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Anastasios
Maragiannis

Paper
How to be Creative: Collaboration in Web 2.0 community
with or without text

Abstract:
5RE3RSH 3RSH VWDWHVÄEHLQJFUHDWLYHLVDWOHDVWSRWHQWLDOO\WKH
QDWXUDO DQG QRUPDO VWDWH RI DQ\RQH KHDOWK\ LQ D VDQH DQG VWLPXODWLQJ
FRPPXQLW\  UHDOLVLQJ WKDW SRWHQWLDO LV DV PXFK D PDWWHU RI
FROODERUDWLRQ DQG ÄFRFUHDWLRQெ DV RI VSOHQGLG RU PLVHUDEOH LVRODWLRQெ
-XVW DV WKH PXVLF GHVLJQ DQG RWKHU LQGXVWULHV DQG WKH WUDMHFWRULHV IRU
PXVLFLDQV DQG GHVLJQHUV KDYH EHHQ HYROYLQJ LQ UHVSRQVH WR

WHFKQRORJLFDO FKDQJH HUHDGHUV DQG SULQWRQGHPDQG SXEOLVKLQJ KDYH

DOO KDG DQ LPSDFW RQ WKH ODQGVFDSH RI DXWKRUVKLS ,I KHUH KDV EHHQ D
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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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A process of constructing ones 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.
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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)
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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 nondeterministic 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 CittadellarteFondazione, 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.
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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
Terri was no longer in the same category as
surroundings and dependent
other human beings, and yet in spite of the
on constant help and
courts’ ruling, she was not a plant either, but a
support. Her husband
human being living in special conditions which
appealed to the US courts to
were denied from her.
end Terri’s life, which had
Could she not have continued to be fed and
indeed ruled that Terri was sustained as someone who represented another
in a permanent vegetative aspect of human existence? Does the human
condition, claiming that her category denies a place for anyone different? And
life had no purpose as she the most important question of all – what is the
could no longer fulfill basic boundary between the human and those who are
found not fit into this definition?
human functions.
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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 Guggenheim,
1959
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
Nemo, Amsterdam 2000
recognition. Guggenheim’s museum by Frank
Gherry has ‘violated’ traditional concepts of
architecture, the same goes with Daniel
Libeskind’s Jewish Museum in Berlin, and Renzo
Piano’s Nemo in Amsterdam. And still, they all
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 Berlin Jewish
Museum, 2001,
large.

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 18961944
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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.

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.

Rafael Rossi, 1936

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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Gerrit Rietvelt, 1924

Ron Arad, 1989

•
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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.
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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.

A leather dining room chair

The Eames chair,
1941

Chairs to sit on and an
experimental chair
intended to represent a
new and uncoventional
model.

A commercial Italian chair

Chris M. Todd, Tripartite, 2006

•
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.
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Ludwig Wittgenstein 1889-1951

A family with adopted children
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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.

page # 87

References:
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

 



   

 
  




  


   




  



   

 

 $GDSWLYH6WUXFWXUH
$0RGXODU6\VWHPIRU*HQHUDWLYH$UFKLWHFWXUH
  
5     6  7
        7    
   7   7  6 $ 
  8      7  0

          7  
7    7    
'   (   9'(:   7     
   7
   7  
; '(      7     
7 
    0   7 
'(   
       7       
87     
7    <
            
          7   ;  
 7       7   
     7    7  
 
($            
   7  78      7  
      
       7       
77
'(    7 9   $:
  7  7   97     :
   7 #   7     
8       7     
7    7   7   
0  $   7
     
 
   )*  3
 5 7  '    " < ; 

   
 ! " # $
% 
  
 
   & ' # 
(   )**+
)! " , 
 " %  
!  
"# 
 $% &
' - # 
(   )**.
/! 0 #  ("
 %&" $
'   () 
  - (
     
1 )2 3 . .4/

 &' "" * "+,

  
 ! 
    '   (    

 7 

page # 88

!DAPTIVE 3TRUCTURE
! -ODULAR 3YSTEM FOR 'ENERATIVE !RCHITECTURE
"ENJAMIN "USCH -!RCH $IS -! !RCH
&ACULTY OF !RCHITECTURE AND 5RBAN 0LANNING 5NIVERSITY OF 3TUTTGART 'ERMANY
E MAIL BENJAMINBUSCH GMAILCOM
'EORG ,ADURNER $IPLOMA 3TUDENT
&ACULTY OF !RCHITECTURE AND 5RBAN 0LANNING 5NIVERSITY OF 3TUTTGART 'ERMANY
E MAIL GEORGLADURNER GMAILCOM
%HSAN "AHARLOU -3C !RCH
)NSTITUTE FOR #OMPUTATIONAL $ESIGN )#$ 5NIVERSITY OF 3TUTTGART 'ERMANY
!CHIM -ENGES !! $IPL (ONS !RCH
)NSTITUTE FOR #OMPUTATIONAL $ESIGN )#$ 5NIVERSITY OF 3TUTTGART 'ERMANY

!BSTRACT
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, selforganising 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 selforganisation 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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 )NTRODUCTION
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 selforganisation: “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 macrolevel 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.

 $IFFUSION LIMITED !GGREGATION
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 microlevel; therefore DLA is emergent. It also has the potential for infinite growth.

&IG  ,EFT TO RIGHT GRAVITY   GRAVITY   GRAVITY  

&IG  ,EFT TO RIGHT STICKINESS   STICKINESS   STICKINESS  
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The same probabilistic logic of Witten and Sander can be used to generate threedimensional 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.

 #ASE 3TUDY
 $IGITAL -ORPHOGENESIS
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.

&IG  %MERGENT STRUCTURES WITH IDENTICAL BOUNDARIES AND UNIQUE PARAMETRIC SETTINGS
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 selforganised 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.

&IG  )NTERIOR PERSPECTIVE OF GENERATED STRUCTURE WITH PRIMITIVE GEOMETRY
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.
 -ODULAR -ATERIAL 3YSTEM
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.

&IG  ,EFT TO RIGHT PARTICLE APPROACHES EXISTING MODULE NEW MODULE APPEARS AT
AGGREGATE COORDINATES NEW MODULE IS ALIGNED TO EXISTING MODULE NEW MODULE IS
ROTATED RANDOMLY TO DIVERSIFY LOCAL CONNECTIONS
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

page # 94

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.
 $ESIGN 3OLUTION
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.

&IG   -ODULE VARIATIONS WITH THREE FOUR AND FIVE CONNECTION POINTS
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.

&IG   'ROWTH OF STRUCTURE OVER TIME BASED ON CIRCULATION PATTERNS AND SHADING
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.

&IG   )NTERIOR PERSPECTIVES EXHIBITING STRUCTURAL ADAPTATION AND SPATIAL NUANCE
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.

#ONCLUSION
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.
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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 desire. 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.

page # 102

14h Generative Art Conference GA2011

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

page # 106

14h Generative Art Conference GA2011

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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Abstract:
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Abstract

7KLV SDSHU ZLOO GLVFXVV WKH PHWKRGV DQG PHDQLQJ RI WKH SRO\PHGLD SURFHVVHV
UHSUHVHQWHG LQ Blooms and Death DV D OLYH LQWHUDFWLYH SHUIRUPDQFH FRPSRVLWLRQ
JLYLQJDXGLRDQGYLVXDOH[DPSOHVWKURXJKRXW
Blooms and Death LQFRUSRUDWHV VRXQGV DQG LPDJHV EDVHG RQ DVHULHVRIJUDSKLFV
FUHDWHGIROORZLQJWKHWUDQVIRUPDWLRQRIDIUHVKO\FXWEXQFKRI\HOORZURVHVWKURXJKWR
WKHLUJUH\GHDWKRIGHFD\. 7KHYLVXDOV YLGHRVDPSOHVDQGVWLOOV DUHOD\HUVRIYLGHR
IRRWDJH GLVSOD\LQJ EORZLQJ \HOORZ IORZHUV JUH\ SHQFLO GUDZLQJV OD\HUHG VFUROOV RI
SDLQWLQJV LQFRUSRUDWLQJ WKH FRPELQDWLRQ RI FRPSXWHU WUDQVSDUHQFLHV RI LPDJHV $OO
WKH YLVXDO PDWHULDO KDV EHHQ WUHDWHG H[WHQVLYHO\ LQ YDULRXV FRPSXWHU VRIWZDUH
SDFNDJHVWRIRUPWKLVVHULHVRIHOHFWURQLFDUWZRUNVDQGYLGHR

Blooms and Death H[SORUHV PDQ\ IDFHWV RI SRO\PHGLD LQ OLYH SHUIRUPDQFH
LQWHJUDWLQJ WKURXJK WKH DXGLR D UHVSRQVH WR WKH WUDQVIRUPDWLRQ RI WKH G\LQJ URVHV
HPSOR\LQJEUHDWKVRXQGVDQGGLJLWDOO\SURFHVVHGFODULQHWZLWKSHUFXVVLYHSURFHVVHG
SLDQRVRXQGV SHUIRUPHGE\'DYLG0F1LFRO OLYHSURFHVVHGDFRXVWLFHQYLURQPHQWDO
VRXQGVIDQVDQGWKHVDPSOHGYLGHRSURMHFWLRQV7KHSURFHVVRIWKHGLVLQWHJUDWLRQRI
WKH URVHV DQG WKH UHVSRQVH WR WKLV LV H[SORUHG WKURXJK PDQLSXODWLRQ RI VRXQG DQG
YLVXDOVWRDQRWKHUWLPEUDOSODQHRIWH[WXUDODPELHQFHFRORXUVDQGH[SORUDWLRQLQWKH
FRQWH[WRISRO\PHGLD7KHPXVLFRIBlooms and DeathLVVFRUHGIRU%ݟFODULQHWIDQ
OLYHDXGLRPXOFKLQJ YLDODSWRSFRPSXWHU PXOWLSOHYLGHRSURMHFWLRQVDQGSLDQR7KH
RSHQLQJ PRYHPHQW 3UHOXGH LV IRU VROR FODULQHW DQG YLVXDO VKDGRZV ZLWK WKH
IROORZLQJ PRYHPHQW PDNLQJ D FOHDQ \HW URXJK DXGLRYLVXDO VWDWHPHQW WKURXJK
GLIIXVHGIDQDQGDLUVRXQGVZLWKWKLFNFOXVWHUVRIVRXQGIURPWKHSLDQRSUHVDJLQJWKH
ODWHU PRYHPHQWV RI WKH ZRUN  7KLV LV TXLFNO\ EURNHQ GRZQ ZLWK PDQ\ µSHDNV¶ DQG
VXEWOHOD\HUVWKHSLHFHDJDLQHPHUJLQJLQWRWUDQVIRUPHGEUHDWKVRXQGVPRYLQJLQWR
FRPSOH[ SDWKV RI  KLJK RYHUWRQHV DQG UHSHDWHG QRWHV DV LI FRQYHUVLQJ  7KH OLYH
DXGLR FRPSXWHU LQWHUDFWLRQ LQ WKH VHFRQG DQG WKLUG PRYHPHQW DGGV WR WKH VRQLF
ZRUOG RI OD\HULQJ WKURXJKRXW WKH FRPSRVLWLRQ ZKLOH WKH ,QWHUOXGH EHWZHHQ WKH
VHFRQGDQGWKLUGPRYHPHQWPDNHVDVKRUWVWDWHPHQWFRPELQLQJPDQ\VRXQGVDQG
YLVXDOV
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Introduction
7KLVSDSHUZLOOH[SORUHWKHSURFHVVHVRILQWHJUDWLQJVRXQGDQGYLVXDOFRXQWHUSDUWVRI
WKHFRPSRVLWLRQBlooms and DeathIRUFODULQHWOLYHLQWHUDFWLYHDXGLRDQGYLVXDOV
,W ZLOO GHILQH SRO\PHGLD DQG RWKHU WHUPV WKDW FRUUHVSRQG ZLWK HYDOXDWLQJ WKH PDQ\
PHGLDWKDWDUHDVVRFLDWHGZLWKFUHDWLQJBlooms and Death,QWKHFUHDWLRQRIBlooms
and Death FRQVLGHUDWLRQ RI WKH XVH RI HOHPHQWV LV GLVFXVVHG LQ LQGLYLGXDO
PRYHPHQWVRIWKHZRUN
Blooms and Death LV PDGH XS RI D 3UHOXGH ,QWHUOXGH 0RYHPHQW  0RYHPHQW 
DQG 0RYHPHQW  IRU %E &ODULQHW SLDQR OLYH DQG SUHUHFRUGHG HOHFWURQLFV )DQ 
YLGHRSURMHFWLRQVDQGOLYHYLGHRPL[LQJ7KHSK\VLFDOKXPDQSUHVHQFHRISHUIRUPHUV
REMHFWVUHDOWLPHLQWHUDFWLRQDUHNH\HOHPHQWVRIH[SORUDWLRQ
Blooms and Death ZLOO H[SORUH HOHPHQWV RI UHDOWLPH SHUIRUPDQFH PLFURWRQDO
H[SORUDWLRQ HOHFWURQLF WLPEUHV DFRXVWLF LQVWUXPHQWDO VDPSOHV DQG WKH UHODWLRQVKLS
EHWZHHQWXQLQJWLPEUHPHORG\DQGYLVXDOV7KHRYHUDOOIRFXVLVWRFUHDWHDZRUOGRI
VSDFHDQGWH[WXUHLQDVRQLFFRPSRVLWLRQ
7KH GLVFXVVLRQ RI Blooms and Death ZLOO EH GLYLGHG LQWR  VHFWLRQV +RZ ZDV
SRO\PHGLD LQWHJUDWHG LQ WKH SURFHVV RI WKH FRPSRVLWLRQ" +RZ ZLOO SRO\PHGLD EH
LQWHJUDWHGLQWKHSURFHVVRISHUIRUPDQFH"

Definition of Polymedia
,QWKHFRQWH[WRIBlooms and DeathSRO\PHGLDLVGHILQHGE\WKHOD\HUHGRUGLIIHUHQW
PHGLDWKDWLVSHUIRUPHGDWRQHPRPHQWRIWLPHLQOLYHSHUIRUPDQFH2WKHUWHUPVWKDW
FDQ GHVFULEH SRO\PHGLD LV PXOWLPHGLD K\EULG DUW YLVXDOPXVLF YLVXDOL]HG PXVLF
PXOWLDUWVDQG9-LQJ
0\ GHILQLWLRQ RI SRO\PHGLD LV RQH SHUIRUPHU FRPSRVHU DQG YLVXDO DUWLVW FUHDWLQJ D
ZKROH LGHQWLW\ $V WKH SHUIRUPHU WKH FRQFHSW RI SRO\PHGLD LVRSHQLQJ QHZ SDOHWWHV
IRU WKH DXGLHQFH WR LQWHUSUHW LQ WHUPV RI IRUP 7KH FRPSRVLWLRQ LQWHJUDWHV DFRXVWLF
VRXQG OLYH DXGLR PXOFKLQJ DFRXVPDWLF VRXQG IL[HG PXVLF WKDW H[LVWV RQO\ LQ D
UHFRUGHG IRUPDW DV D IL[HG PHGLXP  DQG LVFRPSRVHGIRU UHFHSWLRQ
YLDORXGVSHDNHUV OLYHYLGHRPL[LQJDQGIL[HGYLGHRGXULQJSHUIRUPDQFH

9LVXDOPXVLF LV D ORRVH WHUP WKDW GHVFULEHV D ZLGH DUUD\ RI FUHDWLYH DSSURDFKHV WR
ZRUNLQJ ZLWK VRXQG DQG LPDJH ,W FDQ DOVR EH UHIHUUHG WR DV YLVXDOL]HG PXVLF LQ
ZKLFKWKHYLVXDODVSHFWIROORZVWKHVRXQG VDPSOLWXGHVSHFWUXPSLWFKUK\WKPRIWHQ
LQ WKH IRUP RI OLJKW VKRZV RU FRPSXWHU DQLPDWLRQ ZKLOH LQ RWKHU LQVWDQFHV LW PD\
UHIHU WR LPDJH VRQLILFDWLRQ LQ ZKLFK WKH DXGLR LV GUDZQ IURP WKH LPDJH LQ VRPH
IRUP%RWKVRXQGDQGLPDJHPD\EHSUHVHQWHGOLYHIL[HGRUDVSDUWRIDQLQWHUDFWLYH
L
PXOWLPHGLDLQVWDOODWLRQ 

9LVXDOPXVLFKDVPXFKLQFRPPRQZLWKPXVLFYLVXDOL]DWLRQDQGLVXVHGWRGHVFULEH
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HOHFWURQLFPXVLFYLVXDOLVHUVDQGPHGLDSOD\HUVRIWZDUH7KHWHUPGHVFULEHVKRZWKH
PXVLF JHQHUDWHV DQLPDWHGLPDJHU\EDVHG RQ D SLHFH RI PXVLF 7KH LPDJHU\ LV
XVXDOO\ JHQHUDWHG DQG UHQGHUHG LQ UHDO WLPH DQG LV XVXDOO\ V\QFKURQL]HG ZLWK WKH
PXVLF DV LW LV SOD\HG 7KH FKDQJHV LQ WKH PXVLF VG\QDPLFV DQGIUHTXHQF\
VSHFWUXPDUH DPRQJ WKH VLPSOH SURSHUWLHV XVHG DV LQSXW WR WKH YLVXDOL]DWLRQ
6RPHWLPHVYLVXDOPXVLFFDQEHGHVFULEHGDVDQRQKLHUDUFKLFDOFRUUHODWLRQEHWZHHQ
VRXQGDQGLPDJHLQZKLFKERWKDUHJHQHUDWHGIURPWKHVDPHDOJRULWKPLFSURFHVV
LL
ZKLOHLQRWKHULQVWDQFHVWKH\DUHOD\HUHGZLWKRXWKLHUDUFK\RUFRUUHODWLRQDOWRJHWKHU 

9-LQJ LV DQRWKHU WHUP WKDW FDQ EH ORRVHO\ DVVRFLDWHG WR 9LVXDO0XVLF DV LW LV
SULPDULO\ UHDOWLPH YLVXDO SHUIRUPDQFH ZKLFK LV WKH FUHDWLRQ RU PDQLSXODWLRQ RI
LPDJHU\LQUHDOWLPHDQGV\QFKURQL]HGPXVLF9-LQJLVWKHPDQLSXODWLRQRUVHOHFWLRQ
RIYLVXDOVWKHVDPHZD\'-LQJLVDVHOHFWLRQDQGPDQLSXODWLRQRIDXGLR2QHRIWKH
NH\HOHPHQWVLQWKHSUDFWLFHRI9-LQJLVWKHUHDOWLPHPL[RIFRQWHQWIURPDOLEUDU\
RI PHGLD VXFK DV '9' GLVNV YLGHRDQGVWLOOLPDJHILOHVRQFRPSXWHUKDUGGULYHV
OLYHFDPHUDLQSXWRUIURPFRPSXWHUJHQHUDWHGYLVXDOV,QDGGLWLRQWRWKHVHOHFWLRQRI
PHGLD9-LQJPRVWO\LPSOLHVUHDOWLPHSURFHVVLQJRIWKHYLVXDOPDWHULDO7KHWHUPLV
DOVRXVHGWRGHVFULEHWKHSHUIRUPDWLYHXVHRIJHQHUDWLYHVRIWZDUHDOWKRXJKWKHZRUG
LLL
EHFRPHVGXELRXV  VLQFHQRYLGHRLVEHLQJPL[HG 


Blooms and Death
How was polymedia integrated in the process of the composition?
,Q WKH FUHDWLRQ SURFHVV RI Blooms and Death WKH SRO\PHGLD FUHDWRU LQ WKLV FDVH
P\VHOI  PDNHV GHFLVLYH GD\ WR GD\ QRWHV RQ WKH WKHPH WKH URVH IURP D PRRG\
SHUVRQDOLW\ 0\ GHFLVLRQV ZLWKLQ HDFK PRYHPHQW ERWK PXVLFDOO\ DQG YLVXDOO\ DUH
UDQGRPVSDVPRGLFDQGHUUDWLF7KHRYHUDOOFUHDWLRQHVSHFLDOO\LQWKHVRQLFZRUOGLV
LQWKHIRUPRIDQDEVWUDFWQDUUDWLRQ(DFKRIWKHPRYHPHQWVWDNHV\RXRQDMRXUQH\
WKDW LQHYLWDEO\ OHDGV WR WKH QH[W LGHD 7KH PXVLFDO FRPSRVLWLRQ LV ZULWWHQ ILUVW EXW
ZLWKRXWWKHYLVXDORIWKHG\LQJURVHWKHPXVLFZRXOGKDYHQRFRQWH[W
7KHVFRUHDQGDFRXVPDWLFSUHUHFRGHGDXGLRLVDFRPELQDWLRQRIH[WHQGHGFODULQHW
DQGSLDQRWHFKQLTXHV&ODULQHWWHFKQLTXHVLQFOXGHWKURDWVRXQGVKXPVJOLVVDQGR
WRQJXH FOLFNLQJ NLVVLQJ VRXQGV PLFURWRQDOLW\ NH\ FOLFNV VFUHDPV PXOWLSKRQLFV
LY
PRQRSKRQLFTXDUWHUWRQHVRYHUEORZLQJWHHWKRQUHHGDQGLQWHUUXSWHGWRQHV 7KH
SLDQR WHFKQLTXHV LQFOXGH WUDQVIHUUHG FOXVWHUV WRQH FOXVWHUV WUHPROR UHSHDWHG
QRWHV DW FKDQJHDEOH VSHHGV KDUPRQLFV NH\V SUHVVHG GRZQ ZLWKRXW VRXQGLQJ 
JOLVVDQGR H[WUHPH UHJLVWHUV HUUDWLF UK\WKPLF SDWWHUQV ZLWK LQGHWHUPLQDWH GXUDWLRQV
DQG SHGDO HIIHFWV IOXFWXDWLQJ DW GLIIHUHQW VSHHGV ZLWK GLIIHULQJ SUHVVXUHV DQG
LPSURYLVDWLRQRQJUDSKLFQRWDWLRQV 0DQ\RIWKHVHH[WHQGHGGHYLFHVRQWKHFODULQHW
DQG SLDQR VXFK DV TXDUWHU WRQHV PXOWLSKRQLFV WULWRQHV PLFURWRQHV WUDQVIRUPHG
FOXVWHUV DUH UHRUJDQLVHG DQG ZRUN FRKHVLYHO\ WR FUHDWH VRXQG FOXVWHUV E\ MXVW
FKDQJLQJKRZHDFKRIWKHGHYLFHVDUHRUFKHVWUDWHG7KHVFRUHLQFRUSRUDWHVJUDSKLF
QG
UG
QRWDWLRQV HVSHFLDOO\ LQ WKH   DQG   PRYHPHQWV WKDW FDQ EH HLWKHU OLWHUDOO\ RU
LQWXLWLYHO\LQWHUSUHWHGDFFRUGLQJWRWKHDPELHQFHDQGVRXQGZRUOGWKHPXVLFLDQVDUH
FUHDWLQJDQGYLVXDOVHWXSRIWKHVSDFHDWWKHWLPHRIWKHSHUIRUPDQFH
([DPSOHVRIHOHFWURQLFSOXJLQV,KDYHXVHGLQWKHSURFHVVLQJRIWKHDXGLRVDPSOHV
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LQFOXGH6WHUHR'HOD\'HOD\7UDQVSRVLWLRQ*UDLQ'XUDWLRQ3DQ*UDQXODWLRQ5LQJ
PRGXODWRUV Y 7KH SURFHVV FRQWLQXHV ZLWK PDQLSXODWLRQ RI ILOHV LQWR GLIIHUHQW OD\HUV
YL
DQG PXOWLFKDQQHOV FRQFHQWUDWLQJ RQ PLFURWRQDOLQWHUDFWLRQ EHWZHHQ WKH VDPSOHV 
$VLPLODUSURFHVVLVDSSOLHGWRWKHYLVXDOPDWHULDOVLQFOXGLQJDQDO\VLVRIEULJKWQHVV
FRORXU FRQWUDVW GXUDWLRQ VSHHG DQG FRPSOH[LW\ 7KH LPDJHV KDYH WZR FDWHJRULHV
JUDSKLF EDVHG LPDJHV DQG ILOPVWLOO LPDJHV 7KH VRXQG DQG LPDJH LQIOXHQFHV WKH
VKDSHDQGDQDO\VLVRIHDFKRIWKHZRUNV7KHDXGLRLQWKHFRPSRVLWLRQVXVHVDUHDO
WLPH HQYLURQPHQW RI DFRXVWLF VRXQG DQG JHQHUDWLYH VWUXFWXUHV $OO DXGLR VDPSOHV
ZHUH SUHUHFRUGHG DQG SURFHVVHG LQ $GREH $XGLWLRQ PXOWLFKDQQHO DXGLR
SURFHVVLQJSURJUDP

Diagram 1 Original photographs
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Diagram 2 Pencil Drawings

Diagram 3 Computer processed art
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7KHLPDJHU\LQBlooms and DeathLVDSURFHVVRIWLPLQJHYHU\LPDJHKDVDIDGHVR
LW¶VDOODERXWWKHGLVVROYHDQGWKHWUDQVIRUPDWLRQLQWKHLPDJHUDWKHUWKDQLQWKHIDGH
9HU\OLWWOHPDQLSXODWLRQLVLQYROYHGWRIDGHRQHLPDJHWRWKHQH[WRQO\WKHOHQJWKRI
WKHIDGHLVFDOFXODWHG7KHOD\HULQJRIWKHWUDQVSDUHQFLHVZLWKOXPDFKURPDVSHHG
SXOVH DQGFXWRXWVGRPLQDWHPDQ\RIWKHYLVXDOVDPSOHV7KHDLPLVWRPDNHWKH
VWLOO LPDJHV PRYH WKURXJK WKHVH HIIHFWV 7KH XVH RI VWDLQHG JODVV SOXJLQ ZLWK WKH
WUHDWHGURVHLPDJHVLVDQLPDWHG

$OO WKHVH VWUXFWXUHV KDYH JLYHQ PH IUHHGRP RI SURFHVV DQG XQLTXHO\ DIIHFW WKH
RXWFRPHRIWKHSLHFH7KHUHLVQRFRUUHODWLRQEHWZHHQWKHPXVLFDODQGYLGHROD\HUV
DV WKH PXVLF LV ZULWWHQ DW WKH RQVHW DQG WKH DQLPDWHG YLGHR VDPSOHV DGGHG
DIWHUZDUGVVRDVWKHFUHDWLRQRIWKHPXVLFDOFRPSRVLWLRQKDVFUHDWHGPRYHPHQWLQD
FRKHVLYHZKROH

Technical Requirements for Performance

  (LJKW VSHDNHU VXUURXQG VRXQG V\VWHP  ZDWW VWHUHR DPSOLILHU VSHDNHUV DQG
PL[HURSHUDWHGE\VRXQGHQJLQHHU
 VSHDNHU ZHGJH IRUIROGEDFNDQGPL[HU',ER[IRUVWHUHRVHQGV
 :KLWHEDFNGURS 6FUHHQ IRUYLVXDOVWREHSURMHFWHGRQWRILOOVSDFH
 7ZR GDWD 3URMHFWRU6FUHHQ&RPSRVLWH6YLGHRLQSXWV
 2QHFP[FPKLJKWDEOH
 2QHFKDLU VWRROSUHIHUDEO\ 
 2QHPXVLFVWDQG
 /LJKWLQJWZRVLGHZDVKHVDQGWZRVSRWV RQHWROHIWDQGRQHFHQWUH QRWGLUHFWHG
RQEDFNVFUHHQ
 7ZRPPSOXJVOLQHRXWIURPVWDJHPL[HULQWRPDLQDXGLRPL[HU
  7ZR 6YLGHRFRPSRVLWH RXWSXW FRQQHFWLRQ IURP YLGHR PL[HU RQ VWDJH WR  GDWD
SURMHFWRUVRQHRQ)DQWKHRWKHURQ6FUHHQ
 6RXQGDQGOLJKWLQJHQJLQHHU
 PLFURSKRQHV
 *UDQG3LDQR
 ±LQFK)DQRQ6WDQG
 6PDOO WR  FKDQQHO VWDJH PL[HU IRU RQ VWDJH WR EH FRQQHFWHG WR PDLQ PL[HU
RSHUDWHGE\VRXQGHQJLQHHU
7HFKQLFDO(TXLSPHQWSHUIRUPHULVSURYLGLQJ
 %E%DVV&ODULQHWV
 /DSWRSFRPSXWHU
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 2EMHFWV
 PLFURSKRQH
 (IIHFWVXQLWVSHGDOVDQGVHQVRUV
 FDPHUDV'9'3DOSOD\HUDQGYLGHRPL[HU

Diagram 4 System layout of equipment (computer/audio/visual)




Prelude
7KLV PRYHPHQW IRU VROR FODULQHW DQG YLVXDO VKDGRZV YLGHR  VWDUWV WKH MRXUQH\ RI
Blooms and DeathDVD3UHOXGH. ,WIXVHVWKHRULJLQDOURVHVDVVKDGRZVLQWRKLQWHG
OD\HUHG GLJLWDO LPDJHV 7KH YLYLG URVH LV RQO\ VHHQ LQ WKH GLVWDQFH DV SDUW RI WKH
PDQ\OD\HUVWKHPRYHPHQWLVPDGHXSRI
3UHOXGH LV WR EH SOD\HG LQ DQ LQWLPDWH VXEWOH DQG O\ULFDO PDQQHU WDNLQJ WLPH RYHU
VLQJOH QRWHV ZLWK OLWWOH LQWHUUXSWLRQV WKURXJKRXW WKH ZRUN 7KH DWPRVSKHUH ERWK
YLVXDOO\ DQG DXGLEO\ LV GULYHQ E\ WKH FRORXU RI WKH URVH DQG LV XQLTXH )XOO RI ULFK
VRQRULWLHVMXVWZDLWLQJIRUWKHDPELHQFHRIWKHVSDFHWUDQVIRUPWKHFODULQHW7KHDLP
ZDVWRWU\DQGFRQYH\PRPHQWVRIVWLOOQHVVZLWKVLPSOLVWLFDQGJXWWXUDOVRXQGZRUOGV
ZKLOHWKHURVHZLWKDOOLWVEHDXW\EORZVLQWKHZLQG
'XUDWLRQDO WLPH LV XVHG WR LQWHUSUHW 3UHOXGH ,W LV FRXQWLQJ D XQLW IRU UK\WKPLF
RUJDQLVDWLRQ WR GHVWUR\ DQ\ VHQVH RI UHJXODU EHDW JURXSLQJV 7KH EHDW RU SXOVH LI
SUHVHQW LV DQ DEVWUDFW FRQFHSW ZKRVH IXQFWLRQ LV WR KROG DOO WKH SDUWV WRJHWKHU ,Q
GXUDWLRQDOPXVLFLWLVFRPPRQWRVHHWLHVIUHHO\DFFHQWHGQRWHVXQHYHQJURXSLQJV
DQGDZLGHYDULHW\RIWHPSRUDOVXEGLYLVLRQV7KHSXUSRVHRIWKHVHLVWRGHVWUR\DQ\
YLL
IHHOLQJRIWKHEHDW,WVDEVHQFHPDNHVWKHPXVLFQRQ±PHWULFDO 
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Diagram 5 Prelude score for acoustic Bb clarinet



MOVEMENT 1
7KLV PRYHPHQW LV VFRUHG IRU %E &ODULQHW IDQ PXOWLSOH YLGHR SURMHFWLRQV DQG SLDQR
ZLWK DXGLRYLVXDO VWDWHPHQWV PDGH WKURXJK GLIIXVHG IDQ DQG DLU VRXQGV ZLWK WKLFN
FOXVWHUV RI VRXQG RI H[WUHPH UHJLVWHUV DQG G\QDPLFV IURP WKH SLDQR 7KH FODULQHW
DGGVDQRWKHUOD\HURIVXVSHQVHZLWKDPELHQWORQJQRWHVLQORZUHJLVWHURIWKHFODULQHW
WKDWDUHFRORXUHGZLWKTXDUWHUWRQHVDQGWUHPRORV7KHUHDUHPDQ\LQWHUUXSWLRQVZLWK
TXRWDWLRQV IURP WKH VW PRYHPHQW ZKLFK EULQJV XV EDFN WR WKH EHDXW\ RI WKH URVH
7KLVLVTXLFNO\EURNHQGRZQZLWKPDQ\µSHDNV¶DQGVXEWOHOD\HUVDQGUHSHDWHGQRWHV
DQGUHSHDWHGUK\WKPLFG\QDPLFDOO\HUUDWLFFOXVWHUVDVLIFRQYHUVLQJ
7KH SLDQR PRWLYHV ZKLFK ZHUH QRWDWHG ZHUH UHFRUGHG DQG GLYLGHG LQWR VPDOO
VDPSOHVZLWKWKHEORZLQJVRXQGVRIWKHIDQV:LWKPDQ\UHKHDUVDOVVWDUWLQJRXWZLWK
URXJK LGHDV WKDW VRRQ GHYHORSHG LQWR WKH ILQDO VFRUH $V HDFK UHKHDUVDO ZDV
UHFRUGHG WKH ILQDO VFRUH ZDV QRZ DXGLEOH DQG WKH YLGHR VDPSOHV RI ERWK WKH VWLOO
LPDJHVDQGYLGHRFOLSVZHUHDGGHG7KHSURFHVVRIUHILQLQJWKHDXGLRVDPSOHVZDV
VLPLODU WR WKH UHKHDUVDO UHILQHPHQW RI WKH QRWDWHG VFRUH DQG WKLV ZDV GRQH LQ WKH
PXOWLFKDQQHOSURJUDP$GREH$XGLR
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Diagram 6 MOVEMENT 1 score

MOVEMENT 2
7KH PXVLF RI Blooms and Death LV VFRUHG IRU %E FODULQHW IDQ OLYH DXGLR PXOFKLQJ
YLD ODSWRS FRPSXWHU  PXOWLSOH YLGHR SURMHFWLRQV DQG SLDQR ZLWK DXGLRYLVXDO
VWDWHPHQWV PDGH WKURXJK GLIIXVHG IDQ DQG DLU VRXQGV DJDLQ ZLWK WKLFN FOXVWHUV RI
VRXQGIURPWKHSLDQRSUHVDJLQJLQDSURFHVVHGVWDWHODWHULQWKHZRUN7KLVLVTXLFNO\
EURNHQ GRZQ ZLWK PDQ\ µSHDNV¶ DQG VXEWOH OD\HUV WKH SLHFH DJDLQ HPHUJLQJ LQWR
WUDQVIRUPHG EUHDWK VRXQGV PRYLQJ LQWR FRPSOH[ SDWKV RI KLJK RYHUWRQHV DQG
UHSHDWHGQRWHVDVLIFRQYHUVLQJ
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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.
7KLVVKRUW,QWHUOXGHEULQJVQHZOLIHWRWKHUHGDQGEORZLQJLPDJHVLQWKHIDQRIWKH
LPDJH RI UHG VWDWLRQDU\ URVH DQG LV IDVW DQG UDF\ YLVXDOO\ DFFRPSDQLHG E\ D
EHDXWLIXO VRXQGVFDSH 7KH ,QWHUOXGH DOVR IHDWXUHV WKH XVH RI FRQVWUDLQHG UDQGRP
PDWHULDO JDWKHUHG IURP 0RYW DQG  LQWHUORFNLQJ ZLWK RFFDVLRQDO UDZ XWWHUDQFHV
IURP WKH FODULQHW PRWLYHV 7KLV RQO\ DGGV WR WKH IUHVKQHVV DQG VHQVH RI VXUSULVH
FUHDWHG LQ WKH WDSHVWU\ RI WKH ZRUN 7KH YLVXDOV DUH IRUHYHU PRYLQJ FUHDWLQJ WKHLU
RZQSXOVHDQGHQHUJ\WRWKHSRLQWZKHUHWKHURVHIDGHVWREHFRPHXQUHFRJQL]DEOH
Diagram 9 Audio mulch patch for Interlude Movement 3

Movement 3
7KHFRQFHSWRIWKHWKLUGPRYHPHQWWDNHVWKHYLYLG\HOORZURVHVEUHDWKDFRXVWLF
FODULQHWDQGSHUFXVVLYHSLDQRVRXQGVWRQH[WOHYHORIWH[WXUDODPELHQFHFRORXUVDQG
H[SORUDWLRQ7KHVRXQGVDQGWUDQVIRUPDWLRQVFDPHIURPLPDJHVWKDWGHSLFWJUH\
FRORXUVDQGVORZGHFD\EXWVKRZQHZOLIHLQWKHLUWUDQVIRUPDWLRQWKURXJKGLIIXVHG
WLPLQJVDQGPXOWLSOHOD\HUVRILPDJHVDQGVRXQGV,QWKHJUDSKLFVRQHFDQVHHD
VHULHVRI\HOORZVKDGHVDQGJUH\SHQFLOGUDZLQJVOD\HUHGWRGHOLFDWHWUDQTXLOOLW\RI
UHILQHPHQW


How will polymedia be integrated in the process of performance?
7KHSRO\PHGLDSHUIRUPHULQBlooms and DeathSOD\V%EFODULQHWFRQWUROVWKHDXGLR
VDPSOHVWKURXJKWKHODSWRSDQGYLVXDOVDPSOHVWKURXJKWKHLQWHUDFWLYHUHVSRQVHVRQ
WKH YLGHR PL[HU ZKLFK LV GLUHFWO\ LQIOXHQFHG E\ WKH VRQLF RXWSXW RI WKH V\VWHP ,Q
DGGLWLRQ WKHILUVWDQGVHFRQGPRYHPHQWLQYROYHDSLDQLVWZKRLVGLUHFWHGWKURXJKD
QRWDWHG VFRUH DQG FXHV 'XULQJ WKH SHUIRUPDQFH RQH LV FRQWLQXDOO\ FUHDWLQJ QHZ
PXVLFDO LGHDV WKDW WULJJHU IUHVK VRQLF DXGLR LPSURYLVDWLRQV WKDW WKHQ LQIOXHQFH
GLIIHUHQWFRPELQDWLRQVRIYLVXDOOD\HULQJWKDWJLYHIOXLGLW\WRWKHEDODQFHEHWZHHQWKH
YLVXDO DQG DXGLR RXWSXW %RWK DUH UHDFWLQJ RII HDFK DW DOO WLPHV ,Q RWKHUZRUGV WKH
SHUIRUPDQFH FRXOG SHUKDSV EH FRQFHLYHG DV FUHDWLQJ SRO\PHGLD FRXQWHUSRLQWV RQ
SOD\HUGHILQHG IUDJPHQWV HIIHFWLYHO\ HQDEOLQJ WKH PXVLFLDQ WR SHUIRUP D WLPH
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H[WHQGHG LPSURYLVDWLRQYLLL 7KH YLVXDORXWSXWLVEDVHGRQDQDEVWUDFWUHSUHVHQWDWLRQ
RI KRZ WKH PXVLF LV SURJUHVVLQJ 7KH DXGLR LV DIIHFWHG E\ WKH OLYH YLGHR IHHG
VDPSOHV WDNHQ ZKLFK LV DIIHFWHG E\ WKH OLJKWLQJ DQG WKH DPRXQW WKH SHUIRUPHUV
LQWHUDFWZLWKWKHIRRWDJHLQUHDOWLPH

7KH DLP LV WR PDNH VRXQG DQG LPDJH VWUXFWXUDOO\ LQWHJUDWHG 7R DFKLHYH WKLV
LQWHJUDWLRQ LQ SHUIRUPDQFH WKH DXGLR LV DQDO\VHG DQG XVHG GLUHFWO\ WR FRQWURO WKH
PDQLSXODWLRQRIVSHFLILFDVSHFWVJXLGHGE\WKHYLVXDOV
Blooms and DeathXVHVPLFURSKRQHVDQGODSWRSWRFRQWUROWKHJUDQXODUV\QWKHVLVRI
DFRXVWLF DXGLR PDWHULDO VDPSOHG GXULQJ WKH SHUIRUPDQFH SURGXFLQJ D PXVLFDO
FRQIOXHQFH RI OLYH FODULQHW SLDQR DQG YLVXDO FRPSRQHQWV ZKLFK FDQ RQO\ EH
GHVFULEHGDVSRO\PHGLD

7KH XVH RI 2UJDQLF 7LPH LV XWLOLVHG WKURXJKRXW DV WKH SHUIRUPHUV LQWHUSUHW WKH
FRQVWUXFWLRQ RI VRXQG GXUDWLRQV QRW DV D SXOVH RU FRXQWLQJ XQLW EXW XVLQJ RWKHU
SDUDPHWHUVVXFKDVSK\VLRORJLFDOGHWHUPLQDQWVUHVSRQGLQJWRWKHJHQHUDOFRQGLWLRQV
RIWKHHQYLURQPHQWDURXQGWKHP
Blooms and Death H[SORUHV WKH VRQLF YRFDEXODULHV RI H[WHQGHG FODULQHW DFRXVWLF
PLFURWRQDOLW\ WHFKQLTXHV NH\ERDUG WRQDO DQG SHUFXVVLYH WHFKQLTXHV LQWHUDFWLYH
PDSSLQJ DXGLR GHYLFHV DQG YLVXDO FRPSRQHQWV 7KH LQWHUDFWLYH DXGLR WHFKQLTXHV
XVHG DUH SLWFKVKLIWHUV IUHTXHQF\ FKDQJHV URRP SODFHPHQWV DQG JUDQXODWLRQ $OO
WKHVHILOWHUVDQGSDUDPHWHUPRGXODWLRQVDUHFRQWUROOHGOLYHXVLQJDPDSSLQJVRIWZDUH
GHYLFH7KHYLVXDOVJRWKURXJKVLPLODUSURFHVVHVDVWKHDXGLRVDPSOHVEXWDUHSUH
UHFRUGHG DQG LQFOXGH YLGHR IRRWDJH RI IORZHUV EORZLQJ SKRWRV GHDG IORZHUV DQG
GUDZLQJVZLWKOLYHHGLWLQJWKURXJKYLGHRPL[LQJ7KHVHSHUIRUPDQFHVWUDWHJLHVRSHQ
XS HQRUPRXV DYHQXHV IRU LPSURYLVDWLRQ DQG LQYHQWLYHQHVV WKURXJKRXW WKH
SHUIRUPDQFH
$OO DXGLR SURFHVVLQJ LV FUHDWHG LQ $XGLR 0XOFK D OLYH DXGLR LQWHUIDFH IRU UHDOWLPH
DXGLRSHUIRUPDQFHPDQLSXODWHGGXULQJSHUIRUPDQFH

