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des algorithmes fractals. Lalibrairie est diuvisée en quatre parties :

Orbitals

La section Orbitals section contient un groupe de modules basés sur des équations récursives et sur larésolution
d' équations différentielles.

IFS

Lasection IFS contient des modules destinés a créer des systémes récursifs linéaires, afin de construire, par ex-
emple, des objets fractals.

M mmds o~



1 Introduction

The Chaos Library consists of aseries of PatchWork modules which may be used to generate and manipul ate nu-
merical values based upon various different models of dynamic and non-linear systems as well as fractals. This
library is divided into four parts:

Orbitals

The Orbitals section of the library contains a group of modules which generate values based upon the iterations
of recursive equations and the resolution of differential equations.

IFS

This section contains modules for creating and manipulating linear recursive systems. This type of system per-
mits the construction of fractal objects and are a generalization of linear transformation in a plane.

Fractus
Three agorithms for generating fractal curves.

Ouitils
Tools for manipulating geometry in two dimensions.

As opposed to other PatchWork libraries, Chaos does not immediately lend itself to amusical application. All of
its constituent modules were conceived in such away as to be as close as possible to the original mathematical
models. It isleft to each composer to decide how the generated material should be"read." Any musical application
of an abstract model must be more than a simple application of the algorithm; rather, it should be areflection on
the relationship between the mathematical model and its musical potential.

It is strongly advised that users of this manual consult the bibliography at the end of this document. It is useful
for familiarization with the concepts underlying the presented model, and also for deepening ones understanding
of these concepts.
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2 Orbitals

This section is made up of agroup of equations for non-linear dynamic systems.

1.1 verhulst

]|SEEI:| ||I-:|ml:n:|c|[ ]ﬁ.S P.BQ |[

Toro | o)
verhul =1 verhul =t

Syntax

(alea::verhulst seed lambda long)

Inputs

Seed whole or floating-point number between zero and one

lambda whole, floating-point number or list of values between zero and three

long whole or floating-point number

Output

list

Generates a sequence of length long based on the logistical equation of Pierre-Francois Verhulst :
yn=xn-1+xn-1* [ambda* (1 - xn-1)

This equation describes population growth.

* lambda is anumber or alist of parameters which define the 'turbulence’ of the generated values;

*» seed isan initial value between zero and one (this value represents the initial population as aratio to the maxi-
mum population);

* long isthe length of the list generated, which is equivalent to the number of iterations.
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The output of this moduleisalist of values for each iteration.

1.2 verhulst2

]|5eed ||I|:|mI:u:|c|[ ]ﬁ.S E.EIEI |[
0| long ||-:|’r. |[ ]| a0 ﬁ.1 |[

verhul 212 verhul =12
Syntax
(alea::verhulst2 seed lambda long dt)
Inputs
Seed whole or floating-point number between zero and one
lambda whole, floating-point number or list of values between zero and three
long whole number greater than or equal to one
dt whole or floating-point number
Output

list

Generates a sequence of length long based on the logistical equation of Pierre-Frangois Verhulst (see verhulst
above).

* lambda is anumber or alist of parameters which define the ‘turbulence’ of the generated values;

* seed isaninitial value between zero and one (this value represents the initial population as a ratio to the maxi-
mum population);

* long isthe length of the list generated, which is equivalent to the number of iterations. This version alows the
manipulation of the parameter of time df;

« dt isavalue of time for the numerical integration in the equations.
The output of this module isalist of values for each iteration.

1.3 kaosn

]|5eed ||I-:|mbdc|[ ]ﬁ.?S E.QQ |[
0| long ”fn? |[ :|| bala) |1 |[

kaosn — kao=sn —
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Syntax
(alea::kaosn seed lambda long fn?)

Inputs
seed whole or floating-point number between zero and one

lambda whole, floating-point number or list of values between zero and four
long whole number greater than or equal to one

fn? whole number greater than or equal to one

Output

list
Generates a sequence of length long based on the logistical equation:

Vo = Xp1 ¥ lambda* (1 - Xx,,.;) where lambda is a number or alist of parameters which define the 'turbulence’ of
the generated values.

*» seed isan initial value between zero and one;

« fnisthe degree of iteration of the logistical equation, if fn = n the sequence calculated will be the function com-
posed of y,= y(Yn.2);

* long isthe length of the list generated, which is equivalent to the number of iterations;

The output of thismoduleisalist of values for each iteration.

1.4 kaosnl
i[zeed |[Tambddy pp.45 .4 |
p{gammafllong [0 p2.9 || 60|
' i —
kun5n1l_| I-;n:u:usr'|1|_|
Syntax

(alea::kaosnl seed lambda gamma long fn?)

Inputs
seed whole or floating-point number between zero and one

lambda whole, floating-point number or list of values between zero and four
gamma whole, floating-point number or list of values between zero and four
long whole number greater than or equal to one

fn? whole number greater than or equal to one
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Output
list
Generates a sequence of length long based on a variation of the logistical equation:

yn =X, * lambda - gamma*x, 12

where

« lambda and gamma are the parameters which define the 'turbulence' of the generated values,
*» seed isan initial value between zero and one;

« long is the length of the list generated, which is equivalent to the number of iterations.

