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Chapter 1

In tro duction

1.1 Ab out this documen t

This document describesthe initialization ¯les for the AnTpackage.

1.2 Description language for the initializa-
tion ¯les

The initialization ¯les are to be written as a set of simple

key = value

pairs (statements). The keys(left hand sideof the statements) are described
in the following sections. The values(left hand side of the statements) can
be of following types

² an integer value

² a real value

² a text string

² a boolean°ag

² an array

² a record, containing further key{value pairs

10



1.2. DESCRIPTION LANGUA GE FOR THE INITIALIZA TION FILES

In the following examplethe ¯rst line contains a text string, and the second
one { a real number. The last lines contain a record with two boolean°ags
and a text string within:

example
package name= " AnT" ,
version = 4.669,
properties = f

stable = " yes" ,
powerful = " yes" ,
user friendly = " more or less "

g;

Singlekey{valuepairs areto beseparatedusingcommas.After the last entry
in the initialization ¯le must be a semicolon.

1.2.1 In teger values

1.2.2 Real values

1.2.3 Text strings

1.2.4 Bo olean °ags

1.2.5 Arra ys

1.2.6 Records

1.2.7 Commen ts

date: Ma y 15, 2003
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Chapter 1
Introduction

1.3 General structure of initialization ¯les

The initialization ¯le for the AnTpackageconsistsof four parts, namely

² description of the dynamical systemto be simulated and investigated
(seeSec.2).

² description of the scan(seeSec.3).

² description of the investigation methods to be applied (seeSec.4).

² description of the visualization (seeSec.5).

example
dynamical system =

f ...description of the dynamical system...g,
scan =

f ...description of the scan...g,
investigation methods =

f ...description o¯nvestigation methods ... g,
visualization =

f ...description of the visualization... g;

12 date: Ma y 15, 2003
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Chapter 2

Description of the dynamical
system

The description of the dynamical systemto be simulated and investigatedis
a required setting and has to be given in this part of the initialization ¯le.

name dynamical system
type record
status mandatory
content the ¯eld type specifying the type of the dynamical systemand

other settings for a speci¯c type of dynamical system.

example
dynamical system = f

type = " ode"
...other settings for an ODE...

g

The setting for the ¯eld type speci¯cs the type of the dynamical system:

name type
type string
status mandatory
values seeTable 2.1

example
type = " ode"

13



Chapter 2
Description of the dynamical system

setting type of dynamical system reference
" ode" ordinary di®erential equation Sec.2.1.1
" dde" delay di®erential equation Sec.2.1.2
" fde " functional di®erential equation Sec.2.1.3
" pde 1d" one{dimensional partial di®erential

equation
Sec.2.1.4

" map" map (standard dynamical systems,
discretein time)

Sec.2.1.5

" recurrent map" recurrent map (with recurrencelevel
more then one)

Sec.2.1.6

" poincare map" Poincar¶e map, basedon a dynamical
systemof any type

Sec.2.1.7

" codel " coupledordinary di®erential equation
lattice

Sec.2.1.8

" cml" coupledmap lattice Sec.2.1.9
" external data" data ¯le from external sources Sec.2.1.10
" hybrid map" hybrid map Sec.2.1.11
" hybrid ode" hybrid ordinary di®erential equation Sec.2.1.12
" hybrid dde" hybrid delay di®erential equation Sec.2.1.13
" stochastical map" stochastical map with additive noise Sec.2.1.14
" stochastical ode" stochastical ordinary di®erential

equationswith additive noise
Sec.2.1.15

" stochastical dde" stochastical delay di®erential equa-
tions with additive noise

Sec.2.1.16

Table 2.1: Systemtypes,supported by AnT

14 date: Ma y 15, 2003
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2.1. SEVERAL SYSTEM TYPES

2.1 Several system typ es

2.1.1 Description for an ordinary di®eren tial equation

An ordinary di®erential equation (ode) is de¯ned by

_x(t) = f (x(t); ¾) (2.1)

with

² x(t) state vector

² ¾set of parameters

² f systemfunction

Settings for an ODE are:

type " ode"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6

example
dynamical system = f

type = " ode",
name= " Lorenz 63",
state space dimension = 3,
initial state = (1.0, 2.0, 1.8 ),
parameter space dimension = 4,
parameters = f ...description of parameters...g,
integration = f ...description of the integration method... g,
numberof iterations = 400000,
reset initial states from orbit = " yes"

g
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Chapter 2
Description of the dynamical system

2.1.2 Description for a delay di®eren tial equation

A delay di®erential equation (dde) is de¯ned by

d
dt

x(t) = f (x(t); x(t ¡ ¿); ¾) (2.2)

with

² x(t) state vector

² x(t ¡ ¿) delay state

² ¾set of parameters

² f systemfunction

Settings for a DDE are:

type " dde"
name Sec.2.5.1
delay Sec.2.5.2.2
state space dimension Sec.2.3.1
temporal initial function[ n] Sec.2.3.3
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6

example
dynamical system = f

type = " dde",
name= " phase locked loop with time delay ",
state space dimension = 1,
delay = 1,
temporal initial function [0] = f

type = "const",
const value = 0.5

g,
parameter space dimension = 1,
parameters = f ...description of parameters...g,
integration = f ...description of the integration method... g,
numberof iterations = 20000
reset initial states from orbit = " yes"

g
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2.1. SEVERAL SYSTEM TYPES
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Chapter 2
Description of the dynamical system

2.1.3 Description for a functional di®eren tial equation

A functional di®erential equation (fde) is de¯ned by

d
dt

x(t) = f [x t ; ¾] (2.3)

with

² x(t) state vector

² x t (µ) = x(t + µ); µ 2 [¡ ¿; 0]

² ¿ maximal delay

² ¾set of parameters

² f systemfunction

Settings for a FDE are:

type " fde "
name Sec.2.5.1
maximal delay Sec.2.5.2.3
state space dimension Sec.2.3.1
temporal initial function[ n] Sec.2.3.3
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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2.1. SEVERAL SYSTEM TYPES

2.1.4 Description for a one{dimensional partial di®er-
ential equation

A one{dimensionalpartial di®erential equation is de¯ned by

@
@t

x(q; t) = f
µ

x(q; t);
@
@t

x(q; t); : : : ; ¾
¶

(2.4)

with

² x(q; t) state vector

² q 2 [qmin ; qmax ]

² ¾set of parameters

² f systemfunction

Settings for a PDE are:

type " pde 1d"
name Sec.2.5.1
domain boundary Sec.2.5.3.2
numberof grid points Sec.2.5.3.3
neumannboundary conditions Sec.2.5.3.4
dirichlet boundary conditions Sec.2.5.3.5
state space dimension Sec.2.3.1
spatial initial function[ n] Sec.2.3.4
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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Chapter 2
Description of the dynamical system

example
dynamical system = f

type = " pde 1d",
name= " Korteweg-de Vries Equation ",
domain boundary = ((0,1)),
numberof grid points = 40,
state space dimension = 1,
spartial initial function[0] = f

type = " polynomial ",
degree = 4,
coefficients = (0.0, 0.0, 2.0, -4.0, 2.0)

g,
neumannboundary conditions = f

numberof differential operators = 2,
operator[0] = f

name= " D< 0 > ",
policy = " constant ",
lower boundary value = 0.0,
upper boundary value = 0.5

g,
operator[1] =

name= " D< 0 > (3) ",
policy = " fluxless "

g
g,
dirichlet boundary conditions = " yes",
parameter space dimension = 1,
parameters = f ...description of parameters... g,
integration = f ...description of the integration method... g,
numberof iterations = 12000,
reset initial states from orbit = " no"

g
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2.1. SEVERAL SYSTEM TYPES

2.1.5 Description for a map

A map is de¯ned by

x(n + 1) = f (x(n); ¾) (2.5)

with

² x(n) state vector

² ¾set of parameters

² f systemfunction

Settings for a map are:

type " map"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6

example
dynamical system = f

type = " map",
name= " Henon map",
state space dimension = 2,
initial state = (0.1, 0.1),
parameter space dimension = 2,
parameters = f ...description of parameters...g,
numberof iterations = 20000,
reset initial states from orbit = " yes"

g
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Chapter 2
Description of the dynamical system

2.1.6 Description for a recurren t map

A recurrent map is de¯ned by:

x(n + 1) = f (x(n ¡ N ) : : : x(n); ¾) (2.6)

with

² x(n) state vector

² N > 0 the recurrencelevel

² ¾set of parammeters

² f systemfunction

Settings for a recurrent map are:

type " recurrent map"
name Sec.2.5.1
recurrence level Sec.2.5.2.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6

example
dynamical system = f

type = " recurrent map",
name= " Henon map",
state space dimension = 1,
recurrence level = 2,
initial state = ((0.1), (0.1)),
parameter space dimension = 2,
parameters = f ...description of parameters...g,
numberof iterations = 20000,
reset initial states from orbit = " yes"

g
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2.1. SEVERAL SYSTEM TYPES

2.1.7 Description for a Poincar ¶e map

type " poincare map"
name Sec.2.5.1
inside Sec.2.5.4.1
poincare section Sec.2.5.4.2
numberof iterations Sec.2.5.6.2

example
dynamical system = f

type = " poincare map",
name= " Poincare map of the Lorenz--63 system",
inside = f

dynamical system = f
...description of the dynamical system,herethe Lorenz-63system,sieheSec.2.1.1...

g,
poincare section = f

type = " fixed plane ",
plane coefficients = (0.0, 1.0, 0.0, 0.0)
g,

numberof iterations = 500
g
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Description of the dynamical system

2.1.8 Description for a coupled ordinary di®eren tial
equation lattice (CODEL)

A coupledordinary di®erential equation lattice (CODEL) is de¯ned by:

d
dt

x i (t) = f
³ ©

x j (t)
ª

j 2 1::N ¡ 1
; ¾

´
(2.7)

with

² x i (t) state vector

² ¾set of parameters

² i spatial index

² f systemfunction

Settings for a CODEL are:

type " codel "
name Sec.2.5.1
state space dimension Sec.2.3.1
numberof cells Sec.2.5.3.1
spatial initial function[ n] Sec.2.3.4
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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2.1. SEVERAL SYSTEM TYPES

2.1.9 Description for a coupled map lattice (CML)

A coupledmap lattice (CML) consistson N cells. Each of them contains a
map, which can be coupledwith the mapsof other cells. For the i -th cell the
equation of motion is de¯ned by:

x i (n + 1) = f
³ ©

x j (n)
ª

j 2 1::N ¡ 1
; ¾

´
(2.8)

with

² x i (n) state vector for the i -th cell

² N number of cells

² ¾set of parameters

² f systemfunction

Settings of a CML are:

type " cml"
name Sec.2.5.1
numberof cells Sec.2.5.3.1
state space dimension Sec.2.3.1
spatial initial function[ n] Sec.2.3.4
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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Description of the dynamical system

example
dynamical system = f

type = " cml",
name= " cml based on logistic ",
numberof cells = 300,
state space dimension = 1,
spatial initial function[0] = f

type = " singular ",
singular value = 1.0,
residual value = 0.0,
singular index = 25

g,
parameter space dimension = 3,
parameters = f ... description of parameters...g,
numberof iterations = 20000 ,
reset initial states from orbit = " yes"

g
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2.1. SEVERAL SYSTEM TYPES

2.1.10 Description for external data

type " external data"
name Sec.2.5.1
external data filename Sec.2.5.5
numberof columns Sec.2.5.5
state space dimension Sec.2.3.1
initial state Sec.2.3.2
data input Sec.2.5.5
numberof iterations Sec.2.5.6.2
action on wrong lines Sec.2.5.5
accept empty lines Sec.2.5.5

example
dynamical system = f

type = " external data ",
name= " data from the Lorenz-63 system",
external data filename = " /home/.../lorenz63/phase portrait.gra ",
numberof columns = 7,
state space dimension = 3,
initial state = (1.0, 1.1, 1.2),
data input = f

variable[0] = f column = 0 g,
variable[1] = f column = 4 g,
variable[2] = f column = 5 g

g,
numberof iterations = 3000,
action on wrong lines = " exit ",
accept empty lines = " no"

g
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Description of the dynamical system

2.1.11 Description for a hybrid map

A hybrid map is de¯ned by

m(n + 1) = h(x(n); m(n); ¾) (2.9)

x(n + 1) = f (x(n); m(n + 1); ¾) (2.10)

with

² x(n) continuousstate

² m(t) discretestate

² ¾set of parameters

² h hybrid function

² f systemfunction

Settings for a hybrid map are:

type " hybrid map"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
discrete state space dimension Sec.2.3.1
discrete initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6

example
dynamical system = f

type = " hybrid map",
name= " Henon map with a gap",
state space dimension = 2,
initial state = (0.1, 0.1),
discrete state space dimension = 1,
discrete initial state = (1),
parameter space dimension = 4,
parameters = f ...description of parameters...g,
numberof iterations = 20000,
reset initial states from orbit = " yes"

g
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2.1. SEVERAL SYSTEM TYPES

2.1.12 Description for a hybrid ordinary di®eren tial
equation

A hybrid ordinary di®erential equation is de¯ned by:

m(t+ ) = h(x(t); m(t); ¾) (2.11)
d
dt

x(t) = f (x(t); m(t+ ); ¾) (2.12)

with

² x(t) continuousstate

² m(t) discretestate

² ¾set of parameters

² h hybrid function

² f systemfunction

Settings for a hybrid ordinary di®erential equation are:

type " hybrid ode"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
discrete state space dimension Sec.2.5.6.2
discrete initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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example
dynamical system = f

type = " hybrid ode",
name= " Chua circuit ",
state space dimension = 3,
initial state = (1.0, 1.1, 1.2),
discrete state space dimension = 1,
discrete initial state = (0),
parameter space dimension = 7,
parameters = f ...description of parameters...g,
integration = f ...description of the integration method...g,
numberof iterations = 50000,
reset initial states from orbit = " yes"

g

30 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



2.1. SEVERAL SYSTEM TYPES

2.1.13 Description for a hybrid delay di®eren tial equa-
tion

A hybrid delay di®erential equation is de¯ned by:

m(t+ ) = h(x(t); m(t); ¾) (2.13)
d
dt

x(t) = f (x(t); x(t ¡ ¿); m(t+ ); ¾) (2.14)

with

² x(t) continuousstate

² m(t) discretestate

² ¾set of parameters

² x(t ¡ ¿) delay state

² h hybrid function

² f systemfunction

Settings for a hybrid delay di®erential equation are:

type " hybrid dde"
name Sec.2.5.1
delay Sec.2.5.2.2
state space dimension Sec.2.3.1
initial state Sec.2.3.2
discrete state space dimension Sec.2.5.6.2
discrete initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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Description of the dynamical system

2.1.14 Description for a sto chastical map with additiv e
noise

A stochastical map with additive noiseis de¯ned by:

x(n + 1) = f (x(n); ¾) + ´ (2.15)

with

² x(n) state vector

² ´ noisevector

² ¾set of parameters

² f systemfunction

Settings of a stochastical map with additive noiseare:

type " stochastical map"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof noisy variables Sec.2.5.6.2
noisy variable[ n] Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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example
dynamical system = f

type = " stochastical map",
name= " noisy henon",
state space dimension = 2,
initial state = (0.1, 0.1),
parameter space dimension = 7,
parameters = f ...description of parameters...g,
numberof noisy variables = 2,
noisy variable[0] = f

index = 0,
type = " uniform ",
min = 0.0,
max = 0.01,
seed = 254321

g,
noisy variable[1] = f

index = 1,
type = " gauss",
meanvalue = 0.0,
standard deviation = 0.01,
seed = 54567

g,
numberof iterations = 100,
reset initial states from orbit = " yes"

g
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2.1.15 Description for a sto chastical ordinary di®eren-
tial equations with additiv e noise

A stochastical ordinary di®erential equation with additive noise is de¯ned
by:

d
dt

x(t) = f (x(t); ¾) + ´ (2.16)

with

² x(t) state vector

² ´ noisevector

² ¾set of parameters

² f systemfunction

type " stochastical ode"
name Sec.2.5.1
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof noisy variables Sec.2.5.6.2
noisy variable[ n] Sec.2.5.6.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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example
dynamical system = f

type = " stochastical ode",
name= " noisy lorenz63 ",
state space dimension = 3,
initial state = (1.0, 1.1, 1.2),
parameter space dimension = 4,
parameters = f ...description of parameters...g,
numberof noisy variables = 2,
noisy variable[0] = f

index = 0,
type = " gauss",
meanvalue = 0.0,
standard deviation = 0.0,
seed = 3254321

g,
noisy variable[1] = f

index = 1,
type = " gauss",
meanvalue = 0.0,
standard deviation = 0.0,
seed = 5793457

g,
integration = f ...description of the integration method...g,
numberof iterations = 100,
reset initial states from orbit = " yes"

g
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2.1.16 Description for a sto chastical delay di®eren tial
equations with additiv e noise

A stochastical delay di®erential equation with additive noiseis de¯ned by:

d
dt

x(t) = f (x(t); x(t ¡ ¿); ¾) + ´ (2.17)

with

² x(t) state vector

² ¿ delay

² ´ noisevector

² ¾set of parameters

² f systemfunction

type " stochastical dde"
name Sec.2.5.1
delay Sec.2.5.2.2
state space dimension Sec.2.3.1
initial state Sec.2.3.2
parameter space dimension Sec.2.2
parameters Sec.2.2
numberof noisy variables Sec.2.5.6.2
noisy variable[ n] Sec.2.5.6.2
integration Sec.2.5.6.2
numberof iterations Sec.2.5.6.2
reset initial states from orbit Sec.2.3.6
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2.2 Parameters

Each dynamical system (excepting external data input) can possesspa-
rameters. The number of parameters must be speci¯ed using the key
parameter space dimension:

name parameter space dimension
type integer
status mandatory for all dynamical systemsexceptingexternal data in-

put
values ¸ 0

example
parameter space dimension = 3

The valuesof the parametersare given in the following record:

name parameters
type record
status mandatory for all dynamical systemsexceptingexternal data in-

put

example
parameters = f

... description of all parameters ...
g

For the content of the record parameters there are two variants. The ¯rst
one (more useful) is to specify for each parameter a record, containing its
nameand its value.

name parameter[ n] with n = 0::Np ¡ 1 and Np { parameter space
dimension

type record
status mandatory, if parametersare not given as an array (seebelow)
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In the record, corresponding to each parameter, one speci¯y its value and
optional its name:

name value
type real
value any
status mandatory

name name
type string
value any (should be di®erent for all given parameters)
status optional

Be careful, that the descriptions for all parameters must be given. The
number of recordsparameter[ n] (the numbering starts with zero) must be
equal to the setting of the ¯eld parameter space dimension. Note also,
that the namesof parametersare usefull for specifying of scannableobjects.

example
parameter space dimension = 4,
parameters = f

parameter[ 0] = f value = 16.0, name= " sigma" g,
parameter[ 1] = f value = 50.0, name= " R" g,
parameter[ 2] = f value = 4.0, name= " b" g,
parameter[ 3] = f value = 1.0, name= " scaling " g

g

The secondvariant, how the paramererscan be get, is shorter. An ar-
ray containing valuesof all parametercanbegiven in the recordparameters.

name array
type array
values real
length parameterspacedimension
status mandatory, if parameters are not given using records

parameter[ n] .

example
parameter space dimension = 4,
parameters = f

array = (16.0, 50.0, 4.0, 1.0)
g
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2.3 Initial states

2.3.1 State space dimension

First of all, the number of the state variablesof the dynamical systemmust
be given. It is doneusing the ¯eld state space dimension:

name state space dimension
type integer
status mandatory (for the most typesof dynamical systems)
values > 0

This setting is required for all types of dynamical systemsexcepting the
external data input. Note, that for dynamical systemswith memory (like
recurrent maps,DDEs and FDEs) and for spatoal inhomogeneousdynamical
systems(likeCMLs, CODELs and PDEs) the e®ectivedimensionof the state
spaceis not equal to the number of the state variables.

example
state space dimension = 3

For hybrid dynamical systemsadditionally the number of the discretestate
variablesof the dynamical systemmust be speci¯ed.

name discrete state space dimension
type integer
status mandatory (for hybrid dynamical systems)
values > 0

example
state space dimension = 3,
discrete state space dimension = 1
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2.3.2 Explicitly giv en initial states

For sometypesof dynamical systems(like maps,recurrent mapsand ODEs)
the initial statesaregivenexplicitly. In this casethe initialization ¯le contains
the values, which the state variables becomesbefore the simulation starts.
Note, that thesevaluescanbe resetbeforeeach simulation run within a scan
run (seeSec.2.3.6).

