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A New Method to Construct Complex Echo State Networks

SONG Qingsong., FENG Zuren

(Institute of System Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: The issue of topology choosing in artificial neural networks for chaotic time series fore-
casting is studied. Motivated by the growth and development process of cerebral cortex, an algo-
rithm for constructing cortex-like neural network, complex echo state network (CESN), is pro-
posed. Some factors in both the distance-dependent growth mechanism and time-window-depend-
ent growth mechanism, which have effects on the process of the growth and development of the
cortex networks, are analogously defined as construction parameters that controls the process in
creating a CESN, such as the size factor, the distance-sensitive factor, the density-sensitive fac-
tor, the seed-neuron number and the time-window width, etc. It is found from experiments that
the topological characters of a CESN can be uniquely determined by these parameters, and that
when the seed-neuron number is set to be about 10% of the whole network size, the created
CESN can have almost the best forecasting performance. Simulation results show that CESNs can
be created with less time-consumption and better forecasting performance. It can be concluded
that the proposed algorithm is a more efficient network constructing method.

Keywords: chaotic time series prediction; complexity; echo state network

N T2 I 45 CANND A ] F 1R 3o i ] 75 51) i
DU, SR AE ANN S it 2 2 H A7 78 A . — I3
TR 280 BE AL 2% 2 B B B A R il /N 20
WS s — R 1 N 2% 45 4 5 SR FHFE I 1) * trial-and-
error” BUH AL T .

MR 25 X 4% (ESND P 5 T Mackey-Glass
(MG) TR IR (8] 3 50 00 . EL PR RE R4S T B A el
HIH—AL 34 5 R 1% 22 (NRMSE) Ryse 21 i) 1 750 2%
R 1007, G 0 T H R UL 5 2% 04 S50 45
(10 "2 ~10" M)W 4 7 i W ML 3 922 19 3 45 %

Wk B . 2008-07-08.  YEH A REMA980—), B LA I (BRRJO B 8z LA S0, EEUH.
[l 57 SRR RIT A kR AR ) % B B (2007CB311006) 5 B % 5 AR BT 9E & R i1 %8 Bh 3% B (2006 AA047Z222).



2 o R

PN 5543 %

(DR)JE ESN Bl Z— IR Sy AU B A £ 5
(R IRAE J) . LA E ) 2 M mUH AR LM M 4 B X
P AR B TE AR 7 A S B T R 2 ol
VAT AT ESN YIZRAE S5, [l sk ANN J7 2% 18 1 AL
A > E R Qe RS B AL #  PE B T A Y
ESN. H A7) 2 i fo gt e ) 1) RL o 0 ELA A ) 34
BEE A ESN 2 38U 0% R A il 25 R 45

BEXT ESN #4511 . 52 065 7L sl K 5 J=
WFFERRAI IR KA SCHR Y — i 5 A1 1 200
P 2% BIEDIR 25 10 45 CCESND M e 77 7%

1 S 2% [T ma bR o 284y S T 1k

1.1 SHMEEKEX

ZHA ZVAE G K R BOC SR RR
AL PR GE J7 0 W 2L 3h B R I K )2 AR R HL R A
K AR SCBET T AU ESNL SRy BLSE AR AELER 43
Kl B2 J2 B F A A5, Kaiser 85 A& H — 25 M)
LA R TR R T 2 AL Sk R
WAL T AR 08 S RSSO0 28 114 A A Ao A < A0 I
AR AL, B 2 A4S 28 50715 i 22 ) g o7 34 422 A K
SR 3 (]2 ) S 3 N 48 Bgomi/ ), 4
I ARG 5 AR S ST R 78 178 A R BIL L s R BsF i) 7
JOT R P4 28 0 BORI I () 2 58 B2t o 1
P2 TC N TE M ELAT — SRR 8] 2, B 22004~
BN R T AR 2 2% v 8 B SBR[
AIAEAE U [m)— > Tl = it 28 S0 ) P b 28 0
RS 5% Fp Tl e s S T 3 T LA 2 MR TT
5 R AL ST 3 R A W] IO T e AT 2 () A s
() 25 125 1 X8 g A 8 7 ) AR R 1)

