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Introduction

This paper will present an analysis of how the amalgamation of virtual typography 
and Web 2.0 computational technologies influences the process of design 
communication, within creative media practices through a series of experimental 
workshops, and the focus will be on representation and “hybridity” in art and design. 
It also examines relevant theories and practices on typography (e.g. Lapton, 
Bringhurst, Mencia, Hillner) and image that have influenced the development of 
Typographical Experimental Research in Audiovisual Spaces [T.E.R.A.S.lab] within 
the contemporary digital era. Furthermore, it will provide an account of particular 
issues that artists and designers face in global communication by employing Web 2.0 
computational technologies, and develops a usable body of knowledge to aid the 
creative communication process through the use of text or not. 

Creativity can be proposed as an activity of exchange that enables (creates) people 
and communities (Leach 2003). Creativity can be viewed as an emergent property of 
communities. Marika Luders (2009) observes that creativity ‘is now commonly 
understood as part of what constitutes human beings. Moreover, creativity is not 
necessarily an isolated phenomenon’. [1]

1. How to be Creative 

Rob Pope (Pope 2005) states ‘being creative is, at least potentially, the natural and 
normal state of anyone healthy in a sane and stimulating community ... realising that 
potential is as much a matter of collaboration and ‘co-creation’ as of splendid or 
miserable isolation’ [2]. Professor Janis Jefferies declare “just as the music and 
fashion industries and the trajectories for musicians and fashion designers have been 
evolving in response to technological change, e-readers and print-on-demand 
publishing have all had an impact on the landscape of authorship” [3].

For example, the concept of “vernacular videos” as proposed by Henry Jenkins is 
increasing daily as more people make and share video across the Internet. Such 
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changes in video production and distribution are mapped by Tony Dowmunt in ‘Video 
Nation and digital storytelling: BBC/public partnerships in content creation.’ [4] 

Is that the new and old forms of authorship co-exist in a digital context that produces 
both change and continuity across communities and communications. Or is the web 
2.0 technology that influences the individual’s creativity. 

Community web 2.0 

In order to explore the use, understandings and meanings of the terms creativity, 
community and collective in international or global cultural projects, we will have to 
approach the Web 2.0 applications and attitudes to redefine, consciously or not, both 
terms and, most importantly, to explore the collective and collaborative artistic 
practices within the web 2.0 technology.

O’Reilly in Media and MediaLive describe Web 2.0 as “an attitude rather than a 
technology”[5]. O’Reilly and Batelle suggest that the term refers to “cumulative 
changes” in the ways programmers, and developers and end-users use the Web, 
rather than just a technical upgrade of the system. [6] 

The distinctive feature of this movement and one of the key lessons of Web 2.0 is 
that “users add value” [7] in mainly three different ways: 1) users are hired to put in 
value to an existing Web 2.0 application, 2) users willingly contribute and add value 
to an application (open source communities) or, 3) users add value as part of their 
regular use of the application.

Electronic Text 

How does this Digital web 2.0 Technology could influence the creativity within the 
digital communities with the use of hypertext?

According to Richard Lanham in The electronic Word (1994), the interaction of the 
typography and image goes back at the Greek poet Simias from the 4th century BC 
when the interaction of type and objects was very common for the expansion of an 
artistic piece or environment. 

Further to Simias artistic based approach, Brereton declares that “The page is no 
longer a flat surface but a virtual field unfolding in time. Words, sounds, images and 
graphics are now all part of the poetics of the web. Web typography now allows a 
kinetic plasticity of form not possible with the conventional printed page… informing 
the creative communities” [8] 

Digital media and computational technologies has become an integral part of 
contemporary screen base creativity and design, and it is now impossible to ignore 
typography and hypertext in this field. It has a breadth and a depth that encompasses 
multiple media and multiple industries.  Well craftiness of the experience of the user 
on the screen. For example, with the introduction of the iPad the question of how the 
qualities of a book, reading and authorship can be adapted to the manipulation of text 
and image on screen in order to enhance the online or onscreen creativity. A case in 
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point is how Touch Press has partnered with Faber and Faber digital for The Waste 
Land.

 

Apple, iPad Screenshots 

“The Waste Land for iPad brings alive the most revolutionary poem…this digital 
edition carefully respects the typography and integrity of the original yet offers 
spectacular new ways to explore the significance and influence of the poem.” [9] 

The above example showcasing on of the ways that creative collaborative work can 
be used within Web 2.0 applications. In this particular example Electronic typography 
and hypertext enhances media cultural and communication experiences [10].  
Further to the Development of digital technologies, Digital Arts is not only improves 
the creative practice but also changing both the communication research that can be 
done and the way researchers work and communicate.

Creativity can be proposed as an activity of exchange that enables (creates) people 
and communities [11]. Creativity also can be viewed as an emergent property of 
communities. Advances in the most of disciplines now depend on the generation or 
manipulation of digital data, sometimes in unimaginably large quantities. Dicky 
Maidment-Otletand and Judy Redfearn in their date article  "A Research Revolution: 
The impact of Digital Technologies" describe this new JISC activity to highlight how 
digital technologies are changing creative or non-creative communities [12]. 
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Current practice creative text as an image 

So if creativity, in itself, ‘creates’ communities (Leach 2003), are all communities –
local to global or global to local - potentially creative?

The V&A “Decoce” website showcasing the creativity, collaborative expansion and 
communicate messages across interdisciplinary communities. V&A has 
commissioned Karsten Schmidt to design a digital identity for the Decode exhibition 
using open source code. The V&A website was giving the opportunity to recode 
Karsten's work and users to create their own original artwork as an extension to th 
existing practice. The images below are some of the recorded works submitted 
demonstrating the outcome of this online creative community. [13] 

JULIUS POPP ,Decode exhibition V&A 

Talking about screen based communication and creative communities we definitely 
need to explore and discuss further the interface design and its relation between 
creativity, Web 2.0 technologies and hyper-action. Is that the new and old forms of 
authorship co-exist in a digital context that produces both change and continuity 
across communities and communications or is the web 2.0 technology that influences 
the individual’s creativity? 

The screen-based environment influenced by the computational technologies is 
currently very different and ambitious than it used to be. Designers and Artists are 
now used to another “reality” (Slagger, 2000), for example, they use typography as a 
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form and as the vehicle (Meggs, 1992) to create visuals instead of words of 
communication.

The creation of the online virtual community “TERASlab”, [Typographical 
Experimental Research in Audiovisual Spaces] investigates the above-mentioned 
Web 2.0 applications where typography presented as a creative form of visual 
screen-based representation, influenced by processes of  ‘interaction’, ‘animation’, in 
a global creative design communication system.

T.E.R.A.S lab - Workshops 

In order to explore the significance and present role of the text in a virtual screen 
based environment a series of workshops contacted. In this first pilot case study, 
called “2D/3D Typo.graphic workshops” participants had to explore the “Project 
phase 1: Typeface” and Typeface Project phase 2, and define the basic rules and 
principles of screen based text exploited on the screen according to their own 
experiences and understanding.

This workshop was conducted of the repetition of a number of workshops using 
different tools, investigating how the use of Web 2.0 applications, mentioned above, 
and design approaches can affect the online communication and creative process 
and form participant’s professional identity, as well as exploring the association 
between the user as designer, user and technology.

During the workshops participants in each focus group have to evaluate the 
experiments and to critically analyse the current typographical experimentations, and 
been able to operate the existing ethics of each “application” as basis for their 
exploration and “dialogue”.
“Series-based typographic applications force the designer/user to consider variables 
beyond the basics of composition. Including the number of items in the system, 
differing format sizes or media, informational similarities…” [14]. 
Therefore, the participants could “envision” typography as a form of creative 
communication as well as create better understanding with the principles of the 
screen. (Morrison, 1936) 

Project phase 1: Typeface 

In 2009 I approached the ‘Typeface’ project 
(http://i4type.com/typeface) tentatively. It 
attempts to showcase different potentials of 
the letterforms within a screen environment. 
The term ‘tentative method’ refers to the 
ways in which the typeforms can be used in 
order to discuss and analyse a series of 
different approaches. It must also be 
specified that, as a method, this first 
approach of the practice-based research 
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used these ‘experimentations’ to outline an additional usable form of screen base text 
when employing computational technologies. 

The ‘Typeface’ practice-based research project includes eight different experiments 
with a common objective. All of them attempt to showcase the different potential of 
letters and words in a first journey from the traditional typographic principles to 
screen based design, taking the participants into a journey of typographic 
exploration, as a communicative function. Davies and Parrinders (2009, p.270) 
examine, “In contrast of Acconci’s settings on text in print, on screen it becomes a 
temporal – moving – space”, unfolding characteristic and meanings that were hidden 
or unreached in the past.

The following practice based projects arranged into three categories that address 
particular issues that today’s designers facing: Type in Space, Hypothesizing, 
Informing.
The results of this practice-based work attempt to identify the significant role of 
kinetic text in the art and digital design, and in particular the impact of computational 
technologies to the creative online collaborations. It was also being attempted to 
move forward existing visual communication structures, enhancing the experience 
between the participants and the applied typographic practice. [15].

Typeface Project phase 2 

Further to the previous research project the following examples, considered in this 
project, deliver information about the service and use of motion/kinetic text. The 
medium creates a message, which is supported by sound.

Networked narrative

Approaching a new decade and observing carefully the stories that appear on the 
networked environments prove that Narratives and in particular text, have lost a great 
deal in the communication of stories in networked collaborative environments. The 
text may have been preserved, however the framework in which that text was 
premeditated to exist has disappeared. According to Carter (2001) and  Bellantoni 
(2002), this discrediting and reduction of the framework is set to continue in the 
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future.  In this “Networked narrative” project, the multidimensional interactive text and 
the notes on non-linear context exist in a non-real space. The digital environment of 
that practice based work uses an invisible interface structure in order to be 
navigated.
This work emphasises more on a diverse approach of typographic features. There is 
a mixed use and overlapping methods of typographic elements and the approaches 
show an extensive discrepancy. 

Hypothesizing

This project includes experimentations of hypertext in relation of sound. This example 
uses a particular code design and some mathematics and algorithms not only to 
express and generate how text appears on the screen but also how sounds can 
influence use and appearance.
 

The primary goal here is the manipulations of binary code to realise new ideas, 
functions and methods in order to communicate the information to users within the 
hypertext and lettering environment. This work addresses issues such as the creation 
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of type in relation with the computer pixilation and approaches how these hypertext 
elements (type-images, letters), can be composed by using various materials for the 
purpose of information. 

Further development of this research will investigate a number of effective ways to 
practice screen-based text and collaborative communications. Moreover it will go one 
step further and explore the use of diverse visual sound as a typographic element. To 
conclude, both the theory and this experiment will be an original contribution to 
debates around hybridisation and representation in visual art with the use of 
computational technologies as well as to the knowledge of synchronisation and 
association with Web 2.0 applications, real world sound and text as image.
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PLAY-TECH-TONICS
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The desire ‘to know,’ or ‘wonder,’ is the human need for knowledge. It exists 
in all of us and stimulates one toward inquiry and dwells in our acts of ‘serious 
play.’ In play we allow ourselves to enter into the limits of another world; a 
world apart from reality, yet so vital to understanding the meaning and 
significance of that reality. We allow ourselves the opportunity to play to a 
different song (a new set of rules) and unlock the doors of our imagination to 
the construction of meaning.

What I would like to suggest in this paper is that in learning, and especially in 
the initial years of an architectural education, a more playful point of view 
must be encouraged to provide an arena of inquiry that produces architecture 
and a culture that is more wonderfully humanistic. The pretending quality of 
play should not be misunderstood as preventing it from proceeding with 
intense seriousness. This is easy to understand when observing the intensity 
young children exhibit in their daily adventures in the play of life. As Dr. 
Benjamin Spock explains in one of his many writings about child rearing: “Play 
is serious business. When we see children building blocks, pretending to be 
airplanes, learning to skip rope, we’re apt to think, in our mixed up adult way, 
that these are just amusements, quite different from serious occupations such 
as doing lessons and holding a job. We are Mixed-up because most of us 
were taught in our childhood that play was fun but that schoolwork was a duty 
and a job was a grind...Children love their play, not because it is easy, but 
because it is hard!” 
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In the practice and education of architecture, the element of risk should 
always be present in the persona of the architect.  If one only dwells in the 
workmanship of certainty rather than the workmanship of risk, only 
established and tested methods and solutions are throughout their work.  With 
the element of risk, the architect tends to experiment with novel structures, 
forms and materials.  In this haptic state of emersion, the hand explores, 
searches and touches all that the imagination presents as if it was fresh and 
new.  This is a very important notion especially when engaging the new 
computer generated design studies.  I mention this because of my suspicion 
concerning the false precision and apparent finiteness of the computer image 
when compared to the natural ambiguity and innate hesitancy of the hand.  It 
is in this ambiguity that one can dwell in the play mentality and allow 
assurance and precision to arrive at a satisfactory resolution after many trial 
and error iterations.  This is not to say that a skilled computer artist cannot 
find this counterpoint in its medium but I do not believe it encourages this type 
exploration.

This paper is not an attempt to favor the hand drawing over the computer 
drawing (although I do have my preferences) but an admonition in terms of 
the importance of a playful mindset in how these two skills are employed as a 
creative design process in generative art and architecture.  I will try to 
demonstrate this pedagogical notion by positioning ‘play’ in several different 
design situations as conducted in my architectural design studios.  I will 
address play as analogy, as portal of entry and as a tectonic then finish the 
paper with a design proposal I am currently pursuing to bring play into the 
collaborative act in the building of community. 
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PLAY-TECH-TONICS  
A process of constructing one s imagination 

“ Imagination is the faculty of transforming the experience of what is into the 
projection of what could be, the faculty that frees thought to form ideas and norms” 

(Iris Young) 

  

PLAY as interLUDE 

As many scholars have suggested from Plato to Huizinga, play forms are the 
separate worlds apart which help us to be informed about the worlds within. It 
is through myth, fantasy and the many forms of analogy, metaphor and 
personification that great wonders of the imagination are given meaning and 
realization. Although play is but an interlude, “...it adorns life, amplifies it and 
to that extent a necessity both for the individual - as a life function, and for 
society by reason of the meaning it contains, its significance, its social 
associations, in short, as a cultural function.”3

In order to establish the studio as a setting for wonder, research, and 
invention,  analogy can also be used as an effective device to develop a 
constructive imagination, since parallel readings are implicit at many levels, 
from surface meaning to operative functioning. Analogical exploration also 
allows beginning design students to assimilate complex forms and processes 
from realms outside of the architectural discipline. The students are thus 
enabled to discover architectural form and use in a manner unencumbered by 
preconception and conventional program.

An analogical studio process at times might appear to be paradoxically 
restrictive and formulaic, if each step is prescribed for the student. On the 
other hand, it is possible that the student is instead liberated from the burden 
of process, and thus enabled to dwell in the wonder of focused enquiry. Each 
step of the process re-contextualizes the student’s own work, in effect 
expanding the meaning of the work. Similarly, the use of analogy opens up, 
rather than closes down, a set of architectural possibilities. This form of 
design exploration is ultimately open to change and evolution. Meaning, 
therefore, is derived from an implicit search for understanding formative 
principals rather than definitive conclusions.  “Arms, Wings and Mechanical 
Things” is the title of a previous paper presentation at the GA 2002 
conference that gives more detail about this analogical studio.
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PLAY as TECH

Most students entering beginning design have already experienced at least 18 
years within the designed world. The knowledge gained from that experience 
and the skills developed become valuable assets to the design student. 
Viewing education as a process of discovery, design education orients toward 
a “search process” and allows one to use personal history as both a 
knowledge base and a procedure for designing. In the act of making, an 
immediate dialog is established with the project at hand. The hand directs eye 
and existing knowledge is used free of the limitations of an architectural form 
“image.” Making is a process that reveals thinking, embodying in the work and 
in the doing, the self.

Form making can begin with the derivation of basic elements of architectural 
form and space—architectonics. These elements can provide a ‘search field’ 
within which interrelationships are discovered, promoting structuring 
strategies or concepts that demonstrate ‘how’ they are to be manipulated in 
the act of making.  Although architectonics supports the overwhelming desire 
to make a building (the noun), it could dangerously result in a design inquiry 
that parallels stereotypical production and preconception. When building, as a 
verb, is pursued, tectonic making results in forms of investigations, 
discoveries and formal dialogs where innovation occurs as a result of design 
negotiation. The design process is freed from preconceived outcomes or 
deterministic methodologies; it reveals itself through choice. The process is 
one of design research where the choices are made on the basis of a search 
for meaningful relationships, their premises and consequences. It is then a 
series of approximations born out of possibilities. Architectural knowledge, 
here, is ‘tacit knowledge’, acquired by doing rather than by being instructed in 
the rules of doing. Experimentation and transformation provide irresistible 
stimulus to the formation of new ideas. The process of transformation, the 
concept that all forms or ideas can be rearranged, synthesized, and put back 
together to make a new whole, increases the likelihood of making ‘intuitive 
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leaps of invention’. In this architecture of Play, learning becomes fluid and 
open ended and innovation starts with the question: What if? Knowledge is 
drawn from wonder — giving form to answers, redirecting stereotyped thinking 
towards a search process where hidden intentions and accidental discoveries 
lead to new alternatives and solutions. Through many forms of deduction, 
abstract relationships are tested and defined as they materialize into and 
demonstration—of intent. 

As an initiation into this design realm of thinking/doing, I have employed an 
exercise I had as a student of Tom Regan at VPI, called, “The High Variety 
Model”(3). On the first day of their first architectural design studio the are 
directed to the hobby shop to buy a 1/25th scale model kit, some felt tips, a 
roll of yellow trash and return to class in an hour. When they return they are 
told to build something architectural from all of the parts (box and instructions 
included) in their kit. There is one stipulation, the parts cannot be used in such 
a way to resemble the intended image depicted on the original model kit as 
bought. In other words, an immediate and random sets of variables are 
injected into the creative play. Use of the model forces one to select 
representative parts, to organize them, to evaluate and re-evaluate their 
suitability in relation to the new project at hand, and then to modify 
inconsistencies, thus differentiating between what is understood and what 
requires further search. As the detail of the element is modified, so is the 
totality of the organization in reference to one’s new knowledge and decisions. 
The construction is continually in the process of re- creating itself in the 
process of its own creation. In the end the significance of using the High 
Variety Model is that it necessitates decision making as a design activity, 
forcing the introduction of random information to be used or discarded, and it 
directs a focus on organizational concepts as opposed to architectural form 
images.

page # 73



PLAY as a TONIC 
‘Opening an Artifice’ 

A students’ introduction into their first design studio is of immense 
consequence upon the initial impressions one receives about the creative 
design process. In order to short circuit the beginning design students 
propensity to rely on preconceived ideas and images, “an enabling theory” 
can be immediately introduced in the design process that can allow form to 
beget form. I have referred to this process of design initiation as ‘The Opening 
an Artifice’ [from the Latin artificium, a trade or profession, ars, art, and facere,
to make]. As Kristopher Takas, one of my former students, put it in his 
recapitulation of his previous design experience called; “ARTIFICE 
INSEMINATION,” as published in our student design magazine, eyelevel:

“A theory of making must be invented: it will either elucidate 
how to construe or how to construct…this is called the process 
of opening of an ‘artifice.’ The concept of artifice, of course, 
must be understood in several manners. Usually it denotes skill 
or ingenuity. But it also connotes something more: trickery and 
craft. Since a productive enabling theory commences with an 
artificial separation between form, content, and function, this 
[threshold] to design can be seen as a clever expedient from 
ideation to creation. To separate content and function from the 
syntax of form, for example, means to deal initially with a 
formalist, repertory of tangible vocabulary. Hence, the artifice is 
device. In the artifice-al (and ergo,artificial) scenario, meaning 
is theoretically subtracted from materiality so that the designer 
may manipulate the tangible constituents of formalism—-i.e., 
materials, space, form, shape, color,et al— without getting 
wrapped up in the infinite chain of signification’s inherent to any 
system of making. For some architects, this is natural and 
unquestioned act; for others, however, the conception of an 
artifice is a conscious art through which formal components of 
form are exploited and then abandoned to collude as they 
might. Yet, this design purism isn’t architecture yet. The artifice 
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relies on deception: its purpose serves to suspend belief, and 
to postpone reality, so that the designer may first enter through 
the imaginative portal. Architecture begins on the other side.”

‘Design’ is the form of architectural thinking that traditionally is considered 
paramount in the education of an architect. The design studio is typically the 
place where students bring together the practices, concepts and knowledge 
that are introduced in other areas of the curriculum. Consequently, it is 
necessarily a synthetic process. Form, function, and content (meaning) have 
long been critical constituents of the process of design. In the past, 
architectural design academies dictated a specified order to the critical 
constituents of form, function, and meaning (content) resulting in a 
deterministic means of design inquiry. In the current heterogeneous state of 
the architectural design studios in academia, the hierarchical prescriptions, or 
sequence, of the three notions of form, function and content (meaning) have 
been freed from the strict boundaries of former theoretical paradigms. 
Although the separation of these three notions is admittedly artificial, it allows 
beginning design students to immerse themselves into the task at hand 
without relying on self-conscious preconceptions.

If we begin to view these components as metaphorical portals that the student 
opts to pass through, their order becomes particular to the personal design 
route for the project at hand. Thus, one can choose form from meaning, form 
from function, or form from form itself. This becomes a point of departure that 
frames a particular perspective with which the student can proceed in his or 
her design process. Alberto Perez-Gomez calls this theorizing the inventing of 
an ‘enabling theory’; it enables the designer ‘to make’, serving as a rationale 
for ideation and fabrication. As the project develops, a design scaffolding it is 
able to support the other architectural constituents of design theory. It 
becomes a vehicle for the student to initiate creative associations and 
evaluations to direct decision-making.   (see Paper presentation GA 
conference 2003, “Imagined Architecture via Material Imagination) 

page # 75



PLAY vs. GAME 
Play In The Public Sector As Community Building:

“Shadow Casting” 

‘Play’ means different things to different people, however. When 
Huizinga (1960) wrote that ‘civilization is, in its earliest phases, 
played’, he was linking the evolution of rituals and ceremonies, 
of the rules of diplomacy and those of warfare, to the contests 
and competitions that characterize games. Competitive play, 
however, is not the same as the more fluid and self-determined 
play that I am advocating here. My view is closer to that of the 
artist Alan Kaprow, who contrasts play with games:  This critical 
difference between gaming and playing cannot be ignored. Both 
involve free fantasy and apparent spontaneity, both may have 
clear structures, both may (but needn’t) require special skills that 
enhance the playing. Play, however, offers satisfaction, not in 
some stated practical outcome, some immediate 
accomplishment, but rather in continuous participation as its 
own end. Taking sides, victory, and defeat, all irrelevant in play, 
are the chief requisites of game. In play one is carefree; in a 
game one is anxious about winning. 
(Kaprow, 2003, p. 122) 

Up to this point in this paper I have referred to design studios that exist in the 
confines of the classroom.  I am developing strategies to bring the act of 
making into the public realm where working together toward a common goal 
can build more than the architectural project at hand.  I am planning a project 
that will require people from the community to rely on one another in an act of 
constructing; shadow casting.  In this situation ‘game’ takes on a different 
character in that it does provide a set series of rules but the outcome is non-
deterministic because the form in the forming.   This releases the notion of 
victory or defeat traditionally associated with game, for all players are working 
to construe a common construction. 

The collaborative event should take place in a public plaza, green on our 
campus or a city’s public park.  There will be teams of two to begin the 
shadow casting process. One will be designated the shadow caster (with long 
bamboo poles) the other will be the shadow chronicler (using field marking 
chalk or spray paint) to mark the cast shadow on the ground surface.  This 
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process will be conducted at three different times of the day (morning, 
afternoon and sunset).  Once these lines are drawn on the ground we will 
begin to transform them into cuts into the ground (foundations and darkness) 
and overhead constructions (cutting the sky).  These moves will occur as a 
result of translating the maps into full scale, habitable, architectural 
constructions.  They may be permanent or temporary depending on the site 
locations.  The event can be conducted with as few as 10 people and as 
many as 50, it also depends on the time and place of the event. 

During my current sabbatical, my intention, is to create a new set of drawings 
or “Shadow Maps” as well as to re-engage my previous maps.  These maps 
will be translated into 3-dimensional constructions using a variety of materials 
and sizes to concretize my theoretical inquiry, “If a object can cast a shadow, 
can a shadow cast an object?”  I will be preparing the maps/drawings, 
models, and strategies that will facilitate a full-scale collaborative shadow 
mapping construction in the public sector.  I recently met with Michelangelo 
Pistoletto to propose the possibility of work-shopping this theoretical inquiry in 
a full-scale collaborative project with resident artists at Cittadellarte-
Fondazione, Biella, Italy during my sabbatical year or soon after.  After an 
artist in residency at Domus Argenia in Sardinia to prepare strategies for this 
creative collaboration, I have been invited to conduct a shadow-mapping 
event in Rome, Italy with artists from the Generative Arts Conference later 
next year. I plan to incorporate these ideas of creative collaboration in the 
other countries I will be conducting design workshops at such as Sao Paolo, 
Brazil and Nanjing and Shanghai China.  After my sabbatical in August 2012, 
when I return to teaching my design studios, I plan on conducting a similar 
shadow-casting event with my architecture majors as well as other students 
and faculty from the College of Arts and Sciences.

“Play by the rules, in order to begin 
 Through the ambiguities of the play comes the dialogue; 
through the dialogue comes invention. To design is to ask the 
questions; How? Why? What if?  In the question lies the answer, 
yet the answer must always seeks the new question- new 
theories.
Beauty - in form dwells, in the knowledge of the rules of play.
In order to play a new order, to design is to re-interpret the rules 
of the play to transgress through the rule until a new order is 
uncovered,
to rediscover the familiar as something new. To bring light to the 
invisible,
to create a consciousness manifest in the making of things that 
represent the world, to bring the sacred to light, to reveal the 
place of man.”    (Viscardi) 
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Design and Architecture as a 
Philosophical question 

Ben Baruch Blich 
History and Theory 

Bezalel Academy of Arts and Design, Jerusalem 

1 

•We live in a world of constant and rapid 
change. Values, ideologies, beliefs,  
regimes, institutions, etc., etc., have 
transformed their identity beyond 
recognition. Among them are objects of 
design and architecture. The problem I 
want to discuss in my paper has to do with 
this rapid and unprecedented changes: 
how do we identify and classify design and 
architectural artifacts vis-a-vis their new 
and frequently  unrecognizable 
appearances.  

•In fact the problem I point at goes back to 
Aristotle who was the first to note that in 
a world of constant growth and change, 
one has to ask whether there are 
necessary and sufficient conditions for a 
thing to be considered as such; is there an 
idea, a definition, a thing should comply 
with in order to be properly identified.  

  

Aristotle and Plato in 
Raphael’s painting 
“The School of 
Athens” 1509 
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•In his ‘Categories’ which is an 
excellent prelude to our 
problem, Aristotle discussed 
ten categories in the light of 
which he defined the essence 
of things based on his 
observations for the purpose of 
establishing a theory of order. 
According to his theory, an 
animal can not be called a 
‘horse’ without manifesting its 
‘horsiness’ and in order to do 
so, it must fulfill definite 
criteria.  

In other words, Aristotle 
basically determined that all 
things, animals, plants and 
objects, exist only by fulfilling 
certain qualities. One can not 
even think of an unclassified or 
uncategorized object; it simply 
would not exist for us, it would 
have no essence or shape.  

 

•To illustrate Aristole’s point, 
allow me in few words 
address Terri Schivo’s case.  

•Terri was a woman who 
suffered brain damage 
fifteen years prior to her 
death in 1995, leaving her 
paralyzed, totally 
disconnected from her 
surroundings and dependent 
on constant help and 
support. Her husband 
appealed to the US courts to 
end Terri’s life, which had 
indeed ruled that Terri was 
in a permanent vegetative 
condition,  claiming that her 
life had no purpose as she 
could no longer fulfill basic 
human functions.    

Terri was no longer in the same category as 

other  human beings, and yet in spite of the 

courts’  ruling, she was not a plant either, but a 
human being living in special conditions which 

were denied from her.  
Could she not have continued to be fed and 

sustained as someone who represented another 

aspect of human existence? Does the human 

category denies a place for anyone different? And  

the most important question of all – what is the 

boundary between the human and those who are 

found not fit into this definition?  
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•The lesson to be learned 
form this case and other 
boundary cases, is that 
objects that go beyond 
accepted categories 
undermining accepted 
views, are cases which 
compel us to re-examine 
our categories and 
classifications. Applying 
this lesson to 
Architecture and Design, 
we should ask ourselves 
 whether Aristotle’s rigid 
principle of classification 
is relevant and helpful.    

Since we are all surrounded by designed 

objects as well as spaces planned by 

architects, which have gone dramatic 

changes in the last century, both in terms 

of content, appearance, material and 

mostly in terms of the growing public 

awareness, it is only natural if we question 

their identity and essence.  

Centre Georges Pompidou, 

Piano and Rogers, 1971

 

•When Renzo Piano and Richard Rogers built the 
Pompidou Centre in 1971 it seemed to resemble a 
brewery or an oil drill site far more than a center for the 
arts. The question was - how should we look at this odd 
and unfamiliar building in view of our past experience 
with museums and public buildings in general? Must this 
contemporary building bear true resemblance to similar 
institutions erected in the past, namely museums? Must 
our acceptance of new appearances depend on having 
seen similar things already? And furthermore, did Renzo 
Piano and Richard Rogers only change the paradigm of 
museums or can this amended paradigm be applied to 
other public buildings such as legislative offices, 
hospitals, and airports. How is the compatibility 
between the style of a building and its public function 
determined?  

6 
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•The same goes with other  buildings designed by 
Ludwig Mies Van der Rohe,  Philip Johnson, Le 
Corbusier, Richard Rogers, Renzo Piano, Bernard 
Tschumi, Frank Gherry,  Daniel Libeskind, and 
many others, who have contributed to the 
proliferation of the language of Architecture, and 
have enriched our experience of structure and 
design, have challenged  by the same token the 
merits of architecture and its foundations, 
expanding the notion of buildings beyond 

Frank recognition. Guggenheim’s museum by 
has ‘violated’ traditional concepts of  Gherry

Daniel architecture, the same goes with 
Renzo ’s Jewish Museum in Berlin, and Libeskind

’s Nemo in Amsterdam. And still, they all Piano
belong to the same family of architecture in spite 
of the fact that each one of them hardly relates to 
the other, as well as to buildings in architecture at 
large. 

Guggenheim, 
1959 

Berlin Jewish 
Museum, 2001,  

Nemo, Amsterdam 2000 

 

 

Similar questions could be asked in 
reference to design. The chair, the 
table and many other objects have all 
been altered dramatically over the 
years and one wonders at observing 
their development and 
transformations should they all belong 
to the same family tree? Indeed, a 
look at the history of chairs shows 
how far designers exceeded the usual 
prototype predicted by Erich 
Dieckmann. Dieckmann  taught at the 
Bauhaus school and sketch out a 
linear, gradual development of chairs 
with each new addition fulfilling the 
potential rendered by the chair 
preceded it. According to 
Dieckmann’s model, which reminds 
Mendeleev’s periodic table of 
elements in chemistry, one can 
predict any evolution of form in the 
new model of chairs.  

Erich Dieckmann 1896-
1944 

 

page # 82



Going from left to right  the 
location of each model 
presents the options of the 
chair design: it begins with 
the most basic and simple 
model on the left and then 
moves on to the bold and 
complex on the right. In other 
words, Dieckmann’s chart 
drew several categories of 
design, in this case of chairs, 
to present the range of 
possible chairs as well as its 
limits. Any deviation from this 
model is ipso facto a 
realization of the potential 
inherent already in one of the 
options portrayed by him.    

 

•Ron Arad, 1989 

Rafael Rossi, 1936 Gerrit Rietvelt, 1924 
One could say that each 
of these examples, and 
many others, ‘pulls you’ 
towards a unique design 
direction, yet they all 
maintain the familial 
model advocated by 
Dieckmann. 

The question is how do we explain 

the dissimilarities in design and 

architecture, and further more, how 

do we explain our recognition of this 

dissimilarity? 
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•The answer I intend to forward is based on 
two theories of similarity: the first was elicited 
by the American philosopher – Quine, and the 
other was suggested by the Austrian 
philosopher – Wittgenstein. Both of them are 
analytic philosophers  whose main interests 
were in language and logic. I will skip, with 
your permission,  their methodological 
insights on language and logic, and 
concentrate mainly on their approach to the 
question of clustering.  

11 

•Quine based his understanding of similarity 
between objects on what he labeled as natural 
kinds , i.e.: if a, b, and c, are of the same 
manifested feature (let us say black ravens), they 
are all ipso facto a group. In order to identify 
objects as belonging to a group one should point 
at a certain  generative feature with the help of 
which he can inductively put a, b, and c under 
the same group. Clustering objects into one 
group is a non-open game, and it practically 
means that objects of architecture as well as 
objects of design should comply to  certain 
inherent rules. To identify a raven as belonging to 
the group of  black ravens means that it should  
comply  to their black generative feature   in such 
a way that the  new raven in question  does not 
break the chain of induction. According to this 
theory a collection of chairs would be considered 
a group if their manifested features such as size, 
colour, function, shape, etc. can  be identified.   

 

 

 

William van Orman Quine 1908-2000 
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•For example, chairs whose function 
is to sit on near a table, would not 
'tolerate' a medical chair, the one 
used by dentists, as an equal 
member in their group.  The same 
goes with decorative or 
experimental chairs, chairs placed in 
an airplanes, chairs whose function 
is to teach student of design how to 
build chairs, etc, etc. 

•In other words, objects of design as 
well as buildings in architecture, are 
identified, according to Quine’s 
theory of natural kind, by their 
categorical manifested features.   

Chairs to sit on and an 

experimental chair 

intended to represent a 

new and uncoventional 

model. 

Chris M. Todd, Tripartite, 2006 

A commercial Italian chair 

A leather dining room chair 
The Eames chair, 
1941 

 

•  
•The second  philosophical approach to 

the problem of clustering was advocated 
by Wittgenstein. Wittgenstein's theory is 
much more democratic, tolerant and less 
rigid. He has denounced induction as a 
scientific method, introducing instead his 
concept of Family resemblance. 
According to Wittgenstein members of a 
family should not consider themselves 
members of the same family only on one 
inherent basis, such as similarity, size, 
height, etc. Belonging to a family is 
based, according to Wittgenstein, on the 
member's wish and desire to become a 
family. An adopted child would be 
considered an equal member of a family 
if he complies with the fate and interests 
of his fostered  family, even though he 
does not resemble them whatsoever.     

 

Ludwig Wittgenstein 1889-1951 

A family with adopted children  
 

page # 85



The same goes with games: ball 
games, doll games, computer 
games, string games, etc. are 
all considered a family in spite 
of the fact that they do not 
resemble each other. English, 
Italian, Hebrew, Chinese etc. 
have no external common 
features, and yet they all 
belong to one family due to 
their function in 
communication, expression, 
etc.  

•Design objects of various kinds, 
buildings of various styles, are, no 
doubt, of different kinds (have different 
appearances, different  functions, 
different histories etc.), and yet 
according to Wittgenstein’s family 
resemblance theory they all belong to 
the same cluster. Considering them as 
belonging to a family means that 
categorization is based on human 
interests and decisions and not on their 
inherent hidden traits.   

•The bottom line is that Wittgenstein 
puts emphasis on deliberation, 
brainstorming, decision making, and 
not so much on the principle of 
induction, as Quine did. 
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•Design and Architecture, as 
other artistic disciplines, 
provoke within us 
philosophical questions. One 
main question concerns the 
problem how do we classify 
objects in the fields 
discussed, and what are the 
criteria for categorizing an 
object in the bounds of 
Design and Architecture. I 
have pointed at two ways of 
categorization, and now we 
should make our minds which 
of them suits us well.   

Quine, V. W., 1969, “natural kinds”, in: 
Schwartz, S. P., (ed.), Naming, Necessity 
and Natural kinds, Ithaca, London 

 
Wittgenstein, L., 1963, Philosophical 
Investigations, Oxford U. pres 
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Complex spatial phenomena necessitate adaptive architectural design solutions. 
Consequently, physical space should evolve in response to shifting programmatic 
requirements and environmental stimuli through a process of structural adaptation,
rather than being an immutable permanent entity. The aim of the research presented 
is to utilise an algorithmic, self-organising system in order to generate emergent, 
adaptive structures composed of mass-producible modular building components.

Diffusion-limited Aggregation (DLA) is a model for natural morphogenesis which is 
capable of generating biomorphic aggregate structures. It is an emergent, self-
organising process in which randomly moving particles attach to a continuously 
growing cluster of aggregates. Because the cluster has potential for infinite growth, 
its process can be started and stopped. Additionally, the cluster can be made subject 
to environmental complexity through manipulation of aggregation probability. The 
model of DLA thus presents one possible mode of thinking and production for an
adaptive structural system.

This paper introduces a case study in which a modular material system was 
developed based on the morphogenetic principles of DLA. Initially, the terms self-
organisation and emergence will be introduced as an overarching research 
paradigm, thereafter DLA is explained in detail. The case study shows possible 
architectural implications as well as the technical detailing of the aggregate parts.
The results of the case study will be discussed and further developments outlined.

Keywords: Diffusion-limited Aggregation, DLA, emergence, self-organisation
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Complexity theory provides a mathematical understanding of the systematic process 
from which complexity emerges. As opposed to reductionism (i.e. closed systems 
and linear relationships), complexity theory focuses on the collective behaviour that 
emerges from the milieu of interactions within a multitude of singular components. 
These interactions take place at all imaginable scales, from molecules and cells to 
ecosystems and climates. The complex is heterogeneous, composed of many varied 
and interdependent parts, which all behave uniquely based on encoded processes
and specific environmental conditions [1]. Consideration for the natural complexity of 
ecological systems begins to provide a comprehensive understanding of the natural 
environment and its inherent intelligence.

Emergence and self-organisation, two generative processes found in nature, often 
occur in complex systems, usually in combination. De Wolf and Holvoet propose a
working definition for emergence: “A system exhibits emergence when there are 
coherent elements at the macro-level that dynamically arise from the interactions 
between the parts at the micro-level. Such emergents are novel with regards to the 
individual parts of the system”. They also propose a working definition for self-
organisation: “Self-organisation is a dynamical and adaptive process where systems 
acquire and maintain structure themselves, without external control” [2]. Both 
emergence and self-organisation are dynamic processes that arise over time, and 
both are robust, meaning that they are capable of surviving occasional failures of 
single elements. The only possibility to obtain a coherent behaviour at the macro-
level is to let that behaviour arise and organise autonomously. Thus, combining both 
phenomena is a promising approach to engineer a coherent behaviour for complex 
systems. 

Furthermore, emergence should be adaptive in order to foster a system that is 
capable of self-organisation in a state of environmental flux, where the system 
responds to changing stimuli. Each element arises in relation to local conditions as 
well as factors that influence the entire system [3]. Adaptation can be viewed as a 
consequence of parallelism and iteration in a competitive environment with finite 
resources [4]. Behaviour is in this case subject to fitness, which determines a 
reaction for or against particular actions based on feedback mechanisms at all levels.
It is particularly useful to consider adaptation in complex systems, because it allows 
the complex to evolve based on rules that can relate to practical applications. 

Digital morphogenesis, or the generation of digital form, is capable of utilizing 
emergence and self-organisation as generative principles. However, in architecture, it 
is important not to regard the process of morphogenesis explicitly in terms of form 
generation: the geometric rigour and simulation capability of computational modelling 
can be deployed to integrate manufacturing constraints, assembly logics and material 
characteristics in the definition of material and construction systems [5]. In terms of 
adaptation, criteria for selection of the fittest can be developed that correspond to 
architectural requirements of performance [6]. Adaptive structures adapt to 
spontaneously changing environmental conditions while reacting to necessities 
resulting from the structure itself [7]. Therefore, computational morphogenesis is 
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possible when complex systems incorporate the physical constraints of architecture
and adapt to changing environmental conditions. 

Complex spatial phenomena necessitate adaptive architectural design solutions. 
Physical space should evolve in response to shifting programmatic requirements and 
environmental stimuli through a process of structural adaptation. The aim of this 
research is to utilise an algorithmic, self-organising system in order to generate 
emergent, adaptive structures composed of mass-producible modular building 
components.

Diffusion-limited Aggregation (DLA) is a process of accretion over time which is 
observed in many natural systems, including electrodeposition, mineral deposits, 
snowflakes, dielectric breakdown (lightening paths), and even in living organisms 
(e.g. the growth pattern of some coral) [8]. Witten and Sander proposed a 
mathematical simulation of DLA: beginning with a single seed, a particle “walks” 
randomly from a distance until it reaches a position adjacent to the original seed, 
where it attaches to form a cluster. Subsequent particles appear at random distant 
points and walk randomly until they reach the developing cluster of aggregates [9]. 
The resulting cluster is a combination of many parts in defined relation to one 
another; therefore DLA is a self-organising system. Additionally, the coherent cluster 
at the macro-level dynamically arises from interactions between parts at the micro-
level; therefore DLA is emergent. It also has the potential for infinite growth.
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The same probabilistic logic of Witten and Sander can be used to generate three-
dimensional DLA through the implementation of a diffused particle system contained 
in toroidal space. Rather than walk, particles fly around at random velocities from 
random starting points at the boundary of the space, then attach to the cluster after 
breaching a specified threshold distance. Within this simulated environment, 
additional system parameters can be implemented to influence self-organisation. 
Gravity (Fig. 1) affects directional growth, creating clusters that appear to grow 
upward. Stickiness (Fig. 2) reduces the probability of a particle attaching to the 
cluster, which results in denser clusters.

First attempts toward architectural design based on DLA resulted in abstract 
instances of digital morphogenesis. Though not generated using material based 
computational methods, the resulting structures provide an initial glimpse into the 
power of DLA as a form generator and illuminate the problems that need to be 
addressed to implement an adaptive material system.

Several emergent structures were programmed to grow within predefined spatial 
boundaries (Fig. 3); all structures eluded prediction and culminated in a final “fit” 
iteration that best satisfies environmental and spatial requirements. System 
boundaries were manually modelled as a combination of physical-contextual 
boundaries (e.g. ground, walls, and doors requiring access) and desired spatial 
cavities for inhabitation (in this case, we performed “subtractive” architecture from a 
yet-to-be-generated structure that theoretically could have consumed the entire site).
The aggregation distance threshold varies within the self-organising structure in a 
manner which supports perceived local structural requirements. This placement 
resulted in aggregates inheriting a specific size based on their proximity to chosen 
areas of the structure requiring more massive components (e.g. the base). The lack 
of a material system results in structures composed of proto-architectural 
components, all of which are unique in size and connection detail.
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The algorithmic process allows for space-oriented mediation of the growth process 
as a means to impose top-down order onto an otherwise unpredictable self-
organised system, yet there is also the option to influence growth via the parametric
settings of the complex particle system and structure’s encoded growth rules. Five
settings were discovered to have the greatest impact on the outcome of each 
emergent structure: amount of flying particles, number of time steps, gravity, 
stickiness and threshold range of components. For clarification: time steps refer to 
the iterative, incremental movement of individual particles in the particle system (it is 
not practical to simulate a particle system in real time). Particle abundance and time 
step quantity mostly have to do with the efficiency of the algorithm: more particles 
means faster growth at the front end of the process, but slower growth as the 
structure matures; more time steps infer less particles and vice versa. Gravity value 
refers to the susceptibility of individual particles in the particle system to Earth’s 
gravity. Reduced stickiness did not prove to be useful for architectural applications,
as problems with density and intersection occur when a particle enters an already 
developed part of the structure and then attaches. The threshold distance for 
component aggregation is determined on the low end by a user-defined variable and 
on the high end by direct proximity to localities with greater normal stress. Because 
each manual setting can have a drastic effect on the fitness of an emergent structure, 
it was necessary to run many trials to find the right combination.

