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1 Ú ó

�X·bnØ�uÐ, é��5�mS��ý

ÿ®¤�IS	ÆöïÄ�c÷�K, ¿®3>

å!�Ï!7KÚ)Ô�Æ�Ãõ+���
2

��A^.

8c|^ Takensi\�n [1] mÐ�ïÄ�Ñ

´�éüCþ�mS��ýÿ [2−5], �´,¢S¥

�·bXÚ  Éõ«Cþ�K�, ù
õCþ�

�mS��m�3�pÍÜ�'X, ¿�'üCþ

�mS��¹
�õ�XÚ&E. Ïd, �éõC

þ�mS����5ýÿïÄäk­��nØÚ

¢S¿Â, 
õCþ��m­�nØ�JÑK�õ

Cþ�mS��ýÿJø
��éÐ�g´ [6]. 8

c'uõCþ�mS��ýÿïÄ�é��, ©

z [7] JÑ
�«Äu�� Lyapunov�ê [8] �õ

Cþ·b�Sýÿ�{, ÏLÀ�õ��C­��

þé·bÍÜXÚ�õCþ·b�S?1
�Ú

ÚõÚýÿ, ¿|^²þýéØ�Ú�5zþ�Ø

�éýÿ�Ú¢S�m�Ø�?1
µd, Á�(

JL²T�{��
�Ð��J.

4�ÆSÅ (extreme learning machine, ELM)

´�Cd Huang� [9] �â�� - $Ûd (MP) 2

Â_Ý
nØ [10] JÑ��«ÅìÆS#�{, T

�{=ÏL�ÚO�=�)Û¦ÑÆS�ä�Ñ

Ñ��. Ó ²�äÚ|±�þÅ�', 4�ÆS

Å4�/Jp
�ä��zUåÚÆS�Ý. �´,

4�ÆSÅ�{Ï�Å�½�ý��, ¦�£8�

.N´�)�zUå�­½5Øn��¯K. �©

JÑ�«Äu`z4�ÆSÅ�õCþ·b�m

S�ýÿ�{. T�{½Â�«EÜ·b, ¿|^

·bCºÝ�{ [11] ÚEÜ·bé4�ÆSÅ?1

`z?n, ±Jp4�ÆSÅ�­½5��zUå.

,�|^`z��4�ÆSÅé RosslerÍÜXÚ

�õCþ·b�S?1�ÚÚõÚýÿ, ¿��©

z [7] ��{?1
'�, (JL²
T�{�k

�5.

2 õCþ·b�S�­�

é L �Õá�mS� X1, X2, · · · , XL, Ù

¥ Xl = (xl1, xl2, . . . , xlN ), l = 1, 2, . . . ,L, �ü

Cþ�mS� (= L = 1) ��, ?1õCþ��m

­� [6], ��m¥��:�±L«�

Vn(m1, . . . , mi, . . . , mL)

=(x1,n, x1,n−τ1
, . . . , x1,n−(m1−1)τ1

;
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x2,n, x2,n−τ2
, . . . , x2,n−(m2−1)τ2

;

...

xL,n, xL,n−τL
, . . . , xL,n−(mL−1)τL

), (1)

ª¥, n = H0, H0 + 1, · · · , N, H0 = max
16l6L

((ml −

1)τl + 1), τl Ú ml ©O�1 l ��mS��ò´�

mÚi\�. aqu Takens�ò´i\½n, �o

�i\�êm = m1 + m2 + · · ·+ mL > 2d(d�á

Úf�©/�ê)�, �3N� F : Rm → Rm,¦

�

Vn+1 = F (Vn), (2)

½ö�¤�d/ª

xi,n+1 = F (Vn), i = 1, 2, · · · , L. (3)

d�G��m Vn → Vn+1 �üz�N
��

�ÄåXÚ�üz, =­���ÄåÆXÚ��Ä

åXÚ�©Ó� [12]. õCþ­���z��:Ø

=�3
�üCþ­�����üz'X, Ó�d

uë���m­��ÍÜCþ�Ú\, z��:¤

�¹�XÚ&Eþ��
O\, l
¦�:;,U


�Ð/%C�ÄåÆXÚ�üz5Æ.