ARSCHR T AT [ YR A [ 7 4] 0 £ 5 2% I 2%
AR AR P RO B B % AR KAL) P B S Rk
BRI ) 4% 42 SRR A 50K At o AR R R e [1]  1
AL Hh o 2800 IS BORIRE RS T 74 ) 9
SR . P25 1 B 2 B IR 8 AR A
TIURAR B b di 2 oA B I T 6 9 B CfBGE P A
I E] 8 48 5D 1 IR 28 A 185 S8 ARIRE R N Ban
Flw. 22 M2 A KA LR AR IR

(O, WE N.a.Sun Al w; SEFRAKH I 2
MHER Py (d Cus v)) FIAR BT (8] 58 F 9 HE 2R
Pl (t5nw)  Hort w filo AR 2 ML TT 0, %7
MMt =1, .n Pii(d(u,v)) =Re 7,
Hrp du,v) & w Flo Z [ RR FCRE S 1 Pl (25
nsw) N SCHREE b e Y sRBOE 2. K n ATl
SZICLIR K/ (n+ D AE K 558 R0, 11H°F

M FAFEAE ., W) m= N—n NAEF T3 208 DA
RS 1/m BB AR iC AP IR s= 1.

() THA ST B . %*R%#ﬁﬁl#"ﬂﬁﬁl‘?
PHZTT w, IR B w Bl WFP i 42 Hou 1y
FhFHIZETT 0, Egﬂ:*AEﬁﬁ?Tq}%%E/E\ﬁEi 3]
P AP AE B ER — S BARE X (DR« 5
HAMAT B AL 0 v AT IEFERIHER

Plu,v) = Pyi(du,v)) Pl (s/m) »
P (s/m) (D

R IE AR, WERTE o ERAH &, /)
P (u s v) Jelode /NI ] 5 880 WK o BEPL S — 1
PR ousE . MRt 0269k s=s+1.

(DN s=m, MAER ST FREE T, B A5 21 1
28 AR FEHE R W 0 s ), 5% (2).

R R R S Kaiser BB L, A2 Kot
TR, BEMLACTE B 3 .

1.2 8 Z:EInmAk 7R 2

H K AR 2 0 i — M AT, i LA
AP ZE IO B — A ERIT . B N AN AR 2
F4 i —~ DR. $4i A oo i 445 DR A EI’J
AR A E DR A BN R 2 i T
HR BRI MR A I FEALE DL S DR H AN 2 8] (1) 1% 42
B, 3 lhicE—1 KN N XK B RE Wh —A
KWK LAXN BFERE W L — RN N XN ()
FEFE W, et WO RBHHE M W 5 — D BEPL T 1Y

sSURH K W e R B T A i R R
DR BICH R AMARTE ¢ B2 BIRAS  AE S T (0 Y
(OF1 X (). CESN R R & 1 fifzs , il LA B4R
(14 00 26 BUC T 8 B ESNESND #r i DR.

b ck
l
L H AR

34 FE(DR)

*;ﬁéjm

BT S22l RS W 4R R R T

CESN PR I7 #2 Ay s 7 2 h
X(+1) = fFEWRI) +WX (1) +WHky (1)
(2)
Y(i+1) = fOWX(+1) (3)
Ao SR FO 43S0 DR R IT R RO R AR

http: / www. jdxb. cn



55 4 39

RTTAN 55 AU S % I MEp R S 19 2% 6 8 O 1% 3

F 4 4 BRI 5449 X1 L D PR
2 R AR

2.1 =gt

SEG A H 5T M 454 i S 500 CESN il
WP BE 52, He A CESN 5 JESN ) 151 I 2 .
MG B[] J7 51 T30 B DA Sk 2 — e bm o o) 1, HE R 452
L TR

dz _ 0.2:t—1)
dt  14+=z¢—p)Y

MGE B R T804 T 17 i, SR bl & Ak BUAE
WHUESE T 17, 6 /] Matlab o (%) pR AL dde23 =K i
TR () AF BN — R 10 0008 [1] A5 (1 TR it B ]
JE 91 O 91 35 R 25 R AR 5029 0. 006) , A 3
P LA A T A5 B 4

X} MG R B (8] )7 80 2R 47 84 25 Jif ) 000, 56
HU NRMSE $Fr il 25 5. i T MG IR ET ] )5 51)
FINA 5 Je—28 R Ge R )L, iy DL 200 1 S
51 MG 31 ZGEH BAE VAL, W1 2= 2] CESN (1%
HRASCER A W U5k L SCik[ 1 ].

