]), ²þ�é£OØ� derr

��mCz�1��Ñ´�êP~�. ù�Ò�±
½ÂP~�ê v �g·A�"�{�£O�Ý.

e¡·�5�	�e£O�Ý v ÚÍÜrÝ s

�m��6'X (ã 2). Lorenz �ä¥o«�5Í
Ü�ª�­� (a1—a4) �©�C, Ù¥,(a2) Ú (a4)

A�­Ü3�å. (a5) ­�éA�ÍÜ�ª���
5ÑÑ, ÑÑ�mS��êþ?pu�5ÑÑ, ¤
±�lco^­�; 
 (a6) éA�´ Rössler �f,
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 (c)

ã 1 üã¥�n^­�þ� Lorenz o!:�ä�²þ�éØ���mCz�­�. n^­�éA�ÍÜrÝ s!ÑÑ
¼ê H(x) Ú�Ç©O� (a) 0.1, (x1, 0, 0), −0.103; (b) 0.001, (0, 0, x1), −0.00129; (c) 0.001, (x1, 0, 0), −0.00128

��lco^­�. �´ù8^­�Ñw«£O�
Ý�ÍÜrÝ�O\
\¯, 
�ÑÑl��Æ
'X

v(s) ∝ sγ . (5)

ùm�`²3fÍÜ^�e, ü �mS�¥¤�
¹��äÿÀ(��&Eþ�ÍÜrÝ��'. ·
��é Chen �f�Ù¦�f�ä�?1
ê��
y, �Ñ÷v�Æ'X.

-5 -4 -3 -2 -1

-3

-2

-1

 (a1)
 (a2)
 (a3)
 (a4)
 (a5)
 (a6)

lo
g


(v

)

log(s)

ã 2 £O�Ý v �ÍÜrÝ s ��6'X (a1)—(a5) Ñ
´d Lorenz �f|¤��ä, �ÍÜ�ª H(x) ØÓ, �g
� (x1, 0, 0); (x2, 0, 0); (x3, 0, 0) (0, 0, x2) Ú (x1 ∗ x2, 0, 0);

(a6) ´d Rössler �f|¤��ä, ÑÑ¼ê H(x) = (x1, 0, 0).

­� (a3) ��Ç γ ≈ 0.82, Ù¦­���Ç γ = 1 ± 0.04

4 é£O�Ý�ÍÜrÝ�m'X�
©Û

e¡éfÍÜ�ê�(J���
½5�n
Ø©Û, 5?�Ún)���ê�(J. �©Û�

B, �Ä�f�����/. �AXÚ�°ÄXÚ
��Éüz�§�

ėi =Fi(xi) − Fi(yi) + s

N∑
j=1

[cijH(xj)

− dij(t)H(yj)] − kiei. (6)

e ki Ð���¿©�, ki Cq�~ê [2,9].

du²þ�éØ� derr �Âñ1�Ú�Of
¥�ú�Âñ1��d, b� dmn ´Âñ�ú��
Of�÷v

dmn(t) = cmn + bmn exp[−vmn(s)t],

Ù¥ bmn �~ê, vmn(s) ´�Of dmn �6uÍ
ÜrÝ s �Âñ�Ý. -þªé�m t ¦�, k

ḋmn = −vmn(s)bmn exp[−vmn(s)t]. (7)


 ḋmn 3 (3) ª¥k�©½Â. é (6) ª���C
q¿È©�, ò em �\�©½Â¿� (7) ªéá,

�±��'u£O�Ý��g�§

v2
mn(s) − αm(s)vmn(s) − sβ2

n = 0,

Ù¥, αm(s) ´ s ��gª, d F ′(xm),H ′(xm), km

Ú cmm û½; βn Ø�6u s, d H(yn) û½. 3X
n²þ�¿Âe, ¤kCþÑ��m t Ã'. αm(s)

� βn �äNL�/ªØK��¡�½5?Ø. Ï
�ÍÜrÝ s > 0, ¤±d�§�½�3�Kü�
¢�. 
 vmn > 0, =�3��

vmn(s) = 1/2[αm(s) +
√

α2
m(s) + 4β2

ms]. (8)
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£O�Ý vmn �ÍÜrÝ s Cqk�''X. ù�
ê��[(JÎÜ. 3Ø�´�êÂñ�cJe,

'X (8) ´Ê·�, Ø�6uäN��fÄåÆÚ
ÑÑ¼ê�äN/ª.

5 �E°Ä£O�{�£O�Ý

XJ^5°Ä��mS�´l�ÓÚ�üz
�ÓÚ��LÞ6�, ��5`²þ£OØ��
�m�üzL§´E,�, 
�¬�3õ��"
4�­½� (~Xã 3(b)). ù
Ï�Ñ�·�½Â
£O�Ý�5(J. ·�3©z ∗ ¥JÑ�±�E
|^Ó�ãLÞ6��mS�?1£O, ¿3nØ
Úê��[¥Ñ�½
ù«�E°Ä£O�{�
k�5.