The output of this moduleisalist of values for each iteration.

1.5 bakerl
i[zeed |[int g pfp 9 [ 94
baker1_ baker1_
Syntax
(alear:bakerl seed int)
Inputs
seed whole or floating-point number between zero and one
int whole number greater than or equal to one
Output
list

Baker's transformation (Stretch and fold), for this transformation we consider that the dough has aninitial length
of one. At moment zero agrain of spiceis placed at the coordinate seed. This module allows the position of that
grain to be determined after int number of iterations. The bakers work is, in this case, modeled in such away as
that each iteration corresponds to the complete stretching of the dough to doubleits length and its refolding in a

way that it regainsits original length of one.
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The output of this module is alist of positions (between zero and one) of the hypothetical grain of spice, after
each iteration.

1.6 baker2
pjseed |[int g m
bakerz bakerz
Syntax
(alea:baker2 seed int)
Inputs
seed whole or floating-point number between zero and one
int whole number greater than or equal to one
Output
list

Baker's transformation (Stretch, cut and paste) , for this transformation we consider that the dough has an initial
length of one. At moment zero a grain of spiceis placed at the coordinate seed. This module allows the position
of that grain to be determined after int number of iterations. The bakers work is, in this case, modeled in such a
way asthat each iteration corresponds to the compl ete stretching of the dough to double its length, the cutting of
the dough into two pieces and the superposition of those pieces, as shown in the following illustration:
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The output of this module is alist of positions (between zero and one) of the hypothetical grain of spice, after
each iteration.

1.7 lorentz
n(=initflginit|y pt.0  |[1.0 |
]|zir'|it||-:| |[ ]|1.EI ||1III |[
| [[= [ pEe |[E.67 |
n(dt [[pas  [g pp.02 |00 |
I-:-r*var'ut,z1 In:ur“er'ut,,z1
Syntax

(alealorentz xinit yinit zinit a R ¢ dt pas)
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Inputs

xinit whole or floating-point number
yinit whole or floating-point number
Zinit whole or floating-point number
a whole or floating-point number
R whole or floating-point number
c whole or floating-point number
dt whole or floating-point number
pas whole number greater than or equal to one
Output

List of coordinates in three dimensions.

Lorentz's equation system :

dx=-ax + ay
dy=Rx-y-xz
dz=-cz +xy

These equations give an approximate description of a fluid layer heated from below. The warm fluid which is
below islighter, and thustendsto rise. This creates a convection movement. If thetemperature difference between
the top and bottom is sufficiently large, the convection will be turbulent and irregular. The parameter Ris propor-
tional to the temperature difference, this is referred to as the Reynolds number. The parameter ais the Prandtl
number.

* Xinit, yinit and zinit are the initial coordinates;

* pasisthe number of iterations, or generated points,

* dt isavalue of time for the numerical integration in the equations.

The output of thismoduleisalist of coordinatesin three dimensions :

((xinit yinit zinit) (Xo Yo Zg) (X1 X2 X3) .. (Xn Yn Z1))-

Here is an example patch. Be careful : the library 3Dim-disp must be loaded before opening this patch so as to
give access to the module 3dim, for the three dimensional display.
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= 'lorentz2 |
|:-=:ir'|it||l=|init . =
Eritle |1 B0 [ 7] ].;El[
—
m ll= v p[ _31f[= |
[4t  J[pas ] oz |[ 100
lorentz lorentz
|:] bt f |
bufl_:lfFr*
[ fCxi= Cpw:ix—gppend x "7 3| . J
make—rm—fun — | |’1|f'-"'“:+-||| ist |[
’ mapcar_ E
(e

O the modules make-num-fun and mapcar (Lisp functions) are used here to add the character ’point’ to each
sub-list of coordinates (see the 3Dim-disp library's documentation) to make the display easier to understand.
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1.8 navier-stokes

[ 1=in][=2=Tn]q B[l 1L L
i[:2=in][=d4=Tn]q B[l 1L L

[x5=in|[regn |0 p[i |EE L
n(dt [[pa=s  |q0 ppo.04 |[100 |4

Ry er—z tokes | [nawi er—z tokes

Syntax
(alea::navier-stokes x1-in x2-in x3-in x4-in Xx5-in reyn dt pas)

Inputs
x1-in whole or floating-point number

X2-in whole or floating-point number

x3-in whole or floating-point number

x4-in whole or floating-point number

x5-in whole or floating-point number

reyn whole or floating-point number

dt whole or floating-point number

pas whole number greater than or equal to one
Output

List of coordinatesin five dimensions.

A model obtained by an appropriate truncation to five modes of the Navier-Stokes equations for an incompress-
iblefluid in atorus.

dx1=-2*x1 + 4*x2*x3 + 4*x4* x5
dx2=-9*x2 + 3*x1*x3
dx3=-5*x3 - 7*x1*x2 + reyn
dx4=-5*x4 - x1*x5

dx5= -x5 - 3*x1*x4

* reyn isthe Reynolds number, which has a certain number of interesting behaviorsin function of different values
of reyn. For the different critical values of reyn, the most remarkable point is the stochastic behavior observed
when R1 reyn R2.

