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We analyse in this paper the way randomness is considered and used in ArtiE-F ract.
ArtiE-F ract is an interactiv e software, that allows the user (artist or designer) to explore
the space of fractal 2D shapes with help of an interactiv e genetic programming scheme.
The basic components of ArtiE-F ract are �rst described, then we focus on its use by
two artists, illustrated by samples of their works. These \real life" tests have led us to
implement additionnal components in the software. It seemsobvious for the people who
use ArtiE-F ract that this system is a versatile tool for creation, especially regarding the
speci�c use of controlled random components.

1. In tro duction

The programming of a software for artistic purposesis a challenging task: the
computer software framework usually locks the user inside many interaction con-
straints that are sometimesconsideredas an obstacle to creativit y.

Recent advancesin interactive evolutionary algorithms (IEA) 2 have initiated
many attractiv e works, mainly basedon the idea of \maximising the satisfaction of
the user" via a guided random search 1;12;14;15;17;20;22;21;23. The useof randomness
in this particular way yields an additional \creativit y component," that may or may
not be consideredashelpful by the artist, with respect to the way this random com-
ponent is controllable. The successof such approachesis thus strongly dependent at
least on the choiceof a convenient representation and of an adequateset of genetic
operators.

Additionally , a problem to be considered very carefully when using random-
nessin an artistic processis linked to the use of randomnessitself, which can be
consideredby the user as an uncontrollable component of the system, triggering a
re
ex of reject. A disturbing question can indeed be raised: who is the \artist": the
user or the machine ? Both positions can be defended,of course,and several fully
machine-driven artistic attempts have beenperformed.

In the ArtiE-Fract experiments 5, we have centered the systemon the artist, and
worked to limit this negative perception of the useof randomness.The system has
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been designedand programmed in order to let the user fully drive or partially in-
teract with the evolutionary processat any moment (ArtiE-Fract is not an \artist").
The idea is to give the possibility to the human user to tame and to adapt the
random behaviour of the system to his own artistic approach.

This paper is organisedas follows: The ArtiE-Fract software is presented in sec-
tion 2 the artistic experiments are then detailed in section 3 and 4. Main in
uences
on the designof ArtiE-Fract and conclusionsare presented in section 5.

2. ArtiE-F ract : In teractiv e Ev olution of Fractals

Fractal pictures havealwaysbeenconsideredasattractiv eartistic objects asthey
combine complexity and \hierarc hical" structure 4;10. The notion of fractals is born
from the analysisof \strange" mathematical objects (such asan in�nite length curve
embedded in a �nite surface, or as a continuous functions nowhere di�eren tiable)
at the end of the XIXth century . The so-calledFractal geometry becamefamous
with the work of Benoit Mandelbrot 13 in the middle of the XXth century . The
main argument was that thesestrange mathematical objects were actually objects
that are currently found in nature: fern, coast of Britann y, romanescocaulifower,
are examplesof natural fractal shapes.

More generally fractal modelling and analysishelp to approach the natural com-
plexity: it has emergedfrom the necessity of building models able to cope with
complex and irregular physical or biological phenomena.It has then beenextended
to the modeling of arti�cal ones25, like �nance or network tra�c analysis.

Here we deal with a model of fractals that becamefamousin imagecompression
applications 3, but that has many other applications (for example in speech signal
processing7), namely Iterated Function Systems(IFS). The mathematical structure
of iterated function systemsattractors 3 let somemore or lessdirect accessto its
characteristics and therefore, shape manipulation and exploration is possible8;16.

In ArtiE-Fract, an Evolutionary Algorithm (EA) is usedas a controlled random
generator of fractal pictures. The appropriate tool is interactive EA, i.e. an EA
where the function to be optimised is partly set by the user in order to optimise
something related to \user satisfaction." This interactive approach is not new in
computer graphics 23;20, but we extended it to the exploration of a fractal pictures
spaceand carefully considered
exibilit y with the help of advancedinteractive tools
related to the speci�c fractal IFS model that is used.

