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Résumeé

Lalibrairie Alea pour PatchwWork regroupe un grand nombre de fonctions destinées a la génération de nombres
selon des procédures adaptées de modél es stochastiques.

Les fonctions sont classées en quatre catégories :
Distributions
Sequences
Random walks
Tools

Le lecteur peut, s besoin est, se reporter aux ouvrages figurant dans la bibliographie.
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Introduction

The Alealibrary consists of a series of PatchWork modules to generate numbers according to several stochastic
models. Thelibrary is divided into four parts:

Distributions
Sequences
Random walks
Tools

Most of these modul e boxes have been designed to remain very close to the basic mathematical models, since dll
musical applications generate a series of constraints that could jeopardize the coherency between the model and
its practical use.

All probability distribution models are validated by The Law of Large Numbers. This means that we cannot really
be sure that a series of algorithmically-generated numbers follows a specific probability distribution if this series
is not long enough, or not infinite. Another problem is the lack of boundaries in several of these models. Users
may need to constrain the model with specific boundaries.

From these considerations one may understand that any kind of constraint—number of elements, scales, bounda-
ries, etc.—could contradict the intent of the underlying stochastic model. Therefore, users should make their own
choices and set their constraints according to their needs and priorities.

It is advised to consult the books by Ames (1991), Dodge (1985), and Lorrain (1980) if you want to learn about
the models presented herein.
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Distributions

Distributions modul es generate numbers according to a specific function distribution. Each of these modules only
generates one value at atime. In order to generate a series of values, that is, alist, one can link these modulesto
amodule called pwrepeat:

purepeadgt

Some bounded distributions have scaling parameters in order to stretch, compress, and shift the resulting spec-
trum. These parameters are;

alpha (scaefactor)
given the generating interval
inter = upper boundary - lower boundary
new interval = inter * alpha
therefore,
alpha<1: interval compressed
alpha > 1: interval stretched
beta (shift factor)
Interval transformation
from upper boundary .....lower boundary
to

upper boundary+beta .....lowerboundary+beta
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ran Generates pseudorandom number [0, 1]

inclusive
Syntax
(alea:ran)
Inputs
none
Output
float

Generates avariable x uniformly distributed, such as0 =< x=<1.
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ran01 Generates pseudorandom number [0, 1]

exclusive
Syntax
(dlea:ran01)
Inputs
none
Output
float

Generates a variable x uniformly distributed, such that 0 <x < 1.
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choix Selects between two alternatives

Syntax
(alea:ichoix x1 x2 px1)
Inputs
x1 numbers?
X2 numbers?
Px1 numbers?
Output
numbers?

Selects between two alternatives x1 and x2, with complementary probabilities:
Probability of x1 = px1,
Probability of x2 = 1-px1.
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choix multiple Selects among several alternatives

Syntax

(alea::choixmultiple vectprob &rest ;listobjets )
Inputs

vectprob numbers?

listobjets list
Output

list

Choice between severals alternatives (listobjets) from a vector of probability vectprob. This box is extensible,
and the optional inputs must be open.
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distexp exponential distribution

Syntax

(dlea:distexp lambda)
Inputs

lambda fix/float
Output

float

lower boundary 0

upper boundary +00

Generates a number with an exponential distribution of
density lambda.

13 - PatchWork - Alea



expobi bilateral exponential distribution

Syntax

(alea:expobi lambda mu)
Inputs

lambda fix/float

mu fix/float
Output

float

lower boundary -00

upper boundary +00

Generates a number with a bilateral exponentia distribution of
density lambda with an average mu.