Throughout the initial trials, primitive geometry was used to materialise the 
geometrical data culled from the algorithmic DLA simulation, more specifically 
aggregate coordinates and the connections between them (Fig. 4). Rather than 
constructing an architectural component directly at the point of each aggregate, an
algorithmic function essentially converts generated information between aggregates 
into extended three-dimensional solid geometry (extension of the solid geometry was 
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an early attempt to create tectonic relationships between the architectural 
components). Yet, this digital morphology fails to relate to real-world constructability
due to the tendency toward unmediated topological intersection.

The initial algorithm, which bears a close resemblance to DLA, is capable of 
responding to environmental input in the process of generating emergent structures.
However, its lack of a material system makes it impossible to generate a process for 
producing architecture in physical reality. The algorithm also does not take into 
account further expansion of the structure or reconfiguring building components for 
overall structural modification. Therefore, a modular material system (specifically 
composed of the same mass-produced module) must be generated parallel to 
localised geometry in order to produce adaptive algorithmic architecture.

When a modular material system is generated alongside the emergent geometry of 
DLA, the algorithm implements computational morphogenesis. A series of localised 
modules oriented to the three-dimensional coordinates of each aggregate form a
material system that can crystallise the structure in physical space. Taking advantage 
of industry standard CAD/CAM processes allows for precise and efficient prototyping
of singular yet morphogenetically related components (as well their multitudinous
connections). While CAM allows for mass-customisation and offers the potential for 
completely unique modular components, the goal in the development of this material 
system is to design a structure that can physically adapt to changing user demands 
and environmental conditions while undergoing only strictly controlled local
transformations that facilitate the use of one mass-produced module.

The original model of DLA was inspired by the aggregation of metal particles 
observed through an electron microscope, and although the phenomenon occurs 
elsewhere in nature, it does not occur at the architectural scale. Challenges arise as 
the structure is magnified and used for the production of architecture, especially in 
the case of this modular system, because only one mass-produced module is eligible 
for aggregation. As opposed to the self-organisation of three-dimensional geometry 
in DLA, the computational logic of this material system introduces new rules for 
growth based on constructional constraints. Each identical module in the material 
system consists of four connection points and attaches to an existing module in the 
structure. Afterwards, the three free branches of each module become connection 
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points for potential aggregation (Fig. 5). In this way, structural growth is strongly 
influenced by the morphology of the user-defined module.

Material properties, manufacturing techniques and assembly logic of the material 
system must be considered in tandem with the overall generation of crystalline
growth. A physical prototype has yet to be manufactured; therefore it is premature to 
decisively select a construction material and its most suitable manufacturing process.
However, it is clear that the material must be light, formable, durable, and resistant to 
stress. Subsequent production techniques could potentially include thermoforming or 
injection moulding with a robotically-manufactured mould. Assembly can be carried 
out through a set of written or digital instructions or even by employing the precision 
of a robot.

Material system assembly logic, which was a priority in this research, is central to the 
performance of the generative algorithm based on a modular aggregate. The 
standardised nature of each module lends the material system to rapid adaptation. 
Each branch of the module is capable of attaching to all other uncoupled branches
with six specific degrees of rotation. This allows a module to be removed from one 
portion of the structure and immediately reused in another. Modular components are 
able to correspond to a variety of connections at the micro-level in order to 
accommodate adaptation at the macro-level. 

After critically defining the probability of growth based on information within the DLA 
system, architectural constraints can be incorporated to augment morphogenesis. 
Hensel and Menges posit: “Today the development of performative material systems, 
and in particular the technological advances of simulating their behavioural patterns 
of modulating and being modulated by the environment from the very early design 
phases on, enables us to further develop such modes of spatial organisation based 
on gradient conditions in interaction with physical thresholds” [10]. Adaptive material 
systems for architectural space begin to emerge when each aggregate in a 
generated DLA cluster is regarded as an architectural component. Through addition 
and subtraction of architectural “aggregates”, the DLA based tectonic structure is 
able to grow as well as degenerate over time. It shapes aspired forms and 
architectural configurations. The structure can adapt to specific needs of the user 
(e.g. use) and shifting environmental conditions (e.g. daylighting) through a 
continuation of the DLA growth algorithm and subsequent rearrangement of 
components in physical space.

Converting the DLA algorithm from digital form generation into a computational 
design tool that automatically constructs a modular material system was an essential 
step toward making a meaningful design proposal. The design tool is similar to the 
original algorithm in that aggregates are bound and influenced by user-input 
geometry and parametric variables. Its self-organising growth process is no longer a 
direct representation of DLA due to modified aggregation logic; despite its diminished 
“authenticity,” the algorithm has been effectively translated into a design tool for 
architectural morphogenesis. Additionally, the tool is adaptive: it is capable of 
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restarting growth on existing constructions as well as intelligently subtracting 
modules based on changing performance criteria over time.

First of all, the design tool is capable of computing an emergent structure that relates 
directly to a physical construction based on a modular material system. The 
construction is generated in a bottom-up process based on a user-input module with 
specific connection joint details for subsequent aggregation. The tool begins by 
identifying user-defined seeds for the emergent structure and places the first 
modules at their coordinates. Further local interactions occur when uncoupled branch 
termini lie within the defined spatial boundaries for aggregation. Self-organisation in 
design tool, the process for which was originally inspired by DLA, maintains its
natural capacity for emergence. Local relationships between repeated modules of 
with varying connection capabilities continue to give rise to unpredictable behaviour 
in the overall composition (Fig. 6). There is a positive relationship between the 
amount of connection points in the module and the density of the structure overall.

As a means for adaptation, the computational model can be reloaded and the design 
tool initiated yet again. Growth is continued with new parameters responding to 
environmental conditions, for example thermodynamics, spatial assimilation and 
daylighting as well as performance criteria, such as structural optimisation and use 
(Fig. 7). Modules that are determined to be unnecessary or “unfit” by the tool are 
removed, while new modules are added and catalogued for implementation in the 
physical construction. Because the morphology of the module is consistent 
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throughout the process, it is versatile. Formerly unfit modules can be again added to 
the structure as a way to reduce the ecological and economic impact of producing 
new modules. Architectural space can be reconfigured over time with significant ease 
following construction rules generated by the digital model.

The resulting construction, while in its current theoretical state not yet realised as a 
physical prototype, is capable of providing a series of environmental modulations 
based on desired affects (many of which can be simulated). Because the design tool 
was not envisioned based on traditional design methodologies, the construction itself 
is capable of producing architectural spaces with emergent experiential qualities.
Unforeseen characteristics of the generated construction contribute to a gradient 
space between what is typically understood as outside and inside (Fig. 8); the 
modular material system allows structures to grow in a generative way with 
unexpected outcomes that carry the potential for unimagined uses.

The complex DLA based structure presented in this paper exploits design tools 
readily available in computational design, namely self-organisation and emergence
as means to produce realisable constructions. Through this design process, the
structure is able to adapt over time to a range of stimuli, and with the implementation 
of a modular material system, the design tool produces not only digital geometry but 
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also offers the potential for production and assembly at the architectural scale.
Perhaps most importantly, the module (which corresponds to the aggregate in the 
mathematical model of DLA) is repeated throughout the structure and can be mass 
produced as well as reused in subsequent constructions. 
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Abstract:

Hofstadter tells us that, “in regards to cognition analogy is everything.” 
[1] It follows then that creativity, a subset of cognitive processes, is also 
an exercise of analogic thinking, a process of pattern matching, building 
conceptual metaphors, “mapping across conceptual domains.” This 
process is fundamental to creativity, novelty and knowledge building. [2] 

Systems science tells us “structure determines behavior.” Creativity, 
a basic behavior arising from our neural structure, is “the act of noticing 
patterns…making them visible in some kind of model, or theory, or 
poem, or sculpture.” [3] Patterns are noticed across some conceptual 
divide and manifested/mapped into physical form. The maps, the 
objects we make, are also conceptual metaphors, analogs of the real. 

There are computational models that afford us the opportunity to 
see this structure, a substrate for the mechanisms of creativity. We can 
model and explore that substrate at many stages or levels, stretching 
from the complexities of human culture to the simple material 
movement of electrons. Behavior begins as the movement of ions, 
electro-chemical activity—signals moving though the complex networks 
of our brains. Eventually those signals manifest as social structures, 
human networks of action in the world. Interestingly both our created 
culture and our neural signaling have at their base this same process—
pattern matching—built on small-world networks. [4, 5] 

By modeling and visualizing this network structure, within some new 
topographies, we can investigate the process of finding the novel within 
the known, and see how a new idea is nothing more than effective way-
finding through a dense network of connections—with each link simply 
an association, a pattern match. 

A model of a small-world network with 1000 nodes, 10 links per node. 
With 99% linking to nearest neighbors and 1% random links, it is both 
structured and connected, taking only four steps from source to target. 
That “short-cut” is a model for the “aha” moment when we make the 
familiar strange, and see something in a new way.
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Abstract

The structures and processes of creative thought mirror the structures and processes 
of our neural networks. In creating and learning, the fundamental process is 
conceptual metaphor, where ideas, like neurons, connect based on matching 
patterns. The connections exist in clustered networks. What allows the subtle 
connections needed for novelty is a small amount of randomness within the linking—
a small-world network structure results. Small-world networks are explained and 
illustrated. A new model of small-world network topography is also described and 
visualized. The model offers a substrate upon which creativity, understood as a 
neural process, can occur. 

1. Introduction 

There is a mechanism for creativity. We can explore that mechanism at many stages 
or levels across a wide expanse, stretching from the complexities of human culture to 
the simple material movement of electrons. Human behavior, working from 
perception and cognition, manifests as culture. That behavior begins as the 
movement of ions, electro-chemical activity—signals moving though the complex 
networks of our brains. Eventually those signals manifest as human action in the 
world. Interestingly both our created culture and our neural signalling have at their 
base the same process—pattern matching. 

We can define creativity as “the act of noticing patterns…making them visible in 
some kind of model, or theory, or poem, or sculpture, so that the insights gained 
don’t just float away.” And “creative people don’t just express themselves in 
metaphor, in analogy, they see and think in metaphor and analogy…” [1] Patterns are 
noticed across some conceptual divide and expressed as metaphor. 

Hofstadter tells us that, “in regards to cognition analogy is everything.” [2] It follows 
then that creativity, a subset of cognitive processes, is also as an exercise of 
analogic thinking and conceptual metaphor, building from the idea that metaphor “the 
mapping across conceptual domains” is fundamental for creative practice, novelty 
and knowledge building. [3] 
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2. The Loop of Learning and Innovation 

A metaphor is a pattern match found between conceptually unlike things. It exists for 
us as a loop of desire that is the essence of being cognitively alive. The loop parallels 
our more basic desires for food, sleep, etc. Our survival instincts (materially existing 
as genetic neural structures) have us scanning our environment in search of 
difference. If something changes it might be a threat to survival (fear) or enhance 
survival (pleasure). We compare and contrast signals coming in through our senses 
to signals stored in our memory, looking for a pattern match. If there is no match then 
the incoming signal is new and strange. We need to know and so search more 
deeply for a match. Some dimension of the new must match something in memory or 
we cannot know the new. Desire to know the new is strong. Our survival might 
depend on it. Life is the constant processing of our surroundings in support of this de-
sire. The search for knowledge is ongoing.

“The relation between what we see and what we know is never settled.” [4] This is a 
relation of the strange and the familiar—the loop of learning and creativity 
(manifested as innovation). See Figure 1.

 

Figure 1: The metaphoric loop of learning (new knowledge from new information) and 
creating (new knowledge from known information). [5]

2.1 Learning 

The tension inherent in desire is a motivation for learning. The fundamental 
mechanism for learning is analogic thinking through metaphor. All knowledge builds 
on prior knowledge though the pattern match of conceptual metaphor. New 
information enters the system and is understood in relation to the already known. The 
strange is connected, compared and contrasted with the familiar. 

The signals come from outside of us, entering through our senses. Signals are 
converted to data, stored in our short-term memory where the brain seeks to link the 
new patterns to patterns stored in memory. Pattern matches of new ideas, concepts 
and experiences become new network links, new synaptic structures in our plastic 
brains, allowing new paths for electro-chemical spikes to move from neuron to 
neuron. [6] 
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2.2 Creativity 

Poet Stephen Spender reminds us, “All that you can imagine you already know.” 
Creativity is also a process in the metaphoric loop, but now the new connections are 
made within what we know. What is required is seeing the known in new ways—
making the familiar strange. In developing “the creative habit…Metaphor is the 
lifeblood of all art, if it is not art itself.” [7]

A new idea is a new connection from old knowledge. Einstein saw light as a vehicle 
for space travel. Shakespeare compared his love to a rose. At the material level in 
the neuronal lattices within our cortex new links are made, built on the firing of a 
metaphor. New synapses create new pathways, connecting clusters of firing 
neurons—cognitive representations of things, ideas, objects and emotions. 

3. Ideas, Neurons and Networks 

There are models of signal flow and network structure that can help us understand 
how human activity demonstrates creativity. In particular is the small-world network 
structure, modeling well-connected and well-structured networks. Small-world 
networks use a small percentage of distant (random) connections among a large 
percentage of close, tightly clustered links. [8] 

A clustered network is a model of ideas organized and incestuously linked within 
segregated conceptual domains. In an academic environment we can think of these 
clusters as disciplinary silos. To move beyond the closed thinking that can occur 
within these silos academic departments sometimes look outside, seeking the 
diversity of interdisciplinary connections—a social construction of a metaphoric link, 
with individuals as nodes in the network. 

These connections to the outside can be modeled as a very small amount of random 
linking within the clustered structure. This small amount provides for a substantial 
increase in connectivity of the network, dramatically improving the odds of new 
connections (new ideas). This is the dual advantage of the small-world network 
structure—well organized and highly connected. Recent research in neuroscience 
indicates that this structure is present in our neural networks as well. [9,10] It would 
be a natural result of a selectionist model of brain morphology. [11] Computational 
approaches to this structure are also starting to appear, built primarily on the Watts 
and Strogatz model. [12] 

The small world structure is a useful substrate for the creative linking of ideas and is 
also the structure of our brains. A small-world network of neurons is the material 
embodiment of idea flow, with the distant links allowing for novelty—“making the 
familiar strange.” The traces of signals through our neuronal networks are the 
materials of cognition. Conceptual metaphors are the key connectors at the cognitive 
level. These connectors exist as the distant links in the small-world substrate. This 
substrate can be easily modeled computationally. 
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3.1 Clustered Networks 

Figure 2 is an illustration of a clustered graph or network built on a ring lattice. The 
figure shows a network of one hundred agents or nodes, with each node connected 
to its four closest neighbors. A cluster shows a high structure of repetition as each 
node has many nodes in common with each linked neighbor. The clustered nodes 
could represent a close circle of friends or perhaps a group of wired neurons. What 
the graph shows is that while clusters are tightly structured, information does not flow 
through the network very effectively. To move a signal from the source node (#0) to 
the target node farthest away from the source (#50), will take at minimum twenty-five 
steps.

3.2 Random Networks 

Figure 3 is an illustration of a random network, with properties that are exactly 
opposite those of a clustered network. Here each node is randomly linked to four 
other nodes. Linked neighbors will rarely have other nodes in common. Signals will 
move through this network with little coherence, but will traverse the network quickly 
as it is highly connected. 

3.3 Small World Networks 

A small-world network is one that is clustered and so highly structured, but with a 
small amount of randomness. Figure 4 is an illustration of a small-world network, 
based on the Watts and Strogatz model, with just 5% randomness in the links. Note 
that the network is nearly as effective as the random network in regards to moving a 
signal quickly through the system, while nearly as structured as the original clustered 
graph. While most linking is clustered there are a very small number of random 
connections as well.

Hebb’s law states that “cells that fire together wire together.” [13] Our brain’s network 
is built on associations. Some associations have the appearance of randomness. 
However a connection is a pattern match. Pattern match means repetition, which 
means structure. Sometimes what is repeating might be subtle, seemingly random 
when out of context. When two neurons are firing simultaneously a synaptic 
connection begins to form—two nodes are linked and some essence of structure is 
recorded for later recall as metaphor. The brain learns. 
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Figure 2: Graph of a 100-node clustered network, each node connected to its four 
closest neighbors. The bold line shows the 25 steps needed to traverse the network 
from the source to the target. Clustered networks are highly structured but poorly 
connected.

Figure 3: Graph of a 100 node random network with each node randomly linked to 
four others. This random network is poorly structured but highly connected, in this 
instance requiring only three steps to get from source to target.
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Figure 4: Graph of a 100 node small-world network, developed as a clustered 
network with approximately 5% random links. This network type provides all the 
benefits of a clustered (structured) network, with nearly the same connectivity as a 
random network. This instance requires only one link more that the random network 
to get from source to target. 

Figure 5: A rendering of a neuronal structure, illustrated by Ramón y Cahal nearly a 
century ago, that shows similarities to the ring lattice network topography. 
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Figure 6: An illustration of neurons, evenly distributed in space. © Paul De Koninck, 
Laval University, www.greenspine.ca. 

4. Creativity Substrates 

The ring lattice is the basic topography used for the Watts and Strogatz network 
model. It is a convenient structure to illustrate the function of small-world networks, 
and it is possible to find the structure in the wiring of the brain, as illustrated by 
Ramón y Cahal’s drawing of nearly a century ago, seen in Figure 5. [14] However, 
the simple geometry of the ring lattice is not the only useful structure from which to 
model and explore networks of conceptual domains or signalling neurons. There are 
other neuronal distributions within the brain to consider.

Figure 6 is microscopic picture of a neuronal tissue culture. While simple, it shows a 
more random (and oddly, as a result, more evenly spread) distribution of neurons. To 
build a clustered network, with nodes distributed in this way, the nodes link to other 
nodes in closest proximity. In a model of this topography, seen in Figure 7, there are 
1000 nodes, placed randomly within the frame. Each node links to its ten nearest 
neighbors.

It is interesting to note in this model that, due to randomness in the topography of the 
nodes, the clustered network is more connected than the ring lattice. The clustered 
network illustrated requires thirty-three steps to get from the source to the target. If 
we built a ring lattice model with the same number of nodes and links it would require 
100 steps to travel the same distance. 

Figure 8 shows a rewiring of the network with 1% random links. The path from the 
source to the target is now only four steps! Again we see the effectiveness of adding 
a tiny amount of randomness into the network structure 
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Figure 7: A clustered network of 1000 nodes, distributed randomly. Each node is 

linked to it 10 nearest neighbors. In the clustered network 33 steps are required 
to get from source to target—well structured, but not well connected. 

 

 

 

 
Figure 8: A small-world version of the 1000 node network. Both structured and 
connected, with 1% random links, it takes only 4 steps from source to target. 
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5. Way-finding in Small-worlds 

These small-world networks illustrate a substrate upon which new metaphors can be 
found, and new neuronal connections can be made. Understanding this substrate is 
a first step in constructing models where not only a behavior of creativity can be 
emulated, but also the actual mechanisms for the behavior.

A big issue for further study is the fact that having short paths through a network is 
not the same as knowing where those short paths are. How might we parse this 
network structure to take advantage of its connectedness? How can we find our way 
through the tangles of the small-world? In considering the massive complexity of our 
brains the task is indeed daunting but necessary for creativity. Creative thought 
requires a substrate that allows for metaphor and then actually finding the metaphor 
(the proverbial “aha” moment). [15,16] 

Neuroscience is paying new attention to other cells in the brain—the glia. [17,18] 
There are at least as many glia in the brain as there are neurons. Recent studies are 
finding that neuronal signals continue outside the synaptic gap and are carried as 
waves propagating through the brain outside the network of neurons. [19, 20] The 
external signals appear to be modulating neuronal activity throughout the network. 
Being able to impact the traversals of signals within a network from outside the 
network could significantly facilitate way-finding. As our models develop this points to 
one area of interest for future investigation. 
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Blooms and Death 

How was polymedia integrated in the process of the composition?  

Blooms and Death
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 Diagram 1 Original photographs
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  Diagram 2 Pencil Drawings

   

Diagram 3 Computer processed art 
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Blooms and Death

Technical Requirements for Performance 
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Diagram 4 System layout of equipment (computer/audio/visual)  

Prelude 

Blooms and Death .
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Diagram 5 Prelude score for acoustic Bb clarinet

MOVEMENT 1 
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Diagram 6 MOVEMENT 1 score

MOVEMENT 2 

Blooms and Death
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Diagram 7 MOVEMENT 2 Graphic drawings in score 

Diagram 8 MOVEMENT 2 score 
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Interlude 

Live Audio Mulching (laptop) and video projections.

Diagram 9 Audio mulch patch for Interlude Movement 3

Movement 3 

How will polymedia be integrated in the process of performance? 

Blooms and Death
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Blooms and Death

Blooms and Death
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Diagram 10 Photograph of set up used in performance on 6th March 2011 at UTAS

Prelude 

MOVEMENT 1 

MOVEMENT 2 
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Diagram 11 Audio Mulch Patch for performance for Interlude and Movement 3

Interlude and Movement 3

 
Conclusion 

Blooms and Death
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Abstract: 

This work introduces a novel artistic approach of looking at the 
electroencephalogram of the sleeping brain. Known imaging 
procedures generate two- or three-dimensional representations of the 
brain, highlighting different chemical, magnetic or electrical 
distributions, regions and structures. This paper is an attempt to
visualize the data extracted from sleep EEG signals in a different way,
by presenting them as global abstract images, which are visual 
representations of the macro- and microstructure of the sleep,
generated by combination of different EEG features, events and states.  
While global resulting images still contain some information regarding 
the structure and quality of the sleep, the main goal is to create a result 
that is aesthetically pleasant. 

Left: Image, generated from the EEG signal of the normal sleeping 
brain 
Right: Image, generated from the EEG signal of the baby sleeping brain
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Abstract 

This work is an attempt to visualize the data extracted from sleep EEG signals in a 
different way, by representing them as global abstract images, which are visual 
representations of the macro- and microstructure of the sleep, generated by 
combination of different EEG features, events and states. All important information 
about quality of sleep and its structure is hidden behind the colors and shapes of the 
image; and every image is as unique as the whole night sleep of every subject.

The goal is to study if it is possible to encode whole night sleep EEG events into 
sequences of shapes and colours in order to obtain a painting which is aesthetically 
pleasant and allows a global appraisal of the dynamics and cyclicity of sleep and 
dreaming process. 

1. Introduction 

There are different techniques used for monitoring brain activity, such as positron 
emission tomography (PET), single photon emission computed tomography 
(SPECT), and magnetic resonance imaging (MRI), along with electro-
encephalography (EEG). Advances in all these techniques are enabling scientists to 
produce remarkably detailed computer-screen images of brain structures and to 
observe neurochemical changes that occur in the brain as it processes information 
or responds to various stimuli. 

Known imaging procedures, such as PET,  SPECT and MRI, generate two- or three-
dimensional representations of the brain, highlighting different chemical, magnetic or 
electrical distributions, regions and structures, and provide results in the form of 
colour or black and white images (Fig 1). Unlike these procedures, output of 
electroencephalography EEG is represented as a plain signal (Fig 1). Results 
provided by these techniques are mostly used for scientific purposes only and play 
no particular important role in the fine arts.  

page # 142



14th Generative Art Conference GA2011 

Fig.1 Top (left to right) > Examples of PET, SPECT, and MRI scans 
Down > Example of EEG signal 

There have been, however, several attempts at using brain analysis results to 
generate artistic output, both by artists and scientists alike. Their work was mostly 
focused on integrating fragments of the brain signals and images into a final 
painting, as in [1] or on using real-time EEG analysis of an awakened brain in  
neurofeedback systems for painting without hands and creating visual images of 
individual’s brain activity, as in [2,3].  

This work introduces a novel artistic approach of looking at the EEG of sleeping 
brain. This study not only allows creating abstract images of the whole night sleep 
EEG signals, obtain from different subjects but also includes all important 
information about the quality and macro- and microstructure of their sleep. Sleeping 
brain images are represented by sets of different shapes and colors corresponding 
to the real EEG features, extracted from signals and transformed into unique images 
of single night. 

Sleep is a dynamic process with known trend variation along the night, cycling 
between different states and dreaming episodes, as in [4]. The left-right side of the 
brains has common and independent activities making it a good candidate for left-
right special differentiation. The frontal, central and posterior regions of the brain 
also differentiate from emotional, global and visual activities. The main problem of 
using these ideas is to find a way to code the EEG signals in a normalized way and 
then define a comprehensive mapping between features, colors and shapes in order 
to result in a pleasant and informative image.  

First, we describe features extraction and encoding methods, used for obtaining the 
data from sleep EEG signals and their transformation into sleeping brain images. 
Then, two methods for images representation and final results will be discussed. 

page # 143



14th Generative Art Conference GA2011 

2. Features Extraction and Encoding Methodology 

2.1 Band-Pass Filtering and Segmentation 

The EEG waveforms are commonly classified according to their frequency, 
amplitude, and shape. The most known classification uses EEG waveform frequency 
– one of the main characteristics of the EEG signal. In accordance with manual 
analysis the classification of EEG frequencies on major bands (rhythms) was 
introduced, as in [5]. 

The following frequency rhythms are the most clinically relevant: Delta:  < 4 Hz; 
Theta: 4 – 8 Hz; Alpha: 8 – 12 Hz; Sigma: 12 – 16 Hz; and Beta: 16 – 20 Hz. Our 
work deals with these five frequency rhythms in order to extract necessary 
information from the sleep EEG signal. 

At first, five frequency bands 0.1 – 4 Hz (delta), 4.1 – 8 Hz (theta), 8.1 – 12 Hz 
(alpha), 12.1 – 16 Hz (sigma) and 16.1 – 20 Hz (beta) from the sleep EEG signals of 
channel C3-M2 by application of a 8th order Butterworth FIR band-pass filter were 
extracted. The absolute value of each filtered EEG signal was then plotted and, in 
order to provide a smoother shape for the signals, a linear interpolation method was 
applied.   

Each filtered EEG signal was then segmented using specific segmentation 
procedure based on the threshold application. As a result, segments of five different 
types, corresponding to delta, theta, alpha, sigma and beta frequency 
characteristics, were obtained.  

The next step was to combine segments from five filtered and processed signals in 
order to obtain events consisting of segments from different types. Frequency 
segments, appearing simultaneously throughout the EEG signal, were combined 
together by application of specified set of rules based on the information about 
durations of the segments and spaces between them. This procedure allowed 
excluding non-relevant data from the analysis and avoiding the use of excessive 
information. Thus, events carrying frequency information about analysed sleep EEG 
signals were created. In total, thirty-one possible combinations of segments were 
obtained. These combinations are referred to as types of events.  For convenience, 
types of events were numbered from 1 to 31.  

From each EEG signal, sequence of events of different types was obtained, and this 
sequence represents microstructure of a sleeping brain for particular night. 

2.2 Sleep Stages: Macrostructure of Sleep 

Macrostructure of human sleep has been described as a succession of five recurring 
stages: four non-REM stages and the REM stage. A sixth stage, waking, is often 
included. Waking, in this context, is actually the phase during which a subject falls 
asleep. Rapid eye movement (REM) sleep is marked by extensive physiological 
changes, such as accelerated respiration, increased brain activity, eye movement, 
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and muscle relaxation.  

Sleep quality changes with transition from one sleep stage into another. Stages are, 
in fact, discretely independent of one another, each marked by subtle changes in 
bodily function and each part of a predictable cycle whose intervals are observable.  

In the middle of 1930s Loomis provided the earliest detailed description of various 
stages of sleep [6], and in the early 1950s Aserinsky and Kleitman identified rapid 
eye movement (REM) sleep [7]. Sleep generally is divided in two broad types: non-
rapid eye movement sleep (NREM) and REM sleep. After a brief proliferation of 
several sleep classifications a standard emerged. Sleep Stages are scored 
according to “A Manual of Standardized Terminology, Techniques and Scoring 
System for Sleep Stages of Human Subject”, which was elaborated in 1968 by a 
committee co-chaired by A. Rechtschaffen and A. Kales [8]. 

NREM and REM occur in alternating cycles, each lasting approximately 90-100 
minutes, with a total of 4-6 cycles. In general, in the healthy young adult NREM 
sleep accounts for 75-90% of sleep time (3-5% Stage 1, 50-60% Stage 2, and 10-
20% Stages 3 and 4). REM sleep accounts for 10-25% of sleep time. Stages 2 and 3 
repeat backwards before REM sleep is attained. So, a normal sleep cycle has this 
pattern: waking, stage 1, 2, 3, 4, 3, 2, REM. Usually, REM sleep occurs 90 minutes 
after sleep onset. 

Since the purpose of this work is not only to create an aesthetically pleasant result, 
but also to provide informative images that would allow tracking of the quality of the  
sleep and its macrostructure, sleep stage information was also extracted from EEG 
for further image encoding.  

2.3 Grouping of Events 

It is well known that delta, theta and sigma frequencies are typical for sleep EEG, 
whereas alpha and beta frequencies more often observed in wakefulness EEG, 
although they are also present in the sleep.   

Typically appearance of the rhythms in human EEG is following:  

- Beta rhythm is associated with normal waking consciousness;  
- Alpha rhythm predominantly originates from the occipital lobe during wakeful 
relaxation with closed eyes. Alpha waves are reduced with open eyes and 
drowsiness and sleep;  
- Theta rhythm tends to appear during drowsy, meditative, or sleeping states, but not 
during the deepest stages of sleep;  
- Sigma rhythm is normally observed during sleep;  
- Delta rhythm occurs most frequently during stage 3 and 4 of NREM slow-wave 
sleep. 

Based on this knowledge, events were grouped into twelve groups according to a 
specified set of rules. These groups are represented according to the information 
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about the structure of the event (the combination and order of the segments inside 
the particular event) and its relation to the sleep-awake concept. For convenience, 
each group type was numbered from 1 to 12.  

2.4 Encoding of EEG Events into Image Objects 

Each EEG signal was analysed according to the segmentation and grouping 
methods, described above. At the end, EEG signals were transformed into 
sequences of events. Each event contains information about its type (1-31), 
corresponding group (1-12), duration in seconds and name of the sleep stage it 
occurs in.  

After sequences of events are obtained, they can be used in creation of sleeping 
brain images. An image is created by converting information about each event in a 
sequence into a simple object; and inserting these objects into the same picture, 
taking their chronological order into account when determining their location. 

Each object exhibits three different features: colour, shape and size. 

1. The first feature takes into account information about the type of event and 
defines the colour of the object, choosing from a set of thirty one colours, 
corresponding to the particular type of current event. The following colours and their 
association with each event were chosen randomly (Fig. 2). 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Fig. 2 Thirty-one colour, chosen for the encoding sleep EEG events into objects of 
the image. Each colour corresponds to a specific type of events. 

2. The second feature has twelve possible values, corresponding to the group 
information of the current event, and is used to select shape of the object. There are 
six basic shapes (circle, square, rectangle, line, octagon, diamond), and each can be 
made opaque or transparent, depending on the corresponding group (Fig. 3). 

1 2 3 4 5 6

7 8 9 10 11 12 

Fig. 3 Six basic shapes used in encoding sleep EEG events into objects of the image. 
Events from groups 1-6 are represented by opaque shapes, whereas events from 7-
12 groups are represented by transparent shapes. 

3. The third feature is based on the information about the duration of the current 
event and is used in determining the size of the object. Longer events result in larger 
objects. 
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3. Final Images Representation and Results 

There are two different methods for representing sequences of events as images of 
the sleeping brain. Both of them include information about sleep stages, in which 
events occur during the whole night sleep.  

Twelve whole night polysomnogram recordings (  8 hours each) from normal healthy 
volunteers and from snorer patients are used in this study. The data were randomly 
selected from our database. From each polysomnogram recording, single EEG 
channel (C3-M2) is used in this study.  

3.1 Representation Method 1 

This representation method groups the events according to their sleep stage 
information. Five different images are generated, one for each stage, and then 
combined to generate the final result. For each stage, their individual events are 
analysed and placed on the respective image. To determine their location the 
average length for an event of that stage is calculated and then normalized so as to 
make each resulting stage image the same size. This value is then used as the 
mean size for the objects of that stage, and is also used as the distance between 
adjacent events. The events are placed on the image according to their 
chronological order, with the first event of a given stage being placed on the top left 
corner and then following a left to right, top to bottom order. 

The final sleeping brain image is then created by taking all five stages’ images 
(Stage 1, Stage 2, Stage 3, Stage 4 of NREM sleep and REM sleep), making them 
transparent and overlapping them over each other. 

Resulting sleeping brain images for twelve subjects from healthy normal and snorer 
populations are represented in Fig. 4, 5. 
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Fig. 4 Sleeping Brain Abstract Images for six snorer patients, created with 
representation method 1 
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Fig. 5 Sleeping Brain Abstract Images for six healthy normal adults, created with 
representation method 1 
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3.2 Representation Method 2 

This representation method changes the way the location for an object is 
determined, as well as the way of using stage information. The objects are now 
placed in a spiral pattern, starting on the centre of the image with the first event in 
the sequence and spiralling outwards in a clockwise direction, following events’ 
chronological order. 

Objects are spaced at specific distance from each other based on the calculated 
mean duration between all events (no distinct value for each stage was used as in 
first representation method).  

In this method, stage information is used to determine the background colour for 
each object, providing information about durations of sleep stages and their cyclicity 
throughout the whole night. 

The chosen background colour associated with each sleep stage is shown in Fig. 6. 

NREM 
1

NREM 
2

NREM 
3

NREM 
4

REM 

Fig. 6 Background colours corresponding to sleep stages 

Resulting sleeping brain images for twelve subjects from healthy normal and snorer 
populations are represented in Fig. 7, 8. 

4. Discussion 

The main idea of this work was to represent sleep EEG signals in a different way, as 
abstract images of sleeping brain. The goal was to create images that are both 
aesthetically pleasant and informative. Two different representation methods were 
applied to the sequences of sleep EEG events for their transformation into images.  

First representation method allowed creating very interesting and aesthetically 
pleasant abstract images of sleeping brain, but from the obtained results it is clear 
that informative side is missing. Although, one can say that images show some 
specific differences in whole night sleep among different subjects and populations, it 
is hard to provide a clear interpretation of those results. Since the distance between 
events is normalized so as to provide images of equal size for each stage, the 
information about event duration is distorted (stages with less events generate larger 
objects, even if the event's duration is shorter than events on more populated 
stages). Information about the sequence of sleep stages during the night is also lost. 
These issues make it difficult to analyse the resulting image from a sleep quality 
point of view. 
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Fig. 7 Sleeping Brain Abstract Images for six snorer patients, created with 
representation method 2 
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Fig. 8 Sleeping Brain Abstract Images for six healthy normal adults, created with 
representation method 2 
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Second representation method allowed creating abstract images of sleeping brain 
together with providing some information about quality of sleep of the subject and its 
cyclicity. Created images show how sleep stages replace one another and dynamics 
of events’ changes during the night. 

Whereas, first representation provides more interesting results, but makes it harder 
to interpret from a sleep analysis point of view, second representation method gives  
more detailed account of the subject’s sleep, but might not be as interesting. 

In the future work we will use more additional features and different effects for the 
objects (blurring, transparency), new shapes, and review the colours associated with 
events’ types to have some resemblance between them. 
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Abstract

1. Introduction 
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2. Evolutionary Concepts and Artificial Creativity 

3. Artificial Ontogeny of Generative Artworks 
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4. A Simple Example of Artificial Ontogeny  
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Figure 1. Example of simple artificial ontogeny producing the appearance 
of soft paper texture with gentle pillow-bevelling effect. Captured 
intermediary states illustrating various phases of development.   
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Figure 2. Example of simple artificial ontogeny producing the appearance 
of depth in the spiral structured form. Captured intermediary states 
illustrating various phases of development.   
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Figure 3. Parametric manipulation producing depth variation in the simple artificial 
ontogeny presented above. Captured intermediary states illustrating various 
phases of development.   
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Figure 4. Parametric manipulation producing depth 
variation in the simple artificial ontogeny presented above. 
Captured intermediary states illustrating various phases of 
development.   

5. A Generative Landscape – Work in Progress  
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6. Phylogenetic Evolution of Generative Artworks 
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Figure 5. Generative night landscape. Captured intermediary states illustrating 
various phases of development. 
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7. Artificial Creativity at the Intersection between Evolutionary 

Computation and Control Theory 
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8. Conclusion 
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Generative Art Philosophy – Ars Artium 
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Sometimes on the mountains in a fragment of a peak appears    
An imaginary city, similar to  Celestial Jerusalem.    

You can discover it at sunrise, suddenly after the last darkness of the night.    
A wonderful splendor resounds in the harmony of the details.    

It is just for a moment. If you try to remind to the image in your mind,    
You discover that the details are changed following the different time.  

Only the vision of the beauty echoes the same character.
The remembering evokes a performing sound:    

A natural harmonic order that sings in your heart. 

1 .0.1  Ars Artium 

unveiled

 Saint Cecilia statue by Maderno, Chiesa di S.Cecilia in Trastevere, Rome 

“"The orator has to dip his pen
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in the blood of his heart;  in this way he could also reach the ear of the people"
Musical expression may be compared with the delivery of an orator. The orator and 
the musician have, at bottom the same aim in regard to both the preparation and the 
final execution of their productions, namely to make themselves masters of the 
hearts of their listeners, to arouse or still their passions, and to transport them now to 
this sentiment, now to that. Thus it is advantageous to both, if each has some 
knowledge of the duties of the other.’

 
S. Gregorio Magno by Antonello da Messina, Palazzo Abattellis, Palermo  

1 .0. 2 Generative Art Philosophy - Logic and ordo 

recognizable creative Subjective

 poetic order
 "Lucidus ordo and callida iunctura” by Orazio in "Ars Poetica"

similar

1 .0. 2a Paper interpretative key: MIRABILIA

Seneca 
Plinio natural

 

1 .0. 3 Logic Process 
argomentativo

resolutio quantity
compositio quality

substance  form

resolution
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compositio

 
1 .0. 3a Exemplum of resolutio:  

Jacobson [7], from combinatorics to significans. Linear logic 

 
In the 1958 spring, in an interdisciplinary conference on "Style      
in Language" near the university of Indiana, the linguist Roman Jakobson  
introduced an intervention on the relationship among poetic and linguistic. 
In every linguistic process we can point out, according to Jakobson, the      
following constitutive factors: the sender that sends a message to the   
receiver inside a context (a referent that allows the receiver to 
understand the message), through a code (shared from sender and 
receiver) and through a contact (a channel physical able of to maintain 
the communication).  Following to these six factors we can establish six 
functions linguistics different according to if one were privileged of the 
factors in matter. On the base of this reasoning, Jakobson concludes that, 
when in a linguistic process the message is privileged in itself, the poetic 
function of the language can be individualized. According to which 
linguistic criterion is it empirically recognized the poetic function and which 
is it the element whose presence is essential in every poetic work? 
Jakobson invokes to this point two trials that allow the formulation of a 
message: the selection and the combination. The two words that we 
associate are select and  are combined in the spoken chain and the 
selection of the terms it happens in base to the similarity and the 
dissimilarity, to the synonymy and the antinomy; while the combination or 
rather the construction, of this sequence founds it on the contiguity. For 
Jakobson "the poetic function projects the principle of the equivalence 
from the axle of the selection to the axle of the combination" From this 
interpretation a  formal reading of the poetic text  careful to the autonomy 
of the significans was born, where for "significans" we intend the linguistic 
sign which connects him the "significance", or rather the sense, the 
content expressed by a word. We can affirm that in a reading of this type 
assumes greater importance the significans (or rather the form) in 
comparison to the significance (the content that the form evokes), really 
in virtue of that combination, that has said being purpose of the poetic 
language. Such principles explain how come the modern conception of the 
poetic language denies the translation possibility of the poetry: to 
translate, in fact, means to modify the object in its substance, since it 
comes to be suitable with a new oral weaving, also it rich of valid 
suggestions semantics, but surely different from the preceding one. 

1 .0. 3b Exemplum of compositio:  

ADAGIA [8], Erasmo da Rotterdam, 11 adagia from Ars Poetica 

Callida iunctura. Translation as interpretative logical exercise. Not linear logic. 
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In 1500 the Parisian publisher Jean Philippe published  Adagiorums collectanea by 
Erasmus, a harvest of 818 Latin proverbs and ways of say philologically commented. 
The collecttion will become larger with the following editions: that of 1505 contains 
838 of them, the Venetian edition of Aldo Manuzio, of 1508 - beginning from which 
Erasmus starts to insert numerous Greek quotations - it contains 3.260 of them and 
hands the title Adagiorum chiliades that will be also that definitive in the 1536 last 
edition, published with the types of the publisher of Basilea Johan Froben and 
container 4.151 proverbs. 
The proverbs don't concern, in fact, popular culture,  they don't express the native its 
presumed wisdom: they are forms of the knowledge of the Ancient people,
assembled with high rhetorical competence. And in fact the figures typical of the 
proverb they are rhetorically all describable and in an index (metaphor, adunaton, 
necessarium, absurdum, contrarium,simile, poliptoto, enantiosi, ossimoro, enigma, 
comparatio, similitude, epithet). 
The work of Erasmus is an extraordinary archaeology of the ancient time: every 
proverb is brought in the source language (Greek  or Latin: and to the Greek  
follows the Latin translation), the various senses and interpretations are 
discussed of them, the authors are quoted that have used them. Some cards leaven 
in the various editions until to assume the aspect of real instructed short essays, that 
go over the simple illustration of the motto and they faces problems of actuality. 
Adagia are a monumental work of erudition  in which ancient wisdom and modern 
humanism are found places on a line of substantial continuity , at the light of a solid 
but clear and communicative philology and of a illuminated liberty of thought, and 
in a spirit of mediation among the cultures, that curtains to exalt in general the 

similar and universal elements of the intellectual and human experience. 
Erasmus for first indiscriminately matures the idea of a great popularization of the 
classical culture in practical and functional forms for the benefit of every lettered 
person, also extraneous to the cenacles of the erudite protagonists of its rebirth. 
Erasmus holds the classical fundamental for the learning of the language, after that 
the rules of the grammar are assimilated (cf. the De ratione studii,in ASD I/2 114ss.) 
considering the Latin not a dead language but an effective communicative tool.
Under this aspect it is possible to understand the base on which the language and 
the style of Erasmus are formed. His lexicon, his syntax, his prosody postpone to this 
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appropriation of the language of the classic opera and of  a reading of the ancient 
authors that it not only transmits his passive competence of the Latin, but also that 
active, in a continuous process of reusing of the stylemes. 
Ordo secundus. In the 11 Adagia from Oratio we can notice as, from a formal point 
of view, the Adagia  for Erasmus is more often brief figurative expressions, to the 
infinite, that not periods of sense scita novitas finished as ethic character.  Besides, 
Erasmus had to take on him the responsibility to affirm their proverbial value; i.e.for 
the motto “In vino veritas” by Oratio, Erasmus in Adagia, I, 7, 17,  comments that 
«not always truth is contrasted to the lie, but it is sometimes contrasted to the 
simulation». This opens the significance to another reasonable vision of truth.