The idea of evolving fractal shapes with interactive EA is not new also, since
there existsa few similar works. Theseimplementations considershowever the prob-
lem at a lower complexity level, especially regarding the evolutionary models and
the image models. For example Rowley18 usesa simple genetic engine (mutation
only) on imagescreatedwith a�ne IFS, and a very simple user-interface.Ventrella 24

usessimple fractal models to produce random animations. Yoshiaki26 evolvesnon-
linear Julia setsusing GP. ArtiE-Fract is indeed the result of a quite long evolution
process(ArtiE-Fract is an o�spring of a long serie of previous software versions!),
and tries to embed a set of user-oriented tools. It intends to approach the interactive
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e�ciency of a \photoshop" or a \gimp" software (of coursein its own domain, that
is fractal imagesdesign) .

2.1. Inter action with the user

Interaction with humans usually raisesseveral problems, mainly linked to the
\user bottleneck" 15: human fatigue and slownessa. Solutions need to be found in
order to avoid systematic and boring interactions. Several solutions have thus been
considered15;21;2:

� reducethe sizeof the population and the number of generations,
� choose speci�c models to constrain the research in a priori \in teresting"

areasof the search space,
� perform an automatic learning (basedon a limited number of characteristic

quantities) in order to aid the userand only present him the most interesting
individuals of the population, with respect to previous votes of the user.

Allowing direct interactions on the phenotype's level represents a further step
toward e�cien t use of IEA as a creative tool for artists. The idea is to make use
of the guided random search capabilities of an EA to aid the creative process.This
is why in ArtiE-Fract, the user has the opportunit y to interfere in the evolution at
each of the following levels:

� initialisation : various models and parameters ranges are available, with
some\basic" internal �tness functions (image density, for example);

� �tness function: at each generation, a classical manual rating of individ-
uals may be assistedby an automatic learning, based on a set of image
characteristic measurements (may be turned on or o� ), see�gure 1;

� direct interaction with the genome: imagescan be directly manipulated via
a specializedwindow and modi�ed individuals can be added or replacedin
the current population (a sort of interactive \lo cal" deterministic optimisa-
tion). A large set of geometric,colorimetric and structural modi�cations are
available. Moreover, due to the speci�c image model, somecontrol points
can be de�ned on the imagesthat help distort the shape in a convenient,
but non trivial manner, see�gure 2;

� parameter setting and strategy choices are tunable at any moment during
the run.

2.2. Genome encoding: the IFS model

An important aspect of ArtiE-Fract is the choiceof the search space.As we have
told before, a way to limit \user fatigue" is to reduce the size of the search space

aThe work of the artist Steven Rooke 17 shows the extraordinary amount of work that is necessary
in order to evolve aesthetic images from a \primordial soup" of primitiv e components.
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Fig. 1. Main Windo w of ArtiE-F ract

in order to navigate in a spaceof a priori interesting shapes. The choice made in
ArtiE-Fract is the spaceof 2D fractal shapes encoded as iterated function systems
(IFS). This givesaccessto a wide variety of shapes, that may appear more or less
as \naiv e fractals."

ArtiE-Fract thus evolvesa population of IFS attractor pictures, and displays it
via an interface,see�gure 1. More precisely, theseIFS attractor pictures areencoded
as setsof contractiv e non-linear 2D functions (a�ne and non-a�ne), de�ned either
in cartesian or polar coordinates. A set of contractiv e functions represents an IFS,
i.e. a dynamical system whoseattractor can be represented as a 2D picture. These
mathematical objects were consideredas interesting as they allow to encode rather
complex 2D shapeswith a reducednumber of parameters.

Iterated Function Systems(IFS) theory is a convenient mathematical tool to
de�ne \fractal" images, and has been used with successin many \fractal" im-
age compressionapplications. The basis of this theory is the simple contractiv e
mapping �xed point theorem. An image is de�ned as the �xed point of a speci�c
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Fig. 2. Direct interaction window

Fig. 3. Sample images obtained with ArtiE-F ract

2D transformation on the spaceof subsetsof the plane. More precisely an IFS
f = f F; (wn )n =1 ;::;N g is a collection of N functions de�ned on a complete metric
space(F; d).