14 - PatchWork - Alea



distilin linear distribution

Syntax
(alea:distilin g)
Inputs
g fix/float
Output
float
lower boundary 0
upper boundary g

Generates a number with alinear distribution of parameter g.
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distcauchy cauchy distribution

Syntax
(alea:cauchy alpha)
Inputs
alpha fix/float
Output
float
lower boundary -c0
upper boundary +00

Generates a number with a cauchy distribution with a parameter alpha .
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distlog logistic distribution

Syntax

(alea:distlog apha beta)
Inputs

alpha fix/float

beta fix/float
Output

float

lower boundary- 00

upper boundary +00

Generates a number with alogistic distribution of parameters alpha (the dispersion is proportionally inversed to
alpha) and beta. The "mode" is located at (-beta/alpha).
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distcshp hyperbolic cosinus distribution

Syntax

(alea:distcshp apha beta)
Inputs

alpha fix/float

beta fix/float
Output

float

lower boundary -00

upper boundary +00

Generates a number with a hyperbolic cosinus distribution. alpha is ascaling factor and beta a shifting factor.
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distarsin arc sinus distribution

Syntax
(alea:distarsin alpha beta)
Inputs
alpha fix/float
beta fix/float
Output
float
lower boundary beta
upper boundary alpha

Generates a number with aarc sinus distribution. alpha is a scaling factor and beta a shifting factor. For alpha=
1 and beta= 0, this distribution isidentical to the Beta distribution .
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poisson Poisson distribution

Syntax
(alea:poisson Imbd)
Inputs
Imbd fix/float
Output
float
lower boundary 0
upper boundary +00

Generates a number with a Poisson distribution of average Imbd.
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triang triangular distribution

Syntax
(dlea:triang apha beta)
Inputs
alpha fix/float
beta fix/float
Output
float
lower boundary beta
upper boundary alpha

Generates anumber with atriangular distribution of average .5 (for alpha=1 and beta=0) ,where alphaisascaling
factor and beta a shifting factor.
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gauss gaussian distribution

Syntax
(alea:gauss mu sigma)
Inputs
mu fix/float
sigma fix/float
Output
float
lower boundary -0 i.e.,->-6*sigma
upper boundary +o0 ,i.e.,-> +6*sigma

Generates a number with agaussian distribution of an average mu and a bandwidth sigma. It isimportant to know
that the gaussian distribution is not bounded, and that 99.74 % of the results falls between -3* sigma and +3*sig-
ma, but for the present algorithm, the results will be bounded between -6*sigma and +6* sigma. In most cases
this aproximation is acceptable, since only two results out of a billion fall out of these limits in a true gaussian
processus.
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weilbull Weilbull distribution

Syntax

(alea:wellbull s t)
Inputs

s fix/float

t fix/float
Output

float

lower boundary -00

upper boundary oo

Generates a number with a Weilbull distribution of parameters s and t, where sis a horizontal scaling factor and
t controls the distribution morphology. For t=3.2, this distribution approaches the gaussian distribution. 99.9 %

of the results are below s+ 6.9 (1Y),

23 - PatchWork - Alea



gamma Gamma distribution

Syntax

(adlea:gamma nu)
Inputs

nu fix >0
Output

float

lower boundary 0
upper boundary ~ +oo

Generates a number with a gamma distribution of parameter nu.

Sincethe present algorithm only functions witth nu as an integer number, for floating numbers one need multiply
the variable which is generated by some factor that transforms nul to nu2: nu2 = nul * factor.
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beta beta distribution

Syntax

(alea:beta a b)
Inputs

a fix/float

b fix/float
Output

float

lower boundary 0
upper boundary 1

Generates a number with a beta distribution. For a = b = 1 the result is a continuous uniform distribution, for a
and b greater than 1 the result is similar to a gaussian distribution.
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Sequences

This package contains four modules that generate lists of pitches (in midicents) as an example of application of
three distributions: uniform, linear and triangular.

not-centr Returns an aleatoric pitch value

Syntax
(alea:not-centr nc intv)

Inputs
nc: midicents
intv: fix

Output
chord

not-centr returns an aleatoric pitch value between nc-intv and nc+intv.
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alea-seq aleatoric sequence of uniform distribution

Syntax

(aleazaleaseq nc intv long)
Inputs

nc: midicents

intv: fix

long: fix>0
Output

chord

Aleatoric sequence of a uniform distribution, between nc-intv and nc+intv with a length long.
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linea-seq aleatoric sequence of a linear distribution