7KH SHUIRUPDQFH RXWFRPH DLPV WR GHYHORS IURP WKHDXGLRVDPSOHVRIWKHFODULQHW
WKHIDQDQGSLDQRDXGLRYLVXDOPHGLD7KHHOHPHQWRIDLUEORZLQJOLWHUDOO\IURPERWK
VRXUFHV V\PEROL]HV D YLUWXDO PRYLQJ VSDFH 7KLV LQ WXUQ UHYHDOV WKDW WKH YLVXDO
LPDJHV DUH SUHFHGHG E\ WKH DXGLR %E FODULQHW SLDQR DQG DXGLR PXOFKLQJ ZLWK WKH
VRIWSXUURIWKHIDQVRXQGV

7KHDXGLRDQGYLVXDOVDUHDOOWULJJHUHGPDQXDOO\7KLVLVSXUHO\E\FKRLFHDV,WUHDW
DOOWKHFRPSRQHQWVLQGLYLGXDOO\LQDSRO\SKRQLFPDQQHU$VDQDFRXVWLF %E&ODULQHW
SHUIRUPHU WKH QDWXUDO VWDWH LV WR KDYH QR DGGHG DWWDFKPHQWV WR WKH LQVWUXPHQW VR
UHDFWLRQWRPXVLFDOPRPHQWVLVVSRQWDQHRXV +RZHYHUWKHDGGLWLRQRIWKHODSWRSLV
DQRWKHUOLQHRIWKHFRQWUROWKDWDIIHFWVLQIOXHQFHVWKHRXWFRPHUHVXOWLQJLQDIOXLGDQG
UHDFWLYHSHUIRUPDQFH
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Diagram 10 Photograph of set up used in performance on 6th March 2011 at UTAS


Prelude
7KURXJKRXW 3UHOXGH WKHUH LV DOZD\V D JOLPSVH RI DJH GHDWK DQG IDPLOLDULW\ DV D
WDQJLEOHVRXQGWKURXJKWKHFODULQHWZLWKWKHURVHEHLQJIDPLOLDUDQGEHDXWLIXOYLVXDOO\
$WEHJLQQLQJSRLQWZKDWKDSSHQVEHWZHHQWKHPXVLFDQGOLVWHQHULQWKHSHUIRUPDQFH
GHSHQGVRQWKHVWUDWHJ\RIWKHFRPSRVLWLRQDQGKRZIDPLOLDUWKHDXGLHQFHLVZLWKWKH
VWUXFWXUHVRIWKHSHUIRUPDQFH
MOVEMENT 1
WK

$W WKH ILUVW SHUIRUPDQFH RI 0RYHPHQW  RQ   0DUFK  WKH UHFLWDO VSDFH ZDV
TXLWHGLIIHUHQWIURPP\RULJLQDOSODQLQWKHSODFHPHQWRIWKHIDQRQWKHVWDJHDQGWKH
LPDJHLWFUHDWHGRQWKHELJVFUHHQ6RLWZDVGHFLGHGWRFUHDWHDGRXEOHLPDJHRQ
WKH VFUHHQ RQH ZLWK WKH IDQ VZLWFKHG RQ GLUHFWO\ LQ IURQW RI WKH SURMHFWRU WKH RWKHU
ZLWK WKH VWUDLJKW LPDJH 7KH UHVXOW ZDV TXLWH DVWRQLVKLQJ DQG FUHDWHG WKH DXVWHUH
DWPRVSKHUHWKDWZDVHQYLVDJHG
7KH DLP LQ WKLV PRYHPHQW ZDV WR WHVW WKH PDWHULDO RI WKH GLIIXVHG IDQ PDNLQJ WKH
VFRUH DFRXVWLF VSDFH DQG SXOVH RI WKH YLVXDOV IRUP D EDODQFH ZLWK WKH
H[SHULPHQWDWLRQRIVWUXFWXUHVDQGLGHDV
MOVEMENT 2
7KH OLYH DXGLR PXOFKLQJ LQ WKLV PRYHPHQW LV FRQWUROOHG WKURXJK WKH FRPSXWHU DQG
DGGVWRWKHVRQLFZRUOGRIOD\HULQJWKURXJKRXWWKHFRPSRVLWLRQ
7KHDLPZDVWRWDNHWKHVRQLFZRUOGWRWKHQH[WOHYHORIUHDOWLPHLQWHUDFWLRQLQZKLFK
FRPSRVLWLRQDO GHFLVLRQV DUH PDGH FRQWLQXDOO\ WKURXJK WKH JUDSKLF QRWDWLRQV LQ WKH
VFRUH GXULQJ WKH SHUIRUPDQFH 7KHUH LV PXFK UDQGRP FRPSXWHU DIIHFWHG VDPSOHV
ZKLFKRSHQXSWKHIUHHLPSURYLVDWLRQDOVKDSLQJOHDYLQJPXFKRIWKHGHFLVLRQVWRWKH
SHUIRUPHUVEHLQJ LQWXLWLYH ZLWK WKH SUHIRUPXODWHG PDWHULDO:LWKLQWKHVHSRFNHWVRI
LPSURYLVDWLRQWKHUHDUHNH\PHHWLQJSRLQWV7KLVUHVXOWPHDQVQRWZRSHUIRUPDQFHV
L[
DUHWKHVDPH 
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Diagram 11 Audio Mulch Patch for performance for Interlude and Movement 3

Interlude and Movement 3 IRU OLYH $XGLR 0XOFKLQJ ODSWRS RU DFRXVPDWLF  IL[HG
DXGLR DQGYLGHRSURMHFWLRQV
7KHVH  PRYHPHQWV LQ SHUIRUPDQFH DUH IL[HG VR DFFRUGLQJ WR WKH VHW LQ WKH
SHUIRUPDQFH VSDFH ZKLFK VKRXOG EH LQ WKH IRUP RI D PRYLH WKHDWUH ZLWK VXUURXQG
VRXQGWKHRXWFRPHLVWRWDOO\LPPHUVLYHZLWKWKHLQWHJUDWLRQRIVRXQGDQGYLVXDOV

Conclusion
7KHSHUIRUPDQFHZRUNBlooms and DeathGHPRQVWUDWHVDFUHDWLRQRIEDODQFHWKDW
LV VHQVLWLYH WR HQYLURQPHQWDO WKRXJKW DQG IOXLGLW\ LQ SRO\PHGLD SHUIRUPDQFH 7KH
SRO\PHGLD DWWULEXWHV DV GHILQHG HDUOLHU LQ WKH SDSHU DFKLHYH WKH XVH RI DFRXVWLF
VRXQGLQDVRXQGHQYLURQPHQWDWWKHSUHVHQWWLPHWKDWLVRISURFHVVHGVRXQG7KH
PHDQLQJRIFUHDWLQJDSRO\PHGLDZRUNLVHDFKYRLFHHQKDQFHVWKHRWKHU WKHPXVLF
DQGYLVXDO 7KHDLPLVWRFUHDWHYLGHRZLWKDQHPSKDVLVRQLWEHHQDPRYLQJSLHFH
ZLWKDGLUHFWLRQHYHQLQWKHVWLOOLPDJH7KHFRPSRQHQWVRIDOLYHIHHGRIWKHFODULQHW
SLDQRDQGIDQVZLWKWKHLQWHUDFWLYHPHFKDQLVPVRIYLGHRDQGDXGLRPXOFKLQJDGGD
FRPSRQHQW WKDW ZLOO FDSWLYDWH D PRPHQW RI WLPH %\ HQFRXUDJLQJ LQWHUDFWLRQ ZLWK
DGDSWLYH VRXQG DV IURP WKH FODULQHW DQG YLVXDOO\ HQJDJLQJ IRRWDJH RQH FDQ HQULFK
WKHFUHDWLYHSRVVLELOLWLHVRISRO\PHGLDSURFHVVHVLQDUWDQGLQSDUWLFXODUPXVLF2QD
SUDFWLFDO OHYHO E\ EULQJLQJ WKHVH LQGHSHQGHQW SURFHVVHV RI LQWHUDFWLYLW\ ZLWK
FRPSXWHU RULHQWDWHG PXVLF LQ D WUDGLWLRQDO LPSURYLVDWLRQ IUDPHZRUN DQ LQWHUDFWLYH
SRO\PHGLD SHUIRUPDQFH SUDFWLFH GHYHORSV WKDW RIIHUV D PHDQV RI µKXPDQLVLQJ¶ WKLV
DJHRIWKHFRPSXWHU

References
0DXUD0F'RQQHOOSounding Visual3RVWHGKWWSZZZVRXQGLQJYLVXDOFRP
FLWHG0D\
i

page # 124

h

14 Generative Art Conference GA2011

ii

-DFN2[DQG&LQG\.HHIHU2Q&XUDWLQJ5HFHQW'LJLWDO$EVWUDFW9LVXDO0XVLF
 $XWKRUHG IRU 7KH 1HZ <RUN'LJLWDO 6DORQ VAbstract Visual Music FDWDORJ
DQGZHEVLWH6OLJKWUHYLVLRQ
iii

$QGUHZ %XFNVEDUJ :+$7 ,6 9-,1* $1' 5($/7,0( ,17(5$&7,21 DQGUHZ
#DGKRFDUWVRUJKWWSZZZYMWKHRU\QHWZKDWBLVKWP

5RQDOG/&DUDYDQPreliminary Exercises & Etudes in Contemporary Techniques
for Clarinet(DVWPDQ6FKRRORI0XVLF7KHVLV
iv

5RVV%HUFLQD$XGLR0XOFKVRIWZDUHGRFXPHQWDWLRQDQGZHEVLWHFRS\ULJKW
5RVV%HQFLQDKWWSZZZDXGLRPXOFKFRP
v

vi

50XUUD\6FKDIIHUOur Sonic Environment The Soundscape the Tuning of the
World Desiny Books One3DUN6WUHHW5RFKHVWHU9HUPRQW3DJH
5LFKDUG9HOODMusical Environments³$0DQXDOIRU/LVWHQLQJ,PSURYLVLQJDQG
&RPSRVLQJZLWKDGGLWLRQDOWRSLFVE\$QG\$UWKXUV&XUUHQF\3UHVV3W\/LPLWHG
:HEVLWHZZZFXUUHQF\FRPDX

vii

5XVVROR/XLJL7KH$UWRI1RLVHV H[WUDFWV 3XEOLVKHGDVDOHDIOHWE\
'LUH]LRQHGHO0RYLPHQWR)XWXULVWD0LODQ-DQXDU\

viii

*ROGVWHLQ0DOFROP6RXQGLQJWKH)XOO&LUFOH  7KH*HVWXUHRI6RXQGLQJ


ix

page # 125

 

 

 

   

 

   

    (    .  4 !  5  5  4
%   (  (   4 4 6   
 4   . (    (   !   4 
   .  ( 4    ( 4  4  (
$   %  74 .. 4 !       .
 . ( 4 .8 ( %   4  
 
 6 
. 4 9    4 .    4
.   (   4    .  ( % 
   4 ( 4 (       8.   4 ..
  4!    5:5 4  !; 4    
   ( )*/
 .  !  ((  (      .  
 4 .  
   4 8  (  4! 4
   
(  .  ( .  (  ( .<8 
  74   6  4 .4<  .  !4   
   

.( 4 .8 $!   .. 4 4 % 
     
 4   ; .  (   44  
   
  .8 
 :     .  
  
( 4<     
.   

  
4 4
   .       ( 4   
     
    (    8.   (    4 ; 
!!! 
6  (  ( .  74  ; . 
   
!4  4 .
    (
    8.  
"# $   % 
=  
 .4 (   
 (! 4 !
&   '
     ..  4  
 (
 4! 
 (   ))*
  
 4 !   .  4 %:   
"# %  + & 
4  .       !4  4    4
 ' ,!  4 >       .. 4   ( 
.  ))/
 (   :  4 
"0# 1  
 4 ..    8.   <.   . 
& !   "
(       & ( '  (  %  !> 
#  ' 2  ))/
   ( 4  <   ( 4 4  4 
"3#    
( 4    4 . .=       (!
&!   '
( (   
    )*)
"3#   



 "   " $

"%$

 & ' ($ )

     )"   %  %   2   
"*$
  ) 4    .8 ? 

page # 126



   







  


  
  

        

  !"   #   
$$$%"%

             


  

    

               
          
     
               
                              
 !        "
        # $    
         %   
                        "      
page # 127



   


                             
        &   
    '      
                          
          "
    $   
         
 
          
    
  
          # "      
( (     %  %) 
          
     *                    
                        
         
    
          (    '          
       " 
                         
              
         
 "    +  
 
*                 (              
, *     
 (       
   )    
   &    
,     , 
                        &  
'                
     
            %  -        
 "      *  
                          
  $  " 
       
                                
      

 
&      . . 
            )         
         
   '   *    
     "    
page # 128



   


     )                 
      
         
     "    . (. 
        /012

        !  ""   "  
  # " $  %&   "              !   ""      
 " 
-                              
     "        
     #"* )   #
      "'    
      
   "    (               #
                &            
        
                 
"    )     *
                              
"   $                      
         
  (  
 
&    3  
       (
 "   #      
         !            3          #
          
 $&    

          !"#$  
 !"%$
*               $  &             
         
              45                  
 *         
         .     .           
   

page # 129



   


  45   6/7   42 
 )          
                    
     8    
      #                  
    429 :45
                        
   &                 "      
   +     
   8   
45         
     )                      
                             #
                                  
                           
       
    "       
 
*                          
   )    &    
        ; !                       
        
     <                       
      "    # "  
#        &   
          
&" 8  ;  = + #;            
  !    <   >" % 6%  7

        "      6%&     '  %  7   
        -   6-  - 7  
 ?*     #
 "(6%  7
*             
  8       
?       *          6&:7      . .  
&: 67          
 &:&9/
 (   %     
     #"     
       
           
45 4/   (   
4@    "    
      #  
 
*  4@
9 :4/
page # 130



   



&      "$ +"    
"      "$ (+   
-).
)          45
 (    
        
  %  %)(8 
   
>     " 4/    
            
          45 
 "                 
     
*         #                
    4542
 4/       
4@ !   
42 "   !A1* 
     
            )                

' ()   *  &    "$ + 
  #,  "$   "  "  " "   
page # 131



   


   

  

      
       
       &   
      
     
>              "   
  "           
 B  &          
                 
 *    
        
  "   
 !2  45  
    4/  
        
      
            !  
       $        
   
*              
       "        
          -
             
        "       
                  
              
  "  
*  AC 
       )   
              $ 
                    
  

       
*    (         
        
              
            
     !      #   
                 
/     
           
   
      "   "               
  " $ +         

       
   ;    
  + #;            
page # 132



   


          
                    + #;   ,   *
     "    
         8    "
               
     # "6& %'  "!7
D  "       
            
       "  
                       + #; 
   ; *. (.

       ;               A      
        (           6& %  (     7  
"
*   # 
  #        
                           
 ". (.-        
         E
.. 6& %)7& # " 
          

 0 (  +1"  2 %1" $ !   $ 
   2 %1"  $   +       "  +"              
3  4 ( $   *        $     
567
        
    6      "       7     
  "
&        " ! 
        *  
    
                     . (.
                         
page # 133



   


         
*  "                      
          "                 
"         
*           (             
 #"  6    7 ) 
         "                   
 )  *       & 
             
           $ 
'        # "               
                        
"       
            ( 
6& %' '"!7
*    ( %   ( 
 67 " " 
                            
(   
<      "   
    6   %    #
7*  #        
  "         
 *          
        
    
          
F          * 
     (  6'  1       45!       '  0       4/! 

) 

8* ""  + 9 $  : ";   + 

page # 134



   



<         - . "   +  ) 
(            "      "           
  "% ,$  *  ""          
+        "57
  7*        
   # "   (   )
&            
) " &     
  # "     
            
'                                
    6  7   
       45 4/
;           
page # 135



   



6         - . "   +  ( 
      "   "       ,$  
57
   4G@@  )  AC   7      &7          
                     
   7    .   .
                   -7        $#    
          
  "( "    
         (            
                #    
;  A                      
   "
 3    
                      $      
     $
*    #            (   
                          
page # 136



   


       
         
  
           
         
        !    
    !          
!   !   
*      
          
    "! 
         
       
$     
      
         

       
         
    
         
      
    
  $
      
   


    
* " 
         
           
         
      
        
      
             
   %

   %    
" 
 

            
        
   
      
 "     
         
        
        
(
&     
         
page # 137



   



     !       +  = 
*  ++"  "  
page # 138



   



 !              "$   
+        "  +"   + " 
"+ 
     
       *   " 
          
        
-&     "    
(   
+                 C          
       "
&   

page # 139



   



&
H/I'    *+"
   "!! D   /001
H4I F  ,"!  !!+  
J-  /002
HAI>%   -   "  .!  !
;/002
HKI- %
  -   ! 
 /010
HGI

H2I



 (=  >"  > 
        


page # 140

GA2011 – XIV Generative Art Conference

Daria Migotina

Topic: Art
Authors:
Daria Migotina
IST - Technical
University of Lisbon,
LaSEEB
Portugal
Carlos Isidoro
IST - Technical
University of Lisbon,
LaSEEB
Portugal
Agostinho Rosa
IST - Technical
University of Lisbon,
LaSEEB
Portugal
References:
[1] C.J. Aine, “A
conceptual overview and
critique of functional
neuro-imaging
techniques in humans: I.
MRI/fMRI and
PET”, Critical Reviews in
Neurobiology 9(23):229-309, 1995.
[2] Matt Pearson,
“Generative Art”,
Manning Publications,
2011.

Paper: BRAIN ART: ABSTRACT VISUALIZATION OF
SLEEPING BRAIN
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 electroencephalography (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 threedimensional 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.
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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 leftright 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.
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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: nonrapid 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 1020% 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 712 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

page # 152

th

14 Generative Art Conference GA2011

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
7KH SUHVHQW SDSHU ORRNV DW SRLQWV RI LQWHUVHFWLRQ EHWZHHQ WKHRULHV RI DUWLILFLDO
FUHDWLYLW\ LQ YLVXDO DUWV DQG FRQWURO WKHRU\ 7KH HPSKDVLV LV SODFHG RQ DSSURDFKHV
EDVHGRQHYROXWLRQDU\FRPSXWDWLRQLQWKHVWXG\RIDUWLILFLDOFUHDWLYLW\$QDORJLHVDQG
GLIIHUHQFHVDUHDQDO\VHGEHWZHHQFORVHGORRSPRGHOVWKDWDGDSWV\VWHPEHKDYLRXULQ
FRQWUROHQJLQHHULQJDQGHYROXWLRQDU\PRGHOVWKDWDGDSWV\VWHPEHKDYLRXULQUHODWLRQ
WRDQHVWLPDWLRQIXQFWLRQ&RPSXWDWLRQDOPRGHOVRILQGLYLGXDODQGVRFLDOFUHDWLYLW\DUH
DQDO\VHG LQ UHODWLRQ WR WKH UHIHUHQFH PRGHO DUFKLWHFWXUH SURSRVHG E\ $OEXV DQG
0H\VWHO IRU WKH GHYHORSPHQW RI FRPSXWDWLRQDO LQWHOOLJHQW V\VWHPV ZLWK DXWRQRPRXV
EHKDYLRXU 7KH SXUSRVH RI WKLV DQDO\VLV LV WR GHILQH D SRVVLEOH IUDPHZRUN IRU WKH
GHYHORSPHQW RI DXWRQRPRXV FUHDWLYH V\VWHPV LQ D K\EULG HYROXWLRQDU\ FRPSXWDWLRQ
DQGFRQWUROWKHRU\DSSURDFK

1. Introduction
7KHUHLVDJUHHPHQWLQWKHUHVHDUFKFRPPXQLW\WKDWFUHDWLYLW\LVGHILQHGWKURXJKWKH
SURGXFWLRQRIQRYHODQGDSSURSULDWHLGHDVEHKDYLRXUVRUDUWHIDFWV>@>@>@>@
>@ 7KLV GHILQHV FUHDWLYLW\ DV EHLQJ LQKHUHQWO\ SDUW RI WKH DGDSWDWLRQ DQG HYROXWLRQ
SURFHVVHV ZKLFK DUH EDVHG RQ WKH SURGXFWLRQ RI QHZ EHKDYLRXUV DQG FRQWLQXDOO\
HYROYLQJH[LVWLQJRUJDQLVPVLQWRQHZRQHVZLWKEHWWHUFDSDELOLWLHVWRDGDSWLQDJLYHQ
HQYLURQPHQW %XLOGLQJ RQ WKLV LGHD WKH JRDO RI WKH SUHVHQW SDSHU LV WR SURYLGH
FRQFHSWXDO JURXQGV WRZDUGV D IUDPHZRUN IRU WKH DUWLILFLDO GHYHORSPHQW RI DGDSWLYH
V\VWHPV FDSDEOH WR SURGXFH RULJLQDO YLVXDO FRPSRVLWLRQV ZLWK DUWLVWLF YDOXH 7KH
SURFHVVRIDUWLILFLDOSURGXFWLRQRIQHZDUWZRUNVDQGGHVLJQVLVEDVHGRQWKHSULQFLSOHV
RIHYROXWLRQDU\DOJRULWKPV>@>@DQGRIWKHYLVXDOODQJXDJHVKDUHGE\DUWLVWV>@DQG
GHVLJQHUV>@
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2. Evolutionary Concepts and Artificial Creativity
:H ORRN DW FUHDWLYLW\ DV WKH DJJUHJDWLRQ RI SURFHVVHV E\ ZKLFK DUWLILFLDO DGDSWLYH
V\VWHPVFDQSURGXFHQHZEHKDYLRXUVDQGPRGLI\WKHPVHOYHVLQWRLPSURYHGV\VWHPV
RULQWRV\VWHPVZKLFKDUHGLIIHUHQWHQRXJKWREHFRQVLGHUHGHQWLUHO\QHZDQGZLWKD
EHWWHUFKDQFHWRVXUYLYHVXFFHVVIXOO\LQWKHJLYHQHQYLURQPHQWDOQLFKH&RQVWUDLQWVLQ
DJLYHQHQYLURQPHQWDOQLFKHDUHH[SUHVVHGDVSULQFLSOHVUXOHVDQGFRQFHSWVUHODWHG
WRYLVXDORUJDQL]DWLRQRIDUWDQGGHVLJQFRPSRVLWLRQV
:H FRQVLGHU D PXOWLOD\HUHG V\VWHP EDVHG RQ DUWLILFLDO RQWRJHQHWLF GHYHORSPHQWDO
SURFHVVHV DW ORZHU OHYHOV ZKHUH DJHQW LQWHUDFWLRQV OHDG WR SDWWHUQ IRUPDWLRQ DQG
EDVHG RQ DUWLILFLDO SK\ORJHQHWLF GHYHORSPHQWDO SURFHVVHV DW WKH XSSHU OHYHO ZKHUH
H[SUHVVHGRUJDQLVPVIRUPSRSXODWLRQVHYROYLQJLQWKHJLYHQHQYLURQPHQW
7KH DJHQWV WKH RQWRJHQHWLF DQG SK\ORJHQHWLF SURFHVVHV DV ZHOO DV WKH
HQYLURQPHQWDO FRQVWUDLQWV DW YDULRXV OHYHOV DUH EDVHG RQ WKH YLVXDO ODQJXDJH WKDW
SURYLGHV WKH EDVLV IRU DUW DQG GHVLJQ FUHDWLRQ %HORZ DUH GHVFULEHG WKH PDLQ LGHDV
DQG SULQFLSOHV DW WKH EDVLV RI RQWRJHQHWLF JURZWK DQG SK\ORJHQHWLF HYROXWLRQ LQ WKH
GLJLWDOSURGXFWLRQRIJHQHUDWLYHDUWZRUN

3. Artificial Ontogeny of Generative Artworks
,I ZH GHILQH D YLVXDO FRPSRVLWLRQ DV DQ DUWLILFLDO RUJDQLVP ZH FDQ LQWHUSUHW WKH
SURFHVVE\ZKLFKWKHYLVXDOFRPSRVLWLRQLVJHQHUDWHGDVDUWLILFLDOPRUSKRJHQHVLVRU
DUWLILFLDORQWRJHQ\
,QWKHQDWXUDOZRUOGPRUSKRJHQHVLVLVDSURFHVVRIVWUXFWXUHIRUPDWLRQFRQWUROOHGE\
FRPSOH[ JURZWK SURJUDPV OHDGLQJ WR WKH FUHDWLRQ RI QHZ RUJDQLVPV :H ORRN DW
DUWLILFLDORQWRJHQ\DVDSURFHVVRISDWWHUQIRUPDWLRQEDVHGRQDFWLYLWLHVDQGG\QDPLFV
RINLQHWLFDJHQWVWKDWSRSXODWHWKHYLVXDOILHOG7KHJURZWKSURJUDPVWKDWFRQWUROWKLV
NLQG RI SDWWHUQ IRUPDWLRQ DUH EDVHG RQ VHWV RI UXOHV XQGHUO\LQJ SULQFLSOHV RI
VWUXFWXULQJDQGRUJDQL]DWLRQRIYLVXDOGHVLJQVDQGDUWZRUNV
,Q DGGLWLRQ WR WKH JURZWK SURJUDPV WKH DUWLILFLDO PRUSKRJHQHVLV LV LQIOXHQFHG E\
DJHQWV¶LQWHUDFWLRQVZLWKWKHHQYLURQPHQWDQGHQYLURQPHQWDOFRQVWUDLQWVZKLFKFRXOG
EH H[SUHVVHG DV VHWV RI UXOHV WKDW GLFWDWH WKH SODFHPHQW DQG UHODWLRQVKLSV
HVWDEOLVKHG EHWZHHQ FRPSRQHQWV RI D YLVXDO GHVLJQ RU DUWZRUN WKHLU UHODWLRQVKLSV
HVWDEOLVKHG ZLWK WKH ERXQGDULHV ZLWKLQ ZKLFK WKH YLVXDO FRPSRVLWLRQ H[LVWV DQG WKH
YLVXDOILHOGHVWDEOLVKHGZLWKLQVXFKJLYHQERXQGDULHV
$JHQWV DUH IRUPV GHILQHG E\ YLVXDO HOHPHQWV VXFK DV VKDSH VL]H FRORXU DQG
WH[WXUH $UWLILFLDO RQWRJHQ\ LV WKH SURFHVV E\ ZKLFK NLQHWLF DJHQWV DFWLQJ LQ
DFFRUGDQFH ZLWK D QXPEHU RI SUHHVWDEOLVKHG UXOHV GHYHORS WKHPVHOYHV RU LQWHUDFW
ZLWKWKHHQYLURQPHQWRUZLWKHDFKRWKHUOHDGLQJWRWKHFUHDWLRQRIQHZPRUHFRPSOH[
IRUPV7KHVWUXFWXUHRIWKHVHIRUPVDQGWKHLUSODFHPHQWDQGUHODWLRQVKLSVZLWKHDFK
RWKHU RU ZLWK LQGLYLGXDO DJHQWV GHWHUPLQH WKH VWUXFWXUH RI WKH YLVXDO ILHOG $W WKH
LQWHUVHFWLRQ EHWZHHQ HYROXWLRQDU\ DQG YLVXDO ODQJXDJHV WKH VWUXFWXUHG YLVXDO ILHOGV
GHWHUPLQHWKHPRUSKRJHQHWLFFKDUDFWHULVWLFVRIWKHYLVXDOFRPSRVLWLRQ
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4. A Simple Example of Artificial Ontogeny
$QH[DPSOHRIDUWLILFLDORQWRJHQ\FUHDWLQJDVSLUDOVWUXFWXUHGHYHORSLQJGHSWKYROXPH
DQG DSSDUHQW FDVW VKDGRZV LV LPSOHPHQWHG E\ XVLQJ VLPSOH DJHQWV EDVHG RQ
SULPLWLYHJHRPHWULFDOIRUPVOLNHWKHFLUFOHDQGWKHOLQH7KHVPDOOFLUFOHDJHQWVIROORZ
DSODFHPHQWUXOHEDVHGRQWKHLWHUDWLYHLQFUHDVHRIWKHFLUFOHUDGLXVZLWKDYHU\VPDOO
DPRXQW DW HDFK F\FOH 7KHVH VPDOO LQFUHDVHV RIIVHW WKH DJHQW SODFHPHQW WUDMHFWRU\
IURPDVLPSOHFLUFOHLQWRDVSLUDOSDWK7KHIRUPXODXVHGWRJHQHUDWHGLVFUHWHSRLQWV
( x, y ) DORQJDVSLUDOLVEDVHGRQWKHHOHPHQWVRIWKHFLUFOHDVIROORZV
x

cx  r cos T

y

cy  r sin T 

ZKHUH

r

FLUFOHUDGLXV

(cx, cy ) FHQWUHRIWKHFLUFOH

T

DQJOHEHWZHHQUDGLXVZLWKHQGSRLQW ( x, y ) RQWKHFLUFOHDQGWKHGLDPHWHU


9DULRXV XVHV RI WKLV PHWKRG RI GLVFUHWH VSLUDO FRQVWUXFWLRQ DUH VXJJHVWHG E\ 5HDV
DQG)U\>@DQG3HDUVRQ>@
7KHVHFRQGDJHQWW\SHSURYLGHVDSRSXODWLRQRIOLQHVRIUDQGRPOHQJWKYDU\LQJZLWKLQ
D JLYHQ UHGXFHG UDQJH 7KLV DJHQW W\SH EHLQJ D OLQH LPSOLFLWO\ KDV GLUHFWLRQ 7KH
GLUHFWLRQLVUDQGRPL]HGEXWWKHVWDUWLQJSRLQWRIWKHOLQHDJHQWLVDOZD\VSODFHGLQWKH
FHQWUHRIWKHFXUUHQWFLUFOHDJHQWRQWKHVSLUDO7KLVZD\HDFKFLUFOHDJHQWEHFRPHV
WKHSRLQWIURPZKHUHDQXPEHURIOLQHDJHQWVGLYHUJH2YHUDQXPEHURIF\FOHVWKH
UDQGRPL]HG GLUHFWLRQV DQG OHQJWKV RI WKH OLQH DJHQWV SURGXFH D GHOLFDWH WH[WXUH
FRXQWHUDFWLQJ WKH GLUHFWLRQDO HIIHFW RI WKH OLQH DJHQWV +RZHYHU WKH FRQYHUJHQFH RI
OLQH DJHQWV LQWR FLUFOH DJHQWV JHQHUDWHV D YROXPHWULF HIIHFW ZKLFK LV VWUHQJWKHQHG
ZLWK HYHU\ F\FOH 7KH VLPSOH DJHQWV DQG WKH DWWDFKHG UXOHV RI SODFHPHQW DQG
UDQGRPL]DWLRQFUHDWHFOXVWHUVGLVWULEXWHGDORQJDVSLUDOSDWK7KHHPHUJLQJQHZIRUP
KDVWKHDSSHDUDQFHRIVRIWEHYHOOLQJHIIHFWRQDWH[WXUHGSDSHUVXUIDFH VHH)LJXUH
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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.

8VLQJ WKH VDPH EDVLF SULQFLSOHV EXW YDU\LQJ VRPH RI WKH LQWHUDFWLRQ UXOHV EHWZHHQ
DJHQWVPD\UHVXOW LQTXLWHGLIIHUHQW UHVXOWV%\UHVWULFWLQJWKHFKDQJHLQGLUHFWLRQVR
WKDWOLQHDJHQWVGLYHUJHZLWKLQDOLPLWHGUDQJHRQRQHVLGHRQO\RIWKHFLUFOHDJHQWZLOO
FRQYH\GHSWKUDWKHUWKDQWKHSLOORZEHYHOHIIHFW VHHILJXUH %\YDU\LQJWKHUDQJH
RI OLQH OHQJWK UDQGRPL]DWLRQ WKH GHSWK RI WKH UHVXOWLQJ VSLUDO VWUXFWXUH FDQ DOVR EH
PDQLSXODWHG
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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
,Q WKH SUHYLRXV H[DPSOHV WKH WH[WXULQJ HIIHFW DQG WKH IHHOLQJ RI YROXPH RU GHSWK LV
EXLOW IURP RQH F\FOH WR DQRWKHU LQ D UDWKHU OLQHDU PDQQHU :H WU\ WR JLYH D
UHSUHVHQWDWLRQDOWRXFKWRWKHHPHUJLQJYLVXDOFRPSRVLWLRQE\FUHDWLQJWKHEDFNERQH
VWUXFWXUH RI D JHQHUDWLYH QLJKW ODQGVFDSH VXJJHVWLQJ QRQJHRPHWULFDO QDWXUDO IRUPV
DQG PRYHPHQW 7KLV QLJKW ODQGVFDSH LV PDGH RI JHQHUDWLYH FRPSRQHQWV KRZHYHU

page # 161

14h Generative Art Conference GA2011

VRPHUHODWLRQDOHOHPHQWVOLNHIRUH[DPSOHDVHQVHRIVHSDUDWLRQEHWZHHQWKHJURXQG
DWPRVSKHUHDQGWKHVN\DUHSUHGHVLJQHG VHH)LJXUH 
:HXVHDVZHGLGLQWKHSUHYLRXVH[DPSOHVVLPLODUEDVLFDJHQWVEDVHGRQOLQHDQG
FLUFOH VKDSH DV ZHOO DV WKH VSLUDO SULQFLSOH WR JHQHUDWH VHPLUDQGRP DJHQW
SODFHPHQWVDORQJDVSLUDOSDWK:HUDQGRPL]HDQGYDU\WKHUDQGRPL]DWLRQUDQJHIRU
YDULRXVSDUDPHWHUVWRREWDLQTXLWHGLIIHUHQWJHQHUDWLYHIRUPVZLWKVOLJKWPRGLILFDWLRQV
DSSOLHGWRWKHVDPHDOJRULWKPWRFRQYH\OLYLQJQDWXUDOIRUPV
%\ GLVWRUWLQJ WKH VSLUDO ZLWK 3HUOLQ 1RLVH WHFKQLTXHV >@ FORVLQJ WKH VSLUDO VKDSH
DQG DQLPDWLQJ WKH FHQWUH IURP ZKHUH WKH VSLUDO HPHUJHV ZH FDQ REWDLQ EDOOV RI
JUDVVOLNH WH[WXUH VSUHDG RYHU WKH HQWLUH YLVXDO ILHOG ,Q RUGHU WR VWUXFWXUH WKH
UDQGRPL]HGGHYHORSPHQWRIWKLVJUDVVOLNHWH[WXUHZHUHVWULFWHGWKHPRYHPHQWRIWKH
GLVWRUWHG VSLUDO FHQWUH WR D OLQH DORQJ WKH ERWWRP VLGH RI WKH SLFWXUH SODQH 7KLV
FUHDWHV WKH DSSHDUDQFH RI D ILHOG RI WDOO DFWLYH JUDVV UHJHQHUDWLQJ LWVHOI IURP QHZ
SRVLWLRQVWRVKLQHEULHIO\LQWKHQLJKWODQGVFDSH
:HDOVRFRQYH\DVN\ZLWKVKLQLQJDQGIDGLQJRXWPRYLQJVWDUVXVLQJWKHVDPHFLUFOH
DQGUDGLDWLQJOLQHDJHQWFOXVWHUVRFFXUULQJDOORYHUWKHYLVXDOILHOGDWYDULRXVGLVWDQFHV
IURP RQH VPDOO FOXVWHU WR DQRWKHU $OVR PRYLQJ FOXVWHUV RI VLPSOH FLUFOH DJHQWV
IROORZLQJ D JLYHQ VHPLUDQGRPL]HG SDWK VXJJHVW WUHH FURZQV EULHIO\ VKLQQLQJ WKH
PRRQOLJKW7KHPRRQLWVHOILVDJHQHUDWLYHHOHPHQWEDVHGRQWKHVDPHDOJRULWKPDV
WKHJUDVVFRPSRQHQWEXWWKHVSLUDOUHPDLQVFORVHDQGWKHOLQHDJHQWVKDYHDODUJHU
YDULDWLRQUDQJH7KHYDULDWLRQRIWKHOLQHDJHQWV¶OHQJWKLVWKHHOHPHQWWKDWPDNHVWKLV
DQDFWLYHVKLQLQJFRPSRQHQWLQWKHQLJKWODQGVFDSH

6. Phylogenetic Evolution of Generative Artworks
7KHSUHYLRXVH[DPSOHVRIDUWLILFLDORQWRJHQ\PRGHORQO\WROLPLWHGGHJUHHWKHNLQGRI
JURZWK SURJUDPV DQG LQWHUDFWLRQV ZLWK HQYLURQPHQWDO FRQVWUDLQWV WKDW XQGHUOLH WKH
SURFHVV E\ ZKLFK QDWXUDO RUJDQLVPV HYROYH IURP VHHG WR FRPSOH[ RUJDQLVPV 7KH
PRUSKRJHQHWLFFDSDELOLWLHVRIDVSHFLHVDUHHVVHQWLDOIRUWKHVSHFLHV¶DELOLW\WRHYROYH
DVDSRSXODWLRQ
,Q RXU PRGHO WKH VWUXFWXUHG YLVXDO FRPSRVLWLRQ UHVXOWLQJ IURP DUWLILFLDO RQWRJHQ\
UHSUHVHQWV RXUDUWLILFLDORUJDQLVP7KLVLV VHHQDVLQGLYLGXDO FDUU\LQJPRUSKRJHQHWLF
FDSDELOLWLHVFKDUDFWHUL]LQJDJLYHQSRSXODWLRQRIGHVLJQVRUDUWZRUNV
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Figure 5. Generative night landscape. Captured intermediary states illustrating
various phases of development.
6RIDUWKHVHYLVXDOFRPSRVLWLRQVDUHEDVHGRQJHQHUDWLQJDVLPSOHHPHUJLQJIRUPRU
LI PXOWLSOH JHQHUDWLYH FRPSRQHQWV DUH XVHG OLNH LQ WKH QLJKW ODQGVFDSH WKHVH DUH
OLQNHGWKURXJKSUHGHILQHGUHODWLRQDOFRPSRQHQWV)XUWKHUGHYHORSPHQWVRIWKHPRGHO
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UHTXLUH DFKLHYLQJ HPHUJLQJ UDWKHU WKDQ SUHGHILQHG UHODWLRQDO HOHPHQWV 7KHVH FRXOG
SURYLGH GHYLFHV WR OLQN PHDQLQJIXOO\ JHQHUDWLYH FRPSRQHQWV LQ WKH VWUXFWXUH RI WKH
YLVXDOFRPSRVLWLRQ,WLVDQLPSRUWDQWJRDOWRJHQHUDWHYLVXDOFRPSRVLWLRQVEDVHGRQD
PRGXODU VWUXFWXUHRUJDQL]HGDORQJGLUHFWLRQDOIRUFHVDQGFHQWUHVRI DWWUDFWLRQ LQWKH
YLVXDO ILHOG DV GHVFULEHG E\ 5XGROI $UQKHP LQ KLV H[SODQDWLRQ RI WKH VWUXFWXUDO
VNHOHWRQRIWKHVTXDUHRURIWKHVSDWLDORUJDQL]DWLRQXVLQJVXFKGHYLFHVDVLVRPHWULF
SHUVSHFWLYH >@ 0RGXODU FRPSRVLWLRQV PD\ DOVR SURYLGH D EDVLV IRU H[FKDQJLQJ
FRPSRQHQWVDQGWKXVFUHDWHYDULDWLRQLQIXWXUHJHQHUDWLRQV
6WUXFWXUHG PRGXODU FRPSRVLWLRQV FUHDWH D SRSXODWLRQ RI IOH[LEOH DGDSWLYH V\VWHPV
FDSDEOHWRHYROYHLQUHODWLRQWRHQYLURQPHQWDOFRQVWUDLQV7KHVHFRQVWUDLQVFRXOGEH
HQFRGHG DV UXOHV WKDW H[SUHVV SULQFLSOHV RI WZRGLPHQVLRQDO GHVLJQ OLNH UHSHWLWLRQ
VLPLODULW\JUDGDWLRQUDGLDWLRQDQRPDO\FRQWUDVWDQGVRRQ$QHQYLURQPHQWDOQLFKH
LVGHILQHGE\DSDUWLDOVHWRIVXFKUXOHV9LVXDOFRPSRVLWLRQVZLWKPRGXODUVWUXFWXUHV
DOORZ UHFRQILJXULQJ WKH PRGXOHV DORQJ WKH VWUXFWXUDO VNHOHWRQ RI WKH JLYHQ IRUPDW LQ
UHVSRQVHWRFKDQJHGHQYLURQPHQWDOQLFKHV