2  .0. 1 GA methodology

poetic generative
visionary

2.0.3 Agrapha dogmata

 On 
the Human Good

dialectical practice and writing

exclusive appanage of the orality

2.0.3 Aims

De magnalibus Mediolani

Truth and verisimilitude
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Ordo

a- Truth and verisimilitude     

Timeo

historian 
natural verisimilar

 proposable
propedeutica

 protrettiche 

b- verisimilarity

Lucidus ORDO 

argomentativa asystematic

institutio

poíesis

inventio
simplex et unum
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 hendiadys
variatio 

"..if a painter wanted to unite a neck of horse to a head of man, .., if he wanted to 
make to finish the body of a beautiful woman in a dirt fish... ". all would be painted to 
be laughed, because they would contradict the constitutive and primary categories of 
the beauty: the unity and 'proportion', the convenience and the harmony

(cautus)
(tenuis),

("callida [...] iunctura":
("indiciis [...] 

recentibus"

  
 

metrics

the use of the color the style

verborum colores

to remove and to correct. 

 ingenium

the Elicona

the poetic "furor". 

the dome of S. Ivo
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3 -0-1Tools

Si les règles sont fondées sur la nature, elles doivent être souples comme la 
nature est complexe. Aussi les diversités qu’on remarque dans le style de

Cicéron sont-elles infinies; pour s’y orienter, il faut quelques principes
généraux; pour en saisir les nuances, il faut se souvenir que ces principes ne 

sont pas absolus. (Laurand, 331)[10] 

a-

silent, thunder, shining,

b- Impetus morphogenesis

3 -0-2 Fragment: Petraca ” Ascesa al Monte ventoso” [11] 

The history of the “forms” as “history of the word”  doesn't exhaust, then also when the history of the 
poets was finished…The poet is a man that is joined to the other men in the field of the culture, and he 

mportant for his “content” (here is the serious word), over that for his voice, the lilt of voice..Poetry is 
the man…The researcher of a new language this time it coincides with the impetuous search of the 

man. in substance, the man's reconstruction deceived by the war.”
Discorso sulla poesia” [12]

26 April of 1336 F. Petrarca, together with his brother and other two companions, 
climbed  Monte Ventoso (mountain of  Provence of 1.909 meters), he also has the 
unrestrained passion for the reading of the classical Greek and Latin, at search 
untiringly in ancient libraries and ancient middle ages convents. Joint on the top of 
the mountain, he opens at random the confessions of S.Agostino and he starts 
reading these words: "And the men go to contemplate the peaks of the mountains, 
the vast billows of the sea, the ample currents of the rivers, the immensity of the 
ocean, the course of the stars and they don't think about themselves." He felt a big 
emotion that later so he described in his  Secretum: "Nothing is worthy of admiration 
except the soul. ".

the scientific curiositas

the dimension of time

“Cepit impetus tandem aliquando facere quod quotidie faciebam…” “ the desire took 
me to complete in a good time what every day I imagined to do..”
“Labor omnia vicit improbus” “Obstinate work wins everything.”

 impetus

* c- The structural point of view – Anamorphosis  

anamorphosis

Ars magna lucis et umbrae

(anamorphosis sive transformatio figurae).
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Exemplum: 1 – Anamorphosis, micro/ macroscale ad unicum : 

S. Francesco di Paola  fresco
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Like perspectives which, rightly gaz’d upon,
Show nothing but confusion, —ey’d awry,

Distinguish form!”
Shakespeare, Richard II 

d-* Abduction The living metaphor

“Poetry
it is the world, the humanity, 

the own life 
bloomed by the word, 

the clear wonder 
of a delirious ferment, 

when I find 
in this silence of mine 

a word 
dug in my life / as an abyss.”

Commiato” 

 Metaphor

“Noons of dryness see you fed 
by the involuntary powers”

W. H. Auden, Another Time[13] 

the art of which the rules are followed

the use to which it folds up the imitation of the models

to educate to the splendor orationis

the translatio

* Paradigm of organization: The time of change in the mirroring space  of Art

5 -0-1 De Benedetti, the homo fictus 
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If I call prose a discourse reduced to the minimum of the signs, the most economic 
vehicle of the thought, and if I indicate with a, b, c certain particular attributes of the 
language, useless but decorative, as the meter, the rhyme or the ritual (that however 
I would prefer to call the ceremonial) of the images, the whole surface of the words 

will establish itself under this double equation:
Poetry=Prose+a+b+c

Prose = Poetry - a - b – c

“I remember rather that Gobetti (and later also 
Thovez)  contested me the abstractness to want to reduce everything to schemes, 
operations of  math order, to want to do of some criticism an algorithm, to resolve the 
discourses through a series of transformations, of formulas up to the quod erat 
demonstrandum ".[14]

* Scenarios as results in variations 

Fragments: Ovidio, Metamorfosi [15] 

Here myths are histories of written bodies and subscribed in the text of the nature. 
Bodies, that appear on the surface, are looked for, they mix  one in the others, and 
they finally transform themselves: who in flower, who in bird; who in mineral, who in a 
new divinity. 

“I believe there is a singular narrator throughout, who is Ovidio himself”, Solodow 1988.
.

Exemplum 2:Splendor: S. Ivo alla Sapienza. Chorus without words: the eternal 

sound of wisdom

"Do not forsake wisdom, and she will protect you; love her, and she will watch over 
you. Wisdom is supreme; therefore get wisdom. Though it cost all you have, get 

understanding."
Proverbs 4:6-7,

The impetus

Ears of donkey 

)
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splendor
:” Aliud est lumen, aliud est splendor”

persuading

not only dear, but dear 

without satiating

the utility

dignitas  verified 
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– -

Turris Babel

translate in eternal

the same sculpture in elliptic sequence

rosone

Daphnis et Chloè by Ravel
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S. Ivo, a fragment of Angels

Wisdom brightens a man's face and changes its hard appearance

6.0- 1 Into the fire 

Elected affinities

6 -0- 2 An actual question 

if the book, after the 
revolution Gutemberg, would have killed the building,

visionarity to young people slang

References 
Versuch einer Anweisung die Flöte traversiere zu 

spielen
L’evoluzione creatrice

“ Epistole ed ars poetica” , 
Ricerche sulla Natura”, 

Naturalis Historia”,
Il divino ed il macrocosmo”,

Closing Statements: Linguistics and Poetics

“Adagia”,
Saggi e studi su Orazio
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Études Sur le Style des Discours de Cicéron : Avec une Esquisse de
L'histoire du Cursus,

“La lettera del Ventoso”, 
Il falso e vero verde”, 

Another Time: Poems”,
Debenedetti: la poesia e la scienza”

“Le Metamorfosi” 
” De oratore”

La metafora viva
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Abstract

Designing programmers or programming designers are a rarity. It is usually assumed 
that one thinks either rational or intuitive. A combination is the exception. The 
technological hurdle of 'programming for artists' is already overcome by a number of 
freely available, well documented development environments. Also a number of 
articles and books have been published, dealing with issues of craftsmanship and the 
technical aspects of generative design and processual computer art. What is missing, 
is  a conceptual analysis of work practices and the development of specific design 
methodologies for artists and designers, who understand code as tool and material 
for their artistic creations.

This  paper outlines a conceptual framework by identifying essential aspects of 
generative design processes, derived from literature and the author s practical 
experience as media artist. These aspects  are presented as process models and a 
deck of method cards, which help you plan and assess  complex projects, by quickly 
sketching out different scenarios and applications for generative works.

1. Introduction

All computer-based generative design techniques can be simplified to a theoretically 
straightforward action – the selection and organization of elements from a chosen 
repertoire, according to a set of rules programmed by the author. The repertoire 
consists of digitally representable media objects, whose properties can be 
modulated, varied, automated and transcoded [1]. The generative software runs in 
real-time with a certain degree of autonomy and self-organization. Generative 
designers use the principles of circular systems to produce artworks by constantly 
repeating and modulating a set of computer operations. The designs are ‘classes of 
artworks’ [2], which are self-similar and vary like natural or organic systems within 
certain minima and maxima. There are uncertainties, but the sense of cause and 
effect remains [3]. Designing with algorithms is contiguous to the principle of an 
aesthetic theory [4], which inextricably link the formulation of procedures and the 
production of aesthetic objects.
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2. Method

Based on several media art projects [5] created with the ambientartlab collective [6] 
and the author´s  PhD thesis research, common aspects of generative design 
processes were identified. A synthesis of computer art history, design theory and 
personal experiences in collaborative, interdisciplinary teams led to the development 
of a Generative Design Model (GDM) and Generative Design Method cards (GDM 
cards).

The findings are based on an arts-based research method, in which artistic practices 
are reflected intersubjectively [7] and are transferred to a standardized system to 
investigate essential elements  of the creation process [8]. The results are intended to 
advance the art discourse and help designers, artists and technicians to plan, 
discuss and evaluate generative procedures not only from a technical or aesthetic 
point of view, but aspect by aspect within a conceptual framework.

3. Aspects

3.1. Combinatorics (Repertoire, Selection, Organization)

Compared to traditional design projects  in generative design we have to develop 
processes which continuously vary and transform along a time axis. Possible and 
particularly interesting makes this one ‘constant’: coincidence. Every person has an 
individual idea of coincidence and can term the probability or likeliness of certain 
events to come true. One important aspect of generative design is to articulate those 
individual perceptions of chance as mathematical probabilities  and computable 
conditions. Pure chance does  not exist. There has  to be always a certain intention or 
necessity to make chance happen. Generative art refers to this  ‘objective’ or 
‘deterministic’ coincidence. While producing random and unpredictable events, the 
combinatorial process is always deliberately designed and executed with certain 
intent in mind.

Schulze [9] identified three basic elements of so called 'aleatoric games' in his 
analysis of nonintentional artforms of the 20th century, which can be easily transferred 
to generative design processes. The repertoire of an aleatoric game consists of 
single elements or groups (like words, sound samples, acoustic envelopes, 
geometric shapes, color palettes, photo or video material), which are selected or 
activated by a certain set of rules (selection filters). The selected elements are 
temporally and spatially distributed by organizational rules. The organization can 
occur serially or according to a prearranged pattern or again determined by chance.

3.2. Programmability (Function, System)

Programming in an artistic context means a very tight intertwining of form and 
function. In contrast to commercial software engineering, artistic software is not 
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developed in large teams and to serve a mass of users. Sometimes there is only one 
user – the author him/herself. Programming as an art form is not about solving a 
defined problem, but to approach problems and to continuously line up questions 
[10]. A generative designer has a dual role as a programmer and as an aesthete. 
Aesthetically we formulate the artistic criteria and in practice we develop algorithms 
that transmit the aesthetic qualities  from the creative into the binary language [11]. 
This  transfer is not a single task, but a continuous approximation and revision of the 
original ideas. 

Generative designers often develop self-referential, cybernetic systems or so called 
nontrivial machines [12]. By changing its internal rule set a nontrivial machine 
continuously produces a different output when the same input is applied. These 
machines are analytically undeterminable and unpredictable. They are synthetically 
determined but in a functional analysis trans-computational. One challenging aspect 
of generative designers is to describe non static, dynamic forms with computational 
code and defining the function and the aesthetic system of the machine.

3.3. Processuality (Openness, Intention)

Generative artists  develop systems. Systems are nested processes between the two 
poles of order and randomness. The most inspiring and complex results are obtained 
by systems that implement a mix of surprise and redundancy. In our human 
perception something completely arbitrary and something highly organized holds 
very few meaningful content. Both poles have a very low effective complexity level, 
as Galanter [13] showed. 

The situation is similar with the artistic concepts of work and process. A work of art in 
the emphatic sense is untouchable, though open for different interpretations, it will 
never be altered or questioned [14]. On the opposite side, a process is vague, its 
form is  loose and open. A process cannot be objectified, it seems every time 
different, every time new. Both poles – the pure work and the pure process – are 
idealized and do not exist as such. More likely in daily practice is  a convergence, a 
hybrid of processual and structural elements to achieve a compelling work of art.

There are two ways of designing with intent. In classic form a certain idea is fixed to 
a semantic relation (coherence) and the subsequent process of enriching, detailing 
and puzzling is always related to the initial idea [15]. With the technique of ‘heuristic 
fiction’ [16] an intention, a meaning or an interpretation evolve retrospectively while 
developing and working with the generative program.

3.4. Interactivity (Communication, Interaction, Dramaturgy)

Delinear processes, self-referentiality, bidirectional communication and networked 
systems have become paradigms of our time. Instead of objects with static 
properties, we research, study and analyze dynamic relations in sciences  and arts. 
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Today it is less about the exploration of the essence of things, to question is how the 
processes evolve, how they connect and how they interact. Generative designers not 
only rely on these paradigms, they work with it. 

Interactivity and participation are not a must-have of a generative design piece, but 
especially with computer-based art the ability to participate and interact with an 
ongoing process, is  an important aspect. Compared to the batch programs of the 
early computer artists nowadays playing and improvising with a generative program 
in real-time is possible in many different ways. Through interaction computer art 
becomes more tangible and loses part of its per se inherent virtuality and 
detachment. By creating experimental interfaces or control units a generative 
program becomes a creative tool.

Developing a communication model and anticipating possible or desirable user

interactions connects a generative artifact to its environment. By creating an 
interactive dramaturgy a generative piece of work can be set up as an instrument or 
installation.

4. Generative Design Model (GDM)

Generative design is  procedural. Not the development of a completed and closed 
work of art is the focus  of the design process, but the creation and formalization of an 
aesthetic system. Combinatorics and improvisation are two possible approaches to 
create an aleatoric game. In computer-based arts, both ways are possible through 
real-time interaction during the combinatorial calculation process. A generative 
design process can be either combinatorial or interactive or can combine both 
techniques.

The GD model introduced in the following, shows 1) the procedural scheme of 
generative design processes, (2) the structural composition and (3) the progression 
over time. At the intersection of the combinatorial and improvisational part is at any 
time the current state of the generative system (state S).

The GD model is  divided into two halves – combinatorial processes and interaction 
processes. Analogous to Laurels ‘flying wedge model’ of interactive narratives [17] at 
the beginning of a generative sequence the potential of its development is completely 
open (Possible), but with the programs progressive course a specific state becomes 
more likely (Probable) and is ultimately required by the previously made decisions 
(Necessary).
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Fig.1 - Laurel´s Flying Wedge Model (sketch by the author)

4.1. GDM In nity

The development potential at the beginning of an iterative sequence can be 
compared to the sample space or universe  of an experiment in probability theory 
and is the set of all possible outcomes. The universe of a generative project is the 
formal and aesthetic framework created by the designer. Every outcome within the 
scope of the generative program is possible. 

Fig.2 - GDM Infinity

With each loop, if-construct and case differentiation a certain state (S) becomes more 
likely through the interplay of combinatorics and interactions. At the end of a 
sequence the process  restarts. Theoretically for infinity, in practice until a certain 
termination criteria is met (GDM Hourglass).
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4.2. GDM Hourglass

The task of the generative designer is to unify technical issues and aesthetic ideas. 
Both as generative sequence of combinatorics and interactions frame by frame, as 
well as a procedural genesis and narrative structure over time until the program 
finally terminates. 

Fig. 3 - GDM Hourglass

The GDM Hourglass reads as a structural model of generative programs. Each node 
at the combinatorial part represents a different internal state of the machine that 
modifies the interaction sequence. In return the interactions influences the current 
internal state (node) of the combinatorics.

Placed on a time axis the GDM Hourglass depicts  the principle of a nontrivial 
machine. It will continuously change its state, respond differently to the same inputs 
and become analytically unpredictable.
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4.3. GDM Time-based

A continuous change over time is  a characteristic feature of generative design 
processes. Depending on the work concept, these changes can be past-dependent 
or past-independent. Past-dependent processes  take into account the current state 
of the system (S) for the next transformation sequence, past-independent processes 
do not include the current state and restart anew with each iteration. Both concepts 
can be visualized with the GD Time-based model.

Fig.4 - GDM Time-based (past-independent)

Fig.5 - GDM Time-based (past-dependent)

5. Generative Design Method Cards (GDM cards)

Working with tangible objects  in the conception and planning phase of a project can 
have advantages over purely digital documents. With physical artifacts different 
scenarios can be sketched out and discussed on the fly by connecting, arranging and 
combining artifacts on a table or wall. Photographs, post-its and stickers can be used 
in design and project management teams to collaboratively comprehend complex 
issues and develop a common understanding [18]. In software engineering, agile 
development methods  with ‘story cards’ and ‘estimation cards’ [19] representing use-
cases and complex functions, have become more popular in recent years with 
developers and clients alike. Using metaphors and defining user stories  help to 
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establish a basis of discussion and evaluation, and promote object oriented and 
module based software design and development.

Programming as an art practice is  inherently agile. There is  rarely an exact 
specification or completely worked out plan. Generative designers  are continuously 
refining, testing and exploring their algorithms. ‘Working software’ as it states in the 
agile software development manifesto [20], is  a prerequisite. Generative design is 
‘responding to change’ per se, as is the development process by constantly 
validating, retaining or discarding different options  to achieve specific aesthetic goals. 
The project itself is  often in constant transformation and never completely finished. It 
remains open and contains an invitation for further development and change. 

The GDM cards are a set of cards  to foster and encourage conceptual thinking in 
generative design projects and to establish a discursive basis in collaborative 
environments. Any number of cards from the deck can be used in a project. The point 
is, to single out specific aspects and elements of the overall process and give an 
impetus for discussion and reflection. The more cards are used, the better a possible 
scenario can be analyzed. The GDM cards can be used in any stage of the work. For 
example at kick-off meetings to work out and evaluate ideas, in the middle of a 
development process  to help designers make decisions, and at the end for reflection 
and analysis. 

The structure of the cards is similar to the IDEO method cards [21], which report a 
very positive feedback from different areas of applications and from groups that are 
not necessarily engaged in design initiatives. Each of the ten GDM cards contains  a 
brief description and theory reference of the identified aspect (know), a set of 
questions to ask and instructions how to continue and what to do. 

Fig. 6 - Sample GDM card
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The GDM cards are basically designed to be used en suite from 1 to 10 and thereby 
specifying the generative process from its basic repertoire elements to its 
dramaturgical concept. 

Fig. 7 - GDM cards (front view)

Not every project must go or can go through every aspect. The GDM cards can also 
be used individually to more accurately define one aspect or specifically work out a 
connection of two or three aspects in a project. The GDM toolkit is intented to explore 
different approaches, to solve a problem, to gain perspectives and to adapt and 
develop own methods.

6. Conclusion

The paper has outlined a conceptual framework for generative design processes 
based on a review of computer art, design theory and the author´s experiences as 
media artist in collaborative, interdisciplinary design teams. 

All identified aspects refer to computer-based generative design processes. The GD 
models  are visual schemes that depict the cyclical development process, the 
recursive program structure and the transformative characteristics of generative 
design programs. The GDM cards are an introduction to a conceptual toolkit for 
generative design to assist a common understanding and holistic project 
development. The cards  prime intent is  to inspire the design process, act as decision-
solver and lead to new approaches and agile development processes.
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It is my belief that a semantic naming of aspects, a meaningful visual representation 
and practically usable objects can benefit and enrich a design process  for all 
participants. A study of the usage and effect of the framework in projects with 
different sizes and complexity would give further insight on how to improve its 
utilization and design. A fully translated and edited version of the GDM cards will be 
available soon with the publication of the author´s PhD thesis (spring 2012). 
Meanwhile I welcome artists, engineers and designers in generative projects to use, 
peer-review and contribute to the proposed framework.
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Abstract:

The Golden Ratio is often regarded as the carrier of a strong aesthetic 
value in the Art World. The aim of this project is to put this attribute to 
the test, with a particular focus on whether the Golden Ratio can be 
regarded as a key factor for a superior compositional order in 
computer-generated abstract art.  

Compositional algorithms have been conceived with inspiration from 
the systems of ordering and composition employed in the De Stijl 
movement [1], and coded by means of Processing.js, a Web-based 
version of Processing, an open-source programming language 
originally developed at MIT Media Lab [2].  

The basic idea is to produce variants of algorithmic compositions in 
2D and 3D space, some of which based on the Golden Ratio, 
presented on a page of a website. Viewers, unaware of the tested 
hypothesis, are asked to select and vote their aesthetically preferred 
item on the sole basis of their visual experience. Thus, a database of 
choices is built up, providing information with which the aesthetic 
impact of the Golden Ratio can be verified.  

A sample composition illustrating the idea:  Which of the above compositions is more appealing? 

Tests with similar aims have already performed in the past [3], but this 
Web-based proposal widens the context of the participants to include 
at least six countries in four different continents, which can possibly 
shed some light on interesting differences in aesthetic perception 
throughout the world. 

Contacts:
gagsibins@yahoo.co.in

mario.verdicchio@unibg.it

Keywords:

Experimental Aesthetics, Golden Ratio, Grammars, Visual 
Perception, Web Survey 
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Abstract

This work tackles the long-standing issue of verifying whether the golden ratio has a 
significant impact on aesthetic experiences. We propose a web-based experiment 
with generative abstract art to overcome the limitations of previous proposals, which 
have always been carried out with a limited amount of participants not constituting a 
representative sample of the population, and either with too varied artworks that have 
possibly distracted the viewers from the ratio issue, or with too scant rectangle-
shaped cut-outs.
                                                          

1. Introduction 

The golden ratio is often regarded as the carrier of a strong aesthetic value in the Art 
World. The aim of this project is to put this attribute to the test, with a particular focus 
on whether the golden ratio can be regarded as a key factor for a superior 
compositional order in computer-generated abstract art.
Compositional algorithms have been conceived with a loose inspiration from the 
systems of ordering and composition employed in the De Stijl movement [1], and 
coded by means of Processing, an open-source programming language originally 
developed at MIT Media Lab [2].
The basic idea is to produce variants of algorithmic compositions, some of which 
based on the golden ratio, presented on a page of a website. Viewers, unaware of 
the tested hypothesis, are asked to select and vote their aesthetically preferred item 
on the sole basis of their visual experience. Thus, a database of choices is built up, 
providing information with which the aesthetic impact of the golden ratio can be 
verified.
This work is organized as follows: Section 2 illustrates other proposals in the 
literature that have tackled the enterprise of testing the impact of the golden ratio on 
the aesthetic experience of observers; Section 3 provides details on the generative 
algorithms that have been employed to create the designs for the experiment; 
Section 4 illustrates the set-up of the survey and the Web-based procedures; Section 
5 presents and discusses the results of the experiment; finally, Section 6 concludes 
and traces the guidelines for future work. 
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2. Related work and motivation 

A number of tests with a similar aim have already performed in the past. Let us 
quickly present some of these experiments and point out the procedural differences 
with our approach to shed light on our contribution to the existing body of work. 
Ajluni et al. have conducted an on-site survey, exposing 105 adult female subjects to 
specific paintings in two museums in Paris [3]. The artworks used in the experiments 
were divided in three pairs of paintings, one pair at the Museé d’Orsay and two at the 
Centre Pompidou. Each pair was composed by one painting containing the golden 
ratio (the test painting), and another without such feature (the control painting). The 
test and control paintings were by different artists, and they were chosen on the basis 
of the researchers' judgment on similarities in artistic style, and also on their relative 
distance within the museum, to enable the test subjects to compare them quickly. 
The results turned out to yield little significance, and no support to the hypothesis that 
the golden ration makes a difference in the aesthetic experience was found. 
The effort of the authors has been undoubtedly valuable, but let us shed some light 
on the critical parts of this experiment that, in our opinion, may even undermine the 
scientific character of these negative results. 
Let us take a look at one of the three pairs that have been used in the survey, more 
precisely, George Seurat's Le Cirque (Figure 1) and Paul Signac's Femme à 
l’ombrelle (Figure 2), both in the Museé d’Orsay. The former was the test painting 
featuring several parts fitting the golden ratio, whereas the latter was the control 
painting.

Figure 1: "Le Cirque" by Georges Seurat (1891) 
with golden ratio highlights by Ajluni et al. [3]. 
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Figure 2: "Femme à l'ombrelle" by Paul Signac (1893). 

According to the authors, the control painting was selected on the basis of similarity, 
to allow only for the mathematical accuracy of the composition to be tested during the 
survey. In other words, the artistic style, the color palette and the use of human 
figures had to be consistent between the artworks in each pair.
We are compelled to point out that the similarity between these two paintings are not 
enough to ensure that the only feature under test was the golden ratio factor which, 
according to the tested hypothesis, was to give Seurat's work an edge over Signac's. 
We can determine at least three factors that differentiate the two artworks other than 
the golden ratio: color intensity, composition with respect to the human body, and 
realism in depicting facial expressions. Signac's work (Figure 2) is characterized by 
intense colors, in strong contrast with each other: our eyes are particularly focused 
on the significant difference between the umbrella's orange and the dress' green, and 
between such green and the skirt's violet; Seurat's work (Figure 1), on the other 
hand, presents a much milder palette, and even very different colors next to each 
other like the performers' yellow and the curtains' blue do not lead to a strong 
contrast because the areas for each color are much smaller and they tend to blend if 
observed from a usual museum visitor's distance. Signac's work is clearly focused on 
a single womanly figure from up close and her face is depicted with a significant 
amount of realism, as shown by the shadows around her eyes, whereas Seurat's 
painting features a number of persons from a distance, and their facial features are 
only sketched and linear, like in a graphical illustration. The fact that both painters 
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used pointillism (i.e. a painting technique that uses dots of colour) is not enough to 
allow us to exclude the possibility that the above-mentioned differences between the 
two paintings may have influenced the judgment of the subjects. The issue in this test 
is the too rich variety of criteria the subjects can base their judgment upon. 
Let us illustrate another test from the literature, affected by the opposite problem. 
Dumitrescu presents an experiment carried out in a technical university for the 
discovery of the perfect proportion of rectangles, and the evaluation of the 
parameters that might influence the perception of such proportion [4]. The author 
interestingly decides not to show any golden rectangle in the experiment, but a 
variety of rectangles with 5 different length/height ratios: 1, 1.5, 2, 2.5, 3. Moreover, 
the length of rectangle would always be the larger size, so that the rectangles would 
be presented as horizontally oriented. The experimental procedures included some 
communication with the subject on the aim of the experiment and on the notion of the 
golden ration without revealing its actual value and then an evaluation on a 
qualitative scale from "totally bad proportionate" to "perfectly proportioned" of some 
rectangular colored cardboard cutouts (Figure 3).

Figure 3: cardboard rectangles used in Dimitrescu's experiment [4]. 

57 students took part in the experiment and it was observed that the highest mean 
score belonged to ratio 1.5, the nearest to the actual value of the golden ratio 
(1.618).
We argue that this test presents at least three shortcomings. Firstly, we do not have 
enough detailed report on the communication phase of the survey, but nonetheless 
we fear that the initial discussion may have had an influence on the subjects, by 
drawing their attention on the issue on proportions and making them more careful 
and biased toward an intermediate ratio. Secondly, it is arguable whether a small 
piece of colored cardboard can actually constitute an aesthetic experience. Finally, 
the age and the cultural background of the subjects, who were all students at the 
same technical university, seem to be too restricted to give the results a definitive 
significance.
It is very interesting to notice how Ajluni's and Dimitrescu's experiments are on 
opposite sides in several aspects: the former does not provide any explanation and is 
based on actual artworks, whereas the latter starts with an explanation phase and 
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focuses only on the pure geometrical form of rectangles. As shown in the following, 
our proposal lies in between, to avoid the issues that seem to be affecting these 
works.
A work that stands out in the literature is the experiment conducted by Russell in the 
Department of Psychology at the University of Aberdeen [5]. Two studies where 
conducted: the first one was similar to Ajluni's, based on paintings to be selected by a 
number of subjects, which did not yield any conclusive result, arguably because of 
the variety in shape, orientation, subject matter, and technique characterizing the 
artworks in the survey. The second experiment is undoubtedly more interesting, 
because it was based on a method of production, first proposed by Fechner, a 
pioneer in experimental psychology [6]. As illustrated by Russell, "subjects were 
required to produce the most pleasing rectangle under one of four between-subjects 
instruction conditions: 'horizontal rectangle', 'vertical rectangle', 'head-and-shoulders 
portrait painting', and 'landscape painting'." [5, p.1417] Although the results showed 
that the productions in the first two categories were somehow approximating the 
golden ratio, the last two yielded figures that left it out of the 95% confidence limits for 
their mean values. Moreover, the 176 participants were all students of the same class 
of Psychology, which cannot by any means be considered as a representative 
sample of the population. Finally, we cannot help questioning the rather mysterious 
concept of a "pleasing rectangle", although we are well aware that our proposal may 
be subject to the same criticism.
We aim at overcoming the main shortcomings of the proposals illustrated so far. 
Firstly, we place our experiments in the halfway between the scant aesthetic 
experience of a single rectangular shape and the distracting over-stimulation given 
by the variety of artworks from the past. As illustrated below, we do so by providing 
subjects with abstract compositions of rectangles based on a generative algorithm. 
Secondly, we overcome the numerical limitations of face-to-face experiments and 
intend to involve the biggest possible number of participants by setting up our 
experiments on a webpage able to reach any person in the world with a computer 
connected to the Internet.

3. Generative design for the experiment 

The main idea is to present a subject with two very similar compositions, one 
comprised of rectangles characterized by the golden ratio. The ratio only intervenes 
in the production of the rectangles and not in their composition. The graphical style is 
loosely inspired from the paintings of the De Stijl movement. 
The generative scripts were initially conceived in Processing [2] and successively 
translated into Java to guarantee a display of the composition independent from the 
browser in use. 
Three different composition generators were created. 
Generator #1 aims at generating simple, sparse, and mostly non-overlapping 
compositions. The rectangles have no fill colors and the background is white (Figure 
4). The relevant script takes up a random range of numbers from the canvas' width 
and height to derive the respective x and y coordinates, which are checked against 
an array of previously declared points to avoid excessive overlaps, and then the 
composition is produced. The other image is built on the sole basis of the coordinates 
and the widths of the rectangles of the first composition, so that the only 
discriminating factor between the two compositions is the ratio of their rectangles. 
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One and only one of the compositions randomly pick the golden ratio, whereas the 
rectangles in the other are characterized by ratio 2.1. 

Figure 4: a composition by Generator #1 (variant with golden ratio). 

Generator #2 adds a color filling the rectangles, each of which is assigned a random 
alpha value that determines its transparency. The script does not check their 
positions against previously defined points, so the chances for overlap are increased 
(Figure 5). 

Figure 5: a composition by Generator #2 (variant without golden ratio). 

Generator #3 creates larger overlapping rectangles. Variety is increased by an 
additional loop of rectangle generation. The first loop generates larger rectangles 
with a set of darker alpha values over a yellow background, whereas the second loop 
creates a background filling with smaller yellow rectangles with varying alpha values 
and a denser set of population points (Figure 6). 
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Figure 6: a composition by Generator #3 (variant with golden ratio). 

4. Web application for the experiment 

The online tester (OT) was developed in the form of a web application that does not 
require any specific software on the subjects' side but a common AJAX-enabled web 
browser. OT is fully Java-based with very ordinary requirements on the server side; it 
runs on Apache Tomcat application server and data are stored in a MySQL 
database.
The software architecture is flexible enough to enable us to integrate different image 
generators, each one based on a specific technology and a custom algorithm, and to 
freely embed them into binary questions, making OT a valuable support also for 
future web-based aesthetic experiments. 
We have set up a website at cs.unibg.it/GenerativeTest to host OT. The interface 
guides the subject through the test. After a splash window, OT shows two 
compositions from Generator #1 next to each other: one with golden ratio rectangles, 
one without. Their positions (left or right) are randomly set. Each composition is 
accompanied on its upper side by a button that allows the subject to select it to 
express their preference (Figure 7). A click on any button immediately leads to the 
following pair, by Generator #2. The structure of this new page is identical to the 
previous one, and a click on any preference button leads to the last pair of 
compositions, by Generator #3. For each answer, not only OT stores the selection, 
but also the position of the selected image (i.e. left or right) to evaluate the impact of 
the presentation layout. After the last selection, the subject is offered the opportunity 
to retake the test with newly generated compositions, or to conclude the experiment, 
after which OT stores the subject's computer's IP address and its localization (the 
subject's country), obtained by querying a publicly available online service [7]. 
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Figure 7: a screenshot of the Generative Test 

5. Results of the survey 

At the time of writing, 244 subjects from 20 different countries have taken the test 
(Figure 8). They were recruited via mass emails and social networks and blogs such 
as Facebook, Twitter, and Tumblr.
Two surprising results have emerged, which call for further work on OT to achieve 
more significance in our experiments. 
Firstly, the three generators have produced significantly different outcomes: 

• in the compositions from Generator #1, the golden variants have been 
selected 146 times (out of 244), with a p-value of 0.0013 (i.e. there's a 
probability of 0.13% to obtain these results in case people were choosing the 
compositions randomly); 

• in the compositions from Generator #2, the golden variants have been 
selected 129 times (out of 244), with a p-value of 0.20, which shows that the 
result is much less significant than in the previous case; 

• in the compositions from Generator #3, the golden variants are actually losing 
against the non-golden variants, which were selected 144 times (out of 244). 

In other words, we are not allowed to draw any conclusion about the influence of the 
golden ratio, possibly because some other factor is affecting the subjects' choice. 
One hypothesis is that in the sparse compositions from Generator #1 the bigger 
dimensions of the golden-ratio rectangles provides a fuller and thus more appealing 
picture. Following this line of reasoning, we would be able to explain the failure of the 
compositions from Generator #3, which are comprised of larger rectangles and hence 
look more cluttered in the golden-ratio variants. 
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Figure 8: composition of subjects' countries (Nov. 2011) 

Even more surprising was the result of the analysis on the position of the winning 
compositions: out of 732 tests, the composition on the right was selected 415 times, 
with a p-value of 0.000165. It is clear that the right-hand side plays a significant role 
that we cannot neglect in our future endeavors. 

6. Conclusions and future work 

This work was aiming at analyzing the influence of the golden ratio on aesthetic 
experiences, and intended to go beyond the results of previous experiments in the 
literature that were seen as too simplistic, in that they were based solely on 
rectangular cut-outs, and on face-to-face trials with a limited number of subjects. To 
tackle this issues, we have brought the experiment on the Internet in the form of a 
website, and created some abstract compositions. Our results so far seem to show 
us that we are still far from a conclusive result, in that with the proposed procedure 
we may have bumped into two new issues: ergonomic factors influencing web users, 
and the influence of compositional factors on their aesthetic experience. 
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Abstract: 
Planting design has reached a 'wall', garden designers are unable to assimilate all 
the necessary information to allow them to create ever changing and fresh planting 
designs particularly in naturalistic planting schemes. In turn Gardeners are unable to 
layout the plants corresponding to the highly complex scheme’s which have been 
devised laboriously by garden designers.  
 
There is a solution; 
 
The garden designer formulates the garden plan with the desired volumes paths etc. 
lays out the planting pattern or movement across the site. And fills this pattern with 
code… algorithm’s which generate a series of commands for the gardener to follow 
without dictating exactly which plant goes where. Leaving room for happy accidents 
and unpredictable plant combinations.   
The essay underlines the history behind methods of planting plans, highlights their 
limitations and shows with a tried and tested garden the simplicity of the algorithmic 
planting scheme, and finishes with a proposition for the next paper on generating 
plant selections using a generative approach to the infinite choice of plants. 
  
 

 
 
Plants laid out by the gardener following algorithm. 
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Introduction 
 

Throughout history in the world of 
gardens it has always been man 
versus nature, gardeners are 
constantly working to control natural 
resources to allow him to create an 
ideal. The balance between organized 
and spontaneous planting has been in 
continual flux. 
 
 
 
 
 
 
 
 
Whether we are trying to tame and 
organize it as at Versailles  
 
 
 
 
 
 
 
 
 
 
 
or whether we let it take over and 
allow it to inhabit its’ natural 
environment. 
  

 
 
How can we successfully achieve a 
balance? 
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As we have evolved creatively and 
technologically we are constantly 
looking back to nature for inspiration, 
be it in the increasing number of 
organic shapes used in architecture, 
 

 
 
 
 
 
 
 

 
or the  generative approaches used to 
replicate the natural phenomena such 
as flock patterning. 
 

 
 

 
 
 
 
 
 
 
 

 
The sciences continue to uncover the myriad of interrelated processes that make up 
the natural world. In Ecology plant communities and their symbiotic structures are 
creating much debate in the world of planting design.  How to create sustainable 
plant communities in the contrived arena of the garden. 
The more complex our understanding of nature, the more aware we become of how 
intricately interconnected the world in which we live is. In the domain of Garden 
Design, this desire is clearly seen in the increasing demand for naturalistic, complex 
gardens.  

 
We have come from fearing nature 
and its uncontrollable power, trying to 
keep it at bay with walls, 
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to trying to master it in the formal, high 
maintenance gardens of the renaissance 
period, which to this day have created a 
destructive relationship between man 
and nature, through industry, agriculture 
and the depletion of natural resources.  
 
 
 
 
 
 
 
 

 
Recent environmental awareness has created an understanding that natural 
resources now need our protection; diversity is something to be celebrated. Creating 
‘contemporary’ planting schemes means creating complex sustainable communities 
which are suited to the environmental constraints of the garden.  The ever changing 
nature of these schemes is an underlying mechanism within the plant communities 
and therefore is part of their beauty. 
 

 
 
It is at this point, that our understanding of ecology and plant communities reaches a 
‘wall’. For any one area in a garden there are innumerable options as to which plant 
can be used where depending on a series of variables – soil type, flowering season, 
origin, habitat, height, width, colour, frost resistance, speed of growth, competitive 
nature, shade, sun, longevity, maritime or forest to name but a few. A garden 
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designer cannot possibly compute all these variables in his head and retain the 
quantity of plants that could thrive in that particular environment as a result. Whilst 
databases have made progress in recent years, there is still no one solution which 
allows us to enter all the relevant data and produce a list of possible plant choices 
per chosen area. One problem with these databases is that if too many variables are 
entered, the result is zero options, it becomes too exclusive, it is non-intuitive. 
Another problem is that the information available is very limited and at times 
inaccurate, being drawn from the individual experience of the author eg; a plant 
grown in a Mediteranean climate could reach twice the height of exactly the same 
plant grown in Scotland, but only cited as being that of when it grows in one of the 
areas. 
 
There is no satisfactory solution to which plant goes where, other than hard earned 
experience from a limited palette of plants.. 
 
Once we acknowledge that we do not have the capacity to know more than a finite 
number of plants and their related habits without having a support that as yet does 
not exist, and we have made our plant selection using the tools available to us, the 
next issue is how to communicate our decision for implementation? 
 
The garden designer starts the process of plant selection with the site; laid out paths, 
sitting areas, areas of low vegetation, areas for screening, etc. Coupled with all the 
environmental constraints of weather, exposition, soil etc. 

 
 
Once these things are mapped out on the plan the next issue is to decide how the 
plantings are to be laid out.  What rational leads to the pattern of vegetation laid 
across the garden space, is perhaps a subject for further study in the generative 
world to create ever changing and evolving plant community patterns? 
 
 
Once this pattern has been imposed a planting plan is created. The planting plan 
shows the contractor how and where to place each individual plant.  
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Traditionally designers would produce a 
planting plan made up of blocks of 
vegetation; big groups of mono species 
filled the available space.  As you can 
see such schemes are impractical once 
the diversity is increased. The Plan soon 
becomes laden with tabs and markers 
and the groups are hard to formulate on 
the ground.  
 
 
 

 
In nature there are very few instances of 
mono specific communities, they are 
usually associated with other companion 
plants which go to make up a more 
stable ground cover. 
 
 
 
 
 
 
 
 
 
The next step was to place plants in a 
random or ecologically inspired 
configuration, lettered symbols attached 
to labels created a matrix of plants, 
closer resembling communities found in 
nature.  However these plans were hard 
to read and left little room for 
interpretation as they required 
painstaking interpretation. 
 
 
 

 
 

This scientific approach was replaced 
with a pictoral solution; this gave the 
gardener a better feel of the desired 
pattern of the planting, in this instance 
dispersed and irregular. However in the 
field the decision of which plant goes 
where is difficult to translate. 
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Garden designers looking back in history became aware of ecological studies for 
revegetation where the esthetic result was second to the pattern of natural 
regeneration. 
Studies have shown that naturalistic schemes with controlled planting layouts have 
no more esthetic value than a more flexible formulaic approach, where the gardener 
decides where the plant goes within certain guidelines.  
 
The garden designer formulates the garden plan with the desired volumes, paths etc. 
lays out the planting pattern or movement across the site. And fills this pattern with 
code… algorithm’s which generate a series of commands for the gardener to follow 
without dictating exactly which plant goes where. Leaving room for happy accidents 
and unpredicted plant combinations 
 
The designer is able to specify a greater variety of plants and by stating the quantity 
per group of each plant variety (no more than x and no less than y), as well as the 
planting distance between individual plants it becomes simpler for the gardener to 
layout the plants.  
 
The value of this approach to plant choice and layout is that it generates 
unpredictable solutions in each and every case, creating a more diverse range of 
plant communities that can be applied to different garden situations. The potential for 
variations within naturalistic planting, provides endless combinations on an ecological 
and esthetic level. The use of this model on an individual scheme which sets its own 
environmental restrictions allows the designer to deal with the vast amount of choices 
available in a simple way, allowing for a maximum amount of creativity within the 
ovewhelming complexity of the natural world. 
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A composite plan may be valid where in some areas of the garden structural species 
are laid out in a decisive way and then the understory of perennial, annual and sub 
shrubs are cast across the site in a formulaic manner using a clearly defined set of 
rules. 

 
 
In this way the designer is able to create highly complex garden plant communities 
which easily translate on to the ground.   
 
Now that there is an available solution to the laying out of plant communities in the 
garden, more work needs to be done to accumulate, process and produce plant 
choices, reaching into the mass of information available and creating a mechanism to 
generate original, sustainable, interrelated plant communities. 
 
 
 
 
 
 
References: 
[1] Hansen and Stahl, “Perrenials and their garden habitats”, Cambridge University Press, 
Australia, 1993 
[2] Nigel Dunnett and James Hitchmough, “The Dynamic Landscape”, Taylor and Francis, 
Abingdon, 2004 
[3] Catherine Heatherington and Juliet Sargeant, “Planting Design a New Naturalism”, 
Packard Publishing limited, Chichester, 2005 
[4] Olivier Filippi “Alternarives au gazon”, Actes Sud, 2011 
 
 

page # 226



GA2011 – XIV Generative Art Conference 

COURCHIA Jean-Paul The work is the artist.