Syntax

(alea:linearseq limsup liminf long)
Inputs

limsup midicents

liminf midicents

long fix>0
Output

chord

Generates aleatoric sequence of alinear distribution, between lim.inf and lim.sup with alength long.
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triang-seq aleatoric sequence of a triangular distribu-

tion

Syntax

(dlea:linea-seq limsup liminf long)
Inputs

limsup midicents

liminf midicents

long fix>0
Output

chord

Aleatoric sequence of atriangular distribution, between lim.inf and lim.sup with alength long.
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Random Walks

This package contains four modules that generate lists of numeric sequences that can be associated with the fol-
lowing models:

Smple randomwalk
Brownian motion

One-over-f (Uf) distributions
Markov chains

Since the simple random walk and the brownian movement generate nonbounded sequences, as a constraint there
isamodel of elastic boundaries. When avalue goes over the boundary it is automatically recalculated asit would
be elastically reflected by this boundary.

randwalkl1 random walk

Syntax
(alea:irandwalkl nc bsup binf pamax long)

Inputs
nc fix/float
bsup fix/float
binf fix/float
pamax fix
long fix
Output
list

Generates arandom walk, where pamax indicates the maximal step of the random walk, nc theinitial value, long
the length of the sequence and hinf and bsup the lower boundary and the upper boundary.
Warning: boundaries are considered elastic.
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randwalk?2 random walk

Syntax

(alea:randwalk2 nc bsup binf pamax long)
Inputs

nc midic

bsup midic

binf midic

pamax fix

long fix
Output

list

Random walk, where pamax indicates the maximal step of the random walk in semi-tones, nc the initial valuein
midicents, long the length of the sequence and binf and bsup the lower boundary and the upper boundary.
Warning: boundaries are considered as elastic.
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randwalkx random walk

Syntax
(alea:randwalkx nc bsup binf pamax prox long)
Inputs
nc midic
bsup midic
binf midic
pamax fix
prox fix>0
long fix
Output
list

Random walk, where pamax indicates the maximal step of the random walk according to the index prox.

If prox = 1, pamax isin semi-tone,

If prox = 2, pamax isin quarter-tone,

If prox = 4, pamax isin eight-tone,

i.e. pamax will change into 1/prox of one semi-tone, nc the initial value in midicents, long the length of the

sequence and binf and bsup the lower boundary and the upper boundary. Warning: boundaries are considered
elagtic.
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brownianl brownian motion

Syntax

(alea:brownianl nc bsup binf sigma long)
Inputs

nc fix/float

bsup fix/float

binf fix/float

sigma fix/float

long fix>0
Output

list
Random walk, simulation of the brownian motion. sigma is associated with the bandwidth of the gaussian distri-

bution, nc the initial value, long the length of the sequence and binf and bsup the lower boundary and the upper
boundary. Warning: boundaries are considered elastic.
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brownian2 brownian motion

Syntax

(alea:brownian2 nc bsup binf sigma long)
Inputs

nc midic

bsup midic

binf midic

sigma fix/float

long fix>0
Output

list

Random walk, simulation of the brownian motion. sigma is associated with the bandwidth of the gaussian distri-
bution, nc the initial value in midicents, long the length of the sequence and binf and bsup the lower boundary
and the upper boundary in midicents;. Warning: boudaries are considered elastic.
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achorripsis

Syntax

(alea:achorripsis nc bsup binf g long)
Inputs

nc midic

bsup midic

binf midic

g fix/float

long fix>0
Output

list

Random walk is based on the model used by lannis Xenakisin Achorripsis.

(g isassociated to the linear distribution), nc theinitial value in midicents, long the length of the sequence and
binf and bsup the lower boundary and the upper boundary in midicents. Warning: boundaries are considered as
elagtic.
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| 1/f Generates a value according to a 1/f distri-

bution
Syntax
(alea:il/f last n)
Input
last fix
n fix
Output

list
Generates avalue according to the 1/f distribution with afirst valuelast, and where nisaparameter which defines
the output scale values, i.e., the values will fall between 0 and (2 N -1).
For example,
If n=2 thevaluesfall between 0 and 3,
If n=4 thevauesfall between 0 and 15,
If n=7 thevaluesfall between 0 and 127.
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seql/t Generates list according to a 1/f distribu-

tion

Syntax

(aleaiseglf last n)
Inputs

last fix

n fix

long fix>0
Output

list

Generates alist of values according to the 1/f distribution where primis the initial value, long the length of the
sequence, and where n is a parameter which defines the output scale values. That is, the values will fall between

0and (2N -1). For example,
If n=2 thevauesfall between 0 and 3,
If n=4 thevaluesfall between 0 and 15,
If n=7 thevauesfall between 0 and 127.
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markovl Generates an index from a markovian ma-

trix

Syntax

(alea::markovl prim 1)
Inputs

prim fix>0

I list
Output

numbers?

