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2
(h, F,x(0)),
C(x,6 = # {t,s),1< 1< s< n:ll x(2) = x(s) Il < €/n(n- 1)
D(x) = lim limInCn(x,€) /In€
D (x) (h, F,x(0))
I x(e) = x(s)ll = . max_ xi(t) — xi(s) (2)
# .
Ci(x,6 = # {(t,5),1< 1< s< n:ll xi(t) = xi(s)l < €i=1, ,r}/n(n- 1)
P y {y(9:e=1, . n},
y'() = [y Ly(+ m- D7)
m , :
Con(y, € = #{(t,s), 1< 1< s< Nl y"(1) = y"(s) < €/N(N - 1)
N=n-m+ 1,
Dna(y, € = InCna(y, € /Ine (3)
Dun(y,€,6) = In(Cun(y,€)/Cun(y,e)/In( €/ &) (4)
o Hm_fimDn(y, &, &) = lim limDn.i(y, &
, ( )
1 (h.F,x(0)), () h F 1 (2) F L,
L 5(3) F m, m m(dx)=r
(x)dx;(4)  x(0) L ;(05) Lyapunov .
1 (h,F,x(0)), 1 , L d ,
r(x) > 0 Vx L
m=2d+1
liy linD. (1.0 = d 5
’ yl y2 ’
lflfr(} ,1£r£1Dr,z.,z(y1,y2)',€) = lelzr(} %{rBDnl,yl(y1,€) (6)
yrooy2 ’

P y"(1) = y"(s)I < &= P(Il yi(t) — ¥y < €l y5(2) = y3(s)Il < @ =
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Pl yi(t) — yi(s)ll < @P(ll y2(1) = y2(s)l < ¢
P
Cm,n(y, 6) —PP(” ym(l) - ym(s) " < 6) n — o
leifr(} lirg.}ln( Crnn((y1,y2)",€6/In(€) = ltifl(} liﬁlgln(CmAn(yl,E))/ln((—_‘) +
lim limln(Cr.n(y2, €))/In(€)
leirr(} limDua(y1,y2)", € = lgiH)l limDu.a(y1, € + IEIII(} limDu.(y2, € (7)
(6) (7) , yirooy2 (6)
> Y1 y2 > i y2 5
(7) s yioooy2 syl y2 ¢
1 {yl(t)e 1= 17 ’n} {yz(t) s 1= 17 771}5
_ In (v, y2, €)
Rm.n(yl,_’)/Z,e) = Dm,n((}‘l,_)’z)'7€) (8)

]m.n(yl, y2,€) = Dm.n(}'l, E) al3 szz(yz,E) - Dm.n((yl,yz,)', €)

(8) {yi(e), =1, ,n} {y2(t), =1, ,n} :
. (6) ) 0,
0 1 . N yl(t) yl([)
3

1 (h,F,x(0)), 1 m=2d+1 K
Kl x(t) = x(s)l < 1 yT(e) = ¥T(s)l < K7 x(t) = x(s)l
[3] 6 \

1 : 1 s {Ki,i= 1, ,p},

Kill x(t) = x(s) Il < W yP(e) = yT(s)l < Ki'll x(t) = x(s)I , i=

K= mn{K:, =1, ,p}
(2
I y™(e) = y"(s)Il = izrrll.a%pll yi(t) — yI(s) |
KIx(t) = x ()l < 0 y™() = y"(s)I < K~ ' x(2) = x(s)l

Ci(x,KE < Cun(y,€ < Co(x,K '€

e[i{no limInCi(x, K€)/ In€= €Li£n0 limInCu(x, K€)/InK €= 6111}10 lim InCi(x , €)/1In€
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5
Henon 31,

xi(t+ 1) = 1— axi(1)* + x2(1)
x2t+ 1) = bxi(t)
yi(e+ 1) = 0.2x2(¢+ 1) + 0.2%:1(t + 1)
yo(t+ 1) = 0.3x2(¢+ 1) = 0.3x1(t+ 1)
yroooy2 , {V(t):1=1, ,n} Logistic
u(t+ 1) = Au(e) (1= u(p))
v(t+ 1) = u(t+ 1)

a= 1.4 b= 0.3 x1(- 10000) = x2(- 10000) = O
A= 4 u(- 10000) = 0.1
{yi(t):e= 1, ,n} {y2(8):t=1, .n} {v(t):i=1, ,n} ,n= 2000.

(4) 1.
’ yl yz, yl yz
N Dm.n(:)/l,}/Z) Dm,n()']) Dm,u(yz) N yl y2
1. yi v, yl v

Dm.u(yl,’lj) = Dm,n(yl) + Dm,n('l])

yi v 0
1 (4)
m 4 4 5 5 6 6
€l 0.010 0. 008 0.010 0. 008 0.010 0. 008
(2} 0. 005 0. 004 0. 005 0. 004 0. 005 0. 004
Dn(y1,€1,€) 1.1031 1. 1262 1. 1050 1. 1513 1. 1210 1. 1846
D yn(y2,€1,€9) 1. 2125 1. 1814 1.2126 1. 1448 1.1939 1.1313

Do n(y1, y2, €1, 6) 1.1893 1. 1642 1. 1823 1. 1505 1. 1621 1. 1586

Ru ly1,y2,6,6) 0.9470 0.9822 0. 9602 0.9957 0.9919 0. 9988

Dpu(v, €, 6) 1. 0161 0. 9875 1. 996 1.0332 1. 1596 1.0783

Dyn(y1,0, €1, €) 2.0325 2.0130 2. (440 2.1632 2.1369 2.1535

Rua(y1,v, €, 6) 0. 0420 0. 0500 0. 0785 0. 0098 0. 0672 0. 0508

JCDSS ,

R 94 10 9% 1 .ox, ¥
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, Ron(x,y.€,0) 0.85 3
: ,
[7] .
2

m 4 4 5 5 6 6

€ 0. 05 0.04 0.06 0. 05 0.07 0. 06

€& 0. 025 0.02 0.03 0. 025 0. 035 0.03

Dy n(x, €, 6) 1.531471 | 1. 904066 | 1.575236 | 1.877418 | 1.599219 | 1. 894866

Dm.a(y- €1, €) 1.477532 ( 1. 842138 | 1. 525993 | 1. 815922 | 1. 546460 | 1. 826865

D, xsy: €, €) 1.630392 | 2. 057583 | 1. 669857 | 1.993473 [ 1. 688972 | 2. 010571

Runa(xsy, €5 €) 0. 845611 | 0.820704 | 0. 856886 | 0. 852764 | 0. 862514 | 0. 855812
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MEASURING NONLINEAR DEPENDENCE BETWEEN TIME SERIES

FAN Chongjun WANG Huanchen
( Systems Engineering Institute, Shanghai Jiaotong University, Shanghai 200052)

Abstract In this paper, a statisticNonlinear Dependence Coefficient based on fractal dimension is pro—

posed- This statistic is designed for measuring nonlinear dependence betw een time series, and can be used in

variable selecting for economical forecasting. Numerical results show the statistic is reasonable.

Key words nonlinear dynamics, fractal dimension, forecasting, statistic
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