�©æ^�©z [7] �Ó��{(½�mS�

�ò´�mÚi\�, =|^p&E��{�Ñò

´�m [6], ��i\��À�æ^Jb�:{ [13].

3 õCþ·b�mS�ýÿ�{

·b$ÄäkH{5!�Å5!5Æ5�A

:, Ó�[ò»!¢D�{��Å|¢�{�',

�·Ü^uÆS�.�`z. �©¦^�«CºÝ

EÜ·b`z�{é4�ÆSÅ?1`z±Jp

4�ÆSÅ��zUå, ,�¦^`z��4�Æ

SÅéõCþ·b�mS�?1ýÿ.

3.1 EEEÜÜÜ···bbb

Ú\±e½Â5£ãJÑ�EÜ·b (com-

posite chaos)�..

½Â � xn+1 = F (xn) = f
(In)
0 (xn), In =

B(⌊wf1(yn)⌋ mod r) ⊕ B(⌊ef1(yn)⌋ mod t), f0, f1

´ü�lÑ·bÄåXÚ, In �é f0 ·bS�

æ��m�Ïf, B(·) ���?� ¼ê, ⊕ L

«É½$�, w, r, e Ú t ��ê~þ, ¡ xn+1 =

F (xn) = f
(In)
0 (xn)� f0, f1 þ�EÜXÚ.

�©À� logistic ·b�§

xn+1 = f1(xn) = 4xn(1 − xn) (4)

)¤�©·bS�, |^·Ü1ÆV­�§

yn+1 = f0(yn) = 4 sin2(yn − 2.5) (5)

�)�Åm�Ïf.

EÜXÚ�

xn+1 = F (xn) = f
(In)
0 (xn), (6)

In = B(⌊157yn⌋ mod 6)⊕B(⌊213yn⌋ mod 8). (7)

Á�¥XÚÐ� (x0, y0)�� (0.45,0.15).

��N�� Lyapunov�ê�O�úª [14]�

λ = lim
n→∞

1

n

n−1
∑

i=0

ln

∣

∣

∣

∣

dF (x)

dx

∣

∣

∣

∣

x=xi

. (8)

O � � Ñ J Ñ � E Ü X Ú � Lyapunov �

ê λ = 1.5909, �� Lyapunov�ê¿�X·b,

¤±JÑ�EÜXÚ (6)´lÑ·bXÚ.

�e5¦^ Lyapunov�êÚCq�é·bS

���Å5ÚE,Ý?1½þ�©Û. Lyapunov

�êL«·bXÚ²þzgS�¤Úå�©l

�ê, Ny
XÚéÐ���Cz�¯a5Ú

$Ä;,��Å5. Cq� (approximate entropy)

´ Pincus[15] �
)û·by�¥¦)��(J


JÑ�, §´é��5�mS�E,Ý��«�K

�½þ£ã. Cq���, L²��5�ÔnL§

�E,. L 1 w«
�©JÑ�EÜ·b� Tent,

logistic 9©z [14] JÑ�EÜ·b� Lyapunov�

ê!Cq��'�. �±wÑ, JÑ�EÜ·bä

k�r��Å5Ú���E,Ý, Ï
�·Ü^u

�.ëê�|¢Ú`z.

L 1 �ÅE,Ý©Û'�

·b�§ Lyapunov�ê Cq�

Tent 0.8434 0.6127

Logistic 0.6914 0.6430

©z [14] JÑ�EÜ·b 0.8589 0.8564

�©JÑ�EÜ·b 1.5909 1.6909

3.2 444���ÆÆÆSSSÅÅÅnnnØØØ

DÚc" ²�äæ^FÝeü�S��{

�N��­ëê, äkX²w�"�: 1) ÆS�Ý

�ú, l
O��m�dO�; 2) ÆSÇJ±(½

�´�\ÛÜ���; 3) ´ÑyLÝÔö, Úå�

z5Ueü. ù
"�¤���¦^S��{�

c" ²�ä�2�A^�´¶. �éù
¯K,

Huang� [9] �â�� - $Ûd (MP) 2Â_Ý
n

Ø [10] JÑ
4�ÆSÅ (ELM) �{, T�{=Ï

L�ÚO�=�)Û¦ÑÆS�ä�ÑÑ��, Ó
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S��{�', 4�ÆSÅ4�/Jp
�ä��

zUåÚÆS�Ý.