7. Artificial Creativity at the Intersection between Evolutionary
Computation and Control Theory
9DULRXVDXWKRUVDJUHH>@WKDWLQWHOOLJHQFHDQGFUHDWLYLW\RYHUODSWRDFHUWDLQGHJUHH
EXW UHPDLQ RYHUDOO GLIIHUHQW SURFHVVHV 7KH SULQFLSDO DVSHFW GLVWLQJXLVKLQJ FUHDWLYLW\
IURP LQWHOOLJHQFH LV ZKDW .ULV >@ DQG RWKHU DXWKRUV >@ GHILQH DV UHJUHVVLRQ LQWR D
VWDWH RI VHPLFRQVFLRXVQHVV LQ RUGHU WR IUHHO\ DVVRFLDWH DQG FRPELQH LGHDV LQ WKH
SURFHVV RI JHQHUDWLQJ QHZ RQHV +RZHYHU WHVWLQJ DQG YDOLGDWLQJ QHZ LGHDV
FRQFHSWVDQGVRRQUHTXLUHORQJSHULRGVRIFRQVFLRXVWKLQNLQJ EDVHGRQSUHYLRXVO\
DFFXPXODWHG NQRZOHGJH ,QWHOOLJHQFH RQ WKH RWKHU KDQG LV DOZD\V LQWHQWLRQDO DQG
FKDUDFWHUL]HGE\FRQVFLRXVWKRXJKW
:H NQRZ WKDW HYROXWLRQDU\ SURFHVVHV DUH EOLQG DQG WKDW FRPSOH[ RUJDQLVPV DQG
EHKDYLRXUVHPHUJHLQDERWWRPWRSPDQQHUGXULQJYHU\ORQJSHULRGVRIHYROXWLRQ,Q
RUGHUWRGHYHORSDPRGHORIDUWLILFLDOFUHDWLYLW\EDVHGHYHQOLJKWO\RQWKHKXPDQPRGHO
RI FUHDWLYLW\ LW LV QHFHVVDU\ WR FRPELQH WKH WZR DVSHFWV RI IUHH DVVRFLDWLRQ DQG
FRPELQDWLRQRILGHDVGXULQJUHJUHVVLRQZKLFKFDQEHODUJHO\EDVHGRQHYROXWLRQDU\
FRPSXWDWLRQ ZLWK FRQVFLRXVUDWLRQDOWKLQNLQJGXULQJWHVWLQJDQGYDOLGDWLRQVWDJHVRI
FUHDWLYLW\
:H WKLQN WKDW WKHVH WZR DVSHFWV FDQ EH OLQNHG EDVHG RQ WKH FRQFHSWXDO IUDPHZRUN
SURYLGHG E\ VXFK D PRGHO DV WKH '5&6 5HDO 7LPH &RQWURO 6\VWHP  FRJQLWLYH
DUFKLWHFWXUH IRU LQWHOOLJHQW V\VWHPV SUHVHQWHG >@ >@ 7KLV UHIHUHQFH PRGHO
DUFKLWHFWXUHLVEDVHGRQDWKHRUHWLFDOPRGHORIWKHFHUHEHOOXPPHDQLQJWKDWLWLVDQ
DUWLILFLDOPRGHORIDSDUWRIWKHEUDLQWKDWFRQWUROVFRQVFLRXVPRWLRQVDQGILQHPRWRU
FRRUGLQDWLRQ7KH'5&6LVDPXOWLDJHQWV\VWHPEDVHGRQKLHUDUFKLFDORUJDQL]DWLRQ
RQ PXOWLSOH OD\HUV RI WKH FRPSXWDWLRQDO DJHQWV 7KLV V\VWHP LV EDVHG RQ VHQVRU\
UHDFWLYH FRPSRQHQWV DW WKH ORZHU OHYHOV RI WKH KLHUDUFK\ ZKLOH SODQV RI DFWLRQ DUH
JHQHUDWHG LQ D WRS GRZQ PDQQHU :H WKLQN WKDW VXFK D V\VWHP PD\ FRPELQH
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JHQHUDWLYH DSSURDFKHV ERWK DW KLJK OHYHO IRU SODQ JHQHUDWLRQ DQG ORZ OHYHO IRU
HPHUJHQWEHKDYLRXU

8. Conclusion
7KH SUHVHQW SDSHU PDSV IXQGDPHQWDO FRQFHSWV LQ HYROXWLRQ WKHRU\ HYROXWLRQDU\
FRPSXWDWLRQ FUHDWLYLW\ DQG YLVXDO DUWV DQG GHVLJQ ZLWK WKH SXUSRVH WR DGYDQFH
WRZDUGVDIUDPHZRUNIRUDUWLILFLDOGHYHORSPHQWRIYLVXDOGHVLJQDQGDUWZRUN7KHQH[W
VWHS LV WR IRUPDOL]H WKHVH PDSSLQJ FRQFHSWV DV D VWHS WRZDUGV OD\LQJ GRZQ WKH
EDFNERQHIRUGHYHORSLQJDUWLILFLDODGDSWLYHV\VWHPVFDSDEOHWRHYROYHDUWLILFLDODUWDQG
GHVLJQV

References
>@ $OEXV-DPHVDQG$QWRQ\%DUEHUD5&6$&RJQLWLYHIRU,QWHOOLJHQW
0XOWL$JHQW6\VWHPV,Q5th IFAC/EURON Symposium on Intelligent
Autonomous Vehicles. Instituto Superior Técnico, Lisboa, Portugal:
KWWSZZZOWLSFVXVSEUURERWLFVJUYDSXEOLFDFRHVRXWUDVLDYFG
URPSDSHUVSGI
>@ $OEXV-DPHVDQG$OH[DQGHU0H\VWHOEngineering of Mind. An
Introduction to the Science of Intelligent Systems1HZ<RUN-RKQ:LOH\ 
6RQV,QF
>@ $UQKHLP5XGROIArt and Visual Perception/RV$QJHOHV&$8QLYHUVLW\
RI&DOLIRUQLD3UHVV
>@ %HQWOH\3HWHUDQG'DYLG&RUQH&UHDWLYH(YROXWLRQDU\6\VWHPV
>@ %RGHQ0DUJDUHWCreativity and Art. Three Ways to Surprise2[IRUG
8.2[IRUG8QLYHUVLW\3UHVV
>@ %RGHQ0DUJDUHW$The Creative Mind. Myths and Mechanisms.VWHG
%DVLF%RRNV+DUSHU&ROOLQV3XEOLVKHU
>@ -DFRE&KULVWLDQIllustrating Evolutionary Computation with
Mathematica6DQ)UDQFLVFR&$$FDGHPLF3UHVV0RUJDQ.DXIPDQQ
3XEOLVKHUV
>@ .ULV(Psychoanalytic Exploration in Art
>@ 0DUWLQGDOH&ROLQ%LRORJLFDO%DVHVRI&UHDWLYLW\,QHandbook of
CreativityHGLWHGE\5-6WHUQEHUJ&DPEULGJH8.&DPEULGJH8QLYHUVLW\
3UHVV
>@ 0D\HU5LFKDUG(7KH&DVH6WXG\0HWKRGDQG(YROYLQJ6\VWHPV
$SSURDFKIRU8QGHUVWDQGLQJ8QLTXH&UHDWLYH3HRSOH,QHandbook of
CreativityHGLWHGE\5-6WHUQEHUJ&DPEULGJH8.&DPEULGJH8QLYHUVLW\
3UHVV
>@ 3DUWULGJH'HUHNDQG-RQ5RZHComputers and Creativity2[IRUG
(QJODQG,QWHOOHFW
>@ 3HDUVRQ0DWWGenerative Art1HZ<RUN170DQQLQJ3XEOLFDWLRQV
>@ 3URFHVVLQJZZZSURFHVVLQJRUJ
>@ 5HDV&DVH\DQG%HQ)U\Processing. A Programming Handbook for
Visual Designers.&DPEULGJH0$0,73UHVV

page # 165

14h Generative Art Conference GA2011

>@ 6DXQGHUV5REHUWDQG-RKQ*HUR$UWLILFLDO&UHDWLYLW\$6\QWKHWLF
$SSURDFKWRWKH6WXG\RI&UHDWLYH%HKDYLRXU3DSHUUHDGDW&RPSXWDWLRQDO
DQG&RJQLWLYH0RGHOVRI&UHDWLYH'HVLJQDW.H\&HQWUHRI'HVLJQ&RPSXWLQJ
DQG&RJQLWLRQ8QLYHUVLW\RI6\GQH\6\GQH\$XVWUDOLD
>@ 6WHUQEHUJ5REHUW-HGDHandbook of Creativity&DPEULGJH8QLYHUVLW\
3UHVV
>@ 6WHUQEHUJ5REHUW-E7KH&RQFHSWRI&UHDWLYLW\3URVSHFWVDQG
3DUDGLJPV,QHandbook of Creativity&DPEULGJH8QLYHUVLW\3UHVV
>@ 6WHUQEHUJ5REHUW-Wisdom, Intelligence, and Creativity Synthesized
&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVV
>@ :RQJ:XFLXVPrinciples of Form and Design1HZ<RUN-RKQ:LOH\ 
6RQV

page # 166

 

 

 

   

 

    

 
,* # # (*     -  
         )      
         (       
   #    (   (   
     *   (  
  
    ( .   
'   (           

/          * 
*   %  (  (*  0#*   (  
 (        

 




   
   
  
  


    
   

  ! 
 " #
!
"# $%& '(
)* + 

1            * 
   -              
 2       (* 
#    ( (     
   3          2(  (
4      (    #% #   /
                
   #     # %#

  #%   (         
      &
'  ! 567 

4    8567 

9:% = > ' (? @@7 

4 A7  

*   
,   # (     ,  



 
  

   $%  



"

! $%  

  
+ -         
  

page # 167



 
 

   

      

   
           
!"
# $%  &

 

  
       

      
           
                              
        &

  
    '  ( )  
!  
 
        "   
   "   "  
#   
            $    %       &   "   " 
   " '  #
"      
(    
       )     
    !   

       

  "        
     

    
   

                  
         * 
  +"+","$"-"."+$",+!          

page # 168



   

   /  +$0-
 * 1+2

* +& '  


     

  )   

 , 

  

       "             "   

    
+.$0  3 /  4!    "   
    )   
  


   #  / 


 

 

    

 

 3   )  

(    
(             + 
  
5    

page # 169



   

   
5 
            "      "   
 "   " 6        
        "  !

     
  

     "          "   
           "          "           7 
 "


     "      



   "  "
      
     8  "    
   
#  



       

        
            9     
          & +:
-   +,.  / 5     
      ( 3  +023! 8  (  
  5 5 + * . ;  +:    
+<.%"+<<%",::% 5  3      +,  
75 5  3     "  
 (!    ;  +,    +<.%"+<<=,::.
>  8  (          " 
                   ! (      5    3    
     "(    +:8  ( !
+,5  3  !  
 ,"+?, +,:  
              =:        !   
   6 729       "   8  ( 6 7
  5    3    29    
 @'A7C@             
  @  
 @E       6 729  1,2

page # 170



* +& '  

   

   :# 

      
7    #     ,=:
# 
      #7 9 
# 



 "

 @@"  F #

 #    "        
7" ( ;,=:       $=- 
8

page # 171



   

 ,=: ,:   +$  "   
,=:      " 
            
# 
 "       

       5       
       1$2

* +&;  ( 2  <!  )  =        

             " 
          /7 9    
          "      
  G            
          
      
 *    "          

page # 172



* +&  '  

   

 (2< & (

  ++   

  !    ><>      < &

   " # $%&  '(% ))  
H  I  JKI  

H  KI    

9 I  J3 I
/     (                         +0:: 
(       

      MN O  H  K  9 Q R

page # 173



         
<+=I+%% 1%2

   

   <    +=  ("  

* +&?  '    
 F):G

   ,

             

@ <  C+D   >E+ & '   

)    *  $ 
            "          .       
              !                 +<          
                 
                
   !           
 #     /          
 +<     ),$-  "   

page # 174



   

=<%:       +<  
,$-  !   "        
 +,           "  +$   
               # 
     %$,39   3
 
1-2

+ , -  $  
 "        
 #

+<   #  

* +&: "    -   H!&

page # 175



   

/"  "    "       
(   ;      
     
" "      "     # 
/ "     ST  "                +$      #     
               +=  
+0    1=2

* +&I '         
   & ( 
        &(  !    >       
      <> >JF;:I  
 <#+          & "     
         
 + >&

page # 176



 

   

$   .   '          /



5     "        
5 9   V9    #  ,+
 "   ,+  " $ /    9  "
         5 
     / %#
.
   5  
     * 9
S $,-!    5   (   
  *#!    

W  )102

* +&J  '    
.   &

   '       !    >           

page # 177



   

          5  
  /        V  
            # 9  
                  
      
  
 

5   #  ,,X/ ,-!      

>       
                       
                 
                                    
 
   
  5              
          &                  
  
     !X      X   ++<! 
  X           
X              "  ZH
   /                      5     
  V  
0 

 

+ &??     ? ?/?   
, &??   ??9   Y 
$ &??   ??# 

Y  

% 122 3 3-   $222 " " $%  '%" $%
- 122 . "

  %2. " 2  4

= 122 . "

  %2. " 20$ 4 

0 122 . "

  %2. " 2/

page # 178

 

 



 

   

 

    

80 9-& &  . &(    "&  /   
 &"  &   0 ( &1!

    
  
  
   
    
   ! 

  " #$

%%%!"
  !&
 
  

#' ()    
  
  
*+  W 
 ,   
!!"
#$ %   % &' 
*   & "&,
()    "!
**#
   
, 
$+- 
.*)(  )#
&  /
0 1  2
*)0 ) 3 % ) 
4 *#  & ,
5 )% $ !!.
25 - %
( %-*",
6  % - 
!!
777  3 -

!$  
9"
  !&

8 8 )-'8 :8   '   :    :'
- ;< 3    )  %  -  )) 
 5 =)>    %: %5 =)' :1  7 '
'$'>8<' 
<'?71   <: -% '0  ? :
 : -  ' ?    <
0 " )$   
3 )   6)0@ 3 ':   0)   '- 
% <  =) $' <       0
=) 0  ))   $'  %:  7  '
2          
&  ') : )  :   % (&  &!
$'% )0<   : "& A'- ))  B9
C   9? % -<  4( 
C! 9 ?' 4(
$':   0 %  3($  D'  %%  3  &
>8-' %  ?A<: -%7 '&6 %%) : '  
*    %   : -""B %: %0? "
 
 ) : %       9
9$)'%3 -  )%9  
%     %0  % 3   
 9# 0)    <<   : : %:   ' 
 ' '
" & ( ?: & ."
 -9  U #
   $ 
"5.  ((   %E & .
"$( CF5.  "& . F0?)  7 % %  '-  
 3 - -)  -
" "& " ) 5. & . "  . &   " 
 
 - 9%& # ! #
#'()  !  ! **+ ! 
"-   (   ! (4(  ' 68("
5;-<9E8- <'
-  G- ( (&9
,-.    C-  ,-)& ,/
. (%.(% .   ( %&

01 
#"$( .  "& .    (  & (

page # 179

h

14 Generative Art Conference GA2011

Generative Art Philosophy – Ars Artium
Prof. Enrica Colabella
Diap, Generative Design Lab, Politecnico di Milano University,
www.generativeart.com
enrica.colabella@generativeart.com

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
7KH$UWRI$UWVLV/RJLFWKHVFLHQFHRIVFLHQFHV
2QHRIWKHPRVWH[SUHVVLYHORJLFVFLHQFHLV0XVLF$PXVLFV\PEROLV6DLQW&HFLOLD
6KHLV(XURSHDQSDWURQRIPXVLFDQGVKHZDVDPXVLFLDQ6KHKDVLQVSLUHGPDQ\
DUWLVWV5DIIDHOOR5XEHQV'RPHQLFKLQR$UWHPLVLD*HQWLOHVFKL7KHVWDWXHRI6DLQW
&HFLOLDPDGHE\6WHIDQR0DGHUQRZDVJUDYHQLQZKHQLWZDVPDGHWKH
UHFRJQLWLRQRIKHUFRUSVH6KH[JGIZDVIRXQGLQWKHSRVLWLRQUHSURGXFHGE\WKH
VFXOSWRU0DGHUQRKDVDOVRZDQWHGWRSXWLQSURPLQHQFHWKHFXWRIWKHVZRUGRQKHU
QHFNDQGWKHSRVLWLRQRIWKHLUILQJHUVWKUHHRSHQLQWKHULJKWKDQGDQGRQHRSHQ
ILQJHULQWKHOHIW$FFRUGLQJWRWKHWUDGLWLRQWKH6DLQWZDQWHGWRSRLQWRXWKHUIDLWKLQ
WKH8QLW\DQGLQWKH7ULQLWDVRI*RG,QWKLVJHQHUDWLYHSURFHVVRIGLVFRYHU\DQRWKHU
HOHPHQWLPSRUWDQWLVWKHOHIWHDUunveiledIRUWKHOLVWHQLQJ

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

$SLHFHRIPXVLFUHVHPEOHVLQPLQGDSLHFHRIHORTXHQFH(ORTXHQFHZDVGHILQHG
E\6*UHJRULR0DJQRDVWKHDUWRIWDONLQJZLWKKHDUW“"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"W
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
7KH*$SKLORVRSK\ZDONVRQ/RJLFSHUIRUPHGRQWKHDELOLW\RIWUDQVIRUPLQJWKH
UHDOLW\LQWRLWVSRVVLEOHrecognizable creativeHYROXWLRQ>@,WLVDSubjective/RJLF
WKDWUHIHUVWRDWWULEXWHVDOJRULWKPVDQGRSHUDWLRQDOVHTXHQFHV7KLVSURFHVV
RUJDQL]HVUHDVRQDEOHVHTXHQFHVDEOHWRVWUXFWXUHD poetic order7KLVRUGHU
IROORZLQJWKH "Lucidus ordo and callida iunctura” by Orazio in "Ars Poetica">@
LVsimilarWRWKHQDWXUDOFRQILJXUDWLRQRIDJHQHWLFFRGH


1 .0. 2a Paper interpretative key: MIRABILIA

7KLVSURFHVVIROORZVWKHLQWHUSUHWDWLYHWUDGLWLRQDSSOLHGE\WKH0LGGOH$JHVWRWKH
0HWDPRUSKRVHVWKDWLVWKDWQDWXUDOLVWLFVFLHQWLILFFRQVHTXHQWLDOIURPSeneca >@ DQG
Plinio >@DQGZLGHWRWKH0LUDELOLDWKDWLWPDNHVWRSDVVIRUnaturalWKHPHWDPRUSKLF
OHJHQGV

1 .0. 3 Logic Process
7KHUHDUHDGRXEOHSURFHVVRIargomentativo WKHPDWLFQXFOHXVHV 
resolutioDQDO\VLVGHFRPSRVLWLRQquantity
compositioV\QWKHVLVquality
7KHILUVWLVDEOHWRGLVFRYHUsubstanceWKHVHFRQGGLVFRYHUV form>@
*$SKLORVRSK\UHGLVFRYHULQDYHU\FOHDUZD\WKHELJGLIIHUHQWEHWZHHQWKHVHZD\V
RIUHDVRQLQJ7KHresolutionDSSURDFKLVXVHGVWLOOQRZIURPPRUHWKDQRQH
FHQWXU\IRUWHDFKLQJFUHDWLYHGHVLJQIRUDUFKLWHFWXUDOVWXGHQWV7KHTXDQWLW\
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DSSURDFKLVDEOHWRGHFRPSRVHWKHVLQJXODUHOHPHQWVDQGDIWHUWRDGGWKHP
GHVWUR\LQJWKHVHFXODURUJDQLFDELOLW\LQEXLOGLQJDEVWUDFWSURSRUWLRQV7KH
compositioDSSURDFKLVDEOHWRZRUNIRUFUHDWLYLW\E\SHUIRUPLQJDEVWUDFWORJLFVLQ
VLPLOLWXGHZLWKRUJDQLFSURFHVV7KHVHORJLFVFDQEHFRQQHFWHGE\WUDQVIRUPLQJUXOHV
DVDOJRULWKPVPRUHWKH\FDQIROORZVDOVRQRWRQO\QXPEHUVEXWZRUGVWRR

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 SHUIRUPHGZLWK&6RGGXDOVRIRUWHDFKLQJDW3ROLWHFQLFR
GL0LODQRIURP LVGHILQHGE\Dpoetic generativeODQJXDJHIRUGHVLJQLQJ
visionary VFHQDULRV

2.0.3 0HWKRGRORJLFDOVWUXFWXUHAgrapha dogmataQRWZULWWHQGRFWULQHV
,QWKH3K\VLFV H[SUHVVO\ LQWKH0HWDSK\VLFVDQGLQWKHIUDJPHQWVRIWKHORVW On
the Human Good$ULVWRWOHUHIHUVWRGRFWULQHVQRWZULWWHQ>DJUDSKDGRJPDWD@LQ
ZKLFK3ODWRZRXOGKDYHVXVWDLQHGGLIIHUHQWWKLQJVIURPWKRVHH[SRVHGLQWKH
GLDORJXHV,QSUDFWLFHKHZRXOGKDYHGHYHORSHGLQWKHRUDOWHDFKLQJDV\VWHPDWLF
WKHRU\RIWKHSULQFLSOHVRIWKHUHDOLW\WKDWLVDEVHQWRURQO\PHQWLRQHGLQWKHSXEOLVKHG
ZRUNV7KHH[LVWHQFHRIFRQWHQWVRIWHFKQLFDOWHDFKLQJZLWKRXWGLUHFWFRPSDULVRQLQ
WKHGLDORJXHVDSSHDUVFRQIRUPLQJWRWKHLQGLFDWLRQVRQWKHUHODWLRQVKLSEHWZHHQ
dialectical practice and writingDOVRGLDORJXHHPHUJHGE\WKHSDJHVRIWKH
SODWRQLFWH[WV:ULWWHQWH[WVFDQQHYHUUHSODFHWKHHGXFDWLRQDODFWLYLW\WKDWIRU3ODWR
ZHFDQWKLQNDV6RFUDWHV VVWXGHQWexclusive appanage of the oralityUHPDLQV
VXEVWDQWLDOO\

2.0.3 Aims




%RQYHVLQGDOD5LYDDe magnalibus Mediolani


DTruth and verisimilitude
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EOrdoDVDJHQHWLFFRGHDEOHWRJHQHUDWHHQGOHVVYDULDWLRQV
a- Truth and verisimilitude
,Q Timeo RQH RI WKH ODVW GLDORJXHV WR ZKLFK DUH WLHG XS VRPH RI WKH JUHDWHVW
SODWRQLFP\WKV3ODWRVWUXFWXUDOO\FRQQHFWVWKHP\WKWRWKHGLPHQVLRQRIWKHhistorian
naturalEHFRPLQJRQZKLFKPRUHSUHFLVHGLVFRXUVHRIWKDWRQO\verisimilarZRXOGQRW
EH proposable
7KH LQWHQWLRQ RI 3ODWR GLGQ W SUREDEO\ VWRS LW DW WKH VLPSOH propedeutica WR WKH
WKRXJKWORJLFDOPDWKHPDWLFDOSKLORVRSKLFDOEXWLQVLJKWRIDFXOWXUDODFWLRQDQGYDVW
SROLWLFV KH DLPHG WR FRPSRVH VWRULHV DQG OHJHQGV WKDW FRXOG EH DEOH IRU
JHQHUDWLRQV ZLWK DQ RZQ DXWRQRP\ WKH IROORZLQJ KLVWRU\ KDV DJUHHG ZLWK KLP  WR
FLUFXODU DQG WR PRXOG WKH PLQGV DFFRUGLQJ WR SUHFLVH GHPDQGV protrettiche RI
VWDUWLQJWRWKHSKLORVRSKLFDOOLIH 
7KH P\WKV UHDOO\ EHFDXVH UHFDOOHGH[SUHVVO\ RU OHVV DOVR IRU WKHLU XQGHUVWDQGLQJ
LQVLGH WKH KRUL]RQ RI WKH WUDGLWLRQ KDG WKH WHQGHQF\ WR ERUURZ LWV FUHGLELOLW\ RI
KLVWRULFDO QDUUDWLRQV ZH ZRXOG RZH WKHUHIRUH WR SUHIHU DW WKH HQG DW WKH ZRUG WUXWK
WKHZHDNHVWYHULVLPLOLWXGHIRUPDUNLQJWKHGLVFDUGEHWZHHQWKHUHDOLW\ZLWKRXWWLPH
RI WKH REMHFWV RI WKH  VFLHQWLILF NQRZOHGJH DQG WKH PRVW LQGHILQLWH FRQWRXUV RI WKH
VXEMHFWRIWKHP\WK

b- &RQGLWLRQ VLQH TXD QRQ RI WKH RUGHU LV WKH verisimilarity DV FRQQHFWLRQ DPRQJ
GLIIHUHQW SOXUDOLW\ EXW SHUIRUPHG E\ D SHUPDQHQW ORJLF D PHWDFRGH DEOH RI
DJJUHJDWLRQLQWKHHTXDOLW\WKHRUGHUGLHVRUFKDQJHV
7KHSRHWLFODQJXDJHLVWKHPDLQH[SUHVVLRQRIDWUDQVSDUHQWDQGFOHDURUGHU
7KH SRHW OLVWV KLV WDOHQW DPRQJ WKRVH HVVHQWLDOWR D ZULWHUDQG KHH[SODLQVLQZKDW
WKLVRUGHUFRQVLVWVWRNQRZZKDWSDUWVLQWKHWUHDWPHQWJREHIRUHZKDWODWHUZKDWLW
LVWRRPLWDQGZKHWKHUWRWUHDWIRUDORQJHUWLPHDQGWKHJHQXLQHXVHRIWKHZRUGV
Lucidus ORDO
$UV3RHWLFDLVDOHWWHUZULWWHQE\2UDWLRWRD5RPDQIDPLO\WKDWRI3LVRQLEHORQJLQJ
WRWKHJHQV&RUQHOLDSHUKDSVDGGUHVVHGWR/XFLR&DOSXUQLR3LVRQH FRQVXOLQ
EHIRUH&KULVWDQGDURXQGWKLVGDWHLWVHHPVWRJRXSDJDLQKLVFRPSRVLWLRQ DQGWR
KLV\RXQJFKLOGUHQDOHWWHULQKH[DPHWHUYHUVH
2UD]LR FRQGHQVHV ZLWK JUHDW  SRHWLF HIIHFWLYHQHVV  WKH OHVVRQ RI $ULVWRWOH ZLWKRXW
DQ\ SRVVLELOLW\ RI FRPSDULVRQ ZLWK RWKHU ZRUNV ,W LV WKH WH[W RI OLWHUDU\ WKHRU\ DQG
WRJHWKHU RI DHVWKHWLFDO WKHRU\ ILUPO\ PRUH SUHVHQW DQG URRWHG LQ WKH (XURSHDQ
FXOWXUHIURPWKH0LGGOH$JHVWRWKHHLJKWKXQGUHG
,Q DORQH  YHUVHV 2UD]LR H[SRVHV D ILQLVKHG DQG IXQFWLRQDO 3RHWLF $UV 7KH
VWUDWHJ\ SRHWLF argomentativa RI WKH $UV LV SODQQHG asystematic LW LV QRW D
SKLORVRSKLFDO HVVD\ LQ IDFW EXW D OHWWHU LQ YHUVHV GLUHFWHG WR QRW H[SHUWV WKH
3LVRQLV  DQG WKHUHIRUH LW DVVXPHV WKH FRPPXQLFDWLYH IXQFWLRQV SURSHU RI D WH[W RI
institutio WKHJUDGXDOQHVVDQGWKHDJUHHDELOLW\WKURXJKWKHLPDJHV %XWDOVRDOZD\V
\RXDWULSDUWLWHVFKHPHHDVLO\UHFRJQL]HVLQLW
7KH ILUVW SDUW WUHDWV RI WKH poíesis 3RHWU\ EXW LQ *UHHN WKH YHUE SRLpLQ SURSHUO\
PHDQVWREXLOGDQGWKHUHIRUHWKHSRHWU\LVDFRQVWUXFWLRQWKDWLVLWVVXEMHFWLWV
inventio  LQ UKHWRULFDO VHQVH  DQG LWV HPSOR\PHQW  ,W SURSRVHV WZR IXQGDPHQWDO
UXOHVWKHVXEMHFWKDVWREHVLPSOHDQGXQLWDU\ simplex et unum DQGLWKDVWREH
FRQYHQLHQW ZLWK WKH UHVRXUFHV DQG WKH DELOLWLHV RI ZKRP ZULWHV 7KH DSSOLFDWLRQ RI
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WKLVODZ RI WKH hendiadys XQXP VLPSOH[  LVGLIILFXOW 2UD]LRUHIHUVSDUWLFXODUO\WRWKH
UKHWRULFDOWHFKQLTXHRIWKHvariatio YDULDWLRQ 

"..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´ 7KHVH
LPDJHVSXWLQVFHQHWKHLQWHUFKDQJHEHWZHHQSDLQWLQJDQGSRHWU\ WKHDUWVVLVWHUV 
WKDW LW LV RQH RI WKH PDLQ SRLQW RI WKH ZKROH $UV SRHWLF DQG LW FRQILUPV WKH GLUHFW
SHUWLQHQFHRILWWRDJHQHUDODHVWKHWLFDOWKHRU\DWWKHVDPHWLPHRISRHWU\DQGDUW
$ERXW WKH RUGR RUGHU  2UD]LR LV YHU\ FRQFLVH DQG UDSLG KH UHPHPEHUV WKDW WKH
YDOXH YLUWXV  DQG WKH EHDXW\ YHQXV  RI WKH SRHWU\ FRQVLVW RI LPPHGLDWHO\ VD\LQJ
ZKDW LW KDV LPPHGLDWHO\ WR EH VDLG WKDW LV ZKDW LV QHFHVVDU\  $V LW UHJDUGV WKH
FKRLFH RI WKH VLQJOH ZRUGV WKH SRHW KDV WR SURFHHG ZLWK FDXWLRQ (cautus) DQG
GHOLFDF\ (tenuis), ZRUNLQJ RQ WKH SRVLWLRQ RI WKH ZRUGV VR WKDW ZLWK DGURLWQHVV
("callida [...] iunctura":DZDUHFRQQHFWLRQ FDQPDNHWRUHWXUQQHZWKHH[WLQJXLVKHG
ZRUGV LI LW LV UHDOO\ QHFHVVDU\ WR GR LW KH FDQ DOVR XVH QHRORJLVPV ("indiciis [...]
recentibus"ZLWKVLJQV ZRUGV UHFHQWEXWRQO\LIWKH\SHUWDLQWRXQNQRZQWKLQJVD
OLFHQVH WR EH HPSOR\HG ZLWK JUHDW PRGHUDWLRQDQGWU\LQJWRIRUPWKHVHQHRORJLVPV
IRUWKHWUHDGIURPWKH*UHHNODQJXDJH
7KH FRQQHFWLRQ RI WKH ZRUGV FRUUHVSRQGV LQ SRHWU\ WR WKH metrics 0HWULF
FRPSHWHQFH LV D SUHUHTXLVLWH WR WKH SRHW EXW LW LV QRW HQRXJK DORQH LW KDV WR
DFFRPSDQ\KLPWRthe use of the colorDQGthe style7KH\DUHWKHVHWKHHOHPHQWV
RIDQDUVWKDWLWLVDEOHDQGPXVWEHOHDUQWDOZD\VIRUUHDVRQVIRUFRQYHQLHQFHDQG
GHFRUXP WKDW WKH IXQGDPHQWDO FDWHJRULHV WKDW UHJXODWH WKH HORFXWLR VWD\ LQ KRZ
PXFKverborum colores FRORUVRIWKHZRUGV 
7KHFRQFOXVLYHSUHFHSWH[KRUWVWKHSRHWWRWKHSDWLHQWUHIOHFWLRQ PRUD WRDORQJMRE
RI FXWWLQJ ODERUOLPDH WRQXPHURXVFDQFHOODWLRQVDQGFRUUHFWLRQV PXOWDOLWXUD 
IRUUHPRYLQJIURPKLVYHUVHVDOORIWKLVWKDWLVVXSHUIOXRXVXSWRVXEPLWLWWRWKHWHVW
RIWKHILQJHUQDLO WKDWRIWKHVFXOSWRUVWRYHULI\WKHVPRRWKQHVVRIWKHLURZQZRUN ,Q
VKRUWWKHSHUIHFWLRQRIWKHSRHWU\LVWKHUHVXOWRIDORQJSDWLHQWWHQDFLRXVMREDERYH
DOOto remove and to correct. 
2UD]LR VWLOO SURSRVHV D VWURQJ LPDJH DQG SROHPLFDV LWUHJDUGV WKHIRUPDWLRQRIWKH
FRPSHWHQFH WR WKH SRHWU\ IURP WKH PRPHQW WKDW 'HPRFULWR KDV EHOLHYHG WKDW WKH
PRVW LPSRUWDQW DWWULEXWH RI WKH SRHW LV WKH ingenium DQG QRW WKH DUW LQ KRZ PXFK
PDVWHU\ RI D WHFKQLTXH ODERULRXVO\ DFTXLUHG HW FHWHUD  DQG WKHUHIRUH KH H[FOXGHV
IURPthe Elicona WKHP\WKLFDOSODFHRIWKHSRHWV DOOWKHKHDOWKRIPLQG WKDWLVWKRVH
SHRSOHZKRDUHQRWSRVVHVVHGE\the poetic "furor".
7R GHVLJQDWH WKH FODVVLFDO VW\OH RI WKH RGHV E\ 2UD]LR /D 3HQQD >@ KDV WROG RI 
FOHDU DUFKLWHFWXUHV DOORZLQJ WR LQWHQG WKDW WKH SRHWLF FRQVWUXFWLRQ RI WKH &DUPLQDV
PDNHVWRWKLQNWRDFRQVWUXFWLRQRQWKH5HQDLVVDQFHW\SHDV the dome of S. Ivo
WKDW LV FRQWHPSRUDULO\ FKDUDFWHUL]HG E\ DQ H[WUDRUGLQDU\ KDUPRQ\ FRQQHFWHG WR DQ
H[FHSWLRQDOG\QDPLVP7KHPLUDFXORXVHTXLOLEULXPRIVXFKVRZHOOGRQHDQGSHUIHFW
FRQVWUXFWLRQV LVUHDOO\ WKH UHVXOW SURGXFHG E\ WKHV\QWDFWLFSURFHGXUHRIWKHOXFLGXV
RUGR
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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-DWWULEXWHVDOVRLQRSSRVLWHVLJQLILFDQFHIRUGHILQLQJWKHQRQOLQHDUFKDUDFWHUWR
UHDFKLHsilent, thunder, shining, XVHGE\PHIRUWKLVSDSHU
b- ImpetusDVFDWDO\]HIRUmorphogenesis
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.”
64XDVLPRGRLQ³Discorso sulla poesia” [12]

2Q26 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. ".
7KH DVFHQW RI WKH PRXQWDLQ DV V\PERO RI  DVFHQGLQJ DFFRUGLQJ WR WKH WUXWKIXO
VXJJHVWLRQRIWKHSDURQRPDVLD WKLVLVWKHNH\RQZKLFKURWDWHVWKHILJXUDWLYHSDWWHUQ
RI WKH HSLVWOH 3HWUDUFD H[SUHVVHV WKH UHODWLRQ ZLWK the scientific curiositas DQG
VWURQJO\LQWURGXFHVthe dimension of timeLQWRWKHJUDQGJHQHUDOVFKHPH
“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.” 7KLV  LV WKH PDLQ
VLJQLILFDQFH RI WKH HSLVWOH 7KH PRXQWDLQ 9HQWRVR FKDQJHV HQGOHVV WKH VWUHHW RI
OHFWXUH LQ D FRQWLQXRXV GRXEOH PHDQLQJ YLVLEOHLQYLVLEOH DUULYLQJ WR UHVW RQO\ DV
HDUWK V IUDJPHQWV LQ IURQW RI WKH KLJKQHVV RI WKH KXPDQ PLQG 7KH impetus LV LQ
UHGLVFRYHULQJWKHSRZHURIWKHGHHSFKLOGKRRGIHHOLQJRINQRZOHGJH
* c- The structural point of view – Anamorphosis
7KHWHUPanamorphosisLVUHODWLYHO\UHFHQW,WZDVLQYHQWHGE\WKHPRVWLQYHQWLYH
VFKRODURI%DURTXHLOOXVLRQLVPDQGLPDJLQDU\ZRUOGV$WKDQDVLXV.LUFKQHULQKLV
ERRNArs magna lucis et umbrae  WRGHVFULEHWKHWUDQVIRUPDWLRQRIDQ
LPDJH(anamorphosis sive transformatio figurae).
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Exemplum: 1 – Anamorphosis, micro/ macroscale ad unicum :
S. Francesco di Paola fresco 
7KHÄ6)UDQFLVIURP3DROD LVDORQJIUHVFRDURXQGVL[PHWHUVSDLQWHGDW7ULQLWjGHL0RQWLLQ
5RPHE\(PPDQXHO0DLJQDQLQ
)URQWDOO\VHHQWKHLPDJHLVDZKROHRIOLQHVZLWKKRUL]RQWDOFRXUVHWKDWGRHVQ WDSSDUHQWO\
UHSUHVHQWDQ\WKLQJ ILJ ««LILWZHUHQRWIRURIWKHVPDOOGHWDLOV ILJ ERDWVOLWWOHWRZQV
HWFLQVHUWHGUHDOO\WRIRUFHWKHUHDGLQJDQGWRLQGXFHZKRORRNVDWWRGLVFRYHULQVLGHD
ODQGVFDSH«
EXWWKHPLUDFOHKDSSHQVLIZHPRYHWKHUHDORQJWKHFRUULGRUHVWUDQJLQJXVIURPWKHIUHVFR
IRUDERXWWHQPHWHUV«PRUHZHJHWIDUPRUHWKHOLQHVVHHQRIIRUHVKRUWHQLQJDUH
UHFRPSRVHGLQDQLPDJHWKLVWLPHOHJLEOHRIWKHNQHOW6W)UDQFLVIURP3DROD ILJ DQGWKH
VPDOOFRXQWULHVZLWKWKHLUERDWVGLVDSSHDUWRWKHVLJKWRYHUSRZHUHGE\WKHJUHDWILJXUH
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³Like perspectives which, rightly gaz’d upon,
Show nothing but confusion, —ey’d awry,
Distinguish form!”
Shakespeare, Richard II

d-* AbductionThe living metaphorE\XVLQJZRUGVDQGDOJRULWKPVLQDFUHDWLYH
WLPHDVDPXVLFDOWLPH
$EGXFWLRQLVWKHDELOLW\WRGLVFRYHUFRQQHFWLRQV
“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.”
*8QJDUHWWL ³Commiato” RWWREUH

 Metaphor
“Noons

of dryness see you fed
by the involuntary powers”
W. H. Auden, Another Time[13]

7KH PHWDSKRU LV RQH RI WKH IXQGDPHQWDO GHYLFHV WKURXJK ZKLFK D  GHWHUPLQHG
OLQJXLVWLFFRGHLWLVDEOHWRJHQHUDWHLWVHOIDJDLQ
*RIIUHGRRI9LQRVDOYR 3RHWULDQRYD)DUDOY ZLOOVD\WKDW
WKHUHDUHWKUHHZD\VRIIRUPKLPVHOIthe art of which the rules are followed
the use to which it folds upDQGthe imitation of the models
*LRYDQQLRI6DOLVEXU\ 0HWDORJLFRQ, WHOOVXVDV%HUQDUGRI&KDUWUHV
FRQGXFWHGKLVOHVVRQVKHSRLQWHGRXWZKDWVLPSOHDQGFRQIRUPLQJZDV
WRWKHUXOHKHVKRZHGWKHJUDPPDWLFDOILJXUHVDQGWKHUKHWRULFDOFRORUVWKHILQHQHVV
RIUHDVRQLQJDQGto educate to the splendor orationisVKRZHG
WKHZRQGHURIthe translatio RUPHWDSKRU XELVHUPRH[FDXVDSUREDELOLDGDOLHQDP
WUDGXFLWXUVLJQLILFDWLRQHP
* Paradigm of organization: The time of change in the mirroring space of Art
5 -0-1 De Benedetti, the homo fictus
'HEHQHGHWWLKDVLGHQWLILHGWKHQLQ-R\FH3URXVW3LUDQGHOOR.DINDWKHIRXUULGHUVRI
WKLVVXEYHUVLRQRIVWDWH&RQWHPSRUDULO\WKHFRQQHFWLRQVRIZRUNVDQGWKHRULHVRIWKH
H[LVWHQWLDOLVWV DUH KHLJKWHQHG ZLWK WKHPHV E\ )UHXG  WKHPHV WKDW DUH VWLOO EURXJKW
EDFN ORVV WR WKHORVVRIIDWKHUHTXLYDOHQWRIPRGHOVVLQFHIDWKHULVQRWHWKH
GHSRVLWDU\RIWKHPRGHOV%XWWKHDEDQGRQHGFKLOGKDVGUDZQUHDOO\IURPKLVYLDWLFR
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RI SDLQ WKH ODVW FRXUDJH RI WKH UHYHQJH DOPRVW RI D GHVSHUDWH UHWDOLDWLRQ  LQ
JHRPHWULFWHUPV LWLVWKDWKHDUULYHGRQWKHHGJHVIURPZKHUH LWRSHQVWKDWRWKHU
VSDFHWKDWVSDFHQRWPRUHHXFOLGHDQKDVORRNHGZLWKRXWDFFXVLQJWKHYHUWLJRDQG
KH KDV QRW DVNHG UHIHUHQFHV DQ\PRUH WR WKH IRUPV ILJXUHV DQG VROLGV RI WKH JRRG
XVHOHVVJHRPHWU\WKDWPHDVXUHGWKH(DUWK
7KHFDOOWRWKHGRXEOHHTXDWLRQRI%DUWKHVDFFRUGLQJWRZKLFK
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 ± VDLG   *LDFRPR 'HEHQHGHWWL  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 impetusRI%RUURPLQLIRUEXLOGLQJ6,YRZDVLPSOHPHQWHGE\DVWURQJ
FRPSHWLWLRQZLWK%HUQLQL7REHWWHUXQGHUVWDQGWKDWWLPHZHKDYHWRNQRZWKDW%HUQLQL
PDGHDJUHDWUHVWRULQJRI3DQWKHRQSXWWLQJRQWKHIDoDGHRQWKHERDUGVRIGRPH
FDPSDQLOHVWKDWLQYHU\IDVWWLPHSHRSOHRI5RPHVXUQDPHEars of donkey VHH 
3DQWKHRQLVYHU\FORVHGWR6,YRDQGLQWKDWWLPHWKHVTXDUHEHKLQGWKHFKXUFKZDV
RSHQWRWKHYLVXDO VHH)
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0\LQWHUSUHWDWLYHNH\RIWKHPRUSKRJHQHWLFSURFHVVIRU6,YRLVWKDW%RUURPLQLKDGLQ
KLVPLQGWRSHUIRUPWKHSHUIHFWLRQE\WKHJHRPHWULFDOIRUPVFLUFOHDQGWULDQJOH
FRQQHFWLQJWKHPWRDYLVLRQDU\VFHQDULRUHVSRQGLQJFRPSOHWHO\WRsplendor
7KHVHQWHQFHE\3OLQLRWKHVHQLRU:” Aliud est lumen, aliud est splendor”LVWKHFOHDU
UHSUHVHQWDWLRQRI3DQWKHRQIRUOXPHQLQIDFWWKHGRPHWKURXJKLWVFHQWUDOKROH
UHSUHVHQWVLQVLGHRQWKHLQWHULRUGRPHZLWKDQHOOLSWLFIRUPWKHFKDQJLQJRIWKHVXQ
OLJKWGXULQJWKHGLIIHUHQWKRXUVRIWKHGD\)RU6,YRKRZWRJDLQVSOHQGRU"
7KHPDLQTXHVWLRQZDVIRU%RUURPLQL,QKLVFRPSHWLWLRQZLWK%HUQLQLKRZWRDGRUQIRU
persuadingLQIURQWRIDZDQGHULQJ"
,QWKHFODVVLFDOUKHWRULFWKHDGRUQHGVW\OHRIGLVFRXUVHLVGHILQHGLQUHODWLRQVKLSWR
WKHSULQFLSDOSXUSRVHRIWKHRUDWLRWKDWLVWKDWWRSHUVXDGH&LFHURLQWKH'H2UDWRUH
>@VSHDNLQJRIWKHZD\RIDGRUQLQJWKHGLVFRXUVHVD\VWKDWLWKDV©KRZHIIHFWWR
PDNH DWWKHPRVWSOHDVDQWWKHRUDWLRDWPD[LPXPGHJUHHDEOHWRPDNHEUHDFKLQ
WKH IHHOLQJV RI WKH DXGLHQFHª &RQVWDQW DUH LQ WKH DXWKRU WKH UHFDOO WR DQ
DSSURSULDWH XVH RI WKH RUQDPHQWDWLRQ © EHFDXVH WKH RUDWLR LV GLVVHPLQDWHG RI
IORZHUVRIWKHZRUGVDQGRIWKHWKRXJKWVZHGRQ WKDYHWRVFDWWHULQZD\RILWXQLIRUP
LQ WKH ZKROH GLVFRXUVH ZH ZLOO KDYH WR GLVWULEXWH WKHP DV IULH]HV DQG OLJKWV LQ D
GHFRUDWLRQLQVWHDGLWLVQHFHVVDU\WRFKRRVHDVW\OHWKDW not only dear, but dear
without satiatingª RSFLW,,, 
)HZIXUWKHULQWKH'H2UDWRUHWKHUHLVWKHFDOOWRthe utilityWKDWDFFRPSDQLHVWKH
EHDXW\PDNLQJDOPRVWLWQHFHVVDU\©WKHFROXPQVVXVWDLQWHPSOHVDQGSRUWLFRVEXW
WKHLUPDMHVW\ dignitas LVHTXDOWRWKHLUXWLOLW\WKHVDPHWKLQJLV verified LQHYHU\
SDUWRIWKHGLVFRXUVHDFHUWDLQJUDFHDQGDJUHHDELOLW\DUHFRQVHTXHQFHRIWKHXWLOLW\
DQGDOPRVWRIWKHQHFHVVLW\ª RSFLW,,, 
6RKHGHILQHGWKHGRPHDVDKHOLFDOODQWHUQDWPLFURVFDOHDVDIUDJPHQWRQVLGHWKH
GRPH7KLVIRUUHYHUWLQJWKHWUDGLWLRQRI%DEHOWRZHUDVWKHVLWHRIWKHFRQIXVHG
GLIIHUHQWIUDJPHQWVRIODQJXDJHLQWRWKHVLWHRIPLUDELOLDDVDVLOHQWVSOHQGRURI
ZLVGRP%RUURPLQLKDGDYHU\GHHSUHODWLRQVKLSZLWK.LUFKQHU+HNQHZYHU\ZHOOKLV
GUDZLQJVDQGKLVVFULSWVDERXWKHOLFDOIRUPVDQG%DEHOWRZHU)ROORZLQJKLV
LQWURYHUWHGFKDUDFWHU%RUURPLQLVSHQWPDQ\WLPHDORQHLQVWXG\LQJDQFLHQWERRNV
PRUHWKDQRQHWKRXVDQGWKDWKHOHIWDWKLVGHDWK7KLVZDVUHDOO\DELJQXPEHUIRU
WKDWWLPHV
6RKHNQHZLQGHHSDOOSUHFHGHQWVDERXW%DEHOWRZHU
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6SLUDO0LQDUHWLQ6DPDUUD,UDT$.LUFKQHU – 3%UXHJHOVHQLRU- 8QNQRZQ)OHPLVKDUWLVW