2.3.2.1 Dynamical systems without memory

For dynamical systemswithout memory (maps and ODEs) it is done using
an one{dimensionallist of values(an one{dimensionalarray)

name initial state
type array (for dynamical systemswithout memory)
length state spacedimension
status mandatory (for the corresponding typesof dynamical systems)
values real

example
state space dimension = 3,
initial state = (0.1, 0.2, 0.3)

2.3.2.2 Dynamical systems with memory discrete in time

For dynamical systems with memory (recurrent maps) the list of initial
valuesis two{dimensional:

name initial state
type two{dimensional array (for dynamical systemswith memory)
length ¯rst dimension{ recurrencelevel

secondsimension{ state spacedimension
status mandatory (for the corresponding typesof dynamical systems)
values real

example
state space dimension = 3,
recurrence level = 2,
initial state = ((0.1, 0.2, 0.3), (0.4, 0.5, 0.6);
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2.3.2.3 Hybrid dynamical systems

For hybrid dynamical systemsadditionally to the continuous initial values
the discreteinitial valuesmust be given also:

name discrete initial state
type array
length discretestate spacedimension
status mandatory (for hybrid dynamical systems)
values integer

example
state space dimension = 3,
discrete state space dimension = 1,
initial state = (0.1, 0.2, 0.3),
discrete initial state = (1)
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2.3.3 Time dependent initial states

For dynamical systemswith memory continuous in time (DDEs and FDEs)
the initial states for each state variablesare given as time-dependent initial
function on the domain [¡ ¿; 0]. Here ¿ means the delay for DDEs and
the maximal delay for FDEs. Hence, for the n-th state variable the ¯eld
temporal initial function[ n] must be de¯ned:

name temporal initial function[ n] with n = 0::(N ¡ 1) and N {
number of state variables

type record
status mandatory (for dynamical systemswith memory continuous in

time)
content the ¯eld type specifying the type of the time{dependent initial

function and other settingsfor a speci¯c type of time{dependent
initial function.

example
For a delay di®erential equation with two variables the following setting is required:

state space dimension = 2,
temporal initial function[ 0] = f

type = " const "
...other settings for the constant time{dependent initial function...

g
temporal initial function[ 1] = f

type = " linear "
...other settings for the linear time{dependent initial function...

g

The setting for the ¯eld type speci¯cs the type of the time{dependent initial
function:

name type
type string
status mandatory
values seeTable 2.2

example
type = " const "
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setting type of initial function reference
" const " constant function Sec.2.3.3.1
" step " step function Sec.2.3.3.2
" periodstep " periodic step function Sec.2.3.3.3
" linear " linear function Sec.2.3.3.4
" singular " singular value function Sec.2.3.3.5
" sawtooth" sawtooth function Sec.2.3.3.6
" parabel " { ! Sec.2.3.3.7
" sin " sinus sunction Sec.2.3.3.8
" sinc " sinc function Sec.2.3.3.9
" gauss" erf function Sec.2.3.3.10
" fermi " Fermi function Sec.2.3.3.11

Table 2.2: Typesof time{dependent initial function, supported by AnT
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2.3.3.1 Constan t function

A const function, de¯ned on the interval [¡ ¿; 0] by

x(t) = c (2.18)

type " const "
const value c

name const value
type real
status mandatory
values any

example
type = " const ",
const value = 1.0
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2.3.3.2 Step function

A step function, de¯ned on the interval [¡ ¿; 0] by

x(t) =
½

x0 if t0 · t · t1

x1 otherswise
(2.19)

type " step "
step value x0

residual value x1

first time t0

second time t1

name step value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any
name first time
type real
status mandatory
values t0 2 [¡ ¿; 0]
name second time
type real
status mandatory
values t1 2 [¡ t0; 0]

example
type = " step ",
step value = 1.0,
residual value = 0.0,
first time = -0.9,
second time = -0.7
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2.3.3.3 Perio dic step function

A periodic step function, de¯ned on the interval [¡ ¿; 0] by

x(t) =
½

x0 if t0 · (t mod T) · t1

x1 otherwise
(2.20)

type " step "
step value x0

residual value x1

first time t0

period value t1

name step value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any
name first time
type real
status mandatory
values t0 2 [¡ ¿; 0]
name period value
type real
status mandatory
values [¡ ¿; ¡ ¿ + T]
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2.3.3.4 Linear function

A linear function, de¯ned on the interval [¡ ¿; 0]

x(t) = mt + c (2.21)

type " linear "
slope m
offset c

name slope
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " linear ",
slope = 0.5,
offset = 1.0
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2.3.3.5 Singular value function

A singular value function, de¯ned on the interval [¡ ¿; 0] by

x(t) =
½

x1 if t = t0

x2 if t 6= t0
(2.22)

type " singular "
singular value x1

residual value x2

residual time t0

name singular value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any
name residual time
type real
status mandatory
values t0 2 [¡ ¿; 0]

example
type = " singular ",
singular value = 1.5,
singular time = -0.5,
residual value = -0.5,
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2.3.3.6 Sawto oth function

A sawtooth-function, de¯ned on the interval [¡ ¿; 0] by

x(t) =
½

m0t + c0 if t · T0

¡ m1t + c1 if T0 · t · T
(2.23)

type " linear "
slope m
offset c
edge T0

period T

name slope
type real
status mandatory
values any
name offset
type real
status mandatory
values any
name edge
type real
status mandatory
values T0 2 [¡ ¿; ¡ ¿ + T]
name period
type real
status mandatory
values ?
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2.3.3.7 Parab el
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2.3.3.8 Sinus function

In this casea state variable is intialized using a sinus-function, de¯ned on
the t 2 [¡ ¿; 0] by

x(t) = asin(2¼f t + Á) + d (2.24)

The required settings are:

type " sin "
amplitude a
frequency f
offset d
phase Á
name amplitude
type real
status mandatory
values any
name frequency
type real
status mandatory
values > 0
name offset
type real
status mandatory
values any
name phase
type real
status mandatory
values any

example
type = " sin "
amplitude = 1.0
frequency = 2.0
phase = 0.0
offset = 0.5
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2.3.3.9 Sinc function

A sinc-function, de¯ned on the interval [¡ ¿; 0] by

x(t) = a
sin(2¼f (t ¡ ¹ ))

2¼f (t ¡ ¹ )
+ c (2.25)

type " sinc "
amplitude a
frequency f
mu ¹
offset c
name amplitude
type real
status mandatory
values ¸ 0
name frequency
type real
status mandatory
values ¸ 0
name mu
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " sinc "
amplitude = 2.0
frequency = 4.0
mu = -0.5
offset = 0.5
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2.3.3.10 Gauss

A erf-function, de¯ned on the interval [¡ ¿; 0] by

x(t) = ae¡ ( x ¡ ¹ ) 2

¾2 + c (2.26)

type " gauss"
amplitude a
mu ¹
sigma ¾
offset c
name amplitude
type real
status mandatory
values any
name mu
type real
status mandatory
values [¡ ¿; 0]
name sigma
type real
status mandatory
values > 0
name offset
type real
status mandatory
values any

example
type = " gauss"
amplitude = 2.0
mu = -0.5
sigma = 0.15
offset = 0.5
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2.3.3.11 Fermi

A Fermi-function, de¯ned on the interval [¡ ¿; 0] by

x(t) =
¹

exp¾(x ¡ t0) + 1
+ c (2.27)

type " fermi "
mu ¹
sigma ¾
offset c
edge t0

name mu
type real
status mandatory
values any
name sigma
type real
status mandatory
values any
name offset
type real
status mandatory
values any
name edge
type real
status mandatory
values [0; ¿]

example
type = " fermi "
edge = 0.5
mu = 2.0
sigma = 0.025
offset = -1.0
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2.3.4 Space dependent initial states

For composite and spatial inhomogeneousdynamical systems (CMLs,
CODELs, one{dimensionalPDEs) the initial states for each state variable
are given as a space-dependent initial function.

name spatial initial function[n] with n = 0::(N ¡ 1) and N {
number of state variables

type record
status mandatory (for compositeand spatial inhomogeneousdynamical

systems)
content the ¯eld type specifying the type of the space{dependent ini-

tial function and the other settings for a speci¯c type of space{
dependent initial functions.

example
state space dimension = 2,

temporal initial function[0] = f
type = " const "
...other settings for the constant space-dependent initial function...

g temporal initial function[1] = f
type = " linear "
...other settings for the constant space-dependent initial function...

g

The setting for the ¯eld type speci¯es the type of the space-dependent
initial function:

name type
type string
status mandatory
values seeTable 2.3

example
type = " const "
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setting type of initial function reference
" const " constant function Sec.2.3.4.1
" step " step function Sec.2.3.4.2
" periodstep " periodic step function Sec.2.3.4.3
" linear " linear function Sec.2.3.4.4
" singular " singular value function Sec.2.3.4.5
" sawtooth" sawtooth function Sec.2.3.4.6
" polynom" { ! Sec.2.3.4.7
" sin " sinus sunction Sec.2.3.4.8
" sinc " sinc function Sec.2.3.4.9
" gauss" erf function Sec.2.3.4.10
" fermi " Fermi function Sec.2.3.4.11

Table 2.3: Typesof space{dependent initial function, supported by AnT
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2.3.4.1 Constan t function

A const function, de¯ned on the interval [xmin ; xmax ] by

h(x) = c (2.28)

type " const "
const value c

name const value
type real
status mandatory
values any

example
type = " const ",
const value = 1.0
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2.3.4.2 Step function

A step function, de¯ned on the interval [xmin ; xmax ]:

h(x j ) =
½

x¤ if j f ir st · j · j second

x¤¤ otherwise
(2.29)

type " step "
step value x¤

residual value x¤¤

first index j f ir st

second index j second

name step value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any
name first index
type integer
status mandatory
values > 0
name second index
type integer
status mandatory
values ¸ ¯rst index

example
type = " step " ,

step value = 1.0,
residual value = 0.0,
first index = 1,
second index = 10
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2.3.4.3 Perio dic step function

A periodic step function, de¯ned on the intervall [xmin ; xmax ] by

h(x) =
½

h0 if
S n

i=0 [ip¢ x; ip¢ x + sl]
h1 else

(2.30)

with ¢ x = 1
NGP ¡ 1(xmax ¡ xmin )

type " step "
step value h0

residual value h1

step length sl
period value p
name step value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any
name step length
type real
status mandatory
values ¸ 0, · period p
name period value
type real
status mandatory
values any
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2.3.4.4 Linear function

A linear function, de¯ned on the intervall [xmin ; xmax ]

h(x) = mx + c (2.31)

type " linear "
slope m
offset c
name slope
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " linear ",
slope = 0.5,
offset = 1.0
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2.3.4.5 Singular value function

A singular value function, de¯ned on the interval [xmin ; xmax ] by

h(x j ) =
½

x¤ if j = j sing ul ar

x¤¤ if residual
(2.32)

type " singular "
singular index j sing ul ar

singular value x¤

residual value x¤¤

name singular index
type long
status mandatory
values ¸ 0
name singular value
type real
status mandatory
values any
name residual value
type real
status mandatory
values any

example
type = " singular ",
singular index = 5,
singular value = 1.0,
residual value = 2.0
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2.3.4.6 Sawto oth function

A sawtooth-function, de¯ned on the interval [xmin ; xmax ] by

h(x) =
½

c0 + m0x if x · edge
c1 ¡ m1x if edge · x · period

(2.33)

type " linear "
slope m0

offset c0

edge edge
period period
name slope
type real
status mandatory
values any
name offset
type real
status mandatory
values any
name edge
type real
status mandatory
values [0; period]
name period
type real
status mandatory
values ?
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2.3.4.7 Polynom
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2.3.4.8 Sinus function

In this casea state variable is initialized using a sinus-function, de¯ned on
the interval [xmin ; xmax ] by

h(x) = asin(2¼f x + Á) + c (2.34)

The required settings are:

type " sin "
amplitude a
frequency f
offset c
phase Á
name amplitude
type real
status mandatory
values any
name frequency
type real
status mandatory
values > 0
name offset
type real
status mandatory
values any
name phase
type real
status mandatory
values any

example
type = " sin "
amplitude = 1.0,
frequency = 2.0,
phase = 0.0,
offset = 0.5
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2.3.4.9 Sinc function

A sinc-function, de¯ned on the interval [xmin ; xmax ] by

h(x) = a
sin(2¼f x + Á)

2¼f x + Á
+ c (2.35)

type " sinc "
amplitude a
frequency f
phase ©
offset c
name amplitude
type real
status mandatory
values any
name frequency
type real
status mandatory
values ¸ 0
name phase
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " sinc "
amplitude = 2.0,
frequency = 4.0,
© = -0.5,
offset = 0.5

66 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



2.3. INITIAL STATES

2.3.4.10 Gauss

A erf-function, de¯ned on the interval [xmin ; xmax ] by

h(x) = ae¡ ( ( x ¡ ¹ )
¾ )

2

+ c (2.36)

type " gauss"
amplitude a
mu ¹
sigma ¾
offset c
name amplitude
type real
status mandatory
values any
name mu
type real
status mandatory
values any
name sigma
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " gauss"
amplitude = 2.0
mu = -0.5
sigma = 0.15
offset = 0.5
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2.3.4.11 Fermi

A Fermi-function, de¯ned on the interval [xmin ; xmax ] by

h(x) =
a

ē (x¡ ¹ ) + 1
+ c (2.37)

type " fermi "
amplitude a
mu ¹
beta ¯
offset c
name amplitude
type real
status mandatory
values any
name mu
type real
status mandatory
values any
name beta
type real
status mandatory
values any
name offset
type real
status mandatory
values any

example
type = " fermi "
amplitude = 0.5
mu = 2.0
beta = 0.025
offset = -1.0
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2.3.5 Initial states of a Poincar ¶e map
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2.3.6 Resetting of initial states within a scan run

reset initial states from orbit
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2.4 Iteration

2.4.1 Num ber of iteration steps

For all types of dynamical systemsthe number of iteration steps must be
speci¯ed. It will be doneusing the following option:

name numberof iterations
type integer
status mandatory
values > 1

There are somefurther restrictions concerningthe number of iteration steps.

² The minimal number of iteration steps may be restricted by appli-
cation of someinvestigation methods. For instance,the caclulation of
wave numbers (seeSec2.5.6.2) requiresat least three states. The cal-
culation of the Fourier transform with a given frequencystep requires
a large number of input states, and the number of iteration stepshas
to ful¯ll theserequirements. However, the restrictions concerningthe
minimal number of iteration steps seemto be not very dramatically,
becausethe most of investigation methods require to performesa large
number of iterations.