Topic: art and science 

Authors:

Courchia Jean Paul MD 

Saint Joseph’s Hospital, 
Dpt of Ophthalmology. 
Marseille. France 
Guigui Sarah 

Ben Gurion Univ. of the 
Negev, Medical school 
for internat Health Israel. 
Righini Maud 

Saint Joseph’s Hospital, 
Dpt of Ophthalmology. 
Marseille. France 
Courchia Benjamin

Ben Gurion Univ. of the 
Negev, Medical school 
for internat Health Israel 
Courchia Emmanuel 

Yeshiva University. New 
York. USA 

Four domains should be established when it comes to personal 
environment: The micro-environment (private space limited to the 
individual which includes his immediate personal and familial space), 
the meso-environment (a share proximity, neighborhood, workplace 
and public area), the macro-environment (public, organized, space, 
(city, village or rural area), and the global-environment (everything 
that surrounds the previous three domains, such as a society and 
natural resources). Men are at the center of an environmental system 
that constantly impacts their behaviors. Artists are not spared by this 
passive influence. Stanislas Dehaene demonstrated such a 
phenomenon with the letters of the alphabet [1], showing that the 
plasticity of the brain allows it to adapt to “new” functionalities. 
Surrounded by shapes and symbols, humans created letters that 
resembled these surroundings [2]: “It is thus not our brain that 
evolved to the task of reading, but reading that adapted to our brain.” 
This is how neuronal recycling was created; man created the shape 
of letters by copying what he liked to look at. Because he is in the 
middle of his environment, it is obvious to find elements of the 
surrounding in his work. The artist’s brain creates, while influenced by 
its own environment. Cézanne, without knowing it, simplifies his 
paintings to the limits of abstraction. This is accomplished by an 
emphasis on brushstrokes over details. What made Cézanne 
successful in his attempt was that our brains are particularly keen on 
strokes and lines (something Cézanne probably did not know). The 
role of the golden number is a value/ratio, which defines esthetics. 
This ratio, present in nature, is found in many architectural and 
pictural works. Eye movements studies, show that subjects are 
attracted to the area delimited by this ratio. This was clear in the 
painting of Francisco Goya’s “May 3rd 1808.” What is even more 
intriguing is the resemblance existing between the work and its 
creator. At the center of his environmental sphere we can assume 
that the greatest influence over an artist is exerted by his own image 
and then by the one of his immediate acquaintances (family or 
friends). Several examples can help demonstrate a relationship 
between the artist’s physique and his work. Claude Monet’s beard 
resembles the willow’s reflections in the water. Piet Mondrian has a 
face that is as grave as are his lines; Bernard Buffet and Fernand 
Leger both look like the characters they are depicting. Gerard 
Garouste states: “I am my best model”. Roy Lichtenstein seems to 
find his own self in his works. Just as couples end up resembling 
each other [3], the work becomes an extension of the artist; to the 
point that the work becomes the artist? 
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Premise

This article is part of a research project to study Dutch architecture through the 20th 
century and until now with regard to regionalism and globalism. This research is 
carried out by means of project analysis.

This article discusses two projects recently built in The Netherlands and classified by 
Wilfried van Winden as Fusion architecture. Van Winden’s Fusion does not refer to 
Asian experiments on fusion architecture; it only refers to Dutch experiments. The 
aim of this article is to understand what fusion architecture means and to understand 
whether it belongs, even if partly, to the realm of regionalism or globalism. Since 
people looking at these buildings mostly recall a Disney theme park (a globalist 
process),  we introduce Disneyism and its dimensions as defined by Alan Bryman, to 
see whether indeed it presents similarities with Van Winden’s Fusion. 

The first project is Wilfried van Winden’s Inntel Hotel in Zaandam. Soeters, who is 
responsible for the Inverdam revitalization project of Zaandam centre, invited Van 
Winden to design the Inntel Hotel, an eye-catching building in the heart of this town. 
As presented in Dutch Profiles: Soeters Van Eldonk Architects, Soeters’ intention is 
to “design buildings in such a way that they reinforce the local identity and that they 
allow you to recognize where you are.” At a first sight, one might say that it is a kind 
of picturesque regionalism. This project is the first and last illustration in Van 
Winden’s monograph Fusion. 

The second project is Geurst’s Le Medi in Rotterdam, which is one of Van Winden’s 
prominent examples. Le Medi is a housing complex following principles of a 
(sanitized) Moorish-Moroccan housing complex. Van Winden’s monograph also 
starts and ends with illustrations of this project, which does not strictly follow Soeters’ 
idea to reinforce the local identity since it refers to other countries, and tries to 
reinforce the identity of the people (many of whom are not originally from The 
Netherlands) who currently live in the area. 

The article’s main questions are: would Fusion provide theoretical ground and design 
tools toward a possible non-homogenized world (regionalism)? Is Fusion indeed a 
new strategy or tendency in architecture, or is it a kind of Disneyism disguised under 
a new name (globalism)?
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Last but not least, this article questions the essence of this theoretical approach by 
describing and comparing the strategies taken by Geurst & Schulze in their Le Medi 
and Van Winden in his Inntel Hotel using both Van Winden’s Fusion and Alan 
Bryman’s Disneyism strategies. 

1. (Dutch) Fusion Architecture 

Wilfried van Winden’s monograph entitled Fusion is intended as a “plea for a 
gracious architecture” in an open (Dutch) multi-cultural society. This multicultural 
society includes non-European minorities (and their first and second generations) 
from countries such as Turkey, Morocco, Suriname, Aruba and Indonesia. Fusion, 
argues Van Winden, embraces the numerous cultures and religions with the hope of 
creating an open society with a harmonious future for all citizens.

Van Winden believes that this open society does not need many architects imposing 
their aesthetics on a place, but architects who reflect on features of the place and the 
people who will inhabit the area of intervention. Fusion architecture reflects the way 
an individual and a group want to present themselves. Fusion, argues Van Winden, 
builds on where post-modern thinking left off and envisions a kind of diversity wherein 
numerous truths may coexist. 

Backing such a society, the architect should make use of diverse styles according to 
the desire of the client and/or the atmosphere that the architect would like to create. 
Van Winden affirms that one must consider the connection of characteristic 
architectonic elements of the past or other cultures to come to a new expression. In 
so doing, Van Winden considers the production of buildings which makes it possible 
for people to identify with them.

Fusion architecture, says Van Winden, refers to an inventive mix of identities, of past 
and present, tradition and innovation, high and low culture. In fact, the critical 
regionalists had already made such references. However, in contrast to Fusion, 
Critical Regionalism is critical of both regionalist and globalist forces. For fusion 
architects, it seems that the “atmosphere” plays too substantial a role to allow them 
to be critical. 

Van Winden argues that Fusion responds to the demand for diversity and recognition 
or familiarity, or, as the critical regionalists would say, over-familiarity: the 
picturesque.

Besides the above mentioned descriptions of what Fusion architecture means, no 
clear strategy is given as to what direction to take in order to produce this 
architecture. This paper tries to uncover the strategies for this new expression by 
analyzing the above mentioned two projects. And because we have a hunch that 
Fusion architecture has either similarities to or is just another word for the less 
“gracious” term Disney architecture, we mostly use the systematic research of Alan 
Bryman on Disneyization to analyze the projects. 
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2. Disneyism 

Disneyization refers to the spread of principles exemplified by Disney theme parks all 
over the worldi. Bryman in his The Disneyization of the Society argues, 
“…Disneyization takes up where McDonaldizationii leaves off”, in particular in what 
refers to the homogeneous world, the sameness spread all over the world promoted 
by companies such as the McDonald’s fast food chain.iii Both are concerned with 
consumerism; however, McDonaldization is rooted in rationalization and its 
associations with Fordism, scientific management and bureaucracy. Disneyism’s 
roots are with a post-Fordist world of variety and consumer choiceiv.

Disneyization, says Bryman, is portrayed as a globalizing force and has four 
dimensions, which are: Theming, Hybrid Consumption, Merchandising and 
Performative Labor. However, these dimensions are not always fully expressedv. It 
seems that Bryman is particularly interested in the transference of these principles, 
when these principles are “reassigned to another sphere, such as a shopping mall”vi.

Bryman avoids the term “Disneyfication” or “Disnification” because it has been too 
often used and discussed in a very narrow way, meaning mostly theming and hardly 
ever in an investigative, systematic manner. According to Bryman, “To Disneyfy 
means to translate or transform an object into something superficial and even 
simplistic”. He quotes several authors to clarify how the term “Disneyfication” has 
been used, such as the author R. Schickel. The latter affirms that Disneyfication 
means “that shameless process by which everything the Studio later touched, no 
matter how unique the original from which the Studio worked, was reduced to the 
limited terms Disney and his people could understand” vii. The article will not avoid the 
term Disneyfication when referring to theming when it is appropriate, but will mostly 
follow the systematic approach of Bryman.

With these general definitions, the article discourses on whether the strategies and 
processes used in the following two cases, considered by Van Winden as Fusion 
architecture, are no more than cases of a Disneyization of architecture or whether 
one could call it either regionalism or globalism.

2.1 Theming

Theming consists of the application of a narrative to institutions or location. According 
to Bryman, “the source of the theme is external to the institutions or object to which it 
is applied.”viii On Bryman’s list below, one can see several sources which architects 
often draw upon: a. Place – nations, cities or even planets; b. Time – past, present 
and future; c. Sport – sport generally, as well as individual sports; d. Music – rock 
music and genres, such as Motown or country and western; e. Cinema – movies 
generally, as well as particular genres or influential figures; f. Fashion – clothes and 
models; g. Commodities – such as cars and motorbikes; h. Architecture – iconic 
buildings; Natural world – symbolic natural environments, such as the rainforest and 
savannah, as well as volcanoes; i. Literature – well known literary figures, such as 
Sherlock Holmes, Jekyll and Hyde, as well as fairy tales; j. Morality or philosophy – 
such as notions of conservation. 
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Often, says Bryman, a theme relies on more than one source. He gives the example 
of Las Vegas casino hotels using four sources to represent and reinforce the Wild 
West theme: a) elements of place (USA); b) time (a period in the past); c) cinema 
(cinematic version of the Wild West); and d) the natural world (the use of landscape 
features such as John Ford’s use of Monument Valley). 

We find the list quite comprehensive, except with regard to the source listed as 
Architecture. “Iconic building” seems to be too abstract to be a source. A building is 
iconic when it contrasts with its surroundings: be that its height, colors, materials, 
structure and/or form; therefore, an iconic building depends on the place (source) 
where it is built. A building which is iconic in one location would not necessarily be 
iconic in other location. In this sense, an iconic building is more a theme than a 
source and it may rely on other sources through a metaphor. 

The above list covers diverse areas, but it covers numerous typical American 
sources. We believe that a look at other places and cultures would enrich the list with 
other sources.

2.2 Hybrid consumption 

Hybrid consumption is, according to Alan Bryman, a “general trend whereby the 
forms of consumption associated with different institutional spheres become 
interlocked with each other and increasingly difficult to distinguish. What we end up 
with under hybrid consumption are de-differentiated forms of consumption in which 
conventional distinctions between these forms become increasingly blurred to the 
point that they almost collapse.”ix

Forms of consumption are shopping, visiting a theme park, eating in a restaurant, 
staying in a hotel, visiting a museum, going to the cinema, playing or watching sports, 
gambling in a casino, etc. Disneyism refers to Globalism with consumption as a 
common denominator. 

2.3 Merchandising 

Bryman defines “merchandising” as “the promotion of goods in the form of or bearing 
copyright images and logos, including such products made under license” x. That 
could be t-shirts or mugs bearing logos. It is closely related to “hybrid consumption”, 
because its products can be part of a hybrid consumption system. 

2.4 Perfomative labor 

Perfomative labor, says Bryman, is the “Rendering of work by managements and 
employers alike as akin to a theatrical performance park”. It is a metaphor of the 
theatrical performance such as the terms cast members, auditioning, onstage, and 
backstage. “Work is a theatre” xi.
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3. WAM’s Inntel Hotel, Zaandam, The Netherlands, 2006-2010 

The Inntel Hotel (2006-2010) was designed by Wilfried van Winden from “WAM 
architecten” and the interior architect was Feran Thomassen. The Inntel Hotel is 
located at Provincialeweg 102, Zaandam, The Netherlands, near the train station and 
16 minutes travel from Schiphol airportxii.

The building, with its 7500 m2 distributed in its 12 floors and bridge, has 160 guest 
rooms, and also has meeting and conference rooms for up to 300 persons, a bar-
restaurant, a swimming pool, a Finnish sauna and a wellness centerxiii.

As mentioned above, the Inntel Hotel is part of a revitalization program carried out by 
Soeters in the city of Zaandam. Soeters’ scheme was meant to reinstate the 
historical street layout, reopen a canal and restore an atmosphere of congeniality. In 
addition, he also designed the town hall of Zaandam using patterns of Zaandam 
vernacular houses, aiming to reinforce the local identity (theme).

Van Winden’s hotel is used as a Fusion architecture illustration at the beginning and 
end of Van Winden’s monograph Fusion.

3.1 The idea 

Van Winden followed the theming sources used by Soeters which are that of place 
(traditional vernacular houses of the region), and time (past); in addition, he used a 
metaphor as a source of his design: “the hotel as a temporary home.” There is also 
an acknowledged secondary source, art, which can be seen by the reference to 
Claude Monet’s blue house (‘het Blauwe Huis’) painted in Zaandam in 1871.  

The metaphor “The hotel as temporary home” might have brought Van Winden to the 
idea to use these houses, in their own scale, as the “temporary home”. 
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3.2 The translation 

The Hotel is mainly composed of a cube, bridge and traditional Zaans houses. The 
vernacular houses are sometimes ornaments cladding the building like a collage, and 
at other times the houses become elements interlocking with the cube in numerous 
ways, either enlarging the size of the rooms or creating space for small living rooms 
adjacent to the bedroom. The so-called Albert Heijn room, on the 12th floor, has a 
nook in one of the vernacular houses.

The building is a straightforward quotation of 70 vernacular Zaans houses’ facades 
from the worker’s to the notary’s house stacked and interlocked into each other and 
as such it does not go beyond more than a playful atmosphere created by a 
sentimental use of traditional houses. 

The interior of the building designed by Thomassen follows the same themes of place 
and time.  Images of the past are used in great prints in a tribute to the pioneers, 
industrialists and businessmen who started their careers in the area as well as to the 
industries themselves such as Verkade, Duyvis, Honig, Lassie and the supermarket 
chain Albert Heijn. In the reception, a giant print of a windmill stands as a reminder 
that Zaandam was once the first major industrial area of the world, possibly due to 
the invention of the wood mill at the end of the 16th centuryxiv. On the ground floor, 
separating the reception and the restaurant, there are partition walls resembling in 
colors, materials and patterns the facades of the vernacular Zaans houses.

3.3 Reflection: Fusion or Disneyism?  

Van Winden applies a narrative to the location and its history by stacking traditional 
vernacular houses. As mentioned above, the theme sources are those of place, time 
and the metaphor “the hotel as a temporary home”. The straightforward use of the 
houses of Zaandam brings the atmosphere of a picturesque regionalism, or to be 
more precise, a banalization of regionalism, hence, of a “Disneyfication” of the 
traditional houses (and life) of the region. There is no place for criticism in the 
quotation of these traditional houses; in fact, workers mostly lived in poverty and their 
homes were in decay; but what Van Winden used is only the nostalgic, sanitized and 
picturesque view of the past or just the creation of a pleasant atmosphere: a fairy-
tale. 

With regard to Hybrid consumption, Soeters, in the Dutch Profiles, says that to make 
the centrum of Zaandam successful he needs to concentrate facilities. As Bryman 
argues, “Hotels are often at the heart of hybrid consumption settings because the 
bigger they are, the more likely it is that people will be prepared to stay longer…”xv.
The Inntel Hotel is the central point where all these kinds of consumption intersect 
one another. The hotel allows people to stay longer and thus consume more.xvi

Van Winden argues in an interviewxvii that “the building is unique in the world 
because it is recognizable, yet original and sassy”. In fact it is only becoming 
recognizable worldwide because it relies on touristic propagandaxviii of what is 
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promoted as “typically Dutch” outside Holland. As far as its originality is concerned, 
that should be looked at again because Soeters built the city hall (2004-2009) earlier, 
making an interpretation of the same precedent, changing its scale and abstracting 
some details, while Van Winden stacked whole pieces of houses on one another. 

In some ways, the building has iconic characteristics which can be easily used as 
merchandising material to attract tourists who want to experience the Holland of the 
past in an uncritical manner. All in all, the recognition is an instrument in the 
marketing.

The project does not manifest any perfomative labor of the kind in evidence in a 
Disney park. However, as Bryman mentions in his “The Disneyization of Society”, 
often institutions do not make use of all four dimensions of Disneyism.

4. Geurst & Schulze’s Le Medi, Rotterdam, 1999-2008 

Le Medi (1999-2008) is a housing complex designed by Jeroen Geurst from Geurst & 
Schulze Architecten and assisted by Korteknie Stuhmacher architects. The project 
involved a multidisciplinary team including dS + Vxix, Woonbronxx, Stichting 
Com.wonenxxi, Delfshavenxxii, the municipality of Rotterdam, One Architecture and 
XS2N.

Le Medi is located in Bospolder, Rotterdam, surrounded by four streets: 
Schippersstraat, Blokmakersstraat, Zeilmakersstraat and Medinastraat (see 
illustration above). It has a gross floor area of 15,552 square metersxxiii and contains 
93 dwellings and an indoor parking garage on the ground floorxxiv behind the houses 
of Blocks A, B1 and B2 (see illustration below). The house size ranges from 105 m2

to 155 m2. There are several types of houses; all types have a flexible layout and 
may be extended in the future. The types include units with a private garden, houses 
with a terrace (above the garages), port houses, and houses with a terrace in the 
central courtyard.

This complex was used twice in Van Winden’s Fusion to illustrate what fusion 
architecture means. 

4.1 The ideas 

Its initiator was Hassani Idrissi and initially it had no precise location. Only at a later 
stage, this Mediterranean housing scheme became part of the urban renewal district 
Bospolder replacing three former blocks. 

There were several objectives reflecting the parts involved in the process, the main 
objective being to revitalize the neighborhood. 
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Economic ideas: to make the area attractive for inhabitants with a middle-high 
income and higher education as well as to make the area attractive for the current 
inhabitants of a growing purchase power to remain in the neighborhood.

Ethnic ideas: to create housing complexes which mirror the multicultural population of 
Rotterdam. One Architecture together with XS2N “studied the possibilities for 
introducing Mediterranean living cultures in the Dutch city, as a way to reflect the 
growing ethnic diversity of the Netherlands”.xxv

Design ideas: to create a local identity using Moorish-Moroccan elements of 
architecture to express the ethnic ideas and accelerate economic developments in 
the neighborhood.

4.2 The translation 

According to the “Kenniscentrum Stedelijke Vernieuwing” (KEI), the team involved in 
the development of the Le Medi selected the following set of design issues to be 
expressed in this “modern” Moorish-Moroccan housing scheme: a. Walled city: safety 
and rest; b. Water in the central space; c. Ports for access; d. Semi-private streets; e. 
Colors and materials. 

And in addition: a. Possibility to extend the house; b. Facilities on the ground floor; c. 
All house types have a free plan or variation possibilities for the infill xxvi of the 
houses.

The Moroccan “walled city” is the metaphor guiding the project aiming to offer safety 
and rest. Contrary to the above set list, Geurst, in the interview “Dutch Profiles,” 
affirms that he tried to avoid the idea of a “gated community”. He preferred to refer 
more to Dutch Courtyard houses which have their gates open during the day and 
closed at night. It seems that Geurst recognized the risk of designing a housing 
complex which could become stigmatized in the near future or considered sham 
architecture. It might also be that by compiling this set list he realized that Dutch 
Courtyard houses also show this characteristic, and thus one did not need to look so 
far from home.

This “walled city” is accessible via five ports. The main port is on Schippersstraat. 
This “Moroccan” port is here transformed to avoid an overdose of iconographyxxvii.
The original horseshoe section is transformed into a parabolic section. It leads the 
person towards the geometric, symmetric square with a fountain in the middle. Two 
secondary ports face Blokmakerstraat and the last two face Medinastraat.

Iwanhof (Iwan Court) and Agadirhof (Agadir Court) are in fact two small streets and 
they could be seen as the continuation of one another. Iwan Court starts at a port 
which gives access from Medinastraat; and Agadir Court starts at the port which 
provides access to Blokmakersstraat; Iwanhof and Agadirhof meet each other at the 
east side of Oasis Square.
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Kasbahhof, parallel to Agadirhof, is accessed via the second port that gives access to 
Blokmakersstraat and ends at the west side of Oasis Square. The last port, the 
second at Medinastraat, gives immediate access to the west side of Oasis Square.

The houses of these “courts” are bright and colorful, with Iwanhof and Agadirhof in 
red, white, and orange, and Kasbahhof in yellow, white, and green. 

These Courts were previously public streets giving access to the house-units of the 
three demolished blocks. Nowadays the streets are semi-public areas and access is 
for pedestrians only. During the evenings and on Sundays access is for residents and 
their visitors only.

The housing complex is designed as a building block or urban assembly to fit in its 
direct environment, having houses facing the public streets.

Garages are provided on the back of the houses and accessed via Blokmakersstraat 
and/or Medinastraat. On the ground floor, the house type adjacent to the garages 
has one room which can be used, for example, as an atelier or a lounge-kitchen 
(woonkeuken). The living rooms are on the first floor and the back yard is raised 
above the garage.

Le Medi relates to the outside world as a block surrounded by extant blocks by size, 
colors and materials.

4.3 Reflection: Fusion or Disneyism?  

From the interviews that Sabine Meier conducted with the inhabitants of Le Medi, it 
became clear that the second and third generation of immigrants (70% of the 
inhabitants) are more interested in safety and comfort than living in a themed 
neighborhoodxxviii. The Dutch autochthones are those who appreciate the reference to 
other cultures and enjoy it and find it authentic.

This Moorish-Morocco project symbolically aims to reinforce the multicultural society 
of Rotterdam, having the theme sources of place and history. Geurst shows a 
concern in not producing a pure décor or architecture with no meaning. He uses 
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colors and ornaments from Mediterranean countries, but shows also a concern in 
limiting iconography such as with the use of a horseshoe shape as the Arabic Port for 
Le Medi Ports. In fact, he preferred to refer to the urban Dutch Port which marks the 
entrance of a neighborhood (Amsterdam School)xxix.

Exotic houses attract the consumer. The municipality, the district, housing 
corporation and association are working together in the revitalization of the area of Le 
Medi. The building of exotic houses and environment is a way to “invite” the growing 
local middle class to stay rather than moving out of the city. These powerful 
purchasers will consume more in that neighborhood and prevent the area from 
sinking into decline. The house complex is placed in an area which, when safe and 
restful, may be attractive due to the facilities and services around it. In other words, 
the house complex is placed on the central point of a hybrid consumption system.

Metaphors are also used in the marketing of these houses. But despite the 
fascination created due to theming, almost every respondent of Meier’s interview 
cites the branding a "sales gimmick" such as the use of the metaphor of Oasis, a 
place which offers protection in the middle of an “inhospitable” environment; the 
desert (Bospolder-Tussendijk); or the North-African Kashba: romantic, aesthetical 
and sanitized North African houses which with their bright colors remind the buyer of 
their sunny vacation destinations. 

However, this Moorish Moroccan image, different from others in the regular housing 
stock alongside the services and facilities on offer (private garage, market, public 
transport), might play an important role in their merchandize system.

Also in this case there is no interest in using performative labor. Perhaps in this 
project there is even a certain aversion toward it since it could stigmatize the area. 

5 Comparison and Insights 

Do these projects (and not the architect’s oeuvre) use the same strategies?

Theming is carried out at the Inntel Hotel using a tinkering strategy (stacking and 
interlocking the traditional vernacular houses of Zaandam); and it is done with no 
critical consideration, or, in other words, with the banalization of the history of the 
region in the past; while theming is carried out at Le Medi through the recollection of 
characteristics of diverse places as well as the (slight) transformation (main port) and 
recombination of these characteristicsxxx. The Le Medi strategy left open the 
possibility of combining with modern techniques and modern references such as the 
variations of plan layout which are reminiscent of Le Corbusier’s free plan and John 
Habraken’s SAR method.

Using Bryman’s Disneyism as an analysis tool, it becomes clear that the two projects 
have some notable differences. So, one might see that theming is done at the 
facades and interior of the Inntel Hotel while theming is kept inside the urban 
assembly of Le Medi housing scheme. 

page # 264



14h Generative Art Conference GA2011 

 

Theming at the Inntel Hotel does not support any extraordinary functional 
innovation. The hotel, functionally, remains an average hotel Disneyfied for 
contextual and economic reasons. Theming at the Le Medi also shows a sanitized 
view of the actual Medinas. However, its composition seems to offer the rest and 
safety promised to the buyers as well as flexibility and adaptability which is essential 
in modern societies. One may say that it seems to be more meaningful than the 
Inntel Hotel. However, if Dutch cities were to be populated by these housing 
schemes, the country would sooner or later be transformed into a Magic Kingdom 
with its Main Street connecting all its little kingdoms, many with gates which would be 
closed during night time. In other words, it seems clear that if this practice becomes 
generalized, the city will lose in its publicness and, in a drastic scenario, the city 
would become fragmented into ghettos instead of reaching the desired harmonious 
multi-cultural society.

The Inntel Hotel, in a sense being an iconic image (when disconnected from its 
urban context), becomes a merchandising instrument attracting tourists eager to 
experience the cozy Holland of the past in an uncritical manner. The hotel supports 
another dimension of Disneyism, namely Hybrid Consumption by making possible the 
prolongation of the stay of consumers on the site with its theatres, restaurants, 
cinemas etc. The Moorish-Moroccan image of Le Medi brings diversity into the 
regular housing stock. It is meant to attract well educated and high income second-
generation Dutch immigrants to remain or go back to the cities and with their 
purchasing power to improve the economy of the particular neighborhood. In and 
around the housing complex, the services (such as private garage, markets and 
public transport together) work as a merchandize instrument.

In the case of theming, the Inntel Hotel uses as its sources place and time, or more 
precisely, an (autochthone) history of the place. Vernacular Zaans houses are quoted 
to create a picturesque regionalism, easy to recognize and leaving nothing to the 
imagination.

However, if we consider the actual (desired) multi-cultural society and match identity 
with culture, one could say that the Inntel Hotel shows all but not a mix of identities, 
neither as a building nor in relation to the city. There is only a mix of identities if we 
match identity with social classes. But then, the identities expressed refer to social 
classes of the “autochthone” Dutch society in the past; The result is more on tradition 
than on innovation and seems to be more part of a “light” chauvinism than multi-
culturalism.

Le Medi is a design to mirror the multi-cultural society, the identities of immigrants 
who are currently part of Rotterdam which has 175 nationalities and wants to place 
this fact in a positive light. Theming in Le Medi has the same sources as the Inntel 
Hotel, place and time. However, it does not refer to the history of the place 
Bospolder, but to (historical) places of origin of ethnic groups who currently live in the 
neighborhood. The precedents of the two projects have a different origin, but both try 
to define or redefine the local identity. 

It is interesting to note that the use of Moorish-Moroccan characteristics is not so far 
from some typical Dutch configurations as the Dutch “hofjes” (courtyards, such as 
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Begijnhof in Amsterdam). Also the port, which in Le Medi was intentionally not so 
iconographic as it could have been if it had the section of a horseshoe, is also seen in 
Dutch neighborhoods; and the free plan, the possibility to extend the houses over 
time and the parking facility as well as rest and safety are all concerns for typical 
Dutch configurations.

The ornaments are typically Moroccan, but the site configuration is also found in The 
Netherlands. Hence, Le Medi deals with the multi-cultural society in Rotterdam but is 
also concerned with a kind of integration of the groups avoiding the possible 
stigmatization of the area.

Do these projects belong to a Fusion or Disney architecture? Fusion shows few 
aspects of the designs because it considers neither the four dimensions of Disneyism 
nor other systematic approaches to precedents (theming sources) and it does not 
provide tools to work with themes (recollection models). Thus, if it is used with no 
criticism, it could be compared to Disneyfication. All in all, Fusion seems to be an 
unnecessary “new” term. The gracious architecture can be analyzed in depth in all its 
dimensions using the systematic research of Alan Bryman on Disneyism.

Bryman’s tools were used in the analysis and comparison of the strategies taken 
during the design process of these two projects and showed that these two projects 
belong to the realm of Disneyism. However, the design composition, the method of 
recollection of precedents (quotationism and syncretism) and the use and adaptation 
of the precedents were carried out in different ways.

According to the results of these two cases, one would say that even when Fusion 
expresses a regionalism, involving history and identity, it is often a banalization of 
regionalism. Its characteristics concern a Disneyization of the architecture, and 
therefore, it is in the realm of globalism. 
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HEILIGE HUISJES, Opinie, Architectuur en stedenbouw, Jorn Konijn, 21-04-2010 
http://www.nai.nl/content/681004/heilige_huisjes
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xvii Inntel Hotel Folder: “Bijzondere architectuur met gestapelde Zaanse Huizen 
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xxi Com.wonen is a housing association with over 31,000 homes. http://www.comwonen.nl/ 
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xxiii htpp://wwww.architectuur.nl 
xxiv KEI Centrum - http://www.kei-centrum.nl/ 
xxv One Architecture: http://www.onearchitecture.nl/projects/le_medi/
xxvi As proposed by John Habrakens in for example: Supports: an Alternative to Mass Housing, U.K., 
Urban International Press, Edited by Jonathan Teicher. Reprint of the 1972
xxvii Meier, S. 2009. “Le Medi: Mediterraan gevoel te koop in Rotterdam. Over de aantrekkingskracht 
van gethematiseerde woningbouw voor de nieuwe stedelijke middenklasse”. Sociologie, jg. 5, nr. 2, 
pp. 277-299 
xxviii Sabine Meier and Arnold Reijndorp. 2010. Themawijk, wonen op een verzonnen plek. Bussum: 
Thoth publishers
xxix Sabine Meier and Arnold Reijndorp. 2010. Themawijk, wonen op een verzonnen plek. Bussum: 
Thoth publishers 
xxx About the use of design precedents: K.Moraes Zarzar. 2003. Use and Adaptation of Precedents in 
Architectural Design,Toward an Evolutionary Design Model. Delft: DUP Imprint: Delft University Press; 
K. Moraes Zarzar and A. Guney (edts.). 2008. Understanding Meaningful Environments: Architectural 
Precedents and the Question of Identity in Creative Design. Volume 4: Research in Design Series. 
Amsterdam: IOSpress-Delft University Press 
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When we produce generative algorithms whose output closely matches 
the style of a particular architect [1] or artist, what exactly is it that we 
think we are doing? Do we believe we are simply mimicking the 
architect, producing shallow results that have the surface qualities of 
the architect but no substance, much as a parrot might speak words [2] 
but there is no meaning Or do we believe we are 
somehow capturing something deeper, a kind of partial working copy of 

 and their creative essence?   
 
How can we even begin to have this discussion? 
 
In the area of Artificial Intelligence, there is the concept of the Turing 
Test [3] which allows us to discuss when we believe a computer 
progra The Turing Test is not a real test, but 
rather a rhetorical framework in which one can disentangle the 
discussion around artificial intelligence.  
 
We can apply a similar philosophical framework to the problem of 
generative art. By applying an equivalent to the Turing Test, we can 
discuss topics like mimicry, forgery, functional correctness, topological 
similarity, branding, signature style, whether a machine can be creative, 
and whether a machine can create art.  

Artificial intelligence, imitation, creativity  
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Independent, Canada 
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Abstract 

1. Introduction

2. The Turing Test
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3. The Turing Test applied to Generative Art
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The next step was to verify the exact working of the new generative codes by 
means of 3d scenaries, that are recognizable as "Antoni Gaudì specie's 
architecture" 

4. Spot the BMW

4.1 Argument: Such rules cannot be written down 
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4.2 Argument:  Being a good BWM designer is about more than just producing 

cars that look like BMW’s

nice

5. Discovered, Gaudi’s lost sketches!

as if he had been there to complete it himself!
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5.1 Argument:  Art is the sole domain of a conscious entity, the sole domain of 

humans

6. Conclusion
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7. References
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Abstract

This paper provides an overview of the prototype and the background to the concept 
of The Narkissos Project, an interactive image and sound art installation.

 

Keywords

Art installation, fine art, image capture, morphing, performance, sound, tactile 
interface, tangible interface, touch feedback. 

1.  Introduction 

This project relates to the themes present in my ongoing artistic practice. 
Thematically my work is dependent on water and my body’s relationship to it. Water 
seems to have been synonymous with creation for time immemorial. My work 
alludes to a fundamental memory that lurks in our psyche surrounding life origins 
from ubiquitous water sources. My images concentrate around my own body 
integrations into naturalized settings that are shallow depths of water along 
shorelines. I seek out specific locations that reveal minimal, but absolute 
characteristics of the water in each country that I work in. In some instances my 
presence relies not so much on my being seen, as it does on my almost not being 
seen. As the figure assumes to take on characteristics of the surrounding qualities of 
light or shadow, textures of rock or submerged surfaces ; one might ask if the figure 
is truly present at all. Or is it merely a mirage swimming up from our imagination, like 
so many sailors’ accounts of sighting the elusive form of their desire.
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Figures 1-3: Images of previous work.  “Metamorphosis” and “Thirst” Series’. Laurel 
Johannesson, 2005-2007. 
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Figures 4-5: Images of previous work.  “Metamorphosis” and “Thirst” Series’. Laurel 
Johannesson, 2005-2007. 

Figures 6-7: Images of previous work.  “Metamorphosis” and “Thirst” Series’.  Laurel 
Johannesson, 2005-2007. 

While my previous work has related to my own visage and the effect of the watery 
surroundings that I place myself in, The Narkisssos Project casts the viewer as 
subject and seduces them into interacting with their own watery “reflection” through 
the familiar sensations of touch, vision, and sound.  This paper will explain the 
conceptual underpinnings of the project as well as the medium-fidelity prototype. 
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2.  The Myth of Narcissus 

Narcissism can be traced back to the originally mythological narcissistic figure that 
since antiquity has been interpreted as a parable for self love.

Figure 8:  Narcissus is first documented in fresco paintings in Pompeii. 

 (Narkissos or Narcissus) was a young man from the town of Thespiai in 
Boiotia.  A son of the river-god Kephisos and the fountain-nymph Liriope, he was 
known for his beauty, and attracted many admirers.  But in his arrogance, he 
spurned them all. The suffering of two, however, brought down upon him a deadly 
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curse. First there was the nymph Ekho--a girl cursed by Hera to repeat only the last 
words of what was said before. When she was rejected by Narkissos, Ekho faded 
away in her despair leaving nothing behind but the haunting voice of her echo. 

The other admirer was the youth Ameinias who became distraught when Narkissos 
rejected him and slew himself before his door, calling on the goddess Nemesis to 
avenge him. His prayer was quickly answered, when Narkissos fell in love with his 
own image reflected in a pool. Gazing endlessly at the reflection, he slowly pined 
away and was transformed by the nymphs into a narcissus flower. [1] 

In Ovid's Metamorphoses, he speaks about the dialectic of identity and difference, 
contrast and assimilation metaphorically in the figure of Echo and the pond in which 
Narcissus mirrors himself. A mirror, by inverting reality and showing something that 
is there and at the same time not there, raises the same problems of presence and 
absence.

The motif of Narcissus seems to have disappeared from artwork for around one 
thousand years.  It was picked-up again in the Renaissance. Narciso painted by 
Caravaggio, is a young man addicted to the ecstasy of his reflection on the water.  
[1]

Figure 9: Narciso. Caravaggio. 1594-96
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Figure 10:  Echo and Narcissus.  Poussin.  1628-30. 

Figure 11:  Echo and Narcissus.  Waterhouse.  1903 
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Oscar Wilde in The Picture of Dorian Gray (1890) describes the story of narcissistic 
self destruction. An ideal of youth and beauty leads to a life in beauty and the 
deprivation of reality. [5] 

Albert Lewin's 1945 film, The Picture of Dorian Gray uses a painting as its 
centerpiece. The protagonist trades places with a portrait of himself and as a result, 
the painting grows older while Dorian Gray remains young.

Figure 12:  Actor, Hurd Hatfield with the aging portrait of his character Dorian Gray.  
The Picture of Dorian Gray, 1945. 

Figure 13:  Film poster from “The Picture of Dorian Gray”, 1945 with the caption 
“Youth’s adventure in living.” 

3.  The Narkissos Project 

In The Narkissos Project, the spectator's transition into another world happens 
through touching their own fictitious face and moving pebbles to disturb the water’s 
surface both visually and aurally. Touch is the interface into the virtual world and the 
mediator of different languages and perceptions. To touch a water surface, to 
influence a mirror, to make sound when moving something are reactions which 
correlate with reality.

I place the viewer as voyeur and at the same time subject, inside a shifting ground 
that contains both figure and water as one amalgam. The point of view is from 
outside looking in and under, operating in a kind of lussuria ossidionale; as 
sublimations of unattainable acquisition, just out of reach by the nature of our 
imperfect vision into water. 

As the viewer gazes at the pool before them, an image of their face is captured.  As 
they begin to interact with the virtual watery pool by moving pebbles around on the 
surface of the interactive tabletop, the sound of water is produced.  The viewer can 
create their own soundscape by moving a single pebble to another location or by 
sweeping a number of pebbles across the surface.  At the same time as this 
soundscape builds, the viewer will begin to notice some subtle changes in their 
appearance.  At first they will metamorphosis into a younger more beautiful version 
of themselves and then perhaps they will subtly begin to become less attractive.  
Finally, the viewer who interacts and continues to gaze at themselves for “too long” 
will ultimately begin to fade and disappear. 
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Figure 14:  Screen capture of participant interacting with The Narkissos Project. 

Figures 15-18:  Screen captures of participant interacting with The Narkissos 
Project.
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Figure 19:  The face of the participant interacting with The Narkissos Project begins 
to morph into a more youthful and then a less attractive reflection of themselves and 
finally begins to disappear. 

3.1  Sound Component 

The sound created by the participant is made up of recorded samples that I collected 
in caves and along shorelines in Greece.  Drips, drops, echos, swooshes.  The more 
pebbles in play, the more sound combinations created.  Different motions and 
combinations and of pebbles will generate different results.

3.2  Water Component 

The interactive water layer consists of video footage also shot in the Aegean Sea.  
As the participant interacts the placement of the pebbles will trigger a pooling action 
that will disperse the water layer in relation to the size of the pebble.

3.3  Tangible User Interface 

The pebbles collected along shore lines in Greece act as the tangible user interface 
for the sound and related visual effects.  The pebbles will not have specific 
properties attached to each individual object but will however have general 
characteristics related to their size.  Smaller pebbles will trigger softer and higher 
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pitched sounds.  Larger pebbles will correspond to louder and deeper tones and will 
disperse more water.  The more pebbles in action, the more complex the sound. 

Figure 20:  Tangible user interface pebbles. 

3.4  Morphing Component 

After a short period of time the participant’s face will subtly morph into a more 
attractive (or seemingly younger) version of themselves.   After more interaction the 
viewer may notice a subtle aging.  This could be achieved by incorporating morphing 
software.  Some potential approaches to this aspect of the interaction are described 
in the paper Data Driven Enhancement of Facial Attractiveness. [4] 

In addition, MovieReshape: Tracking and Reshaping of Humans in Videos could 
point to potential solutions for this aspect of the project. [2]  The concept of the 
golden ratio will be utilized and I will continue to explore and develop this aspect of 
The Narkissos Project. 

Figure 21:  Golden Ratio – Female and Male 
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Figure 22:  Portrait of the artist with the golden ratio applied. 

4.  Strengths and Challenges of the Narkissos Project 

Although the project is conceptually sound, the greatest perceived challenge is in 
regard to the morphing aspect.  While research exists regarding video and still image 
morphing, it will require a great deal of refinement in order to be effective within the 
parameters of the concept.  The morphing must remain subtle and delicate in order 
to retain the likeness of the subject.

The simplicity of the tangible user interface will encourage viewers of all ages to 
interact.  No fine motor skills, musical skill, or artistic talent are necessary to quickly 
become engaged with the interaction.  The sound emitted will be harmonious by 
default.  Visual clues in the way of water dispersion created by pebble placement will 
relate directly to the sound.

Finally, the fascination of watching one’s self transform combined with tangible user 
interface controlled sound will entice even the novice narcissist into a brief trip into 
the watery abyss.
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The paper presents graphical and formal possibilities of moiré patterns 
in architecture in different contexts. The paper distinguishes between 
randomly generated and designer’s controlled (influenced) moiré 
patterns. Some mathematical methods can predict, under certain 
limitations, the geometric properties of moiré. Those 2D Fourier 
transformation-based methods would not be considered in the paper, 
but the basic notions, could be taken from strict mathematical theory of 
the moiré phenomenon. A short, straightforward, vector-based 
explanation is given at this point. 

In the first group of patterns paper presents carefully selected cases of 
moiré generated by various periodic and not periodic gratings, grids 
and dot patterns using the examples from recently completed buildings. 
Stiff, rigid superposed layers like screen-printed glass, or perforated 
metal sheets do produce predictable results in a greater extent, while 
the soft, distortable layers, like fabrics, canvases, loose meshes 
generate the shapes that are almost impossible to estimate. A link 
between the images of component superposed layers, their frequency, 
and superposition angle with the resulting moiré pattern is researched 
here.

In the second group of patterns paper shows the cases where the 
designer, by the proper arrangement of component image layers, can 
consciously influence the result of generated moiré pattern. Two basic 
techniques are described at this point: moiré fringe multiplication, and 
moiré magnification. The former allows to control the moiré frequency, 
by regulating the frequency of component layers (e.g. obtained moiré 
pattern is doubled with the doubling of the reference gratings, dot-
screens etc.). The latter describes a special case of the (1,0,-1,0) moiré 
type, that shows striking phenomenon of blur and magnification of dots 
of any given shape lying on layer A, by superposition of layer B with tiny 
pinholes of identical period at a small angle of difference. The moiré 
image is showed by sampling any-shape dots of layer A, through a 
holes in layer B. The results could be obtained by superposing white 
and black dot-screens as well, but the moiré pattern generated depend 
on the color and could be produced in inverse video.  
In addition, this chapter describes a method of obtaining visually 
appealing moving images (up to 7 frames) by the usage of properly 
designed component layers A and B. This could be used to obtain the 
illusion of movement on the facades that do not contain any real 
movable parts, but are observed in motion (e.g. from passing car, train 
etc.). The ease of application allows this phenomenon to be used both 
in public and commercial buildings. A selection of author’s designed 
exemplary façade’s patterns is presented in the paper.

e-mail
marcin.brzezicki@pwr.wroc.pl

moiré pattern, architectural design, perforation perception, façade
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Reading Frei Otto’s very stimulating book [1], I was incited to pursue
investigations I exposed at GA2005 [2] about distance maps and other
ways of generating territories. Frei Otto is well  know for his work on
lightweight structures and constructions inspired by nature, but in this
book  he  explores  more  fundamental  topics  about  space,  how  it  is
occupied and how places are connected.  His  main preoccupation  is
about town planning, but his experiments and reflections go far beyond
that field. 
Frei Otto does not use computers and his book is illustrated by rough
sketches and photos of simple experiments involving magnetic needles
and polystyrene chips floating on water, soap bubbles, flowing sand,
and so on. But those processes may be simulated by algorithms, such
as the ones I experimented in my previous paper [2].
This paper will explore dynamic processes leading to the formation of
territories,  and  of  boundaries  between  them,  and  to  connections
between  points.  Those  topics  involve  once  again  the  notion  of
dimension, and the relationship between dimensions. They imply also
questions of duality and reversibility between centres and junctions, and
between  boundaries.  The  question  of  whether  and  how  those
processes  are  generative  will  also  be at  the  core  of  my theoretical
reflection.
This paper will be illustrated by works of the author, and also by some
works of her students.