Let W be the operator de�ned on the spaceof subsetsof F :

8 K � F; W (K ) =
[

n 2f 1;::;N g

wn (K )
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Then, if the wn functions arecontractiv e(the IFS is then often calleda hyperbolic
or contractive IFS), there exists a unique set A such that:

W (A) = A

A is called the attractor of the IFS.

Recall:
A mapping w : F ! F , from a metric space(F; d) into itself, is called
contractiv e if there exists a positive real number s < 1 such that:

d
�
w(x); w(y)

�
� s � d(x; y) 8x; y 2 F

The uniquenessof a hyperbolic attractor is a result of the Contractiv e Mapping
Fixed Point Theorem for W , which is contractiv e according to the Hausdorff
distance:

� Hausdorff distance:

dH (A; B ) = max

 

max
x 2 A

�
min
y2 B

d(x; y)
�

; max
y2 B

�
min
x 2 A

d(x; y)
�

!

� Contractive Mapping Fixed Point Theorem:

if (F; d) is a complete metric space,and W : F ! F is a contractiv e
transformation, then W has a unique �xed point.

From a computational viewpoint, an attractor can be generatedaccording to two
techniques:

� Sto chastic metho d (\toss-coin", also called \c haos game"):
Let x0 be the �xed point of one of the wi functions. A points sequencexn

is generatedas follows: xn +1 = wi (xn ), i being randomly chosenin f 1::N g.
Then

S
n xn is an approximation of the real attractor of f . The larger n,

the more precisethe approximation.
� Deterministic metho d:

From any initial set S0, a setssequencef Sn g is built:

Sn +1 = W (Sn ) =
S

i wi (Sn )

When n tends to 1 , Sn is an approximation of the real attractor of f .

Both methodsareusedin variousapplications, but usually the stochastic method
is prefered for the generation of 2D IFS attractors as it is lesstime consuming(the
points sequenceof the toss-coin algorithm scansthe attractor in a random way,
i.e. each computation provides a new point of the attractor, while the deterministic
method performs an approximation of the attractor, by computing a sequenceof
complete images). However deterministic methods are used for applications like
image and signal compression,fractal zoom, or fractal interpolation.
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IFS were extensively studied in the framework of image and signal compression
8;11;19;3, however all IFS modelsexplored in fractal compressionwerebasedon a�ne
setsof contractiv e functions.

Fig. 4. An IFS morphing built with ArtiE-F ract

From an artistic standpoint, a�ne IFS give accessto an interesting variety of
shapes (the \self-a�ne" fractals). But the use of non-a�ne functions, beside the
scienti�c interest of exploring this rather unknown space,yields a variety of shapes
that may look \less directly" fractal. This is another of the speci�cs of ArtiE-Fract:
three modelsof IFS are used(a�ne, mixed and polar), separatelyor in combination.
Each of them inducesa slightly di�eren t topology on the search space,which gives
privileged accessto various image types.

Figures 3 and 4 present a set of imagescreatedby several users(non-necessarily
artists !), that suggestbiological imagesor vegetation, as well as somevery \geo-
metric" ones.

This additional freedom, basedon the use of non-linear functions seemsto be
experimentally attractiv e to artists, as it allows the expressionof various inspira-
tions.

In ArtiE-Fract, genomesare represented as trees, which correspond to part of
functions, functions, or group of functions (i.e. IFS), depending on the strategy
chosenfor the geneticengine(classicalor parisian, seesection2.4). The tree encod-
ing is a typical geneticprogramming one, i.e. with constant values(reals), functions
(simple onesas +, � , � and more complex as sin , cos, ch, sh, exp, log, . . . ) and
parameters(x and y for images) .