² The maximal number of iteration steps is restricted in the cur-
rent implementation by the maximal numer representable in the long
integer format. This number dependson the hardware architecture
and is in the standard caseabout ???? It is currently not possibleto
perform more iteration steps. Although this numbesseemsto be suf-
¯cient for the convergation of the currently implemented investigation
methods, it is planned to cancelthis restriction in the future.
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2.4.2 In tegration of dynamical systems contin uous in
time

For dynamicalsystemcontinuousin time the method to beappliedfor the nu-
merical integration must be speci¯ed. It will be doneusingthe following key:

name integration
type record
content the key methodand other keysfor a speci¯c integration method.
status mandatory (for dynamical systemscontinuous in time)

example
integration = f

method = " rk44 manhattan",
step size = 0.001
...other settings for the Runge{Kutta integration method
with gradient basedapproach for the step sizeadaption...

g

The following typesof integrators are implemented:

² Integrators with ¯xed step size(seeSee.2.4.3)

{ one{stepmethods

{ multi{step methods

{ backward one{stepmethods

{ backward multi{step methods

{ predictor{corrector methods

² Integrators with step sizeadaption

{ using gradient basedapproach

{ using step sizehal¯ng approach

{ usingcomparingof the resultscalculatedby two di®erent methods
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2.4.3 In tegration metho ds with ¯xed step size

2.4.3.1 Overview

The following integration methods with ¯xed step sizeare implemented:

key name reference
" euler forward " Euler forward Sec.2.4.3.2.1
" heun" Heun Sec.2.4.3.2.2
" midpoint " midpoint Sec.2.4.3.2.3
" ralston " Ralston Sec.2.4.3.2.4
" radau" Radau Sec.2.4.3.2.5
" rk44" Runge{Kutta Sec.2.4.3.2.6
" rkm45" Runge{Kutta{Merson Sec.2.4.3.2.7
" rkf456 " Runge{Kutta{F ehlberg Sec.2.4.3.2.8
" euler backward" Euler backward Sec.2.4.3.3.1
" heun backward" Heun backward Sec.2.4.3.3.2
" adamsbashforth " Adams{Bashforth Sec.2.4.3.4.1
" bdf " backward di®erentiation formula Sec.2.4.3.5.1
" adamsmoulton" Adams{Moulton Sec.2.4.3.5.2
" pece ab am" predictor{corrector method using

Adams{Bashforth and Adams{
Moulton methods

Sec.2.4.3.6.1

" pece ab bdf " predictor{corrector method using
Adams{Bashforth and backward
di®erentiation formula

Sec.2.4.3.6.2

" vern568" Runge{Kutta{V erner (5) Sec.2.4.3.2.9
" vern6710" Runge{Kutta{V erner (6) Sec.2.4.3.2.10
" sharp6712" Sharp Sec.2.4.3.2.11
" dopri7813 " Dorman{Prince Sec.2.4.3.2.12

userde¯ned integration methods Sec.2.4.3.2.13
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2.4.3.2 Basic in tegrators without memory

2.4.3.2.1 Euler forwar d

Key: " euler forward " .
One step integration method.
Order 1.
Number of the systemfunction calls: 1.
The Butcher array of the method is:

0 0

1

Required setting: integration step size, which must be speci¯ed using the
following key:

name step size
type real
status mandatory
values > 0

example
method = " euler forward ",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " euler forward ",
step size = 0.0001
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2.4.3.2.2 Heun

Key: " heun" .
One step integration method.
Order 1.
Number of the systemfunction calls: 2.
The Butcher array of the method is:

0 0 0

1 1 0
1
2

1
2

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " heun",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " heun",
step size = 0.0001
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2.4.3.2.3 Midp oint

Key: " midpoint " .
One step integration method.
Order 2.
Number of the systemfunction calls: 2.
The Butcher array of the method is:

0 0 0
1
2

1
2 0

0 1
Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " midpoint ",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " midpoint ",
step size = 0.0001
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2.4.3.2.4 Ralston

Key: " ralston " .
One step integration method.
Order 3.
Number of the systemfunction calls: 3.
The Butcher array of the method is:

0 0 0 0
1
2

1
2 0 0

3
4 0 3

4 0
2
9

3
9

4
9

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " ralston ",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " ralston ",
step size = 0.0001
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2.4.3.2.5 Radau

Key: " radau" .
One step integration method.
Order 3.
Number of the systemfunction calls: 3.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " radau",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " radau",
step size = 0.0001
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2.4.3.2.6 Runge{Kutta

Key: " rk44" .
One step integration method.
Order 4.
Number of the systemfunction calls: 4.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " rk44 ",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " rk44 ",
step size = 0.0001
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2.4.3.2.7 Runge{Kutta{Merson

Key: " rkm45" .
One step integration method.
Order 4.
Number of the systemfunction calls: 5.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " rkm45",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " rkm45",
step size = 0.0001
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2.4.3.2.8 Runge{Kutta{F ehlberg

Key: " rkf456 " .
One step integration method.
Order 5 for linear systemsand 4 for nonlinear systems.
Number of the systemfunction calls: 6.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).

example
method = " rkf456 ",
step size = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array ",
array name= " rkf456 ",
step size = 0.0001
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2.4.3.2.9 Runge{Kutta{V erner (5)

Key: " vern568" .
One step integration method.
Order 6 for linear systemsand 5 for nonlinear systems.
Number of the systemfunction calls: 8.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array ",
array name= " vern568",
step size = 0.0001
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2.4.3.2.10 Runge{Kutta{V erner (6)

Key: " vern6710" .
One step integration method.
Order 7 for linear systemsand 6 for nonlinear systems.
Number of the systemfunction calls: 10.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array ",
array name= " vern6710",
step size = 0.0001
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2.4.3.2.11 Sharp

Key: " sharp6712" .
One step integration method.
Order 7 for linear systemsand 6 for nonlinear systems.
Number of the systemfunction calls: 12.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array ",
array name= " sharp6712",
step size = 0.0001
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2.4.3.2.12 Dorman{Princ e

Key: " dopri7813 " .
One step integration method.
Order 8 for linear systemsand 7 for nonlinear systems.
Number of the systemfunction calls: 13.
The Butcher array of the method is:

Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array ",
array name= " dopri7813 ",
step size = 0.0001
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2.4.3.2.13 User de¯ne d inte gration methos
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2.4.3.3 Backw ard in tegrators without memory

Main idea of thesemethods:

y [n+1] (t + h) = Á(f ; h; y(t); y [n](t + h)) (2.38)

The calculation goeson until the following condition is ful¯lled:
¯
¯y [n+1] (t + ¢ t) ¡ y [n](t + ¢ t)

¯
¯ < " (2.39)

2.4.3.3.1 Euler backwar d

Key: " euler backward" .
One step backward integration method.
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the backward approach, which hasto be speci¯ed usingthe following key:

name backward threshold
type real
status optional
values > 0
default 10¡ 8

example
method = " euler backward",
step size = 0.01,
backward threshold = 0.001

2.4.3.3.2 Heun backwar d

Key: " heun backward" .
One step backward integration method.
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the backward approach (seeSec.2.4.3.3.1).

example
method = " heun backward",
step size = 0.01,
backward threshold = 0.001
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2.4.3.4 Basic in tegrators with memory

Main idea of thesemethods:

y(t + h) = Á(f ; h; y(t); y(t ¡ h); :::) (2.40)

2.4.3.4.1 A dams{Bashforth

Key: " adamsbashforth " .
Multi step integration method.
Orders 2 { 7 are implemented.
Required setting: integration step size (see Sec. 2.4.3.2.1) and the order,
which has to be speci¯ed using the following key:

name adamsbashforth order
type integer
status mandatory
values 2 { 7

example
method = " adamsbashforth ",
step size = 0.001,
adamsbashforth order = 6
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2.4.3.5 Backw ard in tegrators with memory

Main idea of thesemethods:

y [n+1] (t + h) = Á(f ; h; y(t); y [n](t + h); y(t + h); :::) (2.41)

2.4.3.5.1 Backwar d di®er entiation formula

Key: " bdf " .
Backward multi step integration method.
Orders 2 { 7 are implemented.
Requiredsetting: integration step size(seeSec.2.4.3.2.1), the threshold for
the backward approach (seeSec.2.4.3.3.1), and the order, which has to be
speci¯ed using the following key:

name bdf order
type integer
status mandatory
values 2 { 7

example
method = " bdf ",
step size = 0.01,
backward threshold = 0.0001,
bdf order = 6
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2.4.3.5.2 A dams{Moulton

Key: " adamsmoulton" .
Backward multi step integration method.
Orders 2 { 7 are implemented.
Requiredsetting: integration step size(seeSec.2.4.3.2.1), the threshold for
the backward approach (seeSec.2.4.3.3.1), and the order, which has to be
speci¯ed using the following key:

name adamsmoulton order
type integer
status mandatory
values 2 { 7

example
method = " adamsmoulton",
step size = 0.01,
backward threshold = 0.0001,
adamsmoulton order = 6
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2.4.3.6 Predictor{corrector metho ds

2.4.3.6.1 Pr edictor{c orr ector metho d using A dams{Bashforth
and A dams{Moulton metho ds

Key: " pece ab am" .
Predictor{corrector integration method using Adams{Bashforth method as
predictor and Adams{Moulton method as corrector
Orders 2 { 7 are implemented.
Required setting: integration step size (see Sec. 2.4.3.2.1), the order of
the Adams{Bashforth method (seeSec.2.4.3.4.1) the order of the Adams{
Moulton method (seeSec.2.4.3.5.2) and the threshold for the backward ap-
proach (seeSec.2.4.3.3.1).

example
method = " pece ab am",
step size = 0.01,
adamsbashforth order = 6,
adamsmoulton order = 6,
backward threshold = 0.001

2.4.3.6.2 Pr edictor{c orr ector metho d using A dams{Bashforth
and backwar d di®er entiation formula

Key: " pece ab bdf " .
Predictor{corrector integration method using Adams{Bashforth method as
predictor and Adams{Moulton method as corrector
Orders 2 { 7 are implemented.
Required setting: integration step size (seeSec.2.4.3.2.1), the order of the
Adams{Bashforth method (see Sec. 2.4.3.4.1), the order of the backward
di®erentiation formula (seeSec.2.4.3.5.1) and the thresholdfor the backward
approach (seeSec.2.4.3.3.1).
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example
method = " pece ab bdf ",
step size = 0.01,
adamsbashforth order = 6,
bdf order = 6,
backward threshold = 0.01
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2.4.4 In tegration metho ds with gradien t based step
size adaption

2.4.4.1 Overview

The following integration methods with gradient basedstep size adaption
are implemented:

key name reference
" euler forward manhattan" Euler forward Sec.2.4.4.2.1
" midpoint manhattan" midpoint Sec.2.4.4.2.1
" ralston manhattan" Ralston Sec.2.4.4.2.4
" radau manhattan" Radau Sec.2.4.4.2.5
" rk44 manhattan" Runge{Kutta Sec.2.4.4.2.6
" rkm45 manhattan" Runge{Kutta{Merson Sec.2.4.4.2.7
" rkf456 manhattan" Runge{Kutta{

Fehlberg
Sec.2.4.4.2.8

" adamsbashforth manhattan" Adams{Bashforth Sec.2.4.4.3.1
" pece ab ammanhattan" predictor{corrector

method using Adams{
Bashforth and Adams{
Moulton methods

Sec.2.4.4.4.1

" pece ab bdf manhattan" predictor{corrector
method using Adams{
Bashforth and back-
ward di®erentiation
formula

Sec.2.4.4.4.2

" vern568" Runge{Kutta{V erner
(5)

Sec.2.4.4.2.9

" vern6710" Runge{Kutta{V erner
(6)

Sec.2.4.4.2.10

" sharp6712" Sharp Sec.2.4.4.2.11
" dopri7813 " Dorman{Prince Sec.2.4.4.2.12

user de¯ned integra-
tion methods

Sec.2.4.4.2.13
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2.4.4.2 Basic in tegrators without memory

2.4.4.2.1 Euler forwar d

Key: " euler forward manhattan" .
For detailed description of the method seeSec.2.4.3.2.1
Requiredsetting: integration step size(seeSec.2.4.3.2.1). and the threshold
for the gradient basedstep size adaption, which has to be speci¯ed using
the following key:

name manhattan threshold
type real
status optional
values > 0
default 10¡ 2

example
method = " euler forward manhattan",
step size = 0.0001
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " euler forward ",
step size = 0.0001,
manhattan threshold = 0.0001
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2.4.4.2.2 Heun

Key: " heun manhattan" .
For detailed description of the method seeSec.2.4.3.2.2
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " heun manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " heun",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.3 Midp oint

Key: " midpoint manhattan" .
For detailed description of the method seeSec.2.4.3.2.3
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " midpoint manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " midpoint ",
step size = 0.0001,
manhattan threshold = 0.0001
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2.4.4.2.4 Ralston

Key: " ralston manhattan" .
For detailed description of the method seeSec.2.4.3.2.4
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " ralston manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " ralston ",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.5 Radau

Key: " radau manhattan" .
For detailed description of the method seeSec.2.4.3.2.5
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " radau manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " radau",
step size = 0.0001,
manhattan threshold = 0.0001
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2.4.4.2.6 Runge{Kutta

Key: " rk44 manhattan" .
For detailed description of the method seeSec.2.4.3.2.6
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " rk44 manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " rk44 ",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.7 Runge{Kutta{Merson

Key: " rkm45 manhattan" .
For detailed description of the method seeSec.2.4.3.2.7
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " rkm45 manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " rkm45",
step size = 0.0001,
manhattan threshold = 0.0001
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2.4.4.2.8 Runge{Kutta{F ehlberg

Key: " rkf456 manhattan" .
For detailed description of the method seeSec.2.4.3.2.8
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.4.2.1).

example
method = " rkf456 manhattan",
step size = 0.001,
manhattan threshold = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with manhattan",
array name= " rkf456 ",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.9 Runge{Kutta{V erner (5)

Key: " vern568" .
For detailed description of the method seeSec.2.4.3.2.9
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array with manhattan",
array name= " vern568",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.10 Runge{Kutta{V erner (6)

Key: " vern6710" .
For detailed description of the method seeSec.2.4.3.2.10
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:
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example
method = " using butcher array with manhattan",
array name= " vern6710",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.11 Sharp

Key: " sharp6712" .
For detailed description of the method seeSec.2.4.3.2.11
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array with manhattan",
array name= " sharp6712",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.12 Dorman{Princ e

Key: " dopri7813 " .
For detailed description of the method seeSec.2.4.3.2.12
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array with manhattan",
array name= " dopri7813 ",
step size = 0.0001,
manhattan threshold = 0.0001

2.4.4.2.13 User de¯ne d inte gration methos
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2.4.4.3 Basic in tegrators with memory

2.4.4.3.1 A dams{Bashforth

Key: " adamsbashforth manhattan" .
For detailed description of the method seeSec.2.4.3.4.1
(see Sec. 2.4.3.2.1), the order of the Adams{Bashforth method (see
Sec.2.4.3.4.1and the threshold for the gradient basedstep size adaption
(seeSec.2.4.4.2.1).

example
method = " adamsbashforth manhattan",
step size = 0.001,
adamsbashforth order = 6,
manhattan threshold = 0.0001
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2.4.4.4 Predictor{corrector metho ds

2.4.4.4.1 Pr edictor{c orr ector metho d using A dams{Bashforth
and A dams{Moulton metho ds

Key: " pece ab ammanhattan" .
For detailed description of the method seeSec.2.4.3.6.1
Required setting: integration step size (see Sec. 2.4.3.2.1), the order of
the Adams{Bashforth method (seeSec.2.4.3.4.1), the order of the Adams{
Moulton method (seeSec.2.4.3.5.2), the thresholdfor the backward approach
(seeSec.2.4.3.3.1) and the thresholdfor the gradient basedstepsizeadaption
(seeSec.2.4.4.2.1).

example
method = " pece ab ammanhattan",
step size = 0.01,
adamsbashforth order = 6,
adamsmoulton order = 6,
backward threshold = 0.001,
manhattan threshold = 0.0001

2.4.4.4.2 Pr edictor{c orr ector metho d using A dams{Bashforth
metho d and backwar d di®er entiation formula

Key: " pece ab bdf manhattan" .
For detailed description of the method seeSec.2.4.3.6.2
Required setting: integration step size (seeSec.2.4.3.2.1), the order of the
Adams{Bashforth method (seeSec.2.4.3.4.1) the order of the backward dif-
ferentiation formula (seeSec.2.4.3.5.1), the threshold for the backward ap-
proach (seeSec.2.4.3.3.1) and the threshold for the gradient basedstep size
adaption (seeSec.2.4.4.2.1).

example
method = " pece ab bdf manhattan",
step size = 0.01,
adamsbashforth order = 6,
bdf order = 6,
backward threshold = 0.001,
manhattan threshold = 0.0001
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2.4.5 In tegration metho ds with step size hal¯ng ap-
proac h

2.4.5.1 Overview

The following integration methods with step sizehal¯ng approach:

key name reference
" euler forward halfstep " Euler forward Sec.2.4.5.2.1
" midpoint halfstep " midpoint Sec.2.4.5.2.1
" ralston halfstep " Ralston Sec.2.4.5.2.4
" radau halfstep " Radau Sec.2.4.5.2.5
" rk44 halfstep " Runge{Kutta Sec.2.4.5.2.6
" rkm45 halfstep " Runge{Kutta{Merson Sec.2.4.5.2.7
" rkf456 halfstep " Runge{Kutta{F ehlberg Sec.2.4.5.2.8
" adamsbashforth halfstep " Adams{Bashforth Sec.2.4.5.3.1
" pece ab amhalfstep " predictor{corrector

method using Adams{-
Bashforth and Adams{
Moulton methods

Sec.2.4.5.4.1

" pece ab bdf halfstep " predictor{corrector
method using Adams{-
Bashforth and back-
ward di®erentiation
formula

Sec.2.4.5.4.2

" vern568" Runge{Kutta{V erner
(5)

Sec.2.4.5.2.9

" vern6710" Runge{Kutta{V erner
(6)

Sec.2.4.5.2.10

" sharp6712" Sharp Sec.2.4.5.2.11
" dopri7813 " Dorman{Prince Sec.2.4.5.2.12

user de¯ned integration
methods

Sec.2.4.5.2.13
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2.4.5.2 Basic in tegrators without memory

2.4.5.2.1 Euler forwar d

Key: " euler forward halfstep " .
For detailed description of the method seeSec.2.4.3.2.1
Requiredsetting: integration step size(seeSec.2.4.3.2.1). and the threshold
for the gradient basedstep size adaption, which has to be speci¯ed using
the following key:

name integration accuracy
type real
status optional
values > 0
default 10¡ 2

example
method = " euler forward halfstep ",
step size = 0.0001
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " euler forward ",
step size = 0.0001,
integration accuracy = 0.0001
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2.4.5.2.2 Heun

Key: " heun halfstep " .
For detailed description of the method seeSec.2.4.3.2.2
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " heun halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " heun",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.3 Midp oint

Key: " midpoint halfstep " .
For detailed description of the method seeSec.2.4.3.2.3
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " midpoint halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " midpoint ",
step size = 0.0001,
integration accuracy = 0.0001
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2.4.5.2.4 Ralston

Key: " ralston halfstep " .
For detailed description of the method seeSec.2.4.3.2.4
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " ralston halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " ralston ",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.5 Radau

Key: " radau halfstep " .
For detailed description of the method seeSec.2.4.3.2.5
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " radau halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " radau",
step size = 0.0001,
integration accuracy = 0.0001
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2.4.5.2.6 Runge{Kutta

Key: " rk44 halfstep " .
For detailed description of the method seeSec.2.4.3.2.6
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " rk44 halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " rk44 ",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.7 Runge{Kutta{Merson

Key: " rkm45 halfstep " .
For detailed description of the method seeSec.2.4.3.2.7
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " rkm45 halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " rkm45",
step size = 0.0001,
integration accuracy = 0.0001
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2.4.5.2.8 Runge{Kutta{F ehlberg

Key: " rkf456 halfstep " .
For detailed description of the method seeSec.2.4.3.2.8
Requiredsetting: integration step size(seeSec.2.4.3.2.1) and the threshold
for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " rkf456 halfstep ",
step size = 0.001,
integration accuracy = 0.0001

Additionally , the method can be calledusing the Butcher array implementa-
tion:

example
method = " using butcher array with halfstep ",
array name= " rkf456 ",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.9 Runge{Kutta{V erner (5)

Key: " vern568" .
For detailed description of the method seeSec.2.4.3.2.9
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array with halfstep ",
array name= " vern568",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.10 Runge{Kutta{V erner (6)

Key: " vern6710" .
For detailed description of the method seeSec.2.4.3.2.10.
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:
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example
method = " using butcher array with halfstep ",
array name= " vern6710",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.11 Sharp

Key: " sharp6712" .
For detailed description of the method seeSec.2.4.3.2.11.
Requiredsetting: integration step size(seeSec.2.4.3.2.1).