With 28.73 R1 29.0 and R2 + = 33.43.
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* X1, X2, X3, x4 et x5 are the initial coordinates

* pasisthe number of iterations, or generated points,

« dt isavalue of time for the numerical integration in the equations.
The output of this moduleisalist of coordinatesin five dimensions:

((Xl-in X2-in X3-in X4-in X5—in) (Xln X2n X3n X4n X5n))-

1.9 stein
I[zeed |[Tambddg pfo 86 1.7 |
[Tona 1]
stein stein
Syntax
(alea:stein seed lambda long)
Inputs
seed whole or floating-point number
lambda whole, floating-point number or list of values
long whole number greater than or equal to one
Output
list

Iterative quadratic equation:

X n+1=lambda* sin(pi* X,,)

* lambda is anumber or alist of parameters which define the ‘turbulence’ of the generated values.
» seed isaninitial value between zero and one;

* long isthe length of the list generated, which is equivalent to the number of iterations.

The output of this moduleisalist of values for each iteration.

O seethearticle: M. Feigenbaum. "Universal Behavior in Nonlinear Systems.”
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1.10 steinl

1[zeed |[Tambdig ]ﬁ.45 E.S |[

Torg | 7]
steinl_ steinl_

Syntax

(alea::steinl seed lambda long)
Inputs
seed whole or floating-point number
lambda whole, floating-point number or list of values
long whole number greater than or equal to one
Output

list

Iterative quadratic equation:

X +1=lambda* x,2* sin(pi* X))

Variation of the equation Xn+1=lambda* sin(pi* Xn).

* lambda is a number or alist of parameters which define the 'turbulence’ of the generated values;
* seed isan initial value between zero and one;

* long isthe length of the list generated, which is equivalent to the number of iterations.

The output of this moduleisalist of valuesfor each iteration.

0 seethearticle: M. Feigenbaum. "Universal Behavior in Nonlinear Systems."

1.11  henon
n{=initflginit|y pf1.0 1.0 |
e b Jept4 P2 o
i[pas_ | 100 |
heton henon
Syntax

(aleachenon xinit yinit a b pas)
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Inputs

xinit whole or floating-point number

yinit whole or floating-point number

a whole or floating-point number closeto 1.4
b whole or floating-point number closeto 0.3
pas whole humber greater than or equal to one
Output

list of coordinatesin two dimensions

This model is asimplified version of the Lorentz dynamic system. It was suggested by the French astronomer
Michel Hénon in 1976.

X = Yo+ 8% +1

Y 1= b X,

witha=14and b=0.3

* Xinit and yinit are theinitial values,

* aand b are the system parameters,

* pasis the number of iterations, or generated points.

The output of thismodule isalist of coordinatesin two dimensions :

((Xinit Yinit ) (XO Yo ) (Xl X2 ) (Xn Yn ))

0 seethearticle: D. Ruelle. "Strange Attractors."
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hénon
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heron

?; n
b ﬂmqtrlx|
uﬁ{fz——fmut—grug
i1 ” 1000 |g
g+ —
|-1|| ist |-1|-:|r*g—D|
fiqﬁ} Equpdr

The module g* to scale the data, thus clarifying the display.

1.12

henon-heilles

:TT“‘HHh
el TR
Ry
I, ey
'“x?% ﬁﬁhﬁh&
Eﬂi n,
b
2 4
- I:_‘_'a : ‘ﬂ
-
— —'""-'.I
- ‘_”_..---"'""-F.-.I
_—l""-'-l J"-
bpf — 0 E
i[=init]ginit]o 0. T .17 o
i[udot |l | plo. 1 [1E
[t [[pas o pjo.0z (100 |
henanjhgilles hennnjhgilles
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Syntax
(alea:henon-heilles xinit yinit ydot e dt pas)

Inputs
xinit whole or floating-point number

yinit whole or floating-point number

ydot whole or floating-point number closeto 1.4

e positive whole or floating-point number less than or equal to 1/6
dt whole or floating-point number

pas whole humber greater than or equal to one

Output

list of coordinatesin four dimensions

This system was originally introduced as a simplified model of the individual movement of a star within a grav-
itationa field:

2
diz = —X—2Xxy
dt

2
diz = _y+y2_)(2
dt
where

x and y are the star’ s coordinates,
E isthe total energy of the system,
12, 2 2 23,1 .2 2
E=Sp+y +2Xxy—-zy 5+ 5(dx" +d
SEX YT+ 2y =5y H S(dx” +dy”)
The maximum permitted value for E is 1/6.
* Xinit, yinit and ydot are the initial values,
* Eisthe value of the total energy;
« dt isavalue of time for the numerical integration in the equations;
* pas is the number of iterations, or generated points.
The output of thismoduleisalist of coordinatesin four dimensions:

((Xinit Yinit Xdot ydot) (XO Yo Xdoto Ydoto ) (Xl X2 Xdot1 ydotz) (Xn Yn Xdotn ydotn))-
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O SeeR. Bidlack, "Chaotic Systems as Simple (but Complex) compositional Algorithms." et R. Helleman, " Self-
Generated Chaotic Behavior in Nonlinear Mechanics.”

