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Prolegomenon

[s it still possible to look at an apple without thinking of vitamins, minerals and fibre? Has
abstraction appropriated our thought to such an extent that we accept a close relationship
between a piece of fruit and a vitamin tablet? Through quantification and reduction to
measurable values, everything becomes comparable, even the dissimilar. And as soon as we
have reduced a situation to numbers, its further re-computation into all kinds of models
inevitably follows. The elimination of qualities and the functionalisation of experience has
long since spread from science into the everyday world. The computer is at the centre of this
process. It is the tool of a formal rationality, with which we advance our domination over
nature on all levels. Reasoning once aimed at the whole seems to be diminishing at the same
rate that abstract instrumental rationality grows. We shape our lives according to the same
laws with which we also construct our technological apparatus. The volume of known facts
is growing rapidly. However, the danger is that we surrender ourselves to the autonomies
and inner logic of measurement, counting and functionalising.

In this, the quantification, formalisation and functionalisation of the living world only mark
the path of the tangible into the machine. Phenomena and contingencies return in the process
of computation. It is this reconnection to the world that we wish to look at below.
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Abstract

Software systems are an effective technical strategy for the creation of invented realities.
In our digital culture, programmed systems already act in place of humans to a considerable
degree. In this, reciprocal reaction and interaction between humans and program-controlled
equipment only succeeds where the software and user refer to a common, often invisible
context.

The apparatus still knows nothing of its doing, it only registers external occurrences and
computes them with internal conditions into answers and reactions. In this, the electronic
hardware functions as a substrate and open receptacle that can accommodate different
programs and thus realise different logics of interaction. In the program itself we find only a
play of signs, which relates values and symbols to each other according to fixed rules and
shows the result in a display or translates them into actions with the help of actuators. But
how do the signs retain a link to the world? Or inversely: how does a piece of the world get
into the machine? Using the example of geometry, we will broadly trace the abstractions,
idealisations and model concepts that must be brought into play in order for geometric
primitives to become available as manipulatable objects inside the computer.

The various levels of abstraction, from application model via various formal specification
and software levels to binary processor command, is a well examined field in software
engineering. But quantification and formalisation only mark the way into the machine and
thereby only half of the story. A concretisation and re-contextualisation of the formal takes
place through the computation’s execution. Signs are transformed back into contingency and
perceptible quality. While a radical cleansing of the modelled section of the world, removing
all that is sensory, takes place in the course of abstraction, we see the reversal in the
processing of algorithms. The bare skeleton is fleshed out again and the whole wealth of
thoughts, feelings and interpretation possibilities unfolds into something new. But what is
now put back is not the same as what was taken away, but rather something else fed from
different sources. Here, in the gaps of formal descriptions, nest substantial proportions of the
wealth, the diversity and quality of the digital. However, the formal and the concrete must
not be seen as adversaries in a struggle for fullness and aesthetics—they form a powerful
team.

A clever way to deal with them could be to know the principle limits and possibilities of
the formal, not to surrender to instrumental reason,' but rather to examine it and make it
fruitful in its interaction with the concrete.

! A term coined by Max Horkheimer.
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So: Is it not the role of electronic arts, and especially electronic dance music, rather than
“radicalising” and “conceptualising” this question of the machine [..] to finally make
tangible how unbelievably normal and not so bad and simply totally okay this whole
machine thing is, that we can have them and use them as everyday things, just as life
would be if it were not guided by general misery [...] but rather by reason, that says: yes,
that’s how it should be.? Dietmar Dath

THE NORMALITY OF THE DIGITAL

Let us assume that “this whole machine thing” is in fact completely normal and that we can
now, definitively, no longer get away with the platitude of the revolutionary power of the
computer. We can also accept that the former “new media” now form an un-circumventable
foil of the everyday. Questions of the following kind should then be easy to answer: What
exactly are we doing when we develop, implement and execute algorithms on computers? Is
this only action or do we also understand? Is it not much more the case that there, where it is
about knowledge of action and provision, we can do more than we actually understand? How
is it that, even with relatively small programs, the effects, behaviour and aesthetics produced
can only be fairly reliably anticipated through comprehensive tests and iterative processes?
Such questions are not aimed primarily at the reception of media contents, but rather at the
conditions of their production. We wish to approach these prerequisites from the side of
material and form.

In order to be able to address and thematise program codes as material and as a form of
computer-centric work, we must look at the environment in which they arise and are
effective. Computer applications today are loose, constantly changing configurations of
hardware networks, algorithms and interfaces [see annex A]. A particular challenge of this
complicated interaction arises from the intrinsic tension between rationality and aesthetics.
It is the duty of the arts to examine this interaction between the techno-rational and the
aesthetic layers and their respective traditions and idiosyncrasies. In order to better
understand the manifestations of digital culture, we must, on one hand, mediate between
form and content, on the other, bring the materiality of the machine back into the discourse.
Neither the algorithmic symbols nor the material can respectively determine the digital
contents, i.e. sound, image, behaviour or object properties, on their own. It is a combination
of both, something that one could call “informed material.” Form, materiality and content play
into each other’s hands in the execution of algorithms and in the re-embedding in the context
of use. That which was artificially divided through the concept of the programable machine
must be brought back together for the comprehension of its uses.

At the same time there are fundamental shifts in digital culture in the power relationship
between form and content. “Formal structures that are based on bivalent logic are always
underestimated in their social meaning. They are conceived as secondary, only as the form of
a content. Only when one understands the form as something unique, independent of content,
that represents its own reality, does their contribution to social synthesis become clear.”3 So
with regard to social and cultural relevance, the form takes the lead and content is
subordinate. However, for the understanding of the conditions and modes of action of our
digital products, form and content are to be thought of as a unit.