5 MG R[] T30 () B S AR AR N O {5 5
Yo il Wik A DRLARJE A 1 001 A ] 25 FF
LRENHE 3 000 NEHEZEEE R, 50 DR AR X ()
TER ARSI M. PR S e L Fe
B X Yo A MO e 105 0 33804 S 3 4 AR
Wor=M Yy, ) RS Z )R Al 24 ) 345
i) CESN, %% 7 81 8 Hefth 7 72245 730

B —~ CESNL X MG R i st [a] 52 41 /50
AR B S eSS AR B AS 84 AT
D yiu (84) FTESAH Yine (84),i=1, -+, 50, fif
HR A

— 0. 1z(D) 4

1/2

50
Z (yirue(84) — ygul (84))2

RMSE - [ i=1 (5)

506°
i3 NRMSE, HH 5 & MG ] 3] iR fE 22,

E*@iﬁ?ﬁ;‘ﬁ?ﬂ@\], a 7,89 n, U/’) E/‘Jg‘ﬁ\'}-ﬁt{ai ’
CESN ] i~z 528 20 K.

20
7:%;(131\/151;); (6)

1 & .
R = [ZO_IEE(RMSE)I'*R]Z] 0

P 6) A (7)), TRk 45 CESN A9 20 ¥
SEPEAE) 20 4 NRMSE X E AR EZE , T /E R
) ¥ 2 B0 o 7 A T 000 455

2.2 XWHER

B B Fl w, (58 N Fil n X} NRMSE #y 5%
M. N A AR 4351 R 100, 200, 300 i1 500, % i N
(A — AE s n AR IRIEAE R 1. N X 10%, N X
30% N X50 % NX80%. & S r=n/N, W r 435
B 0(Z4%F 0).,0.1.0. 3.0.5.0. 8. R ¥ r 254k 4n
Bl 2 i, Rua 2905 R (1) 10 %.

-+ N=100
- N=200
- N=300
- N=500
--- JESN

1 1 ]
0.0 0.2 0.4 0.6 0.8
r

B2 RIEMESHORAE TR CESN (i i 2
ME 2 BE] T 3 MG 5 1,25 n [E5E 4110 »
=1, 7 r=~0 BIEIE T R BN (35 i)y .
PR MBGER R B DR, TR BB 5 56 2, 2 N [
SR r 5n Z A1 ZEHH AR R R EOC R L RTEUS
/N R AH ) CESN, HXFR 9 n BUERE AT KK, 1
AN W B R E R 2 ra=0. 1, Wil »
~NX10% , AHR H CESN $R15-5 /MW R, I8 B if
(TR BE 5 55 3. 4 N IR{E A 500, - BUEH 0. 1~
0. 3, B n BUE A 50~150 B, CESN Fb &I | 55 3%
3 5 B RN AR 1 TESN B8 U5 5 4 1% F3il I A
JE.3X 3 FE4 W], CESN HI T MG IRVE R[] 7 51)
FASSOZAT R 5 17 H AR 244 38 S 50 AE 1) 1
T BRAE RS L JESN 47 Tl 4 fig » Bl CESN
bt JESN R385 5.
FHIREER) 72 5T o« Al w X NRMSE ()52
M. SEZB6H, B A TNAR E CESN (1) DR 242258 [ an
Kl 3 s, Hrhphaook i, j=1,---,500, %8 %
0

1005m -
200F=
300F 0L

a0k L

500

0 100 200 300 400 500
i

B3 HEALTHINRS R CESN 9 DR 483246 M~ &2 1K

http: / www. jdxb. cn



4 W% K

PN

543 &

H90.027 8,3442H 0. 85, N nafaww BUE M9 K
500,50.40.0. 5 F1 0. 5.