The method can be called using the Butcher array implementation:

example
method = " using butcher array with halfstep ",
array name= " sharp6712",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.12 Dorman{Princ e

Key: " dopri7813 " .
For detailed description of the method seeSec.2.4.3.2.12
Requiredsetting: integration step size(seeSec.2.4.3.2.1).
The method can be called using the Butcher array implementation:

example
method = " using butcher array with halfstep ",
array name= " dopri7813 ",
step size = 0.0001,
integration accuracy = 0.0001

2.4.5.2.13 User de¯ne d inte gration methos

Hier { butcher order is known
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2.4.5.3 Basic in tegrators with memory

2.4.5.3.1 A dams{Bashforth

Key: " adamsbashforth halfstep " .
For detailed description of the method seeSec.2.4.3.4.1(seeSec.2.4.3.2.1),
the order of the Adams{Bashforth method (seeSec.2.4.3.4.1and the thresh-
old for the gradient basedstep sizeadaption (seeSec.2.4.5.2.1).

example
method = " adamsbashforth halfstep ",
step size = 0.001,
adamsbashforth order = 6,
integration accuracy = 0.0001
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2.4.5.4 Predictor{corrector metho ds

2.4.5.4.1 Pr edictor{c orr ector metho d using A dams{Bashforth
and A dams{Moulton metho ds

Key: " pece ab amhalfstep " .
For detailed description of the method seeSec.2.4.3.6.1.
Required setting: integration step size (see Sec. 2.4.3.2.1), the order of
the Adams{Bashforth method (seeSec.2.4.3.4.1) the order of the Adams{
Moulton method (seeSec.2.4.3.5.2), the thresholdfor the backward approach
(seeSec.2.4.3.3.1) and the thresholdfor the gradient basedstepsizeadaption
(seeSec.2.4.5.2.1).

example
method = " pece ab amhalfstep ",
step size = 0.01,
adamsbashforth order = 6,
adamsmoulton order = 6,
backward threshold = 0.001,
integration accuracy = 0.0001

2.4.5.4.2 Pr edictor{c orr ector metho d using A dams{Bashforth
metho d and backwar d di®er entiation formula

Key: " pece ab bdf halfstep " .
For detailed description of the method seeSec.2.4.3.6.2.
Required setting: integration step size (seeSec.2.4.3.2.1), the order of the
Adams{Bashforth method (seeSec.2.4.3.4.1) the order of the backward dif-
ferentiation formula (seeSec.2.4.3.5.1), the threshold for the backward ap-
proach (seeSec.2.4.3.3.1) and the threshold for the gradient basedstep size
adaption (seeSec.2.4.5.2.1).

example
method = " pece ab bdf halfstep ",
step size = 0.01,
adamsbashforth order = 6,
bdf order = 6,
backward threshold = 0.001,
integration accuracy = 0.0001
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2.4.6 In tegration metho ds with step size adaption by
comparing of the results calculated by two dif-
feren t metho ds

The following integration methods with step sizehal¯ng approach:
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key name reference
" euler forward heun" Euler forward with

Heun
Sec.2.4.6.1

" heun midpoint " Heun with Midpoint Sec.2.4.6.2
" midpoint ralston " Midpoint with Ralston Sec.2.4.6.3
" ralston radau" Ralston with Radau Sec.2.4.6.4
" radau rk44" Radau with Runge{

Kutta
Sec.2.4.6.5

" rk44 rkm45" Runge{Kutta with
Runge{Kutta{Merson

Sec.2.4.6.6

" rk44 rkf456 " Runge{Kutta with
Runge{Kutta{
Fehlberg

Sec.2.4.6.8

" rkm45 rkf456 " Runge{Kutta{Merson
with Runge{Kutta{
Fehlberg

Sec.2.4.6.8

" adamsbashforth pece ab am" Adams{Bashforth
with predictor{
corrector method us-
ing Adams{Bashforth
and Adams{Moulton
methods

Sec.2.4.6.9

" adamsbashforth pece ab bdf " Adams{Bashforth
with predictor{
correctormethod using
Adams{Bashforth and
backward di®erentia-
tion formula

Sec.2.4.6.10

" pece ab ampece ab bdf " predictor{corrector
method using Adams{
Bashforth and Adams{
Moulton methods with
predictor{corrector
method using Adams{
Bashforth and back-
ward di®erentiation
formula

Sec.2.4.6.11
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2.4.6.1 Euler forw ard with Heun

Key: " euler forward heun" .
For detailed description of the method seeSec.2.4.3.2.1and Sec.2.4.3.2.2.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " euler forward heun" ,

step size = 0.0001

2.4.6.2 Heun with Midp oin t

Key: " heun midpoint " .
For detailed description of the method seeSec.2.4.3.2.2and Sec.2.4.3.2.3.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " heun midpoint " ,

step size = 0.0001

2.4.6.3 Midp oin t with Ralston

Key: " midpoint ralston " .
For detailed description of the method seeSec.2.4.3.2.3and Sec.2.4.3.2.4.
Requiredsettings: integration step size(seeSec. 2.4.3.2.1).

example
method = " midpoint ralston " ,

step size = 0.0001

2.4.6.4 Ralston with Radau

Key: " ralston radau" .
For detailed description of the method seeSec.2.4.3.2.4and Sec.2.4.3.2.5.
Requiredsettings: integration step size: (seeSec.2.4.3.2.1).

example
method = " ralston radau" ,

step size = 0.0001
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2.4.6.5 Radau with Runge{Kutta

Key: " radau rk44" .
For detailed description of the method seeSec.2.4.3.2.5and Sec.2.4.3.2.6.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " radau rk44 " ,

step size = 0.0001

2.4.6.6 Runge{Kutta with Runge{Kutta{Merson

Key: " rk44 rkm45" .
For detailed description of the method seeSec.2.4.3.2.6and Sec.2.4.3.2.7.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " rk44 rkm45" ,

step size = 0.0001

2.4.6.7 Runge{Kutta with Runge{Kutta{F ehlb erg

Key: " rk44 rkf456 " .
For detailed description of the method seeSec.2.4.3.2.6and Sec.2.4.3.2.8.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " rk44 rkf456 " ,

step size = 0.0001

2.4.6.8 Runge{Kutta{Merson with Runge{Kutta{F ehlb erg

Key: " rkm45 rkf456 " .
For detailed description of the method seeSec.2.4.3.2.7and Sec.2.4.3.2.8.
Requiredsettings: integration step size(seeSec.2.4.3.2.1).

example
method = " rkm45 rkf456 " ,

step size = 0.0001
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2.4.6.9 Adams{Bashforth with predictor{corrector metho d using
Adams{Bashforth and Adams{Moulton metho ds

Key: " adamsbashforth pece ab am" .
For detailed description of the method seeSec.2.4.3.4.1and Sec.2.4.3.6.1.
Required settings: integration step size (see Sec. 2.4.3.2.1), the order of
the Adams-Bashforth method (seeSec.2.4.3.4.1), the order of the Adams-
Moulton method (seeSec.2.4.3.5.2) and the threshold for the backward ap-
proach (seeSec.2.4.3.3.1).

example
method = " adamsbashforth pece ab am" ,

step size = 0.01,
adamsbashforth order = 6,
adamsmoulton order = 6,
backward threshold = 0.001

2.4.6.10 Adams{Bashforth with predictor{corrector metho d us-
ing Adams{Bashforth and backw ard di®eren tiation for-
mula

Key: " adamsbashforth pece ab bdf " .
For detailed description of the method seeSec.2.4.3.4.1and Sec.2.4.3.6.2.
Requiredsettings: integration step size(seeSec.2.4.3.2.1), the order of the
Adams-Bashforthmethod (seeSec.2.4.3.4.1), the order of the backward dif-
ferentiation formula (seeSec.2.4.3.5.1) and the threshold for the backward
approach (seeSec.2.4.3.3.1).

example
method = " adamsbashforth pece ab bdf " ,

step size = 0.01,
adamsbashforth order = 6,
bdf order = 6,
backward threshold = 0.001
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2.4.6.11 Predictor{corrector metho d using Adams{Bashforth
and Adams{Moulton metho ds with predictor{corrector
metho d using Adams{Bashforth and backw ard di®eren-
tiation form ula

Key: " pece ab ampece ab bdf " .
For detailed description of the method seeSec.2.4.3.6.1and Sec.2.4.3.6.2.
Required settings: integration step size (see Sec. 2.4.3.2.1), the order of
the Adams-Bashforth method (seeSec.2.4.3.4.1), the order of the Adams-
Moulton method (seeSec.2.4.3.5.2), the orderof the backward di®erentiation
formula (seeSec.2.4.3.5.1) and the threshold for the backward approach (see
Sec.2.4.3.3.1).

example
method = " pece ab ampece ab bdf " ,

step size = 0.01,
adamsbashforth order = 6,
adamsmoulton order = 6,
bdf order = 6,
backward threshold = 0.001
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2.5 Other settings

2.5.1 System name

name name
type string
status mandatory
values any

This ¯eld gives the name of the dynamical system. The value is used for
the handshake betweenserver and clients and should be unique at least for
dynamcal systems,which are investigatedat the samemachine and at the
sametime.

example
name= "logistic map"
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2.5.2 Dynamical systems with memory

2.5.2.1 Recurrence level

name recurrence level
type integer
status mandatory (for dynamical systemwith memory discretein time)
values ¸ 2

2.5.2.2 Dela y

name delay
type real
status mandatory (for DDEs)
values > 0

2.5.2.3 Maximal delay

name maximal delay
type real
status mandatory (for FDEs)
values > 0
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2.5.3 Spatial inhomogeneous dynamical systems

2.5.3.1 Num ber of cells

name numberof cells
type integer
status mandatory (for cellular dynamical systems)
values ¸ 2

2.5.3.2 Domain boundary

domain boundary

2.5.3.3 Num ber of grid poin ts

numberof grid points
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2.5.3.4 Neumann boundary conditions

default policy Sec.2.4
numberof differential operators Sec.2.5.3.4.2
operator [n] Sec.2.5.3.4.3

example
neumannboundary conditions = f

default policy = "fluxless",
numberof differential operators = 0,
operator[0 ] = f

name= " D<0>",
policy = " constant ",
lower boundary value = 0.0,
upper boundary value = 0.5

g,
operator[1] = f

name= " D<0>(3)",
policy = " fluxless "

g
g

2.5.3.4.1 Default policy

name default policy
type string
status mandatory, if numberof differential operators = 0

optional otherwise
content SeeTable 2.4

setting reference
" fluxless " Sec.2.5.3.4.3.3
" cyclic " Sec.2.5.3.4.3.4
" interpolated " Sec.2.5.3.4.3.5

Table 2.4: Typesof boundary conditions, which can be usedasdefault for
all di®erential operators
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2.5.3.4.2 Numb er of di®er ential operators

name numberof differential operators
type integer
status mandatory
value ¸ 0

2.5.3.4.3 Operator [n]

name operator [n]
type record
status mandatory, if numberof differential operators > 0
content nameSec.2.5.3.4.3.1

policy Sec.??

2.5.3.4.3.1 Name settings

name name
type string
status mandatory
values SeeTable 2.5

setting operator

" D< 0 > " @
@x1

" D< 0; 0 > " @
@x2

1

" D< 0; 0; 0 > " @
@x3

1

" D< 0; 0; 0; 0 > " @
@x4

1

" D< 0; 0; 0; 0; 0 > " @
@x5

1

" D< 0 > (n)" @
@xn

1

Table 2.5: Namesof di®erent operators, supported by AnT
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name policy
type string
status mandatory
values SeeTable 2.6

setting reference
" constant " Sec.2.5.3.4.3.2
" fluxless " Sec.2.5.3.4.3.3
" cyclic " Sec.2.5.3.4.3.4
" interpolated " Sec.2.5.3.4.3.5

Table 2.6: Types of boundary conditions, which can be used for single
di®erant operators

2.5.3.4.3.2 Constant policy

Requiredsettings:

name lower boundary value
type real
status mandatory
value any
name upper boundary value
type real
status mandatory
value any

2.5.3.4.3.3 Fluxless policy

2.5.3.4.3.4 Cyclic policy

2.5.3.4.3.5 Interp olate d policy
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2.5.3.5 Diric hlet boundary conditions

name dirichlet boundary conditions
type boolean
status mandatory

124 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



2.5. OTHER SETTINGS

2.5.4 Poincar ¶e map

2.5.4.1 Dynamical system inside the Poincar ¶e map

name inside
type record
status mandatory
content description of the dynamical systeminside

2.5.4.2 Condition of the Poincar ¶e section

name poincare section
type record
status mandatory
content the ¯eld type specifying the type of the Poincar¶e section and

other settings for its speci¯c type.

name type
type string
status mandatory
values SeeTable 2.7

setting reference
" fixed plane" Sec.2.5.4.2.1
" parameter dependent plane" Sec.2.5.4.2.2
" change of hybrid state " Sec.2.5.4.2.3
" min maxpoints " Sec.2.5.4.2.4
" maxpoints " Sec.2.5.4.2.6
" min points " Sec.2.5.4.2.5
" user defined " Sec.2.5.4.2.7

Table 2.7: Typesof the poincar¶e map, supported by AnT

max

2.5.4.2.1 Poinc ar ¶e map with ¯xe d plane
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name " plane coefficients "
type one{dimensionalarray,
length state spacedimension+ 1
status mandatory

2.5.4.2.2 Poinc ar ¶e map with par ameter dependent plane

2.5.4.2.3 Hybrid state changing

2.5.4.2.4 Min Max

2.5.4.2.5 Min

2.5.4.2.6 Max

2.5.4.2.7 User de¯ne d function

Requiredsetting:

name " interface type "
type string
status mandatory
value " standard "

" dde"
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2.5.5 External data
name external data filename
type string
status mandatory
value ¯le name

numberof columns
action on wrong lines
accept empty lines
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2.5.6 Dynamical systems with additiv e noise

2.5.6.1 Num ber of noisy variables

name numberof noisy variables
type integer
status mandatory

2.5.6.2 Noisy Variables

name noisy variable[ n]
type record
status mandatory for all n in [0::N ¡ 1] with N is number of noisyvariables

Requiredsettings, but there are more dependent on the type :

index Sec.2.5.6.2.1
type Sec.2.5.6.2.2
seed Sec.2.5.6.2.3

2.5.6.2.1 Index

name index
type integer
status mandatory
values [0::N ¡ 1] whereN is the length of the vector ???

2.5.6.2.2 Type of the noisy variable

name type
type string
status mandatory
values " uniform " , seeSec.2.5.6.2.2.1

" gauss" , seeSec.2.5.6.2.2.2

2.5.6.2.2.1 Uniform

name min
type real
status mandatory
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name max
type real
status mandatory

2.5.6.2.2.2 Gauss

name meanvalue
type real
status mandatory
name standard deviation
type real
status mandatory

2.5.6.2.3 Seed

name seed
type integer
status optional
values only odd values
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Description of the scan

A scan run is a run of the simulator for several values of some in°uence
values(scannableobject), such as parameters,initial states,etc. In the AnT
project each run is maintained asa scanrun, whereby the number of objects
(in°uence values), which are varied, must be speci¯ed. If this number is
zero, the investigated dynamical system is simulated for a ¯xed settings.
Otherwise, the objects, which is to be varied, and the rules, how it must be
done,must be given. It will be doneusing so{calledscanitems.
The description of a scancontains the ¯elds type , mode, and descriptionsof
scanitems, if any present.

type Sec.3.1.2
mode Sec.3.1.1
item[ N] Sec.3.2

example
scan = f

type = "nested items",
mode= 1,
item[ 0] = f

type = "real linear",
min = 0.0,
max= 100.0,
points = 101,
object = "R"

g
g
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3.1 General settings

3.1.1 Scan mo de

The ¯eld modespeci¯es the number of objects which are varied within a
scanrun.

name mode
type integer
status optional
values ¸ 0
default 0

The valuesof this ¯eld have the following meaning:

scan meaning needed
mode settings
0 all settings are ¯xed {
1 onescannableobject is varied item[ 0]
2 two scannableobjects are varied item[ 0] ,

item[ 1]
3 three scannableobjects are varied item[ 0] ,

item[ 1] ,
item[ 2]

... ... ...