äN��E°Ä£O�{Xe: �®k�Ý
� ∆t ��mS� {xi(t)}. �AXÚ��EØ
C. 31 l g°Ä�Ð©��, - yl

i(0) = xi(0),

dl+1
ij (0) = dl

ij(∆t). � l ªuÃ¡�, k Dl(∆t) →

C. XJ°Ä�ä�,©ª?u�ÓÚ���U�
���mS��Ýk�, £O�ÝqØUJp, �
OfØU
��·��¦�°Ý. ù�|^Ó�ã
�mS�?1­E°Ä��{�±ò�k��m
S�Jp£O°Ý. o�, ek���mS�Ø´
¿©�
qØé£O^���¦, Ò�±|^�E
°Ä�{¤õ£O.

ã 3 ¥�Ñr!fÍÜü«�¹e^�E°
Ä�{£O��J. üÕ�g°Ä�, Ø� derr �
üz¿Ø5K. �´lzg°Ä�Ø�"�w, ½
ölõg°Ä��N�Jw, Ø� derr ´��m�
ê4~�, aqã 1 ¥ derr �1�. ùÒ)û
3
°Ä�ä?uÓÚ­½��½Â£O�Ý v �ü
�(J. 1) ÏL�E°Ä�{)û
£OUÄ¤õ
�¯K; 2) l��u�m¡ã�Ý�÷*�mºÝ
5w²þ�éØ���müz�1�´�êP~
�. ù�, 3�E°Ä��ªeE,�±^ (4) ª½
Â£O�Ý v.

e¡�	éu�½�ÍÜrÝ, ØÓ�Ý�°
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ã 3 ^�E°Ä£O�{£O�ÓÚ���mS�. 3 (a) Ú (b) ¥ s = 4, °Ä�ä?uÓÚ­½�. 3 (c) Ú (d)

¥ s = 0.01, °Ä�ä?u�ÓÚ�. (a) Ú (c) ^°Ä�ä¥ü!:�G��«¿�E^5°Ä��mS� {xi} ��
ÝÚÓÚ�¹. xi,j L«1 i �!:�1 j �©þ. l (b) �±wÑ, 3 (a) �°ÄeØ� log10(derr) 3°Ä�äÓÚ�
Ê�üz, �2g°Ä�¬eü�Ó�ÌÝ. l (d) �±wÑ, 3 (c) zg°Ä�Ø� log10(derr) �¬eü�Ó�ÌÝ

∗Yang Pu and Zheng Zhi-Gang Topological identification of networks by using asynchronous transient(unpublished).
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Ä�mS�éu£O�Ý�K�. °ÄXÚ?uf
ÍÜrÝ^����¹'�{ü. 3ã 4(a) ¥, ­
��Ç�ýé�, =£O�Ý, ©ª�°Ä�m¡
ã�Ý�O\
O\. ù´Ï�ÍÜ�f��mS
�©ªØÓÚ, ¡ã��K�¹�ÿÀ(�&E�
õ, £O��ÝÒ�¯. ¡ãªuÃ¡�, £O�Ý
ªu4�.
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lo
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
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log(s)

ã 4 ��ØÓ°Ä�mS��Ý ∆t 9ØÓÍÜrÝ s é£O
�Ý�K� (a) ÍÜrÝ s = 0.01, £O�Ý�°Ä�mS�
��ÝO\; (b) ÍÜrÝ s = 4, �3��·¥�°Ä�mS�
�Ý¦£O�Ý�¯; (c) �Ñ^ØÓ�Ý (∆t = 0.2, 22, 20)

��mS�¡ã°Ä�, £O�Ý�ÍÜrÝCzã, ¿òã 2

¥�­� (a1) N3ã¥±ø'�

rÍÜ��¹KØÓ. �mS�l�ÓÚ�²
L�6ÍÜrÝÚ�äÄåÆ�µþ�m��Ó
Ú�. 
ÓÚ�¥Ø�¹k'�°Ä�äÿÀ(�

�&E. ^5°Ä��m¡ãXJ��uµþ�m,

KõÑ5��mÒ´Ã��, ¬~ú£O�Ý; X
J��uµþ�m, ¡ã¥�¹��äÿÀ(�&
EÒ�, �¬~ú£O�Ý. ü�¡¿��(JÒ
´éu�½�ÍÜrÝ�3���`��mS�
¡ã�Ý, §�þ?��äS��ÓÚ�µþ�m
�Ó.

3ã 4 �XÚ¥, s = 0.3 ´�äÑyÓÚ�
�.�. lã 4(b) �±²wwÑ, � ∆t = 10 �, 3
zg°Ä���ã�OfÊ�üz; � ∆t = 0.2

�, du�Of��müzØ5K��£O�Ýú,

$�£O�}; � ∆t = 2 �, Q¿©|^
k�
�m¡ãqvk�¹õ{�ÓÚ��mS�, £O
�Ý�¯. 3ã 3(a) ¥w«3�Ó�ÄåÆ�ä
¥ s = 4 �, µþ�m�� 2, �£O�Ý�¯��
m¡ã�Ý��.