2 Dietmar Dath, in Vorgemischte Welt, Klaus Sander and Jan St. Werner (Frankfurt am Main:
Suhrkamp, 2005), 9.
3 Eggert Holling and Peter Kempin, Identitit, Geist und Maschine (Reinbek: Rowohlt Verlag, 1989), 13.

3
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Our rationality is not a constant given, rather the result of a historic process of
development. ¢ If, however, rationality is never static, but rather subject to continuous
development, how could our concept of the human be constant? Alfred Sohn-Rethel showed,
for commodity form, how human forms of thought—in particular the capacity for
abstraction—are determined by sociality. He ties the origin of abstract thought to exchange
abstraction; commodity form and thought form are, for him, related elements of the same
formation. It therefore no coincidence that abstract logical thought and money in coin form
emerged at the same time around 680 BC in Ionia. Today anthropologists like Paul Rabinow
no longer query humanity as such, but rather the respective rationality that constitutes
humanity. Neither the social nor culture are seen as constants. It is instead the forms of
rationality in culture and society that are to be examined for their anthropological potential.
“The history of the present was about examining ‘human speech’ for forms of reason and
rationality and analysing productivity to find a humanity understood as forever in a state of
becoming, whereby the task was, not least, to determine the limits of respective reason.”s The
key to reason, on the other hand, is language. “The human being is a ‘rational’ being in the
sense that ‘reason’ comes from language and is insolubly bound to it; ratio and oratio,
speaking and thinking, become interchangeable concepts.”6

But what is meant when we say that the rational structures on which our digital culture
is founded inscribe themselves in our reason? In which way has the product form of money-
based exchange, for example, engrained itself in the rational structures of society? Something
must be released out of the wealth of phenomena, of procedures and perceptions that
develops its own impetus, following only its inner laws, as soon as it is conceptually captured.
The impact factor for the measurement of scientific relevance, evidence-based medicine, the
Quantified Self movement and the Kunstkompass (art compass) for the ranking of artists can
all serve as current examples of the increase in quantifying decision-making systems. As soon
as such structures have developed and are installed, they displace traditional strategies of
actions and goals. In extreme cases the aim is no longer to do good science, but rather to
obtain the highest possible impact factor; subjective opinion is no longer important, rather
the measured values of self-tracking. A form inscribes itself into reason if comprehensive
perspectives are abandoned and the inner law, i.e. the form and inner logic of a delimitable,
artificial guiding framework, are followed.

Such processes are not new, but it is the omnipresence of the computer in all areas of life
that has enabled the installation of quantifying, algorithmic decision-making systems in most
cases, or at least accelerated their cultural sedimentation. We see impacts, for example, in the
financial sector. Unlike the real economy, the financial market deals exclusively with capital.
The money form is per se already a dominant formal structure that strongly shapes society,
remaining both simple and—as it is form—empty of content. It is precisely this that makes it
particularly suited to showing how capital and algorithms complement each other and
develop a new inner logic together. High-frequency trading is a special form of automated or
algorithmic trade, which already makes up 40 percent of trading volume in European and 70
percent in American stock markets today.” In this, computers move huge sums of finance in
fractions of a second. Lightening quick analysis of market data enables programs to exploit
the smallest fluctuations in price and place exchange orders. The buy and sell decisions are

4 Alfred Sohn-Rethel, Das Geld, die bare Miinze des Apriori (Berlin: Wagenbach, 1990). See also: Georg
Trogemann and Jochen Viehoff, CodeArt - Eine elementare Einfiihrung in die Programmierung als
kiinstlerische Praktik (Vienna: Springer-Verlag, 2005).

5 Carlo Caduff and Tobias Rees, introduction to Anthropologie der Vernunft — Studien zu Wissenschaft
und Lebensfiihrung, by Paul Rabinow, trans. and ed. Carlo Caduff and Tobias Rees (Frankfurt am
Main: Suhrkamp, 2004), 7.

6 Ernst Cassirer, “Form and Technology,” trans. Wilson McClelland Dunlavey and John Michael Krois,
in Ernst Cassirer on Form and Technology, eds. Aud Sissel Hoel and Ingvild Folkvord (Basingstoke:
Palgrave Macmillan, 2012), 24.

7 As of 2014. Deutsche Borse,

https://deutsche-boerse.com/dbg/dispatch/de/kir/dbg nav/about us/15 Public affairs/10 News/30 HFT
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made by competing algorithms. Here machines only communicate with machines—the
human is an observer. The algorithmic strategies developed in this area follow the inner logic
of a formalised and enormously accelerated bazaar. So-called sniffers try to track down other
algorithms and outwit them or bluff manoeuvres are carried out, in which algorithms deal
with themselves in order to fake turnover. At the same time, a conflict of cultures is taking
place. Economic scientists try to develop models based on economic theories, whereas
physicists, computer scientists and mathematicians view trade as abstract structure, for
which any model is suited, as long as an internal structural similarity to stock exchange
trading is maintained. As an interesting aside, it should be noted that even in this strictly
algorithmic game, the materiality of the computation can not be completely eliminated. As
ever millisecond counts in decisions to buy and sell in so-called algo-trading, the physical
proximity of the trading computers plays a decisive role. As the connecting cables are shortest
if market computers and trading computers stand directly next to one another, the places in
direct proximity to the market computers are also the most desired and most expensive. In
the past there have repeatedly been unexplained slumps and even short-term total collapses
of markets in algo-trading. Such glitches do not remain internal to the system, but can jump
over into the real economy.