Occupation of space, distance maps, Voronoï diagrams,
boundaries, connections, path systems 
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Abstract

Reading Frei Otto’s very stimulating book [1], I was incited to pursue investigations I
exposed at GA2005 [2] about distance maps and other ways of generating territories.
Frei Otto is well know for his work on lightweight structures and constructions
inspired by nature, but in this book he explores more fundamental topics about
space, how it is occupied and how places are connected. His main preoccupation is
about town planning, but his experiments and reflections go far beyond that field. 
Frei Otto does not use computers and his book is illustrated by rough sketches and
photos of simple experiments involving magnetic needles and polystyrene chips
floating on water, soap bubbles, flowing sand, and so on. But those processes may
be simulated by algorithms, such as the ones I experimented in my previous paper
[2].
This paper will explore dynamic processes leading to the formation of territories, and
of boundaries between them, and to connections between points. Those topics
involve once again the notion of dimension, and the relationship between
dimensions. They imply also questions of duality and reversibility between centres
and junctions, and between boundaries. The question of whether and how those
processes are generative will also be at the core of my theoretical reflection.
This paper will be illustrated by works of the author, and also by some works of her
students.

1. Groundings: Frei Otto’s research

1.1 An architect inspired by nature 

Frei Ottto, born in 1925, is a German architect and engineer, well known for his
lightweight tensile and membrane structures, like for instance the cable net of the
Expo ‘67 German Pavillon (Montréal, Canada), or the roof of the Munich Olympic
Arena (1972, with Günter Behnisch). As such, he is in the tradition of great
constructors like Felix Candela or Pier Luigi Nervi, or architects like Buckminster
Fuller with whom he bears some similarities. His architectural vision has left his mark
on the 20th century, and was a strong influence on younger architects, like Shigeru
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Ban, with whom Otto collaborated on the Japanese Pavillon of Expo 2000 (Hanover,
Germany), which has got a roof made entirely of paper.

Frei Otto «is a technician, artist and philosopher in one, and his central concern is for
a new and all-embracing link with nature in building» [1]. One must say also that he
is a true architectural «researcher». He founded in 1961 the research team Biologie
und Bauen, and in 1964 the Institut für Flächentrageweke at the Tescnische
Hochschule in Stuttgart, where he and his team experimented with models inspired
by natural structures, in collaboration with biologists like Johann-Gerhard Helmcke.
The result of this research was for instance the self-standing bell-tower of a church in
Berlin-Schönow which was referred to the skeleton of a diatom. His exploration of
natural forms does not only concern biological structures, but also phenomena like
the formation of bubbles.

Otto’s concern in nature was surely grounded, at least in part, in his reading D’arcy
Thompson’s famous book [2], which has been so influencial on so many biologists,
mathematicians, artists, and architects (Louis I. Kahn, for instance). It is remarkable
that the only reference, outside of self-references (including his Institute), in Otto’s
book [1] is precisely Thompson’s book, though with no precisions on how
Thompson’s ideas are exploited. Thompson insisted on physical laws and mechanics
as determinant on the form and structure of living organisms. It is then not surprising
that architects may be interested by his work.

In Occupying and Connecting. Thoughts on Territories and Spheres of Influence with
Particular Reference to Human Settlement [1] (Fig. 1), Frei Otto does not particularly
look for ideas for constructive structures, but, as the very explicit title of his book
says it, he explores very fundamental topics about space, how it is occupied and how
places are connected. 

Fig. 1: Frei Otto, Occupying and Connecting [1]

1.2 Frei Otto’s method

Otto’s method consists in observation, speculation, and experimentation. He
observes how phenomena happen in nature, either as the result of the behaviour of
living organisms, or with inert materials responding to physical laws, and also how
such phenomena occur when human beings intervene. Those phenomena are
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described with words, and also with rough sketches. Even by those means, Otto
speculates on the interpretation of those phenomena. This speculation is continued
by the setting of experiments that are supposed to simulate the observed
phenomena. In [1], Otto examines essentially three types of phenomena: there is
what he calls «occupation», but which concerns actually two topics: the distribution
of points, and the definition or formation of territories; and there is the issue of
connections, or paths. I shall explain his method on some of these topics which have
particularly retained my attention, and on which I have worked later on.

Distributions

Frei Otto begins his book by observing and describing (with words an sketches) how
«objects», considered as «points», occupy lines, surfaces, or 3D spaces. Those
«objects» may be birds on a wire, fog dew on spider webs, trees in a wood, birds in a
flock, water droplets in a cloud, and so on. He distinguishes first between random
occupations, which he does define much, and planned occupations. 

But more accurately he observes that two «forces» are at stake in any process of
occupation: he qualifies some occupations as «distancing» (which could have been
called «repulsive»), others as «attractive», and remarks that many occupation
mechanisms are both attractive and distancing. Those types of «occupations» (i. e.
distributions) are illustrated with sketches.

Attraction and repulsion are present in two physical forces: magnetism and static
electricity. Those are the forces that Otto uses in his experiments.

In order to obtain «distancing» distributions of points, Otto’s experimental apparatus
is a basin of water in which «small rod magnets float (...), each with the same pole
uppermost. The magnets repel each other and move away from each other. (...)
They adopt a form of occupation which can be described as distancing. (...) Beneath
the water, a template marks the surface which can be occupied.» ([1], p. 16). Otto
experiments with different shapes and different numbers of needles (Fig. 2).

        

Fig. 2: [1] pp. 21, 22, 23

Attractive occupations are experimented with small soap bubbles. But when trying to
experiment both attractive and distancing occupations (with magnetized needles and
bubbles) Otto realized that the attractive force between the bubbles was too strong
and pulled the needles with their rafts of bubbles. He then used magnetized needles
and polystyrene chips (Fig. 3). He also used iron dust with magnetised needles.
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Fig. 3: [1], p. 45

1.2.2 Territories

Very soon in his book, Frei Otto relates the distributions of points to «territories»,
whose formation is described in these words: «one demarcates the territory by the
perpendicular bisectors of the nearest points» ([1], p. 10), and a sketch (Fig. 4).

Fig. 4: [1], p. 10

Concerning the formation of territories, Otto describes a particular process in those
words: «(...) seeds fall on five points. The occupied areas soon come into contact
with each other, until the available surface is completely filled.» [1, p.32]. Even if it is
not impossible to actually observe such a phenomenon, it is improbable that this
observation was an actual one. Otto supposes that the «territories», which are the
areas where some hypothetical plant has expanded from one seed, grow as
concentric circles. Even more, he supposes that each circle he draws corresponds to
the growth in one year. Otto draws three sketches: in the first one, 5 points (A-E) are
marked inside a shape, each being the centre of three concentric circles. Territories
issued from A, C and D, are already touching, and Otto draws a dotted line at the
frontier. In the second sketch, all five territories have reached each other, and also
the edge of the shape. The last sketch shows the end of the process, until the shape
is completely covered, and even the border eventually crossed over (Fig. 5).
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Fig. 5: [1], p. 32

Otto draws also a sketch (Fig. 6) of an experimental apparatus used at his Institute to
study the expansion of territories, the «so-called sand flow apparatus»: «A flat box is
filled with sand. It has holes in its bottom arranged in a pattern. The sand trickling out
leaves craters and forms growing cones of debris.» [1, p.32]

Fig. 6: [1] Ill. 89-90, p.32

1.2.3 Connections

Regarding connections, or paths, which I did not analyse so much as territories and
distributions, one may remark first, that boundaries of territories are themselves
possible connections (between junction points of those boundaries): in the examples
given p. 51 in [1], Otto displays a section of dragonfly’s wing, a maple leaf, a crack
pattern, a soap bubble raft (which are all rather examples of boundaries) together
with a thread model, a road network, or a minimal path network. Working on
territories is then a way of working on connections, at least when connections
generate closed units.

It is, for that matter, in this part, that Otto experiments with inkblots, or other
drippings, which we would have awaited in the part about the formation of territories.
The experiments dedicated to connections involve thread (dipped in water), and the
«soap bubble skin apparatus».

1.3 A generative method: from material to digital experimentation

Observing natural processes and trying to reproduce them with some device is the
starting point of a generative method. Frei Otto may not be qualified as a
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«generative» architect, but his observation of nature and his experiments may inspire
some generative processes.

In his book, Otto ignores absolutely computer simulations. It is obvious, though, that
many of his observations and experiments have their digital counterpart. Reading his
book, I recognized some of my previous attempts, and I was induced to pursue them,
or to imagine some new ones. In the next part, I shall display those experiments,
which follow rather closely Frei Otto’s exploration.

2. Experiments 

1.1 Distance maps

Territories issued from sites, or «centres», are easily obtained by calculating a
distance map. Let’s remind the principle of a distance map: given a bitmap, in which
some points, called centres, have been chosen, one gives to each pixel of the
bitmap a level of grey according to its distance from the nearest centre. If we
translate this level of grey into an altitude in a mesh, we get the result of the sand-
flow apparatus. If we want to give a representation more alike Otto’s sketches (Fig.
5), we can apply to pixels a level of grey which is calculated as a function based
upon the sine of the distance from the nearest centre. In the next figures, the
distribution chosen is practically the same as the one in Otto’s sketches.

      

Fig. 7: distance map for 5 centres; sand craters and heaps; sinusoidal distance map

Distance maps may be related to medial axes (cf [2]), but also to Voronoi diagrams,
anyway when centres are scattered, and not grouped. Otto does not mention this
reference, though one of his first sketches (Fig. 4) and the description he gives («one
demarcates the territory of an object by the perpendicular bisectors of the nearest
points») are roughly the definition of Voronoi diagrams.

Though Voronoi cells are discernible in distance maps by the whitish lines that
delineate them, and by the crest lines in the «sand flow» representaiton, one can get
them more clearly by slightly changing the way of calculating the map: instead of
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affecting each pixel with a level of grey, one affects it with a colour corresponding to
the nearest centre.

Fig. 8: Voronoi diagram for the same 5 centres

All of these experiments I had already done for my previous paper [2]. But Otto
suggests two time-related variants, which I had not thought of. Distance maps are
not processes evolving in time, like cellular automata for instance. In a way, time is
translated into distance, and as distances are fixed at the start, distance maps only
show a state of things. However, one can simulate a time-related effect by changing
the way distance is calculated, as we shall see.

The first variant Otto suggests is to delay the start of growth for some centres: «If
point A initially occupies its own territory, B follows, time-displaced, in year 3, C in
year 6 and D is added in year 10.» ([1], p. 33) (Fig. 9)

Fig. 9: [1], p. 33

Here we acknowledge that the concentric circles correspond for Otto to years of
expansion. This can be simulated in the sand-flow apparatus: « A time lag in the flow
is created by inserting small tubes of different heights into each hole.» In the same
way, in the computing of the distance map, one can affect to each centre a number
which will be added to the distance to this centre, when determining which centre is
the nearest (Fig. 10):
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Fig. 10: distance maps, sand craters and heaps, and Voronoi diagram with time-lags

The second variant considers different speeds for the different centres. Otto
sketches concentric circles more or less close to each other.

Fig. 11: [1], p. 34

He claims first that «speed of distribution can be adjusted by variations in the
diameter of hole or tube» ([1], p. 34]. But then he admits that «this form of territory
expansion can not be simulated with the sandbox, but diagrammatically and by
means of computation.» (id). Indeed, it is easy to simulate different speeds by
affecting each centre with a number, with which we multiply the distance from this
centre, when determining which centre is the nearest (Fig. 12):
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Fig.12: distance maps, sand craters and heaps, and Voronoï diagram for 5 centres
with different speeds

Returning to distance maps with no time related differences, we can remark that
boundaries of Voronoï diagrams provide us with an interesting net of connections
between points, those points being the junctions between cells (Fig. 13): 

  

  

Fig. 13: distance map for a given set of 20 points, Voronoi diagram, junctions and
connections
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If the junctions of the Voronoi diagram of a set of centres was the dual of this set of
centres, i. e. if the junctions of this first Voronoi diagram generated a new Voronoi
diagram whose junctions were the first set of centres, then we would have a good
way to generate connections between centres. It is the case only with regular
configurations corresponding to regular tessellations of the plane (see [2]). But,
unfortunately, in common cases, the junctions of the diagram of Voronoi generate a
new diagram whose junctions are not the first set of centres. 

Fig. 14: distance map of the junctions found in Fig. 13 (in red, the original centres)

2.2 Minmax algorithm

The experiment described by Otto for distancing occupations (see 1.2.1 and Fig. 2)
is a dynamic rearrangement. We don’t know if the magnets are all put at the same
time in the water, or if they are put one by one, but in any case it is obvious that they
all move till they attain their definitive disposition. I preferred to simulate a more static
as well as progressive one: my «magnets» are put one by one, each of them trying
to be as far as possible from the ones already there. The simulation of this distancing
mechanism is made by finding the pixel for which the minimal distance from
«centres» already there is maximal (minmax algorithm). Fig. 15 shows the result of
the algorithm with 10 centres and Fig. 16 with 50 centres. Distance maps are
calculated, in order to better compare the distributions.

        

Fig. 15: minmax algorithm for 10 points

page # 312



14h Generative Art Conference GA2011

        

Fig. 16: minmax algorithm for 50 points

We see that, though not absolutely regular, the distributions we obtain are very near
from a grid of equilateral triangles; the territories, as shown by the distance maps,
form an hexagonal tiling. The more centres are added, the more equilibrated the
distributions are. In any case, the distributions are very different from random ones
(Fig. 17)

        

Fig. 17: random distributions of 50 points

2.3 Aggregations

In order to experiment attractive occupations, Frei Otto uses polystyrene chips
attracted to each other by static electricity. The images of his experiments (Fig. 3)
remind us of the various occurrences of forms which can be related to the well
known diffusion-limited aggregation model, and its variants.

Fig. 18: DLA-like aggregation for a given set of 20 points
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In this variant, «cells» are created at random and «walk» randomly till they attain an
occupied cell. They then aggregate themselves to this cell (in their previous position
in the random walk). One result based upon the same distribution of 20 points than
in Fig. 13 is shown Fig. 18.

Returning to Otto’s initial example, using this way of generating territories seems
more adequate to his description of plants growing from five seeds (Fig. 19):

      

Fig. 19: DLA-like aggregation for a set of 5 points

And territories get to fill completely the space, with boundaries not very different from
those obtained by distance maps.

3. Further developments and reflections

3.1 More about distance

Euclidean distances versus other distances

Most of the previous experiments are based upon distance: distance maps
determine the «nearest» centre, the minmax algorithm the maximum of minimal
distances. The Euclidean distance has been used. But it is possible to imagine other
distances: the so-called Manhattan distance, for instance, which is very simple
(distman (p1,p2)=abs(x1-x2)+abs(y1-y2)), gives a different distance map (Fig. 20) for
the same set of points than in Fig. 13:
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Fig. 20: distance map for a given set of 20 points (Manhattan distance)

Instead of cones, craters or heaps, it forms square based pyramids (Fig. 21):

Fig. 21: interpretation in sand of the distance map of Fig. 20

Minimal triangulation

Another way of using distance (Euclidean distance) was imagined by one of my
students, Yann Huet. He explored the connections between nearest points of a set.
One of his options was to link each point to the two nearest points, and also to link
those three vertices of a triangle to its geometric barycentre.

What is interesting in this very simple algorithm, based only upon distance, is that for
a random set of points, we obtain a net that is connected, or not connected. If we
add points to the set, sometimes this addition connects parts that were
disconnected, in other cases, it disconnects connected parts. Here are an example in
2D (Fig. 22) and an example in 3D (Fig. 23):
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Fig. 22: minimal triangulation of a random set of points (10, 20, 30, 40, 50, 60 points)

    

    

Fig. 23: minimal triangulation of a random set of points in 3D (10, 20, 30, 40, 50, 60
points)
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It must be emphasized that this «minimal» triangulation is not the Delaunay
triangulation, which is the dual of the Voronoi diagram.

3.2 Discrete spaces

A Voronoi diagram [4] (or Voronoi decomposition, or yet Voronoi tessellation) is a
decomposition of any metric space (which means that you must have some distance
to apply) and, given a number of objects («sites», or «generators», or «seeds», or
yet «centres»), it is defined as the set of «cells» which are constituted, for each
centre, by the points of the space whose distance to this centre is not greater than
the distance to the other objects.

Calculating Voronoi diagrams may be difficult. Distance maps are an easy way to
obtain a Voronoi diagram in a discrete space. A bitmap is such a space; the same
computing may be done in 3D providing one can work in a 3D discrete space, whose
elements may be called «voxels» (Fig. 24):

Fig. 24: 3D distance map

3.3 Dimensions

Locations, territories, boundaries, and connections, these topics imply once again
the primordial notion of dimension. One can say that, in any n-space, a territory is a
connected subset of the same dimension, its boundary is a closed manifold of
dimension n-1. Locations are points (0-dim), and connections are lines (1-dim). For
instance, on a line, territories are segments, their boundaries are points: there is then
identity between locations and boundaries; but the idea of connection is not very
gratifying, as there is only one way to connect two points, which is by the space itself.
On a surface, on the plane for instance, territories are bounded surfaces, their
boundaries are closed lines. Those lines may be interpreted as connections. And
those lines may have vertices, which are points, and there may be a duality between
locations and vertices of the boundaries. In 3D space, territories are volumes, their
boundaries are closed surfaces. But those surfaces may have edges, which are lines
(and then be interpreted as connections), and themselves have vertices which can
be interpreted as locations.
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Working in discrete spaces makes things easy, as we saw before, but algorithms that
actually calculate Voronoi diagrams in continuous spaces are not so simple. In the
Euclidean plane, the boundaries of the cells are defined by bisectors of centres
taken two by two, which poses at least two problems: finding the equations of these
bisectors is not too difficult, but cutting them to determine into edges of the polygon
that encloses a given cell may be tricky; and finding which pairs of centres one must
consider is also tedious... 

But, if one works with a software that permits to «slice» or «cut» a given object by a
plane, or if one implements that function, then one can easily produce the Voronoi
diagram for a portion of a plane (or space), for instance a square (or a cube). One
determines, for each centre, the planes that are bisectors of all pairs of centres that
comport that particular centre, and one cuts the whole square (or cube) by those
planes. Some cuts are not necessary, but it does not matter if you are not especially
interested in time efficiency. Fig. 25 shows the result of this operation for the same
20 points as before; and Fig. 26 shows the same process in 3D:

  

Fig. 25: Voronoi diagram «by cutting» for a given set of 20 points

  

Fig. 26:Voronoi diagram «by cutting» for 20 points in 3D
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Abstract: 

Artificial Aesthetic artifacts produced by computational systems have 
been in the focus of our previous work, namely in the development of 
an analytical model [4] that addressed many procedural affinities found 
in these systems. This model attested to the importance of 
computational characteristics and of procedurality as conceptual 
foundations and aesthetic focuses in their own right. By studying sets of 
inherently multimodal artifacts, we discovered that sensorial modalities 
were more than aesthetic or communicational resources: they mediated 
the logical and mathematical structures in the artifacts’ processes. The 
methods through which we, the human counterparts in the cybernetic 
aesthetic experience, build awareness of the processes that are 
developed within the artifacts, displace and remold our sensorium [5] 
and result in what we may call a procedural modality. This is dependent 
on sensorial modalities but unlike those it is for the most part 
intellectual: reception happens sensorially, while perception is a 
cognitively developed epiphenomenon [1]. The sensorium mediates the 
experience of the artifact and the brain fabricates perception, 
developing simulations of varying accuracy that through processes of 
patternicity [3] and deduction try to reduce the sensed complexity and 
to anticipate the outcomes of the witnessed processes. 

When experiencing an artificial aesthetic artifact, we watch it perform as 
we simultaneously perform it, we probe its structure and draw the 
connections needed to participate in and comprehend it. Most of the 
times unwillingly, we simulate its processes and create our own parallel 
sequences of probable events as the artifact unfolds. In these systems, 
anticipation, the validation of simulations and the eventual violation of 
expectation therefore play a major role in the creation of narrative. As 
with other aesthetic constituents of these systems, narrative and drama 
may either be hard-coded — much as they are in traditional or non-
procedural media — or they may emerge from the system. In this paper 
we propose an approach to how the creation of narrative can be 
understood in the context of performative or interactive generative 
systems, in an attempt to integrate in our model [4] the perspective 
variable originally proposed by Aarseth [2] in his study of ergodic texts. 
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Abstract

Aesthetic artifacts produced by computational systems have been the focus of our 
previous work, namely through the development of an analytical model that 
addressed the procedural affinities found in these systems. This model attested to 
the importance of computational characteristics and of procedurality as conceptual 
foundations and aesthetic focuses on their own right. By studying sets of inherently 
multimodal artifacts, we discovered that sensorial modalities are more than aesthetic 
or communicational resources: they also mediate the logical and mathematical 
structures that are found in the artifacts’ processes. The methods through which we – 
the human counterparts in the cybernetic aesthetic experience – build an awareness 
of the processes within the artifacts, displace and remold our sensorium and result in 
what we may call a procedural modality. This is dependent on sensorial modalities 
but unlike those it is for the most part an intellectual process: reception happens 
sensorially, while perception is a cognitively developed epiphenomenon. The 
sensorium mediates the experience of the artifact and the brain fabricates 
perception, developing simulations of varying accuracy that through processes of 
patternicity and agenticity try to reduce the sensed complexity and to anticipate the 
outcomes of the witnessed processes. 

When experiencing an artificial aesthetic artifact, we watch it perform while we 
simultaneously perform it, we probe its structure and draw the connections needed to 
participate in and comprehend it. Even if most of the times unwillingly, we simulate its 
processes and create our own parallel sequences of probable events as the artifact 
unfolds. In the interaction with these systems, anticipation, the validation of 
simulations and the eventual violations of expectations, play a major role in the 
creation of narratives or narrative-like experiences. As with other aesthetic 
constituents of these systems, narrative and drama may either be hard-coded — 
much as they are in traditional or non-procedural media — or they may be emergent. 
This paper proposes an approach to how the creation of narrative can be understood 
in the context of performative or interactive generative systems, in an attempt to 
integrate in our model the perspective variable, originally proposed by Espen Aarseth 
in his study of ergodic texts. 
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1. Computational Artifacts 

Computational artifacts have become nearly ubiquitous in many aspects of 
contemporary live, including cultural creation and consumption. They are regularly 
used in the production, presentation and distribution of many arts and media, 
sometimes replacing previous analog resources, sometimes allowing the discovery 
or development of whole new niches or specializations and creating entirely new 
media.

In many technological arts, such as cinema or audiovisual production, not only have 
computational devices become omnipresent, being found in most areas of 
production, presentation and distribution, as to some extent they have pervaded the 
entire creative and commercial cycles of the arts, that can currently be integrally 
developed without the use of analog means. 

When used as tools, computational devices allow the discovery or the invention of 
whole new processes but also the simulation of previously existing tools. Very often 
they allow increases in speed, reductions in cost, or both, therefore eventually 
replacing many of their analog counterparts. Their success in this area is due to their 
ability to develop highly efficient simulations, as most computational devices are 
universal machines, able to reproduce and simulate any process that can be reduced 
to algorithms. They are also able to simulate any medium that can be digitized, which 
leads to the computerization of the media, and to their ultimate absorption by 
computational devices. Media become virtual, shedding their materiality and going 
through a phase transition from matter to bits. 

When these devices act as media, their capacity to remediate [7] promises 
unprecedented fidelity of reproduction, safety in archival and an extreme portability, it 
may therefore be no exaggeration to claim that very often media benefit from the 
transition to the digital domain. 

However, the shift in distribution technologies is but the first stage in this transition. 
Computational media must not necessarily abide to the classical traits — or one 
could say limitations — of analog media, among which we can list linearity, 
determinability and controlled access. They are perfectly suited to act in such ways, 
being able to become more thoroughly linear and determinable than analog media, 
as Aarseth noted [1], by using the laws of code [19] to enforce controlled access in 
much stricter ways than analog alternatives are able to. 

But simultaneously, they ache to be released from the constraints of the classical 
roles of the media. Computational media permit the departure from some of the 
attributes of analog media: they allow non-linearity, indeterminacy and random 
access to be developed in scales that non-computational media are unable to 
achieve, due to their capacity for various degrees of autonomy [9], both from their 
creators, contexts of creation or wreaders, as well as from hard-coded information or 
other external data. Able to develop a plethora of cybernetic communicative acts, 
they can be manipulatable but also richly interactive. They achieve permanence from 
transience; they simulate stillness as an outcome of dynamic processes. 
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As creators, our usage of these devices must be guided by the awareness that even 
when acting as media, they are capable of simultaneously becoming tools to operate 
on the media layers they produce. They are capable of reshaping the experience, 
form, content and expressiveness in runtime. They are able to transform the 
operational space of the arts, expanding it well beyond the field of possibilities 
offered by classical media, pushing it further, breaking out and constructing new 
spaces. They become able to exert some judgment over the products of their 
operation, to reconsider past choices in deciding where to follow in upcoming steps 
[5]. They are able to act creatively and to do so in concert with their human 
cooperators, becoming a new form of artificial aesthetic artifact. 

2. From Amodality to the Core of Multimodality 

Before being conveyed as sensorial stimuli or aesthetic phenomena, a computational 
artifact is built from code and software. If we undertake an analysis of the artifacts 
following Hunicke, LeBlanc and Zubek’s MDA formal approach [18], we are able to 
describe a first set of components, the “rules” of the artifact’s mechanics, “the 
particular components ( ) at the level of data representation and algorithms” [18]. 
Following these, a second level of the system emerges, where we find the dynamics, 
“the run-time behavior of the mechanics acting on [wreader] inputs and each others’ 
outputs over time.” [18] Finally, and from these two, emerges the third level of 
aesthetics, where we discover the experiences that very often are the goal from the 
system’s designer and that frame the wreader’s point of view on the artifact. 

We find that at the levels of mechanics and dynamics, artificial aesthetic artifacts 
most often operate in an amodal space of possibilities, a ‘proto-sensory’ flux that 
preconditions the differentiation of the sense modalities [15], and at which the 
artifacts can take arbitrary forms, because they possess no “natural mapping” and 
their “critical operations all take place invisibly through internal representations” [25] 
of a highly abstract nature. 

It is only in the verge of aesthetics, when the processes of computational artifacts are 
transcoded — in the sense proposed by Manovich [21] — that they become modal 
and multimodal. This is the moment when processes are brought to physical reality 
and are expressed through concurrent modalities. Most of these are directly linked to 
the human sensorium [31]: visual, audial and haptic, as well as the perception of 
motion (that although related to vision can be independently analyzed). Furthermore, 
we can expand the definition of modality to include, as proposed by Stephanie 
Strickland [30], the perception of mathematics or mathematical structures, rhythm 
and harmony. We may therefore propose the description of a ‘procedural’ modality, 
that should not be understood in the Pythagorean sense, as a correspondence 
between art and mathematics in terms of numerical ‘harmony’, but rather as the 
intellectual and intuitive understanding of structure and process, and the aesthetic 
pleasures associated to it. This modality is responsible for the beauty of abstract 
understanding, not of bodily contact but of cerebral perception. We may also link it to 
the design stance that humans tend to seek in inanimate objects, or to the intentional 
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stance sought in animate objects [27], the first of these trying to discover a purpose 
to an object, the later trying to understand motivations and emotions.

The first four modalities are sensorial, directly dependent on vision, audition, touch 
and proprioception (as the haptic modality frequently involves more than simply the 
sense of touch, related as it may be to movement through space or other 
involvements or perceptions of the wreader’s body). They are frequently crossed, 
combined or mutually reinforced, contributing to the communication of the internal 
processes of the artifact to human wreaders and therefore, to the emergence of the 
procedural modality. In the process of transcoding, the internal potential 
translatability guaranteed by code must be relinquished to ensure human readability 
and, as this happens, a further process of translation must take place. The internal 
translatability is not only found between modalities, but also between media — 
images, sounds, films, texts, and so on —, reducing programmed, self-generated and 
user-generated information to a similar code [16]. 

Once communicated to humans, stimuli go through reception and perception, two 
complimentary but nevertheless contrasting processes [17]. Reception gathers inputs 
that are starting points to perception, where symbols are then selectively triggered 
and meaning is deduced. The procedural modality is therefore not directly sensorial, 
as the previous modalities, but rather cognitive and intellectual, and is found at the 
core of the multimodality of artificial aesthetic artifacts. 

3. From Illusion to Simulation, from Patternicity to Agenticity 

The human sensorium mediates the experience of the exterior [4] through illusion 
and simulation. Perception never exists through sensory channels, as the brain uses 
the body’s specialized sensory signals to fabricate perception [10]. Objects, artifacts 
and the whole of the external reality are sensed and recreated in what invariably 
results in a subjective experience. 

Very often this illusion is based on the direct reception of stimuli, however, at times it 
may be based on a construction of double illusions, as in the case of film — where 
the real motion between frames remains unseen while it creates the perceived 
movement-image —, or it may be based on the stacking of multiple illusions, as in 
video or audiovisuals. Perception is therefore an epiphenomenon, “a collective and 
unitary-seeming outcome of many small, often invisible or unperceived, quite 
possibly utterly unsuspected, events” [17], a large-scale illusion. Perception is 
subjective because it is an illusion and a simulation developed at a higher level than 
the sensorial creations but also because it is a process where meaning is inferred or 
created [12]. We distill meaning from the sensed, from reality and media, located in 
the external world from which the meaning-maker brain is irremediably isolated. The 
procedural understanding of what is sensed, of its rhythm, structure, order or 
harmony, contribute to a further, intellectually constructed simulation, that of causal 
procedurality, of the processes or algorithms that originate the phenomena. Drawing 
from clues available to the senses, the universal machine of the human brain tries to 
reconstruct the processes or their best possible approximations, to build internal 
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simulations that predict the external processes and that try to anticipate them. 
Successful anticipation is then taken as a proof of successful simulation, and a 
corroboration of the acquired knowledge. 

Human brains constantly try to reduce perceived complexity, to make “unfamiliar, 
complex patterns made of many symbols that have been freshly activated in concert 
to trigger just one familiar pre-existing symbol (or a very small set of them)”, to “take 
a complex situation and to put one’s finger on what matters in it, to distill from an 
initial welter of sensations and ideas what a situation really is about.” [17] The brain 
tries “to look for and find patterns”, the process that Michael Shermer describes as 
‘patternicity’ [28]. 

If a simulation is not able to ever tell us anything that one does already not know, 
because it is no better than the assumptions that one builds into it [29], and that are 
deduced from the received data, there are ways in which a simulation can in fact 
provide new knowledge, even when one is not in possession of a complete or even a 
reasonable set of data about the laws that govern a system. Sometimes, by 
abstracting the details of a set of phenomena, one may find a faster path towards its 
simulation because “we do not have to know, or guess at, all the internal structure of 
the system, but only that part of it that is crucial to the abstraction.” [29] Therefore, 
even incomplete or partially abstracted simulations can provide relevant data to be 
integrated in new models, contributing to their continued development. If and when 
partial simulations can be compared between themselves and with the external 
phenomena, the process can be sped up through a quasi-evolutionary selection of 
those abstractions that are able to provide more accurate predictions of the external 
phenomena.

A simulation may produce seemingly accurate results despite being based on false 
assumptions, developing a process that is dissimilar to the original but happens to 
produce similar enough patterns of outputs. There is a wealth of examples of such 
approximations, to be found in natural sciences and their “skyhook-skyscraper 
construction (...) from the roof down to the yet unconstructed foundations” [29], or in 
emotional responses, that help “us judge what is good or bad, safe or unsafe, while 
also providing a powerful communication system for conveying feelings and beliefs, 
reactions and intentions” [26]. 

Furthermore, an incomplete understanding of the procedural aspects of a 
phenomenon may indeed be enough because “what happens on the lower level is 
responsible for what happens on the higher level, [but] it is nonetheless irrelevant to 
the higher level”, being therefore possible for the higher level to “blithely ignore the 
processes on the lower level” [17]. Consequently, if a simulation produces results 
that are accurate enough with a sufficiently high frequency, it may be judged as 
correct even if based on otherwise incomplete or erroneous assumptions. This is 
what we find in the so-called “Eliza effect”, caused by the human susceptibility to 
read far more understanding than is warranted in the sensorial manifestations of 
computational devices [17]. 

The Eliza effect was named after the ELIZA software, written by Joseph 
Weizenbaum in the mid-1960s, a context in which it was often experienced [14]. It is 
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due to simulations built on erroneous principles that lead to the projection of traits like 
sentience, intelligence and personality onto machines that were not programmed to 
develop them and that are absolutely unable to manifest them. This is something we 
do because these traits are very often the best models readily available to develop a 
simulation that may produce outputs not dissimilar to those that are witnessed. The 
Eliza effect can be described as the outcome of three complementary phenomena: 1) 
the anthropomorphization of technology (with roots in that of animals and inanimate 
things); 2) the artificial artifact’s concealment of processes that are not relevant to the 
human-side of the interaction or may not be easily or directly understood by the 
human counterparts; and 3) the strong effect of surprise — or what we can also call 
of the “violation of expectation” [2] — when interacting with a computational system. 

But there is fourth further cause, which we may describe as the natural tendency to 
develop theories of mind for those processes or phenomena that possess enough 
complexity to be able to be described as possessing a mind or something akin to 
one. Because we frequently resort to this strategy when we try to interpret ourselves, 
other humans or any beings endowed with a mind (regardless of which complexity is 
perceived in such a mind), we naturally fallback to the same approach when facing 
complex systems like artificial aesthetic artifacts. After finding patterns, the brain 
“infuses those patterns with meaning”, developing a process of ‘agenticity’ [28].  

We try to understand how a system behaves by using our mind to get “ourselves into 
[its] mental shoes” [22], trying to ‘think’ as it does, to operate along the same lines, 
i.e., to simulate it. In the process of perception our brains do not simply register 
phenomena but rather affordances in those phenomena, sets of possible behaviors, 
usages or interactions to be experienced, whether these are actual or virtual. While 
we see an object, “we are also unconsciously swimming in a sea of possible 
behaviors. As it turns out, the traditional philosophical distinction between perception 
and action is an artificial one. In reality, our brains employ a common coding: 
Everything we perceive is automatically portrayed as a factor in a possible interaction 
between ourselves and the world.” [22] 

4. Anticipation and the Violation of Expectation 

The operations of a mechanical artifact can often be understood with relative ease, 
while logical or algorithmic processes developed by artificial aesthetic artifacts are, 
more often than not, of a higher degree of complexity. Coupled with the very high 
processing speeds that these devices are capable of achieving, this complexity 
creates a barrier to their comprehension. During interaction with these artifacts, their 
aesthetic and expressive behaviors —respectively tied to the sensorial reception and 
intellectual perception — are simulated and predicted. These behaviors are encoded 
by prescriptive rules, at the artifact’s mechanics level and, as the processes unfold, 
the human interactant predicts their outcome by elaborating sets of descriptive rules. 
The interactant builds anticipation as to whether these simulations will be proven 
correct or if, on the contrary, expectations will not be confirmed. This intellectual 
tension, coupled with the key-points that allow the evaluation of the simulation, is at 
the foundation for the emergence of narrative, aesthetics and even drama, as defined 
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by LeBlanc [20]. This is the point where the wreader starts reversing the path 
outlined by the MDA framework, from a perspective at which “aesthetics set the tone, 
which is born out in observable dynamics and eventually, operable mechanics.” [18]  

As with any media message conveyed by an artificial aesthetic artifact, narrative, 
drama and tension may be hard-coded and posteriorly reproduced. Acts and multiple 
arcs, stable situations and the inciting incidents that unbalance them, big events, 
goals, obstacles, commitments, crisis and showdowns, protagonists and antagonists, 
accompanied by a host of other characters, may be predefined [3]. When this 
happens, however, the artificial aesthetic artifacts are used simply as media, not only 
not taking advantage of their added capabilities but also partially resigning the 
potential of procedural authorship [24]. 

Where elements of a more or less classically structured narrative do not exist, when 
simulations are developed through the procedural modality, a narrative experience 
may emerge from the tension between simulation and its validation, from the probing 
and mapping of the logical depth of the artifact [13]. As characters in a script, artificial 
aesthetic artifacts can be ‘flat’, failing to grow or change, to significantly develop or to 
violate our expectations during the time of our experience, or they may be ‘round’, 
reacting to conflict or other stimuli, allowing themselves to be shaped and changed 
and, in doing so, frequently violating our expectations (although not always 
positively).

Difficulty of simulation and the consequent violation of the simulator’s expectations 
are the customary signs of non-mechanical systems. The creation of large patterns 
as a result of many smaller effects is one of the singular attributes of living systems 
[24]. Throughout human history complex systems were found in the natural world, not 
in the realm of the artificial, of the products of man’s labor, for the most part 
characterized by repetition and predictability, as the epithet ‘mechanic’ so well 
expresses. We generally do not endow artifacts with a mind, emotions or personality 
in the same way as we do to humans or in various degrees to animals [17]. What we 
start experiencing with artificial aesthetic artifacts is not fundamentally different from 
what we have experienced for millennia with people and animals and classical 
narratives, and some of the barriers we encounter in the process are effectively the 
same. It is people — including ourselves — that we most often try to simulate 
through the development of theories of mind, but it is in successfully simulating 
people that we most often fail. 

The complex patterns that form a person’s ‘I’ cannot be studied at the level of the 
micromachinery of the mind because we are congenitally unable to focus on it [17], 
we therefore resort to abstractions and shortcuts, and to channels of communication 
such as language that, although slow and indirect, allow us to develop minimally 
effective simulations of other people’s minds. But these will inevitably generate 
predictions that will most likely fail to be verified because a person’s ‘I’ is a 
convoluted illusion, as are others to each other and to one self [17]. 

Furthermore, there is an added difficulty with these complex simulations, one that is 
found at the level of the referential information, of the hypotexts surrounding a 
person. As Hofstadter puts it, “We are all curious collages, weird little planetoids that 
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grow by accreting other people’s habits and ideas and styles and tics and jokes and 
phrases and tunes and hopes and fears as if they were meteorites that came soaring 
out of the blue, collided with us, and stuck. What at first is an artificial, alien 
mannerism slowly fuses into the stuff of our self, like wax melting in the sun, and 
gradually becomes as much a part of us as ever it was of someone else (though that 
person may very well have borrowed it from someone else to begin with).” [17] 

We are all simulating and emulating each other to varying degrees, “an inevitable 
consequence of the power of the representationally universal machines that our 
brains are.” [17] 

5. The Procedural Drama 

Originating in an amodal space of possibilities, processes are mediated by and 
through the artifact. After reception and perception, what was communicated 
modally, once again becomes amodal or metamodal, as Morbey and Steele propose 
[23]. We find ourselves in a new abstract domain that is similar to what Whitelaw [31] 
defines as inframedia. Procedural capacities are the key to our identification of 
amodal characteristics in the perceived phenomena, as they are at a later stage 
fundamental in the process of simulation. 

The understanding of processes and their simulation is not always straightforward, as 
there is not necessarily a direct mapping between the code and its modal 
manifestations. There is no blueprint; there are constraints [11]. Furthermore, each 
modal manifestation may be directed by contrasting processes or be developed at 
disparate rates. Cross-modal expressions may be created by multiple transcodings in 
the same system or by multiple systems or threads operating (and transcoding) 
simultaneously, which they can do independently or in tandem, eventually acting on 
each other, etc. 

The translation processes from code to form, from genotype to phenotype are also 
not reversible: morphogenesis is generative and therefore it is “impossible to map 
exactly phenotype in to genotype, since this is the result of epiphenomena, a visible 
consequence of the overall system organization.” [8] On the perceiver’s side, we are 
left with sensations, feelings, perceptions and symbols below which we are unable to 
peer; we are at a private and incommunicable space. 

The outputs of artificial aesthetic artifacts fundamentally differ from what we find in 
most classical media because, much as nature itself, they weren’t necessarily 
created or shaped by humans. These artifacts are rich with generative potential and 
they have their own aesthetics, their unique patterns of desire, their ways “of giving 
pleasure, of creating beauty” [24]. They are inevitably mediated but also 
hypermediated [6], constantly confronting us with signs of what may be happening 
behind their modal expressions. It is this layer that truly marvels and that allows the 
experience of the artifact as a symbolic drama in which we, the wreaders, are 
inevitable protagonists. 
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Abstract 

All buildings are characterized by possessing a set of architectural elements and 
details that are most important in giving the characteristic of the architecture as a 
style, where these details and architectural elements have configurations structurally 
different and this difference in structuralism distinguishes the form of another where 
any architectural configuration is characterized whether to indicate functional 
aspects or aesthetic formal aspects that has privet and special style which is 
consistent with the geographical or historical background to this style. This study will 
focus on one of the architectural configurations that have a great variety of elements 
and architectural details like gates as a case study, by testing a sample of these 
architectural configurations (gates ) from different time periods such as Assyrian 
style gate, Romanian style gate and Babylonian style gate ... Etc. as a sample for 
analyses. This study consist of three stages, the first one is the theoretical 
framework for analysis and the formation of gates in general, the second stage is a 
test of the sample of gates by analyzing and dismantling of components to the basic 
elements of form and then encoded in digital form and make it a matrix , finally the 
last stage .It is the process of restructuring elements (Re-forming elements) by using 
the probabilities of the matrix to produce new patterns which has structural 
properties similar to the original elements. 

1. Introduction 

 The architectural legacy of the various civilizations is considered an 
important factor which left its features on the shape of buildings, historical and 
archaeological cities all over the world. These cities are still examples for the 
originality and architectural identity of a certain city or region; such as Babylon, 
Khursibad and Hatra in Iraq and Rome in Italy. So, designers must make use of this 
heritage in away that fulfill the aesthetic function of the architectural work and 
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achieves a privacy that is connected with the architectural legacy of any area in 
order to reveal the historical depth of that architectural work.  

 
In this research, focus will be on the simulation of the nature, which is dealing 

with the geometrical shapes and disassembling them into their primary elements and 
then reconstructing these elements relying on the same disassembling mechanism 
for the primary shape in a way which preserves the same spirit and influence of the 
original shape which is considered a reference for the new shape.  

2. Statement of the problem 

There are many cities in the world have historically models reflect 
the architectural authenticity and identity even some city named according to the 
name of important historical landmark in it, like Mosul city (Alhadba city) in Iraq 
where the name of the city (Alhadba) come from minaret at important mosque in the 
same city as well as Hamburg city in Germany where it took its name from the first 
building was found in that region. 

 
At present, and according to the globalization many architectural design 

directions appeared which led at times to efface the identity of historical and 
architectural characteristics of this type of cities therefore we need to find mechanize 
that help the architects and designer to create new shape compatible with the 
original shape or style. 