Turris BabelZLWKW\SLFDOHFOHFWLFLVP.LUFKHULOOXVWUDWHVWKHLPSRVVLELOLW\RIWKH7RZHURI%DEHOKDYLQJUHDFKHGWKHPRRQ


7KHUHLVDGHWDLOWKDWIURPPDQ\\HDUVDWWUDFWHGP\DWWHQWLRQPDNLQJDSKRWRWKHDOO
HTXDOVFXOSWXUHVRIDQJHOVRQWKHFRURQDPHQWRRIWKHGRPH%RUURPLQLVWDUWHGLQ
ZRUNLQJDW5RPHDVVFDUSHOOLQRDELJWUDGLWLRQRIKLVELUWKVLWH%LVVRQH+HZRUNHG
ZLWK0DGHUQRFRQQHFWHGWRKLVPRWKHUIRUUHODWLRQVKLS+LVDELOLW\ZDVH[FHOOHQW
VLQFHKLVILUVWH[SHULHQFH6RKHVFXOSWXUHGWKHVHDQJHOVDVHTXDODVD
UHSUHVHQWDWLRQRIDYHU\IRFXVHGLQWHQW$K\SRWKHVLVFRXOGEHWKDWLIZHLPDJHWKH
DQDPRUSKLFHOOLSVHJHQHUDWLQJIURPPRYLQJRXWVLGHWKHFKXUFKRQWKHH[WHUQDO
VTXDUHDVDSDVVDJHEHWZHHQDHWHUQDOPRPHQWDEOHWRUHSHDWLWVHOIHQGOHVV7KH
GLPHQVLRQRIUHDOVSDFHWLPHLVtranslate in eternalE\WKHVLPSOHUHSUHVHQWDWLRQRI
the same sculpture in elliptic sequence,I\RXZDQWQXPEHULQJ\RXFDQVWDUWLQD
SRLQWDQGJRWROHIWRUWRULJKWFRPLQJEDFNLQWRWKHVDPHSRLQWEXWLQDGLIIHUHQWWLPH
HQGOHVV%XWWKLVUHPLQGWRPHWKHPLGGOHDJHRIrosone LQWKHIDoDGHRIWKH
FKXUFKHYRFDWLYHRIPRRQOLJKWLQJIRUWKH&KRUXVVRQJVLQVLGHWKHFKXUFK6RWKH
K\SRWKHVLVPLJKWEHWKDWKHSURMHFWHGWKHURVRQHIURPWKHIDoDGHLQWRWKHEDVHRI
GRPHVHHLQJLWDVDVHFWLRQRIVSKHUHWKDWPRYLQJIURPGLPHQVLRQWRJHQHUDWHV
WKHKHOLFDOODQWHUQ7KLVLVWKHUHSUHVHQWDWLRQRIWKHFKRUXVWKDWZLWKRXWZRUGVVLQJ
WKHHWHUQDOEHDXW\RIZLVGRPDVLQWKHFKRUXVRIDaphnis 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
(FFOHVLDVWHV
6.0- 1 Into the fire
%HIRUHKLVDWWHPSWWRNLOOEHLQJWKURZQKLPVHOIRQKLVVZRUGWKDWJDLQHGDIWHURQHGD\
RIDWURFLRXVVXIIHULQJV%RUURPLQLWKUHZLQWKHILUHDOORIKLVQRWHVDQGGUDZLQJV:H
KDYHRQO\KLVRIILFLDOGUDZLQJVIRUWKHUHDOL]HGFRQVWUXFWLRQVWKDWKHKDGGHOLYHUHGWR
WKH&RQJUHJDWLRQVWKDWKDGFRPPLVVLRQHGKLVZRUN
7KLVIROORZVWRWKHWUDGLWLRQRIWKH)UHHPDVRQVIRUSUHVHUYLQJWKHVLQJOHWULDORI
GLVFRYHU\RIHDFKRZQDELOLW\LQDUW
7KLVZDVDV*RHWKHPDGHKRZHYHURQO\IRUElected affinities
$ERXW%RUURPLQLZHNQRZRQO\WKHUHVXOWVLQFUHGLEOHZRQGHUIXOUHVXOWV%XWDVIRU
HYHU\UHDOZRUNRIDUWLQWKHUHVXOWVLVSRVVLEOHWRGLVFRYHULQILQLWHSRVVLEOH
LQWHUSUHWDWLRQV
6 -0- 2 An actual question
9LFWRU+XJRUHVSRQGHGLQDSRVLWLYHZD\ZLWKIDLWKDQGRSWLPLVPWRWKHUKHWRULFDO
TXHVWLRQWKDWKHZDVLQTXLUHGLQ1RWUHGDPHVGH3DULVif the book, after the
revolution Gutemberg, would have killed the building,
$QGQRZLQWKHJHQHWLFUHYROXWLRQZLOOWKHDUFKLWHFWXUHVXUYLYH"
7RDQVZHULVQRWVLPSOHEXWPD\EHLWZLOOVXUYLYHLIZHSUHVHUYHRXUDELOLW\LQ
visionarityWKDWULVHVDOVRIURPRXUDWWHQWLRQto young people slang
References
>@-RKDQQ-RDFKLP4XDQW]Versuch einer Anweisung die Flöte traversiere zu
spielen %HUOLQ &K;,2IJRRGH[HFXWLRQLQJHQHUDOLQVLQJLQJDQGSOD\LQJ±
>@+HQUL%HUJVRQ³L’evoluzione creatrice´/DWHU]D%DUL
>@2UD]LR4)ODFFR“ Epistole ed ars poetica” , )HOWULQHOOL0,
>@/XFLXV$QQHXV6HQHFD³Ricerche sulla Natura”, 0RQGDGRUL0L
>@*DLR3OLQLRVHFRQGRGHWWRLO9HFFKLR³Naturalis Historia”,*LDUGLQL3L
>@7HRGRULFRGL&KDUWUHV´Il divino ed il macrocosmo”,5XVFRQL0L
>@5-DNREVRQClosing Statements: Linguistics and PoeticsLQ6W\OHLQ/DQJXDJHDFXUDGL
7K$6HEHRN1HZ<RUN/RQGRQSS6LIDULIHULPHQWRDOOெHGL]LRQHLWDOLDQDLQ
-DNREVRQ  
>@(UDVPRGD5RWWHUGDP“Adagia”,6DOHUQR,GLDPDQWL
>@$QWRQLR/D3HQQDSaggi e studi su Orazio6DQVRQL)LUHQ]H
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L'histoire du Cursus, 6DIIURQ:DOGHQ(668.ILUVWHG
>@)3HWUDUFD“La lettera del Ventoso”, 7DUDUj2PHJQD
>@64XDVLPRGR$SSHQGLFHD³Il falso e vero verde”, 0RQGDWRUL0L
>@:\VWDQ+XJK$XGHQ³´Another Time: Poems”,;HUR[8QLY0LFURILOPV
>@2&HFFKL³Debenedetti: la poesia e la scienza”©5LQDVFLWDª;;;,GLFHPEUH
SSRLFRQLOWLWROR/DPXVLFDHO DOJRULWPRLQ,'(0,QFRQWULFRQ'HEHQHGHWWLFLW
SS
>@3XEOLXV2YLGLXV1DVR“Le Metamorfosi” (LQDXGL7R
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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 usecases 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 decisionsolver 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
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 rectangleshaped 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].

page # 209

th

14 Generative Art Conference GA2011

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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Walking through walls - Generative solutions to naturalistic
planting design.
James Basson BA Hons Garden Design
Scape sarl, Le Bar sur Loup, France
www.scapedesign.com
e-mail: james@scapedesign.com

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.
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COURCHIA Jean-Paul

The work is the artist.

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
Topic: art and science
resembled these surroundings [2]: “It is thus not our brain that
Authors:
evolved to the task of reading, but reading that adapted to our brain.”
Courchia Jean Paul MD This is how neuronal recycling was created; man created the shape
Saint Joseph’s Hospital, of letters by copying what he liked to look at. Because he is in the
Dpt of Ophthalmology.
middle of his environment, it is obvious to find elements of the
Marseille. France
surrounding in his work. The artist’s brain creates, while influenced by
Guigui Sarah
its own environment. Cézanne, without knowing it, simplifies his
Ben Gurion Univ. of the
paintings to the limits of abstraction. This is accomplished by an
Negev, Medical school
emphasis on brushstrokes over details. What made Cézanne
for internat Health Israel. successful in his attempt was that our brains are particularly keen on
Righini Maud
strokes and lines (something Cézanne probably did not know). The
Saint Joseph’s Hospital, role of the golden number is a value/ratio, which defines esthetics.
Dpt of Ophthalmology.
This ratio, present in nature, is found in many architectural and
Marseille. France
pictural works. Eye movements studies, show that subjects are
Courchia Benjamin
attracted to the area delimited by this ratio. This was clear in the
Ben Gurion Univ. of the
painting of Francisco Goya’s “May 3rd 1808.” What is even more
Negev, Medical school
intriguing is the resemblance existing between the work and its
for internat Health Israel creator. At the center of his environmental sphere we can assume
Courchia Emmanuel
that the greatest influence over an artist is exerted by his own image
Yeshiva University. New and then by the one of his immediate acquaintances (family or
York. USA
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?
Contact:
Keywords:
courchia@numericable.fr Art, eye movement, brain, neuronal recycling, perception.
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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 barrestaurant, 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 fairytale.
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
xxiii
and contains
illustration above). It has a gross floor area of 15,552 square meters
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.
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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 secondgeneration 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 multiculturalism.
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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Kevin McGuire

Paper: A Turing Test for Generative Art
$EVWUDFW
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" ,V LW ³PDQQHUHG´" Or do we believe we are
somehow capturing something deeper, a kind of partial working copy of
WKHDUFKLWHFW¶VEUDLQ and their creative essence?
How can we even begin to have this discussion?

7RSLF3KLORVRSK\RI
0LQG
$XWKRU
.HYLQ0F*XLUH
Independent
Canada

5HIHUHQFHV
[1] G.Matteo Codignola,
³Generative
Recognizable Codes
from Gaudi'´Generative
Art International
Conference, Milan, 2000
[2] Joseph Weizenbaum,
"ELIZA ² A Computer
Program For the Study
of Natural Language
Communication
Between Man And
Machine",
Communications of the
ACM 9 (1), USA, 1966
[3] Alan Turing,
³Computing Machinery
and Intelligence´0LQG
Oxford University Press,
England, 1950

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
prograPLVEHKDYLQJ³LQWHOOLJHQWO\´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.

&RQWDFW
.H\ZRUGV
NHYLQ#PFJXLUHQDP Artificial intelligence, imitation, creativity
H
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A Turing Test for Generative Art
Kevin McGuire
Independent, Canada
www.mcgui.com
e-mail: kevin@mcguire.name

Abstract
:KHQZHSURGXFHJHQHUDWLYHDOJRULWKPVZKRVHRXWSXWFORVHO\PDWFKHVWKHVW\OHRID
SDUWLFXODU DUFKLWHFW RU DUWLVW ZKDW H[DFWO\ LV LW WKDW ZH WKLQN ZH DUH GRLQJ" 'R ZH
EHOLHYH ZH DUH VLPSO\ PLPLFNLQJ WKH DUFKLWHFW SURGXFLQJ VKDOORZ UHVXOWV WKDW KDYH
WKH VXUIDFH TXDOLWLHV RI WKH DUFKLWHFW EXW QR VXEVWDQFH" 2U GR ZH EHOLHYH ZH DUH
VRPHKRZ FDSWXULQJ VRPHWKLQJ GHHSHU D NLQG RI SDUWLDO ZRUNLQJ FRS\ RI WKH
DUFKLWHFW¶VEUDLQDQGWKHLUFUHDWLYHHVVHQFH"
+RZFDQZHHYHQEHJLQWRKDYHWKLVGLVFXVVLRQ"
7KH 7XULQJ 7HVW LV D UKHWRULFDO IUDPHZRUN KHOSIXO LQ GLVHQWDQJOLQJ WKH GLVFXVVLRQ
DURXQG DUWLILFLDO LQWHOOLJHQFH %\ DSSO\LQJ DQ HTXLYDOHQW WR WKH 7XULQJ 7HVW WR WKH
TXHVWLRQVRI*HQHUDWLYH$UWZHFDQGLVFXVVWRSLFVOLNHPLPLFU\WRSRORJLFDOVLPLODULW\
EUDQGLQJ VLJQDWXUH VW\OH ZKHWKHU D PDFKLQH FDQ EH FUHDWLYH DQG ZKHWKHU D
PDFKLQHDQGFUHDWHDUW

1. Introduction
:KHQ ZHVSHDNRIJHQHUDWLYHDUWLQWHUPVRIJHQHWLFFRGHV>@LWLVVRPHWLPHVQRW
FOHDUKRZOLWHUDOO\ZHVKRXOGLQWHUSUHWWKHQRWLRQRIJHQHWLFFRQWHQW:HXQGHUVWDQG
WKDWE\XVLQJDJHQHUDWLYHDSSURDFKZHSURGXFHDIDPLO\WKDWFRQIRUPVWRWKHUXOHV
RIWKHDOJRULWKPDIDPLO\ZKRVHIRUPKDVRULJLQLQWKHJHQHWLFPDWHULDO%XWZKDWGR
ZHEHOLHYHZH¶YHDFWXDOO\FDSWXUHGLQWKDWDOJRULWKP"
&RGLJQROD >@ GHPRQVWUDWHG D V\VWHP WKDW FRXOG SURGXFH UHVXOWV WKDW UHPDUNDEO\
UHVHPEOHGWKHZRUNRI$QWRQL*DXGL:KDWH[DFWO\GRZHEHOLHYHKHGLG":DVWKLV
MXVW D NLQG RI VKDOORZ PLPLFU\ >@ D VXUIDFH UHVHPEODQFH WR VRPH RI WKH REYLRXV
TXDOLWLHV RI *DXGL" 2UPLJKWZHFRQVLGHUKLPWRKDYHFDSWXUHGVRPHWKLQJGHHSHU
VRPHWKLQJ WKDW E\ VR FORVHO\ PLPLFNLQJ WKH VXEMHFW FRXOG EH WKRXJKW WR EH
HTXLYDOHQWWRLW"

2. The Turing Test
7KLV LV D GLIILFXOW VXEMHFW WR XQUDYHO EHFDXVH RI DOO WKH HOHPHQWV LQYROYHG WKH
PHWDSKRU RI JHQHWLFV HQFRGLQJ RI IRUP YHUVXV HQFRGLQJ RI RULJLQ RI IRUP
SHUFHSWLRQ REMHFWLYH QRWLRQV RI PRUSKRORJLFDO VLPLODULW\ VXEMHFWLYH QRWLRQV RI
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DHVWKHWLFV WKH KDQG RI WKH KXPDQ ZKR FUHDWHG WKH JHQHUDWLYH V\VWHP DQG ILQDOO\
WKHUROHRIWKHDUWLVWYHUVXVWKHUROHRIWKHDXGLHQFH
7KHVH SUREOHPV DUH VLPLODU LQ PDQ\ ZD\V WR WKH SUREOHP RI GLVFXVVLQJ ZKHWKHU
PDFKLQHVFDQWKLQN,QRUGHUWRGLVFXVVZKHWKHUDPDFKLQHFDQWKLQNRQHPXVWILUVW
GHILQH ZKDW LW PHDQV WR WKLQN WR GLVFXVV ZKDW LW PHDQV IRU D PDFKLQH WR EH
LQWHOOLJHQWRQHPXVWGHILQHZKDWLWPHDQVWREHLQWHOOLJHQW%XWWKHVHVXEMHFWVDUHMXVW
DVLQWUDFWDEOH
,Q  $ODQ 7XULQJ SURSRVHG D WKRXJKW H[SHULPHQW ZKLFK KH UHIHUUHG WR DV ³WKH
LPLWDWLRQJDPH´QRZUHIHUUHGWRDVWKH³7XULQJ7HVW´7KHUHDUHWKUHHHOHPHQWVWKH
PDFKLQH D KXPDQ VXEMHFW DQG DQ H[SHULPHQWHU 7KH H[SHULPHQWHU LV SK\VLFDOO\
VHSDUDWHG IURP WKH PDFKLQH DQG WKH KXPDQ VXEMHFW E\ PHDQV RI D NH\ERDUG DQG
VFUHHQVRWKDWKLVRQO\LQWHUDFWLRQLVYLDDVHWRIW\SHGTXHVWLRQVDQGDQVZHUV7KH
PDFKLQHLVFRQVWUXFWHGLQVXFKDZD\DVWRWU\WRPLPLFWKH EHKDYLRXURIDKXPDQ
7KH H[SHULPHQWHU GRHV QRW NQRZ ZKHWKHU WKH\ DUH LQWHUDFWLQJ ZLWK WKH PDFKLQH RU
WKH KXPDQ 7KH JRDO LV WR VHH ZKHWKHU WKH H[SHULPHQWHU FDQ WHOO WKH GLIIHUHQFH
EHWZHHQ WKH WZR GHWHFW WKH IDFW WKDW WKH\¶UH LQWHUDFWLQJ ZLWK WKH PDFKLQH 7KH
PDFKLQH³ZLQV´WKHLPLWDWLRQJDPHLIWKHH[SHULPHQWHUFDQQRWWHOOWKHGLIIHUHQFH
,QVRGRLQJ7XULQJUHSODFHVWKHLQWUDFWDEOHTXHVWLRQ³:KDWLVLQWHOOLJHQFH´E\DPRUH
WUDFWDEOH RQH ³$UH WKHUH LPDJLQDEOH GLJLWDO FRPSXWHUV ZKLFK ZRXOG GR ZHOO LQ WKH
LPLWDWLRQJDPH"´>@(VVHQWLDOO\LWPHUHO\FODLPVWKDWRQHFDQFRQVLGHUWKHPDFKLQH
WR EH LQWHOOLJHQW LI LW EHKDYHV LQ VXFK D ZD\ DV WR EH LQGLVWLQJXLVKDEOH IURP DQ
LQWHOOLJHQWEHLQJLILWFRQYLQFLQJO\PLPLFVDKXPDQ

3. The Turing Test applied to Generative Art
$ GLUHFW DSSOLFDWLRQ RI WKH 7XULQJ 7HVW WR *HQHUDWLYH $UW ZRXOG EH WR UHSODFH
³LQWHOOLJHQFH´ZLWK³DUW´7KXVLQVWHDGRIDVNLQJ³&DQPDFKLQHVWKLQN"´ZH¶GDVN³&DQ
PDFKLQHVFUHDWHDUW"´%XWWKLVOLQHRILQTXLU\ZRQ¶WJHWXVIDU:KLOHDVZHEHOLHYHZH
FDQGHVFULEHLQWHOOLJHQWEHKDYLRXULQWHUPVRILWEHLQJLQGLVWLQJXLVKDEOHIURPWKDWRID
KXPDQDQGLQVRGRLQJGHILQHLQWHOOLJHQFHDV³WKDWZKLFKKXPDQVH[KLELW´QRVXFK
GHILQLWLRQ IRUDUW LVDWWKHUHDG\H[FHSWIRUWKHWULYLDODQGFLUFXODUGHILQLWLRQ³LWLVWKH
WKLQJ WKDW DUWLVWV FUHDWH´ 7KDW LV ZH FDQQRW WDON DERXW ZKHQ D PDFKLQH KDV
VXIILFLHQWO\PLPLFNHGWKHFUHDWLRQRIDUWEHFDXVHZHFDQ¶WHYHQDQVZHUWKHTXHVWLRQ
IRUKXPDQV
,QVWHDG ZH¶UH JRLQJ WR QDUURZ WKH LPLWDWLRQ JDPH WR FUHDWLYH RXWSXW DQG PDNH WKH
TXHVWLRQPRUHWUDFWDEOH,WEHFRPHV
³&DQ PDFKLQHV SURGXFH DUWHIDFWV ZKLFK DUH LQGLVWLQJXLVKDEOH IURP WKH
FUHDWLYHRXWSXWRIDKXPDQ"´
,QGHHG &RGLJQROD VDLG ZLWK UHVSHFW WR KLV ZRUN RQ JHQHUDWLQJ IRUP DFFRUGLQJ WR
*DXGL
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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"
:KHUH ³UHFRJQL]DEOH´ LV WKH NH\ IRU RXU SXUSRVH 7R PDNH WKH GLVFXVVLRQ PRUH
FRQFUHWHZH¶OOSLFNVRPHVSHFLILFRXWSXWVDQGKXPDQV

4. Spot the BMW
)RUWKLVWKRXJKWH[SHULPHQWOHWXVVXSSRVHWKDWDYHU\FOHYHULQGXVWULDOGHVLJQHUKDV
SURJUDPPHGDJHQHUDWLYHDOJRULWKPWRSURGXFHGLIIHUHQWVW\OHVRIFDUV7KHSURJUDP
FRQVLVWVRIDVLQJOHVHWWLQJDGLDOIRUGLIIHUHQWEUDQGVRIFDUV7KHRXWSXWLVDVHWRI
GUDZLQJVRIFDUVRIWKDWEUDQGPLQXVWHOOWDOHJLYHDZD\VVXFKDVKRRGRUQDPHQWVRU
RWKHUHPEOHPV
:HVHWWKHGLDOWR³%0:´'RZHEHOLHYHWKHRXWSXWFDQEHFRQVLGHUHG³GUDZLQJVRI
%0:V´"+DVWKHSURJUDPPLPLFNHGZKDWD%:0GHVLJQHUGRHV":KREHWWHUWRDVN
WKDQWKHPDQRQWKHVWUHHW
,PDJLQHZHWDNHWKHGUDZLQJVDQGPL[WKHPLQZLWKUHDOVWXGLRGUDZLQJVWDNHQIURP
WKH GHVLJQ FHQWUHV RI RWKHU FDU PDQXIDFWXUHUV GUDZLQJV IRU FDUV QRW LQ SURGXFWLRQ
:H GR WKLV WR OHYHO WKH SOD\LQJ ILHOG DQG HQVXUH DOO WKH FDUV DUH XQIDPLOLDU WR WKH
VXEMHFW:HDVNSDVVHUE\¶VZKLFKFDULVWKH%0:2QHPLJKWUHDVRQDEO\DUJXHWKDW
DQ\LQDELOLW\WRVSRWWKH%:0PD\EHWKHIDXOWRIWKHVXEMHFW WKH\¶UHMXVWQRWJRRGDW
LW  QRW RI WKH JHQHUDWLYH PDFKLQH 7KHUHIRUH ZH¶OO FUHDWH D FRQWURO JURXS ZKLFK
FRQWDLQVUHDOVWXGLRGUDZLQJVIURP%:0DJDLQRIFDUVQRWLQSURGXFWLRQ6LQFHWKH
JHQHUDWLYHPDFKLQHPD\KDSSHQWRSURGXFHGUDZLQJVZKLFKPDWFKH[LVWLQJFDUVDQG
LW ZRXOG EH WULYLDO IRU SHRSOH WR VSRW WKRVH ZH ZLOO VLPLODUO\ UHPRYH IURP WKH
JHQHUDWHGVHWDQ\ZKLFKDUHHDVLO\LGHQWLILDEOHDVH[LVWLQJPRGHOV
,ISDVVHUE\¶VSLFNWKHJHQHUDWHG%:0ZLWKDERXWWKHVDPHIUHTXHQF\DVWKHVWXGLR
%:0 IURP WKH FRQWURO JURXS ZH FDQ UHDVRQDEO\ FODLP WKDW ZH¶YH PLPLFNHG ZKDW
%0:GHVLJQHUVGR
:H¶YH DOVR FDSWXUHG ³:KDW LW PHDQV IRU VRPHWKLQJ WR ORRN OLNH D %0:´ :H FODLP
WKLV EHFDXVH DIWHU DOO WKH FRQFUHWH SXUSRVH RI EUDQGLQJ LV WR H[DFWO\ DFKLHYH WKDW
UHDFWLRQ LPPHGLDWH UHFRJQLWLRQ RQ WKH SDUW RI WKH SXEOLF WKDW WKDW DUWHIDFW LVRI WKDW
EUDQG7KHUHIRUHLIWKHJHQHUDOSXEOLFFDQ¶WGLVWLQJXLVK%:0GHVLJQHUGUDZLQJVIURP
JHQHUDWHGGUDZLQJVZHFDQFRQFOXGHWKDWWKHJHQHUDWLYHV\VWHPLVPLPLFNLQJ%:0
GHVLJQHUV 7KLV RI FRXUVH LV EDG QHZV IRU WKH GHVLJQHUV ZKR ZRUN DW %0: VLQFH
WKHLUMREVDUHQRORQJHUUHTXLUHG
4.1 Argument: Such rules cannot be written down
7KLVDUJXPHQWVD\VWKDWZHFRXOGQHYHUFRQVWUXFWWKHJHQHUDWLYHDOJRULWKPLQWKHILUVW
SODFH WKDW ZKDW LW PHDQV IRU VRPHWKLQJ WR ORRN OLNH D %:0 FDQ¶W EH ZULWWHQ GRZQ
,¶YH QHYHU ZRUNHG DW %0: RU DQ\ RWKHU FDU PDQXIDFWXUHU IRU WKDW PDWWHU EXW ,¶P
JRLQJ WR KD]DUG WR JXHVV WKDW GXULQJ RQH¶V FDUHHU DW %0: RQH JHWV EHWWHU DW
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GHVLJQLQJ %:0V 7KXV WKHUH¶V VRPH H[WHUQDOL]HG WUDQVIHU RI NQRZOHGJH IURP
H[SHULHQFHGGHVLJQHUVWRQHZGHVLJQHUV'LGQRRQHWKLQNWRZULWHLWGRZQ"
,QDQ\HYHQWWKHVDPHDUJXPHQWPLJKWEHPDGHIRUWKH7XULQJWHVWWKDWWKHUXOHVIRU
LQWHOOLJHQWEHKDYLRXUFDQ¶WEHNQRZQ7XULQJDYRLGVWKLVFRPSOHWHO\E\VLPSO\GHILQLQJ
WKHFULWHULDXQGHUZKLFKZHPLJKWDJUHHWKDWDPDFKLQHEHKDYHVLQWHOOLJHQWO\ZLWKRXW
VSHFLI\LQJKRZVXFKDPDFKLQHPLJKWEHFRQVWUXFWHGDOWKRXJKKHGRHVFRQMHFWXUH
WKDWJLYHQDGYDQFHVVXFKDPDFKLQHFRXOGSODXVLEO\EHEXLOWVRPHGD\7KHVDPH
FDQEHDUJXHGIRUWKH%:0JHQHUDWRU7KHWKRXJKWH[SHULPHQWLVRQHRIPLPLFU\LI
WKHPDFKLQHFDQSURGXFHDQRXWZDUGUHVXOWWKDWLVLQGLVWLQJXLVKDEOHIURPWKH
KXPDQ¶VZHFDQREMHFWLYHO\DVFULEHWRWKHPDFKLQHWKHODEHORIEHLQJFDSDEOHRIWKDW
EHKDYLRXULQWKHVDPHZD\ZHDVFULEHGLWWRWKHKXPDQ,QWKH7XULQJWHVWLW¶VDERXW
LQWHOOLJHQFHLQRXUFDVHDERXWGHVLJQDQGDUW
4.2 Argument: Being a good BWM designer is about more than just producing
cars that look like BMW’s
:HGLGQ¶WVD\WKDWZH¶GSURGXFHnice%:0VRURQHVWKDWFRXOGEHVROGVXFFHVVIXOO\
VLPSO\WKDWWKH\¶GEHUHFRJQL]DEOH,Q7XULQJWHUPVWKLVPLJKWEHSKUDVHGDV³:KLOH
ZHPLJKWSURGXFHDPDFKLQHWKDWDSSHDUVWREHLQWHOOLJHQWZHZRXOGQ¶WQHFHVVDULO\
ZDQWWREHIULHQGVZLWKLW´6RZHFRQFHGHWKDWUHFRJQLVDELOLW\LVDQHFHVVDU\EXWQRW
VXIILFLHQW FRQGLWLRQ ,W VHHPV WKH %0: GHVLJQHUMREV DUH VDIH DW OHDVW IRUWKH WLPH
EHLQJ
2UDUHWKH\"

5. Discovered, Gaudi’s lost sketches!
)RU WKH QH[W WKRXJKW H[SHULPHQW ZH ZLOO FODLP WKDW ZH¶YH GLVFRYHUHG D SUHYLRXVO\
XQNQRZQ VNHWFK ERRN RI $QWRQL *DXGL VD\ EXULHG DZD\ LQ KLV PRWKHU¶V DWWLF   ,Q
WUXWKQRVXFKERRNKDVEHHQGLVFRYHUHGLQVWHDGZHKDYHDJHQHUDWLYHV\VWHPZKLFK
SURGXFHVGUDZLQJVZKLFKUHVHPEOHWKHZRUNRI*DXGL
,Q WKLV YHUVLRQ RI WKH WHVW ZH ZLOO VHQG WKH LPDJHV IURP ³WKH VNHWFK ERRN´ WR DQ
HVWHHPHGSDQHORIDUFKLWHFWXUDOKLVWRULDQVDUFKLWHFWVDQGRWKHUH[SHUWV:KDWLIWKH\
FDQQRW WHOO WKH GLIIHUHQFH" :KDW LI WKH\ EHOLHYH WKHVH WR EH LPDJHV SURGXFHG E\
*DXGLKLPVHOI",QWKDWHYHQZHZRXOGFODLPWKDWZH¶YHVXFFHVVIXOO\PLPLFNHG*DXGL
:KRFRXOGVD\RWKHUZLVH"
:H DUH VR SOHDVHG WR KDYH RXU *DXGL JHQHUDWRU WKH ILUVW WKLQJ ZH PLJKW GR DIWHU
DSRORJL]LQJWRWKHH[SHUWVIRUGXSLQJWKHP LVWRDSSO\LWWRWKHMRERIFRPSOHWLQJWKH
6DJUDGD)DPLOLD+RZZRQGHUIXOLWZLOOEHWKDWZHFDQILQDOO\FRPSOHWH*DXGL¶VZRUN
as if he had been there to complete it himself!>@
1RZ VXUHO\ WKH ZRUN RI *DXGL LV WKH FXOPLQDWLRQ RI KLV OLIH KLV H[SHULHQFHV KLV
NQRZOHGJHKLVSDVVLRQ7KXVLIWKHUHVXOWVDUH*DXGL¶HVTXHLVQRWWKHPDFKLQHWRR"
+DYHQ¶WZHHQFRGHGVRPHWKLQJRIZKDWLWPHDQVWREH*DXGLWKHKXPDQKLVOLIHKLV
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H[SHULHQFHV HWF" +DYH ZH FUHDWHG D NLQG RI SDUWLDO ZRUNLQJ FRS\ RI *DXGL LQ D
ER["
5.1 Argument: Art is the sole domain of a conscious entity, the sole domain of
humans
7XULQJDGGUHVVHVDVLPLODUDUJXPHQWLQWHUPVRIFRQVFLRXVQHVVDVDUHTXLUHPHQWIRU
LQWHOOLJHQW EHKDYLRXU  +H FLWHV 3URIHVVRU -HIIHUVRQ V /LVWHU 2UDWLRQ IRU  DV DQ
H[DPSOHRIVXFKDQDUJXPHQW
1RW XQWLO D PDFKLQH FDQ ZULWH D VRQQHW RU FRPSRVH D FRQFHUWR EHFDXVH RI
WKRXJKWV DQG HPRWLRQV IHOW DQG QRW E\ WKH FKDQFH IDOO RI V\PEROV FRXOG ZH
DJUHHWKDWPDFKLQHHTXDOVEUDLQ²WKDWLVQRWRQO\ZULWHLWEXWNQRZWKDWLWKDG
ZULWWHQLW1RPHFKDQLVPFRXOGIHHO DQGQRWPHUHO\DUWLILFLDOO\VLJQDODQHDV\
FRQWULYDQFH SOHDVXUHDWLWVVXFFHVVHVJULHIZKHQLWVYDOYHVIXVHEHZDUPHG
E\IODWWHU\EHPDGHPLVHUDEOHE\LWVPLVWDNHVEHFKDUPHGE\VH[EHDQJU\
RUGHSUHVVHGZKHQLWFDQQRWJHWZKDWLWZDQWV  
7XULQJDUJXHVWKDWWKHRQO\ZD\WRNQRZLIDQHQWLW\LVFRQVFLRXVRUQRWLVWREHWKDW
HQWLW\+HDOVRSURYLGHVDOLWWOH³YLYDYRFH´GLDORJWRLOOXVWUDWHWKHNLQGVRIUHVSRQVHV
WKDWRQHZRXOGQDWXUDOO\LQWHUSUHWDVSOHDVXUHDQJHUHWFDQGIURPZKLFKRQHZRXOG
UHDVRQDEO\FRQFOXGHWKDWWKHHQWLW\KDVHPRWLRQ$Q\HQWLW\WKDWEHKDYHGVXFKZRXOG
EHFRQVLGHUHGWRKDYHWKRVHHPRWLRQVPDFKLQHVLQFOXGHG
:H FDQ H[WUDSRODWH IURP WKLV WKDW DQ\ PDFKLQH WKDW FDQ PLPLF WKH IXOO JDPXW RI
KXPDQHPRWLRQVLVWKHRUHWLFDOO\FDSDEOHRISURGXFLQJDUW

6. Conclusion
:H¶YH SRVHG WKH TXHVWLRQ ³&DQ PDFKLQHV SURGXFH DUWHIDFWV ZKLFK DUH
LQGLVWLQJXLVKDEOHIURPWKHFUHDWLYHRXWSXWRIDKXPDQ"´DQGDSSOLHGDYDULDWLRQRIWKH
7XULQJWHVWDVDZD\WRIUDPHWKHGLVFXVVLRQ
:KLOH ZH¶YH DYRLGHG GHILQLQJ DUW ZH¶YH DUJXHG WKDW ZH FDQQRW GLVFRXQW WKH
SRVVLELOLW\RIPDFKLQHVSURGXFLQJLW:H¶YHDOVRDUJXHGWKDWWKHPRUHZHDUHFDSDEOH
RI PLPLFNLQJ WKH RXWSXW RI D VSHFLILFDUWLVW RUDUFKLWHFW WKH PRUH ZH KDYH FDSWXUHG
VRPHWKLQJDERXWZKDWLWPHDQVWREHWKDWDUWLVWRUDUFKLWHFW
7KLVOLQHRIUHDVRQLQJLVOLNHO\HPRWLRQDOO\ERWKHUVRPHIRUVRPH7KHQRWLRQWKDWZH
PD\ UHSODFH VSHFLILF DUWLVWDUFKLWHFWV ZLWK FRPSXWHUL]HG YHUVLRQV KDV D NLQG RI
³,QYDVLRQRIWKH%RG\6QDWFKHUV´>@IHHOWRLWWKDWVRPHKRZUHGXFHVRXUYHU\QRWLRQV
RI KXPDQLW\ +RZHYHU LI WKH JRDO RI *HQHUDWLYH $UW LV WR FRGLI\ FUHDWLYH RXWSXW WR
³JHQHUDWH´ ³DUW´ ZH PXVW TXHVWLRQ ZKDW TXDOLWLHV ZH¶UH ZLOOLQJ WR DVFULEH WR WKH
JHQHUDWRU DQG WKH H[WHQW WR ZKLFK WKH\ VKRXOG RU VKRXOG QRW GLIIHU IURP WKRVH ZH
DVFULEHWRFUHDWLYHDFWVRIKXPDQV
,VJHQHUDWLQJ*DXGLWRNQRZKLP"2URQPRUHSUDFWLFDOWHUPVZKRGR\RXDVVLJQWKH
RXWSXWFRS\ULJKWWRWKHSURJUDPPHUWKHFRPSXWHURU*DXGL"
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The Narkissos Project
Laurel L. Johannesson, BA, BFA, MFA, PhD (candidate)
Computational Media Design, University of Calgary, Calgary, Canada
Alberta College of Art + Design, Calgary, Canada
www.laureljohannesson.com
e-mail: laurel@laureljohannesson.com

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:
Project.