As soon as we accept that language and reason are not merely aids in the description of
an external reality, but rather important instruments of reality construction, then the
importance of artificial languages and techno-rational forms also becomes clear. We know
the dictum that states the hand is the tool of the mind. Seen from the perspective of the theory
of action, and also the history of development, the view that the mind is the tool of the hand is
equally justifiable. Is it not the external conditions of action, the structures of reality, that
form the mind? Technological philosophy had pointed very early on to the parallelism of
language and tool, that both are the result of the same cerebral principle and that “the potency
of logos also resides”8 in every material tool. The form of reason that dominates today is
precisely the one that is inscribed as logos in the structure of the computer and its programs.
However, it is not only implicitly present, but also present as explicit description, as operative
power that not only depicts reality, but generates it. Formal languages become active in the
computer, they seem to be immediate and to create realities.

The formalisms of mathematics and the natural sciences as codes of the programable
machine achieve a new level of effect. Formalisation means significant abstraction from real
conditions, so a withdrawal, generalisation and cleansing of that which is insignificant and
ambiguous for the specific interest. So abstraction describes what must be taken away, from
that which is objectively present, and which ideas, that are not already present, must be
added, so that phenomena of our living world can become form. However, in the computer
the clear and highly selective formalisms are operative and autonomously create new
phenomena. The abstraction process runs in reverse in the processing codes as
concretisation. The interfaces load the emerging sounds, images and actions with
ambiguities and fuzziness. The underside (or “subface”) of the media—the code—remains
strictly rational, but on the surface, unintentional elements and side effects are once again
added to the phenomena, opening up new scope for interpretation.? In the following
observation, the focus is on the difference between two forms of the concrete. Firstly the
concrete that forms the initial material for our first cerebral, and then formal reproduction of
reality. Secondly the concrete that unfolds in the inversion, when formally described sections
of the world re-contextualise and re-materialise in mechanical processes.

As mentioned at the start, digital systems are made up of triads, which dynamically

8 Cassirer, Form and Technology, 23.

9 On the double existence of media content and the difference between “surface” and “subface” see
Frieder Nake, “Das Doppelte Bild,” in Bildwelten des Wissens, eds. Horst Bredekamp, Matthias Bruhn
and Gabriele Werner (Berlin: Akademie-Verlag, 2006), 40-50.
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configure themselves for the respective processing of codes:!° 1. the computer networks, that
are still open (programable) for the inscription of a concrete behaviour, 2. the hybrid
interfaces, which transform occurrences of the non-symbolic environment into signs on the
input side and signs into occurrences and action on the output side, and 3. the codes, which
inscribe themselves as signs in the hardware of the computer and structure the behaviour of
the ensemble. In order to understand the new manifestations of computer-based media, it is
not enough to only analyse the codes or the structure of the programming language. The usual
characterisation of computing processes as a formal, syntactic play of algorithms, detached
from the material world, leave us empty handed if we wish to understand the phenomena of
our digital culture in their all-round basic conditions. The materiality of computer
networks—with their elementary functions of storing, calculating and transferring—and the
interfaces also contribute towards the success of the application and in particular the
aesthetics of its contents.

Hence, my young friend, I would advise,

With college logic to begin!

Then will your mind be so well braced,

In Spanish boots so tightly laced,

That on "twill circumspectly creep,

Thought's beaten track securely keep,

Nor will it, ignis-fatuus like,

Into the path of error strike.
Mephistopheles!!

ABSTRACTION - CODE AS FORM

What do we mean by form? Hartmut Winkler points out that the concept of form is defined
differently in various media. Here we follow his suggestion of thinking of form as structure
and formalisation as an historical attempt to find a language for the representation of
structures.!2 This concept of form has the advantage that it bridges the gap to the real world,
in that it understands programs as structural outlines that model relationships within reality
or intervene in their design. Within our context, form means the internal structure of codes:
that which remains of symbolic systems when we not only remove their materiality, but also
abstract from arbitrary decisions, such as the naming and the concrete appearance of signs.
The syntax, variable names or keywords used play no role in the form of an algorithm. This
is the idealised core of formalisation: only the play of differences, which refer to the
distinguishability of the signs and their inner relations, remains as structure. A structural
similarity between the formal structure and the modelled section of the world is claimed
when a formalisation is successful. But it is first through the codes’ reconnection in an
application context, realised via suitable interfaces during their execution, that the link to the
world can be reestablished.

The replacement of real circumstances takes place as soon as we use a mathematic
symbol or an algebraic structure. The formalisations of an A sign drawn by hand, for example,
are always accompanied by idealisations that prove problematic on closer inspection.
Identifying a written form as A not only requires well-trained perception—the assertion of

19 Knowledge of the general structure of digital computer systems is central to understanding the
following reflections. The threefold division of the machine is therefore described in more detail in
the annex.

! Johann Wolfgang von Goethe, Faust, Part One, Study.