Here is an example where the output list was formatted to construct the various phase-planes :
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henon-heilles
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]E.1 |E1 |[

| I R

7071000
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1.13 torus

[iinit|[tinit|q p[f.0 [[1.0 g
13 [[Pas |0 :||1.IIIT-'5—||1EIEI L
torus — torus —

Syntax

(aleaitorusiinit tinit k pas)

Inputs

iinit whole or floating-point number modulo 2* pi

tinit whole or floating-point number modulo 2* pi

k whole or floating-point number

pas whole number greater than or equal to one

Output

list of coordinatesin two dimensions

This equation system is derived from amodel of a pendulum submitted to periodic perturbations :
=1, +K*sinT,

Th1=Tht+ln

where

* kis a parameter of perturbation;

* | and T are the variables of the phase-space in modulo 2* pi between 0 and 2* pi;

« init and tinit aretheinitial valuesk isthe parameter of perturbation pasisthe number of iterations, or generated
points.

The output of thismoduleisalist of coordinatesin two dimensions :
((inittinit) (I To) (1L T) . (1, TR ))-

O SeeR. Bidlack, "Chaotic Systems as Simple (but Complex) compositional Algorithms."
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torus

[}
[]

1.14 rossler

’|_|':‘”':f b[T2_ ][ 000 ]
buf fer g+ —
l-l_‘lmutr*iﬂ
m-:l}-tr‘-ﬂ!
|-1|Ii5t E [ |-1|ist |1 l
posh-match posh—match
[] tlistl |u|.-"bp:|[]
L
™ 2
Lo e
T o
L v i
- L
S
EFF3 — Bl |
[}

[init|lginit|d pj1.0 ][1.0 |g

i[zinit|la [ plt-0 |P.2 o
E = NP2 JF7
[t [[pas g pp.02 (100 |
PDEEIEiJ:I r*ngsle'ﬂl

Syntax

(alea:rosseregxyzabc)

Inputs

xinit whole or floating-point number

yinit whole or floating-point number
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Zinit whole or floating-point number

a whole or floating-point number

b whole or floating-point number

c whole or floating-point number

dt whole or floating-point number

pas whole number greater than or equal to one
Output

list of coordinatesin three dimensions

The Rossler equation system is an artificial system which was created solely to be asimple model for studying a
strange attractor. The following are the systems equations :

gdlt( = X +ay
ax _ B
a—b+xz cz

* Xinit, yinit and zinit are theinitial coordinates;

* pasis the number of iterations, or generated points,

* 4, b and c are the system parameters;

« dt isavalue of time for the numerical integration in the equations.

The output of thismoduleisalist of coordinatesin three dimensions :
((xinit yinit zinit) (Xg Yo Zg) (X1 X2 X3) ... (X, Yn Z1)

0 SeeO. Rosdler, "An equation for Continuous Chaos."

Here is an example patch.

O Thelibrary 3Dim-disp must be loaded before opening this patch so as to give access to the module 3dim, for
the three dimensional display.
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tRossler gggl

T
[

ross|ar r'“n:|55leir;|
[] bt f
0
Euffer
e fxi= Cpw:x—gppend = ") )| |ar-g-0][arg-1 |[J
mak.e—rium—fun = |Vm-:||:u:-:|r*|_I E

=

0 The modules make-num-fun and mapcar (Lisp functions) are used here to add the character *point’ to each
sub-list of coordinates (see the 3Dim-disp library's documentation) to make the display easier to understand.
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1.15 ginger

n(=init]lginit{g plt.o  |[1.0 g
o | |

ginger_ ginger_
Syntax
(alea:ginger xinit yinit cr pas)
Inputs
xinit whole or floating-point number
yinit whole or floating-point number
cr whole or floating-point number between zero and one
pas whole number greater than or equal to one
Output

list of coordinatesin two dimensions
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Iterative equation system :
Xnrr=1-Yp- cr*(abs X)
Yn+1 = Xn

where

* xinit and yinit are the initial values cr is a control parameter between zero and one, and pas is the number of

iterations, or generated points. The output of this moduleisalist of coordinatesin two dimensions :
((xinityinit) (Xo Yo) (X1 X2) - (Xn Yn))

=[] 'ginger mE
|
E s | AT i i 1]
: Linit—1.55 [ 1
init
ginger_ glnger__
]|m-:.|tr*ij
na=trg) |-1 bu:f | [T17 |00
buffer ¥ o
|i]||1‘?‘ |
g—rou E
|-]|Iist | |-]|Ii5t |
fir';_ls|t d r]|+_|i5t| ul.-'l:-p][ second |
T
oy T TS
BPE 1S E
-k “ |Ej
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1.16 ginger2

[=init]lginit|g p[1.0 1.0 g
pjcrin [lerend|n pio.g  |2.99 g

[pos ] [ 550 |

gingerd gingerd

Syntax
(alea:ginger2 xinit yinit crin crend pas)

Inputs

xinit whole or floating-point number

yinit whole or floating-point number

crin whole or floating-point number between zero and one
crend whole or floating-point number between zero and one
pas whole number greater than or equal to one