éu�½�Ý��mS� (X ∆t = 20), £O
�Ý�ÍÜrÝ3fÍÜ«�kûÐ����ê
'X (�ã 4(c)), Úã 2 ¥ (a1) �1�aq; 3rÍ
Ü«� (s > 0.5), �,£O�Ý�ÍÜrÝEkû
Ð���ê'X, �´K��ê, üNeü. �XÍ
ÜrÝ�O�, 3d�äXÚ¥ÅìÑyÓÚ, ¿
�µþ�mÅì á. 3¥m�LÞ«�, ÓÚ�
m�ÝÅì��ü �mS�mS��¹ÿÀ(
�&Eþ¤�K�£O�Ý�Ì�Ï�. £O�Ý
dþ,C�eü, ­�Ñy$:.

�X°Ä�mS��Ý�~�, ­��¸�Å
ì�m£Ä. � ∆t = 0.2 �, ­�3��ã««m
¥î�üNþ,ª³. ù`²ü �mS��¹�
�äÿÀ(�&E�ÍÜrÝ��'Ø=3fÍ
Ü��S·^, 3rÍÜ«�Ó�·^.

6 ( Ø

Âñ�Ý´��­��¯K, �é�k<?Ø.

�Ï´éJÒd?1nØþÊ·�&?. §éäN
�¹��65��. ·�ÏLéõ«�f, õ«Í
Ü�ª��þê��[, ég·A�"£O�{£
O�Âñ�Ý?1
[��ïÄ, é�Of�Âñ
�¹���
#�@£.

3fÍÜ^�e, £O²þ�éØ���m�
êP~; P~�ê (=£O�Ý) �ÍÜrÝk�'
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�Ê·'X. ùm�`²ü �mS�S¤¹��
äÿÀ(��&Eþ�ÍÜrÝ�O\
Oõ. ·
�^�E°Ä£O�{ò£O�Ý�½ÂÿÐ�
rÍÜ«m. �y
3rÍÜ«m�ÓÚ�ü �
mS�S¹k�äÿÀ(�&Eþ�ÍÜrÝ�
�'�'X�¤á.

duü �mS��&EþÚ�äSª�Ó
Ú�µþ�m�m�¿�, ��£O�Ý�ÍÜr
Ý3��«m�¼ê'X�ü¸N�, �¸� �
�°Ä¡ã��Ý�ÍÜrÝ���í£. 3rÍ
Ü«��3��°Ä¡ã��`�Ý, ¦£O�Ý
�¯. ��, ·�^�ÅÐ©^���
�½Ð©
^� yi(0) = xi(0), dij(0) = 0. uyÐ©^��é
m©�4á�mS�£OkK�. �X�A�ä�
°Ä�äª�ÓÚ, Ð©^�é£O�Ý�K�Å
ì��.

l©z [11] �±w��3�ÓÚ��rÍÜ
�/. e�äEU�±�ÓÚ�·b1�, 'u

fÍÜ�ä�(Øù�Ó�·^. 'X, Rössler

� ä H(x) = (x2, 0, 0) 3 s < 6 �, £ O � Ý
©ª�ÍrÝ�5O\. �3ÍÜrÝAO�
��U¬Ñyõ«E,��¹. 'X, Lorenz �
ä H(x) = (x3, 0, 0) 3 s = 10 � ¬ Ñ y 
 u
Ó Ú; Lorenz � ä H(x) = (x2, 0, 0) 3 s = 10

�¬Ñy���ÓÚ�î�±Ï�; Rössler �
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,, �©�k�
I�F��õ�/�. 'XN�
��ïþ�mS�¥�¹�k'�äÿÀ(��
&Eþ��.
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Abstract

Identifying convergent speed is an important but rarely discussed problem in estimating topologies of complex networks. In

this paper, we discuss this problem mainly in both weakly and strongly coupled conditions. In the weakly coupled conditions, the

convergent speed we defined increases linearly with coupling strength increasing. After analyzing the dynamics, we find that this

relation is universal. In light of the repeatedly driving method we proposed recently, we generalize the definition of the convergent

speed into the area of synchronization. In this case, there is a best length of the driving time series to maximize the convergent speed.

The knowledge of convergent speed helps us understand the topological information embedded in the time series.

Keywords: complex network, estimate topology, adaptive-feedback, convergent speed

PACS: 05.45.Tp, 89.75.−k, 02.60.Cb

* Project supported by the National Natural Science Foundation of China (Grant Nos. 10875011, 11075016), the 973 Program(Grant No.

2007CB814805), the Foundation for Doctoral Training from MOE (Grant No. 20100003110007), and the Fundamental Research Funds for

the Central Universities.
† E-mail: zgzheng@bnu.edu.cn

120508-7