4�ÆSÅ��äÔö�.æ^c�üÛ

�(�. � m, M , n ©O��äÑ\�!Û¹

�ÚÑÑ��!:ê, g(x) ´Û� ²��-¹

¼ê, bi �K�. �k N �ØÓ��� (xi, ti),

1 6 i 6 N , Ù¥ xi = [xi1, xi2, . . . , xim]T ∈ Rm,

ti = [ti1, ti2, . . . , tin]T ∈ Rn, K4�ÆSÅ��ä

Ôö�.Xã 1 ¤«.

xi

xi

xim

g↼x↽ ֒  b

g↼x↽ ֒  b

g↼x↽ ֒ bM βMn

β

⊲
⊲
⊲

ti

w

wmM

ti

tin

⊲
⊲
⊲

⊲
⊲
⊲

⊲
⊲
⊲

⊲
⊲
⊲

ã 1 4�ÆSÅ��äÔö�.

4�ÆSÅ��ä�.�^êÆL�ªL«

Xe:

M
∑

i=1

βig(wi · xi + bi) = oj , j = 1, 2, · · · , N, (9)

ª¥, wi = [w1i,w2i, · · · , wmi] L«ë��äÑ

\ � ! : � 1i� Û � ! : �Ñ\ � � � þ;

βi = [βi1, βi2, · · · , βin]T L«ë � 1i� Û � !

: ��äÑÑ � ! : �ÑÑ � � � þ; oj =

[oj1, oj2, · · · , ojn]T L«�äÑÑ�.

4�ÆSÅ��d¼ê E �L«�

E(S, β) =

N
∑

j=1

‖oj − tj‖, (10)

ª¥, S = (wi, bi, i = 1, 2, · · · , M ), �¹
�äÑ

\��9Û�!:K�. Huang� [9] �Ñ4�Æ

SÅ�Ôö8IÒ´Ï¦�`�S, β, ¦��ä

ÑÑ��éA¢S�Ø���, = min(E(S, β)).

min(E(S, β)) �?�Ú��

min E(S, β) = min
wi,bi,β

∥

∥H(w1, · · · , wM , b1, · · · ,

bM , x1, · · · , xN)β − T
∥

∥, (11)

ª¥, HL«�ä'u���Û�ÑÑÝ
, β L

«ÑÑ��Ý
, T L«��8�8I�Ý
.

H, β, T ©O½ÂXe:

H(w1, · · · , wM , b1, · · · , bM , x1, · · · , xN )

=











g(w1x1 + b1) · · · g(wMx1 + bM )
...

...

g(w1xN + b1) · · · g(wMxN + bM )











N×M

,

(12)

β =











βT
1

...

βT
M











M×n

, T =











tT1
...

tTN











N×n

. (13)

4�ÆSÅ��äÔöL§�8(����

�5`z¯K, (11)ª�8I¼ê. ��äÛ�

!:�-¹¼êÃ����, �ä�Ñ\��Ú

Û�!:K���ÅD�, d�Ý
H��~êÝ


, 4�ÆSÅ�ÆSL§��d�¦��5X

Ú Hβ = T ���ê����¦) β̂, ÙO�ª�

β̂ = H†T (14)

ª¥ H† ´Ý
H� MP 2Â_. β̂ ¦)�, 4�Æ

SÅ��äÔöL§�ÒÒ�¤
.

3.3 444���ÆÆÆSSSÅÅÅ���`̀̀zzz

4�ÆSÅ�Å/ÀJÑ\��ÚÛ�!:

K�, ¿�ÑÑ��´3(½�Ñ\��ÚÛ�

!:K��Ä:þ¦�, Ï
�U�3�X�¿

��Z�Ñ\��ÚÛ�!:K�, ��4�ÆS

Å�ýÿ°ÝÉ�K�. �éT¯K, �©JÑ


CºÝEÜ·b`z�4�ÆSÅýÿ�. (CC-

ELM), =4�ÆSÅ�ä��ZÑ\��9Û�

!:K�SÏLCºÝEÜ·b|¢N���,Ñ

Ñ�� β KÏL)Û MP 2Â_¦�.