Output

list of coordinatesin two dimensions

Iterative equation system :

X1 =1-Y,-cr*(absx)

Y i1 = Xn

with an evolving control parameter cr where :

* Xinit and yinit are theinitial values,

e crinisaninitial control parameter between zero and one;

» crend isafina control parameter between zero and one. As the evolution of the system is calculated, the value
for the control parameter cr will be interpolated between crin and crend,;

* pasisthe number of iterations, or generated points.
The output of this moduleisalist of coordinatesin two dimensions :

((xinig yinit) (Xo Yo) (X1 X2) ... (Xn Yn))
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3 IFS

The functionsin IFS are systems of iterative linear equations.
If W isan iterative system where :

each equation w isin the following form :

w(x,y)=(ax+by+e,cx+dy+f)

It is possible to represent these equationsin amatrix form:

XO @ b0 xO [ed

"BAR off B HEARE"

where ‘t' is the translation matrix of the points ‘x’ and ‘y’, and ‘A’ the rotation and contraction matrix of the
space. The matrix ‘A’ may be visualized in a polar form, which would clarify the incidence of each one of its
components where :

ou:

_mlcos@l -r2c0s62[]
“Hisim1l r2sig2{

rl and r2 are the contraction factors of the x and y axes, respectively. ql and g2 are the angular offsets for the x
and y axes, also respectively.

The application of afunction w (asingleiteration) on an object, for example a square, will produce the following
effect:
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2
X*rl
y*r2

01

f+y0
w
|
e+ x0

A system will normally be the result of two or more equations applied together to a given object :

W N
N

w2 | A /

w3
The repeated application of this group of equations will often converge toward particul ar attractors :
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DDD
E%Dulil w >
DDD DDD
I A I
[ b B R T
2.1 ifs-lib
i(data || ppyerp || plfern || plontor |
ifs=lib | |ifszlib | |ifs=lib | |ifs=lib |
Syntax
(aleaifs-lib data)
Inputs
data scrolling menu options
Output

list of datato be connected to the input data of the ifsx module

Library of datafor use with the module IFSx The input of thismodule is alist of menu options which allow the
user to select aparticular model of linear transformation. The output of this moduleisalist containing seven sub-
lists. It should be noted that each transformation is composed of two matrices
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A= |2 by ett=|%  andoneassociated probability p1
cy dy fq

where A is a space transformation and t is atrandation.

The output list corresponds to seven groups of data :

(v a...a) (bybybs...b) (c;c5¢5...¢) (dy Ay ds ... d)
(e1665...€) (frfafs... f) (PL P2 Ps - PW)),

where ‘n’ isthe number of transformation which make up the system.
The moduleifs-lib offers 19 basic models, each with its own attractor:

syerpinsky (called syerp) tree0 fern

[ 10][100 ]d i 0100

T FEFEF

N

A

ka -

I"LFIF B

i

L

BFFZ _ o E BFFZ _ o E
dragon (called drag) cantor twig

:|| 1D|1DD |[ :|| 1D||1DD [ :|| 1|:||1|:u:| |[
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cristal fernl treel

; [ 1000

]| 10 | 100 |[ 1

m

EFFZ o E BFFZ o o

castle cloud frnsgr

jewd jewel2 frntrev

]| 1 ||1IIIIII |[
— — | 1][100 |d
i-- L

Sty

B “'!'r"
X, -

RRPF2 - =]

36 - PatchWork - Chaos



fern2 plantl plant2 mountain

o[ T][eo Q¢ [ IO [9 b Tjpee 4 p[_ T][99 |d
) . =:_"‘:T_ i i
"lh..,_\i'." I;.,.l'\l.;‘i.. q Ll‘r_l._-..
e ek,
T I
! |
BFFZ _ o B BFFZ _ o B EFF= o B

Severa models among the ones shown here have been conceived by Mikael Laurson. To construct the linear
transformations, it is strongly advised to use the modules make-w, make3-w and app-w-trans. The configura-
tion used to make the figures shown above is the following :

S[=——oa=x= 'PIII E—EEI

]|’r_wig |
ifs=1jb |

—

:|Ii5t| |~:|Ii5t|
firzt | second |

o —
-
=
e
E
| T
o
. |7
—

using asinitial datathe default value ((1 1)).
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2.2 iIfsx

i[data |[int=s |f plct 23] 2 |n
i(objet|lefact|d plcc1 {100 g
(ffact|mode | pl100  [deter |
ifswm ifsx

Syntax
(aleaifsx data ints objet efact ffact mode)

Inputs

data list with seven sub-lists (see theifs-lib module)

ints whole number greater than or equal to one

objet list of lists, or a BPF object
patch-work::c-break-point-function

efact whole or floating-point number

ffact whole or floating-point number

mode menu options

Output

list of coordinatesin two dimensions of the transformed object
* objet isalist of lists containing the coordinates of an object (afigure) or a BPF with a geometric object;
e intsis the number of desired iterations;

» dataisalist of lists containing the data for the linear transformations. To this input it is possible to connect
either amoduleifs-lib, or amodule make-w (which allows the user to construct personalized linear transforma-
tions), or amodule make3-w (which isthe equivalent of three make-w modules) or amodule app-W-trans (used
to group multiple make-w modules,