 
From all the above the problem of the research evolves out of: 
1.Non-clarity of the mechanism adopted in disassembling and reconstructing the 

shape to obtain new forms compatible with original shape 
2. The limited use of algebraic mathematical formation as a one of shape grammar 

techniques in the mechanism of the design new shapes.  
3. Research about shape reconstruction abounds, but the study algebraic 

mathematical formation to find design alternatives are scarce. 

3. The Purpose of the study 

The research aims to find mechanism in disassembling and reconstructing the 
shape to obtain new forms attuned with the original shape and style , the models 
which  is created can be used as details or part shape to design new buildings.  

4. Objective of the research 

    The objectives of the research are: 
1.To understand the mechanism of disassembling and reconstructing the 

shape 
2.To identify the factors which contribute to a create new shape with well-

matched with the original shape. 
3.To find a matrix of shapes, through which several model that can be 

designed depending on one shape.  

page # 360



14h Generative Art Conference GA2011 
 

 

4.To analyse the effects of using matrix to create a new shape compatible 
with the original shape. 

5. Hypothesis  of the research 

The hypothesis of the research was employed represented by the possibility of 
design depending on the mechanism of construction and disassembling to find new 
models and thus reaching the objective of the research. 

6. Previous studies 

Several studies indicated the importance of studying shape disassembling into 
its original constructional elements, as it is easy for the designer to use these 
elements to construct new shapes that belong to the same generation. And this is 
considered one of the shape construction methods. The work in this research was 
divided into three parts and as shown in the structure of the research: 

  
Le Corbusier, in his philosophy of design [1], mentioned that there are three 

techniques for the architectural design process. They are:  
1- The technique of utility buildings: The building is considered successful if it 
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performed its function perfectly, just in the case of a machine. So the building is 
considered successful if it functions well. For example, the house for him was 
merely a place (machine) for living [1].  

2- The common architecture mode: This idea is derived from the duplex idea, 
which was derived from the Islamic architecture in the middle ages (as Charles 
Edward says). 

3- Contrast with the nature:  That is done through the tendency to the human-
made geometrical shapes and making use of them in the process of design[1].  

 
Moreover, some studies indicated that the mechanism of the geometrical 

shape formation is done in accordance with a mathematical equation of formation 
and that is accomplished through the use of some algebraic methods for analyzing 
images, as shown by Xiu Wu Huang in his research entitled:[2] where the 
mechanism of constructing and disassembling the shape is similar to a mathematical 
equation.  

 
In accordance with the algebraic analysis of images, any shape carries a 

code or a mathematical equation that stands for it,[2] and when changing the values 
or the elements of this equation, then we have a different shape. 
For example:  
 
5 = 3 + 2 …………………….….….……. (1) 
 
where the reconstruction of several equations from this becomes:  
 
5 = 3 + 2……………………..…………. (the original equation) 
5 - 2 = 3…………………….……………. (1) 
3 - 5 = 2……………………............……. (2) 
 
But when using another relationship or other numbers to find the same solution, then 
this means another design and as the following:   
 
5 = 1 + 1 + 3 
 
An example for that, in terms of formation (Figure-1):[researcher]  
 

(Figure-1) the element of equation shape .[researcher] 

But study [3], indicated the formalistic configurations as a relation between one 
shape with another shape and the relationship of the shape with the whole, and as 
follows(Figure -2):  
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(Figure-2) the relation among parts shape to create the compact form.[researcher] 

Another study [4] indicated that the architectural formation is similar to the 
language sentences as there is a relationship between a letter and another to form a 
word, and a relationship between a word and another to form a term,[5] and several 
words and terms to form a meaningful sentence and relations can be altered but 
giving the same meaning. 

 

7. Conclusion from previous studies and discovering the problem 

Previous studies focused on the method of disassembling and reconstructing 
the shape in general. So, some variables – from the previous studies - were 
identified and a theoretical framework was built up, just as will be shown in the 
consequent part of the research. After reviewing the previous studies the research 
problem emerged, which is represented by (the small number of studies which 
identified the main items of the production process in order to produce design 
alternative which are related to a formal reference). Based on that, the objective of 
the study was identified: (finding a mechanism to produce design alternative that 
depend on a formal reference and the relationships of this reference). For the 
purpose of making the study more objective the relevant research variables were 
included in a matrix in order to produce the alternatives, as in the case in the 
beginning of the research.   

 
8.The items of the research  

 After reviewing the previous studies focus will be on several items related to 
the methodology of the research and that can be made use of in the practical study 
in order to apply the matrix, and as follows:  

 
8.1  Disassembling the shape 

A- Compound shape (main element). 
B- Secondary shape (secondary element) 
C- Single shape (an element). 

Any formation consists of three basic elements (main, secondary and single), where 
the basic shape represents the original formation[6] 
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(figure -3) Create form by using object and compact shape [researcher]. 

 
Element+element = Secondary shape  or  Secondary shape + element = main shape 
 

The elements (from 1 to 10) and the secondary shapes ( from A to Z) will be 
coded in order to be used easily in the matrix of shapes that will be designed to 
explore new alternatives which are identical or not identical to the original shape 
before analysis in terms of structural and architectural style relationships.  
A shape may involve more than 10 elements and it can also include several 
secondary shapes, as the mechanism of the shape disassembling. 
  
8.2- Relationships between shapes 

Each architectural construct includes several geometrical relationships, 
through which styles and affiliations can be distinguished. And this study deals with 
shape morphology, correlations and topological sequence[7], as follows:  

 
A- Sequential relationship:  

In this case, elements overlap in the form of a connected series and as the 
following equation. And this series can by in two types[8]; horizontal and the vertical.  
 

  
(figure -4) Create form by using object and compact shape . 

page # 364



14h Generative Art Conference GA2011 
 

 

B- Formational relationship:  
             In this relationship, elements correlate with each other.  
 
9. Making a matrix of the shape  

In this phase, a matrix will be designed which includes the shapes potential to 
form the design alternatives, consisting of elements and secondary shapes which 
are derived from the original shape. The matrix includes the horizontal row which 
involves the individual elements of the shape and these can be numbered as shown 
in the first part of the research in addition to the columns that include the secondary 
elements . 

 
When we multiply the matrix, we have more than one multiplication process in 

accordance with the shape we want to find,[6] where the first square of the column 
can be multiplied by the second square of the row and as follows:  
An example for that is the following shape: 
 

 

Raw 

column 
    

     

     

     

 
(figure -5) Example of the matrix. 

The multiplication process can be identified through the relations that have 
been mentioned in the first part of the research, so the resultant shape will not be 
very much different from the original one, because – in this example particularly – 
there is no rotation of the shape. The resultant shape depends on the determinants 
of the relationship and the mechanism of multiplication used to find design 
alternative. 
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10.The practical study 

In this study the practical study consist of the mechanism of disassembling the 
original shape to three components: compound shape, secondary shape, and single 
shape as a figure below: 

The main shape 

 
 

Compound shape Secondary shape Single shape 

   
 (figure -6) The disassembling of the main shape to three components. 

11.Selecting the samples and applying the practical study   

Historical gates were chosen and analyzed depending on the items submitted by 
the theoretical framework in the geometrical method using the computer program 
Auto Cad and applying the questionnaire form which was designed for the 
measurement process. These gates are:  
 

1- Ishtar Gate . 

 
(figure-7) Nirgal gate in Mosul City North of Iraq. 
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2- Khoursibad gate. 

3- Hatr gate. The Sun City , Located to the west of Iraq and to the south-west of 
the city of Mosul, a distance of 110 km. And away from the ancient city of 
Ashur 71 km (figure-9).[9] 

 
(figure -8) Hatr city , south Mosul City in Iraq. 

4- Ashurian gate. 

 
(figure-9) Nirgal gate in Mosul City North of Iraq. 

 

Because the results of analysis were tremendous, one sample only was selected 
(Khoursibad gate) to be included within the research and as in the following shape: 

 

(Figure -10) The design alternatives that resulted from the original shape 
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(Figure -11) Using of alternatives for design new project  

12. Results of the practical study  

After analyzing the gates and obtaining the elements and secondary shapes, 
a matrix was applied in order to find the design alternatives represented by either the 
design of a new gate with architectural style that is similar to the original shape but 
with different structural formation or architectural formations that might be used as 
detailed elements like doors or windows… etc. and as shown in table above.  

After comparing the resultant shapes of gates with the original, it was found 
that the new gate accomplished 20% of structural congruence in terms of the style 
and 75% in terms of the architectural style, which included a group of secondary 
shapes included within the original shape. Also the sequential relations have a great 
importance in the congruence of the new shape with the original matrix and with a 
percentage of 77% and several statistical percentages concerning this study can be 
found, but the most important ratios is the congruence in the sequence of the 
elements.  

 
 

13.Conclusions: 

The type of gates is functional, formal and simple and it has many and diverse 
architectural elements due to the architectural styles. The results showed that the 
process of gate parts reconstruction depends on the design purpose of this process 
(gate, details, mass ….). the small percentage of the congruence is an evidence of 
using these alternatives was for designing a gate. For the higher ration of 
alternatives used as a elaborative elements or others due to the desire of the 
designer. And this way of finding the design alternatives that ensure that the design 
will be the same as desired.  
 

page # 368



14h Generative Art Conference GA2011 
 

 

 

14.Refrences  
[1] Pintti ,riotio , “Theories of Architectural Synthesis”, Arteology, research of 

products and professions,2007. 
[2] Huang, Xiu wu, chery kolak , ludia sharman & fred E Szabo,  "From Form to 

Content: Using Shape Grammars for Image Visualization "Concordia 
University ,The 9th Internayional conference on Information Visualisation ,P3-6, 
Montreal, Canada,2005. 

[3] Schulz , Cheistian Norberg , “ The Architecture Of Unity “ , The Agakhan 
program for Islamic world , Cambridge , MA – 1986 . 

[4]  Flemming, V., “ The role of Shape grammars in the analysis and creation of 
designs “ in Kalay Y.E.(ed.) computability of designs , John Wiley ,New York, 
United state ,1987. 

[5] Ching, F.D.K., “Architecture: Form, space and Order”,Van Nostrand Reinhold 
company, NEWYORK, USA, 1979. 

[6] Chase, S,C., “Modeling Designs with shape Algebras and Formal Logic“ , 
Ph.D. Dissertation, University of California , United State,P36-37, 1996. 

[7] Salingaros , Nikos , “ Hierarchical Cooperation In Architecture , And The 
Mathematical Necessity For Ornament “ , Journal of Architectural and 
Planning Research , Volume (17) , Posted by permission . Locke Science 
publishing company , P282-285– 2000 . 

[8] Suveg ,Ildiko & Gorge Vosselman,” Automatic 3D building reconstructions” 
Delft University of Technology ,proceedings of SPIE conference , Vol. 
4661,Netherlands, P59-60, 2002 

[9] Rashed, Abdulwahab,” Civilization of Mesopotamia” AlMADA LTD. For 
publishing and distribution, Baghdad, 2003.  

 
 

page # 369



page # 370



1
page # 371



2
page # 372



3
page # 373



4
page # 374



5
page # 375



6
page # 376



7
page # 377



8
page # 378



Two-step asterisks (same arrangement as Fig 4.) 

9
page # 379



10
page # 380



11
page # 381



12
page # 382



GA2011 – XIV Generative Art Conference  

Peter Beyls FOUND SYSTEMS AS GLITCH CULTURE 

Topic: Found Systems 

Authors: 

Peter Beyls 

University College 
Ghent, School of Arts 
Belgium 
www.kask.be 
Jerry Galle 

University College 
Ghent, School of Arts 
Belgium 
www.kask.be

References: 
[1] Marinetti, FT Manifest 
du futurisme, in: Le Figaro,
February 20, 1909 

[2] Virilio, P. Unknown
Quantity, Thames and 
Hudson, New York, 2003

[3] Mekas, J. Notes on the 
New American Cinema, in: 
Film Culture, nr. 24, 1962 

Abstract: 

Most generative art develops imaginary worlds; some form of 
conceptual machinery, formalized and implemented algorithmically as 
to manifest itself in a given medium. In contrast, this paper considers 
the algorithmic potential of found social systems (such as the dynamics 
of a major city) within the audiovisual medium of film. We contextualize 
found systems in the light of glitch culture – the deliberate design of 
imperfection or the exploration of the dysfunctional edges of media – 
through a significant number of examples. Two projects recently 
implemented at Interaction Lab of UC Ghent receive detailed analysis in 
terms of inspiration and performance. The DataScript project (based on 
a film shot in the streets of Paris) suggests a recursive audiovisual 
generative system; visual features map to audio while audio influences 
the pictorial development of the film over time.  
This kind of projects explores the city as a natural systemic entity; 
information is extracted, (in real time or non-real time), mapped and 
used as an information source to influence human-designed cultural 
systems. 
Semantically speaking, the paradigm of film is kept intact though subtle 
audiovisual manipulations suggest raised awareness in the onlooker 
while continuously balancing expectations between the obvious and the 
unpredictable. Finally, our presentation briefly situates the glitch 
projects within the larger body of work with generative systems 
developed in our lab.  

Screenshot of DataScript (Paris project, 2010) 
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peter.beyls@hogent.be
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Abstract

Most generative art develops imaginary worlds; some form of conceptual machinery, 
formalized and implemented as to manifest itself in a given medium. In contrast, this 
paper considers the algorithmic potential of found social systems within the 
audiovisual medium of film. We contextualize found systems in the light of glitch 
culture – the deliberate design of imperfection or the exploration of the functional 
edges of media – through a significant number of examples. Two projects recently 
implemented at Interaction Lab of UC Gent receive detailed analysis in terms of 
inspiration and performance. Semantically speaking, the paradigm of film is kept 
intact though subtle audiovisual manipulations suggest raised awareness in the 
onlooker while continuously balancing between the obvious and the unpredictable. 

1. Definition and history 

Astronaut John Glenn first used the term glitch in 1962 for describing erroneous and 
unpredictable behaviour in electronic circuits. Errors often happen spontaneously; 
therefore they refer to the true nature of things. The genuine character of either 
tangible or virtual machinery (i.e. hardware or software) gets exposed through non-
intentional behaviour. Conversely, glitch aesthetics embraces the unpredictable; it 
not only accepts irregularities but also suggests active exploration of the potential of 
accidental performance.

Glitch culture challenges the idea of ‘perfect design’ that is generally believed to be 
the standard in digital media production. Ironically, most drawing software emulates 
the inherent physical irregularities of traditional media such as pencils, paint and 
even the physical characteristics of paper. However, true glitch orientation is much 
more complex to characterize; the main distinction is between (1) the deliberate 
creation of accident or (2) expressing blind faith in the accidental discovery of the 
unforeseen. The first attitude implies an explicit orientation towards the design 
process. The artist creates systems engineered to produce (partially) predictable 

page # 384



14h Generative Art Conference GA2011 

 

output confined by (conditioned) randomness. The second attitude acknowledges the 
implicit authority of nature; biological systems develop natural cycles of development 
and disintegration.

Examples of work incorporating systems aesthetics, a style of procedural thinking 
related to the practice of conceptual art, are works made using chemical processes 
(biological or synthetic) such as found in the works of Alan Sonfist or Herman De 
Vries [5]. Probably the most dramatic example of nature interfering with art is Spiral
Jetty; a 1500-foot coil of black basalt rocks near Salt Lake City. After 30 years, the 
landmark sculpture re-emerged from the sea, thus exposing a fresh appearance, 
because it was completely covered with white salt crystals. 

Another materialist precursor of unconventional threshold considerations in the arts is 
certainly the field of experimental film.  As an articulate key figure of underground 
film, Stan Brakhage describes his technique to Jonas Mekas in 1962: “By deliberately 
spitting on the lenses or wrecking its focal intention, one can achieve the early stages 
of impressionism… One may hand hold the camera and inherit worlds of space. One 
may over- or under-exposure the film. One may use filters of the world, fog, 
downpours, unbalanced lights, neons with neurotic colour temperatures, glass that 
was never designed for a camera…” [7]. Early experimental film exemplifies the 
power of direct physical manipulation and tactile involvement with a creative medium; 
one may paint the film, scratch and clip holes into it. Brakhage grew mold directly 
onto film; a significant pioneering instance of (now quite common) Artificial Life 
oriented thinking in the arts.

Inaccuracies in the human genetic evolutionary process or disease may either trigger 
uncommon potential or severe inadequacies. Django Reinhardt developed an utterly 
wonderful personal style of playing the guitar using just three functional fingers. 
When Joni Mitchell contracted polio, a crippling illness weakening her left hand, she 
responded by developing highly personal, alternative guitar tuning systems; physical 
constraints creating a distinct personal system of chordal harmony. Mitchell confirms 
her quest for novelty while facing constraints; “I called them chords of inquiry, they 
had a question mark in them.” [8]. Blues legend Hound Dog Taylor was born with six 
fingers on his left hand, he developed an astounding style of brilliant slide guitar.

Sometimes, virtuoso instrumental performers face physical illness and degradation. 
When guitarist Derek Bailey was diagnosed with the carpal tunnel syndrome in his 
left hand, he decided to refrain from surgery and accept the inevitable as a welcome 
source of novelty. Historically considered a key figure in the British music scene of 
free improvisation, Bailey developed performance modes by avoiding the constraints 
imposed by conventional musical perspectives. Paradoxically, the consequences of 
physical limitations were, however, graciously integrated into his performance 
practice and cautiously documented in series of chronological recordings spanning 
12 weeks [1]. 

When serious health problems prevented Henri Matisse from painting, he 
reorganized his artistic method by turning to scissors for ‘cutting directly into colour’.
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2. Cultural contextualisation 

Let us now focus on the first attitude; the one associated with culture rather than 
nature, a methodology devised to help design imperfection [9]. 

Paradoxically, the addition of advanced technology to the artists’ palette equally 
introduced a raised awareness for the functional limits both in terms of hardware and 
software.  By definition, any technology is characterized by promise and failure – and 
historically speaking – many artists went to great effort to devise methods for 
exploring the unstable edges of media. Let us first consider three related artists; 
Tinguely and SRL. Swiss sculptor Jean Tinguely created kinetic machines designed 
to function on the brink of what is physically achievable; electric motors activate an 
intricate mechanical construction of interconnected parts giving the impression of 
functioning on the threshold of collapse. In 1969, a huge self-destructive machine, 
entitled Homage to New York, was erected and forced to disintegrate at the Museum 
of Modern Art, NY. The Bay Area collective Survival Research Laboratories (SRL) 
develops highly advanced machinery often incorporating control systems of military 
sophistication. Yet typically, many such machines are left to interfere in spectacular 
inter-machine performances, while pyrotechnics adds another pinch of instability [11]. 
In conclusion, the ultimate aesthetic in this form of hardware hacking is simply total 
destruction.

Let us briefly consider the field of interactive composing; a form of human-machine 
interaction where musical ideas are generated and interchanged by human and 
synthetic performers. Musical improvisation thrives from a confrontation with musical 
contexts generated and evaluated by the two improvising parties in real-time. In 
keeping a conversational attitude, it is mandatory that human and machine somehow 
connect in the huge space of infinite musical dimensions, yet, a critical amount of 
surprise is required to guarantee motivated participatory behaviour. Thus, rewarding 
interaction is believed to be supported only by a critically tuned cognitive platform. 
Interestingly, randomness has been investigated extensively to generate machine-
melodies in response to human input [6]. A deeper form of unpredictable behaviour, 
while maintaining a coherent connection to a performance context is by way of 
genetic algorithms. In brief, the idea of a motivated machine is introduced; for 
instance, is the machine willing to integrate with a human suggested context? If so, 
genetic algorithms might evolve software modules to both interpret human input and 
to generate the appropriate machine responses. Genetic fitness is then implicit to the 
resulting changes in musical distance between human and machine [3].  It is 
significant to realize that inaccurate reproduction (the combined effects of crossover 
and mutation) globally provide the intended sustained functionality.  

Musical improviser Michel Waisvisz explored quirks in music synthesizer operating 
systems to spectacular effect. He played synthesizers in ways not intended by their 
original designers. Waisvisz developed a highly idiosyncratic performance mode still 
using standard commercial equipment. As a listener, fascination emerges from the 
integration of two observations: (1) virtuoso instrumental control over musical 
processes through bodily (physical) effort and (2) the sonorous excellence of the 
unusual timbres gained from hacking the initial intentions of electronic instrument 
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manufacturers [16].

One might say that the actual practice of improvisation intimately acknowledges the 
exquisite potential of the accidental; the creative spark in the unintended yet coherent 
behaviour. Expressed in the words of Steve Lacy; “For me that’s where the music 
always has to be – on the edge – in between the known and the unknown and you 
have to keep pushing it towards the unknown otherwise it and you die” [2]. 

3. Philosophical contextualisation 

In the early 1950s, John Cage developed the idea of “indeterminacy” in an attempt to 
exclude any distinctive form of personal decision-making. Significantly instructed by 
Eastern philosophical concerns, Cage fully emancipated the accidental as the subject 
matter of his art which is perhaps best exemplified in his piano piece 4’33”.   

In an influential paper entitled Museum of Accidents, Paul Virilio equally calls for the 
general acceptance of the unknown as vital in any culture.  According to Virilio [15], 
substance and accident are seen as complementary; any creative process should 
embrace the unpredictable, there are no negative considerations for mistakes, errors 
are viewed as constructive agents. Virilio’s imaginary museum formulates an activist 
viewpoint towards imperfection and dysfunction. Catastrophes are the inexorable 
consequences of the acceleration of socio-cultural phenomena. The museum’s 
raison d’être is an instinctive reflex to study the unpredictable by “exhibiting the 
accident”.

Manifestos

It is perhaps striking that many glitch artists turn to manifestos for claiming cultural 
territory to express radical attitudes and working procedures including controversial 
methods such as appropriation.
Manifestos include the Manifesto of Futurism of 1909, the Manifesto for the Unstable 
Media published by the V2 Organization and the Incomplete Manifesto for Growth 
written in 1998 by Bruce Mau. 

Marinetti embraced electric power, movement and speed brought along by the 
industrial revolution; he acknowledged their potential for changing social structures in 
radical ways. The seventh statement in the Manifesto of Futurism reads: “Beauty 
exists only in struggle. There is no masterpiece that has not an aggressive character. 
Poetry must be a violent assault on the forces of the unknown, to force them to bow 
before man” [14]. The prospect of instability is fiercely implicit in this statement. 

The V2 Organization manifesto, published in 1987, elaborates on the image of 
instability, as a metaphor of contemporary society, while the most significant feature 
of the new digital medium, including networking, is the introduction of instability and 
insecurity in global socio-cultural relationships. 
Bruce Mau’s influential manifesto connects strongly with the idea that accidents 
should be captured as part of any design process: “The wrong answer is the right 
answer in search of a different question” [10]. Again, the forces of the unknown are 
considered vital towards the establishment of a creative process driven by changes 
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rather than outcomes. 
Designed unpredictability enjoys a long tradition in software art through the use of 
random number generators. A concise analysis is beyond the scope of this paper. 
We shall, however, explain the ideas and implementation of DataScript, a recent 
project in the realm of algorithmic cinema. 

4. Project DUSK 

 
Figure 1. Impending fog in Amsterdam harbour. 
 

 
Figure 2. Electric light about to interfere with daylight. 

Project Dusk reveals a fascination for ‘found systems’ in analogy with the idea of 
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found footage in the field of experimental film. Dusk is intended as a movie as well as 
a real-time audiovisual installation. The movie is constructed from consecutive 
frames taken from a camera overlooking the Amsterdam harbour over an extent of 
24 hours. The film features an impressionistic undertone given a low-resolution 
camera and occasional interference and glitches in the transmission channel. 
However, the most fascinating images unfold as electric lights illuminate the darker 
stage of twilight.  As a consequence, the movie suggests a developing atmosphere 
conditioned by human (cultural) as well as ambient (natural) phenomena. The 
various image transitions evocating variable colour content and fluctuating degrees of 
abstraction are inherent qualities of the method employed here; the individual frames 
were not in any way manipulated after being captured. In essence, the project may 
be thought of as created by a generative system built out of three critically configured 
components; (1) the harbour as a ‘found’ system, (2) the environmental conditions 
and (3) the Internet. Figure 1 shows part of Amsterdam harbour, modulated by a 
foggy filter provided by temporary atmospheric conditions. Figure 2 captures the 
point in time where electric light just takes over from natural environmental light. Both 
images were taken from a webcam on December 22, 2009.   Dusk was implemented 
in processing [13]. 

5. Project DataScript 

This section provides a description and analysis of project DataScript realized in 
2011. A short movie clip shot in Le Marais district of Paris is considered a found 
system, a micro-universe in itself organized according to the myriad of concealed 
social forces shaping city life. However, the movie is equally acknowledged to reflect 
certain aspects of the social affinities being expressed between the agents captured 
in the movie. The behavioural complexity of the movie is addressed with a systems-
aesthetics in mind; is there a way to sensibly interface the implicit activity in the 
movie with some activity in an explicitly designed algorithm? How could the rhythm of 
life in the Paris biotope face critical analysis and successfully spawn audiovisual 
comment in real-time? These thoughts are informative in order to address the 
medium of film from a novel perspective, though, as we shall see, the general 
projection format of the movie is preserved. 

The project DataScript aims to validate the rich yet surprisingly coherent behavioural 
scope of the movie in terms of new visual and sonic material. To this purpose, 
consecutive movie frames are analyzed in terms of brightness – colour information is 
not considered. Being implemented in Max/MSP/Jitter (Cycling74), the functionality of 
the cv.jit.moments external library developed by JM Pelletier [12] serves our 
application as it computes a wide range of invariant shape descriptors.
The global mapping approach is organized as follows: information is extracted from 
single frames and from changes between frames. A complex, completely 
deterministic network of mapping modules interprets this information. The resulting 
analysis controls various attributes of sound and image in real-time. 

First order analysis documents shape descriptors; basically, the moments of inertia 
relative to several image features. In total, for every single frame, the following data 
is retrieved: moments, Hu invariants, centroids and momentary mass i.e. the total 
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size of all shapes. A threshold variable constrains the amount of image contents

Figure 3. Screenshot of main patch (video) DataScript

addressed and is thus to be considered in the mapping process with great care. 
Second order analysis looks for information between consecutive frames: (1) global 
motion or the amount of difference between frames, (2) the XY-trajectory of the 
centroid of general motion and (3) the history of the amplitude of general motion. In 
addition, an adaptive hotspot algorithm is operational; it dynamically follows the 
centroid of motion with a certain delay. The effect is continuously zooming in on 
activity as the film develops in time; the mapping algorithm becomes sensitive to 
visually perceptible regularities expressed between consecutive frames. 

Exactly the same type of algorithm is used to map to sound and image. First, 
analysis data informs the modulation of image colour RGB data and hue – the hue is 
in fact rotated while luminance data is left unmodified. The outcome is a visual 
system modifying itself; particular image features will influence the subtle 
transformation of the same features in the ongoing film.

Both video and audio processing is computed in real-time. We may think of the 
synthesis section as a blackbox housing a vast network of audio synthesis modules 
(sine wave oscillators) with variable connectivity. The analysis section creates three 
data structures for controlling respectively frequency, envelope and amplitude.  
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Figure 4. Screenshot of sub-patch (sound) DataScript

Although it is beyond the scope of this paper to discuss DataScript in detail, let us 
take a closer look at the two screenshots (depicted in figures 3 and 4) were the main 
objects are shown that process the outcome. Figure 3 shows a screenshot of the 
main DataScript patch. The ‘jit.qt.movie’ object sends the source video via the 
‘jit.rgb2luma’ (this object renders the film black and white) to the external cv.jit objects 
[12]. ‘cv.jit.moments’ is the main object where the first order analysis is performed on 
the incoming binary video. Second order analysis, as described above, is performed 
in the sub-patch ‘p analyse’. The sub-patch called ‘p scaleBIAS’ on the left is where 
image colour distortion is performed and finally sent to the graphics card. Audio 
processing takes place in the sub-patch ‘p additiveSynthesis’ (Figure 4). The sub-
patch ‘p addSynth’ in the right corner is one of many small sub-patches holding sine 
wave generators (such as ‘cycle~120’) that compute and synthesize the sound of 
DataScript.

Generally speaking, two practical considerations of critical substance condition the 
mapping process; (1) the use of a great many variable thresholds spread out 
throughout the mapping algorithm and (2) the fact that interconnections are explicitly 
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designed as a fixed network of relationships. All decision-making follows this logic 
without referring to randomness of any sort. This consideration is in line with our wish 
for preserving the conventional format of film as a linear projected medium.

Also significant; much time was spent to find the proper parameters for guiding the 
behavioural scope of the mapping algorithm. All threshold values are tuned by hand, 
using a method of error-and-trial. Networked connections between analysis objects 
and image modification components were developed on-line; while the system is 
running, a development scheme that is not possible with compile-and-run systems. 
All this conforms to a design strategy expressing faith in the power of intuition;
applications are created from the intimate and continuous consideration of a dynamic 
range of creative options in permanent flux.

6. Conclusion

In a recent interview in Oor Magazine, star photographer Anton Corbijn insists: “an 
imperfect picture is more perfect than a perfect picture.” Accordingly, the initial 
incentive for this project was a fascination with found systems; how does one 
develop an interpretation of a found system – such as a city – as an imaginary 
generative system expressing its activity in an infinite number of dimensions? This 
paper detailed the philosophy and operation of an audiovisual rendering of Paris city 
life. Mapping is conceived as a deterministic yet complex network following an 
analysis-synthesis approach. Movie footage is manipulated in real-time while certain 
visual features trigger audio responses.  Image manipulations are subtle; they affect 
the sensual parameters – to paraphrase Derrick De Kerckhove; “the screen as the 
skin of culture” [4] – of the image and do not obliterate semantics in any way.  

Noteworthy, the quality and depth of the aesthetic experience is definitely related to 
the perception of unexpected artefacts, or more precisely, the incessant development 
of a looking/listening strategy aiming to balance expectation and surprise. In addition, 
audiovisual cues manifest themselves in different levels of comprehension, this 
raises awareness and calls for an active type of involvement of the onlooker and as 
such defines a novel approach to the audiovisual medium of film. 
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Abstract: 

In the competition for attention new media artists have increasingly 
entered the realm of spectacle. If a wall sized projection is good, then a 
projection on the side of a building is even better. If interactive music 
using two cell phones is good, using one thousand cell phones is even 
better. If a small cube made with 27 RGB LED’s is good, a garage-
sized cube with thousands of LED’s is even better. 

Is this trend towards gigantism a legitimate strategy for the 
development of style in new media? This question is explored from the 
art historical point of view of Heinrich Wölfflin, and the psychological 
and neuroaesthetic view of Colin Martindale. 
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Premise

In the competition for attention new media artists have increasingly entered the realm 
of spectacle. If a wall sized projection is good, then a projection on the side of a 
building is even better. If interactive music using two cell phones is good, using one 
thousand cell phones is even better. If a small cube made with 27 RGB LED’s is 
good, a garage-sized cube with thousands of LED’s is even better.

Is this trend towards gigantism a legitimate strategy for the development of style in 
new media? This question is explored from the art historical point of view of Heinrich 
Wölfflin, and the psychological and neuroaesthetic view of Colin Martindale. 

1. Scale, Style, and New Media Art 

Chris Burden is a performance artist perhaps best known for his early 1972 
performance peace called Shoot. The video and photographic documentation show 
Burden being shot through the arm by a friend using a rifle from 18 feet away. In his 
piece Trans-Fixed Burden’s hands are nailed to the roof of a Volkswagen. With his 
body stretching across the trunk with his feet on the bumper, he appears to be 
crucified on the car. Photography documents the stigmata. The performances are 
conceptual and minimal in form, and yet create a spectacle that is hard to ignore. But 
where can one go from there? 

Burden’s solution was to continue making spectacular work, but through the 
exploration of scale rather than human pain. What My Dad Gave Me is a 65-foot, 
16,000-pound model skyscraper using approximately 1,000,000 toy Erector Set 
parts. For Urban Light Burden arranged some 200 lampposts creating a forest of 
lights on the Los Angeles County Museum of Art (LACMA). 

Burden’s recent piece for LACMA is Metropolis II. It is described as follows: 

“Metropolis II is an intense and a complex kinetic sculpture, modelled after a 
fast paced, frenetic modern city. Steel beams form an eclectic grid interwoven 
with an elaborate system of 18 roadways, including one 6-lane freeway, and 
HO scale train tracks. Miniature cars speed through the city at 240 scale miles 
per hour; every hour, approximately 100,000 cars circulate through the dense 
network of buildings. According to Burden, ‘The noise, the continuous flow of 
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the trains, and the speeding toy cars, produces in the viewer the stress of 
living in a dynamic, active and bustling 21st Century city.’ " [1] 

Figure 1 - Chris Burden’s “Metropolis II” in his studio 

The 100,000 car count is a bit misleading. There are actually 1200 custom made cars 
that make about 80 laps per hour. Nevertheless the sheer size and sound makes for 
an impressive experience. But is it art?

Consider the model train systems exhibited at the Museum of Science and Industry 
in Chicago. The first system opened in 1941 and covered 2340 square feet using 
1/48 scale trains and scenery. It included 1000 feet of track and 40 switches running 
10 trains. It closed after running 60 years in 2002. 
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Figure 2 - An early model train installation at Chicago’s
Museum of Science and Industry

The new exhibit titled “The Great Train Story” took 40 people over 12 months to 
create. It documents the journey from Seattle to Chicago using 50% more floor space 
to run 30 trains over 1400 feet of track. The track shape itself took 25 iterations to 
design. It includes 192 buildings that are exact scale replicas of actual buildings 
including Chicago’s Sears Tower. The Red Line subway station at Chicago and State 
is recreated brick for brick, and is populated to reflect the individuals who were 
waiting for the train at 1:56 pm on April 3, 2002. Rather than using a contemporary 
electronic computer, the control system uses a complex system of relays. This allows 
the system to be restarted instantly without the need to reboot a computer. [2] 

Figure 3 - “The Great Train Story” at Chicago’s Museum of Science and Industry
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So why is Metropolis II considered to be art while The Great Train Story is 
presumably considered to be high craft? If innovation is the key the Museum has 
Burden beat by several decades. Burden’s work is a bit more abstract while The
Great Train Story strives for mimesis, but both representation and abstraction are 
found in art. There are many theories of art, but a key notion in contemporary theory 
is that an object is art when it is presented in an art context. Burden thinks there is a 
bit more to it than that, but it strikes me as a marginal claim.

 “It’s not like a model train set,” Burden says as he guides me around the 
structure—an 18-laned tangle of hills, bridges, tunnels, ramps, overpasses, 
skyscrapers, spillways, and chutes. “We have suggestions of types of 
buildings you find in L.A. But they’re not models. And we kept the scale vague, 
making the cars the dominant element.” [3] 

Ultimately what makes both Metropolis II and The Great Train Story work is the sheer 
size of the work and the apparent complexity of the multiplicity of moving parts. Like 
the best contemporary art they challenge the senses without overwhelming them. 
There’s no doubt that Metropolis II is art. If The Great Train Story was moved to 
Chicago’s Museum of Contemporary Art it would be too. 

In the realm of new media art a sort of gigantism has set in. Somehow artistic uses of 
technology that might seem trivial on a small scale garner headline-like attention 
when they are simply applied on a large scale. There are many examples; here are 
but a few: 

Chris O’Shea - His installation Audience uses actuator-fitted mirrors and sensors 
such that as people pass by the mirror tracks their motion and always faces them. A 
single mirror would be an amusing piece. By installing dozens of mirrors it becomes 
notable art. [4] 

Mark Lottor / 3waylabs - The RGB physical pixel, sometimes in the form of a single 
LED, has become a staple of physical computing. Relatively simple to control, 
countless hobbyists have created RGB pixel cubes with LEDs in a matrix 
configuration. What Lottor has done is build large versions with thousands of lights 
measured in yards rather than inches. His work is popular at Burning Man and similar 
festivals. [5]

Philip Beesley - His Hylozoic Ground series of installations presents dense 
arrangements of biomorphic plastic constructions that integrate sensors and 
actuators to slowly respond to visitors. The behavior and supporting technology of a 
given segment is within reach of most advanced physical computing students. His 
taste and style is finely tuned. Again what makes the work so compelling is its sheer 
mass. [6] 

Leo Villareal - Working with light sources of various kinds Villareal’s work has grown 
over time to works of architectural proportion. Unlike the other artists noted here 
Villareal’s pieces exhibit complex behaviors based on simple rules and emergence. 
Before he became an international figure I was pleased to include his first light piece 
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Red Life in the exhibit COMPLEXITY. (I curated this travelling show with Ellen Levy 
in 2002.) Red Life is only 30 by 36 inches in size. [7] 

These few pieces are not enough to make the global case. Nevertheless, if the 
reader will allow that the trend towards gigantism is present in at least some new 
media, then we can explore whether some broader principle of stylistic evolution is at 
play.

2. Heinrich Wölfflin and the Development of Style 

Heinrich Wölfflin is a foundational art historian and theorist on the development of 
style. In Principles of Art History he presents a framework for the analysis of art in the 
15th and 16th century classic style as compared to the 17th century baroque style. He 
breaks down the transition using five pairs of polar concepts.[8] These are: 

Linear versus Painterly - The classic style emphasizes the edges of objects where 
the baroque emphasizes areas in terms of shade and texture without hard edges. 

Plane versus Recession - Depth in the classic style is established by assigning 
objects to planes parallel to the picture plane. In the baroque objects can 
continuously recede into the picture without a sense of layered planes. 

Closed Form versus Open Form - Also called tectonic form, classic works tend to be 
self-contained with predominately horizontal and vertical relationships. In a-tectonic 
baroque works lines of action can point beyond the image fully exploiting diagonal 
relationships.

Multiplicity versus Unity - Both the classic and baroque styles achieve unified 
compositions, but they do so by treating collections of parts differently. In the classic 
style parts are detailed coordinated accents. In baroque work parts are subordinated 
to the whole and lose their sharp individuality. 

Absolute Clarity versus Relative Clarity - Classic art strives to present a view that is 
complete and lends itself to analytical viewing. In the baroque the view is not as 
obvious in service to a painterly presentation that invites contemplation without 
exhaustion.

While Wölfflin addresses a specific period in art history he implies that this framework 
can be applied to other times. More generally his use of dualities in stylistic analysis 
has been quite influential. However, the issue of what happens after the baroque has 
been maximized is not adequately addressed. With regard to the concerns here, he 
doesn’t address the issue of scale as an aspect of style. And most importantly 
Wölfflin describes the development of style but he doesn’t explain the underlying 
reasons why it happens as described. 
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3. Colin Martindale’s Clockwork Muse 

Psychologist Colin Martindale spent a lifetime applying the empirical methods of 
experimental psychology to the arts. Building upon and correcting previous art 
related psychological work, particularly that of Daniel Berlyne, Martindale has 
attempted to give a scientific account of the evolution of style in the arts. [9] The first 
principle he builds upon is the peak shift phenomenon.

3.1 Peak Shift 

Hanson first documented peak shift response in an experiment with pigeons trained 
using operant conditioning. The pigeons were taught to discriminate between color 
stimuli, learning to peck on a key when shown one color and to ignore a second 
color. The pigeons were then shown color-shifted variations of the positive stimulus. 
One might expect the pigeon’s response to fall off symmetrically with greater color-
shifts in either direction. Surprisingly the pigeons showed an exaggerated response 
to color-shifts away from the original negative response. [10] 

It is hypothesized, for example, that    the evolution of the peacock’s display began 
with a mutation that created a crude eye-like mark here or there on the male’s 
plumage. The stimulus elicited a response from females resulting in a higher 
probability of mating. Given the peak shift phenomenon males with more numerous 
and distinct markings would fare even better in the mating game. Over a number of 
generations this resulted in the elaborate markings we see today. 

It’s possible that the gigantism we see today in new media is simply the result of the 
peak shift phenomenon. If a small cube made of RGB LED’s is stimulating, perhaps 
doubling the size and number of light sources is more stimulating yet. And so we see 
light cubes growing from palm sized, to tabletops, to free standing sculptures, to 
assemblages of nearly architectural size.

3.2 Arousal Potential and Habituation 

Daniel Berlyne defined arousal potential as a property of stimulus patterns and a 
measure of the capability of that stimulus to arouse the nervous system. Arousal 
potential has three sources; psychophysical properties such as very bright light; 
ecological stimuli such as survival threats like pain; and especially what Berlyne 
called collative effects. Collative effects are combined, comparative, context sensitive 
experiences such as “novelty, surprisingness, complexity, ambiguity, and 
puzzlingness.” Numerous studies have established that observers prefer a medium 
degree of arousal potential avoiding over- or under-stimulation. [11, 12] 

In dynamic tension with arousal potential is the phenomenon of habituation. Whether 
considered at the low level or neurology or the high level of audience response, the 
repetition of a stimulus results in decreasing psychological reactivity to it. 
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The combination of peak shift and habituation creates a dynamic such that artists will 
seek novelty, and over a period of years the arousal potential of works within a given 
style will increase monotonically. According to Martindale this is the engine that 
drives the evolution of style. 

3.3 Martindale’s Model of Stylistic Evolution 

Martindale’s model for the evolution of style turns on the interaction of two cognitive 
modes.

Secondary-process cognition is the mode of everyday waking reality. It is used for 
problem solving, logical deduction and induction, and deals with abstractions and 
analysis. Martindale calls this the conceptual.

Primary-process cognition is the mode of fantasy, dreams, and reverie. It is irrational, 
free-associative, and concrete as opposed to abstract. In its extreme forms it 
becomes psychosis and delirium. Martindale calls this the primordial.

The conceptual and primordial, however, exist on a continuum, and our moment-by-
moment thoughts can modulate on this axis. For example, making mental distinctions 
is more conceptual, and finding similarities is more primordial. 

When a new style is invented, that alone is a source of novelty. Conceptual content 
can be used to populate analytical elaborations of the initial style. Over time, 
however, the search for novelty requires what Martindale calls regression into the 
primordial. The primordial is the source of truly novel ideas and unexpected 
associations. As obvious associations are “used up” the primordial must be mined to 
new depths in the search for novelty. Once the primordial content is maximized only 
the invention of a new style can introduce novelty and further increases in arousal 
potential.

It is beyond the scope of this article to describe them in any detail, but Martindale has 
conducted a wide range of experiments that analyze style in the arts. Typically these 
studies use large bodies of historical art over long periods of time. Functional 
definitions of primordial and conceptual content are used to create quantitative 
measures of both. In addition measures for arousal potential are made. In a broad 
range of art forms from across the centuries these studies confirm Martindale’s 
model.

For example, Martindale studied British poetry from 1550 to 1949. By applying textual 
analysis software he was able to extract time-series data as to mean word length, 
word frequency variation, semantic intensity, and so on. From there he was able to 
create a composite index that more or less reflected unpredictability or entropy. He 
was able to show that 71% of the variance from one 20 year period to the next was 
due to increasing arousal potential. 