3 CC-ELM ¥, (11)ª�{z�

minE(S) =

N
∑

j=1

‖oj − tj‖. (15)

ëê S = (wi, bi, i = 1, 2, · · · , M ) {P� S =

(zi, i = 1, 2, · · · , L), zi éAu CC-ELM �Ñ\�

�9Û�!:K�, � ai 6 zi 6 bi. `z�8I

Ò´¼��Z� zi, l
�� min E. ,
, é ²

�äÔö5`, ==æ^[Ü5���äÔöÐ�

���IO¿ØÜ·. ��äk�é��[ÜØ�

�Ôö�ä^uÿÁ8þ�Ø�Ø�½Ò�� [16].

Bartlett[17] �Ñ, 3[Ü5�Øõ��¹e, äk�

�ÑÑ����äò¬k�Ð��z5U. Ïd,

·�O\ÑÑ���ª ‖β‖ ���äÀJ�9Ï

IO. �`zL§¥��üg[ÜØ���Oé�

�, ÀJ ‖β‖ ��� E.
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CC-ELM �.�äN`zÚ½£ãXe:

Ú½ 1 éCþÐ©z. � k = 0, r = 0, xk
i =

xi(0), x∗
i = xi(0), ar

i = ai, br
i = bi, i = 1, 2, · · · , L,

ùp xi(0)´EÜ·bXÚ (6) �Ð©�, �Z8I

¼ê� E∗ Ú�ZÑÑ�� β∗ �Ð©z����

��.

Ú½ 2 xk
i �N�� zi �½Â�, ¿P�

zk
i = ar

i + (br
i − ar

i )x
k
i . (16)

Ú½ 3 éu�½�Ôö��, d (12),(14)ª)

� βzi
, d (9),(15)ª¦� E(zk

i ), E∗ Ú β∗ Ueª

D�,ª¥ ε´ý½Â�z� (������ê):

E∗ = E(zk
i ), β∗ = βzi

, x∗
i = xk

i ,

E∗ − E(zk
i ) > ε;

E∗ = E(zk
i ), β∗ = βzi

, x∗
i = xk

i ,

|E∗ − E(zk
i )| < ε, ‖βzi

‖ < ‖β∗‖;

E∗ = E∗, β∗ = β∗, Ù¦. (17)

Ú½ 4

k := k + 1, xk
i := F (xk−1

i ) = f
(Ik−1

i
)

0 (xk−1
i ). (18)

Ú½ 5 ­E�1Ú½2—4, �� E∗ 3 T gÌ

�Ñ�±ØC, ½ö�õÌ� R g (R > T ), ,�

a�Ú½ 6.

Ú½ 6 ~� zi �|¢«�, =

ar+1
i = z∗i − Γ (br

i − ar
i ), br+1

i = z∗i + Γ (br
i − ar

i ),

(19)

ª¥ Γ ∈ (0, 0.5), z∗i = ar
i + x∗

i (b
r
i − ar

i ), z∗i ��c

�Z).

Ú½ 7 x∗
i Ú xk

i �­#D�,

x∗
i = (z∗i − ar+1

i )/(br+1
i − ar+1

i ),

xk
i := (1 − α)x∗

i + αxk
i , (20)

ª¥ α������ê, ~X 0.1.

Ú½ 8 r := r + 1. XJ r > P ½ö E∗ 6 Q,

K(å`z, d�¼�äk min E ��ä. ÄK,

α := α−0.01, ,�a�Ú½ 2 UY�1. ùp, P´

�½�r����, Q���É�E�.

3.4 ýýýÿÿÿ���{{{

Äu CC-ELM �õCþ·b�mS�ýÿ�

{�6§w«Xe:

1) éõCþ·b�S?18�z?n, ¿(½

�S­��i\�Úò´�m (ml/τl).

2) Uì (1)ª?1õCþ�S���m­�,

(½Ôö8ÚÿÁ8.

3) |^Ôö8é CC-ELM �.?1Ôö, ��

�Zëê.

4)¦^ÔöÐ� CC-ELM �.éÿÁ8?1

�Ú½õÚýÿ, CC-ELM �ÑÑàÓ�ÑÑõ�

Cþ�ýÿ(J.

5) éýÿ(J��8�z?n, O�ýÿØ�.