Note, that several other settings and possibilitiesof AnTdepend on this set-
ting. For instance, someinvestigation methods can be applied for speci¯c
scanmodesonly.
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3.1.2 Scan typ e

The type of the scanspeci¯es, how several scanitems are combined.

name type
type string
status optional
values " nested items " only

Obviously, this setting can have an e®ectonly if two or more scan items
are present. For this ¯eld exists at the moment only oneadmissiblesetting,
namely nested items . It means, that the scan items are orthogonal: all
valuesof the ¯rst scanitems are combined with all valuesof the secondscan
item, etc.

example
The following setting

scan = f
type = "nested items",
mode= 1,
item[ 0] = f

type = "real linear",
min = 0.0,
max= 100.0,
points = 101,
object = "R"

g,
item[ 1] = f

type = "real linear",
min = 16.0,
max= 18.0,
points = 21,
object = "sigma"

g
g
implies, that the investigated dynamical system will be simulated for 101¢21 = 2121
parameter values, like (0:0; 16:0), (1:0; 16:0), (2:0; 16:0), . . . , (100:0; 18:0).
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3.2 Speci¯c scan items

The rules, how a scanobject (or scanobjects) are veried within a scanrun,
are speci¯ed using a scanitem.

name item[ n] , with n { the number of the scanitem. The numeration
starts with 0.

type record
status mandatory for n = 0::N ¡ 1, with N { the scanmode

The description of each scanitem contains the ¯eld type and ¯elds speci¯c
for a scanitem of this type.

name type
type string
status mandatory
values seeTable 3.1

setting Reference
" real linear " Sec.3.2.1
" real logarithmic " Sec.3.2.2
" integer linear " Sec.3.2.3
" integer logarithmic " Sec.3.2.4
" real linear 2d" Sec.3.2.5
" real elliptic 2d" Sec.3.2.6

Table 3.1: Scantypes,supported by AnT
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example
scan = f

type = "nested items",
mode= 2,
item[ 0] = f

type = "real linear",
... settings of a real linear scanitem ...

g
item[ 1] = f

type = "in teger linear",
... settings of a integer linear scanitem ...

g
g

3.2.1 Real linear scan (one{dimensional)

Using this scanitem a singlereal{valuedscannableobject ¾is varied equidis-
tant in the interval [¾min ; ¾max ]. The dynamical system is simulated for N
valuesof ¾. The i -th value(i = 0::N ¡ 1) of the scannableobject is calculated
by

¾i = ¾min +
i

N ¡ 1
(¾max ¡ ¾min ) (3.1)

The required settings are

setting meaning(seeEq. 3.5)
min ¾min

max ¾max

points N
object ¾

The restrictions are ¾min 6= ¾max and N ¸ 2.

name min
type real
status mandatory
values any
name max
type real
status mandatory
values any, not equal to ¾min
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name points
type integer
status mandatory
values ¸ 2
name object
type string
status mandatory
values seeSec.3.3

example
item[ 0] = f
type = "real linear",
min = 0.0,
max= 100.0,
points = 101,
object = "sigma"

g
g
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3.2.2 In teger linear scan

Using this scan item a single integer{valued scannableobject ¾ is varied
equidistant (if possible)in the interval [¾min ; ¾max ]. The dynamical systemis
simulated for N valuesof ¾. The i -th value (i = 0::N ¡ 1) of the scannable
object is calculatedby

¾i = ¾min + rnd
·

i
N ¡ 1

(¾max ¡ ¾min )
¸

(3.2)

Note, that due to the rounging to an integer value, the valueslie in general
not equidistant.
The required settings are

setting meaning(seeEq. 3.2)
min ¾min

max ¾max

points N
object ¾

The restrictions are ¾min 6= ¾max and N > 1.

name min
type integer
status mandatory
values any

name max
type integer
status mandatory
values any, not equal to ¾min

name points
type integer
status mandatory
values ¸ 2

name object
type string
status mandatory
values seeSec.3.3

136 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



3.2. SPECIFIC SCAN ITEMS

example
item[ 0] = f
type = "in teger linear",
min = 10,
max= 50,
points = 21,
object = "sigma"

g
g
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3.2.3 Real logarithmic scan

Using this scan item a single real{valued scannable object ¾ is varied
logarithmic{equidistant in the interval [¾min ; ¾max ]. The dynamical systemis
simulated for N valuesof ¾. The i -th value (i = 0::N ¡ 1) of the scannable
object is calculatedby

¾i = exp
µ

ln(¾min ) +
i

N ¡ 1
(ln(¾max ) ¡ ln(¾min ))

¶
(3.3)

The required settings are

setting meaning(seeEq. 3.3)
min ¾min

max ¾max

points N
object ¾

The restrictions are ¾min 6= ¾max , ¾min > 0, ¾max > 0 and N > 1.

name min
type real
status mandatory
values > 0

name max
type real
status mandatory
values > 0, not equal to ¾min

name points
type integer
status mandatory
values ¸ 2

name object
type string
status mandatory
values seeSec.3.3
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example
item[ 0] = f
type = "real logarithmic",
min = 10.0,
max= 100000.0,
points = 5,
object = "sigma"

g
g
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3.2.4 In teger logarithmic scan

Using this scan item a single integer{valued scannableobject ¾ is varied
logarithmic{equidistant (if possible)in the interval [¾min ; ¾max ]. The dynam-
ical systemis simulated for N valuesof ¾. The i -th value (i = 0::N ¡ 1) of
the scannableobject is calculatedby

¾i = rnd
·
exp

µ
ln(¾min ) + rnd

·
i

N ¡ 1
(ln(¾max ) ¡ ln(¾min ))

¸¶¸
(3.4)

Note, that due to the rounging to an integer value, the valueslie in general
not equidistant.
The required settings are

setting meaning(seeEq. 3.4)
min ¾min

max ¾max

points N
object ¾

The restrictions are ¾min 6= ¾min , ¾min > 0, ¾min > 0 and N > 1.

name min
type integer
status mandatory
values > 0
name max
type integer
status mandatory
values > 0, not equal to ¾min

name points
type integer
status mandatory
values ¸ 2
name object
type string
status mandatory
values seeSec.3.3

140 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



3.2. SPECIFIC SCAN ITEMS

example
item[ 0] = f
type = "in teger logarithmic",
min = 10,
max= 100000,
points = 5,
object = "sigma"

g
g
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3.2.5 Real linear scan (t wo{dimensional)

Using this scanitem two real{valuedscannableobjects ¾and ´ are varied si-
multaneously. The dynamical systemis simulated for N valuesof ¾, whereby
¾ is varied equidistant in the interval [¾min ; ¾max ] and ´ equidistant in the
interval [´ min ; ´ max ]. The i -th value (i = 0::N ¡ 1) of the scannableobjects
is calculatedby

¾i = ¾min +
i

N ¡ 1
(¾max ¡ ¾min ) (3.5)

´ i = ´ min +
i

N ¡ 1
(´ max ¡ ´ min ) (3.6)

Thus, this type of scancan be interpreted as a scanalong a straighten line
in a two{dimensionalscanspace[¾£ ´ ]. The straighten line herecan not be
parallel to an axis of the scanspace(in this casea simple one{dimensional
real linear scanitem must be used).
The required settings are

setting meaning(seeEq. 3.5)
first min ¾min

first max ¾max

second min ´ min

second max ´ max

points N
first object ¾
second object ´

The restrictions are ¾min 6= ¾max ´ min 6= ´ max and N ¸ 2.

name first min
type real
status mandatory
values any

name first max
type real
status mandatory
values not equal to ¾min
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name second min
type real
status mandatory
values any
name second max
type real
status mandatory
values not equal to ´ min

name points
type integer
status mandatory
values ¸ 2
name first object
type string
status mandatory
values seeSec.3.3
name second object
type string
status mandatory
values seeSec.3.3

example
item[ 0] = f

type = "real linear 2d",
first min = 10.0,
first max= 20.0,
first object = "sigma",
second min = 0.1,
second max= 0.2,
second object = "eta",
points = 500

g
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3.2.6 Real elliptic scan (t wo{dimensional)

Using this scanitem two real{valuedscannableobjects ¾and ´ are varied si-
multaneously. The dynamical systemis simulated for N valuesof ¾, whereby
¾is varied equidistant in the anglealong a segment of a eliptic curve in the
two{dimensional scanspace[¾£ ´ ].
The segment of the elliptic curve is de¯ned by two coordinatesof the center
point, two axis,and the min andmax valuesof the angle. Hence,the following
valueshave to be de¯ned by user:

² ¾0, ´ 0 - coordinatesof the center point

² r¾, r ´ both axis of the ellipse

² Ámin , Ámax start and end angles

² N the number of anglesamples

Then, the step on the angle is given by

¢ Á =
Ámax ¡ Ámin

N ¡ 1
(3.7)

and the i -th value (i = 0::N ¡ 1) of the scannableobjects is calculatedby

¾i = ¾0 + r¾sin
µ

2¼
360:0

(Ámin + i¢ Á)
¶

(3.8)

´ i = ´ 0 + r ´ cos
µ

2¼
360:0

(Ámin + i¢ Á)
¶

(3.9)

Note, that for reasonof more readableinput and output all anglesare to be
given in degrees,not in radians.

The required settings are
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setting meaning(seeEqs. 3.8,3.9)
first center ¾0

second center ´ 0

first axis r ¾

second axis r ´

min angle Ámin

maxangle Ámax

points N
first object ¾
second object ´

The restrictions are Ámin 6= Ámax , r¾ > 0, r ´ > 0 and N ¸ 2.

name first center
type real
status mandatory
values any

name second center
type real
status mandatory
values any

name first axis
type real
status mandatory
values > 0

name second axis
type real
status mandatory
values > 0

name points
type integer
status mandatory
values ¸ 2

name min angle
type real
status mandatory
values any
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name maxangle
type real
status mandatory
values not equal to Ámin

name first object
type string
status mandatory
values seeSec.3.3
name second object
type string
status mandatory
values seeSec.3.3

example
item[ 0] = f

type = "real elliptic 2d",
min angle = 90.0,
maxangle = 270.0,
first object = "sigma",
second object = "eta",
first center = 0.0,
second center = 0.0,
first axis = 0.1,
second axis = 1.2,
points = 1500

g
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3.3 Scannable ob jects

Within a scan run several values can be varied. There are three types of
scannableobjects

² Systemparameters

² Initial states(directly or via parametersof the initial function)

² Parametersof the investigation methods

3.3.1 Varying of system parameters

This type of scanscan be usedfor investigation of bifurcation scenarios.

3.3.2 Varying of initial states

This type of scanscan be usedfor investigation of basinesof attraction.

3.3.3 Varying of investigation metho ds parameters

This type of scanscan be usedfor tuning of someinvestigation methods, it
meansfor ¯nding of setting for which thesemethods work optimally in some
sense.
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metho ds

example
investigation methods =

f
general trajectory evaluations =
f is active = " yes",

...description of this method...
g,
period analysis =
f is active = " yes",

...description of this method...
g,
frequency analysis =
f is active = " yes",

...description of this method...
g,
...descriptions of other methods...

g
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4.1 General tra jectory evaluation

4.1.1 Options overview

This method is a collection of simple sub{methots, which do not require
somecomplicatedcalculation and are basedon the evaluation of the current
tra jectory. The following options are implemented for this method:

is active Sec.4.1.2
transient Sec.4.1.3
saving Sec.4.1.4
statistics Sec.4.1.5
min maxvalues Sec.4.1.6
wavenumbers Sec.4.1.7
pgmoutput Sec.4.1.8

The current tra jectory canbesavedusingthe following pptions of the saving
part:

type Sec.4.1.4.1
points step Sec.4.1.4.1
state space distance Sec.4.1.4.1
velocity space distance Sec.4.1.4.1
save only specific area Sec.4.1.4.2
velocity space saving area Sec.4.1.4.2
trajectory Sec.4.1.4.3
velocity Sec.4.1.4.3
phase portrait Sec.4.1.4.3
cobweb Sec.4.1.4.3
initial states Sec.4.1.4.3

Somesimple statistics (such as meanvaluesand standard diviation for each
component of the state vector) can be saved using the following options of
the statistics part:

meanand standard deviation Sec.4.1.5.2
average velocity Sec.4.1.5.3
correlation coefficient Sec.4.1.5.4
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Minimal and maximal valuesfor each component of the state vector can be
saved using the key min maxvalues (Sec.4.1.6). Wave numbers for each
component of the state vector can be saved using the key wavenumbers
(Sec.4.1.7).

For composite and spatial inhomogeneousdynamical systemthe tra jectories
can be saved as pictures in the portable graymapformat (PGM). Options
of the pgmoutput part are:

points step Sec.4.1.8.3
numberof pictures Sec.4.1.8.2
picture[n] Sec.4.1.8.3

example
general trajectory evaluations = f

is active = " yes",
transient = 0,
saving = f ...description of the saving ... g,
statistics = f ...description of the statistic options ... g,
min maxvalues = f is active = " yes" g,
wave numbers = f is active = " yes" g,
pgmoutput = f ...description of the pgm output ... g

g
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4.1.2 Activ ation of the metho d

The method is activated using the key is active :

name is active
type boolean
status mandatory

The method can be applied for all type of dynamical systems.

4.1.3 Num ber of transien t steps

The number of iteration stepsN tr ans , which will be ignored by the applica-
tion of the method.

name transient
type integer
status mandatory
values [0::N ) with N { number of iterations

This value is common for all subparts of the method. Note, that the ¯rst
state, which will beusedin any submethod, correspondsto the time N tr ans + 1
(for dynamical systemsdiscrete in time) or (N tr ans + 1)¢ t (for dynamical
systemscontinuous in time), ¢ t { the integration step size.

example
transient = 0
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4.1.4 Saving

This part of the method parformsthe saving of tra jectories,velocities, phase
portraits, etc.

4.1.4.1 T yp e of the saving

There are two di®erent variants of the saving, which are switched using the
following key:

name type
type string
status mandatory
values " time oriented " , " space oriented "

The time orien ted saving means,that the statesare saved equidistant in
the time. In this casethe following setting is required:

name points step
type integer
status optional
value [1::N ] with N is number of iterations (seeSec.2.5.6.2)
default value 1

Thus, the saving take placeat the time points t i with t1 = N tr ans + 1 (N tr ans

is the number of transient steps,seeSec.4.1.3) and

t i +1 = t i + n (4.1)

wheren is the setting of the ¯eld points step .

example
The setting
type = " time oriented ",
points step = 1
means,that each state is saved.
The setting
type = " time oriented ",
points step = 10
means,that each 10-th state is saved.
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This type of saving can be used in any caseand is more suitable, if time
seriesare to be plottet. Additionally , for the plotting of phaseportraits the
space orien ted saving can be used. In this casean orbit will be saved
approximative equidistant in the state spaceand the current velocities will
be saved approximative equidistant in the velocity space.It means,that the
time points of saving t i are choosenon the such a way, that t1 = N tr ans + 1
and

jx(t i +1 ) ¡ x(t i )j ¸ dx (4.2)

jv(t i +1 ) ¡ v(t i )j ¸ dv (4.3)

holds. The L 2 vector norm is usedhere1. In this casethe distancesbetween
two subsequent points, namely dx and dv, must be de¯ned.
The distancein the state spacedx is given using the following key:

name state space distance
type double
status mandatory, when

tra jectory = " yes" or phaseportrait = " yes"
value > 0

If the distance between the current and the last states is
state space distance or greater, the value ist saved. This setting have an
e®ecton the saving of ¯les trajectory.gra and phase portrait.gra , see
Sec.4.1.4.3.

The distancein the velocity spacedv is given using the following key:

name velocity space distance
type double
status mandatory, when

velocity = " yes" or phase portrait = " yes"
value > 0

If the di®erencebetween the last saved velocity and the current one is
greater than velocity space distance , the value ist saved. This setting
have an e®ecton the saving of ¯les velocity.gra and phase portrait.gra ,
seeSec.4.1.4.3.

1sure?
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example
type = " space oriented ",
state space distance = 0.1,
velocity space distance = 0.5

Note, that using the spaceoriented saving the sizeof the output ¯les can be
reducedwithout the quality of the printable pictures is lost. However, this
type of saving must be usedcurreful. For instance,if the saving distancein
the state spaceis choosedtoo small,

dx < jv(t)j¢ t 8t (4.4)

(with ¢ t the integration step size) then all stateswill be saved.
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4.1.4.2 Saving of a speci¯c area

AnT supports the possibility to save the orbit and the current velocity
in some speci¯c region only. This option is controlled using the ¯eld
save only specific area:

name save only specific area
type boolean
status mandatory

If this option is turned on, then the saving areasin state spaceand in the
velocity spacemay be required.

name state space saving area
type two{dimensional array
length ¯rst dimension{ the state spacedimension

seconddimension{ 2
status mandatory, when

tra jectory = " yes" or phaseportrait = " yes"

This array contains pairs of valueswhich are lower and upper rangesof the
saving area in the state space. This setting have an e®ecton the saving of
¯les trajectory.gra and phase portrait.gra , seeSec.4.1.4.3.

name velocity space saving area
type two{dimensional array
length ¯rst dimension{ the state spacedimension

seconddimension{ 2
status mandatory, when

velocity = " yes" or phaseportrait = " yes"

This array contains pairs of valueswhich are lower and upper rangesof the
saving area in the velocity space. This setting have an e®ecton the saving
of ¯les velocity.gra and phase portrait.gra , seeSec.4.1.4.3.
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4.1.4.3 Saving of tra jectories and velocities

The output ¯les described below contain valuesto the current scansetting
(if present) and to the current time. The time starts after the the number of
transient stepsN tr ans is done. (seeSec.4.1.3). The time stepsareequidistant
or not, dependent on the type of the saving (seeSec.4.1.4).
For dynamical systemsdiscrete in time t is the number of iterations (an
integer value). For dynamical systemscontinuous in time t is calculated as
the number of iterations multiplied with the integration step size (a real
value).

The current tra jectory can be saved using the following option:

name trajectory
type boolean
status mandatory
output ¯le orbit.gra

For the most typesof dynamical systemsthe format of the output ¯le is:

¾¤ t x1 : : : xn

Here ¾¤ meansthe current setting (if any, empty otherwise), t meansthe
time and x1; :::; xn are components of the state vector x.