Primordial content was also found to rise over time, but the data also contained a 
cyclical or oscillatory signal.
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“70% of the variation is due to a monotonic uptrend. This trend is purely linear: it 
does not accelerate or decelerate across time. However…the means do not all 
fall on a straight line; the other 30% of variation is due to the quasiperiodic 
oscillations around the trend line. Presumably, the linear uptrend has occurred 
because poets needed more and more primordial cognition to think of useful 
word combinations. Theoretically, the oscillations indicate stylistic changes. Thus, 
in British poetry, primordial content does tend to decline during periods 
commonly seen as involving initiation of new styles - Chaucerian, Skeltonic, 
Tudor, Jacobean, neoclassic, preromantic, romantic, postromantic, and modern - 
and to rise once a new style is established.” [9] 

Martindale confirmed this pattern of rising arousal potential and rising yet oscillating 
primordial content across a number of art forms and periods including French, British, 
and American poetry; European and American painting; Gothic architecture; ancient 
art; Japanese prints; and music.

There are understandable criticisms of Martindale’s approach to evolution in art style. 
Some complain that the theory says nothing about individual artists or works of art. 
Others argue that while retrospective studies can show a pattern of increasing 
arousal potential and increasing while oscillating primordial content, Martindale’s 
model has no real predictive power as to where style will go in the future.

Martindale points out that just because the law of gravity says nothing about whether 
a falling apple is sweet or sour, that doesn’t mean it’s a useless law. Whatever one 
thinks of Martindale’s model his broad range of empirical evidence cannot be ignored 
or easily explained away. 

4. Conclusions 

In Wölfflin we see what may be a single cycle contained in Martindale’s model. 
Wölfflin begins with the classic style as a fresh presentation that can be exercised 
based on abstract rational principles such as linearity, stacked planes, and closed 
forms. Over time the style regresses into the irrational primordial baroque of painterly 
areas, continuous recession in depth, and open forms.

As for the gigantism now exhibited in new media, it is hard to justify as an evolution 
of style within Martindale’s model. His evolution of style involves regression deeper 
and deeper into the primordial. The scaling up of new media is merely a brute-force 
method of increasing arousal potential. It ignores the deeper exploration of primordial 
content required to further develop a style and set the stage for the invention of new 
styles in the future. 
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Abstract:

While Renaissance art was still in a position to unite science and art, this is no longer 
possible. Today, science and art are united in their search for principles in Nature. This 
search is taking place on a level that is no longer accessible through the human senses, 
on a level that represents the invisible sphere of Nature. In doing so, the search has 
overcome a rather naïve perception of reality. But the evolution of the process into this 
deeper level of perception has not been easy and called for countless new 
methodologies and models. It also resulted in extensive consequences for art. I will 
outline the consequences for abstract and conceptual painting and elucidate their
specific conditions and meanings. For example, how and why does art become abstract
and enter a sphere which is neither grounded in the visible material world nor is 
immediately tangible? And what about the “question of principle”? This discussion will 
be followed by a closer look at perception itself, specifically whether a form of inner 
“sensual regulation” makes it questionable that an abstract work of art is concurrently 
regarded as a mathematical formula. 
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Part I: A short story “peinture conceptuelle”

Nature moves out of sight – The development from the “what” to the “how” of 
representation – an elementary sign language – the comment next to the artwork – the 
principles of perception – seeing in and of itself becomes objectified.   

Part II: Aesthetic views

Art as reflection – the laws of visual perception – the mindset of viewing art – geometric 
forms as signs – abstract art and mathematical formulas  

„The Seine at Le Grande Jatte“ by George Seurat [3]

Part I :A short story of “peinture conceptuelle”
This section draws on the main ideas of Arnold Gehlens book “Period-Pictures” [2] 

The first conceptual artist was Georges Seurat (1859–1891), who was one of the key 
representatives of pointillism. His work and thinking represent an excellent example of 
how an artist becomes interested in the “question of principle”, as well as the mental 
reasons and historical conditions that lead up to that point. In other words, his story best 
represents what drives an artist towards “peinture conceptuelle”. 

The question first and foremost on any artist’s mind is that of motif, i.e. what should be 
represented in the picture? 

Seurat´s pictures build an important key position between a last throes of realism and 
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abstraction. His pointillism is still object based on the one hand (you see a landscape), 
but the essential element is the very way the landscape is represented. It catches 
everybody´s eye that the picture is built up with dots. This in turn directs the observer’s 
attention away from the motif and towards the surface of the canvas and the method in 
which the paint was applied. In this way, the act of painting itself and the specific way of 
representation become important. In terms of definition, a painting becomes abstract as 
soon as natural objects make way for increasingly spiritual “objects”. 

This shift in observation and interest is linked to a broader cultural change, which also 
became palpable in science. Some marked scientific findings include:  

1857 kinetic  theory of gases
1858 cathode rays
1864 Maxwell – electro-magnetic theory  

These breakthrough scientific events nonetheless also meant that even science lost 
visual contact with Nature. At the height of the Renaissance, the only phase in history 
that successfully united science and arts, science was still conducted on the visual level.
The anatomic studies of Leonardo and Duerer’s studies on proportions of the human 
body had been scientific studies conducted with the naked eye. With the historic events
around Maxwell, the relationship between visual perception and the object that is being 
scientifically investigated changed fundamentally. The language of mathematics 
became a basic necessity while its theoretical models became non-visible. 

Thus both in art, as well as in science, and almost at the same time, the natural object 
disappeared from immediate visibility. Concurrently, the increasing urbanisation brought 
about by the industrial revolution ended what had hitherto been a daily occurrence: 
seeing Nature.   

Consequences of the natural object’s disappearance 

The visual loss of contact with the natural object led to a deep insecurity. While realist
art was still able to claim some measure of scientific identity, this had now changed. 
Suddenly the eye as organ of reflection had become doubtful. Instead, optical illusion 
(trompe ĺ oil) became important and artists began contemplating the relationship 
between the eye and the surface of the canvas. Seurat was one of the first artists to shift 
perception away from the natural object and towards the surface of the canvas. From 
this point onwards, the focus increasingly moved towards the “how” of the painting rather 
than the “what”, as well as the rather subjective manner of interpreting this. 

What does an artwork depict when it no longer depicts natural objects?  

For Seurat, the process of perception itself became an object of study. It is well known 
that he first studied the then current theories of perception (Helmholtz) before applying 
the model of the retina’s receptors to the canvas by means of pointillism. A dot 
symbolises a receptor. The dots are thus to be understood as symbolising the scientific 
model of visual perception. As a result, the act of perceiving - seeing itself - becomes 
an integral part of the painting. As a consequence, artists now needed recognisable 
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symbols to translate the imagined relationship towards the external world into a visually 
understandable language. In other words, from now on, the challenge was to find the 
right symbols.   

In 1952, Herbert Read remarked: “Plastic art suffers from its basic illiteracy” [4] This 
quote highlights another problem in abstract art. The fundamental correlation for 
language is about the word and its subject matter. Yet if the natural object disappears 
from art, then art itself becomes speechless. This development began to necessitate 
explanations of what was depicted. It was clear that a theoretical foundation was 
needed. This need introduced resorting to explanatory commentary next to artwork. 
Manifesto, critiques and books were made public by artists from now on. A historic 
example is Kandinsky´s book “Über das Geistige in der Kunst”.

“The meaning and legitimacy of the motif on the canvas were no longer discernable,
but rather withdrew into the experiences, reflections and theories of the artist through
the process of creating.” [5]  

  The increasing focus on the surface of the canvas as opposed to the motif ascribed the 
surface a new individual quality. The surface itself became a stimulus. From now on, 
image area, colour and form had their own individual value and worth.. 
This opened the door for geometrical elements to enter into the works of abstract artists
(Kandinsky, Malewitsch and Mondrian). But this development can also be dangerous
because of its closeness to banality and decoration, from which artists needs to clearly 
distance themselves..

“This whole venture of a “peinture conceptuelle” is parallel to science in that the
centuries-old scientific search for principles, the drive to systems and the fallback onto 
the elements created a scientific state of awareness which now also co-determines, 
developments in the arts.” [6]

Part II: Aesthetic perspectives
The main question in the second part centres on the different levels of impact of a single 
work of art. Where exactly do these levels of impact lie if the work of art takes us into a 
speechless and wordless world, composed only of reduced symbols like colour and 
form? What can the spectator still identify with? 
  

To find answers to these questions, different aspects of aesthetics need to be 
considered. Specifically, what type of impact does the work of art have on the spectator 
with respect to mental processes? This will be augmented by examining the process of 
perception through the lens of psychology before turning to formal aesthetics, which 
compares the work of art to  a mathematical formula.

The shift in perception towards the surface of the canvas represents a specific challenge
to the spectator. When looking at an abstract work of art, the spectator observes a
visually appealing object without that object depicting anything known. The spectator at 
once experiences a heightened sense of visual appeal and pleasure as well as a clear 
sense of deceleration given that the observed image remains hinged in the mute, 
unseizable world of abstraction. This inner contradiction leads to a heightened state of 
oscillating attention, which Arnold Gehlen refers to as “perpelexion” [7] . Konrad Fiedler 
even goes as far as referring to artistic activity as a “self-contained operation of the 
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cognitive faculty” [8]. The cognitive achievement of an abstract work of art lies precisely 
within that latent area of visibility, in which language - or any other medium - can no 
longer be meaningfully used. The artist’s creative hand picks up where the function of 
the eye, i.e. seeing, ends. In this way, the artist demonstrates the principle of seeing in 
the painting.

The following section examines this principle. For this purpose, please have a look at
the following pattern. You will see something happens automatically during the act of 
observation. . 

[9]

“It is a basic knowledge of the classical “gestalt theory” that perception itself is a 
dynamic process of generating order” [10]  

Wolfgang Metzler refers to the “laws of perception” [11]. These laws relate to the fact that 
incoming visual impulses are reduced and transformed into electric signals (bits) on 
retina. From the perspective of cognitive psychology, perception in and of itself is 
declared as a valued activity. In general, four distinct value-oriented levels can be 
distinguished within the process of perception: 
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“1.the basal-sensorial physiological level, which is also found in many animal 
species; 2. the species-specific genetic human hominid level; 3. the culture-specific 
and ethnic-oriented semantic level. The fourth level will be discussed later on. .” [12]

  
According to the theory of evolution, the human organs of perception developed to 
enable orientation in a greater environment. This means that every organ of perception
(1.level) can be regarded as a developed hypothesis about the environment. Countless
external data have to be selected and processed in a system-sustaining way by the 
senses. In this context, the human system of perception constructs the world around it 
while adhering to the internal laws of data selection and processing.

The term “principle of prägnanz” refers to the fact that the system of human perception 
resorts to its own type of orderliness. This orderliness is constitutive for the system of 
perception  (2.level). The most important laws in regulating perception are similarity and 
closeness of form. In addition, the perception of colours is also guided by internal 
regulations, which assesses the colours, their contrasts, constancy and so on. This links 
to prejudices within the perceptive system, which occur on a subconscious level. In 
other words, independent of any cultural pre-determination, the human system of 
perception includes visual prejudices, and thus welcomes the use of simplified 
geometrical forms and pithy colouring. 

The very act of perception is judgemental and accompanied by a need to identify 
function. It is as a result of this that all cultures across the globe exhibit a need to use 
culturally coded symbols as a type of formal language. The cultural-specific meaning of 
such symbols is generated on the 3.level of the process of perception. At this level, 
symbols and signs are valued arbitrarily by cultural processes. A drastic example of this 
is the swastika. In its pre cultural meaning the swastika conjures up a positive 
connotation (2.level). Yet through its use as a symbol of the Third Reich, its positive 
connotation was entirely destroyed. 

Within increasingly sophisticated societies, there is the additional level of the individual 
coding of symbols. Yet the more sophisticated a society is, the more the 
communication-related value of a symbol decreases. This is a fundamental problem in 
the use of symbols and signs. 
As the above discussion shows, the cultural context is necessary to understand symbols. 
In this context, the western art-system needs to be viewed as a specific space within 
which specific symbols and signs are used. 

In the western culture, museums are regarded as special protected areas with their own
histories of significance. How do we enter a museum? What kind of mindset do we 
have? A text about “evolutionary aesthetics” by Karl Eibel generally points out two 
different mindsets of the human being.

“During the functional mode all conduct is rendered in real-time: the functional mode 
is essential for both survival and reproduction. The organisational mode by contrast is 
like an idle state of our adaptation. During the organisational mode the organism is 
learning and exercising.” [13] 

That means information processing and inner impulses for action are decoupled. The 
organisational mode seems to be the biological foundation for the enjoyment of art and 
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the artists’ work. Because of this many people speak about a mode of “play”, whereby 
the laws of gestalt and principles of perception in the world of art can be enjoyed freely 
and light-heartedly. Kant refers to this as “uninterested pleasure”. 
  
“Mathematics is merely one specific way of world-creation, which starts with the 
counting of objects and the isolating of geometrical forms and which ends with modern
physical theories (quantum physics, cosmology).” Yet mathematics in combination 
with arts lends “structure and form to the experienced reality notwithstanding the fact 
that these aspects cannot be experienced by the human senses. Rather, they are 
models that are injected into the experience. . In short: the descriptions or models are 
transformed into a reality that can be experienced.” [14] 

[15]

Triangle (line) = 1 = white = (day) light = electricity
Square (circle) = 0 = black = (night) darkness = non electricity

Geometrical forms as symbols 
Fundamentally, geometric, constructive and elementary symbol or sign languages lean 
towards scientific models and principles. A mathematical vocabulary of forms and signs 
continues in this tradition and thus seems to be an ideal tool for planning the 
composition of a painting.   

Nearing the end, there is a need to return to the question of what exactly an abstract 
work of art is able to represent. The previous section highlighted a specific identification 
with the internal processing of data, and an anthropogenic disposition towards the
enjoyment of art. . This section aims to shed light on the types of symbols that an 
abstract work of art depicts.  

For this purpose, “formal aesthetics” by Lambert Wiesing will be used together with a 
phenomenological perspective towards abstract art. Such a perspective emphasizes
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the artwork’s character value, as well as its referential character.  

The particularities of elementary symbol or sign language lie in the fact that it is both
non-verbal and non-cultural. As a result, a certain “openness” exists towards the symbol 
itself. In other words, the classical phenomenological assignment of two possibilities of 
reference to a symbol is not enough to make up an abstract work of art. In the classical 
phenomenological tradition, the artwork would have to clearly reference another object 
or another sign. Yet this is not the case. There is no object anymore because of the 
represented principles of perception and there is no distinct reference to another 
symbol. To overcome this dilemma, Charles William Morris (1901-1979) developed his 
theory of sings. He compares an abstract artwork to a mathematical formula as a 
special character due to its self-referential character. 

“The formula itself is part of that which it symbolises as a whole.” [16]  

This represents a status of semantic uncertainty, given that there is neither no reference 
nor is there a distinct one. A mathematical formula works with variables and its essential
aspect centres on the relationship between the mathematical elements. It functions  by 
placing a priority upon the variable and their relationship to each other and emphasize
the relationship rather than the individual variables.  
   
“The human eye owns a large treasure of formulas, which are used to process 
information it receives. In this way, it generates perception which is pleasing as long 
as the input has been processed in its entirety by any of the formulas. ” [17]

In conclusion, an abstract painting works like a mathematical formula. It refers to an 
imaginary and a relational space. It acts as concretely sensuous embodiment of a
difficult-to-imagine principle. The invisible levels of seeing become visible in this way. 
The work of art becomes a visual depiction of sensual logic. 
As artist I am interested in researching, working and understanding this “sensual logic”. 
At the end it becomes a question of attitude towards yourself. 

To keep in touch and updated on this work in progress, visit by blog at 
www.prhs2011.blogspot.com  I look forward to hearing from you. 
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The science art is defined here as a kind of art created with strong 
scientific mind. There are two kinds of science art; one is an art created 
with a scientific method which is being developed, and the other is an art 
expressing a scientific concept. The generative art occupies the major 
part of the first kind. 
The present author, after the career of many years as a physicist, began 
in 2004 to establish an educational system of science art for graduate 
students of art and design at Kobe Design University, Japan.  
In my course of the University students observe natural (physical, 
chemical and biological) phenomena or their simulations with brief 
introductions of their mechanisms. After that they are encouraged to 
create artworks based on their impressions which they have had during 
the observation. Although they have no training of scientific activity, they 
are eager to observe real phenomena, and try to create artworks based 
on what they have felt in the observation. The important point in 
developing this educational system is to choose suitable natural 
phenomena.
In the presentation of this paper total system of the education is 
introduced, and some examples of artworks created with definite 
algorithms are shown (see figures below). Although students follow 
processes of the algorithms, they prefer deforming their results or 
combining them with other images by arbitrary manipulations. 
The present author believes that the artworks created by algorithms, 
which simulate natural phenomena, should be attractive in principle, 
because we have grown up while observing natural phenomena around 
us. Therefore, it is a good strategy to apply such algorithms to
production of art and design.   

Left: Relief of snow crystal by N. Nagahama (2007), created by following 
an algorithm of crystal growth mechanism. 
Middle: Rheo-art by S. Tomioka (1998), which shows deformation of a 
spherical dyed part in a viscous fluid owing to two rotating cylinders. The 
deformed part is expressed as a transparent material with ray-tracing. 
Right: River branching system by T. Yamashita (2007), created by die 
throwing and merging principle of streams.  

science art, simulation of nature, educational system 
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Abstract

The author’s trial to establish an educational system of art and design based on 
scientific experiences of students is introduced. The basic concept of this system is 
that our senses of beauty and preference are constructed through observing the 
nature from childhood, hence a good strategy for creative activities will be developed 
by applying mechanisms of natural phenomena. In this paper the framework of this 
educational system is explained briefly, and some examples of particular topics are 
illustrated with students’ works as outcomes of this system. In addition a recent trial 
of creating animation movie is introduced, which is created by the use of natural 
signals extracted from video image of natural scene. A question is put in the last 
section on what an attractive art is. 

1. Introduction 

The term ”science art” is defined in this paper as an art which is created with a 
scientific mind. It is realized in the two cases, first when an art is produced with a 
method which is newly developed by the artist, secondly when the art expresses a 
scientific concept clearly. It is noted here that development of a new method 
necessarily stimulates a scientific mind and affects the content of the art.

Fig.1  Garden design by N.Nagahama (2007), and “The Persistence of Memory” 
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An example of the first category is shown in Fig.1 left, which is a model of garden by 
a teacher of garden design at Kobe Design University. He drew a set of sunflower 
spirals exactly according to a certain algorithm and applied it to this design. A good 
example of the second category would be the painting by Salvador Dali, “The 
Persistence of Memory” (Fig. 1 right, sketch by Takaki). It is believed that Dali 
expressed his idea about the relativity theory. 

The present author, after a long career as a physicist, began in 2004 to establish an 
educational method of the science art for students of art and design. Although the 
students are not familiar to mathematics or scientific thinking, they are eager to 
observe natural phenomena and to express their impressions as art and design 
works. Based on this experience the present author began to have an idea about the 
relation between the science and the art, as explained below. 

             Fig. 2  Relation between the science and the art/technology.

Both science and art (including design) are products of human activity, and make a 
bridge between real objects and concepts. Here, the concepts mean what appear in 
human brain, such as natural laws, social needs and personal desires. The role of 
science is to make up concepts about nature, while the role of art and design is to 
produce real objects based on the concepts. Technologies belong to the side of art, 
because their roles are to produce useful objects based on scientific concepts. Thus, 
the major difference between science and art is that of the directions of creation 
processes, as shown in Fig. 2.

In the course of education students have experiences of both these directions. They 
observe natural objects and phenomena and study basic mechanisms of those 
phenomena, so that they can have some concepts about the nature, then they are 
encouraged to create artworks as home works according to these concepts. The 
topics treated in this course are classified into five groups arranged as a hierarchy 
shown in Fig. 3. Each topic is associated with a lecture, workshops of observation of 
phenomena or hand works to understand mechanisms of phenomena within three 
hours.
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   Fig. 3  Framework of the educational system of science art with topics 

Results of this activity were reported in an international meeting called ISIS 
Symmetry [1], and also introduced in a monograph published in Ukraine [2]. An 
English report of the course was issued from Kobe Design University in 2006 [3]. In 
the following sections three examples of topics are explained, and some results of 
students’ activities are shown. 

2.  Topic: Growth of snow crystal 

The snow crystals grow slowly from small seeds. The variety of their shapes is 
understood by the so-called Kobayashi diagram (Fig. 4), which determines one 
growth mode according to the climate condition, i.e. the temperature and the humidity 
(degree of over-saturation of vapour). This diagram is an improved version of the 
Nakaya diagram, and Dr. U. Nakaya was a Japanese scientist who produced a snow 
crystal in the laboratory first in the world. While a snow flake falls down, it encounters 
variety of the climates, hence the flake grows at each stage with respective growth 
mode.

In the class, after introduction of the mechanism of crystal growth, students have a 
workshop to draw a snow crystal by pencil on a sheet of section paper with oblique 
grid lines. They make snow crystals grow on the section paper according to a fixed 
rule, which is a simplification of the real growth mechanism.
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Fig. 4  Kobayashi diagram for growth of snow crystal. The growth mode depends on 
the temperature and the degree of super-saturation (sketches by Takaki) 

This rule is composed of the three types of growth modes, the hexagonal growth and 
two kinds of dendrite growth. At each time step students throw a dye and choose one 
of the three growth modes, which is a modelling of the situation that a falling snow 
flake meets various climates randomly. According to the dice they add small growing 
parts in the following way: 

(1) Hexagonal plate mode: add a layer of outer envelope around the crystal. Note 
     that the crystal shape asymptotes to a hexagon If this process is repeated. 
(2) Simple dendrite mode: the ends of all branches are extended by a certain length. 
(3) Complex dendrite mode: the ends of all branches are extended by a certain
     length and new side branches are added.

An example of resulting crystal shapes is shown in Fig. 5(a). This crystal began with 
a hexagonal plate, then made a simple dendrite growth and finally made a complex 
dendrite growth. Owing to the simplified rule this crystal shape is not very realistic, 
but students can understand how various shapes appear in the nature. An exhibition 
is made at the end of each semester, where group works including those of crystal 
growth are exhibited. Two of such works are shown in Fig. 5(b), (c). 

The mechanism of crystal growth is a good topic for students to become familiar to 
natural phenomena, because the mechanism of crystal formation is understood 
easily through the growth algorithm given above. Moreover, they can enjoy producing 
crystal shapes not arbitrary way but with a fixed algorithm.
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     (a)                               (b)                                           (c) 

Fig. 5  Examples of produced snow crystals. (a) Pencil drawing by K. Ishida (2005), 
(b) oil painting by H. Wang and C.-N. Chang (2005), (c) crystals pasted on a plastic 
plate by J. Xu. et al (2006) 

3.  Topic: Rheo-art - chaotic pattern in viscous flow 

The chaotic behaviour of viscous fluid under a shearing motion is discussed by many 
scientists in physics and fluid dynamics. It is a deterministic flow showing chaotic 
nature and is different from the turbulence containing randomness. Good 
introductions of this phenomenon are given by a monograph and a review by Ottino 
[4, 5].  The present author has been interested in this phenomenon because he 
considers that it might be a powerful method for creation of artworks. Based on this 
idea he made some researches and published a few papers [6, 7]. The following 
example illustrates the process of chaos formation in a viscous fluid.

Fig. 6 Mixing chaos in the two-dimensional case. Right: Rotations of four cylinders, 
left: deformations of dyed parts after several steps of cylinder rotations. 
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Suppose four cylinders are inserted vertically and given rotations with angles 1- 4,
not simultaneously but in turn as shown in Fig. 6(a). The rotation of cylinder produces 
a fluid motion around the cylinder with speed inversely proportional to the distance 
from the cylinder. After rotations of four cylinders, they are given rotations in turn in 
the opposite directions with the same angles as before. These processes as a whole 
result in mixing the fluid, which is called 1 step of mixing. In order to visualize this 
mixing, many parts of the viscous fluid have been dyed beforehand with various 
colours, as shown in Fig. 6(b) upper-left (0-step), where the four white circles are not 
dyed parts but the cylinders. Deformations of the dyed parts were obtained by 
computer for the case 1= 2= 3= 4=180° as shown in Fig. 6(b). Since these 
deformations are not random but deterministic, this phenomenon is called a mixing 
chaos. Repetition of this mixing process produces more complicated patterns. Note 
that arbitrary paintings by artists can not create this kind of patterns. 

This process is possible also in the three-dimensional configuration of cylinders. Let 
two cylinders be placed in a twisted configuration as shown in Fig. 7(a). They were 
rotated with the same angle 180° (opposite rotations are not given). Then, a spherical 
part of the fluid between the two cylinders deforms at each step, as shown in Fig. 
7(b). A solid model of the three-dimensional shape at 9-step was produced by a 
sculptor, as shown in the left of Fig. 7(c). At that time he did not like this model. 
Therefore, the author asked him to produce one more model by deforming the shape 
at 9-step arbitrarily, which is shown in the right of Fig. 7(c).

      (a)                                     (b)                                        (c) 

Fig. 7  Mixing chaos in the three-dimensional case. (a) Configuration of two cylinders, 
(b) deformations of dyed part at the 0, 3, 6, and 9-steps, (c) left: solid model of the 9-
step, right: solid model by a sculptor with arbitrary deformation of the 9-step. 
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It is interesting to compare these two solid models. The left is a shape faithful to 
calculation (i.e. a generative art), while the right includes arbitrariness just as in 
traditional arts. The present author often showed both of these to students in the 
university class and audiences in conferences, and asked them which they liked 
better. In most cases they liked the right one. However, the fraction of those 
supporting the left is recently increasing.

One can point out two fundamental differences between these models. First, the left 
one has a shape of developable surface, while the right one has a shape like a 
spherical surface. Secondly, the thickness of the surface of the left one decreases 
monotonically as approaching to the edge, while the right one has swelling parts near 
the edge. These properties in the right one are seen at many parts in human body, 
which might be a reason why people like the right one. At the same time the recent 
tendency towards the left one might show an interest in non-humanistic objects. 

Recently, a group including the present author produced a simple computer program 
to create arts of chaotic mixing in two-dimensional space and used it in the workshop 
for students of Kobe design University. Students prepare images and operate the 
program by arranging cylinders and giving angles of their rotations. Some examples 
of students’ works are shown in Fig. 8.

Fig. 8  Rheo-arts by cylinder rotations inserted into a viscous fluid. Left: by T. Zhou 
(2006), middle: by N. Endo (2007), right: M Liu (2006). The program is developed by 
S. Sasada, K. Ishigaki and R. Takaki in 2004. 

4.  Topic: Computer animations by the use of natural signals 

The natural signals, such as sounds from water waves coming to the coast, often 
have the so-called 1/f spectrum, i.e. the intensity is inversely proportional to the 
frequency f. This type of spectrum is considered to have a healing effect. Then, there 
is a possibility that computer animations become more attractive, if the objects in the 
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animation are given motions which are determined by the use of natural signals. This 
idea was pursued by the present author and his collaborators, and some results were 
presented at an international meeting in 2010 [8].

In the university course, however, the creation of animation is not made, because it 
takes much time and needs a special technique.  Instead of that students are asked 
to obtain spectra of images, such as natural sceneries and human bodies, which 
students choose arbitrarily. The images are scanned in the horizontal direction and 
changed to one-dimensional signals, from which spectra are obtained by a computer 
program. This program is produced by an author’s colleague, K. Ouchi. This activity 
belongs to the topic “rhythm” in the framework shown in Fig. 3. Two examples of 
images and spectra are shown in Fig. 9. 

         (a)

         (b)

Fig. 9  Images and spectra (plotted in logarithmic scales) obtained by students. (a) A 
scene in the town and its spectrum (1/f 1.43) by M. Urbanowicz (2011), (b) a graphic of 
two characters and  its spectrum (1/f 1.59) by Soraya (2011) 

Both of these examples have spectra of 1/fn. This type of spectra means that the 

images contain high frequency noise, but it intensity decreases rapidly with frequency. 
Through this workshop students are expected to understand the meaning of spectra 
obtained from images. After that we show them the animations created by the use of 
natural signals.
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The method to produce the animation is shown in Fig. 10. Before producing an 
animation, a video movie of natural scene are obtained, such as the waves near 
coast or the shaking of branches in the wind. It is also possible to catch a natural 
scene while producing the animation. Next, characters or objects to appear in the 
animation are produced by hand or CG, and are input into computer. Their initial 
positions in the 3D space are given randomly.

Fig. 10 Flowchart of production of animation. A vector field to drive objects is 
constructed based on one frame of a movie of natural scene within 1/30 second.

In creating animation the motions of objects in each frame are determined by a 3D
vector field, which is constructed from each frame of a movie of natural scene. The 
3D vector field is constructed in a clever way from 2D movie frame in real time, i.e. 
within 1/30 second.

  (a)                                         (b)                                        (c) 

Fig. 11 Shots from computer animations of (from left to right) fall of cherry petals, 
swimming of fish and snow fall.  
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Some shots of produced animations are shown in Fig. 11.  Figure 11(a) shows a 
scene of fall of cherry petals, where each petal has fluctuations of speed and 
direction in 3D space. These fluctuations are controlled by a video movie of waves at 
a sea shore. Figure 11(b) is a scene of swimming of fish, where their directions and 
speeds of swimming are uniform but they fluctuate with time. These fluctuations are 
controlled by a video movie of shaking tree branches in the wind. Figure 11(c) is a 
scene of falling snow flakes, whose motions are controlled by a video movie of water 
waves. In this animation, the falling objects can be chosen from two options, realistic 
snow flakes and hexagonal crystals (the latter is shown in Fig. 11(c)), by pushing the 
space bar of computer while producing the animation.

The present author had several chances to show these animations in the university 
classes and conferences. People seemed to be impressed by the animations. The 
reason is considered to exist in the process of producing animations, i.e. to use 
natural signals in controlling motions of objects.

                 (a)

                 (b)

Fig. 12 (a) Image of natural scene (water waves) and its spectrum of signal on a 
horizontal line, (b) a vector field obtained from the natural signal and its spectrum.  
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Fig. 12(a) shows one shot of water waves and a spectrum (shown in logarithmic 
scales) of the brightness signal on a horizontal line at the central level (a line in the 

image). It has a spectrum type of 1/fn. Fig. 12(b) shows one shot of vector field 

constituted from an image of water waves, whose spectrum of horizontal components 

of vectors on a horizontal line seems to have also the type of 1/fn. Although these 

spectrum curves deviate from the simple 1/fn type, it will converge to this type if 

spectra along many horizontal lines in these images are averaged.

In conclusion, the use of natural signals to control motions of characters or objects is 
considered to be a powerful method in order to produce animations which look quite 
natural and give strong impression to observers. However, this method is yet not 
developed enough, and the present author welcomes the offers of cooperative work. 

5.  Concluding remarks 

In this paper some results of the trial to construct an educational system are reported, 
along with works of students and the present author. Here, a comment is given on 
the problem of “What is art?” In section 1 it is claimed that the art is an expression of 
a concept as a real object. Hence, everything produced by humans can be an art, if it 
is an outcome of some concept. Then, a meaningful question for fruitful discussion is 
not “What is art?”, but is “How an attractive art is created?” This question is almost 
equivalent to “What kind of objects or phenomena is attractive for humans?”

Most of humans have grown up while absorbing much from natural and social 
environments. Experiences in these environments should have affected in forming 
their senses of beauty. Then, the arts created by methods or algorithms which match 
to these experiences should be attractive. It was a motivation of the present author to 
produce an animation movie based on natural signals. However, there will be many 
other ways to create attractive arts. It seems to be the most important question for 
the present author what kinds of methods or algorithms match to experiences in our 
lives. The present author would like to hear opinions from others who are conscious 
of this kind of problem. 

The present author would like to express his thanks to the organizer of GA2011 for 
inviting him to this meeting, and to the collaborators, especially Mr. S. Sasada, Mr. K. 
Ishigaki and Dr. K. Ouchi. He also thanks to students in my course for their 
cooperation with establishing this educational system.
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Abstract: 

SBArt4 is originally a breeding tool to produce abstract images and 
animations [1]. This paper describes a newly implemented functionality 
of automated evolution using some types of computational aesthetic 
measures as fitness criteria. Measures include information complexity, 
global contrast factor, histogram of color distribution, and so on. In 
addition to these measures for a still image, a method to evaluate the 
motion was introduced. They are useful to discard boring pieces but do 
not always fit with human user’s preference. 
I introduced graphical user interface to allow the user to adjust the 
balance among different measures, and provided methods to let 
individuals migrate between a field for breeding and a population for 
evolution. It realized a wide range of intermediate production style 
between pure breeding and fully automated evolution. 
Utilizing parallel processing, efficient algorithms, and synchronized 
sound effects, a new generative style of both live performance and fully 
automatic art became possible to be realized. 

A sample shot of monitor window of evolutionary process. 
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Premise

SBART [1] is originally a tool to produce abstract images and animations by means 
of interactive evolutionary computation [2]. Through a number of revisions since 1993 
following the innovations of both hardware and software, it was equipped with 
capability for real-time breeding of animations [3]. This paper describes a newly 
implemented functionality of automated evolution using some types of computational 
aesthetic measures [4] as fitness criteria. Measures include information complexity, 
global contrast factor, histogram of colour distribution, and so on. In addition to these 
measures for a still image, a method to evaluate the motion was introduced. They are 
useful to discard boring pieces but do not always fit with human user’s preference. 

A graphical user interface was designed to allow the user to adjust the balance 
among different measures, and provided methods to let individuals migrate between 
a field for breeding and a population for evolution. It realized a wide range of 
intermediate production style between pure breeding and fully automated evolution. 
Utilizing parallel processing, efficient algorithms, and synchronized sound effects, a 
new generative style of both live performance and fully automatic art became 
possible to be realized. 

1. Breeding Real-time Animations – Overview 

SBART is one of derivative systems from K. Sims’s Artificial Evolution in 1991 [5] that 
uses functional expression as a genotype to determine the colour of each pixel in a 
rectangular area. The phenotype is the image constructed by these pixels that the 
user evaluates and selects as a parent to produce individuals for the next generation. 

The first release of SBART was in 1994 on UNIX workstations utilizing Motif GUI 
gadgets and X window system, and has been extended and migrated to MacOS 8, 
MacOS X on Power PC, and then MacOS X on Intel CPU. A number of features have 
been examined and added through these 17 years. One of the unique features in 
SBART is that it uses a vector of three elements as a value in any point in calculation. 
Some of the non-terminal symbols for functional expression on genotype calculate 
the value of each element in vectors independently, but the others mix the values to 
reconstruct the result value. The terminal symbols are also vectors. A variable is a 
permutation of three scalar variables, x, y and t, that express the coordinate of the 
pixel in 2D space and time. The other unique features include multi-field user 
interface, some alternative drawing modes of deformation and discoloration for 
external image data, synchronized sound effects for animation, and so on. 

The most recent innovation is automated evolution combined with real time breeding 
of animations. Thanks to the recent progress of GPU technology, it became possible 
to draw 15-30 images within one second. To draw an image in a rectangular area, it 
requires computational time proportional to the number of pixels in the image and the 
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number of elemental functions in the genotype. Because the genotype is the object 
for mutation and crossover, it is represented in a data structure in the memory. It is 
not technically impossible but difficult to develop a mechanism of so called on-line 
compiler for each functional expression in genotype under ordinary programming 
environment of C, C++, and Objective-C languages. 

To take an advantage of GPU that originally developed to accelerate calculation for 
3D polygon graphics, the shading language is suitable for our purpose. A graphics 
library OpenGL accompanying with a GPU vender’s extension includes the compiler 
of a programming language GLSL that has similar syntax of C language, and it 
compiles the program text in the memory into the machine code for GPU. This 
means that any application software can utilize the power of GPU by only prepare its 
aiming procedure in GLSL to rely on the compiler. The newest version of SBART 
compiles the genotype into Core Image Kernel Language, a subset of GLSL provided 
by Apple as a part of Core Image framework. Program fragments run on the 
processing elements in GPU in parallel for each pixel. The number of pixels it 
calculates at same time is depends on the capacity of GPU, but all of Apple’s 
personal computers released in these three years have capability to draw smooth 
animations in real time. 

2. Automated Evolution 

The criteria for artistic production should fundamentally be under subjective 
judgement of each individual person, but it’s also the fact that there are sharable 
measures among people for interestingness of any pieces. Some of the challenges of 
computational aesthetic measures are to find such criteria to evaluate and select 
better images from digitized pictures and paintings. 

The aesthetic evaluation done by human is fundamentally driven by the cognitive 
system of individual person, of which functionality is strongly depending on the 
personal experiences under the cultural background. To implement such type of 
functions in the computer, it is necessary to use a type of learning mechanisms to 
adapt to a variation among persons and changes through the time in an individual 
person. Some researchers are trying to embed such adaptability utilizing algorithms 
of artificial neural networks, for example in [5]. However, we avoid such an adaptive 
mechanism but consider only common criteria that a majority of people will agree to 
use to omit some types of uninteresting images as an assistant mechanism for 
efficient breeding. Therefore, a style of paintings of abstract art, such as a painting 
with a single colour in the whole area of the canvas, is out of scope from this 
approach, because it usually requires knowledge of the historical and cultural context 
to interpret the piece appropriately.

The following subsections describe three types of measures for spatial arrangement 
and two types for colour variation. To unify these measures in different dimensions 
for a final fitness value, a normalization method is introduced as described in the 
following subsection. After description of the measure for motion in animation, the 
method to alternate generations in evolutionary computation is described in the final 
subsection.

2.1 Information theoretic complexity 

Commonly used measure is information theoretic complexity. Intuitively saying, 
simple uniform pattern, such as a solid colour, should be eliminated from the 
candidates for interesting images. Theoretically, Kolmogorov complexity in 
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information theory is the ideal concept to measure how meaningful information the 
data contain. However, the computation of this measure cannot always correctly be 
completed in a feasible time and space. For example, a pattern of pseudo random 
dots is usually describable by a simple algorithm and a few parameters, but it is 
difficult to find the parameter values from the data even if the algorithm is given. The 
alternative method to approximate this measure is to employ an algorithm of data 
compression, such as JPEG compression for two-dimensional image. P. Machado et
al examined some different types of methods for aesthetic measure from the 
complexity [6], and J. Rigau et al made deeper consideration on the complexity as 
aesthetic measures [7]. In this system, only one simple method has been 
implemented, that is, to measure a distance between the compression ratio of the 
given ideal value and the real value measured from the object image, as same as E. 
den Heijer et al examined [8]. It was implemented utilizing an API of JPEG 
compression embedded in MacOS X Cocoa framework with the image quality 
parameter as 0.67. Because the ideal value of compression ratio should be a subject 
to alternate due to the user's preference, this system allows the user to adjust it using 
a graphical user interface (GUI) described later. 

2.2 Global contrast factor 

E. den Heijer et al employed Global Contrast Factor (GCF) [9] as an alternative 
measure for interesting pattern [8], of which algorithm was originally designed to 
evaluate contrast as nearer with human's intuitive measure as possible. Contrast 
means the difference among brightness in a single image, but it is more than a 
simple statistical measure of variance among brightness values over the pixels. It 
should be called high contrast if the image is organized only black and white pixels 
without any intermediate gray ones, but it should be called low contrast if the 
allocation of black and white for each pixel was randomly determined. K. Matkovic et
al proposed the algorithm to calculate a weighted summation among average 
differences over all of pairs of neighbouring pixels for different resolutions of a single 
image [9]. Their original method uses a greyscale image of 1024 × 768 pixels as the 
original one, and reduces the resolution in half by half in seven steps until it reaches 
the smallest size of 4 × 3 pixels. The weight values were statistically induced through 
the psychological experiments with human subjects.

To expand it to be applicable to a colour image, the difference between brightness is 
changed into the Euclidean distance between colour values in RGB colour space. 
Three component values are scaled in 2:3:1 for red, green and blue to adapt to the 
characteristics of human eyes.

In the current implementation in SBART, it starts the calculation from the half size of 
the original one, that is, 512 × 384, because it needs to keep the computation time 
short enough for interactive use combining with simulated breeding. This point will be 
revised by developing more efficient algorithm using GPU and improvement of 
hardware performance. 

2.3 One-dimensional brightness distributions 

The above two measures are concerning the placement of colours in an image, but 
they do not include any consideration on two dimensional distribution, that is, one 
dimensional patterns, an image of parallel stripes, are also given a chance to gain 
high aesthetic score. Two dimensional Fourier analysis should be useful to evaluate 
such a pattern expansion over the image, but it consumes long computing time of 
O(N log N) for each frequency. Another easy method to detect a pattern of parallel 
stripes is to compare the variances of brightness distribution among rows and 
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columns. If the pattern is horizontal stripes, the variance among rows is large, but the 
variance among columns is zero. 

The algorithm implemented here is constructed by following three steps. 

1. It calculates the distances between distributions of brightness in the ideal one 
and measured one for each angle from 0 to 90 degrees stepping by 15. 

2. It transforms each result value to adjust zero to 1 and furthest to 0. 

3. Then, it takes a geometric mean among the values. 

Measurement for a variation of different angles is helpful to detect the orthogonal 
parallel stripes. The ideal distribution is extracted based on a statistical analysis over 
500 snapshot photos similarly to the case of colour histogram described in the next 
subsection.

2.4 Color histogram 

In addition to the shape, some statistics on colours is also important to index the 
characteristics of an image. The frequency distribution of brightness was examined in 
a previous work by E. den Heijer et al using the distance between the ordered 
frequency distribution and an ideal distribution based on Benford's law [8].Benford's 
law is that the appearance frequency of digit d at the highest column in prime 
numbers follows the value of log10(1+1/d) [10]. The algorithm E. den Heijer et al
developed counts pixels for each span of nine grades of greyscale from black to 
white over all of pixels in a single image, sorts the frequencies calculated from the 
counted numbers in descending order, then measures the distance from the 
distribution of Benford's law. Another distribution found from frequency of occurrence 
for each word in texts is Zipf's law that the frequency is proportional to the inverse 
number of the rank in descending order, that is, the second frequent word appears a 
half times of the first one, the third frequent word appears one third of the first one, 
and so on [11]. Both of these distributions can be found in a number of natural 
phenomena.

Figure 1. Comparison among distributions of average colour histogram extracted 
from 500 snap photos, Benford's law, and Zipf's law.

To extend the method applicable to colours, we divide the colour space into 6 × 9 × 3 
for each component of red, green and blue, 162 clusters in total. Instead of using the 
above two well-known distributions, we investigated the average distribution among 
snapshot photos of nature, urban sceneries and portraits. The result using 500 
photos showed almost following Zipf's law in the top nine colours, but the rest of low 
frequencies figured an exponential distribution as shown in Figure 1. 
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Therefore, as the ideal distribution, we embedded a sequence of frequencies in top 
45 colours revealed from this investigation. The distance is calculated by taking the 
summation of the absolute differences between the ideal frequency and the 
calculated frequency for each rank in the same way of [8]. 

2.5 Favorable distribution of saturation 

There is no universal aesthetic criterion on the tone of colours. However, the user, an 
image breeder, sometimes has preference of monotone or colourful. Here we 
introduce a user interface that allows the user to indicate the ideal values of average 
and standard deviation on saturation values over all pixels. A gray image becomes 
preferable if both the average and the standard deviation are indicated low, and a 
colourful image becomes preferable if the average is high.