2.3. Genetic operators

The interactive evolution processhas beendesignedin order to perform a con-
strained and oriented random search in the search spaceof IFS attractors. The main
ingredients of this processare the following:

� An initialisation procedure that producesan initial population, a careful
designof this initialisation improvesthe e�ciency of the search, while im-
plicitely restricting the a priori set of shapes to be accessedduring the
search. An interface yields various parameters settings for the population
initialisation. Choicesrangefrom fully random to pure deterministic initial-
isations. The userhasthe possibility to constrain the set of initial functions
and terminals, as well as to bias the random shots in this set. Prede�ned
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Fig. 5. A mutation

individuals (imagesor functions) can also be intro duced in the population
at any time.

� Various geneticoperators, acting at various levels,that modify interactively
or automatically the composition of the population (mainly mutations and
crossoversto generateo�spring for the next generation), direct interactions
with the user can also be considered as an operator (a so-called \lo cal
optimisation") from the viewpoint of the EA. Figures5 and 6 show examples
of genetic operators. Genetic changesat the genomelevel (in a simple GP
style) result in non trivial image modi�cations.

2.4. Genetic engine and advanc ed evolutionary str ategies

Another speci�c component of ArtiE-Fract is the Parisian approach implemen-
tation, which also can be turned on or o� at any moment of the evolution. This
component has beendesignedto favour exploration and genetic diversity.

The Parisian approach has beendesignedrelatively recently 6 and is actually a
generalisation of the classi�er systemsapproaches 9. It is basedon the capability
of an EA not only to push its best individual toward the global optimum, but also
to drive its whole population in attractiv e areas of the search space.The idea is
then to design a �tness landscape where the solution to the problem is given by
the whole population or at least by a set of individuals, and not anymore by a
single individual. Individuals do not encode a complete solution but a part of a
solution, the solution to the problem being then built from several individuals that
\collab orate."

This approach is to be related to the spirit of co-evolution: a population is a
\society" that builds in commonthe solution that is search for, but on the contrary
to co-evolution, the speciesare not speci�cally identi�ed and separated.Of course
the designof such algorithms becomesmore complex than for a direct {standard{
EA approach, and the diversity of the population is a crucial factor in the success
of a Parisian approach. Moreover, splitting the problem into interconnected sub-
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Fig. 6. Four possible crossover o�spring (bottom) from 2 parents (top)

problems is not always possible.However, when it is possibleto do so, the bene�t
is great: a Parisian approach limits the computational waste that occurs in classical
EA implementations, when at the end of the evolution, the whole �nal population is
dumped except the best individual only. Experiencesand theoretical developments
have proved that the EA gains more information about its environment than the
only knowledgeof the position of the global optimum. The Parisian approach tries
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to use this important feature of EAs.
A Parisian EA may have all the usual components of an EA, plus the following

additional ones:

� two �tness functions: a \global" one that is calculated on the whole popu-
lation or on a major portion of it (after a clustering processor elimination
of the very bad individuals, for example), and a \lo cal" one for each indi-
vidual, that measureshow much this individual contributes to the global
solution.

� a distribution processat each generation that sharesthe global �tness on
the individuals that contributed to the solution,

� a diversity mechanism, in order to avoid degeneratedsolutions where all
individuals are concentrated on the samearea of the search space.

Developing a Parisian EA for interactive creative design tools is basedon ob-
servation of the creative process.Creation cannot be reduced to an optimisation
process:artists or creative peopleusually do not have precisely in mind what they
are looking for. Their aim may 
uctuate and they sometimesgradually build their
work from an exploration. \User satisfaction" is a very peculiar quantit y, very dif-
�cult to measure,and to embed in a �tness function. This is the reasonwhy ArtiE-
Fract has been equipped with a Parisian approach mode that can be activated at
any time during the run of the systemusing a translation module betweenclassical
and Parisian populations.