For spatial inhomogeneousdynamical systemsthe spacialcoordinate is saved
also. In this casethe format of the output ¯le is:

¾¤ t r1 : : : rm x1 : : : xn

with r i the spacial coordinates. At the moment spatial inhomogeneous
dynamical systems are implemented with one spacial coordinate only
(one{dimensionalpartial di®erential equations,seeSec.2.1.4.)
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For hybrid dynamical systemsthe discretestatesare saved after continuous
statesalso. In this casethe format of the output ¯le is:

¾¤ t x1 : : : xn m1 : : : rm

with mi { components of the discretestate vector m (seeSec.2.5.6.2).

The current velocities is de¯ned di®erently for dynamical systemscontinuous
anddiscretein time. For a dynamicalsystemscontinuousin time the velocitiy
is given directly by the systemfunction:

_x(t) = f (x(t); : : : ) =) v(t) = _x(t) (4.5)

For a dynamical systemsdiscrete in time the velocitiy is calsulated as a
di®erencebetweentwo subsequent states:

x(n + 1) = f (x(n); : : : ) =) v(n + 1) = x(n + 1) ¡ x(n) (4.6)

The current velocitiy can be saved using the following option:

name velocity
type boolean
status mandatory
output ¯le orbital velocity.gra

The format of the output ¯le is:

¾¤ t v1 : : : vn

Here ¾¤ meansthe current setting (if any, empty otherwise), t meansthe
time and v1; ::; vn are components of the velocity vector v.
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In somecasesit is moresuitableto savethe current tra jectory and the current
velocity in the sameoutput ¯le. It canbe be doneusingthe following option:

name phase portrait
type boolean
status mandatory
output ¯le phase portrait.gra

The format of the output ¯le is:

¾¤ t x1 : : : xn v1 : : : vn

Here ¾¤ meansthe current setting (if any, empty otherwise), t meansthe
time, x1; :::; xn are the components of the state vector x and v1; ::; vn are the
components of the velocity vector v.
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4.1.4.4 Saving of initial values

The initial statescan be saved using the following option:

name initial states
type boolean
status mandatory
output ¯le initial states.gra

The output ¯le contains onerow for dynamical systemswithout memory, the
time t is hereequal to zero.
For dynamicalsystemswith memorythe time starts with the largestnegative
value (seeSec.2.3), which represents the systemmemory length, and ends
by the time zero. The format of the output ¯le is the sameas the format of
the ¯le trajectory.gra (seeSec.4.1.4.3). In the most casesthis format is:

¾¤ t x1 : : : xn

For spatial inhomogeneousdynamicalsystemsand hybrid dynamicalsystems
seeSec.4.1.4.3.

Note, that the saving of initial statescan be important within a scanrun, if
the option reset initial states from orbit is activated. In this caseonly
the inital state for the ¯rst simulation run is the onegivenin the initialization
¯le. The initial states for further runs will be calculated(seeSec.2.3.6).
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4.1.5 Statistics

Simple statistics, such as

² meanvalue of each state variable

² standard deviation of each state variable

² correlationsbetweenstate variables

can be calculated.
The method is described using the following key:

name statistics
type record
status optional
content is active , Sec.4.1.5.1

meanand standard deviation , Sec.4.1.5.2
average velocity , Sec.4.1.5.3
correlation coefficient , Sec.4.1.5.4

example
statistics = f

is active = " yes",
meanand standard deviation = " yes",
average velocity = " yes",
correlation coefficient = " no",

g

4.1.5.1 Activiation of the metho d

The method is activated using the following key:

name is active
type boolean
status mandatory

The method can be actvated for all typesof dynamical systems.Obviously,
the correlationsbetweenstate variablescan be calculatedonly if the dynam-
ical systemhasmore then onestate variable.
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4.1.5.2 Mean and Standard Deviation

Mean value and standard deviation for each state variable can be calculated
using the following option:

name meanand standard deviation
type boolean
output ¯les mean.gra and standard deviation.gra

The meanvalue for each component of the state vector is de¯ned by

x i =
1
N

X
x i (t) (4.7)

The meanvalueswill be saved in the ¯le mean.gra. The format of this ¯le is:

¾¤ x1 : : : xn

Here ¾¤ meansthe current setting (if any, empty otherwise).

The standard deviation for each component of the state vector is de¯ned by:

&i =

s
1
N

µ X
x2

i ¡
1
N

³ X
x i

´ 2
¶

(4.8)

Thesevaluesare saved in the ¯le standard deviation.gra . The format of
the ¯le is:

¾¤ &1 : : : &n

Here¾¤ meansthe current setting (if any, empty otherwise). &i is the standard
deviation of the component x i .
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4.1.5.3 Av erage Velocit y

The averagevelocity is de¯ned by

vi =
1
N

X
vi (t) (4.9)

Note, that the velocities vi (t) are de¯ned di®erently for dynamical systems
continuousand discretein time (seeSec.2.5.6.2).
The averagevelocity are saved using the following option:

name average velocity
type boolean
output ¯le average velocity.gra

The format of the output ¯le is:

¾¤ v1 : : : vn

Here ¾¤ meansthe current setting (if any, empty otherwise) and vi is the
averagevelocity of the component x i .
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4.1.5.4 Correlation Coe±cien t

The correlation coe±cient betweeni -th and j -th state variables(for dynam-
ical sytemswith more than onestate variable) is de¯ned by:

ai;j =
N

P
x i x j ¡

P
x i

P
x jq ¡

N
P

x2
i ¡ (

P
x i )

2¢¡
N

P
x2

j ¡ (
P

x j )
2¢

Note, that for a dynamical systemwith n state variablesthere are

n2 ¡ n
2

(4.10)

correlation coe±cients. Thesecanbecalculatedaresavedusingthe following
option:

name correlation coefficient
type boolean
output ¯le correlation coefficient.gra

The format of the output ¯le is:

¾¤ a1;2 : : : an¡ 1;n

Here¾¤ meansthe current setting (if any, empty otherwise),and ai;j are the
correlation coe±cients.
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4.1.6 Min and max values

The minimal and maximal valuesfor the i -th component of the state vector
is de¯ned by

xmin
i = min

t ¸ N tr ans
x i (t) (4.11)

xmax
i = max

t ¸ N tr ans
x i (t) (4.12)

(4.13)

Thesevaluescan be calculatedusing the keys

name min maxvalues
type record
status optional
content is active

and

name is active
type boolean
status mandatory
output ¯les min.gra and max.gra

example
min maxvalues = f is active = " yes" g

The format of min.gra is:

¾¤ xmin
1 : : : xmin

n

The format of max.gra is:

¾¤ xmax
1 : : : xmax

n

Here ¾¤ meansthe current setting (if any, empty otherwise), xmax
i is the

maximal value of the component x i , and xmin
i is the minimal one.
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4.1.7 Wave num bers

The wave number for the i -th component of the state vector is de¯ned asthe
averagedratio of the minima in this component. This conceptwasintroduced
in [?] for one{dimensionalmaps:
"With m(n) the number of oscillations, de¯ned asthe number of local minima
in the x vs. n graph, during the ¯rst n iterations, the limit

v = lim
n!1

m(n)
n

(4.14)

de¯nes the wavenumber".
This conceptsis generalizedby AnT for any type dynamical systemswith
an arbitrary state spacedimension. For the i -th component of the state
vector the wave number is calculated based of the local mimima of this
component in the time interval (N tr ans ; N ] with N { number of iterations
and N tr ans number of transient steps. Thesevaluescan be calculated using
the following options:

name wavenumbers
type record
status optional
content is active

and

name is active
type boolean
status mandatory
output ¯le wavenumbers.gra

example
wave numbers = f is active = " yes" g

The format of wavenumbers.gra is:

¾¤ ! 1 : : : ! n

Here ¾¤ meansthe current setting (if any, empty otherwise) and ! i is the
wave numbersof the i -th state variable.
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4.1.8 Saving of PGM pictures

For composite and spatial inhomogeneousdynamical systemthe tra jectories
can be saved as pictures in the portable graymap format. This type of
saving is described using the following option:

name pgmoutput
type record
status optional
content is active , Sec.4.1.8.1

points step , Sec.4.1.8.3
numberof pictures , Sec.4.1.8.2
picture [n], Sec.??

example
points step = 5,

numberof pictures = 2,
picture[0 ] = f

start = 0,
stop = 10

g,
picture[1] = f

start = 10,
stop = 20

g g

4.1.8.1 Activ ation of the metho d

The method is activated for the following key:

name is active
type boolean
status mandatory

The method can be applied for any types of dynamical systems. Nowever
note, that this kind of output is maintained for composite and spatial inho-
mogeneousdynamical systemswith onespatial component.
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4.1.8.2 Num ber of pictures

name numberof pictures
type integer
status mandatory
value > 0

4.1.8.3 Size of the pictures

The width of the pictures (in pixel) depends on the type of the speci¯c
dynamical system.

² In the caseof composite dynamical systemsthe width of the pictures
is given by the number of cells.

² In the caseof spatial inhomogeneousthe width of the pictures is given
by the number spatial grid points.

² For all other dynamical systemsthe width of the pictures is given by
the state spacedimension

The height of the pictures must be de¯ned for each picture separately. Each
picture must be described using the key pictures[ n] . Here n is the index
of the pictures, n = 0::(N ¡ 1):

name pictures[n]
type record
status mandatory for n in [0..N-1] whereN is number of pictures
content start , stop

The recordcorresponding to the i -th picture must contain the start and stop
times t i

star t and t i
stop for each picture. The following keysare to be used:

name start
type integer
status mandatory
value 0 · t i

star t

name stop
type integer
status mandatory
value t i

star t < t i
stop · N , whereN is number of iterations
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Additionally the relation

t i ¡ 1
stop < t i

star t (4.15)

must be ful¯lled, it means,that the pictures can not overlap.

Betweenthe time points t i
star t and t i

stop each n-th can be used. The step n is
herea commonvalue for all pictures:

name points step
type integer
status optional
default value 1

Thus, the height of the i -th picture is given by

t i
stop ¡ t i

star t

n
(4.16)

The gray scalevaluesof the single pictures are calculated by scaling of the
current value of the corresponding state spacecomponent from its minimal
and maximal valueswithin the time window of the picture to the gray scale
values0: : : 255.
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For the description of the PGM format seeUNIX man pages.Herea some
short extract:

The portable graymap format is a lowest commondenominator grayscale file
format.
The format definition is as follows.
A PGMfile consists of a sequence of one or more PGMimages. There are
no data, delimiters, or padding before, after, or between images.
Each PGMimage consists of the following:

- A "magic number" for identifying the file type. A pgm image's magic
number is the two characters "P5".

- Whitespace (blanks, TABs, CRs, LFs).

- A width, formatted as ASCII characters in decimal.

- Whitespace.

- A height, again in ASCII decimal.

- Whitespace.

- The maximumgray value (Maxval), again in ASCII decimal. Must be
less than 65536.

- Newline or other single whitespace character.

- A raster of Width * Height gray values, proceeding through the image
in normal English reading order. Each gray value is a number from
0 through Maxval, with 0 being black and Maxval being white. Each
gray value is represented in pure binary by either 1 or 2 bytes.
If the Maxval is less than 256, it is 1 byte. Otherwise, it is 2
bytes. The most significant byte is first.

- Each gray value is a number proportional to the inten- sity of the
pixel, adjusted by the CIE Rec. 709 gammatransfer function. (That
transfer function specifies a gammanumber of 2.2 and has a linear
section for small intensities). A value of zero is therefore black.
A value of Maxval represents CIE D65 white and the most intense
value in the image and any other image to which the image might be
compared.
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4.2 Perio d analysis

This method implements the calculation of the period for dynamical systems
discrete in time. Bifurcation diagrams and cyclic cobweb diagrams can be
calculatedas well.

4.2.1 Options overview

is active Sec.4.2.2
compareprecision Sec.4.2.3
maxperiod Sec.4.2.3
period Sec.4.2.4.1
cyclic asymptotic set Sec.4.2.4.2
acyclic last state Sec.4.2.4.3
using last points Sec.4.2.4.3
cyclic graphical iteration Sec.4.2.4.4
acyclic graphical iteration Sec.4.2.4.5
period selections Sec.4.2.4.6
periods to select Sec.4.2.4.6

example
period analysis = f

is active = " yes",
period = " yes",
maxperiod = 128,
cyclic asymptotic set = " yes",
acyclic last states = " yes"
cyclic graphical iteration = " yes"
acyclic graphical iteration = " yes"
using last points = 64
period selections = " yes"
periods to select = (2,4,8,16,32,64,128)

g
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4.2.2 Activ ation of the metho d

The method is applicable for dynamical systemsdiscrete in time. For dy-
namical systemscontinuousin time the period can be estimatedeither using
Poincar¶e sections,or frequencyanalysis.
The method is activated using the key is active :

name is active
type boolean
status mandatory

4.2.3 Calculation of the perio d

The period T of the attractor of a dynamical systemdiscretein time will be
found as the smallest integer value ful¯lling

jx(N ) ¡ x(N ¡ T)j < " (4.17)

Here x(N ) is the last iteration state (see numberof iterations ). The
accuracyof the compare" is controlled using the ¯eld

name compareprecision
type real
status optional
values > 0
default 10¡ 8

The search for the period takes place in the time interval [N ¡ T max ; N ],
hencethe value Tmax de¯nes the greatestperiod which is searched for. This
value must be de¯ned using the following key:

name maxperiod
type long
status mandatory
values Tmax · N with N the number of iterations
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4.2.4 Options concerning the output ¯les

4.2.4.1 Perio d

The saving of the period is activated using the following option:

name period
type boolean
status optional
output ¯le period.gra

The format of the output ¯le is

¾¤ T

Here¾¤ meansthe current scansetting (if any present, empty otherwise)and
T is the period. If the period is not found for the current scansetting, the
value 0 will be written.

4.2.4.2 Bifurcations diagram (p erio dic poin ts)

The periodic part of the bifurcations diagram can be saved using the
following key:

name cyclic asymptotic set
type boolean
status optional
output ¯le bif cyclic.gra

The format of the output ¯le is

¾¤ x1 : : : xn

Here¾¤ meansthe current scansetting (if any present, empty otherwise)and
x i are the components of the state vector.
Note, that for a single scan setting the number of lines in the ¯le
bif cyclic.gra is equal to the period T. If the period is not found, no
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lines will be written in this ¯le. If a limit cycle with period T = 4 is found,
four lines will be written, etc.

4.2.4.3 Bifurcations diagram (ap erio dic poin ts)

The aperiodic part of the bifurcations diagram can be saved using the
following key:

name acyclic last states
type boolean
status mandatory
output ¯le bif acyclic.gra

The format of the output ¯le is

¾¤ x1 : : : xn

Here¾¤ meansthe current scansetting (if any present, empty otherwise)and
x i are the components of the state vector.
The number of lines to be written in the ¯le bif cyclic.gra for a single
scansetting must be speci¯ed. It is to be doneusing the following key:

name using last points
type long
status mandatory, when acyclic last states= " yes"
value · N with N number of iterations

Note, that hereonly scanare involved, for which the period was not found.
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4.2.4.4 cyclic graphical iterations

name cyclic graphical iteration
type boolean
status optional
output ¯le graphical iterations cyclic.gra

The format of the output ¯le is

4.2.4.5 acyclic graphical iterations

A requiredinput option, which is mandatory whenacyclic graphical iteration
= " yes" is using last points , seeSec.4.2.4.3

name acyclic graphical iteration
type boolean
status optional
output ¯le graphical iterations acyclic.gra

The format of the output ¯le is
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4.2.4.6 Scan settings leading to a giv en perio d

Scan settings leading to a given period can be saved. This option can be
activated using the following key:

name period selections
type boolean
status optional
output ¯le period selection n.gra with n the period

Additionally , the periods to be found must be speci¯ed:

name periods to select
type one{dimensionalarray
status mandatory, if period selection= " yes"
values positive integers

The format of output ¯les is:

¾¤

Here ¾¤ meansthe current scansetting.
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4.3 Frequency analysis

This method is basedon the calculation of the Fourier transform of the sim-
ulated orbit. For the input data x(t) the complex{valued Fourier transform
f (! ) is calculatedusing the external library for the fast Fourier transforma-
tion libfftw .