« efact isamultiplicative factor for the horizontal trandation;
« ffact isamultiplicative factor for the vertical trandation;

» modeisinfact alist of menu options which allow the user to chose the way in which the module will function:
either deterministicly or probalisticly .
The output of this moduleisalist of coordinatesin two dimensions of the transformed object:

( (X0 Yo) (X1 X2) - (Xn Yn))-
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ifsH-2

4
i |

Isuerp
ifs—Lib |

El

|data

1
1
BFF17 __ o B .

| 30
[0 1g

—
n
=

Bk

0(matei

mat=1tr

;

—

]|Ii5t E “ ]|Ii5t “ h
posn-match posh—match
[”tli5t| |u|fb;;]
e e I LW

2.3 app-w-trans
iqpq:'u Ei [T 20| pfet 2¥T 20 piT 2Y]RT 2]
app=y E qpp—wjirGHS E| gt 2)|
app-uw-irans E
Syntax

(alea::app-w-trans &rest list)
Inputs
list

Output

list of lists (the output of a make-w modul€)

list of lists (parameters to be connected to the input data of the ifsx module)
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This module is used to group together two or more make-w modules to construct a system of linear
transformation® :

[[Ee———= '‘make-Wll ———"——=7|

e
m
] L]
1]
il

m
m
M
I
o
m
El
a

tri

mat—=1tr

;

—

p[1ist |f It [17=t [ I

posn—match posh-match

|~:|_+.‘Ii5t| |u|.-“|:-ﬂj[

EFF3 — o B

O when first placed in apatch window thismoduleis'closed' the needed number of inputs must then be ‘opened'.

1. Inthis example, a BPF module has been used to introduce a figure which will be transformed by the system
formed by the gathering of the three make-w modules.
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2.4 make-w

1 (S | EEO | CA | EC |y |i It
:||+.e+.1 ||te+.2 |[ :||te’r.1 ||tet2 |[ :|| 39 | 56 |[
e [ lgpl= ([f Jopl =00 =S|
] |approf|prob |f pe ”55 |[
mqke—u;_' E rn-:uke—u.;_| E mqke—u.;_| E

Syntax
(alea::make-w r stetl tet2 e f approx &optional prob)

Inputs
r whole or floating-point number

S whole or floating-point number

tetl whole or floating-point number

tet2 whole or floating-point number

e whole or floating-point number

f whole or floating-point number

approx whole number greater than or equal to zero

& optional

prob floating-point number between zero and one (a probability)
Output

list of lists (parameters to be connected to the input data of the ifsx module)

Constructs a matrix for alinear transformation.

* r isthe coefficient of contraction for the x axis;

* sisthe coefficient of contraction for they axis;

* tetl isthe angular offset for the x axis;

* tet2 isthe angular offset for they axis;

* eisthe horizontal trandlation;

« f isthe vertical trandation;

* prob is aprobability effecting the linear transformation in the case of a stochastic system transformation;
* approx is the number of decimal places to beincluded in the output data (in the matrix).

Note that each transformation is composed of two matrices:
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and an associated probability pl
where A is a space transformation and t is a translation.
It is possible to rewrite the matrix A asfollows:

A= & by _ |rQcostetl) —s I sintet2)
c, dy r [{sintetl) s[{costet2)

wherer and s are the contraction factors of the x and y axes, respectively. tetl and tet2 are the angular offsets for
the x and y axes, aso respectively (See the introduction to this chapter).

This module may be used singly or in combination (see app-w-trans).

42 - PatchWork - Chaos



S[J=——— "ifsu-figure ———=015

110 | 100 |[
[]ldutu ” 1 |[
BFFS_ ., o o] [plRi=t]O0 g
:||1IIII:I ”EIeter* |
if=x —
I:]|m|:|tr'~i2|
mu}—tr*ﬂ!
|_]|| Tt |E |[ |-] list ”1 |[
past-match posh—match
|i]|tl i5t| ul.-"bpj[]
BFFG — @ B
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2.5 make3-w

T e O [
([tetiD][tet20]q p[tetiD][tetZ0]q pp [P L
ple0 [0 g ple@  J[f0 0 pp [P It
o | o | |
p[tet1i][tetz1]g pltetif][tetZ1]] pp [P L
il [f1 o plet q[fT 0 pp [P |t
e | e ——
p[tet1Z][tet22]y p[tet1Z]|[tet22]g pp [ L
=2 |[f2 o0 p[=2  |[f2 |0 pp [P L
:| i[appro][prob 1]d i EEERL
mak.e3-u E| p[prob2][prob2]q plo.33 033 |

make3—w E| |maked-w E

Syntax

(alea::make3-w rOs0tet10tet20 e0fOrl sl tetll tet2] el f1r2 s2 tet12 tet22 e2 f2 approx & optional probl prob2
prob3)