12 Hartmut Winkler, Diskursékonomie - Versuch tiber die innere Okonomie der Medien (Frankfurt am
Main: Suhrkamp Verlag, 2004), 147ff.
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equivalence is also an act of will: “Yes, I accept this brightness value as A.” As a further
idealised prerequisite we assume an infinite number of such instances of A are available or
can be created. Such and similar idealisations are always attendant in form concepts for
codes. “The development of formal language must be understood as an attempt to write form,
and to do so in the most explicit manner possible. Computers, this is my proposed
interpretation for the history of formalisation, offer ‘skeletonised’ form, without recourse to
the ‘flesh’ that other media need in order to bring form to light in the first place, and that, if
one wishes to take the perspective of new medium, appears as superfluous ‘material’. [...] But
this means, conceptually, that ‘form’ floats. Weightless and light it floats above the dirt of the
three-dimensional world, in its own sphere, in which forms and formalisation are ‘self-
sufficient’ in their inner logic and inner coherence.”13 The essential tool for producing formal
structures is abstraction, which, however, also always means idealisation. Formalisation not
only means forgoing detail and material, therefore, but also the addition of intangibles.
Extreme reduction leads to something unique, which can no longer be honoured in a material
world. In geometry, these are points without dimensions, infinitely long straight lines and
surfaces without thickness and much more.

How does geometry get into the machine? - A detailed example

The fact that a science like geometry can exist, and can be built up in the way it is, has
necessarily demanded the closest attention of anyone who ever felt an interest in the
fundamental questions of epistemology. [...] In this it wholly escapes the troublesome and
tedious task of gathering empirical facts, as the natural sciences in the narrower sense are
obliged to, but instead the form of its scientific procedure is exclusively deduction. Conclusion
is developed from conclusion, and yet nobody in his right mind ultimately doubts that these
geometrical theorems must have their very practical application to the actuality surrounding
us. In surveying and architecture, in mechanical engineering and mathematical physics, we all
constantly calculate the most varied kinds of spatial relationships in accordance with
geometrical theorems. We expect the issue of their constructions and experiments to be subject
to these calculations, and no case is yet known in which we were deceived in this expectation,
provided we calculated correctly and with sufficient data.14

Hermann von Helmholtz, 1870

Euclid’s Elements, and in particular the chapter on geometry, take up a prominent
position in the history of mathematics. Euclid’s accomplishments here are not so much in
developing new mathematical proofs, but much more in systemising that which was already
known in ancient times. He was able to fall back on an extensive tradition of mathematical
evidence, but present it in the form of an innovative axiomatic theory. Euclid’s influence
derives from this, from axiomatic thought, which “has succeeded in obtaining a kind of world
domination since the end of the 19th century.”15 Certain axioms that ultimately remain
unproven stand at the start of every axiomatic theory. All clauses and design procedures of
geometry may only be proven and derived with the aid of definitions, axioms, postulates as
well as previously shown propositions and constructions, and not, for example, through
reference to the opinion’s persuasiveness. Even if Euclid’s Elements do not fulfil the demands
of axiomatic theory from today’s perspective, a first hint as to why such deductive procedures
are suitable in dealing with the computer can be found in the rigour of the Euclidean

13 Tbid, 153ff.

14 Hermann von Helmholtz, “On the Origin and Significance of the Axioms of Geometry” (1870), in
Hermann von Helmholtz: Epistemological Writings, trans. Malcolm F. Lowe, eds. Robert S. Cohen and
Yehuda Elkana (Dordrecht: D. Riedel, 1977), 4.

15 Wilhelm Kamlah and Paul Lorenzen, Logical Propaedeutic - Pre-School of Reasonable Discourse,
trans. Hoke Robinson (Lanham: University Press of America, 1984), 7.



CODE AS FORM - CODE AS MATERIAL

method.16 Euclid’s definitions of point, line, straight line, plane etc. produce a link to the
familiar experiential world, while his postulates already contain demands for the
constructibility of geometric figures. With Euclid, the actual axioms are less geometric, and
much more logical principles. As soon as these basic elements and fundamental relationships
are defined, geometric operations, which seem to automatically retain a connection to
physical reality, can be executed step by step. Hermann von Helmholtz picks up this point.
“The question which then forced itself upon me, and one which also obviously belongs to the
domain of the exact sciences, was at first only the following: how much of the propositions of
geometry has an objectively valid sense? And how much is on the contrary only definition or
the consequence of definitions, or depends on the form of description? In my opinion, this
question is not to be answered all that simply. For in geometry we deal constantly with ideal
structures, whose corporeal portrayal in the actual world is always only an approximation to
what the concept demands, and we only decide whether a body is fixed, its sides flat and its
edges straight, by means of the very propositions whose factual correctness the examination
is supposed to show.”17

Euclid’s axioms were still viewed as immediately plausible facts and true statements
about existent things. But the fact that points, straight lines and planes do not exist anywhere
in the world already held true for the Euclidean definitions: we think these things and only
though thinking them do they become existent. But as soon as they are thought, we can seek
them out in the world through measurement and construction. For David Hilbert—a good
2,000 years after Euclid—the definitions of axioms still originate from concrete ideas, but
subsequently he is interested particularly in the question of the completeness, consistency
and decidability of his mathematic structures, independent of any actualities in the physical
world. These questions now only relate to internal matters of formalisms. David Hilbert’s
work on the Foundations of Geometry from 1899 begins with the sentence: “Let us consider
three distinct systems of things. The things composing the first system, we will call points and
designate them by the letters A, B, C,. . . ; those of the second, we will call straight lines and
designate them by the letters a, b, c,.. . ; and those of the third system, we will call planes and
designate them by the Greek letters a, 8, v,. . .” In mathematics, the formal systems become
independent and develop their own truths detached from their original meanings, which no
longer account to an external reality, but only relate to their own inner relationships.