3.5 OOO���EEE,,,ÝÝÝ©©©ÛÛÛ

ýÿ�{�O�þÌ�8¥3õCþ�S�

��m­�Ú CC-ELM �.�`z, Ï
�éùü

�Ú½?1O�E,Ý©Û.

õCþ�S���m­�kü­Ì�|¤,

	Ì�gê���m�:ê K, SÌ�d L �f

Ì��¤, �fÌ��Ì�gê©O� m1, m2,

· · · , mL, L �Cþ�S��ê, ml �1 l ��S

�i\�, oi\�ê m = m1 + m2 + · · · + mL,

Ï
��m­��O�E,Ý� O(K(m1 + m2 +

· · · + mL)) = O(Km). 3 CC-ELM �.�`z

Ú½¥, 1�ÚCþÐ©zO�E,Ý� O(1);

1�Ú�1lÚ�	�Ì�, Ì�gê� P ; 1

�Ú�1ÊÚ�S�Ì�, ��Ì�gê� R,

O�E,Ý� O(RMN), Ù¥, M, N ©O�Û

�!:êÚÔö��ê; 18Ú�1lÚO�

E,Ý� O(1), Ïd`zL§o�O�E,Ý

� O(1) + O(P (RMN + 1)) = O(PRMN).

4 �ýÁ�

��·bS�ýÿ¢�^~�ÄOêâ8�

) Lorenz, Henon, Rossler9 MG �·b�. [2−5].

ü�ØÓa. Rossler·b�§²LÍÜ����

XÚäk' Rossler, Lorenz�ÄO·b�.äk

�r�E,5; Ó�, �
�B'�, Ø©¦^©

z [7] ¥æ^�ü�ÍÜ Rossler·bXÚ?1ý

ÿ¢�. µdNXæ^²þýéØ� eAAE Ú�5

zþ�Ø� eNMSE,

eAAE =
1

N

N
∑

n=1

|x̂l,n − xl,n|, (21)

eNMSE =

1

N

N
∑

n=1
(x̂l,n − xl,n)2

σ2
, (22)

ª¥ x̂l,n Ú xl,n �ýÿ�Ú¢S�, σ2 ´ xl,n �

��.
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4.1 ¢¢¢������...

XÚ 1 ÀJü�ØÓ� Rossler�§�Í

ÜXÚ.

ẋ1 = −ω1y1 − z1 + ε(x2 − x1),

ẏ1 = ω1x1 + 0.15y1,

ż1 = 0.2 + z1(x1 − 10),

ẋ2 = −ω2y2 − z2 + ε(x1 − x2),

ẏ2 = ω2x2 + 0.15y2,

ż2 = 0.2 + z2(x2 − 10), (23)

Ù¥ ω1 = 0.99, ω2 = 0.95, XÚÐ©�¸� x1,0 =

0.1, y1,0 = 0.2, z1,0 = 0.3, x2,0 = 0, y2,0 = 0,

z2,0 = 15, ÍÜëêε=0.05.
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ã 2 XÚ 1 ��Úýÿ��¢S��é'ã (a1)ýÿCþ x1; (a2) (a1)�ÛÜ��; (b1) ýÿCþ x2; (b2) (b1)�ÛÜ��;

(c1) ýÿCþ y1; (c2) (c1)�ÛÜ��

XÚ 2

ẋ1 = −ω1y1 − z1 + ε(x2 − x1),

ẏ1 = ω1x1 + 0.15y1,

ż1 = 0.2 + z1(x1 − 10),

ẋ2 = ω2 + 0.25x2 + z2 + ε(x1 − x2),

ẏ2 = 3 + y2ω2,
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ż2 = −0.5y2 + 0.05z2,

ω̇2 = −x2 − y2, (24)

Ù¥ ω1 = 0.925, XÚÐ©�¸� x1,0 = 0.1,

y1,0 = 0.2, z1,0 = 0.3, x2,0 = 0, y2,0 = 0, z2,0 = 15,

ω2,0 = −20, ÍÜëê ε = 0.008.

3 ý ÿ¢� ¥, k d ü � X Ú �)Ú �

� 17000��Cþ�mS�, ,��Kc¡ 10000

Ú��6�:. XÚ¦)�{æ^o�9� - ¥©

È©{, È©Ú�� ∆h = 0.01, ýÿ�dc 5000

Ú��mS�­��þ�ë��þ, é� 1000Ú

�Cþ�?1ýÿ.

