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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 Infinity

The development potential at the beginning of an iterative sequence can be 
compared to the sample space or universe Ω 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. 

7.3. GMD Time-based

7.4. GMD Hourglass

! !

- 180 -

Fig. 3 - GDM Hourglass

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

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

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

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

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

5. Generative Design Method Cards (GDM cards)

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

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

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

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

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

ten übersprungen oder offen gelassen werden. Die Anzahl der durchlaufenen 

Aspekte ist jedoch ein Mass für die Reflexionstiefe und die konzeptionelle 

Qualität einer Arbeit. Zum besseren Verständnis ist im Folgenden jeweils 

auch ein kurzes Beispiel (Example) aus den vier analysierten Projektarbeiten 

angeführt.

GDM Cards (Front)

4.1. Repertoire

Ask

Aus welchen Grundelementen besteht der generative Prozess? Gibt es Ele-

mentgruppen? In welcher Beziehung stehen die einzelnen Elemente zueinan-

der?

Know

Alle aleatorischen Techniken beschränken sich auf eine theoretisch sehr ein-

fache Handlung – die Selektion und Organisation von Elementen aus einem 

! !

- 152 -

Fig. 7 - GDM cards (front view)

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

6. Conclusion

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

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