For instance,ArtiE-Fract propososesa Parisian mode to evolve individuals made
of functions : several functions are necessaryto build an image(= an IFS attractor).
The Parisian engine thus builds the set of images presented to the user from k
randomly aggregatedindiduals of the population. The userevaluation is then shared
betweenfunctions that were involved in each image (distribution of global �tness),
and a local �tness component is derived from the contractivit y ratio of each function
(a function that is too contractiv e may yield lessinteresting features). This scheme
is particularly useful for intro ducing new components combinations in an evolved
population, or when the user has the feeling to get stuck in a local optimum during
his search. A Parisian approach can thus be usedhere like a functions mixing tool,
or even like what we could call a \lateral thinking" tool, as it helps the user to get
a feeling about the graphical role of somefunctions.

3. Example 1: how Emman uel Cayla uses ArtiE-F ract

Emmanuel Cayla's �rst approach to ArtiE-Fract is precisely this 
exible access
to fractals. Actually the artist advocates that a new intimacy is built between
mathematics and painting as it happenedduring the \Renaissance"with geometry,
proportion and perspective. This new relationship doesn't imply only fractals but
those are certainly meant to play a key role in this reunion.

To start his exploration of the fractals' universeon the ArtiE-Fract software, the
painter �rst decidedto set the graphical parametersof a set functions and to stick
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with those. He had indeed the feeling that it is too di�cult to properly browse
such a search domain without de�ning a static referenceframework. The �rst of
thesedecisionswas to put colours asideand to work only with black ink on a white
background. The secondparameter had to do with noise,also known as \grain" or
\distorsion" whoselevel was uniquely set over the whole initial population.

Indeed, the \noisify" operator of ArtiE-Fract, is an important component of this
artistic approach. This operator adds a random noise to the value returned by
the function during the drawing of the attractor image, see �gure 7. This is an
important factor of visibilit y of scattered attractors, as it conditions the thickness
of the simulated \pain tbrush."

Fig. 7. Original IFS and 3 mutated IFS with various noise levels.

With these two settings, the painter produced the �rst generations of images
having approximately (as it is however produced by a random process,even if it is
strongly limited in this particular case)the desiredcharacteristics.

The third of thesea priori constraints parameters is the image format, in other
words the graphical proportion and sizeof the generatedimages.For the moment,
the default setting (square images) has been used. This point has however been
consideredas a limitation by the artist, and has been integrated in a new version
of the software.

Experienceshows that extraction of individuals that are interesting from the
pictural standpoint is indeed a directed process.All the individuals that are ac-
knowledgedas\picturally e�ectiv e" by the artist, i.e. all the individuals he identi�es
asmatching his artistic visions, are the outcomeof a processbasedon selectionand
gradual construction. Selectionof individuals during the successive generationsis a
bit more sophisticatedof a processthan a simple \go od"/"bad" categorisation.The
painter is familiar with imagesand the criteria used for conservation and \repro-
duction" of individuals in the creation processof ArtiE-F ract are going to be based
on observations such as: \This individual is interesting for the feeling of movement
it produces,I will mate it with that onewhoseuseof blacks and blurs is appealing;
I will also add this other one, it is a bit less interesting but the other two could
greatly bene�t from the way it plays with lines..." As one can see,the artist indeed
plays the role of constructor. ArtiE-Fract might bring a great deal of randomnessin
the processbut painters have always worked with randomnessand taken advantage
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Fig. 8. Dancing woman (Danseuse) { Emmanuel Cayla

of \artistically interesting incidents."
Another interesting aspect is the tuning of the various \usual" genetic param-

eters, for instance, population size. It appeared pointless for the painter to work
with generationsrich of hundreds or thousandsof individuals for the �v e following
reasons:

� Computation time increaseswith the number of individuals.
� In any casethe population will needsorting.
� Whatever happens,one will remain within the samefamily of shapes.
� There are enough individuals exhibiting originalit y, even in smaller sized

populations.
� One is dealing with in�nite spacesand may we work with 20, 40, 100 or



December 15, 2005 11:55 WSPC/INSTR UCTION FILE Lutton-IJAI-
Final

Evolution of Fractal shapes for artists and designers 13

Fig. 9. Swimming f ossils (Fossiles nageant) { Emmanuel Cayla

3000individuals that we would only encompassan in�nitely small spaceof
possibilities with respect to the potential creativit y of the system.