4.2 ���ÚÚÚýýýÿÿÿ¢¢¢���

Äk©OéXÚ 1 �Cþ x1 �üCþ�mS

�­�, éCþ x1, x2 ?1üCþ�mS�­�,

éCþ x1, x2, y1 ?1nCþ�mS�­�, éC

þ x1, x2, y1, y2 ?1oCþ�mS�­�. ,�æ

^JÑ�ýÿ�{?1�Úýÿ¢�, ýÿ(JX

L 2 ¤«. lL 2 �±wÑ, æ^�©�{��C

þ�Úýÿ�²þýéØ� eAAE Ú�5zþ�Ø

� eNMSE þ��, ¿�ýÿ(J`u©z [7] ��

{. ã 2 w«
­�Cþ� x1, x2, y1 ���Úý

ÿ��¢S��é'ã.
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L 2 XÚ 1 ��Úýÿ(J (Û�!:ê J = 20)

­�Cþ ­�ëê (ml/τl)
eAAE eNMSE

�©�{ ©z [7] �©�{ ©z [7]

x1 6/17 0.0009 0.0198 0.1899×10−7 0.5354×10−5

x1 4/17 0.0055 0.0488 0.6031×10−6 0.1241×10−3

x2 3/14 0.0064 0.0706 0.8767×10−6 0.2675×10−3

x1 1/17 0.0384 0.0497 0.3022×10−4 0.0716×10−3

x2 4/14 0.0394 0.0762 0.4315×10−4 0.1951×10−3

y1 2/11 0.0293 0.0384 0.1717×10−4 0.0564×10−3

x1 1/17 0.0433 0.0662 0.4596×10−4 0.1575×10−3

x2 4/14 0.0357 0.0709 0.2497×10−4 0.1712×10−3

y1 2/11 0.0338 0.0562 0.2958×10−4 0.1215×10−3

y2 1/16 0.0241 0.0600 0.1506×10−4 0.1008×10−3

4.3 õõõÚÚÚýýýÿÿÿ¢¢¢���

éXÚ 2 �Cþ x1, x2, ω2, y1 ?1oCþ

�mS�­��, æ^JÑ�ýÿ�{?1Ú

� s = 1, 2, 3 Úýÿ. L 3 w«
ýÿ(J±9

�©z [7] �'�. �±wÑ, =¦3Ú�� 3 ��

¹e, E¼��Ð�ýÿ(J, ¿�`u©z [7] �

�{. ã 3 �*/Ðy
Ú� s = 1, 2, 3�Cþ x1,

x2, y1 �ýÿ��¢S��é'�J.

L 3 XÚ 2 �õÚýÿ(J (Û�!:ê J = 50)

­�Cþ ­�ëê (ml/τl) s
eAAE eNMSE

�©�{ ©z [7] �©�{ ©z [7]

x1 3/15 1 0.0196 0.0775 0.1090×10−4 0.4749×10−3

x2 5/12 0.0465 0.1522 0.1070×10−4 0.8856×10−3

ω2 1/15 0.0398 0.0432 0.4892×10−4 0.0506×10−3

y1 1/15 0.0214 0.0610 0.1122×10−4 0.2344×10−3

x1 3/15 2 0.0298 0.1546 0.0256×10−3 0.0019

x2 5/12 0.0658 0.3029 0.0240×10−3 0.0035

ω2 1/15 0.0957 0.0849 0.2145×10−3 0.0002

y1 1/15 0.0327 0.1211 0.0294×10−3 0.0009

x1 3/15 3 0.0406 0.2312 0.0466×10−3 0.0042

x2 5/12 0.0822 0.4520 0.0405×10−3 0.0078

ω2 1/15 0.1161 0.1257 0.3833×10−3 0.0004

y1 1/15 0.0445 0.1806 0.0576×10−3 0.0020

L 4 XÚ 2�mS�\\xD(��ýÿ(J (Û�!:ê J = 30)