Generation of anindex from amarkovian matrix writteninthelist |, where primisthefirst element of theresulting
sequence. In thelist | the transition is considered as made from the element of the row to the element of the col-
umn.

Thelist | isadoublelist of the form:

(1234 (5678) (91011 12) (13 14 15 16))

where each sublist correspondsto arow. For example, the element a34, that is, the third row and fourth column,
iselement 12. In the case where this matrix is amarkov matrix, element a34 corresponds to a transition from the
element with index 3 to the element with index 4.
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markov?2 Generates a list using a Markov matrix

Syntax

(alea::markov2 prim | long)
Inputs

prim fix>0

I list

long fix>0
Output

numbers?

Generates a sequence of length long from a markovian matrix written in thelist I, where primisthe first element
of the resulting sequence.

Inthelist | the transition is considered as made from the element of the line to the e ement of the column.
Thelist | isadoublelist of the form:
(1234 (5678) (91011 12) (13 14 15 16))

where each sublist corresponds to arow. For example, the element a34, that is, the third row and fourth column,
iselement 12. In the case where this matrix is a markov matrix, element a34 corresponds to a transition from the
element with index 3 to the el ement with index 4.
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Tools

These tools for filtering and scaling results have been designed to work in direct connection to the output of the
distribution modules.

filtrel Filters datum with elastic boundaries
Syntax
(alea:filtrel x bsup binf)
Inputs
X fix/float
bsup fix/float
binf fix/float
Output
list

Filter datum x using the elastic boundaries bsup and binf.
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filtre2 Filters datum with absorbant boundaries

Syntax
(alea:filtre2 x bsup binf)
Inputs
X fix/float
bsup fix/float
binf fix/float
Output
list

Filter datum using absorbant boundaries.
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filtre3 Filters a list using elastic boundaries

Syntax
(alea:filtre3 x bsup binf)
Inputs
X numbers?
bsup numbers?
binf numbers?
Output
list

Filtersalist of data using elastic boundaries.
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filtred Filters a list using absorbant boundaries

Syntax
(alea:filtred x bsup binf)
Inputs
X numbers?
bsup numbers?
binf numbers?
Output
list

Filtersalist of datawith absorbant boundaries.
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zooml Transforms linearly the variation range of a
variable between 0 and 1

Syntax

(adlea:zooml x bsup2 hinf2)
Inputs

X fix/float

bsup2 fix/float

binf2 fix/float
Output

float

Linearly transformsthe variation range of avariable x which islocated between 0 and 1 in arange between binf2
and bsup2.
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zoom2 Transforms linearly the variation range of a

variable

Syntax

(alea:zoom2 x bsupl binfl bsup2 binf2)
Inputs

X fix/float

bsupl fix/float

binfl fix/float

bsup2 fix/float

binf2 fix/float
Output

float

Linearly transforms the variation range of avariable x that islocated between binfl and bsupl in arange between
binf2 and bsup2.
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zoom3 Transforms linearly the variation range of a

list

Syntax

(alea::zoom3 x bsup2 binf2)
Inputs

X numbers?

bsup2 fix/float

binf2 fix/float
Output

float

Linearly transforms the variation range of alist of variables x, which are located between 0 and 1 in arange be-
tween bsup2 and binf2.
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zoom4 Transforms linearly the variation range of a
list within a range

Syntax

(alea:zoom4 x bsupl binfl bsup2 binf2)
Inputs

X numbers?

bsupl fix/float

binfl fix/float

bsup2 fix/float

binf2 fix/float
Output

float

Linearly transforms the variation range of alist of variables x, which is located between binfl and bsupl in a
range between binf2 and bsup2.
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