Screen captures of participant interacting with The Narkissos
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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.
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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, dotscreens 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.
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moiré pattern, architectural design, perforation perception, façade
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'HVLJQHUFRQWUROOHGDQGUDQGRPO\JHQHUDWHGPRLUp
SDWWHUQVLQDUFKLWHFWXUH

0DUFLQ%U]H]LFNL3K'0V&DUFKLWHFW
)DFXOW\RI$UFKLWHFWXUH:URFODZ8QLYHUVLW\RI7HFKQRORJ\:URFODZ3RODQG
ZZZEU]H]LFNLRISO
HPDLOPDUFLQEU]H]LFNL#SZUZURFSO




3UHPLVH
7KLVSDSHUSUHVHQWVJUDSKLFDODQGIRUPDOSRVVLELOLWLHVIRUWKHXVHRIPRLUpSDWWHUQVLQ
YDULRXVDUFKLWHFWXUDOFRQWH[WV7KHSDSHUGLVWLQJXLVKHVEHWZHHQUDQGRPO\JHQHUDWHG
DQG GHVLJQHUFRQWUROOHG LQIOXHQFHG  PRLUpSDWWHUQV8QGHUFHUWDLQOLPLWDWLRQVVRPH
PDWKHPDWLFDO PHWKRGV FDQ SUHGLFW WKH JHRPHWULF SURSHUWLHV RI PRLUp SDWWHUQV
+RZHYHU LQ FRQVLGHUDWLRQ RI WKH UHFLSLHQWV RI WKLV SDSHU D VWUDLJKWIRUZDUG YHFWRU
EDVHGH[SODQDWLRQZLOOEHSURYLGHG
,Q WKH ILUVW JURXS RI SDWWHUQV WKH SDSHU SUHVHQWV FDUHIXOO\ VHOHFWHG FDVHV RI PRLUp
UDQGRPO\ JHQHUDWHG E\ YDULRXV SHULRGLF DQG DSHULRGLF JUDWLQJV JULGV DQG GRW
SDWWHUQVXVLQJH[DPSOHVIURPFRQWHPSRUDU\DUFKLWHFWXUH
,Q WKH VHFRQG JURXS RI SDWWHUQV WKH SDSHU GLVFXVVHV LQVWDQFHV RI GHVLJQHUV¶
FRQVFLRXVLQIOXHQFHRQDJHQHUDWHGPRLUpSDWWHUQE\SURSHUO\DUUDQJLQJFRPSRQHQW
LPDJH OD\HUV $ OLQN EHWZHHQ WKH LPDJHV RI FRPSRQHQW VXSHUSRVHG OD\HUV WKHLU
IUHTXHQF\DQGWKHVXSHUSRVLWLRQDQJOHZLWKWKHUHVXOWLQJPRLUpSDWWHUQLVUHVHDUFKHG
KHUH,QDGGLWLRQWRGHVFULELQJWKHFRQGLWLRQVRIH[FHOOHQWPRLUpYLVLELOLW\WKHFRPSOH[
FDVHVRIPRLUpIULQJHPXOWLSOLFDWLRQDQGPRLUpPDJQLILFDWLRQDUHDOVRSUHVHQWHG
7KH SDSHU WKHQ SUHVHQWV D PHWKRG RI REWDLQLQJ PRYLQJ LPDJHV WKDW DUH YLVXDOO\
DSSHDOLQJ XS WR  IUDPHV  WKURXJK WKH XVH RI SURSHUO\ GHVLJQHG FRPSRQHQW OD\HUV
IROORZHG E\ D VHOHFWLRQ RI DXWKRUGHVLJQHG H[HPSODU\ IDoDGH SDWWHUQV ,W FRQFOXGHV
ZLWK D GLVFXVVLRQ RI WKH LQIOXHQFH RI WKH SK\VLRORJ\ RI WKH KXPDQ H\H RQ WKH
SHUFHSWLRQRIPRLUpSDWWHUQV

 ,QWURGXFWLRQ
$OWKRXJKRQHFDQQRWGHWHUPLQHWKHEHJLQQLQJRIWKHFRQVFLRXVUHFRJQLWLRQRIPRLUp
D GHWDLOHG H[DPLQDWLRQ ZDV FDUULHG RXW E\ /RUG 5D\OHLJK LQ  7KH QDPH RI WKH
HIIHFW FDQ EH WUDFHG EDFN WR WKH V ZKHQ )UHQFK FUDIWVPDQ ZHDYHUV SURGXFHG
WKLQVLONIDEULFE\SDVVLQJWKHFORWK³WKURXJKUROOHUVWKDWKDYHDULSSOLQJSDWWHUQZKLFK
UHVHPEOHVDODUJHVHULHVRIZDWHUVWDLQV´>@6XSHULPSRVHGOD\HUVRIZDWHUHGFORWK
FDOOHGPRLUpSURGXFHGDQDGGLWLRQDOULSSOLQJLOOXVRU\SDWWHUQDEVHQWLQWKHFRPSRQHQW
WH[WLOHV7KHQDPHRIWKLVYHU\SRSXODUIDEULFEHFDPHWKHQDPHRIWKHSKHQRPHQRQ
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)URPDVWULFWO\VFLHQWLILFSRLQWRIYLHZPRLUpSDWWHUQVDUHSURGXFHGZKHQ³UHSHWLWLYH
VWUXFWXUHV GRW VFUHHQV JUDWLQJV RU JULGV  DUH VXSHUSRVHG RU YLHZHG DJDLQVW HDFK
RWKHU´ >@ 0RLUp SDWWHUQV VKRZ JUHDW VHQVLWLYLW\ WR WKH VOLJKWHVW FKDQJH VXFK DV
GLVWRUWLRQ RU DQJOH URWDWLRQ 7KLV PHDQV WKDW HYHQ D YHU\ OLWWOH PRGLILFDWLRQ RI WKH
SRVLWLRQ RU UK\WKP RI FRPSRQHQW UHSHWLWLYH VWUXFWXUHV SURGXFHV VWULNLQJ FKDQJHV LQ
WKHUHVXOWLQJSDWWHUQ7KLVLVZK\WKLVSKHQRPHQRQLVZLGHO\H[SORLWHGLQPDQ\ILHOGV
VXFK DV RSWRPHWU\ PHWURORJ\ DQG FRXQWHUIHLWLQJ SURWHFWLRQ VHFXULQJ GRFXPHQWV 
2QFH SURFHVVHG E\ WKH DSSURSULDWH VRIWZDUH PRLUp IULQJHV FDQ SURYLGH DFFXUDWH
VSDWLDO GDWD UHODWLQJ WR DQ\ VXEMHFW HJ KLVWRULFDO REMHFWV DUWLIDFWV SK\VLFDO
HYLGHQFHLQFRXUWFDVHV 
$VLGH IURP WKH DERYH H[DPSOHV PRLUp SDWWHUQV DUH FRQVLGHUHG WR EH DQ XQGHVLUHG
E\SURGXFWRIWZRRUPRUHVXSHUSRVHGUHSHWLWLYHVWUXFWXUHV'HVWUXFWLYHUHVXOWVRIWKLV
SKHQRPHQRQPLJKWEHIRXQGLQDFRORUSLFWXUHUHSURGXFWLRQ ZKHUHGRWVFUHHQVDUH
VXSHUSRVHG XQGHU VSHFLILHG DQJOHV  RU LQ YDULRXV DSSOLFDWLRQV RI SHUIRUDWHG RU
PHVKHGVXUIDFHV ZKHUHXQLQWHQWLRQDOPRLUpSDWWHUQVFDQHDVLO\GHVWUR\WKHGHVLUHG
IRUPDO UHVXOWV  2YHU WLPH FHUWDLQ PDWKHPDWLFDO DSSURDFKHV KDYH EHHQ DSSOLHG WR
WKH XQGHUVWDQGLQJ DQG DYRLGDQFH RI WKH DSSHDUDQFH RI PRLUp SDWWHUQV 7KH PRVW
UHFHQWLVDQDSSOLFDWLRQRI)RXULHUWKHRU\WKDWEHJDQLQVDQGV

 6FRSHRIWKLVSDSHU
7KLV SDSHU SUHVHQWV WKH IRUPDO SRVVLELOLWLHV RIWKHXVHRIPRLUpSDWWHUQVLQGLIIHUHQW
DUFKLWHFWXUDO FRQWH[WV 7KH SDSHU GLVWLQJXLVKHV EHWZHHQ UDQGRPO\ JHQHUDWHG DQG
GHVLJQHUFRQWUROOHG LQIOXHQFHG PRLUpSDWWHUQV7KHDWWLWXGHSUHVHQWHGLQWKLVSDSHU
LVVWULFWO\YLVXDO DVWKHDVSHFWVRIDQLPDJHDUHPRVWDSSHDOLQJWRDUFKLWHFWV WKXV
VRPH PDWKHPDWLFDO UXOHV H[SUHVVHG JUDSKLFDOO\ PXVW EH H[SODLQHG WR XQGHUVWDQG
KRZWKHSDWWHUQVDUHFUHDWHG

 0RLUpSDWWHUQVLQDUFKLWHFWXUH±FRQGLWLRQVRIIRUPDWLRQ
7KH FRQFHSW RI PRLUp IULQJHV LV DVVRFLDWHG ZLWK WKH SKHQRPHQRQ RI RYHUODLG
UHSHWLWLYHVWUXFWXUHV,QLWVOLWHUDOPDWKHPDWLFDOVHQVHPRLUpPHDQVDQDUUDQJHPHQW
RI IULQJHV IRUPHG E\ WZR RYHUODSSLQJ SHULRGLF RU DSHULRGLF VWUXFWXUHV URWDWHG DW DQ
DQJOHRUVXEMHFWHGWRGHIRUPDWLRQ7KLVSKHQRPHQRQFDQEHDVVRFLDWHGZLWKRSWLFDO
LQWHUIHUHQFH ± ORFDO VWUHQJWKHQLQJ DQG ZHDNHQLQJ RI WKH HOHFWURPDJQHWLF ZDYH ±
WKRXJK LWV PHFKDQLVP LV GLIIHUHQW 7KDW LV ZK\ PRLUp DQG LQWHUIHUHQFH SKHQRPHQD
DUHRIWHQFRQIXVHG
0RLUp IULQJHV LQ DUFKLWHFWXUH FDQ UHVXOW IURP YDULRXV FLUFXPVWDQFHV VXSHUSRVLQJ
UHSHWLWLYH VWUXFWXUHV ZLWK GLIIHUHQW IUHTXHQFLHV UK\WKPV  LPSRVLQJ JULGV VKXWWHUV
JULOOHV SHUIRUDWHG VWHHO VKHHWV  RU DUUDQJLQJ UHSHWLWLYH VWUXFWXUHV OD\HUV HJ LQ
FXUWDLQV DQG GUDSHV  ,Q VSHFLILF FDVHV PRLUp FDQ RQO\ EH REVHUYHG ZKHQ WKH
VWUXFWXUHVLQYROYHGDUHSRVLWLRQHGDORQJWKHREVHUYHU¶VOLQHRIVLJKW HJFRUQHUVRI
EXLOGLQJV ZKHUH WKHUH LV DQ LPSRVLWLRQ RI JULGV ORFDWHG SHUSHQGLFXODUO\ VHH )LJ  
0RLUp SDWWHUQV FDQ HPHUJH HYHQZKHQWKHUHSHWLWLYHVWUXFWXUHLVODLGRYHULWVYLUWXDO
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LPDJHRUWKHVKDGRZLWFDVWV VKXWWHUVRYHUDJOD]HGIDoDGHRURYHUDVPRRWKZDOO 
6HHDGHWDLOHGGHVFULSWLRQLQFKDSWHU
7KHVSHFLDOFDVHRIDWUDQVSDUHQWVXUIDFHZLWKSHULRGLFRYHUSULQW VXFKDVVLONVFUHHQ 
FRXOG DOVR EH FRQVLGHUHG D UHSHWLWLYH VWUXFWXUH ZLWK DOO WKH UHVXOWLQJ FRQVHTXHQFHV
LQFOXGLQJWKHSRWHQWLDOIRUFUHDWLQJPRLUpE\ZD\RIVXSHUSRVLWLRQ'HSHQGLQJRQWKH
VSHFLILFFDVHDUHSHWLWLYHVWUXFWXUHFDQEHDIODWRUWKUHHGLPHQVLRQDOSK\VLFDOREMHFW
VXFKDVEULGJLQJJULOOHEDUVUDLOLQJVRUWKHZDUSDQGZHIWRIIDEULF 

 5DQGRPO\JHQHUDWHGPRLUp±FDVHVWXGLHV
7KHRFFXUUHQFHRIPRLUpSDWWHUQVFDQEHSUHGLFWHGKRZHYHUWKHLUDSSHDUDQFHRQD
EXLOGLQJLVRIWHQUDQGRPXQGHUPLQLQJWKHYLVXDOHIIHFWLQWHQGHGE\DQDUFKLWHFW7KH
SUHGLFWLRQRIPRLUpIRUPDWLRQLVGLIILFXOWDWWKHGHVLJQVWDJH5HVXOWLQJRSWLFDOHIIHFWV
DUHWKHUHIRUHHTXDOO\VXUSULVLQJIRUDUFKLWHFWVDQGLQYHVWRUV7KXVLWLVLPSRUWDQWWKDW
GHVLJQHUVNQRZWKHPHFKDQLVPRIIRUPDWLRQRIPRLUpSDWWHUQVWRXVHWKLVNQRZOHGJH
FRQVFLRXVO\
5DQGRPO\ JHQHUDWHG PRLUp SDWWHUQV RFFXU FRPPRQO\ LQ DUFKLWHFWXUH EXW RQO\ LQ
VHOHFWHG FDVHV GR WKH\ HQULFK WKH DHVWKHWLFV RI WKH DUFKLWHFWXUH 7KHVH H[TXLVLWH
H[DPSOHVUHTXLUHDGHWDLOHGGLVFXVVLRQ


)LJ5XHGHV6XLVVHV+RXVLQJ3DULV DUFK+HU]RJGH0HXURQ 3KRWR
E\DXWKRU
6XEWOH PRLUp SDWWHUQV DUH YLVLEOH RQ WKH IDoDGH RI D VWRU\ UHVLGHQWLDO EXLOGLQJ
ORFDWHGDWWKH5XHGHV6XLVVHVLQ3DULV>)LJ@7KHRXWVLGHHQYHORSHRIWKHEXLOGLQJ
LVGHVLJQHGDVDV\VWHPRIVFUHHQVVKXWWHUVFRYHULQJWKHIXOOKHLJKWRIWKHEXLOGLQJ
7KH LQGLYLGXDO HOHPHQWV DUH  PP LQ ZLGWK DQG RQH VWRU\ LQ KHLJKW 7KH IROGLQJ
VFUHHQV DUH PDGH RI DOXPLQLXP VKHHWV SHUIRUDWHG ZLWK VTXDUH KROHV 6FUHHQV LQ D
IROGHG SRVLWLRQ DUH SODFHG SHUSHQGLFXODU WR WKH SODQH RI WKH IDoDGH WKXV FUHDWLQJ
FOHDUO\ GHILQHG WKRXJK LUUHJXODU YHUWLFDO GLYLVLRQV 8QIROGHG VFUHHQV³  FUHDWHWKH
LPSUHVVLRQRIVHYHUDOFRPSUHVVHGOD\HUVRIPDWHULDOVVKXWWHUEDOXVWUDGHWKHVSDFH
RIWKHEDOFRQ\DQGWKHGDUNDOXPLQLXPJODVVZDOORIWKHGZHOOLQJV « ´WKXVFUHDWLQJ
D GHOLFDWH EXW YLVLEOH PRLUp >@ /RRNLQJ FORVHO\ ZH VHH WKH GHWDLO ± FRQWLQXRXV
SHUIRUDWHGSOHDWHGVKHHWVWKDW³ULSSOHOLNHFRUGXUR\IXOO\XQIROGHG´>@
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)LJ+HDGTXDUWHUVRIWKH7HFKQRORJ\,QFXEDWRULQ.UDNRZ DUFKQVPRRQ6WXGLR
 3KRWRE\DXWKRU
&OHDU PRLUp IULQJHV WKDW DSSHDU RQ WKH +HDGTXDUWHUV EXLOGLQJ RI WKH 7HFKQRORJ\
,QFXEDWRU LQ .UDNRZ ZHUH QRW SODQQHG E\ WKH DUFKLWHFWV DV SDUW RI RULJLQDO GHVLJQ
,QVWHDGWKH\ZHUHWKHUHVXOWRIEXGJHWDU\FRQVWUDLQWV6WULSVRIVWDLQOHVVVWHHOPHVK
ZHUH PRXQWHG SHUSHQGLFXODU WR WKH IDoDGH E\ WKH PHDQV RI WZR VXSSRUWV
FDQWLOHYHUHGIURPWKHIDoDGH0RLUpSDWWHUQVDUHIRUPHGZKHUHPXOWLSOHOD\HUVRIWKH
PHVK DUH VXSHUSRVHG RQ HDFK RWKHU >)LJ @ $ ]RQH RI G\QDPLFDOO\ FKDQJLQJ
WUDQVSDUHQF\DQGIOLFNHULQJPRLUpLVFUHDWHGDURXQGWKHEXLOGLQJ'XHWRWKHGLIIHUHQW
FRQILJXUDWLRQ RI WKH PHVKHV PRLUp SDWWHUQV FKDQJH ZLWK HYHU\ VWHS WKH REVHUYHU
WDNHV 7KH IULQJHV RQ WKH EXLOGLQJ DSSHDU WR PRYH WKRXJK WKH\ DUH NQRZQ WR EH
LPPRELOH>@7KHUHVXOWVDUHVSHFWDFXODUZKHQWKHOD\HUVRIPHVKDUHVHHQWKURXJK
WKH ZLQGRZV DJDLQVW WKH VN\ RU ZKHQ D VWURQJ ZLQG WXJV DQG GHIRUPV WKH PHVKHV
7KHHQYHORSHRIWKH7HFKQRORJ\,QFXEDWRULQ.UDNRZLVXQGRXEWHGO\RQHRIWKHPRVW
FUHDWLYHIDoDGHVEXLOWLQ3RODQGDIWHU


)LJ  0HVVH *UD] +DOOH $ DUFK )ORULDQ 5LHJOHU 5RJHU 5LHZH   3KRWR E\
DXWKRU
7R UHGXFH WKH ODUJH YROXPH RI WKH QHZO\ HUHFWHG WZRVWRU\ H[KLELWLRQ +DOOH $ RI
0HVVH *UD] >)LJ @ DQG WR HPSKDVL]H LWV VSDWLDO LQGHSHQGHQFH D QHDUO\ P
FRQFUHWHZDOORIWKHEXLOGLQJZDVFRYHUHGE\WKHHQYHORSHRIGHOLFDWHPHVKSDQHOV
7KLVWHFKQLFDOGHFLVLRQUHVXOWHGLQDXQLTXH³ « JOHDPLQJVLOYHUVKHOOZKLFKLVYHU\
GLIIHUHQW LQ LWV PRQRFKURPH KRPRJHQHLW\ « ´ >@ 7KH XQLQWHQGHG PRLUp LV PRVW
YLVLEOH IURP WKH FRUQHU RI WKH EXLOGLQJ ZKHUH WKH PHVKHV IURP WKH SHUSHQGLFXODU
IDFDGHV LQWHUDFW 7KH UHFWDQJXODU SDQHOV RI VKHOO DUH PDQXIDFWXUHG IURP GLDJRQDOO\
SUHSUHVVHG VWHHO PHVK %HFDXVH SDQHOV DUH QRW SODQDU EXW GLDJRQDOO\ GLYLGHG LQWR
WZRLQGHSHQGHQWSODQHVWKHUHVXOWLQJPRLUpLVHYHQPRUHGLYHUVHDQGIOLFNHULQJ>@
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 'HVLJQHUFRQWUROOHG LQIOXHQFHG PRLUpSDWWHUQV
,QFRQWUDVWWRWKHSUHYLRXVH[DPSOHVRIUDQGRPJHQHUDWLRQIULQJHVRIPRLUpFDQDOVR
EH ³SODQQHG´ WR VRPH H[WHQW 7KH GHVLJQHU FDQ FRQVFLRXVO\ LQIOXHQFH WKH UHVXOW RI
WKH JHQHUDWHG PRLUp SDWWHUQ E\ SURSHUO\ DUUDQJLQJ FRPSRQHQW LPDJH OD\HUV 7KHVH
OD\HUV PLJKW LQFOXGH JUDWLQJ VTXDUH JULGV RU GRWV RU WKH\ PLJKW EH FRPSRVHG RI
GLIIHUHQW SHULRGLF VWUXFWXUHV OLNH JUDWLQJ DQG FLUFXODU SDWWHUQV WKDW SURGXFH VTXDUH
OLNHPRLUpSDWWHUQV 
,QWKHFDVHRIDQLQGLYLGXDOO\GHVLJQHGPRLUpWKHSUHSDUDWRU\SKDVHXVXDOO\UHTXLUHV
DQH[WHQGHGGHVLJQFKHFNVWDJHLQFOXGLQJWKHFRQVWUXFWLRQRIUHGXFHGVFDOHPRGHOV
WR YHULI\ LI WKH GHVLUHG PRLUp SDWWHUQ DSSHDUV RU QRW $Q H[FHOOHQW H[DPSOH RI D
SURSHUO\ FRQGXFWHG GHVLJQ SKDVH LV WKH &HQWHU RI &UHDWLYH $UWV (OHPHQWDU\ 6FKRRO
IRU *LUOV LQ %ULVEDQH D EXLOGLQJ WKDW DWWUDFWHG ZRUOGZLGH DWWHQWLRQ IRU D IDoDGH WKDW
JHQHUDWHVXQLTXHPRLUpIULQJHV>@


)LJ  7KH SULQFLSOH RI PRLUp JHQHUDWLRQ DW WKH &HQWHU RI &UHDWLYH $UWV (OHPHQWDU\
6FKRROIRU*LUOVLQ%ULVEDQH DUFKPDUFKLWHFWXUH ,OOXVWUDWLRQE\DXWKRU
7KH VFKRRO¶V ZHVWHUQ GRXEOH IDoDGH LV ZLQGRZOHVV ZLWK RQO\ EODFN YHUWLFDO VWULSHV
SDLQWHGRQDZKLWHZDOO7KHVROLGZDOOSURYLGHVDEDFNJURXQGIRUWKHVKDGLQJVFUHHQ
PDGH RI EODFNFRDWHG DOXPLQXP VODWV 7KH HOHPHQWV OHDQ IURP OHIW WR ULJKW DW D
VOLJKWO\FKDQJLQJDQJOHVRWKDWWKHVODWVRYHUODSZLWKVWULSHVDQGIRUPDXQLTXHPRLUp
>)LJ @ :LWK D FKDQJH RI WKH REVHUYHU¶V SRVLWLRQ    WKH EXLOGLQJ DSSHDUV WR PHOW
DQG ZREEOH LQ FLUFXODU ZDYHV DV WKH YLHZHU SDVVHV   >@ $ SUHSODQQHG PRWLRQ
HIIHFW SURYHG WR EH LOOXVLYH LQ WKDW GZHOOHUV RI QHLJKERULQJ EXLOGLQJV DVNHG WKH
DUFKLWHFWV DQG FRQWUDFWRUV KRZ WKH HOHYDWLRQ LV PRWRUL]HG DQG ZKHWKHU LW ZLOO PDNH
QRLVH
$ SURWRW\SH RI %ULVEDQH¶V PRLUp IDoDGH VHYHUDO PHWHUV ZLGH ZDV VKRZQ DW WKH
H[KLELWLRQ WLWOHG ³3ODFH 0DNHUV &RQWHPSRUDU\ 4XHHQVODQG $UFKLWHFWV´ RUJDQL]HG E\
WKH 4XHHQVODQG *DOOHU\ RI 0RGHUQ $UW 7KLV ODUJH  VFDOH PRGHO ZDV
PDQXIDFWXUHGXVLQJWZROD\HUVRIJODVVZLWKVWULSHVRIEODFNDGKHVLYHWDSH,WSURYHG
WR EH D SHUIHFW SUHVHQWDWLRQ RIWKHSURMHFWLGHDDVWKHPRGHOLQYROYHGWKHYLHZHULQ
WKHSURFHVVRIPRLUpUHFHSWLRQ
'XHWRWKHH[SHQVHRIPRGHOFRQVWUXFWLRQFRPSXWHUVLPXODWLRQFDQEHKHOSIXOWRRO
+RZHYHU LW VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ WKDW WKH HIIHFWV FDXVHG E\ WKH
VFUHHQ¶V VWUXFWXUH LWVHOI FDQ FDXVH PRLUp SDWWHUQV DSSHDU 7KH PRLUp SDWWHUQV RQ
FRPSXWHU VFUHHQV DUH FDXVHG E\ WKH PDVN HOHFWULFDO FRQGXFWRUV  RQ WKH IURQW
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VXUIDFH RI WKH /&' LQWHUDFWLQJ ZLWK WKH GLJLWL]LQJ RIWKHLPDJH$GGLWLRQDOFDXVHVRI
PRLUp PLJKW EH D SHULRGLF VWUXFWXUH RI WKH &&' PDWUL[ RI WKH FDPHUD RU VFDQQHU
7KHUHIRUH WKH WKHRUHWLFDO SUHGLFWLRQ RI PRLUp VKRXOG EH IROORZHG E\ SUDFWLFDO
YHULILFDWLRQWRJXDUDQWHHSURSHUUHVXOWV
7KHUHDUHWKUHHPDLQSDUDPHWHUVWKDWFKDUDFWHUL]HDQ\PRLUpIUHTXHQF\DQJOHDQG
LQWHQVLW\ DOVRFDOOHGDPSOLWXGH >@)RUWKHVDNHRIHDVHDVLPSOHELQDU\ EODFNDQG
ZKLWHRQO\ JUDWLQJLVXVHGLQWKHIROORZLQJH[DPSOHV
 5HJXODWLQJIUHTXHQF\PRLUpIULQJHPXOWLSOLFDWLRQ
7KH IUHTXHQF\ RI PRLUp LV RIWHQ UHSODFHG E\ SLWFK RU VWHS  3LWFK UHSUHVHQWV D
UHFLSURFDO RI WKH IUHTXHQF\ DQG GHVFULEHV WKH GLVWDQFH EHWZHHQ DGMDFHQW IULQJHV RI
WKH PRLUp ZKLOH WKH IUHTXHQF\ GHVFULEHV KRZ PDQ\ OLQHV RU GRWV DSSHDU SHU
VSHFLILHG XQLW RI OHQJWK >@ 7KH SDUDPHWHUV JLYHQ DERYH FDQ HLWKHU GHVFULEH WKH
UHVXOWLQJPRLUpRUWKHIHDWXUHVRIWKHFRPSRQHQWOD\HUV
0RLUp IULQJH PXOWLSOLFDWLRQ LV D WHFKQLTXH LQLWLDOO\ GHYHORSHG IRU D PRUH GHWDLOHG
DQDO\VLV RI VXUIDFH GHIRUPDWLRQ 7KLV WHFKQLTXH RULJLQDWHV GLUHFWO\ IURP WKH SULQFLSOH
WKDW FKDQJLQJ WKH IUHTXHQF\ RI FRPSRQHQW OD\HUV FDQ LQIOXHQFHPRLUpIUHTXHQF\DV
ZHOO HJ WKH UHVXOWLQJ PRLUp SDWWHUQ PLJKW GRXEOH ZLWK WKH GRXEOLQJ RI WKH
FRPSRQHQWSHULRGLFVWUXFWXUHV 


)LJ  ([DPSOH RI EDVLF PRLUp SDUDPHWHUV D  DQG PRLUp IULQJH PXOWLSOLFDWLRQ E 
,OOXVWUDWLRQE\DXWKRU
0RLUpIULQJHPXOWLSOLFDWLRQLVWKHVLPSOHVWDQGVDIHVWZD\IRUWKHGHVLJQHUWRLQIOXHQFH
DPRLUpSDWWHUQ7KLVLVQRWRQO\WKHVLPSOHVWPHWKRGEXWLVDOVRWKHPRVWSUHGLFWDEOH
PHWKRGEHFDXVHWKHHIIHFWRIIUHTXHQF\FKDQJHZRXOGEHYLVLEOHIURPHYHU\SRLQWRI
YLHZDQGHYHU\SHUVSHFWLYHUHJDUGOHVVRIWKHVKDSHRIWKHSDWWHUQSURYLGHGWKDWWKH
FRPSRQHQWOD\HUVVXSHUSRVH
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 5HJXODWLQJWKHDQJOHRIPRLUp

5RWDWLQJFRPSRQHQWJUDWLQJVLVDQRWKHUZD\WRFUHDWHPRLUp7KHUHVXOWLQJDQJOHRI
WKH PRLUp DOZD\V GHSHQGV RQ WKH DQJOH Į EHWZHHQ FRPSRQHQW JUDWLQJV ,I ZH
FRQVLGHU D JULG RI LQWHUVHFWLQJ OLQHV D UKRPERLGDO FHOO QHW FRXOG UHVXOW IURP
VXSHUSRVLWLRQ6SDFH ZKLWHIULQJHRUEULJKWIULQJHFOHDUVSDFHV LQWKHPRLUpSDWWHUQ
FRUUHVSRQGV WR WKH VPDOO GLDJRQDOV RI WKLV UKRPEXV ³EODFN´ IULQJH LV IRUPHG E\
LQWHUVHFWLQJOLQHVDWWKHHQGVRILWVODUJHUGLDJRQDO$VWKHGLDJRQDOVDUHWKHELVHFWRUV
RI WKH VLGHV RI WKH UKRPEXV D E F G  D IULQJH DSSHDUV DW DQ DQJOH HTXDO WR Į
SHUSHQGLFXODUWRWKHJUDWLQJVRIHDFKSDWWHUQ³7KHVKDUSHUWKHDQJOHĮWKHVWURQJHU
WKHPRLUpSDWWHUQEHFRPHV´>@


)LJ  5RWDWHG ELQDU\ JUDWLQJ VKRZLQJ WKH SULQFLSOH RI PRLUp JHQHUDWLRQ ,OOXVWUDWLRQ
E\DXWKRU
$VSHFLDOIHDWXUHRIJUDWLQJRULJLQDWHGPRLUpPXVWEHPHQWLRQHGKHUHWRFRPSOHWHWKH
SLFWXUH ,W ZDV REVHUYHG WKDW DW FHUWDLQ VSHFLILF DQJOHV PRLUp GRHV QRW RFFXU 7KLV
KDSSHQVZKHQWZRJUDWLQJVDUHSRVLWLRQHGSHUSHQGLFXODUO\WRHDFKRWKHUWRFUHDWHD
VTXDUHFHOOQHWRUZKHQWKUHHJUDWLQJVDUHURWDWHGE\DQDQJOHRIGHJWRFUHDWH
DQ HTXLODWHUDO WULDQJXODU FHOO QHW 7KLV FRQGLWLRQ LV FDOOHG D PRLUpIUHH VWDWH >@ ,Q
VHOHFWHG FDVHV D PRLUpIUHH VWDWH SURYHG WR EH YHU\ XQVWDEOH EHFDXVH ³VOLJKW
GHYLDWLRQRIWKHDQJOHRULQWKHIUHTXHQF\RIDQ\RIWKHVXSHUSRVHGOD\HUVPD\FDXVH
QHZ LPSXOVHV´ >@ FDXVLQJ PRLUp WR UHDSSHDU 7KH WKHRU\ H[SODLQLQJ WKLV
SKHQRPHQRQ LV GHULYHG IURP )RXULHU¶V PRLUp DQDO\VLV DQG LWV IXOO H[SODQDWLRQ OLHV
EH\RQGWKHVFRSHRIWKLVSDSHU>@
5RWDWLQJ WKH JUDWLQJ FDQ EH DQ HIIHFWLYH PHWKRG WR LQIOXHQFH WKH IRUP RI PRLUp
SDWWHUQVEHFDXVHRQO\DVOLJKWURWDWLRQLVQHFHVVDU\WRFDXVHDVXEVWDQWLDOFKDQJHLQ
WKHUHVXOWLQJPRLUpSDWWHUQ7KLVPHWKRGFRXOGDOVREHFUHDWLYHO\DSSOLHGWRDFKLHYH
FHUWDLQIRUPDOUHVXOWVZKHQRQHRUWZRRIWKHFRPSRQHQWJUDWLQJVDUHFXUYLOLQHDU
 5HJXODWLQJPRLUp¶VLQWHQVLW\
,QWHQVLW\ LV D SDUDPHWHU VWURQJO\ DVVRFLDWHG ZLWK WKH UDWLR RI FOHDU VSDFHV WR EODFN
EDUVLQWKHFRPSRQHQWJUDWLQJV,QWHQVLW\LVDOVRFDOOHGDPSOLWXGH DFFRUGLQJWRVLJQDO
WKHRU\WKH³DPSOLWXGH´RILPSXOVHUHSUHVHQWVWKHLQWHQVLW\RIWKDWSHULRGLFFRPSRQHQW
OD\HU  ,W VKRXOG EH QRWHG WKDW HYHQ ZKHQ DOO WKH FRPSRQHQW OD\HUV DUH EODFNZKLWH
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RQO\ ELQDU\ZLWKWKHLQWHQVLW\DQG «´WKHLUPRLUpVWLOOPD\FRQWDLQLQWHUPHGLDWH
YDOXHV´ >@ 7KH ORFDO LQWHQVLW\ RI PRLUp SDWWHUQV FUHDWHG E\ WKH ELQDU\ JUDWLQJV
GHSHQGV RQ WKH FOHDU WR EODFN EDODQFH DW JLYHQ SRLQW RI WKH LPDJH WKH YDOXH RI
LQWHQVLW\ ³UHSUHVHQWV WKH DYHUDJH UDWLR RI ZKLWH FOHDU VSDFH  SHU XQLW DUHD´ >@ ,Q
WHUPV RI RSWLFDO SKHQRPHQD WKH LQWHQVLW\ RI PRLUp FDQ HDVLO\ EH WUDQVODWHG WR WKH
UHIOHFWLRQFRHIILFLHQW DYHUDJHUHIOHFWDQFH  HJDQHTXDODUHDRIZKLWHDQGEODFNLQ
DVDPSOHERXQGDU\ZRXOGPHDQUHIOHFWDQFH 


)LJ/RFDOUHIOHFWDQFHRIPRLUpLVGHWHUPLQHGE\WKHDPRXQWRIZKLWH FOHDUVSDFH 
SHUXQLWDUHD,OOXVWUDWLRQE\DXWKRU
,I WKH JUDWLQJ EDUV DQG VSDFHV KDYH HTXDO ZLGWK EDUV IXOO\ RYHUODS DW WKH SRLQW RI
LQWHUVHFWLRQ WZR LGHQWLFDO VWULSHV DUH H[DFWO\ RQ WRS RI HDFK RWKHU  $W WKLV SRLQW D
EULJKWPRLUpIULQJHDSSHDUV:KHUHWKHWZREDUVDUHVLGHE\VLGHDGDUNEDUILOOVWKH
ZKLWH VSDFH FRPSOHWHO\ $W WKLV SRLQW D EODFN PRLUpIULQJHDSSHDUV%HWZHHQEULJKW
DQGGDUNIULQJHVDOOLQWHUPHGLDWHVWDJHVRIWKHPRLUp¶VLQWHQVLW\ RUUHIOHFWDQFH DUH
SUHVHQW7KHLQWHQVLW\RIPRLUpYDULHVEHWZHHQZKHUHWKHEDUVRYHUODSDQG
ZKHUHWKH\DUHORFDWHGQH[WWRHDFKRWKHU
&RPSRQHQW OD\HUV ZLWKYDULRXVLQWHQVLWLHV GLIIHUHQWEODFNEDU WRZKLWHVSDFHUDWLRV 
FDQ FUHDWH PRLUpV RI GLIIHUHQW LQWHQVLWLHV EXW WKH IROORZLQJ JHQHUDO SULQFLSOH FDQ
DOZD\VEHDSSOLHGWKHJUHDWHUWKHLQWHQVLW\RIWKHFRPSRQHQWOD\HUVWKHJUHDWHUWKH
LQWHQVLW\RIWKHPRLUp
 &RQGLWLRQVIRUH[FHOOHQWPRLUpYLVLELOLW\
%DVHG RQ WKH SUHYLRXVO\ H[SODLQHG JHQHUDO SULQFLSOHV DQG ODZV RI PRLUp IRUPDWLRQ
FHUWDLQ FRQGLWLRQV PD\ EH LGHQWLILHG WKDW PXVW EH PHW E\ WKH FRPSRQHQW OD\HUV WR
REWDLQWKHEHVWPRLUpYLVLELOLW\
7KHFRQGLWLRQVIRUH[FHOOHQWPRLUpYLVLELOLW\EDVHGRQ>@DUHDVIROORZV
WKHZLGWKRIWKHEODFNEDUVDQGVSDFHVLQFRPSRQHQWJUDWLQJVDUHHTXDO
WKHDQJOHRILQWHUVHFWLRQRIWKHWZRJUDWLQJVLVVPDOO HJRUOHVV 
WKHUDWLRRIWKHSLWFKHV IUHTXHQF\ RIWKHWZRJUDWLQJVLVVPDOO HJORUOHVV 
 &RPSOH[FDVHVRIPRLUp
&RPSOH[FDVHVRIPRLUpUHTXLUHVWULFWPDWKHPDWLFDODQDO\VLVDQGFDUHIXOSUHSDUDWLRQ
RI WKH FRPSRQHQW OD\HUV LQ UHWXUQ XQLTXH IULQJH SDWWHUQV FDQ EH DWWDLQHG 7R
DFKLHYHFHUWDLQSDWWHUQVSUHSDUDWLRQRIFRPSOH[YDULRXVFXUYLOLQHDUJUDWLQJVPLJKWEH
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UHTXLUHGVXFKDVSDUDEROLFRUDUJVLQK [ VKDSHGFRVLQXVRLGDOJUDWLQJ$OWKRXJKWKH
VXSHUSRVLWLRQ RI VXFK JUDWLQJV PLJKW FUHDWH YLVXDOO\DSSHDOLQJ VKDSHVWKHUDQJHRI
SRVVLEOHGHVLJQVLVOLPLWHG
7KHUH DUH IHZ FDVHV RI FRPSOH[ PRLUp LQ ZKLFK WKH UHVXOWV RI FRPSRQHQW OD\HU
VXSSRVLWLRQFDQEHSURJUDPPHGZLWKPXFKJUHDWHUSUHFLVLRQE\PDNLQJWKHGHVLUHG
VKDSHVDSSHDUE\OD\HUVXSHUSRVLWLRQ


)LJ6XSHUSRVLWLRQRIWZRSHUSHQGLFXODUSDUDEROLFJUDWLQJVFUHDWHVYLVLEOHPRLUpLQ
DIRUPRIDK\SHUEROLFFRVLQXVRLGDOJUDWLQJWKDWUHFDOOVD*UHHNFURVV,OOXVWUDWLRQE\
DXWKRU
 0RLUpPDJQLILFDWLRQ
$VSHFLDOFDVHRIPRLUpW\SH  VKRZVWKHVWULNLQJSKHQRPHQRQRILPDJHEOXU
DQGPDJQLILFDWLRQ/HWXVDVVXPHWKDWFRPSRQHQWOD\HU$ ORFDWHGEHORZ FRQVLVWVRI
UHJXODU DUUD\ GRWV RI DQ\ JLYHQ VKDSH ,I WKLV OD\HU LV VXSHUSRVHG ZLWK RSDTXH
FRPSRQHQWOD\HU%WKDWKDVWLQ\SLQKROHVRILGHQWLFDOIUHTXHQF\DVWKHGRWVRQOD\HU
$ WKH PRLUp SDWWHUQ ZLOO DULVH E\ VDPSOLQJ WKH DQ\VKDSHG GRWV RI OD\HU $ WKURXJK
WKH KROHV LQ OD\HU % :KHQ OD\HUV DUH VXSHUSRVHG ZLWK DQ DQJOH RI ]HUR DV WKH
VWDUWLQJ SRVLWLRQ DQG WKLV DQJOH LV JUDGXDOO\ LQFUHDVHG D PDJQLILHG DQG EOXUUHG
G\QDPLF LPDJH RI WKH VDPSOH GRW LV PDGH YLVLEOH 7KH UDWLR RI WKLV PDJQLILFDWLRQ
GHSHQGVRQWKHDQJOHRIVXSHUSRVLWLRQ+RZHYHUDJHQHUDOUXOHFRXOGEHIRUPXODWHG
WKDWWKHODUJHUWKHDQJOHLVWKHVPDOOHUWKHPDJQLILFDWLRQIDFWRU



ILJXUHFRQWLQXHVRQQH[WSDJH 
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)LJ  ,PDJH EOXU DQG PDJQLILFDWLRQ VKRZHG E\ D VSHFLDO FDVH RI PRLUp W\SH 
 7KHVDPSOHGRWLVWKHVKDSH³´,OOXVWUDWLRQE\DXWKRU
7KH XQLTXH SURSHUW\ RI WKLV W\SH RI PRLUp ZDV GLVFRYHUHG DQG GHVFULEHG UHODWLYHO\
UHFHQWO\ ZLWK WKH LQWURGXFWLRQ RI FRPSXWHU WHFKQLTXHV ([SORULQJ WKH SRVVLEOH
DSSOLFDWLRQRIWKLVPRLUpHIIHFW$UPLGRUZULWHVWKDWWKLV³PRLUpHIIHFWFDQEHXVHGLQ
FHUWDLQDSSOLFDWLRQVDVD³YLUWXDOPLFURVFRSH´IRUYLVXDOL]LQJWKHGHWDLOHGVWUXFWXUHRID
JLYHQVFUHHQ´>@7KHUHLVJUHDWSRWHQWLDOLQWKHFDUHIXODSSOLFDWLRQRIWKLVWHFKQLTXH
LQ DUFKLWHFWXUH 7KH VKDSH RI WKH VRFDOOHG VDPSOH GRWV FDQ EH FXVWRPVSHFLILHG
ZKLFKPDNHVWKLVWHFKQLTXHDSRZHUIXOWRRORIEUDQGLQJRUPDUNHWLQJ8VLQJSURSHUO\
GHVLJQHG FRPSRQHQW OD\HUV LQ D IRUP RI RSWLFDO ILOWHU DOORZV WKH XVHU WR GLVSOD\
G\QDPLFDOO\FKDQJLQJLPDJHVZLWKRXWDFWXDOO\XVLQJDQ\PRYLQJSDUWV
 7KHLOOXVLRQRIPRWLRQ6WRSPRWLRQE\SURSHUDUUDQJHPHQWRIPRLUp
OD\HUV
6WRSPRWLRQLVDZHOONQRZQDQLPDWLRQWHFKQLTXHLQZKLFKWKHPDQLSXODWHGREMHFWLV
UHSRVLWLRQHG RU UHDUUDQJHG LQ VPDOO LQFUHPHQWV DQG WKHQ SKRWRJUDSKHG ,QGLYLGXDOO\
SKRWRJUDSKHGIUDPHVDUHSOD\HGVHTXHQWLDOO\FUHDWLQJWKHLOOXVLRQRIPRYHPHQW7KLV
FODVVLF DQLPDWLRQ WHFKQLTXH FRXOG EH UHLQWHUSUHWHG DQG UHDSSOLHG XVLQJ PRLUp
SULQFLSOHV
7R DFKLHYH WKH HIIHFW RI YLUWXDO PRWLRQ WKH WRS FRPSRQHQW OD\HU VKRXOG FRQVLVW RI
YHUWLFDO ELQDU\ JUDWLQJ ZLWK WKH DSSURSULDWH UDWLR RI GDUN EDUV WR FOHDU VSDFHV 7KH
UDWLR LV EDVHG RQ WKH QXPEHU RI IUDPHV HJ LI SODQQHG DQLPDWLRQ LV  IUDPHV WKH
ZLGWK¶V UDWLR RI GDUN EDUV WR FOHDU VSDFHV VKRXOG EH URXJKO\  WR 7KH ERWWRP
FRPSRQHQW OD\HU LV GHVLJQHG WR VKRZ VXFFHVVLYH IUDPHV RI DQLPDWLRQ WKURXJK WKH
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JDSEHWZHHQWKHGDUNEDUVRIWKHWRSOD\HU VHH)LJ 7KHERWWRPOD\HUSLFWXUHLV
XVXDOO\REWDLQHGE\SURSHUO\FURSSLQJVXFFHVVLYHIUDPHV7KHSURFHVVRISUHSDUDWLRQ
UHTXLUHVDKLJKGHJUHHRISUHFLVLRQIRUZKLFK&$'VRIWZDUHLVDQDVVHW
7KH LOOXVLRQ RI PRYHPHQW LV REWDLQDEOH E\ SDVVLQJ WKH WRS OD\HU RYHU WKH ERWWRP
OD\HUEXWVLPLODUHIIHFWVPD\EHDFFRPSOLVKHGZLWKRXWWKHXVHRIDQ\PRYLQJSDUWVRU
PHFKDQLVPV DW DOO 7KLV LQYROYHV WKH FUHDWLYH H[SORLWDWLRQ RI WKH PRWLRQ¶V UHODWLYLW\
SULQFLSOH,IWKHWZRFRPSRQHQWOD\HUVDUHVWDWLFSDUDOOHODQGSRVLWLRQHGDWDSURSHU
GLVWDQFHWKHPRYLQJREVHUYHUZRXOGSHUFHLYHWKHUHOHYDQWSDUWVRIWKHIXUWKHUOD\HU
WKURXJKJDSVORFDWHGLQWKHFORVHUOD\HU