Inputs
ro whole or floating-point number (pour latransformation 1)
sO whole or floating-point number (pour la transformation 1)
tet10 angle in degrees (for transformation 1)

tet20 anglein degrees (for transformation 1)

el whole or floating-point number (for transformation 1)

fo whole or floating-point number (for transformation 1)

ril whole or floating-point number (for transformation 2)

s1 whole or floating-point number (for transformation 2)
tetll angle in degrees (for transformation 2)

tet21 anglein degrees (for transformation 2)

el whole or floating-point number (for transformation 2)

f1 whole or floating-point number (for transformation 2)

r2 whole or floating-point number (for transformation 3)

s2 whole or floating-point number (for transformation 3)
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tetl2 angle in degrees (for transformation 3)

tet2 2 angle in degrees (for transformation 3)

e2 whole or floating-point number (for transformation 3)

f2 whole or floating-point number (for transformation 3)

approx whole humber greater than or equal to zero

& optional

probl floating-point number between zero and one (a probability for transformation 1)
prob2 floating-point number between zero and one (a probability for transformation 2)
prob3 floating-point number between zero and one (a probability for transformation 3)
Output

list of lists (parameters to be connected to the input data of the ifsx module)

Constructs a matrix for a system of three linear transformations, where;

* r isthe coefficient of contraction for the x axis;

* sisthe coefficient of contraction for they axis;

* tetl isthe angular offset for the x axis;

* tet2 isthe angular offset for the y axis;

* en isthe horizontal trandation;

 fnisthe vertica trandation;

* prob is aprobability effecting the linear transformation in the case of a stochastic system transformation;
* approx is the number of decimal places to beincluded in the output data (in the matrix).

Note that each transformation is composed of two matrices

and an associated probability pl
where A is a space transformation and t is atrandation.
It is possible to rewrite the matrix A asfollows:

A= & by _ |rQcostetl) —s[{sintet2)
cy dy r sintetl) s[{costet2)
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wherer and s are the contraction factors of the x and y axes, respectively. tetl and tet2 are the angular offsets for
the x and y axes, also respectively.

BFFZ0 _ o, B

—

EFF 19

=] ‘make3-1l |

Y RN [ ECI T N EP [P

| tet10](tet20]g 120 |0 L

(=0 [[f0 [0 pp=0 (R L

]|tet11||te+.21|[ ]FI ”:l |[

J IS | AN | = N I |

i[tet1Z][tet2Z]] 0 [P i [matr i

pj=2  [[f2 | 10 o | |[mat=trgy

= e || L

make3-w E e |p o= i [Tist | | L[fist ][ |1
make3-w E pu:usn—rrlglq.ch posn—match

o {1991 [1|n:|-:|+.n:| T Zd |-]|tlis+.| |u|,."bp:|[]
—EE
ifsx

[
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4 Fractus

This section contains three algorithms for the construction of fractal curves.

3.1 midpointl

]|Ii5te||niuem|[ ]|'i1 23'” 2|[
lpre—x|pre-dlg pf  4f[ 3|
midpoint 1 midpoint i

Syntax
(aleamidpointl listl niveaux prc-x prc-y)

Inputs
listl list of lists, or a BPF objet

niveaux whole number greater than or equal to one
prc-x whole or floating-point number

prc-y whole or floating-point number

Output

list of coordinatesin two dimensions

Constructs alist of points with their x and y locations based on the algorithm of movement of the mean.

e listlisalist of lists, where each sub-list isapair of values indicating the coordinates of fixed points; listl may
also be a BPF, in this case the coordinates of the points will be extracted and used as data;

* niveaux is awhole number which indicates the depth of the transformation of list1;
* prc-X is the percentage of random perturbation of the 'x' values;
* prc-y isthe percentage of random perturbation of the'y' values.
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In this version the perturbation is based on a uniform distribution.
The output of this moduleisalist of coordinatesin two dimensions of listl transformed : ( (X, Vo) (X1 X2 ) ... (X,

Yn)):
Below is an example of the application of this algorithm on a curve contained within a BPF module::

S[=—————-——=— '"midpointl | Sa0—"——=[1|

n(10 100 I
|_| |Ii5te| 4 |Ii5+.e||r1iueu:|i|
|1 |E4 | ||:-r~|:—:-=: ”prﬂc—g
midpaint 1 midpoitt i
[]|I:-uff
Q T
BFFZZ _ o B but fer i[matriy
= =S by
|~]|Ii5t | |~]Ii5t
first | second |
|:] tl i5t| M[]
EFFZ1 — 0 Bl
ol

3.2 midpoint2

]|Ii5te||r'|iue-:u.|[ :||(1 23'” 2|[
Ero]iealy (L3]Sl
midpointZ midpointz

Syntax
(aleamidpoint2 list1 niveaux sig-x sig-y)
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Inputs

listl list of lists, or a BPF object

niveaux whole humber greater than or equal to one
Sig-x whole or floating-point number

sig-y whole or floating-point number

Output

list of coordinatesin two dimensions

Constructs alist of points with their x and y locations based on the algorithm of movement of the mean.

e listlisalist of lists, where each sub-list isa pair of values indicating the coordinates of fixed points; listl may
also be a BPF, in this case the coordinates of the points will be extracted and used as data;

* niveaux is awhole number which indicates the depth of the transformation of list1;

* sig-x is the parameter of dispersion for the gaussian variation introduced into the 'x' values;

* Sig-y isthe parameter of dispersion for the gaussian variation introduced into the''y' values.