Today the axioms of mathematics also have another meaning. “Granted, axioms are no
longer considered ‘evident’ or as principles of natural reason itself, given by God to all his
creatures. Rather axioms are ‘first simply written down’ as a free choice, and only judged by
what they accomplish as premises of a system of further sentences, which arise from them
according to the rules of logic. So, the idea of a first reason, convincing from the very
beginning, was also written off as a component part of antiquated tradition by the exact
sciences.”18 That which applies to the natural sciences and philosophy is also applicable to
information technology. It is not about finding a fixed, unshakeable basis on which the
complete universe can be unassailably built as software, but rather to find calculus or
formalisations that achieve what is necessary in regards to the pragmatic goals of the
application. Decisions made by algorithms are always defined by their inner structure. Their
connection to the world must first prove itself in concrete environment-system
constellations for which the program was possibly never tested before. We can ensure that
certain formal specifications are fulfilled for software that intervenes in real events, but the
external world, in which our software is embedded, cannot be completely specified. We
cannot ensure that computations lead to “reasonable” interpretations and actions or that they

16 [n addition, the prerequisite of the theory’s capacity to be operationalised must be fulfilled, as
discussed below.

17 Hermann von Helmholtz, “On the Facts Underlying Geometry,” (1868), in Hermann von Helmholtz:
Epistemological Writings, trans. Malcolm F. Lowe, eds. Robert S. Cohen and Yehuda Elkana
(Dordrecht: D. Riedel, 1977), 39.

18 Kamlah and Lorenzen, Logical Propaedeutic, 7.
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do not result in conflict between physical and formal reality when translating back into the
world. Such interaction between the abstract and the concrete, the cerebral and the material,
is also the basic figure of practical geometry.

So, the question “how does geometry get into the machine?” does not reach back far
enough. We must first ask how we arrived at geometry in the first place. Geometry and the
programable machine have the same roots: the abstraction, decontextualisation and
schematisation of sequences. The programable machine only takes the principle of abstract
ideas to its logical conclusion. Simply taking the Euclidean definitions of the point, the line
and the plane as given will not help us uncover the conditions of the mechanical treatment of
geometry; we must first be clear about how these concepts emerged.

But where to begin? Inevitably before things become signs. In his Einfiihrung in die
Semiotik,? Umberto Eco chooses the plight of a prehistoric man in order to reflect on the
beginnings of architecture and all of semiotics. In his hypothetical narrative, a Stone Age man
enters a cave to escape a storm. Protected from the cold and the rain, he begins to explore its
contours. He dimly makes out its breadth and shape and the entrance as a boundary between
the dark, protective inner space (which perhaps arouses an indistinct longing for the womb)
and the bright and inhospitable world outside. This experience of inside and outside enables
him to identify general features that help him to recognise other caves in which he can find
protection. Over the course of time he would then replace the variety of similar places with
the abstract idea of the cave. “A model, a structure, something that doesn’t really exist, but as
aresult of which he recognises a certain context of phenomena as ‘cave’.”20 The explication of
these general features leads to the concept of the cave and is the first step towards
formalisation.

The mapping out of terms is also the key to geometry and to mathematics in general. A
seemingly simple statement such as “this is a circle” already assumes great proficiency. We
must be capable to extract our notion of a circle from the visual stimulus and our language
must provide words we have learned to use from our parents through repeated practice. In
our childhood we acquire the distinction between things and their corresponding words
simultaneously. The circle and the triangle are not only separated by visual appearance but
simultaneously by the words “circle” and “triangle.” And each of these distinctions also
always includes negations. This is a circle, so it is not a triangle, it is also not a circle and
triangle at the same time, and likewise it is not a circle in this moment and a triangle the next.
This is at least what our normal (pre-media) experience with fixed bodies tells us. Such facts,
which we first create ourselves in interaction with the world, are also the origin of all logic.
The division of form and material already tales place in the learning of the terms. The
materiality in which a circle is shown to us is irrelevant for our decision as to whether it really
is a circle or not. Take note: we create these facts!

The idealisations that arise in Euclid’s definitions of the point, the line, the straight line
and the plane, can be understood through practical activity. Land surveying and the building
trade made geometric considerations necessary. Spacings, angles, straight lines, polygons
and bodies had to be invented, not only as abstract ideas, they had to be constructible,
particularly as active elements. Just as the concept of the cave was learned by example in
Umberto Eco’s narrative, the ideas of the plane, the sphere, the circle, the polygon, the straight
line and the point must also be learned in practical dealings with them. The reason they could
consolidate themselves as concepts is to do with practical tasks and the instruments that
were created to solve them. Peter Janich refers expressly to the fact that the elements of
geometry have their origin in manual production.2! For him, Euclid was handed down as a
mouth-worker, as a lover of discourse, “who in his theory had already turned his back on their

19 See Umberto Eco, Einfiihrung in die Semiotik (Stuttgart: UTB, 1994), 296 ff. Translator’s note: this
allegory is not included in the English-language version of the book.