)LJ7KHSULQFLSOHRIWKHFRQVWUXFWLRQRIWKHLOOXVLRQRIPRWLRQDFKLHYHGE\SURSHU
DUUDQJHPHQWRIVXSHUSRVHGOD\HUV,OOXVWUDWLRQE\DXWKRU
7KHSURSHUVSHHGFDXVHVWKHVXFFHVVLYHIUDPHVWRDSSHDUVRTXLFNO\WKDWWKHLOOXVLRQ
RIPRWLRQRFFXUV,QDGHVLJQWKHUHYHUVHORJLFFRXOGDOVREHXVHGE\DGMXVWLQJWKH
SDUDPHWHUVRIOD\HUVWRWKHVSHHGRIDPRYLQJREVHUYHU HJWUDYHOLQJLQDWUDLQRULQ
WKHFDURQWKHKLJKZD\ 


)LJ7KHVDPSOHVRIFRPSRQHQWOD\HUVWKHXSSHUFRQWDLQLQJELQDU\JUDWLQJ OHIW 
DQGWKHORZHUFRQWDLQLQJWKHFRPSLOHGLPDJHRIDUXQQLQJZROI ULJKW ,OOXVWUDWLRQE\
DXWKRU
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 7KHLQIOXHQFHRIKXPDQH\HSHUFHSWLRQ
,W LV UHODWLYHO\ HDV\ WR SUHGLFW WKH UHVXOWV RI FRPSRQHQW OD\HU VXSHUSRVLWLRQ LQ
RUWKRJRQDO SURMHFWLRQ DV DQDO\]HG DERYH  ,Q DUFKLWHFWXUH KRZHYHU WKH LVVXHV RI
PRLUpPXVWEHDSSURDFKHGIURPWKHSRVLWLRQRIKXPDQSHUFHSWLRQ
7KHPRVWGLVWLQFWIHDWXUHWKDWGLIIHUHQWLDWHVSHUVSHFWLYHIURPRUWKRJRQDOSURMHFWLRQLV
WKDW WKH REMHFWV JHW VPDOOHU DV WKHLU GLVWDQFH IURP WKH REVHUYHU LQFUHDVHV ,Q WKLV
ZD\ WZR LGHQWLFDO SHULRGLF VWUXFWXUHV ZLWK WKH VDPH IUHTXHQF\ ZKLFK ZRXOG QRW
FUHDWH DQ\ PRLUp IURP DQ RUWKRJRQDO SRLQW RI YLHZ FDQ FUHDWH YLVLEOH PRLUp E\
SHUVSHFWLYHSURMHFWLRQ$FRPSRQHQWOD\HUZLWKDSHULRGLFVWUXFWXUHSRVLWLRQHGIXUWKHU
DZD\IURPWKHREVHUYHUZLOOEHYLUWXDOO\³UHVFDOHG´DQGLWVIUHTXHQF\ZLOOEHFKDQJHG
7KH PRLUp ZRXOG DSSHDU DV D UHVXOW RI WKH LQWHUDFWLRQ ZLWK WKH FRPSRQHQW OD\HU
SRVLWLRQHGFORVHU$OOHIIRUWVPDGHE\GHVLJQHUVWRH[KLELWPRLUpVKRXOGEHSUHFHGHG
E\DQDQDO\VLVWKDWFRQVLGHUVWKHSURSHUWLHVRISHUVSHFWLYHSURMHFWLRQ,QSUDFWLFHWKH
SKHQRPHQRQ PD\ RFFXU LQ DQ\ FDVH RI WKH VXSHUSRVLWLRQ RI PXOWLOD\HU PHVK RU
SHUIRUDWHG SDQHOV EXW DOVR LQ WKH FDVH RI SHULRGLF VWUXFWXUHV DQG WKHLU VKDGRZV RU
PLUURUHG UHIOHFWLRQV 7KH IRUPDWLRQ RI PRLUp FDQ FRPH DV D VXUSULVH WR D GHVLJQHU
HVSHFLDOO\LQWKHFDVHRIWKHODVWWZRH[DPSOHVOLVWHGDQGLWPD\KDYHDVLJQLILFDQWO\
QHJDWLYHHIIHFWRQWKHSURMHFW+RZHYHULWFDQDOVREHFUHDWLYHO\H[SORLWHG
7KHUHVROXWLRQRIKXPDQVLJKWPXVWDOVREHFRQVLGHUHGZKHQGHDOLQJZLWKPRLUpVRQ
DQDUFKLWHFWXUDOVFDOH&XUFLRHWDO>@GHULYHGF\FOHVSHUGHJ WKHF\FOHLVDSDLU
JUDWLQJ DQG VSDFH  7KLV PHDQV WKDW LQ D RQH GHJ VHJPHQW RI D YLVXDO ILHOG DQ
REVHUYHULVDEOHWRGLVWLQJXLVKDSSUR[LPDWHO\OLQHVGHSHQGLQJRQWKHLQGLYLGXDO
DELOLWLHV DQG OLJKWLQJ FRQGLWLRQV %HFDXVH WKH UHVROXWLRQ LV FRQVWDQW WKH QXPEHU RI
SHUFHLYHG GHWDLOV YDULHV LQ UHODWLRQ WR WKH GLVWDQFH IURP WKH REVHUYHG REMHFW 7KH
IDUWKHU DZD\ WKH REMHFW WKH PRUH EOXUUHG WKH GHWDLOV DUH DQG WKH ILQH PHVKHV DQG
JUDWLQJVVHHPWREHPRUHXQLIRUP7KHSHULRGLFVWUXFWXUHLVLQGLVWLQJXLVKDEOHDQGWKH
PHVKDSSHDUVWREHVHPLWUDQVSDUHQW
,Q VRPH SDUWLFXODU FDVHV WKH REVHUYHU LV ORFDWHG IDU HQRXJK IURP WKH VXSHUSRVHG
REMHFWVWKDWWKHUHFRJQLWLRQRISHULRGLFVWUXFWXUHVLVQRWSRVVLEOHEXWVLPXOWDQHRXVO\
FORVHHQRXJKWKDWWKHPRLUpUHVXOWLQJIURPWKHLULQWHUDFWLRQEHFRPHVYLVLEOH,QWKHVH
VLWXDWLRQVPRLUpIULQJHVDSSHDUVXGGHQO\RQYLUWXDOO\XQLIRUPWUDQVSDUHQWVXUIDFHV
$QRWKHULPSRUWDQWIHDWXUHRIKXPDQYLVLRQLVVHQVLWLYLW\WROLJKW,WLVQRWOLQHDUEXWDV
ZLWK KXPDQ KHDULQJ LW LV ORJDULWKPLF 7KLV LV YHULILHG E\ WKH FRPSDULVRQ RI KXPDQ
UHFHSWLRQ RI EULJKWQHVV ZLWK WKH DFWXDO UHIOHFWDQFH OHYHOV SUHVHQW LQ PRLUp SDWWHUQV
DQGLVFDOFXODWHGRQJHRPHWULFDOEDVLV DVDUDWLRRIZKLWHWREODFNIULQJH %RWKWKH
LQWHUPHGLDWHVWDJHVRIWKHPRLUp¶VLQWHQVLW\DQGWKHFRQWUDVWDUHSHUFHLYHGGLIIHUHQWO\
WKDQLQGLFDWHGE\WKHVROHUHIOHFWDQFHYDOXHV>@
 &RQFOXVLRQV
7KH DXWKRU KRSHV WKDW ZLWK WKH JXLGDQFH SUHVHQWHG LQ WKH SDSHU DUFKLWHFWV PLJKW
FKDQJHWKHLUDWWLWXGHWRZDUGWKHXQLTXHSKHQRPHQRQRIPRLUp,QVWHDGRIUHJDUGLQJ
PRLUpDVDGLVDGYDQWDJHWKH\FRXOGFRQVLGHUWKHSRWHQWLDORILWVFUHDWLYHH[SORLWDWLRQ
7KHPRLUpSKHQRPHQRQVKRXOGQRWEHWKRXJKWRIDVDFORVHGFKDSWHURUOLPLWHGLQLWV
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UDQJH RI RSWLRQV 1HZ IULQJH SDWWHUQV FDQ EH JHQHUDWHG RQGHPDQG EDVHG RQ
FXVWRPGHVLJQHGFRPSRQHQWOD\HUVDQGG\QDPLFSRLQWVRIYLHZ7KHSRVVLELOLWLHVDUH
HQGOHVVOLPLWHGRQO\E\WKHLPDJLQDWLRQRIWKHGHVLJQHUDQGDFFHSWDQFHRIWKHFOLHQW
7KH SURSHU XVH RI PRLUp LQ DUFKLWHFWXUH VKRXOG EH WKRXJKW RI ZHOO LQ DGYDQFH
EHFDXVH LQ VHOHFW FDVHV WKH UHVXOWV DUH GLIILFXOW WR SUHGLFW DW D UHGXFHG VFDOH 7KH
GHVLJQ SURFHVV UHTXLUHV PDWKHPDWLFDO FDOFXODWLRQV WHVWV DQG FRQVWUXFWLRQ RI
UHGXFHGVL]H SURWRW\SHV 6RPHWLPHV RQVLWH DQDO\VLV LV UHTXLUHG WR YHULI\ WKH
DFKLHYHG UHVXOWV 0RLUp FRXOG HDVLO\ GHVWUR\ WKH GHVLJQHU¶V RULJLQDO LQWHQWLRQ EXW LI
SURSHUO\ DUUDQJHG FRXOG HQULFK D EXLOGLQJ ZLWK XQLTXH DUWLVWLF TXDOLW\ H[FHSWLRQDO
EUDQGLQJRUYLUWXDOPRYLQJSLFWXUHV
 $FNQRZOHGJPHQWV
, DP SOHDVHG WR DFNQRZOHGJH 3URI 3: )RZOHU¶V 7KH 8QLYHUVLW\ RI 6KHIILHOG 
FRQWULEXWLRQRIFRQFHSWXDOVXSSRUW
5HIHUHQFHV
>@ $EERWW6  +RZWREHDJUHDWVFUHHQSULQWHU0DF'HUPLG$XWRW\SH
:DQWDJH
>@ $PLGURU,  7KH7KHRU\RIWKH0RLUp3KHQRPHQRQ6SULQJHU%HUOLQ
>@ &XUFLR&$6ORDQ.5.DOLQD5( +HQGULFNVRQ$(  +XPDQ
SKRWRUHFHSWRUWRSRJUDSK\-RXUQDORI&RPSDUDWLYH1HXURORJ\
>@ *XWWPDQQ(  0HVVH*UD]1HX6WHLHUPDUN>VRXUFH@
KWWSZZZULHJOHUULHZHFRDWSURMHFWVLQBPHVVJKWPO
>@ +LOO'  )DoDGHVH[SUHVVLYHUHVSRQVLYHLQWHUDFWLYH>VRXUFH@
KWWSZZZFLW\RIVRXQGFRPEORJIDDGHVH[SUHVVLKWPO
>@ -DFNVRQ6  (OHYDWLQJ7KH(YHU\GD\$UFKLWHFWXUDO5HYLHZ

>@ .DML2 *UDG\6  %ULVEDQH*LUOV*UDPPDU$UFKLWHFWXUH$XVWUDOLD
  
>@ 0RUULV5$$QGUp-  5DVWHULPDJLQJDQGGLJLWDOW\SRJUDSK\,,
&DPEULGJH8QLYHUVLW\3UHVV
>@ 3RVW'%RQJWDH+,IMX3  +LJK6HQVLWLYLW\0RLUH([SHULPHQWDO
$QDO\VLVIRU0HFKDQLFVDQG0DWHULDOV0HFKDQLFDOHQJLQHHULQJVHULHV6SULQJHU
%HUOLQ
>@ 3URNVFK73URGXNWWULIIW=LHOJUXSSH>VRXUFH@
KWWSZZZPFJDWGHPHVVHGDWHQBIDNWHQBKDOOHBD
>@ 6]XOLN$  :HUW\NDOQHRSDNRZDQLH>VRXUFH@KWWSZZZV]WXND
DUFKLWHNWXU\SOLQGH[SKS",'B3$*( 
>@ KWWSKRXVLQJSURWRW\SHVRUJSURMHFW")LOHB1R )5$
>@ KWWSZZZZLVHJHHNFRPZKDWLVZDWHUHGVLONKWP
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investigations I exposed at GA2005 [2] about distance maps and other
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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
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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 sandflow 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
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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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generative narrative
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 nonprocedural 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.

Keywords: Computational media, Generative art, Narrative,
Procedurality
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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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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
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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 wellmatched with the original shape.
3.To find a matrix of shapes, through which several model that can be
designed depending on one shape.
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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 humanmade 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 .
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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.
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FOUND SYSTEMS AS GLITCH CULTURE

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.
Topic: Found Systems This kind of projects explores the city as a natural systemic entity;
information is extracted, (in real time or non-real time), mapped and
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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 nonintentional 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
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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 machinemelodies 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 systemsaesthetics 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 subpatch ‘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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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 colorshifts 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-bymoment 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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[1]

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 l´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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Paper: EDUCATIONAL SYSTEM OF SCIENCE ART FOR
STUDENTS OF ART AND DESIGN
$EVWUDFW
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.

$XWKRU
5\XML7DNDNL
Kobe Design University,
Graduate School of
Design Research
http://www.kobedu.ac.jp/gsdr/takaki/

5HIHUHQFHV
[1] Ryuji Takaki,
“Proposal of a new kind
of art “Rheo-Art””,
FORMA, Vol.9, pp.203208, 1994
(http://www.scipress.org/j
ournals/forma/abstract/0
903/09030203.html)
[2] RyujiTakaki,
“Interaction of Science
and Art through
Educational System”,
Visual Mathematics,
Vol.10, No.3, 2008
(http://www.mi.sanu.ac.rs
/vismath/takaki2008/inde Left: Relief of snow crystal by N. Nagahama (2007), created by following
an algorithm of crystal growth mechanism.
x.html)
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.
MUWDNDNL#LULVRFQQHMS .H\ZRUGVscience art, simulation of nature, educational system

page # 423

14h Generative Art Conference GA2011

Educational System of Science Art for Students of
Art and Design
Prof. R. Takaki
Graduate School of Design Research, Kobe Design University, Kobe, Hyogo, Japan
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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 ȍ1-ȍ4,
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 ȍ1=ȍ2=ȍ3=ȍ4=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 9step, 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)
n

Both of these examples have spectra of 1/f . 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
n

image). It has a spectrum type of 1/f . Fig. 12(b) shows one shot of vector field
constituted from an image of water waves, whose spectrum of horizontal components
n

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

spectrum curves deviate from the simple 1/f 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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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,  = log m 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
f 2 (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) = f 2 ( f1 (x)) = (0.2 /2 )(x log m 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
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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.
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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,
2
max
=

1 N
 (x  x )2 = x 2  x 2 .
N i=1 i

Because xi = 1 or 0 and the expected number of xi of value 1 is P1N,
x 2 = P1 and x 2 = P12 .
Therefore,
2
max
=P1  P12 = (1 P1 )P1 = P0 P1 .
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Abstract
,Q WKH ILHOG RI DUFKLWHFWXUH DQG DUW WKH GHVLJQ RI DQ\ VSDWLDO PRGHOV VKRXOG DGRSW
LPSRUWDQW SULQFLSOHV LQ WKH FUHDWLRQ RI DQ LQWHJUDWHG PRGHO RQH RU PRUH SULQFLSOHV
FDQXVHGWRJHQHUDWHWKHVDPHVKDSHRUDQREMHFWDQGPDQ\REMHFWVFDQEHFUHDWHG
HPSOR\LQJ DUFKLWHFWXUH DQG DUWV SULQFLSOHV 7KH FRORU DQG WH[WXUH JLYH D PRGHO D
VHQVHRIIRUPDQGDSRVVLELOLW\RIVWXG\LQJLWIURPDPRUHVFLHQWLILFSHUVSHFWLYHDVDQ
H[DPSOHVWXGHQWVIURPWKHILUVW\HDURIWKH&ROOHJHRI(QJLQHHULQJKDYHXVHGVHYHUDO
GLIIHUHQW PRGHOV RI DUW DQG DUFKLWHFWXUH WKDW WKH\ KDYH DQDO\]HG XVLQJ JHRPHWULFDO
PHWKRGV WR H[SORUH WKH VWUDWHJLHV IRU FUHDWLQJ WKRVH PRGHOV $IWHU JHRPHWULFDO
DQDO\VLV KDG EHHQ FRPSOHWHG WKH UHVXOWV VKRZHG WKDW PRGHOV XVHG PRUH WKDQ RQH
SULQFLSOHWRJHQHUDWHWKHP7KHSULQFLSOHVKDYHEHHQXVHGRQWZROHYHOVDWWKHILUVW
OHYHO WKH PDFUR FRPSRVLWLRQ ZDV FUHDWHG WKH VHFRQG OHYHO LQFOXGHG D PLFUR
FRPSRVLWLRQWRFUHDWHRQHXQLW7KLVXQLWKDVIRUPDOUHODWLRQVKLSVWKDWOLQNHGLWWRWKH
RWKHUXQLW,QDGGLWLRQWRXVLQJDVHOHFWLRQRIFRORU KRPRJHQHLW\DQGFRQWUDVW WKLV
SDSHU SURYLGHV DQ LQVLJKW LQWR WKH SULQFLSOHV HPSOR\HG WR FUHDWH IRUPV VXFK DV
DGMDFHQF\DQGSURSRUWLRQDOLW\DWWKHILUVWOHYHODQGDWWKHVHFRQGOHYHOWKHSULQFLSOHV
RISULYDWHUHODWLRQVDVZHOODVVWUXFWXUDOGHVLJQKDYHEHHQXVHGVXFKDVWKHJUDGLHQW
EDODQFH 7KH IRFXV KDV EHHQ RQ H[SORULQJ VKDSH DQG GHVLJQ DOWHUQDWLYHV ZKHUH
SURGXFLQJPDQ\VKDSHVIURPGLIIHUHQWFRORUVDQGGLIIHUHQWUHODWLRQVGHSHQGVRQWKH
SULQFLSOHVRIDUWDQGDUFKLWHFWXUHZKLFKLQWXUQSURYLGHWKHEDVLVIRUWKHIRUPDWLRQRI
GHVLJQPRGHOV

1. Introduction
7KHSULQFLSOHVRIDUWVDQGDUFKLWHFWXUHDUHFRQVLGHUHGWREHRIVFLHQWLILFEDVLVRQ
ZKLFKWKHVWXGHQWVRIDUWVDUFKLWHFWXUHDQGWKHDUWLVWLFDUFKLWHFWXUDOGHVLJQUHO\DWWKH
ILUVW VWDJHV RI OHDUQLQJ GHVLJQ DV ZHOO DV WKH JHRPHWULFDO DQG VSDWLDO IRUPDWLRQV
6WXGHQWV IRFXV RQ RQH RU PRUH WKDQ RQH SULQFLSOHV UHODWHG WR FRORU VKDSH DQG WKH
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Figure (1) the structure study.

2. Previous Studies
7KHUH DUH PDQ\ VWXGLHV WKDW GHDO ZLWK WKH SULQFLSOH RI DUWV DQG DUFKLWHFWXUH
DQG WKHLU DSSOLFDWLRQV 6RPH RI WKHVH VWXGLHV VHSDUDWH WKH SULQFLSOHV XVHG LQ WKH
DUFKLWHFWXUDOGHVLJQDQGWKHSULQFLSOHVXVHGLQWKHDUWLVWLFGHVLJQ>@7KHIROORZLQJDUH
WKHVWXGLHVWKDWDQDO\]HWKHSULQFLSOHVRIDUWVDQGDUFKLWHFWXUHQRWEDVHGHQWLUHO\RQ
VFLHQFH RU RQ RQH RI WKH GLVFLSOLQHV EXW UDWKHU DV WZR LQWHJUDWHG SDUWV


6WXG\>@IRFXVHGRQWKHSULQFLSOHVZKLFKDSSO\WRDVKDSHDQGLWVFRQVWUXFWLRQ7KH
VWXG\LQGLFDWHVWKDWWKUHHEDVLF VWDJHVZHUHXVHGLQWKLVSURFHVV7KHILUVWVWDJHLV
DQ DEVWUDFW SURSRVHG VKDSH LH DQ\ EDVLF VKDSH RU EDVLF XQLW 7KH VHFRQG VWDJH
FRQQHFWV WKLV EDVLF XQLW ZLWK DQRWKHU XQLW WR IRUP WKH SDUW ZKLFK LQ WXUQ IRUPV WKH
ILQDOGHVLJQRUWKHUHVXOWLQJVKDSH0RUHWKDQRQHEDVLFXQLWRURQHEDVLFVKDSHFDQ
EH XVHG LQ RUGHU WR FRQVWUXFW WKH VSDWLDO PRGHOV >@ DQG WKH GLIIHUHQFH RI WKH
UHODWLRQV VWUDWHJ\ LQ WKHVH WKUHH VWDJHV LV ZKDW SURGXFHV GLIIHUHQW DQG YDULRXV
DOWHUQDWLYHVIRUWKHVDPHEDVLFXQLWV ILJ 
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(figure -2) three stage to create the compact shapes.[1]

)URP WKLV VWXG\ LW FDQ EH FRQFOXGHG WKDW WKHUH DUH WKUHH VWDJHV ZKLFK

GHWHUPLQH WKH NLQG DQG WKH YDOXH RI WKH SURGXFW ,Q DGGLWLRQ WR WKH UHSHWLWLRQ WKH
SULQFLSOHRIDFRS\RIWKHXQLWRUWKHEDVLFVKDSHZDVDOVRQRWHG)XUWKHUPRUHFRS\
DQG UHSHWLWLRQ WDNLQJ D FHUWDLQ GLUHFWLRQ LV FRQQHFWHG WR WKH PLUURU SULQFLSOH WR
IRUPXODWHWKHPDLQSDUWVRIWKHZKROHVKDSH

6WXG\>@HPSKDVL]HGWKHSDUWDQGWKHZKROHSULQFLSOHLQDUWVDQGDUFKLWHFWXUH
7KH SDUW FDQQRW UHSUHVHQW WKH ZKROH LQ PRVW RI WKH FDVHV EHFDXVH D SDUW RU DQ\
DUWLVWLFZRUNFDQEHIRUPHGIURPDSDUWRUDQHOHPHQWEXWWKHSURGXFWLVVRPHWKLQJ
HOVHZKLFKGLYHUJHGIURPWKHEDVLFHOHPHQW>@$QH[DPSOHIRUWKDWLVXVLQJDFXEH
IRU D S\UDPLG IRUPDWLRQ $QG WKURXJK WKLV VWXG\ ZH FDQ FRQFOXGH WKDW WKHUH LV RQH
PDLQHOHPHQWWKDWLVDSDUWRIWKHZKROHLQWKHGHVLJQSURFHVV ILJ 





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

6WXG\ >@ GLVFXVVHV WKH IRUPDWLRQ RI D VKDSH XVLQJ PXOWLSOH VKDSHV RU
HOHPHQWV DQG WKHVH HOHPHQWV FDQ EH KDYH GLIIHUHQW GLPHQVLRQV DQG FRORUV LQ
DFFRUGDQFH ZLWK WKH GHVLJQHU YLHZ >@  $QG IURP WKLV VWXG\ ZH FDQ FRQFOXGH WKDW
VKDSHFDQEHIRUPHGLQWZRZD\VDVIROORZV

D 6LQJOHVKDSHV





(figure-4)
(fi
4) Using
U i single
i l shape
h
tto d
design
i compactt shape.[3]
h
[3]


E 0XOWLSOHVKDSHV ILJ 
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(Figure-5) using many shapes to create multi-compact shape.[3]

6WXG\ >@ LV SDUW RI WKH VWXGLHV ZKLFK LQYHVWLJDWH WKH PDLQ VKDSH RU WKH EDVLF
HOHPHQW7KLVVWXG\UHOLHVRQWKHVXEWUDFWLRQDQGDGGLWLRQSULQFLSOHVWRIRUPXODWHWKH
VKDSHLQDUWVDQGDUFKLWHFWXUHDQGWKLVSURFHVVVKRXOGEHSODQQHGZHOOLHFDQQRW
EHUDQGRP7KHUHDUHPDQ\NLQGVRIVXEWUDFWLRQDQGDGGLWLRQIRUWKHVKDSHLQFOXGLQJ
WKHIROORZLQJ
D 6XEWUDFWLRQRUDGGLWLRQRIDSDUWZLWKWKHVDPHVKDSHRIWKHRULJLQDOSDUWDQG
ZLWKGLIIHUHQWSURSRUWLRQ
E 6XEWUDFWLRQRUDGGLWLRQRIDSDUWZKLFKLVGLIIHUHQWIURPWKHRULJLQDOVKDSHSDUW
DQGZLWKDVFDOHWKDWLVFRQQHFWHGWRWKHRULJLQDOSDUW
F 6XEWUDFWLRQRUDGGLWLRQRIGLIIHUHQWSDUWVVRPHRIZKLFKDUHVLPLODUWRWKHSDUW
DQG VRPH DUH GLIIHUHQW DQG ZLWK D VFDOH DQG D SURSRUWLRQ WKDW LV FRQQHFWHG
ZLWKWKHRULJLQDOSDUW>@
G 5DQGRPDGGLWLRQDQGVXEWUDFWLRQ
6WXG\ >@ IRFXVHV RQ WKH LPSRUWDQFH RI WKH IRUPDO UHODWLRQV DPRQJVW WKH
HOHPHQWV DQG SDUWV 7KHUH DUH VHYHUDO UHODWLRQV WKDW ZH FDQ PDNH XVH RI LQ WKLV
VWXG\DQGWKHIRFXVLVRQWKHRYHUODSSLQJUHODWLRQVKRUL]RQWDOO\DQGYHUWLFDOO\ DQJOH
 IRUWKHKRUL]RQWDODQG DQJOH! IRUWKHYHUWLFDO ILJ 

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





3. Conclusion from the previous studies
7KHSUHYLRXVVWXGLHVLQGLFDWHGWKHLPSRUWDQFHRIWKHEDVLFVKDSHDQGWKHWKUHH
VWDJHV RI GHVLJQLQJ LQ DGGLWLRQ WR WKH IRUPDO UHODWLRQV DQG WKH PHFKDQLVP RI FRS\
DQG UHSHWLWLRQ 0RUHRYHU IRFXV ZDV RQ WKH SDUW DQG WKH ZKROH DV ZHOO DV RQ WKH
SULQFLSOHVRIVXEWUDFWLRQDQGDGGLWLRQ7KHVWXGLHVKDYHQRWVKRZQWKHPHFKDQLVPRI
XVLQJWKHVHSULQFLSOHVLQWKHIRUPDWLRQRIVHYHUDOPRGHOVRXWRIRQHRUPRUHWKDQRQH
EDVLF HOHPHQW WKDW D VWXGHQW FDQ FRXQW RQ WR IRUP WKH VSDWLDO VKDSHV RU WR
DFFRPSOLVK DQ\ RWKHU GHVLJQ ZKLFK LQYROYHV DQ DUWLVWLF DVSHFW 7KHUHIRUH WKH
SUREOHP RI WKH UHVHDUFK ZDV LGHQWLILHG EDVHG RQ WKH OHYHO RI FODULW\ RI WKH DGRSWHG
PHFKDQLVPIRUGHVLJQLQJWKHVSDWLDORUWKHLPDJLQDU\PRGHOVZKLFKDUHGHSHQGHQWRI
WKHSULQFLSOHVRIDUWVDQGDUFKLWHFWXUH7RVROYHWKLVSUREOHPWKHIROORZLQJK\SRWKHVLV
ZDV DGRSWHG WKHUH DUH GHVLJQ VWUDWHJLHV IRU XVLQJ WKH SULQFLSOHV RI DUWV DQG
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DUFKLWHFWXUHWKHVWXGHQWVDQGWKHLQVWUXFWRUFDQLPSOHPHQWWRFRPSOHWHWKHGHVLJQRI
WKHSURGXFW$OVRWKHREMHFWLYHRIWKHVWXG\ZDVHVWDEOLVKHGZKLFKLVWRLGHQWLI\WKH
VWUDWHJLHVWRXVHWKHSULQFLSOHVRIDUWVDQGDUFKLWHFWXUHLQWKHDUWLVWLFDQGDUFKLWHFWXUDO
GHVLJQIRUWKHILUVW\HDUVWXGHQWV7RDFFRPSOLVKWKHREMHFWLYHRIWKHUHVHDUFKFHUWDLQ
VSDWLDO PRGHOV ZLOO EH VHOHFWHG DQG DQDO\]HG UHO\LQJ RQ WKH LWHPV WKDW ZLOO EH
H[WUDFWHGIURPWKHSUHYLRXVVWXGLHV


4. The items of the theoretical framework
7KURXJK UHYLHZLQJ WKH SUHYLRXV VWXGLHV LW EHFDPH FOHDU WKDW WKHUH DUH WZR
IXQGDPHQWDOSRLQWVLQWKHSURFHVVRIIRUPLQJWKHLPDJLQDU\VSDWLDOVKDSHVDVIROORZV

4-1 The level of individual parts
,WVWDQGVIRUWKHSULQFLSOHVXVHGLQIRUPLQJWKHSDUW WKHEDVLFXQLWV DQGWKLV
YDULDEOHLQYROYHVVHFRQGDU\YDULDEOHVVXFKDV
4-1-1  7KH VKDSH RI WKH SDUW 7KH IRUPDWLRQ PLJKW LQYROYH RQH RU PRUH WKDQ RQH
VKDSHDQGDVIROORZV
$2QHVKDSH%6HYHUDOVKDSHV ILJ 



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

4-1-26XEWUDFWLRQ7KLVLQFOXGHVWKUHHLWHPVDVLOOXVWUDWHGEHORZ
$ 6XEWUDFWLRQRIDQHZVKDSHZLWKSURSRUWLRQVWKDWDUHUHODWHGWRWKHSURSRUWLRQV
RIWKHEDVLFVKDSH ILJ 


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

% 6XEWUDFWLRQRIDVKDSHZLWKWKHVDPHVKDSHRIWKHEDVLFSDUWZLWKSURSRUWLRQV
WKDWDUHUHODWHGWRWKHSURSRUWLRQVRIWKHEDVLFVKDSH ILJ 


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

& 6XEWUDFWLRQRIVHYHUDOVKDSHV LQFOXGHVWKHWZRDERYHFDVHV  ILJ 

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

4-2 The level of the whole:
7KH FKDQJHV UHODWHG WR WKLV OHYHO DUH FHQWHUHG DURXQG WKH UHODWLRQ EHWZHHQ
WKHSDUWVDQGWKHZKROHDQGWKLVUHODWLRQFDQEHIRXQGWKURXJKVWXG\LQJWKHIROORZLQJ
YDULDEOHV DQG PHDVXULQJ WKHP LQ DFFRUGDQFH ZLWK WKH PRGHOV DV IROORZV

4-2-1  0LUURU ,W LV WKH SURFHVV RI WKH UHSHWLWLRQ DQG FRS\ LQ D FHUWDLQ ZD\ DQG LQ D
FHUWDLQGLUHFWLRQ
$ 2QHGLUHFWLRQDO7KHD[LVRIWKHUHSHDWHGVKDSHVLVLQDSDUDOOHOGLUHFWLRQDQG
WKHDQJOHHTXDOV]HURDVVKRZQLQ ILJXUH 

(figure-11) parallel Axis .

% 9HUWLFDO RU LQ WZR GLUHFWLRQV DQG WKH DQJOH EHWZHHQ WKH D[HV RI WKH UHSHDWHG
VKDSHVLVELJJHUWKDQD]HURDVVKRZQLQ ILJXUH 


(figure-12) the angle between the axes of the repeated shapes is bigger than a zero

& 5DGLDO:KHQWKHD[HVRIWKHUHSHDWHGVKDSHVPHHWLQRQHSRLQWDVVKRZQLQ
ILJXUH 






(figure-13) radian axes with overlapping objects.

4-2-22YHUODSSLQJUHODWLRQV7KHVHLQYROYHWZRD[HVZKLFKDUH
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$&RQWDFW,WLQFOXGHVWZRYDULDEOHV
 +RUL]RQWDO ZKHUH WKH DQJOH EHWZHHQ WKH IURQW IDFHV RI WKH WZR VKDSHV HTXDOV
]HURDVVKRZQLQ ILJ 
 9HUWLFDO ZKHUH WKH DQJOH EHWZHHQ WKH IURQW IDFHV RI WKH WZR VKDSHV LV ELJJHU
WKDQ]HURDVVKRZQLQ ILJ 
% 2YHUODSSLQJ LQ WKLV YDULDEOH WKH VKDSH VKRXOG EH UHVWRUHG WR LWV RULJLQDO VKDSH
EHIRUHDGGLWLRQRUVXEWUDFWLRQDQGWKHQPHDVXULQJLW ILJ 
 +RUL]RQWDO ZKHUH WKH DQJOH EHWZHHQ WKH IURQW IDFHV RI WKH WZR VKDSHV HTXDOV
]HURDVVKRZQLQ ILJ 
 9HUWLFDO ZKHUH WKH DQJOH EHWZHHQ WKH IURQW IDFHV RI WKH WZR VKDSHV LV ELJJHU
WKDQ]HURDVVKRZQLQ ILJ 
4-2-3&RORUUHODWLRQV7KHFRORUVDUHPHDVXUHGGHSHQGLQJRQWKHOHYHURIFRORUVDQG
LWLQYROYHVWKUHHYDULDEOHVDQGDVIROORZV>@>@ ILJ 




(Figure-14) color variables (harmony , tone ,contrast ).

$IWHU LGHQWLI\LQJ WKH PDLQ FRPSRQHQWV RI WKLV VWXG\ D PHDVXULQJ PRGHO ZDV
IRUPXODWHGWRPHDVXUHWKHVWXG\FDVHVDVVKRZQLQWDEOH  


0DFUROHYHO

0LFUROHYHO

(Table -1) variables to measure the samples.
6DPSOH1R

FOHDU
%DVLFVKDSH
1RWFOHDU
1HZVKDSHLQGLIIHUHQWSURSRUWLRQ
6XEWUDFW
6DPHVKDSHLQGLIIHUHQWSURSRUWLRQ
1HZDQGVDPHVKDSHLQGLIIHUHQWSURSRUWLRQ
RQHGLUHFWLRQ
0LUURU
0XOWLGLUHFWLRQ
5DGLDO
)DFHWR YHUWLFDOO\
+RUL]RQWDOO\
IDFH
2YHUODSSLQJ
ERWK
UHODWLRQV
YHUWLFDOO\
,QWHUVHFW +RUL]RQWDOO\
ERWK
&RQWUDVW
&RORXUUHODWLRQ
7RQH
+DUPRQ\
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5. The empirical study
,Q WKLV SDUW RI WKH UHVHDUFK PRGHOV RI WKH 'HSDUWPHQW RI $UFKLWHFWXUH ILUVW \HDU
VWXGHQWV ZRUNVZHUHVHOHFWHG WKH\ZHUHVXSHUYLVHG E\WKH VXEMHFWPDWWHUH[SHUWV
SURIHVVRUVZHOOH[SHULHQFHGLQGHDOLQJZLWKWKHVWXGHQWVDWWKLVOHYHO7KHIRFXVZDV
RQ GHYHORSLQJ WKH SURFHVV RI WKLQNLQJ LQ IRUPLQJ WKH VKDSHV E\ DGRSWLQJ WKH
GHWHUPLQDQWVIRUWKHGHVLJQSURFHVV7KHEDVLFVKDSH WKHXQLW IRUDOOVWXGHQWVZDV
VHOHFWHGZKLFKVHUYHVWKHSXUSRVHRIDXQLILHGVKDSH7KHQWKHVXEWUDFWLRQDGGLWLRQ
DQG VKDSHV FRUUHODWLRQV ZHUH LPSOHPHQWHG WR IRUPXODWH VSDWLDO VKDSHV WKDW DW WKH
VDPH WLPH KDYH WKH DUWLVWLF DQG WKH JHRPHWULFDO FKDUDFWHULVWLFV  PRGHOV ZLWK
DUWLVWLF DQG WKH JHRPHWULFDO DVSHFWV  ZHUH VHOHFWHG WR EH DQDO\]HG XVLQJ WKH
JHRPHWULFDOPHWKRGDQGVRPHJHRPHWULFDOSURJUDPVDYDLODEOHWRPHDVXUHWKHLWHPV
DQGWKHYDULDEOHVRIWKHWKHRUHWLFDOIUDPHZRUNDVVKRZQLQWDEOH  
1RWH WKH PHDVXUH RI RQH PRGHO ZDV FKRVHQ GXH WR WKH JUHDW QXPEHU RI WKH
DQDO\VLV UHVXOWV IRU IXUWKHU LQIRUPDWLRQ SOHDVH FRQWDFW WKH UHVHDUFKHUV IRU SURYLGLQJ
WKHUHVWRIWKHPRGHOV 

0DFUROHYHO

0LFUROHYHO

6DPSOH1R

FOHDU
1RWFOHDU
1HZVKDSHLQGLIIHUHQWSURSRUWLRQ
6XEWUDFW
6DPHVKDSHLQGLIIHUHQWSURSRUWLRQ
1HZDQGVDPHVKDSHLQGLIIHUHQWSURSRUWLRQ
RQHGLUHFWLRQ
0LUURU
0XOWLGLUHFWLRQ
5DGLDO
YHUWLFDOO\
)DFHWR
+RUL]RQWDOO\
IDFH
2YHUODSSLQJ
ERWK
UHODWLRQV
YHUWLFDOO\
,QWHUVHFW +RUL]RQWDOO\
ERWK
&RQWUDVW
&RORUUHODWLRQ
7RQH
+DUPRQ\
%DVLFVKDSH



page # 456







































(figure-15) image for one real modes which is measured in table above.