4.3.1 Options overview

The following options are implemented for this method:

is active Sec.4.3.2
using variables Sec.4.3.3.1
subtract meanvalue Sec.4.3.3.2
transient Sec.4.3.4.1
points step Sec.4.3.4.2
numberof points Sec.4.3.4.3
frequency step is given Sec.4.3.4.3
frequency step Sec.4.3.4.3
frequency output range Sec.4.3.5.1
neighborhood width Sec.4.3.5.2
frequency weighting Sec.4.3.5.2
real and imaginary parts Sec.4.3.6.1
real part Sec.4.3.6.2
imaginary part Sec.4.3.6.3
power spectrum Sec.4.3.6.4
autocorrelation Sec.4.3.6.5
total power Sec.4.3.6.6
period Sec.4.3.6.7
spectrum oscillation Sec.4.3.6.9
spectrum maxpoints Sec.4.3.6.8
spectrum waving Sec.4.3.6.10
fourier coefficients Sec.4.3.6.11
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example
frequency analysis = f

is active = " yes",
transient = 1000,
points step = 1,
using variables = (0),
subtract meanvalue = " yes",

frequency step is given = " yes",
frequency step = 0.0025,
frequency output range = (0.0, 10.0),

real and imaginary parts ="yes",
power spectrum = " yes",
autocorrelation = " no",
period = " yes"

g

4.3.2 Activ ation of the metho d

The method is applicable for all types of dynamical systemswithout any
restrictions. However, be carefull with somekind of outputs in scan runs,
becausethe ¯les containing the Fourier transform, power spectum, etc., can
becomevery large in this case. Of course,the method can be usedonly in
the case,that the library libfftw is installed on your system.
The method is activated using the key is active :

name is active
type boolean
status mandatory
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4.3.3 Options concerning the input orbit

4.3.3.1 Variables to be used for the transformation

name using variables
type array of integers,each of thesemust be a valid index of a state

variable
status optional
default all variablesare used

This option make it possible,to calculate the Fourier transform for a subset
of all state variables. For this aim, the indexesof the state variables,which
are to be used,must be given here.

example
If a dynamical system with the state vector (x; y; z)T is investigated, and the method

should be applied for the state variables x and z, the appropriate setting is

using variables = (0, 2)

If the method should be applied to the state variable y only, it means

using variables = (1)

4.3.3.2 Making the input data to a pro cess with mean value zero

name subtract meanvalue
type boolean
status mandatory

Beforethe calculation goeson, for each usedstate variable its meanvalue is
substracted.

example
subtract meanvalue = " yes"
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4.3.4 Options concerning the num ber of input states

4.3.4.1 Transien t time

name transient
type non{negative integer
status optional
default 0 (no transient)

Number of statesN tr ans , which are ignoredbeforethe Fourier transformation
goeson. For details about the number of input statesusedfor the calculation
of the Fourier transform seeSec.4.3.4.3.

example
transient = 10000

4.3.4.2 Poin ts step

name points step
type positive integer
status optional
default 1 (each point)

A multiplicativ e factor k for sampling rate for the input orbit. This option
make possibleto usenot each state of the simulated orbit for the calculation
of the Fourier transform, but only each k-th state, with somek > 1. For
detailsabout the number of input stepsusedfor the calculation of the Fourier
transformated seeSec.4.3.4.3.

example
If the integration step sizefor a dynamical systemcontinuous in time is ¢ t = 10¡ 4 and

the input orbit for the calculation of the Fourier transformated should be sampledwith
the time step 10¡ 2, the appropriate setting for this ¯eld is k = 100, it means,that only
each 100-th point will be used.

points step = 100
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4.3.4.3 Frequency step and num ber of input states

The number of the input statesusedfor calculation of the Fourier transform
NF and the frequency step ¢ ! depend on each other. One gets the one
value and the other one is calculated. The switching between this two
variants takesplaceusing the following key:

name frequency step is given
type boolean
status mandatory

In the ¯rst variant (frequency step is given ="yes" ) the required fre-
quencystep ¢ ! must be de¯ned. It can be doneusing the following ¯eld:

name frequency step
type positive real
status mandatory, if frequency step is given ="yes"

In this casethe number of statesfor the calculationof the Fourier transformed
NF is given by

NF =
1

¢ ! k¢ t
(4.18)

Here ¢ t notates the time step, which is given by the integration step size
for dynamical systemscontinuous in time. For dynamical systemsdiscrete
in time the time step is one(¢ t = 1). The multiplicativ e factor k usedhere
is described in Sec.4.3.4.2.

The second variant is to get the number NF explicitely. If
frequency step is given ="no" , it can be done using the following
¯eld:

name numberof points
type positive integer
status mandatory, if frequency step is given ="no"

In this case,the frequencystep ¢ ! is given by

¢ ! =
1

NF k¢ t
(4.19)

180 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



4.3. FREQUENCY ANALYSIS

Note, that the total number of iteration step N (seeSec.2.5.6.2) must be
su±tient for prforming the calculation, it means

N tr ans + kNF < N (4.20)

must be satis¯ed.
Note also, that the frequencyrangesfor which the Fourier transform is cal-
culated, is given by [! min ; ! max ] with

! min = ¡
1

2¢ ! k¢ t
! max =

1
2¢ ! k¢ t

(4.21)

However, becausethe transformed function (it meansthe orbit) is a real{
valued one, the Fourier transform is symmetric:

< (f (! )) = < (f (¡ ! )) (4.22)

= (f (! )) = ¡= (f (¡ ! )) (4.23)

and hencethe power spectum is symmetric also:

P(f (! )) = P(f (¡ ! )) (4.24)

(seeSec.4.3.6.4). For this reasonthe output range for the frequencycan
be restricted to the positive valuesonlywithout any information is lost (see
Sec.4.3.5.1).

example
Let the integration step size for a dynamical system continuous in time be ¢ t = 10¡ 4.

If ¯rst 50000integration stepsshould be ignored, after that only each 10-th state of the
orbit should be used, and the Fourier transform must be calculated with the frequency
step ¢ ! = 0:1, then the appropriate setting is

transient = 50000,
points step = 10,
frequency step is given = " yes"
frequency step = 0.1

In this casethe number of usedstatesNF is 10000and the completenumber of iteration
N must be at least 150000.
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4.3.5 Options concerning input and output

4.3.5.1 Output range for the frequency

name frequency output range
type array of real values
length 2
status optional
default minimal and maximal possiblefrequencies,seeSec.4.3.4.3.

Using this option, the output rangefor the frequencycan be restricted. The
array hasto be of the length two. The ¯rst value is the lower range! out

min , the
secondone is the upper range! out

max . The conditions

! out
min ¸ ! min ! out

max · ! max (4.25)

(seeEq. 4.21) must be satis¯ed.
This option has e®ectto the saving of real, imaginary parts of the Fourier
transform and of power spectrum (seeSec.4.3.6.1, Sec.4.3.6.2, Sec.4.3.6.3,
Sec.4.3.6.4). The corresponding valuesare saved for frequencies! satisfying

! out
min · ! · ! out

max (4.26)

example
frequency output range = (0.0, 20.0)

4.3.5.2 Peak ¯nding

For somecalculation (for instance,for the estimation of the period) onehave
to ¯nd the frequencieŝ! leadingto peaksin the power spectrum. The simple
de¯nition like that the frequency!̂ is a peak frequencyif

(P(!̂ ¡ ¢ ! ) < P(!̂ )) [ (P(!̂ + ¢ ! ) < P(!̂ )) (4.27)

holds, doesnot work well becauseof numerical artefacts.
Instead we usea larger neighborhood to comparethe values,with the width
n given by the following key:

182 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



4.3. FREQUENCY ANALYSIS

name neighborhood width
type integer
value small odd number (5 or 7 seemsto be suitable settings)
status optional
default 5

The peakfrequencyis de¯ned using the weighted comparewithin this neigh-
borhood. The weights

° j with j = ¡
n ¡ 1

2
::

n ¡ 1
2

(4.28)

are given by the followinh ¯eld:

name frequency weighting
type array of real values
length equal to the current setting of the ¯eld neighborhood width
status mandatory, if neighborhood width is given.
default (1.0, 1.0, 1.0, 1.0, 1.0) if neighborhood width is not given

Using theseweights, we de¯ne the peak frequencyby
"

P
¡
!̂ ¡ n¡ 1

2 ¢ !
¢

° ¡ n ¡ 1
2

<
P

¡
!̂ ¡

¡
n¡ 1

2 ¡ 1
¢

¢ !
¢

° ¡ n ¡ 1
2 ¡ 1

#

[

: : :·
P (!̂ ¡ ¢ ! )

° ¡ 1
<

P (!̂ )
°0

¸
[

·
P (!̂ + ¢ ! )

°1
<

P (!̂ )
°0

¸
[ (4.29)

: : :"
P

¡
!̂ + n¡ 1

2 ¢ !
¢

° n ¡ 1
2

<
P

¡
!̂ +

¡
n¡ 1

2 ¡ 1
¢

¢ !
¢

° n ¡ 1
2 ¡ 1

#

Note, that if the weights are not equal, the weight ° 0 should be the largest
one:

° ¡ n ¡ 1
2

· ° ¡ n ¡ 1
2 ¡ 1 · ¢¢¢· ° ¡ 1 · °0 ¸ °1 ¸ ¢¢¢¸ ° n ¡ 1

2 ¡ 1 ¸ ° n ¡ 1
2

(4.30)

example
neighborhood width = 5,
frequency weighting = (1.0, 3.0, 4.0, 3.0, 1.0)
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4.3.6 Options concerning output ¯les

4.3.6.1 Real and imaginary parts of the Fourier transform

name real and imaginary parts
type boolean
status optional
output ¯les real and imaginary parts N .gra , with N - index of the

corresponding state variable

For each usedstate variable (seeSec.4.3.3.1) a ¯le is saved. The format of
the ¯le is:

¾¤ ! < (f (! )) = (f (! ))

Here ¾¤ meansthe current scan setting (if any present, empty otherwise),
! the frequency, < (f (! )) and = (f (! )) the real and imaginary parts of the
Fourier transform.

4.3.6.2 Real part of the Fourier transform

name real part
type boolean
status optional
output ¯les real part N .gra , with N - index of the corresponding state

variable

For each usedstate variable (seeSec.4.3.3.1) a ¯le is saved. The format of
the ¯le is:

¾¤ ! < (f (! ))

Here ¾¤ meansthe current scan setting (if any present, empty otherwise),
! the frequency, < (f (! )) the real part of the Fourier transform.
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4.3.6.3 Imaginary part of the Fourier transform

name imaginary part
type boolean
status optional
output ¯les imaginary part N .gra , with N - index of the corresponding

state variable

For each usedstate variable (seeSec.4.3.3.1) a ¯le is saved. The format of
the ¯le is:

¾¤ ! = (f (! ))

Here ¾¤ meansthe current scan setting (if any present, empty otherwise),
! the frequency, = (f (! )) the imaginary parts of the Fourier transform.

4.3.6.4 Power spectrum

name power spectrum
type boolean
status optional
output ¯les power spectrumN .gra , with N - index of the corresponding

state variable

For each usedstate variable (seeSec.4.3.3.1) a ¯le is saved. The format of
the ¯le is:

¾¤ ! P(! )

Here ¾¤ meansthe current scan setting (if any present, empty otherwise),
! the frequency, and P(! ) the power spectrum, de¯ned by

P(! ) = < 2(! ) + = 2(! ) (4.31)
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4.3.6.5 Auto correlation

name autocorrelation
type boolean
status optional
output ¯les autocorrelation N .gra , with N - index of the correspond-

ing state variable

The autocorrelation for each usedstate variable is calculatedusing the back-
ward Fourier transform.

4.3.6.6 Total power

name total power
type boolean
status optional
output ¯le total power.gra

If n state variablesare used,the total power for the i -th variable (i = 1::n)
is de¯ned by

Pi =
Z ! max

! min

Pi (! )d! (4.32)

Note, that the frequencyrange [! min ; ! max ] is the frequencyrange usedby
the calculation (Eq. 4.21) ant not the output frequencyrange [! out

min ; ! out
max ],

described in Sec.4.3.5.1.
Thus, the format of the output ¯le is

¾¤ P1 : : : Pn

Here¾¤ meansthe current scansetting (if any present, empty otherwise)and
the other n columnscontain the total powers for each variable.
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4.3.6.7 Perio d

name period
type boolean
status optional
output ¯le assumedperiod.gra

The period T is estimatedbasedon the ¯rst peakin the power spectrum cor-
responding to a positive frequency. The calculation take placefor each state
variable, if the peak¯nding is successful,the resultsshouldbe approximative
the same.

¾¤ T1 : : : Tn

Here ¾¤ meansthe current scan setting (if any, empty otherwise) and the
other n columnscontain the periodscalculatedbasedon the power spectrums
for each variable.

4.3.6.8 Spectrum maximal poin ts

The frequenciescorresponding to maxima in the power spectrum can be
saved using the following oprion:

name spectrum maxpoints
type boolean
status mandatory
output ¯le spectrum maxpoints.gra
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4.3.6.9 Spectrum oscillation

The oscillation of the power spectrum is de¯ned as the sum of di®erences
between powers corresponding to subsequent frequenciesin a logarithmic
representation:

oj =
X

(i )

(log Pj (! i ) ¡ logPj (! i ¡ 1)) (4.33)

with Pj the power spectrum of the j -th state variable. The oscillation of the
power spectrum can be calculatedusing the following key:

name spectrum oscillation
type boolean
status mandatory
output ¯le spectrum oscillation.gra

The format of the output ¯le is:

¾¤ o1 : : : on

Here ¾¤ meansthe current scansetting (if any, empty otherwise)and oj are
the oscillations of the power spectrum for each state variable used in the
calculation.
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4.3.6.10 Spectrum waving

The waving of the power spectrum for the j -th state variable is de¯ned by

wj =
1
N

X

(i )

N̂ j
i (4.34)

with N the number of the frequencysamplesand

N̂ j
i =

8
<

:

1 if ! i correspons to a maximum
in the power spectum for the j -th variable

0 otherwise
(4.35)

The waving of the power spectrum can be calculated using the following
key:

name spectrum waving
type boolean
status mandatory
output ¯le spectrum waving.gra

The format of the output ¯le is:

¾¤ w1 : : : wn

Here ¾¤ meansthe current scan setting (if any, empty otherwise) and wj

are the wawings of the power spectrum for each state variable used in the
calculation.
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4.3.6.11 Fourier coe±cien ts

The Fourier coe±cients are calculated applying the Fourier transformation
on the data corresponding to a singleperiod.

name fourier coefficients
type boolean
status mandatory
output ¯le fourier coefficients.gra

The format of the output ¯le is the same as the format of the ¯le
power spectrumN .gra , seeSec.4.3.6.4.

190 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



4.4. SYMBOLIC ANALYSIS

4.4 Symbolic analysis

4.4.1 Options overview

The following options are implemented for this method:

is active Sec.4.4.2
transient Sec.2.5.6.2
symbolic description level Sec.4.4.3.1
symbolic funtion Sec.4.4.3.2
critical points for <L/R> symbolic dynamics Sec.4.4.3.2.1
symbolic sequence Sec.4.4.4.1
symbolic probability exact Sec.4.4.4.2
symbolic entropy exact Sec.4.4.4.3
symbolic probability approximate Sec.4.4.4.4
symbolic entropy approximate Sec.4.4.4.5

example
symbolic analysis = f

is active = " yes",
transient = 0,
symbolic description level = ??,
symbolic function = "using <L/R> symbolic dynamics",
symbolic probabilities = ??,
critical points for <L/R> symbolic dynamics = ??,

symbolic sequence = " yes",
symbolic probability exact = " yes",
symbolic entropy exact = " yes",
symbolic probability approximate = " yes",
symbolic entropy approximate = " yes"

g

4.4.2 Activ ation of the metho d

The method is activated using the key is active :

name is active
type boolean
status mandatory
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4.4.3 Con¯guration of the metho d

4.4.3.1 Symbolic description level

4.4.3.2 T yp e of the symbolic partition

If dealing with symbolic dynamics, the partition of the state spaceis in
generaldependent on the speci¯c dynamical system. However AnTsupports
somegeneral partition types. The choosing of the partition type will be
doneusing the ¯eld symbolic function :

name symbolic function
type string
status mandatory
values seeTable 4.1

setting Reference
" using < L/R> symbolic dynamics" Sec.4.4.3.2.1
" using <+/-> symbolic dynamics" Sec.4.4.3.2.2
" according to hybrid state " Sec.4.4.3.2.3
" using user defined symbolic dynamics" Sec.4.4.3.2.4

Table 4.1: Symbolic partitions, supported by AnT
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4.4.3.2.1 (L=R) symbolic dynamics

This type of the partition is mostly known for one{dimensionalmapson the
interval.

x(n + 1) = f (x(n)) f : I ! I x(0) 2 I I = [A; B ] ½ R (4.36)

In this casethe interval is devidedby a critical point C in two partitions (left
and right parts).

A < C < B I = [A; C) [ [C; B ] (4.37)

Then an orbit can be representes by a symbolic sequences on an alphabet
§ = f L; Rg. The statesfrom the partition [A; C) becomethe ¯rst symbol (L ,
for instance),and the statesfrom [C; B ] { the secondone(R, for instance).

sn =
½

L if x(n) 2 [A; C)
R if x(n) 2 [C; B ]

(4.38)

AnTgeneralizesthis idea for high{dimensional dynamical systems. For in-
stance,for an N {dimensional map

x(n + 1) = f (x(n)) f : ¡ ! ¡ x(0) 2 ¡ (4.39)

¡ = [A1; B1] £ [A2; B2] £ ¢¢¢£ [AN ; BN ] ½ RN (4.40)

each component of the N {dimensional state spaceis devided by a critical
point Ci in two partitions (left and right parts).

A i < Ci < B i i = 1::N (4.41)

As a consequence,the state spaceis devided here in 2N partitions. In this
casefor an orbit a symbolic sequences can be createdon the alphabet

§ N = f ¾1; ¾2; : : : ¾2N g (4.42)

with

¾1 = LL : : : LL

¾2 = LL : : : LR

¾3 = LL : : : RL (4.43)

: : :

¾2N ¡ 1 = LR : : : RR

¾2N = RR : : : RR

date: Ma y 15, 2003
¯le: ReferenceManual_I.tex

193



Chapter 4
Description of the investigation methods

The symbolic sequences will be createdaccordingto the equation

s(n) =

8
>>>>>>>>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>>>>>>>>:

¾1 if (x1(n) 2 [A1; C1)) \ (x2(n) 2 [A2; C2)) \ : : :

(xN ¡ 1(n) 2 [AN ¡ 1; CN ¡ 1)) \ (xN (n) 2 [AN ; CN ))

¾2 if (x1(n) 2 [A1; C1)) \ (x2(n) 2 [A2; C2)) \ : : :

(xN ¡ 1(n) 2 [AN ¡ 1; CN ¡ 1)) \ (xN (n) 2 [CN ; BN ])

¾3 if (x1(n) 2 [A1; C1)) \ (x2(n) 2 [A2; C2)) \ : : :

(xN ¡ 1(n) 2 [CN ¡ 1; BN ¡ 1]) \ (xN (n) 2 [CN ; BN ])
: : :

¾2N ¡ 1 if (x1(n) 2 [A1; C1]) \ (x2(n) 2 [C2; B2]) \ : : :

(xN ¡ 1(n) 2 [CN ¡ 1; BN ¡ 1]) \ (xN (n) 2 [CN ; BN ))

¾2N if (x1(n) 2 [C1; B1]) \ (x2(n) 2 [C2; B2]) \ : : :

(xN ¡ 1(n) 2 [CN ¡ 1; BN ¡ 1]) \ (xN (n) 2 [CN ; BN ])

(4.44)

which generalizethe Eq. (4.45) for the N {dimensional case. Here x i (n)
meansthe i -th component of the state vector x(n).