20 Tbid, 297.

21 Peter Janich, “Handwerker und Mundwerker,” in Die Hand - Werkzeug des Geistes, eds. Marco Wehr
and Martin Weinmann (Heidelberg: Spektrum Akademischer Verlag 1999), 274.
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manual origins through ignorance.”22 Using the example of the sphere, Janich shows that
Euclid did not derive its definition from theoretical analysis, but rather from manual skills.
Euclid defines the circle in book 1, definition 15 as follows: “A circle is a plane figure contained
by one line such that all the straight lines falling upon it from one point among those lying
within the figure equal one another.” The definition follows the tool of its production (a pair
of compasses or a simple bar with two nails) and not the other way round. Tools are not
invented to realise theoretical entities, but conversely, the concepts form around the
problems, tools and actions. If we think of it from a completely non-manual perspective and
in direct extension of the circle, the sphere can be defined as a surface whose points are
equidistant from a middle point within the figure. But book 11, definition 14 states “When a
semicircle with fixed diameter is carried round and restored again to the same position from
which it began to be moved, the figure so comprehended is a sphere.”23 This definition is
derived from observing the stonemason’s template, which was used in the manner described
to check spherical forms. However, definitions other than the craftsman’s prove more
advantageous for the algorithmic handling of the sphere in the computer.

Geometry began as a tool of praxis. In essence it is about the extension of the possibilities
of human action. The first and central idea that must exist before geometric operation is that
of distance. In this context we describe both the distance (line) between two places in space,
as well as the object that embodies a certain unit of length, as linear measure. That distances
in space can be copied onto a rigid body by the transfer of markings is decisive with regards
to the extension of the possibilities of human action. Every line, according to the basic idea,
can thus be transported to any place in space. The concept of distance, as an imaginary
connection between two markings, leads directly to the idea of straight lines. The form of the
object that carries the markings is not important, all that counts is the shortest connection
between the points. A string stretched between two stakes comes very close to the notion.
We carry out actions on an abstract property of space, it is not about moving the linear
measure as an object, rather moving the idea attached to it.

The first evidence of the use of a measuring unit can be found in houses from Linear
Pottery culture, 5,000 years before Christ, and the first material measuring tool was
discovered during excavations at the Ekur temple in Nippur, Mesopotamia and is now dated
in the first half of the 3rd millennium BC.2¢ Many pre-metric units of length were oriented on
dimensions of the human body (fathom, cubit, foot, digit, etc.), which might be due to the fact
that these dimensions were always immediately available and that the absolute unit of
measurement was not important for many uses, where a length was to be used in relation to
another ad hoc. Even in simple constructional activities, it often proves necessary for
distances and lengths to not only be estimated roughly, but that they be transferred from one
object onto another relatively precisely. However, as soon as one is interested in making the
transferal of distances ever more precise, it is inevitable that marking points be defined ever
stricter, until they eventually shrink conceptually to infinitely small points. The unavoidable
width of real lines is also only disruptive for precise constructions. The logic of construction
does not need line width, it is only necessary for the visibility of that being constructed. The
world in which these geometric constructions take place is the plane. With the term “plane”
a further ideal is introduced. This figurehead is also derived from experiences in manual
work. A dispute about whether a plane is really level cannot be decided verbally, but only
through action. No gaps should be present between the plane and a ruler, no matter where
the ruler is placed. Another method for testing the property of “plane” is to lay three planes
on top of one another in pairs: again, no gaps between them should be present. As soon as
one continues to theoretically reduce such disruptions, one arrives at the concept of the plane.
So geometric idealisations are the direct consequence of the pursuit of exactitude. Producing
the ideal point, the ideal line or plane is not decisive in this; what is pivotal is that the cerebral

22 [bid, 278.
23 Janich, “Handwerker,” 274.
24 Rolf C. Rottlander, http://vormetrische-laengeneinheiten.de (retrieved 7. 2. 2014).
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process behind it cannot be terminated at any point. As long as the point still has spread, the
line still has thickness and the plane still disruption, we are still able to remove something
conceptually and improve it. The core of abstraction is to be able to carry out this cerebral act
again and again, which inevitably leads to an ideal that no longer belongs to the world, but
which we base our actions on.

All of Euclidean geometry is built on the idea of the transfer of lines in space. In their
classic expression, they know no measure, rather only ratios. Therefore, only a pair of
compasses and a ruler are admitted as tools of construction for Euclid, whereby the ruler has
no markings and therefore cannot measure. The whole universe of geometric laws is derived
from the idea of the plane and the two idealised Euclidean tools, with which we can, in theory,
draw infinitely precise straight lines and mark infinitely exact points. As soon as the artificial
scope of action is fixed and the imprecisions of the physical world are removed, the universe
of possible constructions can be unfurled.

A geometry that manages without numbers and, as described above, is based on axioms
and construction methods, is also called synthetic geometry. Computers on the other hand
work with numeric systems. Geometry can therefore only be dealt with by computers if
geometric relationships and tasks are translated into the world of numbers. Coordinate
systems form the decisive link between geometry and computational operations. They make
it possible to describe geometric relationships through algebraic equations. The French
philosopher, mathematician and natural scientist Rene Descartes (1596-1650) is considered
the inventor of this analytic geometry. Coordinate systems with pairs of perpendicular axes
and uniform scale graduation are called Cartesian coordinate systems in his honour. The
calculations of analytic geometry are standardised in modern mathematics by the vector
calculus. Even to beginners, the presentation of points in space by vectors in the Cartesian
coordinate system seems like a natural and easily comprehensible representation. The
complete translation of synthetic geometry into analytic geometry is possible with the help of
the mathematic concepts of function?s and variables [see annex B].