When we define the range of saturation values within a fixed span, such as [0,1], the 
possible value of standard deviation is limited within a range depending on the 
average value. The standard deviation takes the maximum value when the sample 
values are restricted in the edge values of the range, that is, 0 and 1. In this case, the 
average  and the maximum standard deviation max are: 

= P1 (1) 

 max = P0 P1  (2) 

where P0 and P1 are frequencies of saturation values of 0 and 1 respectively, that is 
P0 + P1 = 1. The detail derivation of equation 2 is in Appendix. For the user’s 
convenience, the user is allowed to input the value within [0, 1] as the standard 
deviation, and the system multiplies it by max of equation 2 for actual ideal value. 
The measure is the two dimensional Euclidean distance between the ideal values 
and the actual values extracted from the image. 

2.6 Normalization and unified measure 

It is necessary to develop a kind of normalization for the five measures described in 
the above subsections, because they are in different dimensions for each that should 
not be compared as they are. We transform each measure in the range of [0, 1] so 
that 0 indicates the worst and 1 indicates the best, and map it to the normalized 
measure by two stages so that all of processed values form distributions of similar 
shapes. The first stage is a gamma correction f1(x) = x  so that the average value is 
equal to the median value, that is, = logm x  where m is the median and x  is the 
average value of x. The second stage is a linear transformation so that the average 
and the standard deviation are adjusted to 0.5 and 0.2 respectively. The equation is 
f2(x) = (0.2 / 2)(x m) + 0.5  where 2  is the standard deviation among the 

transformed values by f1. Combining these two stages, the transformation function f
is defined as: 

f (x) = f2( f1(x)) = (0.2 / 2)(x logm x m) + 0.5  (3) 

If the final value is out of the range [0,1], it is revised to the nearest boundary 0 or 1. 
To determine the coefficients in the transforming functions, we examined 1,000 
images drawn with randomly generated genotypes. Figure 2 shows the distribution of 
each measure and its normalized version. 
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The final aesthetic measure for a still image is calculated as the weighted geometric 
mean among these measures, where the weights are adjustable by the user using a 
GUI in figure 3. It includes sliders for each measure to allow the user to operate any 
of them in anytime. Once one of these values is manually changed, the others are 
automatically adjusted to keep the summation of the weights to be 1 and to keep the 
ratio among the weights being adjusted if possible. 

Figure 2. Distributions of aesthetic measures for 1,000 images produced from 
random genotypes. Each measure is sorted in ascending order.

Figure 3. GUI for parameter settings of automated evolution.

2.7 Aesthetic measure for animation 

One of the unique features of SBArt4 released in 2010 is that the user is allowed to 
breed not only still images but also animations in real time [3]. It used be difficult 
because the required computation time to draw one frame was much longer than the 
usual frame rate for smooth animation, but the recent improvement of GPU made it 
possible to realize it. We tried to implement a measure of favourable degree of 
movement in animation to be combined with the measures for still image. Ideally 
saying, this type of measure should be constructed with total evaluation over whole 

page # 442



14h Generative Art Conference GA2011 

duration of the animation, but it seems very difficult because of too much 
computation power needed. As the first step of minimal functionality for this measure, 
we implemented the algorithm to calculate the average difference between 
consecutive frames among samples picked up from the whole sequence of frame 
images. It is theoretically possible to breed an animation of arbitrary duration, but to 
keep the evaluation by the user easy, SBArt4 treats relatively short animation, four 
seconds in default. It is a usual dilemma between a quick response and precision. To 
keep a smooth interaction between automated evolution and breeding, the current 
implementation uses ten samples in default to estimate the average motion by 
calculating the distance between colour values in pixels of same position in a 
sampled frame and the next frame. Because the degree of motion should be a 
subject to be adjusted according to the preference of the user, the system is 
providing a slider to allow the user to set up the value in anytime, that is located at 
bottom right in GUI shown in Figure 3. 

The measure for still image is also applied to each frame image of ten samples. The 
total evaluation is calculated as the weighted geometric mean between the average 
measure of still images and the average degree of motion in sampled frames. The 
weight is also adjustable by the user using a slider at left bottom of the GUI. 

2.8 Method of generation alternation 

From the view point of the main objective of this system, the fitness value based on 
the measures described above is just a hint for users expected helpful for the user to 
find better candidates efficiently. We designed it not as an automatic (or artificial) 
artist but as a support system (or assistant) for human artists and designers. During 
the usage along with this principal, the system should allow the user to interrupt the 
evolutionary process to revise the parameters and the population in anytime. In a 
case with such a requirement of interruption, the generational change should be 
designed in a style of small-grained alternation to keep the computation time 
between generations short enough for human-machine interaction. Among the 
several methods available for this style of genetic algorithms, we chose Minimal 
Generation Gap (MGG) model [12] because of the smallest grain size and the most 
effective exploration in a large search space. In each step of generation alternation, 
the algorithm randomly chooses two individuals from the population as parents to 
organize a family by producing two children by crossover and mutation. Then it 
evaluates each members of the family if necessary. It selects the best individual 
among the family and randomly selects another individual from the family to restore 
the selected two individuals into the population. The other two individuals in the 
family are discarded. Random selections of parents and the second survivor are 
effective to keep wide diversity in the population, and the best selection has the same 
effect of the elitist strategy that guarantees the best individual discovered in the 
process always remains in the population. 

We designed a GUI shown in Figure 4 to make it easy for the user to monitor the 
evolutionary process. The middle part of the window displays the best 20 individuals 
discovered in the process. The fitness value for each individual is also shown under 
the image. The bottom part shows a live animation of the trend graph on fitness 
values of both the best one and the average among the best 20. Each measure of 
both still image and animation is observable by a tooltip balloon attached to each 
view of the best 20 individuals that pops up when the mouse cursor stays some 
seconds on the view. 
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Figure 4. GUI for automated evolution.

Figure 5. GUI for simulated breeding. 

3. Combination of breeding and evolution 

We designed a GUI for easy operation by the user to exchange the individual 
genotypes between the population in automated evolution and the field for simulated 
breeding. Figure 5 shows a sample field window of simulated breeding in SBArt4. 
New 20 individuals are organized as children, when the user selects his/her favorite 
phenotypes displayed in the window as the parents and clicks one of the buttons at 
top right corner of the window. A new button labeled “Evolve . . . ” was added by 
which the user open a new evolution window to start a new process of automated 
evolution as shown in Figure 4. Because the population size for evolution is 80 in the 
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current implementation, the initial population is organized with 20 individuals 
imported from the field window and the other 60 are generated via crossover and 
mutation from these 20 individuals by random selection. It is also possible to start an 
automated evolution from a pure random population from a menu item in the menu 
bar of the application independently from a field window. 

Two buttons at top right of the evolution window are to export the best 20 individuals 
to a field window of the original field by the left button and a new field by the right 
button. In the same style implemented in SBART for multi-field user interface [13], 
any individual displayed as one of best 20 can migrate to arbitrary position of a field 
window by copy & paste and drag & drop operations. By these functions, the user 
can progress breeding from his/her favorite individuals produced though an 
automated evolution when he/she found them in the best 20 views. 

The individuals in a field window are also able to migrate to a population of 
automated evolution already running by copy & paste and drag & drop. In this case, 
the destination place of migration is not in the best 20 individuals, but another 
individual in the population of which fitness value is not calculated yet or less than the 
migrant. When there is no appropriate place found in the population, the individual of 
the least fitness is replaced. 

4. Breeder/Evolver and Displayer 

 
It became possible to produce interesting abstract animations in real-time by the 
automated evolutionary process described above. This means it is theoretically 
possible to set up an installation of never-ending series of animations by showing 
sample individual in the population in turn. It must be a new style of automatic art, but 
we need to solve the following two issues to realize it. 

The one is on a computing performance of the hardware. Because the processes 
both of evolution and of animation require much of computational power, a single 
portable computer is not powerful enough. It is feasible if a hi-end personal computer 
with eight cores and hi-performance GPU board is available, but portable ones are 
preferable to keep the installation easy in any place. 

The other problem is to keep the animation played back smoothly even when the 
evolutionary process requests GPU resource to draw an image to evaluate its fitness 
value. In the case of breeding, this point is also a problem when the breeder wants to 
keep a bred animation played back during he/she is searching a next candidate for 
playback by breeding. The process of playback must have higher priority than both 
evolution and breeding if they share any of computing resources such as CPU, GPU, 
and memory. 

To solve these issues, we employ two computers connected by a local area network, 
and developed two new application software. The one named controller runs on the 
same machine that SBArt4 is running, and the other one named player runs on the 
other. The main role of player is to receive a text of code written in shading language 
to draw the animation on the hi-resolution screen. Controller is a type of 
communication-bridge between SBArt4 and player. It receives a code through the 
general pasteboard usually used for copy & paste between independent applications, 
and passes it to player by TCP/IP connection through the network. It has a GUI to 
control player remotely to change parameters for timing and sound effects. 

page # 445



14h Generative Art Conference GA2011 

For the performance of real time breeding, the human player breeds his/her favourite 
animation on SBArt4 and send the code by copy & paste operation to controller. The 
pasted code is automatically sent to player running on another machine. If we used a 
single machine to run both SBArt4 and player, an extra equipment of audio I/O is 
required because a personal computer usually has only one pair of stereo audio 
channels for both input and output though we need two separated audio output for 
breeding and playback. 

For the automatic art, we developed software in AppleScript that supervise both 
SBArt4 and controller. It initiates an evolutionary process in SBArt4 starting with 
random parameter settings and picks up 10 individuals after 50 steps to copy their 
codes into controller in turn. Then, it demands SBArt4 to reconstruct the population 
by genetic combination among the individuals in the current population. Some of the 
individuals are replaced with new random genotype to keep diversity in the 
population. Evolutionary process restarts again and continues until playbacks for all 
of previous 10 individuals are completed. These processes are iterated arbitrary 
times to produce ever-changing stream of abstract animations. The duration of an 
animation for each individual is 20 seconds in a typical setting, in which the 
evolutionary process is allowed to continue 3 minute 20 seconds to produce the next 
10 individuals for playback. It is long enough for small computer to execute more 
than 50 steps of generational changes in MGG model described in section 2.8. 

5. Conclusion 

New mechanism of automated evolution of abstract animations is introduced to 
SBART. Each of the produced pieces is not perfect for human critics but it is useful to 
find interesting animations. This functionality enabled to implement a new style of 
installation of automatic art that shows visitors ever-changing abstract animations for 
long time. To run this installation smoothly in portable machines, two new 
applications were developed to use two computers. These new development also 
enabled a live performance of real time breeding of animations on stage. 

The automatic art have been exhibited twice in the Open Campus in Soka University. 
We received positive comments from visitors at both occasions. For the breeding 
performance, GA 2011 is the first occasion to perform in public. The author hopes the 
audience enjoy it and having another chance to exhibit the installation. 
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Appendix: Derivation of equation 2 

From the definition of standard deviation, 

 max
2

=
1

N
(xi x )2

i=1

N

= x 2 x 2. 

Because xi = 1 or 0 and the expected number of xi of value 1 is P1N,

 x 2
= P1 and x 2 = P1

2. 

Therefore,

 max
2

=P1 P1
2

= (1 P1)P1 = P0 P1. 
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formation of design models. 
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1. Introduction
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Figure (1) the structure study. 

2. Previous Studies
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(figure -2) three stage to create the compact shapes.[1]

(figure-3) the partial object and the concept.[2]

(figure-4) Using single shape to design compact shape.[3] (fi 4) U i i l h t d i t h [3]
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(Figure-5) using many shapes to create multi-compact shape.[3]

(Figure-6-) variable of overlapping [5].

3. Conclusion from the previous studies
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4. The items of the theoretical framework

4-1  The level of individual parts

4-1-1

(figure-7) one shape with another shape to create multi-shape . 

4-1-2

(figure-8) using new shape to subtract from main shape

       (Figure-9)using same shape in deferent scale in subtraction process

. 
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(figure-10) deferent shape are used subtraction process

4-2  The level of the whole:

4-2-1

 
(figure-11) parallel Axis .

(figure-12) the angle between the axes of the repeated shapes is bigger than a zero

(figure-13) radian axes with overlapping objects. 

4-2-2
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4-2-3

(Figure-14) color variables (harmony , tone ,contrast ).

(Table -1) variables to measure the samples.
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5. The empirical study
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(figure-15) image for one real modes which is measured in table above.

6. Results of the practical study: 

7. Conclusion: 
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Abstract 

1. Introduction 
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2. The Model 

2-1. Creature Morphology and Development Mechanism 
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Figure 1.Diffusion of gene products 

Figure2. The flow of signal transmission in the single cell 

2-2. Sensors and Neurons  

Sensors /Neurons Abbreviations

< Table 1. Sensors and Neurons>
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Figure3. Internal neuron nodes 
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Figure 4. The parallel division of an internal neuron.  

2-3. Design of  the Genome 
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Figure5.  The structure of genes 

3. Development of Agents and their Simulation 

<Table 2. Actions of the structural gene products>
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<Table 3. Regulatory gene products> 
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4. Conclusions and Future Work 

Figure 6. Developed agents   

5. References 
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SUBWAY was shot in New York during the fall of 2010. The footage was 
then color graded, converted to single frames, and reassembled 
dynamically by a computer. After a series of experiments with 
computational text, there seemed to be some similarities between the 
deep grammar of language and the somewhat intuitive decisions 
involved in sequencing montage. For instance, while watching a heavily 
edited film sequence, or some kinds experimental video, one might feel 
a kind of  linguistic architecture guiding certain motifs, one that seems 
similar to certain kinds of computationally generated text. The idea 
behind Subway was to take a long sequence of still frames and arrange 
these according to a linguistic architecture. The movie has relations to 
traditional film grammar, but it's also related to language itself, so that in 
some ways it feels new, but in its deep logic there is also something 
familiar. 

SUBWAY Film Still

Screenings:
AIEFF/Australian International Experimental Film Festival
http://www.aieff.org/2011programme.html

NYFF/New York Film Festival: Views From the Avant Garde
http://www.filmlinc.com/pages/subway

Contact:

aferraiolo@gmail.com
Keywords:

context free grammar, video, generative
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Abstract: 

The visual music composition cartographs, is a audio-visual work in 
three short movements. Each movement is an abstract animation—a 
visualization of a numeric process—that then is also mapped into 
sound. Through the process of data mapping we hear and see a 
process unfold, each sense simultaneously experiencing a map (a 
metaphor) of what the other sense is experiencing. 

Artist statement: 

Maps are metaphors. Through metaphors we connect what we 
experience to what we remember. We create knowledge by connecting 
the new (the present) to what we know (the past) and so maybe predict 
what happens next (the future). 

Our desire to predict is fueled by our desire to live, to survive. 
Desire is the foundation of narrative. Narrative reduces to desire, action 
and result—the structure of story. We exist in endless loops of desire—
layer upon layer of stories of varying temporalities and shifting 
priorities—all synchronized to rhythms of breath and heart. [1] 
I make maps, in and out of time. I start with raw digital code—simple 
numeric models. As all is number in the computer I can map the 
numbers to the senses—turn numbers into tangible experience? [2] The 
maps might loop in time. There is synchrony in the sensory vertical and 
the temporal horizontal as image and audio derive from the same 
numeric source. Each maps the other in the moment and through time. 
It’s a visual music in a synæsthetic counterpoint. 

Musical narrative developed over centuries, moving the listener 
through time with the Pythagorean struggle of harmonic conflict—
dissonance seeking consonance, number seeking a simpler and 
simpler ratio. My little loops and images engage that struggle at various 
levels. Color shifts. Composition flows. Image and sound agree, 
complement, disagree and resolve.  

Perhaps it’s abstract expressionism, true to its digital materials, 
founded in musical traditions and Modernist formalism. But it’s loosened 
a bit. It’s jazz in color, shape, sound and computation. Relax. Hear the 
colors. Listen with your eyes. 

This stroryboard of “calidri” (first movement of “cartographs”) shows a 
loop, with the last frame of the animation the same as the first frame.

Contact: 

brian.evans@ua.edu 

Keywords:

visual music, art, metaphor, data maps, computation 
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Abstract: 

This article presents some partial discussions of the research “Image 
and representation: maps from urban daily life”, which deals with the 
city as a space of experience, enabling critical and poetic reflections to 
architects and urban planners. In the contemporary metropolis, spaces 
formed by flows of images, people and information live side by side with 
places connected to the history, permanence, imaginary and limits.
Recognizing its visuality, its conflicts and tensions can lead to sensitive 
ways of urban interventions. Considering the complexity of the stimuli 
generated by these environments, as well as the new information and 
communication technologies, this research aims to discuss the image 
and the poetics of great metropolis. We are studying the existence of 
conceptual matrices in the contemporary city in order to unravel the 
implicit diagrams in its structure. This proposition is based on the 
Situationists writings about “drift” (derivè) and “psychogeography”, and 
on Deleuze’s [1] diagram concepts. This first moment involves breaking 
with the automated look, according to the urban drift procedures - “a 
technique of the transient passage through varied ambiences” [2]. The 
possibilities of urban image mapping are investigated from the grouping 
of photographic images (people, cars, architecture, places, paths, 
memories, colours, graphisms). The images are deconstructed and 
reconstructed in order to clarify, at each time, the generative principles 
as: simultaneousness, superimposition, excess, mobility, permanence. 
Joan Fontcuberta’s [3] work is the reference used for the photograph 
map construction. These studies took place at Madrid, Spain. 

Image created from 900 photographs, using a free software and an 
image captureted by satellite (Google Maps, district of Madrid). 
Map of the routes traversed.

Contact:

clice@usp.br
Keywords:

urban drift, carthography, poetics, generative, image, diagram 
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Poetics of Generative Cartography

Prof. Clice T. S. Mazzilli, Arch., PhD. 
University of São Paulo, School of Architecture, 

Department of Design, Brazil 
e-mail: clice@usp.br

Abstract

Contemporary metropolis challenges us to frequent exercises of reflection, 
discussion and criticism. Spaces formed by flows of images, people and information 
live side by side with places connected to the history, permanence, imaginary and 
limits. Considering the complex stimuli generated by these environments as well as 
the new information and communication technologies the research “Image and 
representation: maps from urban daily life” aims to discuss the image and the 
poetics of great metropolis. We believe that recognizing its visuality, its conflicts and 
tensions can lead to sensitive ways of urban interventions. This paper presents some 
partial discussions of this research. We are studying the existence of conceptual 
matrices in the contemporary city in order to unravel the implicit diagrams in its 
structure. This proposition is based on the Situationists writings about “drift” and  
“psychogeography” and on Deleuze’s diagram concepts. This first moment involves 
breaking with the automated look, according to the urban drift procedures – “a 
technique of the transient passage through varied ambiences”. The possibilities of 
urban image mapping are investigated from the grouping of photographic images 
(people, cars, architecture, places, paths, memories, colours, graphisms). The 
images are deconstructed and reconstructed in order to clarify, at each time, the 
generative principles as: simultaneousness, superimposition, excess, mobility, 
permanence. Joan Fontcuberta’s work is the reference used for the photograph map 
construction.

1. Reading the City 

Lynch was one of the first authors to approach the image of the city, introducing the 
idea of “imageability” and “legibility”. He investigated the mental image of American 
cities from the point of view of its inhabitants, and discussed the importance of 
perception of physical elements to construct the legibility, that is, the ease with which 
the parts of urban environment can be recognized and organized into a coherent 
structure [1]. His study emphasizes formal and visual aspects of the built 
environment, expressed in concepts of visibility and imageability, that superimpose to 
legibility. He presents the following elements of urban image as a fruit of overlapping 
descriptions and images (mental maps) of many individuals: paths, edges, districts, 
nodes, and landmarks. Further, he notes the change of images constructed by 
people according to the place and the urban elements. Lynch believes it is possible 
to create clear and harmonics urban images – a highly imaginable city (apparent, 
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visible or readable) with an aesthetic domain that simplifies the environment. He also 
understands the city as a continuity, with numerous distinct but identifiable parts, 
where the user could easily orient and move himself. 

Amos Rapoport [2] considers mental images as specific arrangements that go 
beyond consciousness, synthesizing abstract or concrete information. They are 
mental representations of parts of the reality, known through direct or indirect 
experience, and group environmental characteristics organized according to certain 
rules. Thus, this image includes the idea of structure or schemas and incorporates a 
certain type of ideal and functioning of the world. He defines the components of the 
image as: 1) ideals and preferences, affective ordering of values; 2) knowledge of 
reality and ordering of its elements; 3) similarity and grouping in terms of structure, 
properties and components. 

With a broader approach, Rapoport makes some criticisms about Lynch’s 
understanding of image saying that his studies are not reflected in the design 
process of the built environment. Besides eliminating the “meaning” in the image 
studies, Rapoport points the super valuing of "legibility" in relation to "complexity" of 
the image. The perception of social and physical aspects of a city converts it into 
informational flow. Between deprivation and super stimulation there are desired 
levels of information. These are the components of environmental complexity. The 
perception through the senses enriches experience. The memory is always a 
reflection of the perception richness. The cognition purpose is to clarify the means 
and simplify them, by focusing on some limited parts. 

The city is rich of stimuli and the perceptive experiences are desirable. People desire 
to know the means cognitively, but also perceive its sensorial richness.  The 
complexity is constituted by the game between the cognitive and its overcome. Then, 
there is no contradiction between legibility and complexity in the urban environment. 
They not only are not exclusive but complementary: one depends on the cognition 
and the other depends on the perception. Where there is excess of clarity, there is 
not any interest; the complexity is in the small scale of clarity. The perception partially 
depends on the orientation in space and time. Even if people desire guidance 
capacity, they also want the complexity and richness. An urban place is not 
considered attractive if it does not offer possibilities of new information and certain 
hazards of disorientation (thus avoiding full adaptation, homeostasis and total 
subliminal perception). Therefore, the complexity not only relates the cognition to 
perception but suggests levels and "steps for change", i.e. challenges that avoid 
changes [3].

Contemporary studies in the anthropology field introduce new paths for 
understanding the image of the “supermodern” city. Marc Augé explores the concept 
of "non-place" – public spaces of rapid movement as airports, bus stations, subway 
stations, means of transport, or also hotel chains and supermarkets. Diametrically 
opposed to the idea of identitary place, readable, relational and historic, non-places 
are ephemeral, provisional, crossing spaces. However, he clarifies that the place and 
the non-place have transitory polarities: the first is never completely erased and the 
second is never fully performed – like palimpsests in which re-register without 
ceasing the scrambled game of identity and relationship. [4] 
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In "The Polyphonic City", Massimo Canevacci [5] makes an essay about his personal 
experience in São Paulo city, Brazil, enabling new forms of complex societies 
interpretation. Featuring São Paulo as “patchwork city”, he presents a methodology 
of “give voice to many voices”, trying a polyphonic approach to the mult-vocal city. 
For him, there is no possibility to represent São Paulo objectively. The city shows 
itself in different facets, that allows one, at any time, a new survey of concepts. To 
capture the local reality he uses the "drift", characterized as "abandonment to the 
emotions flow" and defends the attentive look for the signs interpretation. 

2. Poetics of Drift 

The drift (dérive) – “a technique of the transient passage through varied ambiences”
[6], created by the Situationists – is characterized by a kind of experimental behavior 
connected with the urban society condition. The walking aimlessly, the chance, 
conduct to everyday re-interpretations, to the automated look breakup, leads to an 
appropriation of urban space by pedestrian. "The dérive entails playful-constructive 
behavior and an awareness of psycho-geography effects (…)" [7,8]. The psycho-
geography studied the urban environment, especially the public spaces, through the 
"drift" and tried to make the map of various affective behaviors on this basic action of 
walking in the city [9]. The Situationist thought continues current by the critical 
strength of their ideas, by the announcement of the spectacle-city, the media-city, 
"whose control of flows is increasingly determined by electronic networks and the 
urban territory turns into pure virtuality" [10] 

2.1 Walking through Madrid

The city was speculated by walking, by drift. Attention and observation were used as 
opportunities to discover and associate ideas by an unforeseen way. The photograph 
was the medium used to register this experience. Starting the knowledge of the city 
by its Centre was a natural impulse (as any visitor). On the other hand, it was 
necessary to overcome the initial moment of "traveller" in order to achieve the 
concentration needed for the research work and critical reading. 

There was no concern with historic journeys initially, the city was revealing itself 
naturally. In the exploratory phase, the routes were often fragmented, disconnected. 
Using the subway, it was common to leave a place and get out on another without 
knowing the transition between the points. Not all places were photographed. This 
was a preliminary recognition and had a certain fear. I had a rough idea of the areas 
that I wished to go: the Centre, the North-South axis of La Castellana (crossing 
several neighborhoods), East and West boundaries. I noted the complexity of the 
proposed study, once Madrid had extensive approaches possibilities. This phase 
lasted three weeks. The next step was the preliminary analysis of the first records in 
order to select the most interesting cases. The first impressions were more sensorial: 
materials, shapes, colors, textures, rhythms, sensations of amplitude  and stricture,  
monumentality,  commanded, many 
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1. Madrid Map. Routes.

 2. Hypothetical Islamic and Christian Wall 

times, the look. As well as formal and structural: serial vision, the main paths, 
buildings and striking elements, the squares, urban equipment, boundaries, 
neighborhoods. The meanings was also incorporated: the old town, the baroque city, 
industrial and post-industrial city, cultural city; the power of capital (trade, advertising, 
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tourism), workflows, history, leisure, fun, live meeting, including, art, culture, society. I 
felt the need to return to some places, and complete some paths. The initially 
imagined homogeneity was undoing itself and the singularities were revealed. Little 
by little, breaking with the automated look, I experimented the daily life and the 
unusual. This step lasted one month and enabled me to have a clearer idea about 
cases of interest: the area between the Rio Manzanares and Calle de Toledo, taking 
as the axis to Calle de Segovia, because that represent the city generator principle 
and also by the recent reintegration project of Rio Manzanares at the city. 2. Paseo
de La Castellana – because it represents the transition from the historic city to the 
hypermodern town. 

2.2 Generative Cartography 

Whole systematization and data analysis was developed in Brazil. Several joints of 
photographs, maps and mosaics were tested to discover the creative research 
sense. Finally, I reached the proposition of conceptual matrices in the city in order to 
unveil the implicit diagrams in its rhizomatic structure. 

I sought to deconstruct and reconstruct the image to make clearer the array 
generator: groupings by colors and textures, people, graphics were some tests. I 
intend to perform work on video so that I can add sound and moving images. I 
believe the studies about Deleuze’s [11] diagram concept will enable advances at 
theoretical formulations and practices, to fetch graphical synthesis representing the 
embryo of new ideas of city. What I present in this article, therefore, is a partial result 
of what I desire developing. On the other hand, the photograph synthesis exposed is 
not restricted to the two reported regions of Madrid, being this one choice for other 
trials in video. This work is only a part of a larger study to be developed in São Paulo 
city.

Following are exposed some tests using a freeware photo mosaic programme. They 
were constructed under a Madrid’s cartographic base, from Google Maps, and with 
900 photographic images taken from that city in the beginning of 2010. This 
technique is referenced to the Joan Fontcuberta work, presented in the magazine 
“Fisuras” belonging to “Googlegrames” series which “are made by using a freeware 
computer programme of photomosaic connected on line to a searcher in Internet, 
using as search base, words related to the topic of photography” [12]. 

Acknowledgments

This pilot study took place at Madrid, Spain, in Visiting Professor Program, held at 
the Universidad Politecnica de Madrid, granted by Fundación Carolina. 
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3. General cartography. Image created from database of 900 photographs, using a 
freeware computer programme and image captured by satellite (Google Maps, 
district of Madrid).
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 4. Sign cartography 

 5. People cartography 
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3. Application

4. Conclusion and future work
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Abstract:

The recent onslaught of QR technology has meant that the occurrence 
of visual signifiers which only machines can read and write is becoming 
increasingly commonplace in areas once solely the realm of the human-
readable. Designed to operate for the duration of GA2011, Walls Have 
Ears is a generative installation that gently prods this brave new world 
of synthetic literacy by also engendering the machine with the ability to 
listen. Continuously overhearing human presenters' speech direct from 
the lectern, this environment exploits the highly subjective nature of 
realtime artificial speech-to-text transcription to distill a dynamic, if not 
somewhat idiosyncratic, living document of the proceedings. Displayed 
on a subtle wall-sized QR video assemblage, the system's 
understanding of what is happening is both a compelling visual 
abstraction, as well as a reasonably faithful account, provided, of 
course, one has a machine that will graciously serve as an interpreter. 

On two occasions I have been asked, — "Pray, 
Mr. Babbage, if you put into the machine wrong 
figures, will the right answers come out?" 
... I am not able rightly to apprehend the kind of 
confusion of ideas that could provoke such a 
question. 
 
– Charles Babbage 
 
 
 

info@reizner.org Keywords:  

Eavesdropping, Procedural Linguistics, Visual Grammar 
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Abstract: 
During the last couple of years I’ve been trying to define generative 
algorithms as expressive engine for my digital art vision. At the 
beginning the process was not so easy: I designed and test generative 
algorithms but the scenarios were not satisfying and I could not find the 
right objective of my subjective vision of art. These scenarios were only 
expression of scripting computation and it was not the goal I wanted to 
achieve. I needed to find a target for my personal imaginary. In the next 
phase I try to take inspiration from iconic works of art and this was the 
right way to overcome the critical stage. The most surprising aspect 
was that the results often differed from the original references. The 
generative process allowed me to create new forms of representation of 
my imagination. In the last period I’m following two ways:    
1- Generative algorithms for 3d digital paintings. 
2- Generative algorithms for architecture code representation.  

                         
          “Vase of sunflowers”- Van Gogh                    “Vase-08” – Matteo Codignola 

                     
                    A classic dancer                                  “Dancer-05” – Matteo Codignola 

 
“Egs” – Matteo Codignola 

Contact:  
Matteo.codignola@arup.com 

Keywords:  
Generative art, 3d alghoritms, max script, parametric design 
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Bridging The Messina Straits, An Alternative Design 

Approach:

Habitable Bridge Avenues Combining Dwelling, Commerce 

and Transportation on Floating Platforms 

Prof. Emeritus Burt M., Arch. D.Sc.,
Technion, Israel Institute of Technology, Haifa, Israel 

Prof. Rosenfeld Y., Eng. D.Sc. 
Technion, Israel Institute of Technology, Haifa, Israel

Abstract

‘Bridge Avenue’ approach is an ancient urban concept, generally applied to solve 
situations of urban discontinuity, mostly because of rivers and topographic raptures. The 
idea of ‘Living Bridge Avenues’ as generators of urban continuity between neighboring 
cities over marine straits is a modern and a novel one. 
Bridging the Messina straits and integrating the urban entities of Messina and Regio di 
Calabria, Italy and Sicily, over a water expanse of 5÷7km’s wide and 100÷200m deep, 
in the near proximity of the Etna, over a lane of ocean going carrier ships, is a great 
architectural, marine and structural engineering challenge.
The suggested conceptual bridging approach is in employing bridge avenues,

combining living and working urban environment, with transportation and all the 

required servicing and infrastructures, supported on floating platforms, which, in 

themselves might sustain complementary attractive urban fabric, open public 

spaces and friendly pier environment.

The proposal represents an alternative design strategy, applicable to a wide range of 
similar situations around the world, is especially suitable for the proposed case-study of 
the Messina straits and that for the following reasons: 

1. Fof its earthquake resilience. 
2. The generated built assets of the bridge avenue and the supporting floating 

platforms (for rent or sale), free from real estate costs, generate enough 
revenues to cover all (or most) of the costs of the incorporated traffic-
transportation solutions over the straits. 

3. The living bridge avenues may promote the union of a new metropolitan entity, 
combining the resources of Regio di Calabria and Messina, and benefitting both. 

Introduction
‘Bridge Avenue’ approach is an ancient urban concept, generally applied to solve 
situations of urban discontinuity, mostly because of rivers and topographic raptures. 
Most celebrated examples are those of the Ponto Vhecio (Florence) and to a lesser 
degree, the Realto (Venice) and the commercial bridge of Bath (England). History 
knows of numerous living bridges over the Seine in Paris (the Pont du Notre Dame) and 
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over the Thames  (the London Bridge), all of them just a memory and a testimony to our 
blindness at the time of their demolition, because of lack of awareness to their charm 
and historical importance. 

The idea of ‘Living Bridge Avenues’ as generators of urban continuity between 
neighboring cities over marine straits is a modern and a novel one. 
It is meant to solve a universal problem of cities, on two opposite shores of water 
expanse straits which are glaring at each other and dreaming of a union, with the best

of motives, social-economic-political. Growing urban densities, swelling metropolitan 
urban sprawls, sky-rocketing real-estate costs and prospects of sharing in 
infrastructures, will turn it into a profitable enterprise.
Bridging the Messina straits, joining (at long last) Italy and Sicily, with ‘dry’ 
transportation means and integrating the urban entities of Messina and Regio di 
Calabria, over a water expanse of 5 7 km’s wide and 100m 200m deep, in the 
proximity of the Etna, over a lane of Ocean going carrier, ships is a major marine and 
structural engineering challenge and an audacious urban-architectural mind-provoking 
aspiration, haunting Italian authorities for many decades. The presently adopted 
solution of a hanging ~ 3,3 km clear span bridge, at the most northern tip of the straits is 
and audacious, expensive and questionable, at best. [1], [2]. 
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A cable hanging bridge, with 400m high support towers and middle span water 
clearance of 70m high, with a clear span of 3300m, leaves a hanging bridge with 
structural height to span ratio of 1:10 only, not to mention the proximity of the Etna 
and its vicious historical record of high magnitude eruptions and destruction. 

The Alternative Conceptual Approach Solution
The suggested conceptual bridging approach is in employing bridge avenues, 

combining living and working urban environment with transportation and all the 

required servicing and infrastructures, supported on sizable floating platforms 

which, in themselves might sustain complementary attractive urban fabric, open 

public spaces with friendly pier environment and bustling, colorful marina 
compounds.

The proposal represents, an alternative design strategy  and conceptual approach, 
amounting to no less than a paradigm shift and a drastic departure from the existing 

axiomatic definitions of conventional urban development solutions: No land 
parcelations and no familiar land ownership patterns and the resulting ‘interior politics’. 
No historic memories and architectural heritage preservation constraints and no existing 
biotic mass and geographic-topographic dictates, but just a blue ‘tabula rasa’. 
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Given the contemporary technology developments in  bridging and marine engineering 
mega-floats and mooring and  anchorage solutions, what is holding back such projects 
is only our lack of imagination. [3], [4]. 
The proposal applicable to a wide range of similar situations around the world, is 
especially suitable for the proposed case-study of the Messina Straits, because of its 
earth-quake resilience, although the main reasoning behind the solution is in the 
following: The generated built assets of the bridge avenue and the supporting floating 
platforms (for rent or sale), free from real estate costs, generate enough revenues to 
cover all (or most) of the costs of the incorporated traffic-transportation solutions over 
the straits. 

The solution envisages a living bridge with 6 8 story dwelling mass and 2 3 stories of 
commercial and working space volumes, agglomerated around a linear pedestrian-
public mall, with vehicular and rail transportation (and parking) and supply-removal 
installation infrastructures below (see cross section) and roof-sky green promenades 
above. To ensure some urban articulation, a stretch of two parallel, interconnected living 
bridges and pedestrian malls, 150m 200m apart, simulating a horizontal ladder like 
structure, hovering 50m 70m above the sea level, is suggested.   
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The floating platforms, about 120m wide and 500m long, with an interior depth of 
15m 25m below the pier level, are solved to carry two volumetric tower pairs, the 
supports of the living bridge avenues above, and in themselves housing 30 35 stories 
of apartments and office space for mechanical, as well as social-recreational-
educational and health related infrastructures, together with public open spaces and 
appropriate volume and spread of green bio-mass. [5] 
The platforms will be spaced ~ 300m apart, except in places intercrossing with the 
major shipping lanes, where broader water stretches will be required, 

Quantitative aspects of the proposition 
Programming the volume of the development may carry us into a wide range of pre-
suppositions. The overall dimensions of the bridge avenues, the carrying support towers 
and the floating platforms, their number, their dimensions and utilization rates. But 
undoubtedly the predominant and the most deciding factor will be the overall length of 
the bridge avenues, as dictated by the specific location choices of the bridge, vis-à-vis 
Messina and Regio di Calabria 
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On the basis of very preliminary programmatic pre-suppositions and design 
considerations and a very scanty familiarity with the local data, a location was chosen, 
joining the center of Messina (Corso Garibaldi and via Vittorio Emanuel II) and south of

Catona on the Calabrian side, resulting in an overall length of about 7000m. 

After deciding on rates of utilization and densities, which still preserve the urban and 
environmental attractiveness and well being, the following numbers emerge: 
For every length-wise meter of the bridge avenue project we can generate 
1200  1400sq.m of built floor assets, for rent or sale. For 7000m of the entire project 
the gain is about 8.400.000sq.m  9.800.000sq.m, transportation infrastructures not 
included.
When summed up and manipulated, these built assets may provide an urban habitat for 
approximately 250.000 inhabitants, with all the required infrastructures and servicing 
and public open spaces, and a sizeable floor space of business offices. [6], [7] 
On top of that, the bridge avenues may provide about 850.000sq.m for transportation, 
about 40% of it for through-traffic of cars, automobiles and trains. 
Great effort should be invested in mechanical traffic solutions (moving pavements, 
escalators, elevators and light electrical trams) to reduce dramatically (to a point of 
abolishing it) the reliance on private vehicular traffic within the bridge avenues bounds. 
It is clear that the project will have to resolve many more critical problems relating to 
architectural-urban design and execution logistics, providing for staged completion and 
habitability along the process. Many marine and structural engineering and construction 
issues of the platforms, their contents and the bridge avenues above (complex 
anchorage solutions included) will have to be approached and resolved, as well as 
economic optimization and cost-effectiveness analyses conducted. 
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But, on the basis of preliminary conceptual evaluations, it is reasonable to assume that 
generating more than 20sq.m of commercialized built assets for every sq.m which is 
necessary for the through traffic, no public funding will be required. 
It is also reasonable to assume that once the bridge connection over the straits will be 
established, it will generate a great uplift in the regions economic activity, generating in 
the process employment positions and opportunities and a dramatic surge in the 
demand for habitable space, thus fulfilling the rational and justifying the concept of the 
living bridge avenues project. 

In conclusion 
The bridging of the Messina Straits, with all the geographic-batimetric-geological-
seismic uncertainties mostly, because of the proximity to the Etna), make conventional 
solution strategies questionable at best, and critically dangerous and costly, so as to 
encourage “out of the box” alternative conceptual approaches.
The Living Bridge Avenues On Floating (sizable) Platforms represent such an 
alternative design strategy and concept. 
The most conspicuous aspect of this multi-disciplinary enterprise is its design and 
execution complexity. Many related issues remain to be researched and resolved, 
concerning its geography, architecture, regional planning, engineering and economics.
Deciding to live with the ‘complexity scare’ and sorting through the simple glaring facts, 
it is plausible to conclude that the concept is justified on engineering grounds: resilience 
against earth-quakes, and considerably shorter (and therefore cheaper) spans. On 
economic grounds: private buying power and economic resources may finance the 
desired transportation project, and the built habitable assets (real estates cost-free), 
may serve the regional surge in housing demand while contributing, in a very 
substantial way, to metropolitan development and expansion, based on the combined 
resources of Regio di Calabria and Messina.
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Abstract:

I am mimicking the ‘digital revolution’ when I work with the computer to 
integrate, replicate, and generate. 

The paint represents the analog world. Nothing goes on or  changes 
from one state to another without going through a transition. There is 
something so tangible about painting with oil - totally different from 
manipulating images on a screen.  I like contrasting the thick juciness of 
the paint with the smoothness of the print. 

In “trees on path, trees, I painted with oil on board and scanned it into 
the computer. I then manipulated the work by copying and pasting 
selected areas, pushing them around, much as a painter pushes paint 
around. The work is composed by integrating, replicating, and 
generating certain selections of the painting.  I then printed the work 
onto a large canvas and finally applied paint to the print. 

The unique vocabulary of “copy, paste, copy paste, copy, that runs 
throughout my collage paintings mirrors both the computational speeds 
of our digital age, which integrates unparalled amounts of information 
and the evolving technology of generation and replication. 

penny@penny

feuerstein. com

“trees on path, trees”, oil and inkjet print on canvas
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Abstract: 

This is a work currently under construction and planned for completion 
at the end of October. It will require a plinth or other elevated stand 
about 80 cm square as well as 3 electrical outlets. 

The work consists of 4 parts First there are two small audio speakers 
each about 15 cm tall and 10 cm wide. There is also a small 4 cm cube 
used as a color sensor. Finally there is the light unit about 20 cm tall 
and 45 cm wide. It consists of a glowing cylinder on a dark base. 

The piece can run in an automatic or interactive mode. In interactive 
mode the visitor can place the color sensor on provided color samples 
or something they may have with them. The color sensed then slowly 
fills the light unit. Based on the color a generative system runs that 
produces 3 electronic-sounding voices that sing human-like phrases.  

The music changes in tempo, register, and key depending on the color 
displayed. In particular, in the light unit there red, green, and blue LEDs 
that can be mixed to produce any color. Each is defined by 8 bits of 
color producing so-called 24 bit color. Those same 8 bits can be used 
to define the rule set for 3 cellular automata.   

In this way the singing of the 3 voices corresponds to the 3 primary 
color components shown in the lamp. 

ChromoVox planned construction 

Contact:
galanter@viz.tamu.edu
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Light sculpture, cellular automata, microcontroller 
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Become a Part of 
a Machine 

 The attendees and performers will become animators and will 
need to  react  constantly  to  all  the  situations.  I  will  continually 
suggest a spontaneous adjustment of improvement to the action 
or scenario selected by the attendees or the animators.  They will 
need to adapt themselves very quickly and will have no clue of 
what’s  going  on  during  this  performance.  As  soon  as  the 
attendees arrive on the site they will be confronted by a specific 
assignment, to do individually or with other people and without 
further preparations.  It will  be a  very special  and surprising 

performance.

Motion / Sound / Body expression 
working as a team. A short performance as a team  2 to 3 people 
as  a  group  5  to  7  people,  as  a  big  group  everybody…  The 
machine need to work very well with a lot of logic and a follow up 
from the  start  of  the  machine,  the  continuum and the  running 
performance. 
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Abstract: 

SBArt4 is a breeding tool to produce abstract images and animations 
[1]. Newly developed accompanying software, SBArt4Player, realized 
seamless sequence of bred animations displayed on a remote machine. 
The performer breeds a variety of individual animations using SBArt4 
on a machine at his front, and sends his favorite individual to 
SBArt4Player through a network connection. Each individual animation 
that reached to the remote machine is played back repeatedly with the 
synchronized sound effect until another one arrives. 
Assisted by a mechanism of automated evolution based on 
computational aesthetic measures as the fitness function, it is relatively 
easy to produce interesting animations and sound effects efficiently on 
site. The performance will start from a simple pattern selected from the 
initial population randomly generated, and then gradually shifts to 
complex patterns. 
Because the breeding process includes spontaneous transformation by 
mutation and combination, the animations shown in a performance are 
always different from those in another occasion. This means each 
performance is just one time. The duration is flexible in a range from 
three minutes to half an hour as requested on site. 

A sample shot of bred animation. 
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unemi@t.soka.ac.jp
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