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Computations of Lyapunov exponents.

This file illustrates pseudo code to compute lyapunov exponents.
It has been extracted from a larger file of several hundreds of lines I am
working on. The language used is Cython.

AUTHORS:

- Vincent Delecroix, C code, Computation of Lyapounov exponents for Brun
algorithm, June 2013.

- Sebastien Labbe, Invariant measures, Lyapounov exponents and natural
extensions for a dozen of algorithms, October 2013.

cdef struct PairPoint3d:

double
double
double
double
double
double

ST < S N¥ X

def lyapounov_exponents(self, algo, int n_iterations=1000, int step=16):
P
This returns the lyapounov exponents of some algorithms.

INPUT:

- “"algo’ " -- string, the algorithm to consider

- “'n_iterations’ " -- integer

- ““step " -- integer, do the sum of lyapounov every n step

(between 1 and 30 seems good values, 16 seems the fastest while
still being good for additive algorithms)

OUTPUT:
tuple : (thetal, theta2, theta2/thetal)

NOTE:: the code of this method was translated from C to cython. The
C version is from Vincent Delecroix.

EXAMPLES: :

sage: lyapounov_exponents('brun', 1000000, step=16)
(0.3049429393152174, -0.1120652699014143, -0.367495867105725)

cdef double thetal=0, theta2=0 # values of Lyapunov exponents
cdef double thetalc=0, theta2c=0 # compensation (for Kahan summation algorithm)

cdef double x,y,z # vector (x,y,z)

cdef double u,v,w # vector (u,v,w)

cdef double p,s,t # temporary variables
cdef unsigned int i # loop counter

# random initial values
x = random(); y = random(); z = random();

u = random() - .5; v = random() - .5; w = random() - .5;
# Order (x,y,z)
ify>z:z,y=y,
if x > z: x,y,z =
elif x > y: x,y =

# Normalize (x,y,z)
S=X+Yy+ 2z
X /=s;y/=5s;2 /=5

Gram Shmidtt on (u,v,w)
X*u + y*v + z*w
X*X + y*y + z*¥z

n o H*



u -= p*x

# Normal
s = abs(
u/=s;

def Pai
X

WU UTUTUTUO

T < CNK

# Loop
for i fr

# Ap
# (X
# (u
P=

# Sa
if i

return t

/s; v -= p*y/s; w -= p*z/s
ize (u,v,w)

u) + abs(v) + abs(w);

v /=5; w /=5

rPoint3d P

om O <= 1 < n_iterations:
ply Algo. i.e.

y,z) = A{-1} (x,y,2)
VW) = AT (u,v,w)

Apply algo(P, algo)

ve some computations

% step == 0:

# Sum the first lyapounov exponent
s =P.x+P.y+P.z

p = -log(s) - thetalc

t = thetal + p

thetalc = (t-thetal) - p # mathematically 0 but not for a computer!!
thetal = t
P.x /=s; P.y /=5; P.z /=s;

# Sum the second lyapounov exponent

S abs(P.u) + abs(P.v) + abs(P.w)

p log(s) - theta2c

t = theta2 + p

theta2c = (t-theta2) - p # mathematically 0 but not for a computer!!
theta2 = t

# the following gramm shimdts seems to be useless, but it is not!!!
P.x*P.u + P.y*P.v + P.z*P.w

P.x*P.x + P.y*P.y + P.z*P.z

-= p*P.x/s; P.v -= p*P.y/s; P.w -= p*P.z/s

abs(P.u) + abs(P.v) + abs(P.w)

/=5s; P.v /=5; P.w /=5
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hetal/n iterations, theta2/n iterations, theta2/thetal