What the artist is looking for, beforeanything else,is expression,more precisely
poetic expression.And with ArtiE-Fract, it works. This meansthat with this soft-
ware, one is able to browse and discover meaningful shapes like those our mind
enjoys 
ying over: lakes,mountains piercing the clouds, forgotten cities, trees tak-
ing over old walls, people standing on icebergs near the North Pole... And it is
essentially here, although not only, that this approach of numeric arts movesus.
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Fig. 10. Harsh horizon (Horizon violent) { Emmanuel Cayla

4. Example 2: how Marie-Amelie Porcher uses ArtiE-F ract

Marie-Amelie Porcher is a young designer,who is currently studying at a french
art school (Ecole des Beaux arts de Rennes), and who is familiar with computer
image design tools. She becomerapidly e�cien t in using ArtiE-Fract for her own
creative work, and focussedon the creation of repetitiv e textures. Texture creation
tools have thus beenadded to the software, as well as other image post-processing
tools shewas asking for. We are now currently working on the integration of these
additionnal features into ArtiE-Fract's genomes.

Figures 14 to 17 shows someof her creations. She was very satis�ed with the
tool and has brillian tly proved that this software is in adequation to the demandof
the new generation of digital image designers.
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Fig. 11. Funny cir cles (Dr ôles de cercles) { Emmanuel Cayla

5. Conclusions and Future developmen ts

Of course this fruitful collaboration has deeply in
uenced the design of many
components of ArtiE-Fract, as an artist has sometimesa completely di�eren t view-
point on the software tools.

For example, besides the speci�c way he selects and notates the images,
strong control tools were consideredas crucial. Direct interactions were thus de-
signedb , such as simply \killing" an individual and controlling the \repro duction-
elimination" step of the evolutionary process.Artists also stressedon the fact that
the visual evaluation of a picture is strongly dependent on the surrounding images

b A \strongly controlled evolution mode" is now available in ArtiE-F ract.
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Fig. 12. Fox (Renard) { Emmanuel Cayla

and background, point that was neglectedby the ArtiE-Fract developers so far.
Another point has to do with the creation of repetitiv e sequencessuch as bor-

ders: The \mo dulo," \mirror" and \symmetries" e�ects have been for instance
programmed to produce shapes that can be continuously juxtap osed, as the one
produced my Marie-Amelie Porcher.

Until now, Emmanuel Cayla basedhis work mainly on the \global evolution"
tools of ArtiE-Fract, i.e. the Parisian evolution modeswereusedonly asharsh explo-
ration tools, to open new research directions at somestages,when the population
becomestoo uniform, for instance. He however produced unexpected shapes, in
comparison to what was produced before by inexperienced designers.His use of
black and white was also noticeable (�gures 8 to 13). It stressedon the importance
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Fig. 13. Water wheel (Roue d'eau) { Emmanuel Cayla

of prede�ned simple evolution modes:

� that concentrate the search on somespeci�c aspects of the design,such as
\evolution of color only," \evolution of shape only,"

� that tune the degreeof randomnessin the evolution process,like \strong
control" or \w eak control."

To sum up, interactions with the \real life" of art and design has led us to
integrate many additionnal features to ArtiE-Fract. Among them, the \noise" com-
ponent (in functions encoding and in post-processing)is currently raising theoretical
questionsabout the convergenceof IFS involving such functions. Image limitation
tools (repetitiv e images,non-squareimages),prede�ned tunings for the EA engine
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Fig. 14. Cel tic arabesques (A rabesquescetliques) { Marie-Amelie Porcher

(including the translation of populations betweenParisian and non-Parisian mode),
and image post-processingtools have also an important impact on application ca-
pabilities of the system.

Figure 18, showsan exampleof textile designoutputs. As Emmanuel Cayla says,
\ ArtiE-Fract is a tool that should help us comeup with new shapesin the world of
artistic drawing."
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Fig. 15. Cel tic arabesques - smaller motives (A rabesquescetliques) { Marie-Amelie Porcher
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