3 BRI FIBRE S b

CESN RIS B 119 22 S AR - 2 DR X4 A
W P FER RE AP AR 25 57 % RE 1 4, CESN (1 13
DUDRS ). ) Omega & 24 Q AT LA 2 DR X
PN RSN R 9 AN AT BN iR
AR AN A 2% B LA WA 2 75 i 1 s s e (1)
ED].

Al LLE T U7 DR _FE S0, /P

3 000

1 T
=5 OOOHZS‘OIX (OX@) (8)
InQ =— Zai In\ (9)

RF X ORI T DR Bk S E; A =
i/ 20hihiGi=1oee D SEARAS T 2204 € 1S

TEAH. YT AR I B FR AR e 58 42 [R5 s, ) C
IR — AR 0 H Q BUs/NY(E . 13X It
THIE T DR EAT 55 1% 2= 15 B8 7 s Y A3 Mk
A st B A AR R 2B B W) € B N A5 40
A AR O FRIEAE A X 1 B H Q B R AA X R B It
1&IE T~ DR AT o i Sl 22k fig
N=>500 B A [FFp5#h 28 501 B0t i CESN /Yy
HatEE MK 4 R, B A BUESE 2 -
BUE——XF 0. 5 & - 4 fE 2 ZB8L.Q MR Z a5
PRATE Y AR S B Q BOR LR BN, I Z RS8R,
BEAM  7E na N X 10 %0 4b [F] B 58 B K 0 {8 Fil e/
R {8 . i RAEAR R (#6385 S50 DR Xy A 803
[FIREE T 1Y 22 S RE S 1 A &bzl . 55—
L JESN 89 Q /N T n= N X 10% 151 F XF i #)
CESN 1 Q {8, 3X 6. BH 78 A9 35 S HOR(E R E T
CESN f9 f50i#s B2 4 T JESN.
1.3r
o S
1.1F
C0.9F

0.7F

0.5

n=1 n=50 n=150 n=250 n=400 JESN

B4 N=500 AR #2250 Hou i CESN )

CE/SEAES S

4 gEE

A 2 5 A S8 E 1 CESN
M, Srae F B, CESN R X4k T JTESN i fif
A PIFEDE AL T AN R A 80k S [n] I3 4 25 I 2% 552 it v
B UL AR I 0 M A5 RN RE IR A 4R M R AR i HL
TR B8 na~ N X 10V RAE RS T T . BEMS 3R B HE
JESN B G- 0 2.

SE 3k

[1] JAEGER H, HAASS H. Harnessing nonlinearity;
predicting chaotic systems and saving energy in wire-
less communication [ J]. Science, 2004, 304(5667):78
-80.

(2] FEZEF,BRat, HET. BEPUBOM 2 I 45 K AE B AL

TR )3 50 B b g v LT, P32 K224
2003, 37(10):991-994.
WANG Junping, CHEN Quanshi, TIAN Guangyu.
Stochastic fuzzy neural network and its application to
prediction of stochastic chaotic time series [ J]. Journal
of Xi'an Jiaotong University, 2003, 37(10):991-994.

[3] OZTURK M C, XU D, PRINCIPE J C. Analysis and
design of echo state networks [ J]. Neural Computa-
tion, 2007, 19(1):111-138.

[4] EDELMAN G M, TONONI G. A universe of con-
sciousness: how matter becomes imagination [ M .
New York, USA: Basic Books, 2000.

[5] KAISER M, HILGETAG C C. Development of multi-
cluster cortical networks by time windows for spatial
growth [J]. Neurocomputing, 2007, 70(10/12) :1829
-1832.

[6] NISBACH F, KAISER M. Developmental time win-
dows for spatial growth generate multiple-cluster
small-world networks [ J]. The European Physical
Journal: B, 2007, 58(2). 185-191.

(7] FEWRMy, AR, BT, T 2N LR Esh &

WSR2 [T, VRS R4, 2005, 39(8):
904-907.
PEI Xiaomei, ZHENG Chongxun, BIN Guangyu.
Classification of the mental tasks based on multichan-
nel electroencephalogram features [ J ]. Journal of
Xi'an Jiaotong University, 2005, 39(8):904-907.

(i

k)

http: / www. jdxb. cn