6. Results of the practical study:
7KURXJKWKHDSSOLFDWLRQRIWKHSUDFWLFDOVWXG\WRWKHPRGHOVLWZDVVKRZQWKDW
RIWKHUHVXOWVXVHGWKHSULQFLSOHRIVXEWUDFWLRQIURPWKHEDVLFVKDSH)XUWKHUPRUHWKH
SULQFLSOH RI VXEWUDFWLRQ IURP WKH PDLQ HOHPHQW DQG ZLWK GLIIHUHQW VKDSHV IURP WKH
RULJLQDOVKDSHUHSUHVHQWHGIRUWKHVXEWUDFWLRQDVRULJLQDOVDPHVKDSHDQG
IRUWKHVXEWUDFWLRQRIDQHZVKDSH7KHUHIRUHWKHUDWLRRQDFODULW\VFDOHIRUWKH
PDLQVKDSHZDVQRWFOHDU DQGFOHDU)RUWKHSULQFLSOH RIPLUURUUHSHWLWLRQ
DQG WKH GLUHFWLRQDO FRS\ WKH JUHDWHU SHUFHQWDJH ZDV LQ WKH YDULDEOH ZLWK PXOWLSOH
GLUHFWLRQV KRUL]RQWDODQGYHUWLFDO DQGWKDWSHUFHQWDJHZDV7KHSHUFHQWDJHRI
WKHUDGLDOUHSHWLWLRQZDVZKLOHIRUDVLQJOHGLUHFWLRQZDV)RUWKHYDULDEOHRI
RYHUODSSLQJ WKH UHVXOWV ZHUH FORVH WR HDFK RWKHU VRPHKRZ EHFDXVH PRVW RI WKH
PRGHOV KDYH FRUUHODWLRQ DQG FRQWDFW IDFH WR IDFH 7KH GLIIHUHQFH ZDV LQ WKH
VHFRQGDU\ YDULDEOHV WKH YDULDEOH RI WKH IDFHWRIDFH KRUL]RQWDO GLUHFWLRQ DQG ZLWK
]HURDQJOHZDVDQGIRUWKHYHUWLFDO DQJOHELJJHUWKDQ]HUR DQGIRU
ERWKYDULDEOHV
)RU WKH SULQFLSOH RI RYHUODSSLQJ WKH UDWLRV ZHUH FORVH WR HDFK RWKHU EHWZHHQ WKH
KRUL]RQWDO DQG YHUWLFDO RYHUODSSLQJ 5HVXOWV FRQFHUQLQJ WKH FRORUV UHODWLRQV VKRZHG
WKDW  UHSUHVHQWHG WKH FRQWUDVW LQ FRORUV  WKH WRQH DQG  WKH KDUPRQ\
0RUHRYHUWKHUHVXOWVVKRZHGWKDWWKHPRGHOVZLWKKLJKSHUFHQWDJHZHUHZLWKQRUPDO
VKDSHVZKLFKODFNHGWKHDUWLVWLFDQGJHRPHWULFDOLQQRYDWLRQZKHQHYDOXDWHGDJDLQVW
WKHPRGHOVWKDWXVHGWKHSULQFLSOHVZLWKOHVVSHUFHQWDJH


7. Conclusion:
7KH GHVLJQ SURFHVV GHSHQGV JUHDWO\ RQ VHYHUDO JHRPHWULFDO DUWLVWLF DQG
DHVWKHWLFDOSULQFLSOHVDQGQRUPVEXWLQWKLVUHVHDUFKSULQFLSOHVZHUHUHOLHGXSRQDV
WKH\DUHWKHEDVLVRIWKHGHVLJQVXFFHVV7KHUHVXOWVRIWKHSUDFWLFDOVWXG\LQGLFDWH
WKDWFKDQJLQJWKHRULJLQDOVKDSHE\PHDQVRIVXEWUDFWLRQRUDGGLWLRQLVDQLPSRUWDQW
SULQFLSOH WKDW LV PRUH IUHTXHQWO\ XVHG LQ WKH ILUVW SKDVH RI WKH GHVLJQ SURFHVV 7KH
FODULW\RIWKHRULJLQDOVKDSHLVYLWDOWKHUHIRUHWKHGHVLJQVLQZKLFKWKHRULJLQDOVKDSH
LV FKDQJHG ORVH WKH RULJLQDO IRUP DQG WKLV ZLOO PDNH WKH GHVLJQ OHVV YDOXDEOH
DUWLVWLFDOO\ DQG DUFKLWHFWXUDOO\ 7KH FRPSDULVRQ EHWZHHQ WKH GHVLJQV VKRZHG WKDW
LPSOHPHQWLQJWKHPRVWFRPPRQO\XVHGSULQFLSOHVWRVKRZWKHGHVLJQFUHDWHVDJRRG
FRQILJXUDWLRQ KRZHYHU LW PD\ EH EHWWHU WR XVH WKH OHVV FRPPRQ SULQFLSOHV )RU
LQVWDQFHWKHHPSOR\PHQWRIVXEWUDFWLRQSULQFLSOHDGMDFHQF\UHODWLRQVFRORUUHODWLRQV
DQG WKH ZD\ LQ ZKLFK ZH UHSHDW DQG FRS\ LV D VLPSOH IUDFWLRQ RI DUFKLWHFWXUH
SULQFLSOHV ,I WKHVH SULQFLSOHV ZHUH HPSOR\HG ZLWK D SODQQHG PHFKDQLVP WKHQ WKH
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GHVLJQ ZLOO KDYH PRUH YDOXH DQG ZLOO EH PRUH HIILFLHQW 7KUHH PHWKRGV ZHUH
HVWDEOLVKHGIRUWKHXVHRIWKHVHSULQFLSOHVWKDWWKHSURIHVVRUDQGWKHVWXGHQWVRIDUW
DQGDUFKLWHFWXUHFDQUHO\RQZLWKWKHSRWHQWLDOLW\RIVHOHFWLQJRWKHUSULQFLSOHVVXFKDV
EDODQFH KLHUDUFK\ DPRQJ PDQ\ RWKHUV 7KHVH PHWKRGV DUH LOOXVWUDWHG LQ WKH
IROORZLQJWDEOH

/LQHRQH
 &RQWUDVW

+RUL]RQWDO
FRUUHODWLRQ

+RUL]RQWDO IDFHWR
IDFHRYHUODSSLQJ

7ZRGLUHFWLRQDO
UHSHWLWLRQ

'LIIHUHQW NLQGV RI &OHDU
VXEWUDFWLRQ

/LQHWZR
+DUPRQ\ +RUL]RQWDO
DQG +RUL]RQWDO IDFHWR
YHUWLFDOFRUUHODWLRQ
IDFHRYHUODSSLQJ

5DGLDO
UHSHWLWLRQ

6XEWUDFWLRQ LQ
VDPHVKDSH

WKH &OHDU

6XEWUDFWLRQ LQ
VDPHVKDSH

WKH &OHDU

/LQHWZR
7RQH

+RUL]RQWDO
DQG YHUWLFDO IDFHWRIDFH 5DGLDO
YHUWLFDOFRUUHODWLRQ RYHUODSSLQJ
UHSHWLWLRQ
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VHWVRIUXOHVZKLFKZKHQDSSOLHGFDQJHQHUDWHPDQ\UHVXOWVDQGWKXVRSHQXSWKH
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EHGRQHZLWKWKHLQWURGXFWLRQVRIWKHYDULDEOHVKHUHKHH[SORUHVJHRPHWU\DQG
UHSHWLWLRQ

Sol LeWitt:



Cube Without A Corner





Octagon on a Cube



Progression #2

6LPLODUO\0DQIUHG0RKUDQDOJRULWKPLFDUWLVWFUHDWHVVLPSOHVKDSHVEDVHGRQKLV
VHWVRIUXOHVWRFUHDWHLQWHUHVWLQJYDULDWLRQVZKLFKZKHQFRPSDUHGKDYH
UHODWLRQVKLSVWRRWKHUYHUVLRQVEXWWKH\DUHDOVRGLIIHUHQWGHSHQGLQJRQWKHQXPEHU
RISDUDPHWHUVXVHGDQGWKHUDQJHRIYDOXHVLQWKLVFDVHWKHZRUNLVEDVHGRQWKH
GK\SHUFXEHWKHDOJRULWKPWKHDUWLVWZURWHVHOHFWVDVXEVHWRIFXEHVIURP
FXEHVLQKHUHQWWRWKHGK\SHUFXEHDQGGHFLGHVZKLFKVLGHVVKDOOEHEODFNRU
ZKLWHWKHZKROHVWUXFWXUHURWDWHVLQIURQWRIWKHJUHHQEDFNJURXQG


Manfred Mohr: Subset Series


Common Principles in details:





5HSHWLWLRQ
,QSUHYLRXVVWXGLHVLQDUFKLWHFWXUHSULQFLSOHVWKHSULQFLSOHRIUHSHWLWLRQSURYHGWREHD
VLPSOH\HWSRZHUIXOSULQFLSOHWRFUHDWHDYDULHW\RIFRPSOH[VKDSHVXVLQJVLPSOH
VKDSHVDVLOOXVWUDWHGLQ)LJXUH,WLVVLPSOHDQGDWWKHVDPHWLPHFRPSOH[DVLW
RSHQVXSDQLQFUHGLEO\ULFKVSDFHIRUH[SHULPHQWDWLRQLQERWKDUFKLWHFWXUHDQGDUW
:LWKWKHSRZHURIFRPSXWHUVLWFRQWLQXHVWREHDILHOGRIOLPLWOHVVYDULDWLRQV)URP
ZHDYLQJSDWWHUQVWKDWRIIHURUGHUO\RXWFRPHVFDUHIXOO\SODQQHGDQGH[HFXWHGWR
JHQHUDWLYHDUWIRUPVHPSOR\LQJYDULDEOHVZLWKLQILQLWHO\YDULHGUHVXOWVUHSHWLWLRQKDVD
SRZHUIXOHIIHFWRQKXPDQSV\FKH'\QDPLFYLVXDOSDWWHUQV VXFKDVLQWKHZRUNRIRS
DUWPRYHPHQWDUWLVWVIURPWKHV±%ULGJHW5LOH\ FDQDSSHDUWR³YLEUDWHSK\VLFDOO\´
 WKH\FDQµHQFRXUDJHRXUH\HVWRGDQFH¶  DVWKH\KDYHDYHU\VWURQJVHQVHRI
GHSWKDQGPRWLRQDVLOOXVWUDWHGEHORZ
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Bridget Riley: Composition with Circles

6LPLODUO\WKHZRUNRI(OHQD0DQIHUGLQLDQGKHU³5LFDPL6WRRO´ZLWKLWVLQWULFDWH
SDWWHUQFXWLQPHWDOSOD\VZLWKRXUSHUFHSWLRQDVLWDSSHDUVWREHYHU\GHOLFDWH
FRPSDUHGWRLWVDFWXDOVWUHQJWKDVDSLHFHRIIXUQLWXUH
%\XVLQJWKHSURFHVVRIUHFXUVLRQDVSDUWRIWKHRUGHUO\DQGSODQQHGUHSHWLWLRQ
SULQFLSOHVVLPLODUWRUHSHWLWLYHSDWWHUQVGHVFULEHGDERYHVKDSHVEHFRPHUHSHDWHGLQ
DVHOIVLPLODUZD\$JRRGH[DPSOHRIWKDWZRXOGEHDIHUQOHDIWKDWFRQWDLQVDVHULHV
RIVPDOOHUDQGVPDOOHUOHDYHV7KHSDWWHUQVIRXQGLQQDWXUHSURYLGHDULFKILHOGRI
VWXG\DVLQH[SORULQJIUDFWDOVE\0DQGHOEURWZKLFKLVDJRRGH[DPSOHRIUHFXUVLYH
SDWWHUQVWKHIROORZLQJLVDQH[DPSOHIURPWKHZRUNRI8QLYHUVLW\RI$GYDQFLQJ
7HFKQRORJ\VWXGHQW*DUUHWW6DYRZKHUHKHXVHVDVLPSOHIUDFWDOVSURJUDPWR
JHQHUDWHKLVIUDFWDODUWZRUN



Garrett Savo: Arts and Technology class; University of Advancing Technology, 2011

,QWKHZRUOGRIDUFKLWHFWXUDOGHVLJQWKH-DSDQHVHDUFKLWHFW7R\R,WRKDVGHVLJQHGD
SDYLOLRQLQ6HUSHQWLQH*DOOHU\/RQGRQZKHUHKHXVHVDUHFXUVLYHUHSHWLWLRQSULQFLSOH
RIURWDWHGFRQFHQWULFVTXDUHVWRFUHDWHDFRPSOH[VWUXFWXUHWKDWLVVLPSOHLQLWV
LPSOHPHQWDWLRQRIDVLPSOHSURFHVVRIUHSHWLWLRQXVLQJVLPSOHHOHPHQWDOVKDSHVWR
FUHDWHDEXLOGLQJWKDWRFFXSLHVWKHVSDFHRIFRQWUROOHGFKDRVDUFKLWHFWXUDOO\
LQQRYDWLYHDQGVRXQG





page # 460

Toyo Ito, Serpentine Gallery, London


,PSOHPHQWLQJUHSHWLWLRQSULQFLSOHE\YDU\LQJYDOXHVFUHDWHVOLPLWOHVVSRVVLELOLWLHV
)ULHGHU1DNHPRGXODWHVUDQGRPYDOXHVE\DSSO\LQJVSDFHGLYLVLRQDOJRULWKPVDVLQ
KLVZRUN5HFWDQJXODU+DWFKLQJV  


Frieder Nake: Rectangular Hatchings (1965):



7KHUDQGRPHOHPHQWVHPSOR\HGKHUHDUHWRWDOQXPEHURIUHFWDQJOHVSRVLWLRQRI
UHFWDQJOHVVL]HRIUHFWDQJOHVGLUHFWLRQRIOLQHVDQGVHOHFWLRQRIGUDZLQJSHQ
0RGXODULW\DVSDUWRIWKHUHSHWLWLRQSULQFLSOHXVHVRQHRUPRUHVKDSHVWRSURGXFHD
FRPSOH[IRUP+RZHYHUKHUHWKHHOHPHQWVRIWKHVKDSHDUHQRWWUDQVIRUPHGWKH\
DUHRQO\UHSRVLWLRQHG
7KHSURGXFW&RDW+RRNE\026$UFKLWHFWVWKDWLVFUHDWHGXVLQJWKHPRGXODULW\
SULQFLSOHH[SORUHVDGHVLJQVSDFHWRSODFHVLPSOHVKDSHVDVEHLQJUHSRVLWLRQHGWR
FUHDWHDQHZSURGXFW


MOS Architects: Coat Hook

,QWKLVUHVHDUFK,DPSDUWLFXODUO\LQWHUHVWHGDVDQDUWLVWLQWKHSURFHVVRI
parameterization, ZKLFKLQGHQWLILHVDQGGHVFULEHVWKHYDULDEOHHOHPHQWVDQG
GLVFXVVHGLQWKHERRN)RUP&RGHE\&DVH\5HDV3DUDPHWHUVLQWKLVFRQWH[WDUH
GHILQHGDVYDOXHV IRULQVWDQFHFRORUDQGVL]HDQGSURSRUWLRQVZKLFKKDYHEHHQ
KHDYLO\H[SORUHGLQWKHDUFKLWHFWXUHSDUWRIWKLVSDSHU ZKLFKKDYHDQHIIHFWRQWKH
RXWSXWRIDSURFHVV7KLVSURFHVVRSHQVXSDVSDFHIRUIXUWKHUUHVHDUFKLQWKHILHOGRI
ERWKDUWDQGLWVLPSOLFDWLRQVRQWKHDUFKLWHFWXUDOIRUPV
,WDOVRWLHVLQWKHWZRSULQFLSOHVWKDWSURYLGHWKHIRXQGDWLRQRIWKLVVWXG\WKDWRI
UHSHWLWLRQDQGWUDQVIRUPDWLRQ LQWKLVFDVHKHUHVXEWUDFWLRQDGGLWLRQDQG
RYHUODSSLQJ 5HSHWLWLRQDVDOUHDG\H[SODLQHGSURYLGHVRXWFRPHVRIVRPHSRVVLEOH
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GHVLJQVZKLFKDUHDOVRYDOXDEOHZLWKJRRGFRQILJXUDWLRQ7KHWUDQVIRUPDWLRQ
SULQFLSOHVH[SORUHWKHHIIHFWRIWKHSDUDPHWHUVRQWKHZKROHRQWKHRXWFRPHRIWKH
FRPSOH[VKDSH³)UDFWDO'LFH´E\WKHDUWLVW.HLWK7\VRQXVHVDYHU\VLPSOHVHWRI
UXOHV³DGLFHEDVHGV\VWHPWRDFKLHYHFRPSOH[UHVXOWV7KHLQLWLDOVWDWHRIHDFK
SLHFHRULJLQDWHVIURPDFXEHDQGWKHPHWKRGE\ZKLFKWKHSLHFHHYROYHVWRLWVILQDO
VWDWHLVE\DFXEHRUPRUHVSHFLILFDOO\WKHUROORIDGLH)RXUWHHQDOXPLQXPDQG
SODVWLFZRUNVZLOOEHRQYLHZLQ)UDFWDO'LFH³  

Keith Tyson: Fractal Dice



,QDSDUDPHWHUL]HGV\VWHPZKHUHWKHUHDUHFRQVWDQWVDQGYDULDEOHVUDQGRPYDOXHV
DUHXVHGWRHYRNHXQSUHGLFWDEOHUHVXOWVRIWKHSK\VLFDOTXDOLWLHV
,QWKHSXEOLFDUWZRUNE\WKHDUWLVW1HG.DKQLQDQ\VHWRIUXOHVWKHUHLVDOZD\VURRP
IRUYDULDWLRQV)RU0HVD$UWV&HQWHULQ0HVD$=KHFUHDWHGDZDOORIVLPSOH
LGHQWLFDOPRYLQJVTXDUHVZKLFKDUHUHSHDWHGLQDSDWWHUQHGZD\+RZHYHUZLWKWKH
LQWURGXFWLRQRIXQSUHGLFWDEOHLQWHUDFWLRQIURPQDWXUHVXFKDVZLQGLQWKLVFDVHWKH
RXWFRPHRIWKLVFRPSOH[VSDWLDOVKDSHEHFRPHVUDQGRPL]HGDQGDOZD\VRULJLQDO
EDVHGRQWKHIRUFHVRIWKHZLQG






Ned Kahn: Mesa Art Center, Mesa, AZ


8VLQJVLPSOHJHRPHWULFSURJUDPVVXFKDVRSHQVRXUFH3URFHVVLQJSDUDPHWHUL]HG
GHVLJQEHFRPHVDQRSHQHQGHGH[SORUDWRU\ILHOG
$JRRGH[DPSOHLVWKHFRGHWKDW&DVH\5HDVZURWHIRUWKHSDUDPHWHUL]LQJWKHFKDLU
ZKHUHKHGHFRPSRVHVWKHREMHFWLQWRLWVVLPSOHSDUWVVHDWEDFNOHJVDQGDSSOLHV
YDULDEOHVWRHDFKVLPSOHFRPSRQHQWFKRRVLQJYDOXHVDWUDQGRPWRJHQHUDWHDOZD\V
XQLTXHGHVLJQVRIWKHFKDLUZKHQWKHFRGHUXQV
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7KHIROORZLQJDUHVRPHH[DPSOHVRIWKHZRUNRI8QLYHUVLW\RI$GYDQFLQJ7HFKQRORJ\
VWXGHQWVWKDWHPSOR\VLPSOHVHWRIUXOHVZLWKFRQVWDQWVDQGSDUDPHWHUVXVLQJ
3URFHVVLQJWRFUHDWHRULJLQDOFKDQFHEDVHGRXWFRPHV

7RPP\%XRQRSDQH



XVLQJWKHVDPSOHSDUDPHWHURIOLPLWHGFRORUVFKHPHDQGRQHVLPSOHVKDSH FLUFOH 


'DQ3DULVK







8VLQJRQO\WZRVKDSHVFLUFOHDQGVTXDUHDVFRQVWDQWVWRFUHDWHRULJLQDODUWLPSOHPHQWLQJYDULDEOHVIRU
FRORUDQGWKHVFDOHRIWKHVKDSHV

'HQQLV3LVKLN







8VLQJRQHFRQVWDQWDQGFRQVWUDLQHGVSDFHWRFUHDWHRULJLQDORXWFRPHVZLWKYDULDEOHVRIFRORUDQG
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YHORFLW\


,DQ)XUORQJ







8VLQJRQO\VWURNHZHLJKWDQGOLPLWHGFRORUVFKHPHWRFUHDWHLQILQLWHO\UHGHVLJQHGVSDFH


.\OH-HQNLQV

5DGLDORYHUODSV








9HVQD'UDJRMORY±,QVWUXFWRU$OJRULWKPLF$UWFODVV









8VLQJVLPSOHVKDSHVOLQHDQGVTXDUHVZLWKOLPLWHGFRORUVFKHPH


CONCLUSION:
)URPWKHDUWSHUVSHFWLYHLWLVYDOXDEOHWRORRNLQWRWKHPDLQSULQFLSOHVGLVFXVVHGKHUH
DQGWKHPXOWLWXGHRIWKHSRVVLELOLWLHVIRUJHQHUDWLQJFRPSOH[IRUPVXVLQJYHU\VLPSOH
JHRPHWULFHOHPHQWV7KHOLPLWDWLRQVDUHQHFHVVDU\WRLGHQWLI\IRUVRXQGDUFKLWHFWXUDO
VWUXFWXUHVKRZHYHUORRNLQJPRUHGHHSO\LQWRWKHYDULRXVWHFKQLTXHVRIUHSHWLWLRQDV
DQH[DPSOHPD\UHVXOWLQWKHFUHDWLRQRITXLWHLQQRYDWLYHVSDWLDOVKDSHV7KHTXDOLW\
RIFRQWUROOHGFKDRVWKDWFDQEHFUHDWHGXVLQJYDULDEOHVZLWKFRQVWUDLQWVPD\OHDGWR
IXUWKHUH[SORUDWLRQRIWKHUHGHVLJQRIWKHVSDFH
$VWKH)UHQFKDUFKLWHFW)UDQFRLV%ODQFLDNDVNVKLPVHOI
³:KDWZRXOGKDSSHQLIDUFKLWHFWVOLEHUDWHGWKHLUPLQGVIURPWKHFRQVWUDLQWVRIVLWH
SURJUDPDQGEXGJHW´"  
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7KHDQVZHULVKLVERRN³6LWHOHVV´EXLOGLQJIRUPV

)RUIXUWKHUUHVHDUFKLQWRWKHGHVLJQRIWKHVSDFHLWLVUHFRPPHQGHGWKDWWKHHOHPHQW
RIOLJKWDVDQLQWHUHVWLQJGHVLJQHOHPHQWLVH[SORUHGDVLWFDQOHDGWRWKHFUHDWLRQRI
G\QDPLFFRQVWDQWO\UHGHILQHGVSDFHVEDVHGRQWKHLQWHUDFWLRQRIOLJKWVRXUFHDQGWKH
VSDWLDOVKDSHVZLWKLQLWDQGWKHSURMHFWLRQRIOLJKWDVDQLPPDWHULDOHOHPHQWRQWRWKH
SK\VLFDOVSDFHVFUHDWLQJDQLQWHUSOD\RIDXJPHQWHGDQGSK\VLFDOHQYLURQPHQWDVLQ
WKHH[DPSOHRIWKHZRUNE\8QLYHUVLW\RI$GYDQFLQJ7HFKQRORJ\VWXGHQW-RVK
+HPP\+HSODFHVVSDWLDOIRUPVLQDPD]HRIPLUURUHGURRPVWKDWE\SURMHFWLQJ
WKHPRQWRWKHPLUURUHGZDOOVLQILQLWHO\UHGHVLJQVWKDWVSDFH








Josh Hemmy, student at the University of Advancing Technology, 2011


)RRWQRWHV
  &DVH\5HDV&RGH)RUPSS
  &DVH\5HDV&RGH)RUPSS
  KWWSRQHDUWZRUOGFRP7KH3DFH*DOOHU\)UDFWDO'LFHKWPO
  )UDQFRLV%ODQFKLDN6LWHOHVV0,7
5HIHUHQFHV
 )RUP&RGH&DVH\5HDV3ULQFHWRQ$UFKLWHFWXUDO3UHVV
 ,QWHUDFWLRQRI&RORU-RVHI$OEHUV<DOH8QLYHUVLW\3UHVV
 )UDQFRLV%ODQFKLDN6LWHOHVV0,7
 'HVLJQ%DVLFV'DYLG$/DXHUDQG6WHSKHQ3HQWDN7KRPSVRQ
 KWWSRQHDUWZRUOGFRP7KH3DFH*DOOHU\)UDFWDO'LFHKWPO
 KWWSZZZEHIOL[FRPUHLFKDUGWSKS
 KWWSIRUPDQGFRGHFRPFRGHH[DPSOHVSDUDPHWHUL]HFKDLU
 KWWSZZZERQOX[DWFRPDHOHQDPDQIHUGLQLULFDPLVWRROKWPO
 KWWSZZZEDUEDUDNUDNRZJDOOHU\FRPVROOHZLWW
 KWWSZZZHPRKUFRP
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Paper :
Artificial Creatures from Biological Development
Abstract:G G

7KLVSDSHULQYHVWLJDWHVDPHWKRGRIEXLOGLQJDUWLILFLDOFUHDWXUHVLQYLUWXDO
HQYLURQPHQWV E\ PHDQV RI artificial development and evolution
%XLOGLQJEORFNVRIDUHDOFUHDWXUHDUHFHOOV7KH³FHOOV´WKDWRXUV\VWHP

XVHVDUHFDOOHG³PDFURFHOOV7KH\DUHPXFKELJJHUWKDQUHDOFHOOVEXW
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DQGFRQQHFWWRRWKHUFHOOVWREXLOGDZKROHERG\&HOOVKDYHMRLQWVVXFK
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KDYHPDWFKLQJMRLQWV7KHGHYHORSPHQWPHFKDQLVPLVVSHFLILHGE\WKH
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Abstract

7KLVSDSHULQYHVWLJDWHVDPHWKRGRIEXLOGLQJDUWLILFLDOFUHDWXUHVLQ WKUHHGLPHQWLRQDO
YLUWXDO HQYLURQPHQWV E\ PHDQV RI DUWLILFLDO GHYHORSPHQW %XLOGLQJ EORFNV RI D UHDO
FUHDWXUHDUHFHOOV7KH³FHOOV´WKDWRXUV\VWHPXVHVDUHFDOOHG³PDFURFHOOV´7KH\DUH
PXFKELJJHUWKDQUHDOFHOOVEXWHPERG\PHFKDQLVPVDQDORJLFDOWRWKRVHRIUHDOFHOOV
&HOOVKDYHMRLQWVVXFKDVULJLGEDOOURWDWLRQDOMRLQWVDQGFDQFRQQHFWWRRWKHUFHOOV
7KH GHYHORSPHQW PHFKDQLVP LV VSHFLILHG E\ WKH  JHQRPH LQ HDFK FHOO
(DFKJHQHLVDFWLYDWHGZKHQDSDUWLFXODUVHWRIJHQHSURGXFWVDUHLQWKHFHOO:KHQ
DFWLYDWHG HDFK JHQH FUHDWHV SDUWLFXODU JHQH SURGXFWV 6RPH RI WKHP DUH XVHG WR
WULJJHU FHOO DFWLRQV HJ FHOO GLYLVLRQ FUHDWLRQ RI MRLQWV QHFHVVDU\ IRU WKH
GHYHORSPHQWRIWKHFUHDWXUH
7KHFUHDWXUHVDUHVLPXODWHGE\2'( 2SHQ'\QDPLFV(QJLQH OLEUDU\,QWKHIXWXUH
WKH JHQHUDWHG FUHDWXUHV ZLOO EH DOVR IDEULFDWHG DV UHDO URERWV E\ VPDOO KDUGZDUH
PRGXOHVDQGHOHFWULFDOFLUFXLWV



1. Introduction
,Q WKLV ZRUN ZH DSSO\ ELRORJLFDO FRQFHSWV RI GHYHORSPHQW WR VLPXODWH
DUWLILFLDOFUHDWXUHV7KHUHDUHVRPHUHVHDUFKHVWKDWXVHELRORJLFDOFRQFHSWWRFUHDWH
DUWLILFLDOOLIH:HGHVLJQRXUDOJRULWKPZLWKLQWKHIUDPHZRUNRIDUWLILFLDOGHYHORSPHQW
SURSRVHG E\ %RQJDUG DQG 3IHLIHU > @ 7KLV DSSURDFK WULHV WR PRGHO D
JHQHUHJXODWRU\QHWZRUNEDVHGRQDVHWRIJHQHVLQWKHJHQRPH>@
7KH JHQH UHJXODWRU\ QHWZRUN LV XVHG WR LPSOHPHQW WKH GHYHORSPHQWDO SURFHVV
7KDW LV DQDORJRXV WR ELRORJLFDO GHYHORSPHQW 7KLV DSSURDFK FRQWUDVWV WR PRUH
WUDGLWLRQDODSSURDFKHVWRWKHVLPXODWLRQRIDUWLILFLDOFUHDWXUHVZKHUH WKHSKHQRW\SH
FRUUHVSRQGVWRWKHJHQRW\SHDOPRVWRQHWRRQH>@
6HFWLRQGHVFULEHVWKHPRUSKRORJ\RIDUWLILFLDOFUHDWXUHVDQGIXQGDPHQWDOSULQFLSOHV
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RI GHYHORSPHQW HJ JHQH H[SUHVVLRQ GLIIXVLRQ RI JHQH SURGXFWV DQG QHXUDO
QHWZRUN6HFWLRQGLVFXVVHVWKHLPSOHPHQWDWLRQRIWKHVHFRQFHSWV)LQDOVHFWLRQ
SURYLGHVFRQFOXVLRQDQGIXWXUHZRUN



2. The Model

2-1. Creature Morphology and Development Mechanism

%XLOGLQJ EORFNV RI D UHDO FUHDWXUH DUH FHOOV ,Q WKLV ZRUN VSKHUHV DUH XVHG WR
UHSUHVHQWFHOOV$JHQWVEHJLQLWVGHYHORSPHQWDVDVLQJOHFHOO(DFKFHOOKDVVHQVRUV
VXFKDVWRXFKVHQVRUDQGGLVWDQFHVHQVRU7KHFHOOFDQFRQWDLQ MRLQWVDQGLQWHUQDO
QHXURQV7KHFHOO PD\ JURZ XQWLOWKH UDGLXV LVGRXEOH 7KHQ WKH FHOO VSOLWV LQWR WZR
FHOOVHDFKRIZKLFKKDVGHIDXOWUDGLXVDQGLQKHULWVWKHJHQRPHIURPWKHSDUHQWFHOO

7KHGHYHORSPHQWLVGULYHQE\WKHDFWLRQVRIHDFKFHOODWHDFKWLPHVWHS7KHDFWLRQ
RI WKH FHOO LV GLYLGHG LQWR WZR NLQGV JHQH UHJXODWRU\ DFWLRQ DQG VWUXFWXUH EXLOGLQJ
DFWLRQ7KHDFWLRQRIWKHFHOODWHDFKWLPHVWHSLVGHWHUPLQHGE\WKHFXUUHQWVWDWHRI
WKH FHOO 7KH VWDWH RI WKH FHOO LV GHILQHG E\ WKH JHQH SURGXFWV LQ WKH FHOO DQG WKHLU
FRQFHQWUDWLRQV7KHJHQH SURGXFWV WKDW WULJJHUVWUXFWXUH EXLOGLQJ DFWLRQV DUH FDOOHG
VWUXFWXUDO JHQHV 7KH JHQH SURGXFWV WKDW WULJJHU JHQH H[SUHVVLRQ WR SURGXFH JHQH
SURGXFWVDUHFDOOHGUHJXODWRU\JHQHV

:KHQ JHQHV DUH H[SUHVVHG WKH JHQH SURGXFWV DUH JHQHUDWHG DW VSHFLILF GLIIXVLRQ
VLWHV7KH\DUH GLIIXVHG WR QHDUE\ GLIIXVLRQ VLWHV DV WLPH SDVVHV E\ 6L[ SHULSKHUDO
VLWHVDUHGHILQHGPLGZD\DORQJWKHVL[OLQHVHJPHQWVRULJLQDWLQJDWWKHFHQWHURIWKH
VSKHUH:HDOVRVHWXSWKH³FHQWUDOVLWH´DWWKHFHQWHURIWKHFHOO

7KH FHOO GLYLVLRQ DFWLRQ LV WULJJHUHG ZKHQ WKH JURZWK HQKDQFLQJ J HQH
SURGXFWLVJUHDWHUWKDQDWKUHVKROGDQGWKHGLIIHUHQFHEHWZHHQWKHJURZWKHQKDQFLQJ
JHQH SURGXFW DQG WKH UHSUHVVLRQ JHQH SURGXFW LV JUHDWHU WKDQ D WKUHVKROG DW DQ\
SHULSKHUDOVLWH7KHQHZGDXJKWHUFHOOLVDWWDFKHGWRWKHSDUHQWFHOODWWKDWVLWH

,IWKHFRQFHQWUDWLRQRIWKHMRLQWFUHDWLRQJHQHSURGXFWLVJUHDWHUWKDQDWKUHVKROGDW
WKHVLWHZKHUHWKHFHOOGLYLVLRQKDVRFFXUUHGDMRLQWLVFUHDWHG:KHQWKHMRLQWLVQRW
FUHDWHGWKHSDUHQWFHOODQGWKHGDXJKWHUFHOODUHFRQQHFWHGULJLGO\
7KH MRLQW UHFHLYHV D VLJQDO IURP WKH PRWRU QHXURQ ZKLFK UHFHLYHV VLJQDOV IURP
YDULRXVVHQVRUVYLDLQWHUQDOQHXURQV )LJ 'XULQJGHYHORSPHQWDWHDFKWLPHVWHS
JHQH SURGXFWV JHW GLIIXVHG WR WKH QHLJKERXU VLWHV LQ WKH VDPH FHOO DQG WR WKH
QHLJKERXUVLWHLQWKHQHLJKERXUFHOODWFHUWDLQUDWHV 6HH)LJ *HQHSURGXFWVDOVR
GHFD\DWWKHVLWHVZKHUHWKH\DUHFUHDWHGDWDFHUWDLQUDWHHDFKWLPHVWHS
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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

7RXFKVHQVRU
$QJOHVHQVRU
'LVWDQFHVHQVRU
0RWRUQHXURQ
%LDVQHXURQ
2VFLOODWRU\QHXURQ
,QWHUQDOQHXURQ

76
$6
'6
01
%1
26
,1

< Table 1. Sensors and Neurons>
6HQVRUVGHWHFWVLJQDOVRIWKHHQYLURQPHQW 6HH7DEOH (DFKGLIIXVLRQVLWHLQWKH
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FHOOFDQFRQWDLQQHXURQVVHQVRUVDQGPRWRUV,QWHUQDOQHXURQVUHFHLYHVLJQDOVIURP
VHQVRUVDQGRWKHULQWHUQDOQHXURQV )LJ 












Figure3. Internal neuron nodes

7KHWRXFKVHQVRURIDFHOOLVDFWLYDWHGZKHQWKHFHOOFRQWDFWVHLWKHUWKHWDUJHWREMHFW
RUWKHJURXQG7KHDQJOHVHQVRUUHWXUQVWKHDQJOHVRIWKHFRQQHFWHGMRLQW7KHGLVW
DQFHVHQVRUUHWXUQVWKHGLVWDQFHRIWKHFHOOWRWKHWDUJHWREMHFW
7KHRVFLOODWRU\QHXURQJHQHUDWHVDVLQXVRLGDOVLJQDODQGWKHELDVVHQVRUJHQHUDWHV
DVSHFLILFFRQVWDQWVLJQDO7KHVLJQDOVIURPVHQVRUVSURSDJDWHWKHPRWRUQHXURQYLD
WKH LQWHUQDO QHXURQV 7KH PRWRU QHXURQ FRQWUROV D GHJUHH RI IUHHGRP RI WKH MRLQW

1HXURQV DQG VHQVRUV DUH FUHDWHG LQ D VLPLODU PDQQHU DV FHOOV WKHPVHOYHV
7KHFUHDWLRQRIQHXURQVDQGVHQVRUVDUHWULJJHUHGE\WKHVWDWHVRIWKHFHOOZKLFKDUH
VSHFLILHGE\QHXURQFUHDWLRQJHQHSURGXFWVDQGWKHLUFRQFHQWUDWLRQV
$WRXFKVHQVRULVFUHDWHGDWDVLWHZKHQWKHWRXFKVHQVRUFUHDWLRQJHQHSURGXFWKDV
FRQFHQWUDWLRQJUHDWHUWKDQDWKUHVKROGDWWKDWVLWH
6LPLODUO\ IRU DQJOH  VHQVRUV GLVWDQFH VHQVRUV ELDV QHXURQV PRWRU QHXURQV DQG
RVFLOODWRU\QHXURQV:KHQDPRWRUQHXURQLVFUHDWHGDWDJLYHQVLWHLWLVFRQQHFWHG
WRWKHMRLQWDWWKDWVLWHLILWLVDOUHDG\WKHUH

: KHQ WKH LQWHUQDO QHXURQ FUHDWLRQ JHQH SURGXFW LV DYDLODEOH DW VXIILFLHQW
FRQFHQWUDWLRQDQLQWHUQDOQHXURQLVFUHDWHG,WLVFRQQHFWHGWRWKHPRWRUQHXURQDWWK
HVLWHLILWLVDOUHDG\WKHUH(DFKVHQVRULVFRQQHFWHG WR WKH PRVW UHFHQWO\ FUHDWHG
LQWHUQDOQHXURQWKDWLVQRW\HWFRQQHFWHGWRDQ\VHQVRUV
,IVXFKLQWHUQDOQHXURQLVQRWDYDLODEOHWKHPRVWUHFHQWO\FUHDWHGLQWHUQDOQHXURQLV
XVHG HYHQ LI LW LV FRQQHFWHG WR DQRWKHU VHQVRU $Q LQWHUQDO QHXURQ FDQ EH GLYLGHG
ZKHQLWLVQRWFRQQHFWHGWRDQ\VHQVRU
,W FDQ EH GLYLGHG LQ VHULDO FRQQHFWLRQ RU LQ SDUDOOHO FRQQHFWLRQ GHSHQGLQJ RQ WKH
UHJXODWRU\JHQHSURGXFWWULJJHULQJWKHRSHUDWLRQ

2QO\WKHQRQ SDUHQWLQWHUQDOQHXURQVFDQEHGLYLGHG,QWKHFDVH RI VHULDOGLYLVLRQ
WKHWZRQHXURQVDUHFRQQHFWHG,QWKHFDVHRISDUDOOHOGLYLVLRQWKHWZRQHXURQVDUH
FRQQHFWHGWRWKHLUSDUHQWQHXURQ 6HH)LJ 
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Figure 4. The parallel division of an internal neuron.

7KHLQWHUQDOQHXURQVXPVWKHLQSXWVLJQDOVIURPWKHFRQQHFWHGVHQVRUVRURWKHULQWHU
QDOQHXURQV7KHRXWSXWVLJQDORIDQLQWHUQDOQHXURQLVVFDOHGLQWRUDQJHRI
 
7KH DJHQW¶V PRWLRQ LV DFFRPSOLVKHG E\ WKH MRLQW DQJOHV JHQHUDWHG E\ WKH PRWRU
QHXURQV7KHDERYHUXOHVRIQHXUDOQHWZRUNGHYHORSPHQWGRHVQRWHQVXUHWKDWWKH
GHYHORSHGQHXURQQHWZRUNLVZHOOFRQQHFWHGDQGZRUNV,WGHSHQGVRQWKHVHTXHQFH
RI  VWUXFWXUDO JHQH SURGXFWV ,Q WXUQ LW GHSHQGV RQ KRZ WKH JHQRPH LV GHILQHG
6LQFHLQRXUDSSURDFKWKHJHQRPHLVJHQHUDWHGUDQGRPO\RQO\DIHZFUHDWXUHVZLOO
KDYHZRUNLQJJHQRPHVDQGGHYHORSVXFFHVVIXOO\

2-3. Design of the Genome
7KHGHYHORSPHQWPHFKDQLVPLVGULYHQE\WKHVHWVRIVWUXFWXUDOJHQHSURGXFWVDQG
WKHLU FRQFHQWUDWLRQV 7KH VWUXFWXUDO JHQH SURGXFWV DUH FUHDWHG E\ WKH JHQHV LQ WKH
JHQRPH$JHQHLVGHVLJQHGWRFUHDWHDUHJXODWRU\JHQHSURGXFWRUDVWUXFWXUDOJHQH
SURGXFW GHSHQGLQJ RQ UHJXODWRU\ JHQH SURGXFWV FXUUHQWO\ DYDLODEOH LQ WKH FHOO :H
XVHVWUXFWXUHJHQHSURGXFWVDQG UHJXODWRU\JHQHSURGXFWV VHH7DEOH 

$JHQHKDVWKHKHDGHUILHOGDQGSDUDPHWHUILHOGV )LJ 7KHKHDGHUILHOGLVWKH
SURPRWHU7KHSURPRWHULQGLFDWHVWKHVWDUWLQJSRVLWLRQRIWKHJHQHDORQJWKHJHQRPH

7KHSDUDPHWHUVDUHXVHGWRUHJXODWHWKHJHQHH[SUHVVLRQ7KHSDUDPHWHU3 6HH
)LJ  LV WKH HQKDQFHU ,I LWV YDOXH LV JUHDWHU WKDQ  WKH JHQH H[SUHVVLRQ LV
HQKDQFHGE\WKHSUHVHQFHRIWKH UHJXODWRU\ JHQH SURGXFWV PHQWLRQHG LQ WKH ILHOGV
3DQG32WKHUZLVHWKHJHQHH[SUHVVLRQLVUHSUHVVHG3DUDPHWHU3LQGLFDWHVRQ
H RI VWUXFWXUH JHQH SURGXFWV 3DUDPHWHU 3 DQG 3 GHILQH WKH UDQJH RI 3¶V
FRQFHQWUDWHRQLQZKLFKWKHJHQHH[SUHVVLRQLVHQKDQFHGRUUHSUHVVHG3DUDPHWHU
3LQGLFDWHVRQHRIUHJXODWRU\JHQHSURGXFWV3DUDPHWHUV3DQG3GHILQHWKH
UDQJHRI3¶VFRQFHQWUDWLRQ
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Figure5. The structure of genes

7KHJHQHH[SUHVVLRQLVWULJJHUHGZKHQERWKUHJXODWRU\JHQHSURGXFWVGHQRWHGE\3
DQG3DUHDYDLODEOHLQWKHFHOODQGWKHLUFRQFHQWUDWLRQVDUHZLWKLQWKHJLYHQUDQJHV
3DUDPHWHU3LQGLFDWHVRQHRIJHQHSURGXFWVZKLFKLQFOXGHERWKUHJXODWRU\JHQH
SURGXFWVDQGVWUXFWXUDOJHQHSURGXFWV3DUDPHWHUGHILQHVWKHFRQFHQWUDWLRQRIWKH
JHQHUDWHG JHQH SURGXFW HDFK WLPH WKH JHQH LV DFWLYDWHG 7KH JHQHUDWHG JHQH
SURGXFWLVDVVXPHGWREHLQMHFWHGDWWKHFHQWUDOVLWHRIWKHFHOO

7R JHQHUDWH WKH JHQRPH WKH SDUDPHWHUV RI WKH JHQHV DUH VHW UDQGRPO\ 7R VWDUW
GHYHORSPHQWVRPHUHJXODWRU\JHQHSURGXFWVVKRXOGEHLQMHFWHGLQWRWKHLQLWLDOFHOO
)RU H[DPSOH WKH JURZWK HQKDQFHU JHQH SURGXFW DQG WKH JURZWK UHSUHVVLRQ JHQH
SURGXFWFDQEHLQMHFWHGWRRSSRVLWHGLIIXVLQJVLWHVRIWKHFHOO


3. Development of Agents and their Simulation

*HQH
SURGXFW

'HVFULSWLRQ

*HQH
SURGXFW

'HVFULSWLRQ

*3
*3
*3
*3
*3
*3
*3

*URZWKHQKDQFHU
*URZWKUHSUHVVRU
&UHDWHPRWRU
&UHDWHWRXFKVHQVRU
&UHDWHGLVWDQFHVHQVRU
&UHDWHRVFLOODWRU\QHXURQ
&UHDWHELDVQHXURQ

*3
*3
*3
*3
*3
*3


&UHDWHLQWHUQDOQHXURQ
&UHDWH$QJOH6HQVRU
&UHDWHMRLQW
QHXURQVHULDOGLYLVLRQ
QHXURQSDUDOOHOGLYLVLRQ
QHXURQGLYLVLRQUHSUHVVRU


<Table 2. Actions of the structural gene products>
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*HQHSURGXFWV
53a53

'HVFULSWLRQ
$Q\WZRRIWKHUHJXODWRU\JHQHSURGXFWVDUHXVHGDVWKH
WULJJHULQJFRQGLWLRQIRUJHQHDFWLYDWLRQ

<Table 3. Regulatory gene products>


7KHGHYHORSPHQWSURFHVVLVLPSOHPHQWHGE\WKHIROORZLQJDOJRULWKP

 *HQHUDWHDVHWRIJHQHVE\JHQHUDWLQJWKHYDOXHVRIWKHILHOGVUDQGRPO\7KH
VWUXFWXUDOJHQHSURGXFWVFDQUDQJHIURPWRDQGWKHUHJXODWRU\JHQHSURGXFWV
FDQUDQJHIURPWR
7KHYDOXHVRIWKHRWKHUILHOGVFDQEHVHWUDQGRPO\XSWRUHDVRQDEOHFRQVWUDLQWV
)RUH[DPSOHLQWKHFDVHRIUDQJHYDOXHVWKHORZHUOLPLWFDQQRWEHJUHDWHUWKDQ
WKHXSSHUOLPLW

 ,QMHFWWKHFUHDWHGJHQRPHLQWRWKHLQLWLDOFHOODQGLQMHFWWKHLQLWLDOUHJXODWRU\JHQH
SURGXFWVLQWRWKHFHOO

 )RUHDFKWLPHVWHSXQWLOWKHVSHFLILHGVWHSV1GR

 *URZHDFKFHOO
 'HFD\DQGGLIIXVHWKHJHQHSURGXFWVRIHDFKVLWHE\WKHVSHFLILHGUDWHV
IRUDOOFHOOV
)RUHDFKFHOOGR
 9LVLWHDFKJHQH
 &KHFNLIWKHFRQGLWLRQVRIHDFKJHQHDUHVDWLVILHG
7KDWLVLIUHJXODWRU\JHQHSURGXFWVRIWKHJHQHDQGWKHLUUDQJHVDUHVDWLV
I\LHGE\WKHFXUUHQWVWDWHRIWKHFHOO
 ,IVRJHQHUDWHWKHJHQHSURGXFWRIWKHJHQHE\WKHVSHFLILHGDPRXQW
 )RUHDFKVWUXFWXUDOJHQHSURGXFWSHUIRUPWKHDFWLRQDVVRFLDWHGZLWKLW
,IWKHFRQGLWLRQVIRUWKHDFWLRQDUHVDWLVILHGE\WKHFXUUHQWVWDWHRIWKHFHOO
WKDWLVE\WKHVWUXFWXUDOJHQHSURGXFWVDQGWKHLUFRQFHQWUDWLRQV

2QFH WKH FUHDWXUH LV JHQHUDWHG E\ WKH GHYHORSPHQWDO SURFHVV LWV EHKDYLRXU LV
VLPXODWHG E\ WKH 2'( HQJLQH >@ 6LQFH GXULQJ WKH GHYHORSPHQWDO SURFHVV WKH
FUHDWXUH LV FUHDWHG DFFRUGLQJ WR WKH FUHDWXUH GDWD VWUXFWXUH XVHG E\ 2'( WKH
FUHDWXUHFDQEHGLUHFWO\VLPXODWHGE\LPSOHPHQWLQJWKHVLPXODWLRQIXQFWLRQVRWKDWLW
FDQDFFHVVWKHFUHDWXUHGDWDVWUXFWXUH
)LJXUHVKRZVWKHUHVXOWRIDUWLILFLDOGHYHORSPHQWRIFUHDWXUHVZKLFKDUHFRPSRVHG
RIVSKHUHV
$W WKH SUHVHQW PRPHQW WKH GHYHORSPHQWDOSURFHVV SURSRVHG E\ WKH SDSHU LV QRW
VXIILFLHQWO\WHVWHGDQGDIXOOLPSOLFDWLRQRIWKLVDSSURDFKLVQRWDYDLODEOH$OVRWKH
GHYHORSHGDJHQWVDUHVXSSRVHGWREHVHOHFWHGE\WHVWLQJ WKHLUSHUIRUPDQFHV,WLV
EHFDXVHWKHJHQRPHXVHGIRUGHYHORSPHQWLVFUHDWHGUDQGRPO\DQGPRVWRIWKHP
GR QRW SURGXFH YLDEOH DJHQWV 7KLV HYROXWLRQ VWHS LV QRW \HW LPSOHPHQWHG DW WKH
PRPHQW
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4. Conclusions and Future Work

Figure 6. Developed agents
,Q WKLV ZRUN ZH SURSRVHG D JHQH GULYHQ PHFKDQLVP RI WKH GHYHORSPHQW DV D QHZ
ZD\RIGHVLJQLQJDQGVLPXODWLQJDUWLILFLDOFUHDWXUHV7KHVWURQJSRLQWRIWKHDSSURDFK
LVWKDWWKHSKHQRW\SHLVGHYHORSHGYLDDPHFKDQLVPKLGGHQLQWKHJHQRPHDVLQUHDO
FUHDWXUHV 7KRXJK WKH SURSRVHG PHFKDQLVP LV H[WUHPHO\ VLPSOH FRPSDUHG WR WKDW
RIUHDOFUHDWXUHVWKHEDVLFDUFKLWHFWXUHRIWKHPHFKDQLVPLVDQDORJRXVWRWKDWRIUHDO
FUHDWXUHV
7KLVDSSURDFKLVH[SHFWHGWRJLYHXVVRPHKLQWWRWKHP\VWHU\DQGEHDXW\RIELRORJLF
DO GHYHORSPHQW E\ PHDQV RI FRQVWUXFWLQJ DUWLILFLDO FUHDWXUHV E\ XVLQJ ELRORJLFDO
SULQFLSOHV
,Q WKH IXWXUH ZH SODQ WR IDEULFDWH WKH JHQHUDWHG FUHDWXUHV DV UHDO URERWV E\ VPDOO
KDUGZDUHPRGXOHVDQGHOHFWULFDOFLUFXLWV
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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
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Brian Evans

music/animation:
cartographs: Coding Metaphor in Visual Music
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
Topic: visual art,
music, metaphor, data what happens next (the future).
Our desire to predict is fueled by our desire to live, to survive.
mapping, computation
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
Author:
priorities—all synchronized to rhythms of breath and heart. [1]
Brian Evans
I make maps, in and out of time. I start with raw digital code—simple
University of Alabama
Dept. of Art & Art History numeric models. As all is number in the computer I can map the
numbers to the senses—turn numbers into tangible experience? [2] The
USA
maps might loop in time. There is synchrony in the sensory vertical and
the temporal horizontal as image and audio derive from the same
www.brianevans.net
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
References:
through
time with the Pythagorean struggle of harmonic conflict—
[1] Evans, B., Loop
dissonance
seeking consonance, number seeking a simpler and
Theory, The Wig:
simpler
ratio.
My little loops and images engage that struggle at various
Journal of Experimental
levels.
Color
shifts. Composition flows. Image and sound agree,
Scholarship, Indiana
complement,
disagree
and resolve.
University, 2009.
Perhaps it’s abstract expressionism, true to its digital materials,
founded in musical traditions and Modernist formalism. But it’s loosened
[2] Evans, B., Simple
a bit. It’s jazz in color, shape, sound and computation. Relax. Hear the
Mapping and the
colors. Listen with your eyes.
Aesthetic Dimension,
Matematica e Cultura
2007, ed. Michele
Emmer, Italian trans,
Winter 2007 SpringerVerlag Italia: Milan..