­�Cþ ­�ëê (ml/τl) D(©Ù
eAAE eNMSE

�©�{ ©z [7] �©�{ ©z [7]

x1 5/15 Ã 0.0066 0.0786 0.0855×10−5 0.1851×10−3

x2 3/12 Ã 0.0373 0.0841 0.4133×10−5 0.2185×10−3

x1 5/15 N (0,1×10−3) 0.0408 0.1001 0.3536×10−4 0.2797×10−3

x2 3/12 N(0,1×10−3) 0.0960 0.1111 0.2992×10−4 0.3484×10−3

x1 5/15 N(0,1×10−2) 0.1098 0.2080 0.2553×10−3 0.0012

x2 3/12 N(0,1×10−2) 0.1138 0.1154 0.0461×10−3 0.0013

x1 5/15 N(0,1×10−1) 0.3334 0.5998 0.0024 0.0097

x2 3/12 N(0,1×10−1) 0.3736 0.6573 0.0004 0.0115
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4.4 DDD(((KKK���¢¢¢���

�
©ÛD(é�©ýÿ�{�K�, 3\D

��¹eÀ�XÚ 2 � x1(n), x2(n) ü�Cþ?1

ýÿ, L 4 w«
ýÿ(J±9�©z [7] �'�.

�±wÑ, ýÿ� eAAE Ú eNMSE �X\\D(�

���O\
O�, �´E¼��Ð�ýÿ(J,

¿�`u©z [7] ��{, `²�©ýÿ�{äk

�r�|DUå.

4.5 ÛÛÛ���!!!:::êêê J ÀÀÀJJJ¢¢¢���

Û¹� ²��ê8 J é4�ÆSÅ�Ôö

Úýÿ(Jk�½�K�. J L�òØUéÐ/[

ÜÑ¢S�·bS�;,, � J �Ø´���Ð,

�X J �O�, �{��m¤�òO\, 
� J L

���¬ÑyL[Üy�. ã 4 w«
 J ��X

Ú 1 � x1, x2, y1 n�­�Cþýÿ���5zþ

�Ø� eNMSE �'X. �±wÑ, � J = 40�, x1,

x2, y1 �ýÿ�þ¼���� eNMSE, �X J �O

�, eNMSE ¥þ,ª³.

5 ( Ø

�©JÑ
�«õCþ·b�mS�ýÿ�

{, T�{äk±eA:: 1) �'�Ù¦a.·b

XÚ, ½Â�EÜ·bäk�r��ÅE,Ý, �

·Ü^u�.ëê�|¢Ú`z; 2) æ^EÜ·b

�CºÝ`z�{é4�ÆSÅ?1`z, `z�

�4�ÆSÅ�. (CC-ELM) äk�Ð��z5

U; 3) |^ CC-ELM éÍÜ·bXÚ�õCþÓ�

?1
�ÚÚõÚýÿ, Á�(JL²�Óa�{

�', T�{äk�p�ýÿ°Ý.
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Abstract

A prediction algorithm of multivariable chaotic time series is proposed based on optimized extreme learning machine (ELM).

In this algorithm, a presented composite chaos system and mutative scale chaos method are utilized first to search and optimize the

parameters of ELM for improving the generalization performance. Then the optimized ELM is used to predict the multivariable chaotic

time series of Rossler coupled system for single step and muti-step, and the scheme is compared with the congeneric method, which

shows the validity and stronger ability against noise of thedeveloped algorithm. Finally, the relation between prediction result and

number of hidden neurons is discussed.
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posite chaos optimization

PACS: 05.45.Pq, 05.45.Tp

* Project supported by the National Natural Science Foundation of China (Grant No. 60874091), the Six Projects Sponsoring Talent Summits

of Jiangsu Province, China (Grant No. SJ209006), the Research Fund for the Doctoral Program of Higher Education of China(Grant No.

20103223110003), the Natural Science Basic Research Project for Universities of Jiangsu Province, China (Grant No. 08KJD510022), the

Natural Science Foundation of Jiangsu Province, China (Grant No. BK2010526), the Project for Introduced Talent in Nanjing University of

Posts and Telecommunications, China (Grant No. NY209021),and the Scientific Research Innovation Program for the Graduat Students in

Jiangsu Province, China (Grant No. CXZZ110400).

† E-mail: jianggp@njupt.edu.cn

040506-9


