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Wolf LCE QR of B QR=1B
LCE LCEvector = LCEvector + log diag | R |
Jacobian LCEvector = LCEvector m _ iterations.
Lorenz  Réssler
LCE
LCE
LCE 4
Lorenz
Réssler ’ 4.1 Rossler
Lorenz 9.23667 14.04743
29.92179 . Réssler 3
Runge-Kutta 0.01 20000 r=—y-—=z
LCE 2.16900 -0.00071 —32.46355 y=a+0.25y + w )
25000 5000 =3+ xz
LCE w=—0.52 +0.05%w.
2.1670 0.2316 —25.7355. LCE Runge-Kutta
: 805000 LCE 0.01 —18.8503 —29.5013 0. 1483
2.16687 0.00747 —32.25250 30.1428. LCE 0.1776 0.0305 —0.0024
LCE —37.0993
LCE 1.
1 Rossler LCE
3 LCE —
x 0.37558 0.04421 —36.92211
LCE LCE
y 0.07400 —0.21349 —36.70480
Wolf
2z 0.16699 0.16396 0.08327
LCE
w 0.12400 0.00009 —36.67262
Jacobian
LCE 1 Rossler
LCE 2
Jacobian . LCE Z
LCE QR 2
4.2 -
Q B 6
LCEvector
for i =1 to m _iterations
Jacobian  J; 7
dx1 dr = Ex, — Ex; + Bxy
B=JQ dzy dt = Axy — 25 — x123
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dl‘3 dr = X1xy — Gx3
dl‘4 dr = P115+P2x4—P3xi+Mx7
dIS dr :*Plx4+Dxl

dzg dt = Pyx7 +5.02¢ — 6.0 X 10*23 + Hx,
dxy dt =— Pyxg — Mxy. 2
6 .
3
ECG
LCE
6.98 . .
E=16.0 A=45.92 B=5.0
80 0.002

Runge-Kutta .
G=4.0 Py=10.0 P,=3.4 P, =
60.0 P;=12.0x10° M=1.5 D=0.012 H=

0.012 LCE 2.162
—0.0064 -0.179 —7.9651 —26.9871
—39.0045 —92.7963.

G=0.25 P():9.8 P1:34 Pzz
18.0 P3;=6.0x10° M=1.5 D=0.012 H=

0.012 LCE
0.0043 —0.4041 —-1.002 —4.8715 —11.0609
—24.7067 —34.8965.

G:4.0 P():10.0 P1:3.4 PZZ
18.0 P;=12.0x10° M=1.5 D=0.012 H=

0.012 LCE  2.1698
-0.0067 — 0.5731 — 8.0222 — 28.5345
—40.1391 —105.6906. LCE
LCE. LCE x4
—-0.5807 - 3.4113 - 3.6638 — 8.0214
—36.3973 —105.5070

G=0.25 Py=10.0 P;=3.4 P,=
18.0 P;=6.0x10° M=1.5 D=0.012 H=

0.012 LCE 0.0092  —0.405
—1.006 —4.0125 —10.0374 —24.6452
—32.2462.

G=0.25 Py;=9.8 10.0 P,=3.4

P,=60.0 P;=6.0x10°> M=1.5 D=0.012

H=0.012 0.012 —0.051 —0.351
—4.4758 —11.7923 —24.5912 —34.7410
0.032 —0.0089 —0.507 —3.2813
—10.36752 —25.0897 —34.3382.
LCE
Wolf
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4.3 Lorenz-Haken
Lorenz-Haken CLHE
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Hopf .
7
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day dt = rizy — 25 — exs + kxd 21 — 124
dxy dt = ryxy + exy — x5 — kxox; x4
dxy dt =— bxy + x125.
3
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0.001. 2.
2 CLHE LCE
LCE
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K=4.0 r=181.3 0.0001 —0.6927
rn=-1.5b6=0.5 ¢=2.5 —6.8258 —7.6429
K=6.0 r,=91.0 0.9106 0.0007
rn=—150=1.2e=2.5 —10.0758 —12.7784
LCE.
Haken Parker Chua LCE

7
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dxl dt :171'1*56% 2
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4 LCE LCE
500000 0.005 67
Runge-Kutta
Re =25 Ri = 0.25 0.67634 Wolf LCE
—=0.00146 1.09373 0.01304 —0.00002 LCE
0.0980 0.0006 —3.1262 —3.9334
~6.8696 LCE Dawason  Grebogi 10
LCE . Re=25 Ri=0.29 LCE - 0.00065 LCE
—-0.07075 —2.66157 —3.77003 —56.87333
LCE
LCE. . Dawason  Gre-
) bogi Shadowing Haken
Re=25 Ri=0.10 LCE -0.7107 —-0.7113 L
yapunov
—8.2397 —8.2425 —56.1809 Re=50 Ri=
0.05 LCE -0.7186 —0.7205 - 31.6061
—31.6065 — 56.7386 Re=50 Ri=0.18
LCEs -0.7139 -0.7159 —31.6027
—31.6033 —56.7390 Re=50 Ri=0.22 LCE
~0.7127 - 0.7141 - 31.6013 - 31.6026 . Grebog
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ABSTRACT
Some basic problems of Lyapunov Characteristic Exponents LCE are discussed including the computational
method and the fact that the Lyapunov exponent of any limit set other than an equilibrium point must be zero namely one
of the Lyapunov exponents should vanishes. The conclusion is deduced that the dimension of a hyper-chaotic attractor
must be great than 3. The LCEs of several important models are studied more reasonable results are yielded. An efficient
method for calculating the conditional L.CEs is suggested. By studying the conditional LLCEs of the hyper-chaotic system
we conclude that it cannot be synchronized with only one driving variable. The infection of random initial values in Wolf’ s

program of LLCEs computation is pointed out.
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