In this version the perturbation is based on a uniform distribution.

The output of thismoduleisalist of coordinates in two dimensions of listl transformed : ( (X, Vo) (X1 X5 ) ... (X,

Yn))-

Below is an example of the application of this algorithm on a curve contained within a BPF module :
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3.3

= ‘midpoint12 HIE
]|1|3_||&|[ |I i5te|ﬁ | || iste |r'|iue-:li|
L 4] |9 p[sia—x][sig-u]
midpoints midpoint2
[]|I:-uff
0
EFFZd _ o bufipr
|-] rnu:ltr*ij
mq}—trﬂl
|-]|Ii5’r. |-]||i5t |
first | second |
|:]|’r.lis’r.| |u|.-"l:u|:-j[]
EFFZ3 o B @
= ]
fract-genl
i(obj 1 |[int  |g plobj 1 [[int  [q plc1 23] |t
fract-genl E ]|-:-bj2 | ]El
fract-genl E

Syntax

(alea::fract-genl objl int &optional obj2)

Inputs
obj1 list of lists, or a BPF object
int whole number greater than or equal to one

frrac t—;ﬁn 1 E
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& optional
ohj2 list of lists, or a BPF object

Output
list of coordinatesin two dimensions

Generates the coordinates of points on afractal curve, based on graphical data.
* 0bj1 isthe pairs of coordinates or a BPF;

* int isthe number of iterations;

* 0bj2 isthe pairs of coordinates or a BPF.

The fract-gen1 module applies the figure, or object, defined by obj1 onto itself or onto a second object, obj2, if
that optional input has been opened.

The output of thismoduleisalist of coordinatesin two dimensions :

((XoYo) (X1 X2) - (X4 Y ))-
Below is an example of the application of this algorithm on a curve contained within a BPF module :
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S[[=— fract-genl =01
00004

]|-:-I:-_i 1 | 2 |[

frac t—rggn 1 E

BFFZ6 _ o B |:] mutr‘ij
mq}—trﬂl

LlﬁlLlr Lmv_h

posn—match posn—match

[]|tli5t| |u|.-"t-|:|j[]

Open ’'plus for
more information
M AN AN AN

EFFZ9 o E

—
uurir "plus" pour en ——
avoir plus—-=:»r> |_

The following example shows the application of the input curve in the window obj1 on theinput curvein
the window obj2 :
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5 Outils (Tools)

This section contains certain tools for manipulating geometry in a plane.

4.1 paires

Bt ]| 0]
paires d |paires d

Syntax
(alea::paires bpf)
Inputs
bpf amulti-BPF module
Output
the coordinates of the points within amulti-BPF

Outputs alist of the coordinates of the points within amulti-BPF :
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paires =]
I 10 ||1IIIIII I

Y

BFF1 __

paires |
Evaluating the patch below will produce the following result :

? PW>((10 81) (15 71) (16 93) (29 4) (34 2) (34 13) (37 10) (40 17) (41 48)
(52 49) (62 84) (67 38) (75 48))

[T}
[]

4.2 distance

e Jue Qo pP [ Bl
N TR | | =
distanoe distanoe

Syntax

(alea::distance xo yo x1 y1)

Inputs

X0 whole or floating-point number

yo whole or floating-point number

x1 whole or floating-point number

yl whole or floating-point number

Output

the distance between xo yo and x1 y1

Calculates the Euclidean distance between two pointsin the same plane at coordinates xo yo and x1 y1 .
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y1l
> di st ar
yo
X0 x1
4.3 angle
o Jlue  jopl  S][  3]d
X | L A I =
angle — angle —
Syntax
(aleazangle xo yo x1 y1)
Inputs
X0 whole or floating-point number
yo whole or floating-point number
x1 whole or floating-point number
yl whole or floating-point number
Output

anglein radians

Calculates the angle in radians in the plane formed from the line segment made by two points at coordinates (xo
yo) and (x1 y1) and the x-axis.
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yl angl ¢

yo

X0 x1
4.4 rad-deg
i[radi || pE. 1415 |
rad-:deg | [rad-:deg |
Syntax
(alea::rad-deg radi)
Inputs
radi whole or floating-point number (anglein radians)
Output

angle in degrees

Converts radians into degrees.

4.5 deg-rad

[0 %0 ]
deg-irad | |deg—irad
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Syntax
(alea::deg-rad deg)
Inputs

deg whole or floating-point number (anglein degrees)

Output
anglein radians

Converts degreesinto radians

4.6 choixaux

n[vectpd[Tistallg pfo [[1 23]
n:hn:-ixqu:;: n:hn:uixqu:i{

Syntax
(alea:choixaux vectprob listobjets)

Inputs
vectprob list
listobjets  list
Output

an object (element of listobjets)

This module makes a choice between multiple alternatives (listobjets) based on a probability vector vectprob.
Example:

Evaluating the module choiaux will output one of the elementsin thelist connected to theinput listobjetsin func-
tion of the list of probabilities (probability vector) connected to the input vectprob.
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