Vector calculus can be comprehended as a general assignment set—as a function of
mathematic objects. Through functions, relationships between entire volumes are recorded,
rather than individual relationships between elements. Every element of an output volume is
functionally, i.e. computationally, assigned to an element of the target volume. We do not need
to list the target elements that all the output volume elements are linked to, we only need to
implement the assignment law, i.e. the corresponding operator. The decisive trick, which then
produces the power of functional descriptions, are the variables.26 The introduction of
algebra, i.e. signs for computing operations and variables, also produces the direct link to the
programable machine. Algebra makes identifiers available that can stand for any element
from a given volume. In this way, the value that a variable takes on within the framework of
a concrete calculation can be addressed via the name of the variable.

In programming, variables are linked with the idea of receptacles that can accommodate
an operand or a symbol from a certain supply volume. In the program, a name is given to the
variable which is linked with a certain address in the memory of the machine. The values in
the memory cells can be changed through electronic, or otherwise realised, operations.
Problems that are formalised and are in operational description can be solved mechanically
through the technological realisation of operators and memory cells. At the same time their
concrete material execution, in terms of the actual algorithms and formalisms, is only
external. The material into which the operations and variables are built is unimportant, the
function realised is what is decisive. Through the mathematic device of variables and their
mechanical realisation as memory cells, addressable and changeable by means of operators,

25 Also termed “map.”

26 The use of letters as variables in mathematic notation originates with Francgois Viéte (Latin:
Franciscus Vieta, 1540-1603). Vieta differentiated between numerical calculation, logistica
numerosa, and letter calculation, logistica speciosa and is thus seen as the founder of modern
algebra. In mathematics, variables are also referred to as placeholders.
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an enormous increase in the flexibility of possible automated action is achieved. Mechanically
realised variables are characterised by four aspects: 1. the memory as receptacle, 2. the date
archived in the memory, 3. the address of the memory in the machine and 4. the name by
which the memory can be addressed. This characterises the most important connections
between formalism and machine. The programmer creates a relationship between the
material machine and the formal descriptions through the program. The experienced
developer is capable of switching their perspective between the semiotic level of their sign
manipulation, the notion of their technological realisation by the machine and the material
properties of its interfaces. What they can’t do is anticipate the result in its complete fullness.

With this we have broadly sketched out the whole path, starting from a fictive geometric
problem—for example the construction of a geometric figure on a piece of paper with the
help of a pair of compasses and a ruler—to the representation and algorithmic handling of
this problem in the machine.?” The path from geometric problem to computer program is
traced in annex B by way of an example. Before we turn our attention completely to the
material side of computation for the rest of the article, let us conclude by summarising some
characteristics of formalisation and algorithmisation:

e Generalisation: Algorithms do not deal with a single problem, but always a class of
problems. We do not implement algorithms that calculate the result of 17x23, rather
the problem that solves multiplication. Algorithmic thinking is always a thinking in
such classes of problem. After the implementation of a program, the concrete
instances of a problem class are processed autonomously by the machine. Unreflected
repeatability is produced through the formal method, enabling the machine to deal
with the task in an automated manner. However, herein lies one of the main dangers
of automated processes when dealing with complex tasks and accordingly large
program structures. In complex areas of application there are always constellations
where the decontextualised algorithms fail or at least produce undesired side effects
in the real world.

e Independence: The formal algorithms are without content. A binding to content first
arises through their embedding in a real environment. Algorithms of signal
processing can, for example, be applied to images in the same way as to sounds or
movements. If the binding of content to the context is for the purpose of solving or
producing something, the algorithms must be granted their own reality—a reality
that can be examined independently of concrete bonds to content. What we examine
are its internal structural laws. The most powerful uses of computers often arise
where a sound, well-prepared theory is already available for implementation.
Programs are, in this case, actually implemented theory.*®

e Synthesis: New things always arise through the embedding of programs in an
operating environment, even if the modelling underlies the analysis of real
conditions. The depiction function, as we have described them for geometry, can,
however, also be dropped from the beginning. We are then no longer on the side of
world analysis and reconstruction, but rather in the realm of world synthesis.
Algorithms do not have to depict conditions of our experience, they can generate new
circumstances without having a template due to their inner structure and integration
in an everyday context. This means we can “materialise” processes that previously
had no equivalent in our world of experience.

27 The main idea here was to name some of the fundamental steps in abstraction, not to provide
historical completeness or precision. There are numerous sources in the literature to this end. For
example: Sybille Kramer, Symbolische Maschinen - Die Idee der Formalisierung im geschichtlichen
Abriss (Darmstadt: Wissenschaftliche Buchgesellschaft, 1988). Bettina Heintz, Die Herrschaft der
Regel — Zur Grundlagengeschichte des Computers (Frankfurt am Main: Campus Verlag, 1993).

28 A term coined by Holling and Kempin, Identitit.

12



CODE AS FORM - CODE AS MATERIAL

In today’s mathematics, the reasons for the development of formal models have stepped
completely into the background in favour of their structural properties. “Experimental
configuration and mathematic definition now appear completely superficial to one another.
Links between a mathematical model and an experimental system are only produced from
the point of view of fulfilling a function. This or that phenomenon of the experiment can be
approximately described with this or that formula. This is not reasoned with a relationship
to content, rather with the similarity to a formal structure found in both areas. [..] Most
abstractions, as they are used in mathematics for example, have in fact arisen from concrete
contexts, only through the relatively new, structural approach is this context of genesis
erased. They now have an autonomous existence, the concrete conditions of their emergence
have become uninteresting.”29 With this, abstraction is taken to an extreme, the formal
structures have cast off all reference to content and context. But the loss of context comes
with considerable gains. It is only with this that the examination of formal structures as
separate objects can begin.