Therefore, the critical points Ci for each state spacedimension must be
de¯ned:

name critical points for < L/R> symbolic dynamics
type one{dimensionalarray
length state spacedimension
status mandatory, if

symbolicFunction = " using <L/R> symbolic dynamics"

example
For a three{dimensional dynamical system:

symbolic function = " using < L/R> symbolic dynamics",
critical points for < L/R> symbolic dynamics = (0.0, 1.0, 2.0)
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4.4.3.2.2 (+ =¡ ) symbolic dynamics

This type of the partition is also known for one{dimensionalmaps on the
interval (sieheEq. (4.36)). However the interval will be divided in two subin-
tervals in this casenot statically by a ¯xed point C, but dynamically. A
symbolic sequences on an alphabet § = f + ; ¡g will be createdaccordingto

s(n) =
½

+ if x(n) ¸ x(n ¡ 1)
¡ if x(n) < x(n ¡ 1)

(4.45)

This idea is generalizedby AnT on the sameway as the (L=R) symbolic
dynamics.

4.4.3.2.3 Symbolic dynamics based on change of hybrid state

4.4.3.2.4 User de¯ne d symbolic dynamics
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4.4.4 Options concerning output ¯les

4.4.4.1 symbolic sequence

name symbolic sequence
type boolean
status mandatory
output ¯les symbolic sequenc.dat

¾¤ s

Here¾¤ meansthe current scansetting (if any present, empty otherwise)and
s is the periodic sequence.

4.4.4.2 symbolic probabilit y exact

name symbolic probability exact
type boolean
status mandatory
output ¯les symbolic probability exact.gra

4.4.4.3 symbolic entrop y exact

name symbolic entropy exact
type boolean
status mandatory
output ¯les symbolic entropy exact.gra

4.4.4.4 symbolic probabilit y appro ximate

name symbolic probability approximate
type boolean
status mandatory
output ¯les symbolic probability approximate.gra
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4.4.4.5 symbolic entrop y appro ximate

name symbolic entropy approximate
type boolean
status mandatory
output ¯les symbolic entropy approximate.gra
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4.5 Dimensions analysis

4.5.1 Options overview

The following options are implemented for this method:

is active Sec.4.5.2
transient Sec.4.5.3.1
maxlayer Sec.4.5.3.2
partition factor Sec.4.5.3.3
ranges Sec.4.5.3.4
invariant measure Sec.4.5.4.2
metric entropy Sec.4.5.4.3
capacity dimension Sec.4.5.4.4
information dimension Sec.4.5.4.5
correlation dimension Sec.4.5.4.6
measuredeviation Sec.4.5.4.7

example
dimension analysis = f

is active = " yes",
transient = 0,
maxlayer = 10,
partition factor = 2,
ranges = ((0.0, 1.0),(0.0,1.0)),

invariant measure = " yes",
measure deviation = " yes",
metric entropy = " yes",
capacity dimension = " yes",
information dimension = " yes",
correlation dimension = " yes"

g

4.5.2 Activ ation of the metho d

The method is activated using the key is active :
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name is active
type boolean
status mandatory
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4.5.3 Input options

4.5.3.1 Transien t

name transient
type integer
status optional
value < number of iterations
default value 0

4.5.3.2 Max Layer

name maxlayer
type integer
status mandatory

4.5.3.3 Partition Factor

name partition factor
type integer
status mandatory
value ¸ 2

4.5.3.4 Ranges

name ranges
type two dimensionalarray with ¯rst

dimension= state spacedimension
status mandatory

This array contains pairs of valueswhich are lower and upper boundariesfor
each state variable. The minimum (¯rst component) has to be smaller than
maximum (secondcomponent).
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4.5.4 Options concerning output ¯les

One of the following keys is mandatory and has to be " yes" , the others are
optional.

4.5.4.1 Poin ts outside

name outside points
type not an input ¯eld, ¯le is always created
output ¯les outside points.gra

4.5.4.2 invarian t measure

name invariant measure
type boolean
status optional
output ¯les invariant measure.gra

¾¤ x ½(x)

Here ¾¤ meansthe current scansetting (if any present, empty otherwise).

4.5.4.3 metric entrop y

name metric entropy
type boolean
status optional
output ¯les metric entropy.gra

4.5.4.4 capacit y dimension

name capacity dimension
type boolean
status optional
output ¯les capacity dimension.gra
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4.5.4.5 information dimension

name information dimension
type boolean
status optional
output ¯les information dimension.gra

4.5.4.6 correlation dimension

name correlation dimension
type boolean
status optional
output ¯les correlation dimension.gra

4.5.4.7 measure deviation

name measuredeviation
type boolean
status optional
output ¯les measuredeviation.gra
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4.6 Ly apuno v exp onents analysis

The calculation of Lyapunov exponents is implemented basedon the ap-
proatch of Wolf et al. []. There are two variants of the method, the ¯rst one,
basedon the original approach, which use the linearized system function,
and the secondone, basedon the modi¯ed approach, which usethe system
function only. The method usesthe temporal averagedlocal divergencerates
for approximation of Lyapunov exponents.

4.6.1 Options overview

The following options are implemented for this method:

is active Sec.4.6.2
transient Sec.4.6.3.1
numberof exponents Sec.4.6.3.2
epsilon Sec.4.6.3.4
steps between reorthonormalization Sec.4.6.3.5
use linearized system Sec.4.6.3.3
using norm Sec.4.6.3.6
initial deviations Sec.4.6.3.7
integration Sec.2.5.6.2
exponents Sec.4.6.4.1
dimension Sec.4.6.4.2
status Sec.4.6.4.3
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example
lyapunov exponents analysis = f

is active = " yes",
transient = 10000,
numberof exponents = 3,
epsilon = 0.00001,
steps between reorthonormalization = 10,
use linearized system = " no",
using norm = " L2",
initial deviations = " randomvectors ",
integration = f method = " rk44 ", step size = 0.001 g,

exponents = " yes",
dimension = " yes",
status = " yes"

g
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4.6.2 Activ ation of the metho d

The method can be applied for the following systemtypes:

² maps,ODEs, DDEs

² hybrid maps,hybrid ODEs, hybrid DDEs

² CMLs

Note, that the Lyapunov exponents for hybrid systemswill be calculated
basedon the continuoussubspaceof the state spaceonly.
The method is activated using the key is active :

name is active
type boolean
status mandatory
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4.6.3 Con¯guration of the metho d

4.6.3.1 Transien t

The number of iteration steps,which are ignoredbeforethe local divergence
rates will be summed,will be speci¯ed using the following key:

name transient
type integer
status optional
values < number of iterations
default value 0

4.6.3.2 Num ber of Exp onents

The number of exponents to be calculated, will be speci¯ed using the
following key:

name numberof exponents
type integer
status optional
values > 0, · n with n the state spacedimension
default value n

4.6.3.3 Use linearized system

The variant of the method to neusedwill bespeci¯ed usingthe following key:

name use linearized system
type boolean
status mandatory

4.6.3.4 Epsilon

Epsilon is the length of the deviation vectors

name epsilon
type double
status mandatory
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4.6.3.5 Steps between reorthonormalization

The following key de¯nes,how many iteration stepsare madeuntil the next
application of the Gramm{Schmidt orthonormalization procedure:

name steps between reorthonormalization
type integer
status optional
value > 0
default value 1

4.6.3.6 Using vector norm

name using norm
type string
status mandatory
values seeTable 4.2

setting Reference
" L max" Sec.??
" L2" Sec.??
" L0" Sec.??
" Lp" Sec.??

Table 4.2: Vector norms, supported by AnT

4.6.3.7 Initial deviations

name initial deviations
type String
status optional
values " randomvectors " , " basis vectors "
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4.6.4 Options concerning output ¯les

exponents or dimensionhas to be " yes" .

4.6.4.1 ly apuno v exp onents

name exponents
type boolean
status mandatory
output ¯les lyapunov.gra

¾¤ ¸ 1 : : : ¸ n

Here ¾¤ meansthe current scansetting (if any present, empty otherwise)

4.6.4.2 ly apuno v dimension

name dimension
type boolean
status mandatory
output ¯les lyapunov dimension.gra

¾¤ D ¸

Here ¾¤ meansthe current scansetting (if any present, empty otherwise).

4.6.4.3 status

name status
type boolean
status optional, default value is " yes"
output ¯les lyapunov errors.gra

¾¤ h

Here ¾¤ meansthe current scansetting (if any present, empty otherwise).
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4.7 Singular values decomp osition

4.7.1 Options overview

The following options are implemented for this method:

is active Sec.4.7.2
points step Sec.4.7.3.1
using last points Sec.4.7.3.2
eigenvalues Sec.4.7.4.1
eigenvectors Sec.4.7.4.2
covariance matrix Sec.4.7.4.3

example
singular value analysis = f

is active = " yes",
transient = 0,
points step = ??,

eigenvalues = " yes",
eigenvectors = " yes",
covariance matrix = " yes"

g
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4.7.2 Activ ation of the metho d

The method is activated using the key is active :

name is active
type boolean
status mandatory

4.7.3 Input Options

4.7.3.1 Poin ts step

name points step
type integer
status optional
default value 1

4.7.3.2 Using last poin ts

name using last points
type integer
status mandatory
value ¸ points step, · number of iterations
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4.7.4 Options concerning output ¯les

4.7.4.1 eigenvalues

name eigenvalues
type boolean
status mandatory
output ¯les svd eval.gra

4.7.4.2 eigenvectors

name eigenvectors
type boolean
status mandatory
output ¯les svd evec.gra

4.7.4.3 covariance matrix

name covariance matrix
type boolean
status mandatory
output ¯les svd covariance matrix.gra
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4.8 Condition checking

This method perform checks for someconditions and save the time and the
way sincethe start of iteration, as soon as theseconditions are ful¯lled by
¯rst time.

4.8.1 Options overview

The following options are implemented for this method:

is active Sec.4.8.2.1
numberof conditions Sec.4.8.2.2
compareprecision Sec.4.8.2.3
condition [n] Sec.4.8.3

example
check for conditions = f

is active = " yes",
numberof conditions = 1,
compare precision = 0.0001,
condition [0] = f

type = " any fixed point ",
points = ??,
ranges = ??,
center = ??,
radius = ??,

time = " yes",
way = " yes",
setting = " yes"

g
g
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4.8.2 General settings

4.8.2.1 Activ ation of the metho d

The method is activated using the key is active :

name is active
type boolean
status mandatory

4.8.2.2 Num ber of conditions

there has to be at least 1 condition, number of conditions is mandatory

4.8.2.3 Compare precision

optional, default value = 1.0e-8
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4.8.3 Speci¯c conditions items

name condition[n] with n+1 - then number of conditions. The nu-
meration starts with 0.

type record
status mandatory for n = 0::N ¡ 1, with N - number of conditions

The description of each scanitem contains the ¯eld type and ¯elds speci¯c
for a condition of this type.

name type
type string
status mandatory
values seeTable 4.3

setting Reference
" any fixed point " Sec.4.8.3.1
" given points " Sec.4.8.3.2
" leaves rectangle area" Sec.4.8.3.3
" leaves circle area" Sec.4.8.3.4
" stays in rectangle area" Sec.4.8.3.5

Table 4.3: Condition types,supported by AnT

example
check for conditions = f

is active = " yes",
numberof conditions = 2,
compare precision = 0.0001,
condition [0] = f

type = " any fixed point ",
... settings for a check if there is any fixed point ...

g,
condition [1] = f
type = " given points ",
... settings for a check with given points ...

g
g
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4.8.3.1 Check for orbits reaching any ¯xed poin t

Requiredsettings:

type " any fixed point "
time Sec.4.8.3.1.1
way Sec.4.8.3.1.1
setting Sec.4.8.3.1.1
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4.8.3.1.1 Options concerning output ¯les

At least oneof time, way and setting has to be " yes" .

name time
type boolean
status mandatory
output ¯les time until fixed point.gra

¾¤ t

Here ¾¤ meansthe current setting (if any, empty otherwise). For dynamical
systemsdiscrete in time t is the number of iterations until the condition
is ful¯lled (an integer value). For dynamical systemscontinuous in time
t is calculated as the number of iterations until the condition is ful¯lled
multiplied with the integration step size(a real value).

name way
type boolean
status mandatory
output ¯les wayuntil fixed point.gra

¾¤ s

Here¾¤ meansthe current setting (if any, empty otherwise). s describesthe
length of the orbit from the start point to that point, wherethe condition is
ful¯lled for the ¯rst time.

name setting
type boolean
status mandatory
output ¯les setting leading to fixed point.gra

¾¤

Here ¾¤ meansthe current setting (if any, empty otherwise).

216 date: Ma y 15, 2003
¯le: ReferenceManual_I.tex



4.8. CONDITION CHECKING

4.8.3.2 Check for orbits reaching some giv en poin ts

Requiredsettings:

type " given points "
points Sec.4.8.3.2.1
time Sec.4.8.3.2.2
way Sec.4.8.3.2.2
setting Sec.4.8.3.2.2

4.8.3.2.1 Points for the condition

name points
type two{dimensional array
length ¯rst dimension{ arbitrary, > 0

seconddimension{ dimensionof the state space
(siehestate space dimension)

status mandatory

date: Ma y 15, 2003
¯le: ReferenceManual_I.tex

217



Chapter 4
Description of the investigation methods

4.8.3.2.2 Options concerning output ¯les

At least oneof time, way or setting has to be " yes" .

name time
type boolean
status mandatory
output ¯les time until point[index].gra

¾¤ t

Here ¾¤ meansthe current setting (if any, empty otherwise). For dynamical
systemsdiscrete in time t is the number of iterations until the condition
is ful¯lled (an integer value). For dynamical systemscontinuous in time
t is calculated as the number of iterations until the condition is ful¯lled
multiplied with the integration step size(a real value).

name way
type boolean
status mandatory
output ¯les wayuntil point[index].gra

¾¤ s

Here ¾¤ meansthe current setting (if any, empty otherwise).s describesthe
length of the orbit from the start point to that point, wherethe condition is
ful¯lled for the ¯rst time.

name setting
type boolean
status mandatory
output ¯les setting leading to point[index].gra

¾¤

Here ¾¤ meansthe current setting (if any, empty otherwise).
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4.8.3.3 Check for orbits leaving a rectangle area

Requiredsettings:

type " leaves rectangle area"
ranges Sec.4.8.3.3.1
time Sec.4.8.3.3.2
way Sec.4.8.3.3.2
setting Sec.4.8.3.3.2

4.8.3.3.1 Rectangle ar ea

name ranges
type two{dimensional array
length
status mandatory
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4.8.3.3.2 Options concerning output ¯les

At least oneof time, way or setting has to be " yes" .

name time
type boolean
status mandatory
output ¯les time until rectangle area is leaved.gra

¾¤ t

Here ¾¤ meansthe current setting (if any, empty otherwise). For dynamical
systemsdiscrete in time t is the number of iterations until the condition
is ful¯lled (an integer value). For dynamical systemscontinuous in time
t is calculated as the number of iterations until the condition is ful¯lled
multiplied with the integration step size(a real value).

name way
type boolean
status mandatory
output ¯les wayuntil rectangle area is leaved.gra

¾¤ s

Here¾¤ meansthe current setting (if any, empty otherwise). s describesthe
length of the orbit from the start point to that point, wherethe condition is
ful¯lled for the ¯rst time.

name setting
type boolean
status mandatory
output ¯les settings leading from rectangle area.gra

¾¤

Here ¾¤ meansthe current setting (if any, empty otherwise).
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4.8.3.4 Check for orbits leaving a cirle area

Requiredsettings:

type " leaves circle area"
center Sec.4.8.3.4.1
radius Sec.4.8.3.4.1
time Sec.4.8.3.4.2
way Sec.4.8.3.4.2
setting Sec.4.8.3.4.2

4.8.3.4.1 Center and Radius of the cir cle

name center
type array, with n components wheren is state spacedimension
status mandatory
name radius
type double
status mandatory
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4.8.3.4.2 Options concerning output ¯les

At least oneof time, way or setting has to be " yes" .

name time
type boolean
status mandatory
output ¯les time until circle area is leaved.gra

¾¤ t

Here ¾¤ meansthe current setting (if any, empty otherwise). For dynamical
systemsdiscrete in time t is the number of iterations until the condition
is ful¯lled (an integer value). For dynamical systemscontinuous in time
t is calculated as the number of iterations until the condition is ful¯lled
multiplied with the integration step size(a real value).

name way
type boolean
status mandatory
output ¯les wayuntil circle area is leaved.gra

¾¤ s

Here¾¤ meansthe current setting (if any, empty otherwise). s describesthe
length of the orbit from the start point to that point, wherethe condition is
ful¯lled for the ¯rst time.

name setting
type boolean
status mandatory
output ¯les setting leading from circle area.gra

¾¤

Here ¾¤ meansthe current setting (if any, empty otherwise).
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4.8.3.5 Check for orbits staying in a rectangle area

type " stays in rectangle area"
ranges Sec.4.8.3.5.1
way Sec.4.8.3.5.2
setting Sec.4.8.3.5.2

4.8.3.5.1 Rectangle ar ea

name ranges
type two-dimensionalarray
length
status mandatory
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4.8.3.5.2 Options concerning output ¯les

At least oneof way and setting has to be " yes" .

name way
type boolean
status mandatory
output ¯les waywithin rectangle area.gra

¾¤ s

Here¾¤ meansthe current setting (if any, empty otherwise). s describesthe
length of the orbit from the start point to that point, wherethe condition is
ful¯lled for the ¯rst time.

name setting
type boolean
status mandatory
output ¯les settings staying in rectangle area.gra

¾¤

Here ¾¤ meansthe current setting (if any, empty otherwise).
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4.9. REGIONS ANALYSIS

4.9 Regions analysis

4.9.1 Options overview

The following option is implemented for this method:

is active Sec.4.9.2

example
region analysis = f

is active = " yes"
g

4.9.2 Activ ation of the metho d

The method is activated using the key is active and createstwo ¯les:

name is active
type boolean
status mandatory

4.9.3 Output Files

4.9.3.1 region perio d.gra

when is active = " yes" region period.gra is created.

4.9.3.2 perio d ij.tmp

when is active = " yes" period ij.tmp is created.
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