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:
Keywords:
brian.evans@ua.edu visual music, art, metaphor, data maps, computation
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Brigid Burke

Performance: A Snapper is a Feast, Hats and Blooms and Death



Peformance Notes: clarinet, Live Audio Mulching (laptop) & video projections

References:
>*ROGVWHLQ0DOFROP
6RXQGLQJWKH)XOO&LUFOH
 7KH*HVWXUHRI
6RXQGLQJ
>5XVVROR/XLJL7KH$UWRI
1RLVHV H[WUDFWV 
3XEOLVKHGDVDOHIOHWE\
'LUH]LRQHGHO0RYLPHQWR
)XWXULVWD0LODQ-DQXDU\
>&RORXUDQGVRXQGE\
0DXUD0F'RQQHOO
PPFG#VRXQGLQJYLVXDOFR
P$FNQRZOHGKHPHQWV


Blooms and Death (2011)
7KLVVKRUW,QWHUOXGHEULQJVQHZOLIHWRWKHLPDJHRIWKHUHGVWDWLRQDU\URVHDQG
EORZLQJLPDJHVLQWKHIDQWRFUHDWHDIDVWDQGUDF\YLVXDOO\DFFRPSDQLHGE\D
EHDXWLIXOVRXQGVFDSH7KHUHDUHRFFDVLRQDOUDZXWWHUDQFHVIURPWKHFODULQHW
EXWWKLVRQO\DGGVWRWKHIUHVKQHVVDQGVHQVHRIVXUSULVHFUHDWHGLQWKH
WDSHVWU\RIWKHZRUN7KHYLVXDOVDUHIRUHYHUPRYLQJFUHDWLQJWKHLURZQSXOVH
DQGHQHUJ\WRWKHSRLQWZKHUHWKHURVHIDGHVWREHFRPHXQUHFRJQL]DEOH
A Snapper is a Feast (2011)
7KLVFRPSRVLWLRQLVLQVSLUHGE\WKHMR\RIIRRGHDWLQJDQGWKHWUDQVIRUPDWLRQ
IURPWKHOLYHSURGXFWWRWKHILQLVKHGEDQTXHW7KHYLVXDOVKDYHLQFRUSRUDWHG
OD\HUVRIYLGHRIRRWDJHRISODWHGIRRGFRORXUHGSHQFLOGUDZLQJVRIFKHIVILVK
DQGPDU]LSDQILJXUHVDQGWKHVHKDYHEHHQFRPELQHGZLWKFRPSXWHU
WUDQVSDUHQFLHVRILPDJHV7KHRSHQLQJDXGLRWDNHV\RXIURPKHDULQJWKHILVK
VZLPPLQJLQWKHVHDWRWKHFODWWHULQJRISODWHVVDXFHSDQVNQLYHVVODVKLQJDQG
VL]]OHVIURPWKHVWRYHLQWKHNLWFKHQWKURXJKWRWKHLQWLPDWHVRXQGVRISHRSOH
HDWLQJDWWKH)HDVWDQGILQDOO\WKHODXJKWHURIWKHSDUW\7KHVHIDPLOLDUVRXQGV
DUHWUDQVIRUPHGLQWRDQDEVWUDFWZRUOGZKHUHWKH\DUHUHFRJQLVDEOHRQO\DV
JOLPPHUVZKLOHWKHYLVXDOVHVVHQWLDOO\SURYLGHDQDUUDWLYHRIWKHMRXUQH\7KH
%EFODULQHWDQGYRLFHDUHSURFHVVHGOLYHZLWKDXGLRPXOFKLQJHQULFKLQJWKH
VRQLFZRUOGRIOD\HULQJWKURXJKRXWWKHFRPSRVLWLRQ
HATS (2010)
+DWVZDVLQVSLUHGE\DGDQFHUZHDULQJDKDWPRYLQJWKURXJKDODUJHVSDFH
7KHPXOWLPHGLDFRPSRVLWLRQLVFRPSULVHGRIDFRXVWLFDQGHOHFWURQLFVRXQG
LQWHJUDWHGZLWKWKHYLVXDOSDOHWWHVUHVXOWLQJLQDWLPEUDOG\QDPLFDQGVSDWLDO
FRPSRVLWLRQ$OD\HULQJRISLWFKHVLVREWDLQHGIURPWKHZKROHUDQJHRIWKH%DVV
DQG%EFODULQHWVWKURXJKDPXOWLSOHVRXQGDSSURDFKIRFXVLQJRQDFHQWUDOSLWFK
$FRQWLQXRXVSXOVHLVFUHDWHGZLWKFODULQHWVWKURXJKVXEWRQHVDQGRYHUWRQHV
XVLQJTXDUWHUQRWHVPRQRSKRQLFVDQGPXOWLSKRQLFV5HDOWLPH$XGLR0XOFKLQJ
HQDEOHGE\WKHFRPSXWHULQWHUIDFHFRQWULEXWHVIXUWKHUWRWKHSRVVLELOLWLHVRID
VRQLFZRUOGRIOD\HUHGFODULQHWVXEWRQHVDQGSXOVHIUDJPHQWHGRYHUWRQHV
WKURXJKRXWWKHFRPSRVLWLRQ
Brigid Burke
%ULJLGLVDQ$XVWUDOLDQFODULQHWLVWFRPSRVHUYLGHRDQGYLVXDODUWLVW6KHKDV
KDGZRUNVSHUIRUPHGH[WHQVLYHO\ERWKQDWLRQDOO\DQGLQWHUQDWLRQDOO\+HU
LQYROYHPHQWLQPDQ\DXGLRYLVXDOSHUIRUPDQFHVKDVOHGKHUWRLQWHJUDWHUHDO
WLPHVRXQGYLVXDOVDQGWKHDWUHLQKHUSHUIRUPDQFHVWRFUHDWHLQQRYDWLYHXVHRI
VRQLFREMHFWVVSHDNHUVYLGHRFDPHUDVFRPSXWHUVFODULQHWDQLPDWLRQV
RULJLQDOSULQWVGUDZLQJVGLJLWDODQLPDWLRQDQGIUHHLPSURYLVDWLRQ
6KHKDVUHFHLYHGFRPPLVVLRQVDQGIHOORZVKLSVIURPPDQ\$XVWUDOLDQ
RUJDQLVDWLRQVIRUKHUSHUIRUPDQFHVFRPSRVLWLRQVDQGDUWZRUN6KHLVFXUUHQWO\G
HQUROOHGDVD3K'LQFRPSRVLWLRQVXSSRUWHGE\D*UDGXDWH5HVHDUFK
6FKRODUVKLSIURPWKH8QLYHUVLW\RI7DVPDQLD6KHDOVRKDVD0DVWHURI0XVLFLQ
&RPSRVLWLRQIURP0HOERXUQH8QLYHUVLW\$XVWUDOLD

Contact: email
brigid@chariot.com.au

Keywords: PXVLFFRPSRVHUPXOWLPHGLDDUWLVWFODULQHWVRORLVWYLVXDODUWLVW
ILOPPDNHUSHIRUPDQFHDUWLVWLQVWDOODWLRQDUWLVWSULQWPDNHU


Topic: Performance/
Music/Visuals

Authors:
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Clice Mazzilli

Poster
POETICS OF GENERATIVE CARTOGRAPHY

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
Topic: Architecture
conceptual matrices in the contemporary city in order to unravel the
implicit diagrams in its structure. This proposition is based on the
Author:
Situationists writings about “drift” (derivè) and “psychogeography”, and
Clice de Toledo Sanjar
on Deleuze’s [1] diagram concepts. This first moment involves breaking
Mazzilli
with the automated look, according to the urban drift procedures - “a
University of Sao Paulo,
technique of the transient passage through varied ambiences” [2]. The
Scholl of Architecture
possibilities of urban image mapping are investigated from the grouping
Brazil
of photographic images (people, cars, architecture, places, paths,
www.usp.br/fau
memories, colours, graphisms). The images are deconstructed and
reconstructed in order to clarify, at each time, the generative principles
References:
as: simultaneousness, superimposition, excess, mobility, permanence.
[1] Gilles Deleuze,
Joan Fontcuberta’s [3] work is the reference used for the photograph
“Pintura. El concepto de
map construction. These studies took place at Madrid, Spain.
diagrama”, Cactus,
Buenos Aires, 2007.
[2] Francesco Careri,
“Walkscapes. El andar
como práctica estética”,
Gustavo Gili, Barcelona,
2009.
[3] Joan Fontcuberta,
Googlegrames. Revista
Fisuras. N.14, P 37,
Madrid, 2007.

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 psychogeography 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.

page # 500

h

14 Generative Art Conference GA2011

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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Premise
7KHUH DUH ZHOO GRFXPHQWHG VWXGLHV WKDW VKRZ WKH SRWHQWLDO RI WKH XVH RI JHQHWLF
DOJRULWKP *$  LQ DUFKLWHFWXUH DQG HQJLQHHULQJ 1XPHURXV VWXGLHV IRFXVHV RQ WKH
DSSOLFDWLRQ RI WKH *$ LQ WKH H[SORUDWLRQ RI SHUIRUPDQFH EDVHG IDoDGH GHVLJQ ZLWK
VLQJOHRUPXOWL-REMHFWLYHRSWLPL]DWLRQWRVDWLVI\WKHLOOXPLQDQFHDQGJODUHUHTXLUHPHQWV
$V SDUW RI DQ RQJRLQJ UHVHDUFK RQ WKH XVH RI WKH *$V LQ WKHEXLOWHQYLURQPHQWWKLV
SDSHULQYHVWLJDWHVRQWKHSRWHQWLDORIWKHLUDSSOLFDWLRQLQDQLQWHUDFWLYHIDoDGHGHVLJQ
ZLWKDPXOWLREMHFWLYHRSWLPL]DWLRQ
7KHREMHFWLYHZDVWRGHYHORSDQDGDSWLYHEXLOGLQJIDoDGHWRSURYLGHWKHRSWLPXPOLJKW
FRQGLWLRQVLQWKHLQWHULRUDQGWRSHUIRUPDVLQWHUDFWLYHGHYLFHIRUWKHH[WHULRUUHDFWLQJ
WRZHDWKHUFRQGLWLRQVDQGSHGHVWULDQDFWLYLW\7KHIDoDGHDFWDVDVRUWRIPHGLXPWR
SOD\DQGFRPPXQLFDWHZLWKRXWVLGHZKLOHPDLQWDLQWKHSULYDF\IRUWKHDFWLYLWLHVLQVLGH
WKHEXLOGLQJ
7KHIDoDGHLVEDVHGRQDVHULHVRIVKDGLQJGHYLFHPRGXOHVWKDWFDQFKDQJHDSHUWXUH
DQG WLOWLQJ DQJOHV WR DOORZ WR FDSWXUH PRUH RU OHVV OLJKW DQG WR FUHDWH D SDWWHUQ WKDW
FRXOGFKDQJHZKHQSHGHVWULDQSDVVHGEHKLQGLWWREORFNWKHYLHZWKURXJKWRLQFUHDVH
WKH SULYDF\ LQ LQWHULRU VSDFHV 7KH IDoDGH ZRUNV DV LQWHUIDFH EHWZHHQ LQWHULRU DQG
H[WHULRU FRQWLQXRXVO\ UHFRQILJXULQJ LWV HQYHORSH WR RSWLPL]H WKH OXPLQDQFH
UHTXLUHPHQWV LQVLGH DQG WKH VFHQRJUDSKLF HIIHFWV RXWVLGH DV HPHUJHQW SDWWHUQ DQG
LQWHUDFWLRQZLWKWKHDXGLHQFH
7KH LQWHUDFWLRQ EHWZHHQ LQWHULRU DQG H[WHULRU LV FRQWUROOHG ZLWK D PXOWL-REMHFWLYH *$
WKDWHYDOXDWHWKHGLIIHUHQWVROXWLRQFRQILJXUDWLRQRSWLPL]LQJWKHQDWXUDOOLJKWQLQJLQVLGH
DQG LQ WKH VDPH WLPH WKH SDWWHUQ FRQVWUXFWLRQ RQ WKH H[WHUQDO VLGH RI WKH HQYHORSH
ZLWKWKHLQWHUDFWLRQRIWKHSHGHVWULDQV
7KHIDoDGHZDVGHVLJQHGDQGGLJLWDOO\VLPXODWHGDQGILQDOO\ZDVPDGHDVPDOOVFDOH
SURWRW\SH PRGHO XVLQJ GHYLFHV DV $UGXLQR FRQQHFWHG ZLWK FDPHUD DQG VHQVRUV
0LFURVRIW.LQHFW WRUHFRJQL]HJHVWXUHVDQGLQWHUDFWLRQZLWKXVHUV

1. Introduction
7KH IDFDGH LV RIWHQFRQVLGHUHGWKHPRVWLPSRUWDQWSDUWRIDEXLOGLQJ7KHGHVLJQHUV
VKRXOG WDNH LQWR DFFRXQW VKDSH VL]H DQG PDWHULDOV EXW DW WKH VDPH WLPH DHVWKHWLF
DQGPHDQLQJDVVWDQGRXWIHDWXUHVRIWKHEXLOGLQJ)URPDWHFKQLFDOSRLQWRIYLHZWKH
GHVLJQ LV PRUH IRFXVHG LQ WKH FRQWURO RI WKH FRPIRUW LQVLGH WKH EXLOGLQJ WKURXJK WKH
FRUUHFW VL]LQJ RI WKH RSHQLQJV WKHLU RULHQWDWLRQ DQG WKH XVH RI WKH SURSHU VKDGLQJ
V\VWHPWRPD[LPL]HWKHGD\OLJKWLQJDQGWKHHQHUJ\VDYLQJ
0RUHRYHU HVSHFLDOO\ LQ WKH FRPPHUFLDO DQG DGPLQLVWUDWLYH EXLOGLQJV WKH IDFDGH KDV
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DQ LPSRUWDQW UROH DQG LV LPSRUWDQW WKH EHDXW\ WKH PHDQLQJ DQG WKH SRWHQWLDO
HQJDJHPHQWZLWKWKHSXEOLFDVFRPPXQLFDWLRQGHYLFHIRUPDUNHWLQJSXUSRVHVRIWKH
EUDQG
7KH GHVLJQ FRPSOH[LW\ JHQHUDWHG E\ D ODUJH YDULHW\ RI DUFKLWHFWXUDO DQG WHFKQLFDO
REMHFWLYHV FDQ OLPLW WKH UHVHDUFK RI GHVLJQ VROXWLRQV WKDW SURSHUO\ IXOILOO WR D ZLGH
VSHFWUXP RI UHTXLUHPHQWV ,Q WKH DQDO\VLV RIVXFKGHVLJQFRQVWUDLQWVZKHUHLQWHUDFW
PDQ\ SHUIRUPDQFH YDULDEOHV WKH JHQHWLF DOJRULWKPV FDQ EH D JRRG  FRPSXWDWLRQ
WHFKQLTXHWRH[SORUHGLIIHUHQWGHVLJQVROXWLRQV
7KHDSSOLFDWLRQRIWKLVW\SHRIDOJRULWKPVFDQH[SORUHGLIIHUHQWRSWLPDOFRQILJXUDWLRQV
YHU\ TXLFNO\ DQG LV UHFRJQL]HG WKH YDOLGLW\ RI WKHLU DSSOLFDWLRQ LQ WKH HDUO\ GHVLJQ
VWDJHV >@ 5HFHQWO\ WKH FRQVWUXFWLRQ LQGXVWU\ LV VSUHDGLQJ GHYLFHV WKDW DOORZWKH
DXWRPDWLRQRIEXLOGLQJVFDQUHVSRQGLQUHDOWLPHWRHQYLURQPHQWDOGDWD WHPSHUDWXUH
KXPLGLW\SUHVVXUH FRQWUROOLQJWKHORXYHUVDQGZLQGRZVFRQILJXUDWLRQ DSHUWXUHWLOWLQJ
DQJOHVHFW 
)XUWKHUPRUHWKHGHVLJQHUQRWRQO\FDQXVHGDWDIURPVHQVRUVLQVLGHWKHEXLOGLQJEXW
DOVR ZHDWKHU GDWD FRPLQJ GLUHFWO\ IURP WKH ,QWHUQHW DQG FRGHG PHVVDJHV WKURXJK
7ZLWWHU)DFHERRNQHWZRUNVDFFRUGLQJWRWKHQHZYLVLRQRIWKH:HERI7KLQJV
7KHPDUNHWDYDLODELOLW\RIVHYHUDOKLJKWHFKHOHFWURQLFGHYLFHVVXFKDVVPDUWSKRQHV
SDGV VHQVRUV DFWXDWRUV DQG WKH RSHQ VRXUFH VRIWZDUH DQG FRPPXQLWLHV KDG
JHQHUDWHG D JUHDW LQWHUHVW WR WKH GHVLJQ FRPPXQLW\ 'HVLJQHU DUWLVWV DQG DUFKLWHFWV
FDQ LQFRUSRUDWH LQ WKHLU GHVLJQ VPDOO HOHFWURQLF GHYLFHV WKDW DOORZV WKHGHYHORSPHQW
RILQWHUDFWLYHLQVWDOODWLRQVIRUFRPPHUFLDODQGH[KLELWLRQSXUSRVHV>@
$V SDUW RI DQ RQJRLQJ UHVHDUFK RQ WKH XVH RI WKH *$V LQ WKHEXLOWHQYLURQPHQWWKLV
SDSHULQYHVWLJDWHVRQWKHSRWHQWLDORIWKHLUDSSOLFDWLRQLQDQLQWHUDFWLYHIDoDGHGHVLJQ
XVLQJDPXOWLREMHFWLYHRSWLPL]DWLRQ

2. Method
7KLVSDSHUSURSRVHVDGHVLJQRIDSURWRW\SHRIDQDGDSWLYHEXLOGLQJIDoDGHWRSURYLGH
WKHRSWLPXPOLJKWFRQGLWLRQVLQWKHLQWHULRUDQGWRSHUIRUPDVLQWHUDFWLYHGHYLFHIRUWKH
H[WHULRU UHDFWLQJ WR ZHDWKHU FRQGLWLRQV DQG SHGHVWULDQ DFWLYLW\ 7KH IDoDGH DFWDVD
VRUW RI PHGLXP WR SOD\ DQG FRPPXQLFDWH ZLWK RXWVLGH ZKLOH PDLQWDLQ WKH SULYDF\ IRU
WKHDFWLYLWLHVLQVLGHWKHEXLOGLQJ
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7KH IDoDGH ZRUNV DV LQWHUIDFH EHWZHHQ LQWHULRU DQG H[WHULRU FRQWLQXRXVO\
UHFRQILJXULQJ LWV HQYHORSH WR RSWLPL]H WKH OXPLQDQFH UHTXLUHPHQWV LQVLGH DQG WKH
VFHQRJUDSKLFHIIHFWVRXWVLGHDVHPHUJHQWSDWWHUQDQGLQWHUDFWLRQZLWKWKHDXGLHQFH
7KH IDFDGH PD\ EH UHSUHVHQWHG DV D JULG FRQVLVWLQJ RI PRGXOHV WKDW DUH IUHH WR
URWDWHWRFKDQJHWKHRSHQLQJDQGDOORZWKHSDVVDJHRIOLJKW$VGHVFULEHGDERYHWKH
RSHQLQJRIVHYHUDOPRGXOHVDQGWKHQWKHWUDQVSDUHQF\RIWKHIDFDGHLVLQIOXHQFHGE\
HQYLURQPHQWDO FRQGLWLRQV DQG WKH SUHVHQFH RU DEVHQFHRISHRSOHDQGWKHLUDFWLYLWLHV
WKDWWKH\SHUIRUPLQIURQWRILW
:HFDQGLVWLQJXLVKVRPHPDLQRSHUDWLQJFRQGLWLRQVRIWKHIDFDGH
D
,QWKHDEVHQFHRISHRSOH
D 7KH IDFDGH UHVSRQGV RQO\ WR H[WHUQDO HQYLURQPHQWDO FRQGLWLRQV WR REWDLQ
WKHRSWLPDOQDWXUDOOLJKWLQJ
D 7KH IDFDGH GLVSOD\V JUDSKLF SDWWHUQV DQG LPDJHV 7KH PRGXOHV DFW DV
SL[HOVRIDGLVSOD\SDQHO
E
,QWKHSUHVHQFHRISHRSOH
E 7KH IDFDGH UHVSRQGV WR WKH SDVVDJH RI SHRSOH DQG FKDQJH WKH JUDSKLF
SDWWHUQGHSHQGLQJRQWKHSDUWLFXODUPRWLRQGHWHFWHGE\WKHVHQVRUV
E 7KH IDFDGH UHVSRQGV WR VKLHOG WKH YLHZ RI WKH LQWHULRU RI WKH EXLOGLQJ
HQVXULQJWKHSULYDF\RIWKHDFWLYLWLHVWKDWWDNHSODFHLQVLGH

7KHLQLWLDOFRQGLWLRQVDUHGHILQHGE\ZHOOGHILQHGLQLWLDOYRFDEXODU\LQRUGHUWRGHYHORS
PRUHFRPSOH[FRQGLWLRQVVXFKDVLQUHODWLRQWRWKHQXPEHURISHRSOHGHWHFWHGE\WKH
VHQVRUDQGWKHLUEHKDYLRUDVLQGLYLGXDOVRUJURXSVZKRZDONIDVWVORZRUVWRSLQIURQW
RIWKHIDFDGH(DFKFRQGLWLRQSURGXFHVDSDUWLFXODUEHKDYLRURIWKHIDFDGHDVDUHVXOW
RIUHFRPELQDWLRQDQGHYDOXDWLRQSHUIRUPHGE\WKHJHQHWLFDOJRULWKP,WJHQHUDWHGRYHU
WLPH DQ LQWHOOLJHQW LQWHUDFWLYLW\ RI WKH IDoDGH DEOH WR DQWLFLSDWH RU WR HQJDJH WKH
DXGLHQFHLQDQDFWLRQUHDFWLRQH[FKDQJH

7KH GLDJUDP VKRZ KRZ WKH IDoDGH ZRUNV GHVFULELQJ WKH KDUGZDUH DQG VRIWZDUH
FRQILJXUDWLRQDQGWKHGDWDIORZWKURXJKWKHHQWLUHSURFHVV




7KHIDFDGHFROOHFWVGDWDUHODWHGWRORFDOHQYLURQPHQWDOFRQGLWLRQVWKURXJKWKH,QWHUQHW
DQGWKHSUHVHQFHRISHRSOHLQWKHSXEOLFVSDFHDQGVSDWLDOGDWDZLWKD.LQHFWGHYLFH
>@WKURXJKDQLQIUDUHGFDPHUDDQGGHSWKVHQVRUVLQWHJUDWHGLQ
3URFHVVLQJ>@ZDVXVHGDVDVRIWZDUHSODWIRUPIRUFDSWXULQJDQGPDQDJLQJGDWDIURP
WKH .LQHFW :LWK WKH IHDWXUHV RI WKH OLEUDULHV 2SHQ1, >@ LW ZDV SRVVLEOH WR LGHQWLI\
SHRSOHZLWKLQWKHDUHDRIVFDQQLQJDQGUHFRUGLQJWKHFRRUGLQDWHV[\]RIWKHSHOYLV
LGHQWLILHGWKURXJKWKHIXQFWLRQVNHOHWRQ 
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7KH SODWIRUP 5KLQR *UDVVKRSSHU >@ ZLWKLQ GLIIHUHQW SOXJLQV *+RZO *HFR
*DODSDJRV)LUHIO\ ZDVXVHGIRUWKHGHYHORSPHQWDQGVLPXODWLRQRIWKHGLJLWDOPRGHO
RIWKHIDoDGHDQGILQDOO\WKHPDQDJHPHQWRIWKHSK\VLFDOSURWRW\SH




7KHFRRUGLQDWHVGDWDRIWKHSHRSOHZHUHLPSRUWHGIURP3URFHVVLQJWKURXJKWKH8'3
SURWRFRO DQG ZHUH XVHG WR DVVHVV WKHLU SRVLWLRQ UHODWLYHWRWKHIDFDGH7KHORFDWLRQ
ZDV GHWHFWHG LQ UHDO WLPH DQG GHWHUPLQHG WKH GLIIHUHQW SDQHO FRQILJXUDWLRQV WKDW
FRUUHVSRQGHG WR WKH FDVHV RI WKH GLIIHUHQW EHKDYLRUV RI WKH IDFDGH 7KH
FRQILJXUDWLRQVZHUHWKHUHVXOWRIWKHRSWLPL]DWLRQDSSOLHGLQWKHEDFNJURXQGSURYLGHG
E\ D JHQHWLF DOJRULWKP WKDW FRPSXWHG WKH RSWLPDO VROXWLRQ WR PD[LPL]H WKH QDWXUDO
OLJKWLQJ LQVLGH WKH EXLOGLQJ 7KH JHQHWLF DOJRULWKP XVHG D ILWQHVV IXQFWLRQ WKDW
HYDOXDWHGWKHYDOXHRIWKHLOOXPLQDWLRQRIDJULGRIFRQWUROSRLQWVSODFHGDWDKHLJKW
RIPIURPWKHIORRU7KHFDOFXODWLRQRIWKHLOOXPLQDWLRQ RUVRODUUDGLDWLRQ RFFXUUHGLQ
UHDOWLPHE\H[SRUWLQJWKHPRGHOLQWR(FRWHFWDQGJHWWLQJWKHVXPRILOOXPLQDQFHYDOXH
LQWKHFRQWUROSRLQWV
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7KHUHDOWLPHLQWHUDFWLYHPRGHOQHHGHGYHU\IDVWFRPSXWDWLRQDOWLPHWRJRWVROXWLRQV
DQGIRUFHGWRVHWDORRNXSWDEOHZLWKDVHWRIRSWLPDOVROXWLRQVFDOFXODWHGEHIRUH7KH
VHWZDVXSGDWHGFRQVWDQWO\LQWKHEDFNJURXQGWDNLQJLQWRDFFRXQWWKHQHZFRQGLWLRQV
DQGDQ\FKDQJHVUHODWHGWRGLIIHUHQWHQYLURQPHQWDOFRQGLWLRQV
7KHSK\VLFDOSURWRW\SHZDVFRQWUROOHGE\WKHGLJLWDOPRGHODQGXVHGDQ$UGXLQRERDUG
WKDWFRQWUROVDVHULHVRIVHUYRPRWRUVZKHUHZHUHFRQQHFWHGWKHIDoDGHSDQHOV

3. Application
,WZDVGHVLJQHGDSURWRW\SHWRVLPXODWHWKHLQWHUDFWLYHIDoDGHDWWKHWRXULVWLQIRSRLQW
RIWKHFLW\RI&DJOLDUL 6DUGLQLD,WDO\ 7KHRIILFHLVORFDWHGLQWKHFLW\ VPDLQVTXDUHD
PHHWLQJ SODFH ZKHUH WDNH SODFH ODUJH IORZV RI SHRSOH IURP WKH DGMDFHQW UDLOZD\
VWDWLRQ EXV DQG FRDFK VWDWLRQ 7KH RIILFH LV D VPDOO VWUXFWXUH DQG SURYLGHV WRXULVW
LQIRUPDWLRQ DQG KDV ODUJH RSHQLQJV RQ DOO RULHQWDWLRQV RI WKH EXLOGLQJ 7KH VSDFHV
DGMDFHQW WR WKH EXLOGLQJ DUH ODUJH ZKLFK FDQ DOORZ GLIIHUHQW DFWLYLWLHV DQG FDQ EH
DGDSWHG WR WKH LQWHUDFWLYH WHVWLQJ RI WKH IDFDGH ,Q WKH GLJLWDO VLPXODWLRQ DQG WKH
SURWRW\SHZHUHWHVWHGDFRQILJXUDWLRQLQWKHVRXWKHDVWIDoDGHZLWKVTXDUHSDQHOV
RIFPVLGHRUJDQL]HGLQD[JULG




4. Conclusion and future work
7KLV SDSHU KDV GHPRQVWUDWHG WKDW D IDFDGH FRXOG EH LQ WKH VDPH WLPH DQ
HQWHUWDLQPHQW DQG DGYHUWLVLQJ GHYLFH ZKLOH ZDV D HIILFLHQW DQG HQHUJ\ VDYLQJ
HQYHORSHWKDWUHVSRQGWRHQYLURQPHQWDOLVVXHV
7KH ZRUN DFFRPSOLVKHG VR IDU LQ WKH LQWHUDFWLYH VLPXODWLRQ RI WKH IDFDGH KDV
GHPRQVWUDWHGDSRVVLEOHDSSOLFDWLRQRIJHQHWLFDOJRULWKPVLQLQWHUDFWLYHFRQWH[WVZLWK
VRPHWULFNVWRHQVXUHDIORZRIGDWDLQUHDOWLPH,QWKLVUHJDUGLWLVEHOLHYHGWKDWWKH
UHVHDUFK ZLOO EH IXUWKHU GHYHORSHG WRZDUGV WKH LQWHJUDWLRQ RI D V\VWHP RI LQWHOOLJHQW
LQWHUDFWLRQ WKDW XVHV DUWLILFLDO QHXUDO QHWZRUNV WR JHQHUDWH IDoDGH EHKDYLRU DQG
HPHUJLQJSDWWHUQVRILQWHUDFWLRQ
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Jason M. Reizner

Installation: Walls Have Ears
Abstract:

Topic:
Synthetic Literacy
Authors:
Jason M. Reizner
Bauhaus-Universität
Weimar, Fakultät Medien
Germany
http://reizner.org

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 humanreadable. 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.

References:
[1] Babbage, Charles.
Passages from the Life
of a Philosopher.
Longman, Green,
Longman, Roberts &
Green. London. 1864.
[2] Lyons, John.
Introduction to
Theoretical Linguistics.
Cambridge University
Press. 1968.
[3] Rothstein, Adam.
"City of QR Codes."
http://rhizome.org/editori
al/2011/sep/15/qr-codecity/

info@reizner.org

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

Keywords:
Eavesdropping, Procedural Linguistics, Visual Grammar
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GA2011 – XIV Generative Art Conference

Matteo Codignola

Topic: Art &
Architecture

Generative algorithms as engine for creativity: digital visions
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.

Authors:
Matteo Codignola
Arup Italia
Corso Italia 13, Milano
Italy

“Vase of sunflowers”- Van Gogh

A classic dancer

“Vase-08” – Matteo Codignola

“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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$EVWUDFW
7KLVIUDFWDO DQLPDWLRQ LV D MRXUQH\ WKURXJK QXPEHUV DQG PDWKHPDWLFDO
HTXDWLRQVXQGHUO\LQJWKHLQQHUPRVWDQGSXUHEHKDYLRUVRIRXUXQLYHUVH
D SV\FKHGHOLF MRXUQH\ WKDW UHPLQGV RI WKH PRVW XQGLVFORVHG LQLWLDWLYHV
O\LQJ LQ WKH VXEFRQVFLRXVQHVV RI PRGHUQ KXPDQ $OO WKH VKDSHV DQG
FRQVWUXFWLRQV ZKLFK FDQ EH VHHQ KHUH DUH FRPSXWHU JHQHUDWHG
FRQVHTXHQFHVRIFDUU\LQJRXWIUDFWDOJHRPHWULFUXOHVRIQDWXUHLQD'
HQYLURQPHQW ,Q VXFK DQLPDWLRQV IUDFWDO DUWLVW SDFNLQJ XS WKHLU
FRQVFLRXVQHVV VWDUWV DQ XQNQRZQ GLVFRYHU\ WRZDUG QRZKHUH DQG VWHS
E\VWHSGHILQHVNH\IUDPHVWRPDNHDSDWKWREHDEOHWRFKDVHLWODWHU
DV DQ HQWLUH DQLPDWLRQ ([SHULPHQWLQJ GLIIHUHQW HYHQWXDOLWLHV DQG
SOD\LQJ DURXQG ZLWK QXPEHUV DQG SDUDPHWHUV WKH\ FRQWLQXRXVO\ JR
DKHDG XQWLO WKH\ JLYH XS DQG HQG LW XS VRPHZKHUH GHOLEHUDWHO\ RU
WHFKQLFDOOLPLWDWLRQVQHFHVVLWDWHWKHPWRVWRS
,Q WKLV FHUWDLQ IUDFWDO DQLPDWLRQ HYHU\WKLQJ VWDUWV IURP DQ LFRVDKHGURQ
RQ ZKLFK IDFHV 6LHUSLQVNL WULDQJXODU SDWWHUQV DUH DSSOLHG 7KH PDLQ
PDWKHPDWLFDOSURSHUW\RIWKLVZRUNLVZKHUHDIWHUWUDYHOOLQJWKURXJKVHOI
VLPLODU WULDQJXODU SDWKV DSSUR[LPDWHO\ LQ WKH PLGGOH RI WKH DQLPDWLRQ
ZH VXGGHQO\ HQFRXQWHU D FRPSOHWHO\ GLIIHUHQW IUDFWDO SDWWHUQ RI FXEHV
DQG VTXDUHV WKDW LV 0HQJHU VSRQJH ,W LV PHQWLRQDEOH WKDW RXU
PDJQLILFDWLRQUDWHDWWKHODWHVWIUDPHVFRPSDUHGWRWKHEHJLQQLQJSRLQW
RIWKHDQLPDWLRQLVVRPHWKLQJDERXW(
,QWKLVSURMHFWDPRQJDKDQGIXORISLHFHVRIVRIWZDUHWKDWFDQPDNH'
IUDFWDOVRQHRIWKHPRVWDZHVRPHSLHFHV0DQGHOEXOE'>@KDVEHHQ
XVHG7KH PXVLF RI WKH DQLPDWLRQ LV DOVR D FRPSOH[ RI  LQVWUXPHQWV
VHW DFFRUGLQJ WR ILYH PDWKHPDWLFDO VHTXHQFHV DQG PDSV LQFOXGLQJ
:ROIUDP 2QH'LPHQVLRQDO &HOOXODU $XWRPDWD /RUHQ] DOJRULWKP I
1RLVH (DUWKZRUP DQG Q  1XPEHUV ,W KDV EHHQ PDGH LQ)UDFW0XV
 >@ VRIWZDUH 7KLV W\SH RI PXVLF FRQWDLQV GHSHQGHQW DPRXQWV RI
UDQGRPQHVV DQG SURYLGHV PRUH P\VWLFDOO\ RXW RI FRQVFLRXVQHVV
H[SHULHQFHV ZLWK WKH DELOLW\ RI EHLQJ SOD\HG XQOLPLWHGO\ LQ FLUFXODWLYH
VHTXHQFHV

7KHWKIUDPHRIWKHDQLPDWLRQ

&RQWDFW
.H\ZRUGV
PHKUGDGBIUDFWDO#\DK )UDFWDODUW'IUDFWDODQLPDWLRQ0DQGHOEXOE'6LHUSLQVNL
RRFRP
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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 traffictransportation 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 57 km’s wide and 100m200m 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 68 story dwelling mass and 23 stories of
commercial and working space volumes, agglomerated around a linear pedestrianpublic 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 50m70m above the sea level, is suggested.
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The floating platforms, about 120m wide and 500m long, with an interior depth of
15m25m below the pier level, are solved to carry two volumetric tower pairs, the
supports of the living bridge avenues above, and in themselves housing 3035 stories
of apartments and office space for mechanical, as well as social-recreationaleducational 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 presuppositions. 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-geologicalseismic 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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Penny Feuerstein

Artwork: trees on path, trees
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.

Topic: Art
Author:
Penny Feuerstein
School of the Art Institute
of Chicago, Department
of Art and Technology
USA
pennyfeuerstein.com

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.

www.generativeart.com

penny@penny
feuerstein. com

“trees on path, trees”, oil and inkjet print on canvas
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Philip Galanter

Artwork: ChromaVox
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.

Topic: Fine Art
Authors:
Philip Galanter
Texas A&M University
Department of
Visualization
USA
http://www.viz.tamu.edu/

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.

References:
[1]
http://philipgalanter.com

ChromoVox planned construction

Contact:
galanter@viz.tamu.edu
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Light sculpture, cellular automata, microcontroller

page # 540

 
  

   

     
  

 



    

  



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
 Become a Part of
further preparations. It will be a very special and surprising
a Machine
performance.
 
"ECOME A 0ART OF A -ACHINE  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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Tatsuo Unemi

Live Performance: SBArt4 breeding on site

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
Topic: Audio visual art site. The performance will start from a simple pattern selected from the
initial population randomly generated, and then gradually shifts to
complex patterns.
Authors:
Because the breeding process includes spontaneous transformation by
Tatsuo Unemi
mutation and combination, the animations shown in a performance are
Soka University,
always different from those in another occasion. This means each
Department of
performance is just one time. The duration is flexible in a range from
Information Systems
three minutes to half an hour as requested on site.
Science
Japan
www.soka.ac.jp

References:
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~unemi/sbart/4/

A sample shot of bred animation.
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Evolutionary art, real-time breeding, abstract animation
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