“Mathematics is the most wonderful science, but mathematicians are often good-for-
nothings. ... thus the so-called mathematician very often demands to be taken for a
deep thinker, no matter that their number include the biggest dunces one could ever
hope to find, unfit for any kind of business that requires reflection if it cannot occur
directly through that easy connection of signs that is more the work of routine than
that of thinking.”°

Georg Christoph Lichtenberg

What we have dealt with under the title Abstraction - Code as Form can be identified as formal
rationality. Here, rational action is reduced to its capacity for abstraction and logical
reasoning, independent of content. Thought itself reduces to a mechanism. In reality, this
rationality marks the way to irrationality. A dangerous dualism of form and content is
installed that—as soon as it is transferred on a large scale into the real world, to technology,
economy and politics—means self-subjugation under the rule of the factual. Disparate things
become comparable and all qualities eliminated. When we willingly reduce our thought to
abstract mathematic and logical formalisms, actual reasoning aimed at completeness is
inevitably lost. Formal rationality can only depict disposal knowledge—orientational
knowledge requires lived understanding of the world. So how and with which contents we
connect the abstract extracts is important for our endeavours concerning form. We must be
aware of what they wish to achieve and where their limits lie. These decisions should not be
made by the calculi themselves—they are our responsibility.

CONCRETISATION — CODE AS MATERIAL

The concrete is the antonym to the abstract and abstraction the process by which our
descriptions detach themselves from concrete appearances. Through the loss of physical
presence, the abstraction of that which does not hold the key can appear meaningless. We
must therefore always ask where the connection between the abstract form and the concrete
phenomenon is retained. This can happen in our heads when we memorise a notion of how
our variables and functions are connected with the world. In this way we can, to a certain
degree, anticipate the effects the program will have in its running environment. The
relationship between code and environment passes over into the material of the programable
apparatus through the implementation of formalism. In connection with programable
machines, the conclusion that the preceding abstraction switches into concretisation in the
computing process is a decisive one. By running operational, semiotic systems on material

29 Ibid., 88.
30 Lichtenberg, Sudelbiicher, 471.
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architectures, the concrete is brought back. At the same time contingencies and unintentional
phenomena are created, which arise from the dynamic interplay of the program code, the
materiality of computation and the embedding of the computation in an external context. The
flesh of digital media arises through the materiality of computation and the reintegration of
algorithmic processes in physical, psychological, social realities. We term this materialisation
and re-contextualisation of the formal concretisation.

According to the triad of digital systems described in annex A, a trifold materiality also
shows itself in the computation process: the materiality of computing networks, of analogue
measuring, representing and controlling interfaces and of discrete code. The materiality of
the code coincides with the other two materialities in the execution, but can be released and
relocated on other materials, e.g. paper, intermediately in order to improve readability or
documentability. In this respect, the code is to be seen as an independent material unit, as it
is not bound to a concrete machine. It can be stored in the computer, relocated on an external
data carrier, or as in the case of our example in annex B, be part of an article that may be
printed or read on the screen. In order to exist, however, it needs some kind of material on
which it is recorded, even if it is only memorised in the mind. An action carrier (processor)
that interprets it and can carry out the technological operations is needed for it to become a
computational process and for the intended effect to unfold. The code can, on one hand,
depending on the programming language, be recorded in various ways and on the other,
represent various algorithms, for example different processes with which a straight line is to
be created. Decisive for our observations is that the portrayed object requires an interaction
of elements, which is, however, aloose and, as a rule, temporary configuration. The individual
components can connect with other components in the next moment in order to realise a new
object. They do not spend themselves exclusively on a concrete configuration of hardware,
interface and code, rather are elements of dynamic interplay.

It is also important that we make decisions for the concretisation of geometry on the
level of the code that are not only of a formal-rational nature, but are also aesthetic. How thick
should the straight lines be, which colours are selected for the figure and background, how
long should the lines be in relation to the total area, which resolution is to be chosen? These
aesthetic decisions in the code will have to show consideration for the materiality of the
interface. Even decisions in relation to the chosen algorithm must cater to the materiality of
the computer, insofar that memory space and temporal behaviour may possibly have an
influence on the choice of procedure. Codes are thus a composite that combines immaterial
algorithms with the material interfaces as “informed material.” Two cultures, the rationalistic
tradition, out of which the algorithmic codes have developed, and the aesthetic tradition,
which is bound to the interfaces and the contents that show themselves there, meet in these
objects. Producing program-controlled objects means permanently taking into account both
sides of this Janus form of digital media and carrying out translation work in both directions.

In the following we will take a closer look at some sources for the fullness that unfolds
in the computational process.

The Fullness of Codes

Today we can model complex spatial scenarios relatively easily with the help of 3D software
and—for example in computer games—calculate and depict their interactive behaviour in
real time. The data and code accrued for 3D models, animations and rendering algorithms
can be represented relatively compactly. But no one can read the visual quality, the richness
of detail and the interactive behaviour of the dynamic running of the program from the source
code. Even a short series of action instructions can no longer be put together to form an image
in our imagination without the support of external notational aids. The intentions of the
programmers or the image constructers can therefore only be approached in an iterative
process, in which the gaze switches back and forth between code and image. The constructer
must derive, from the visible image, those parameters that must be changed on the underside
in order to achieve the desired image. Although the sensory quality of the image first arises
in the interface, its richness in detail is already completely determined in the numerical
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sequence—for example an associated jpeg file. This is what should be important at this point:
the fullness of the image that results from the computation. The sensory richness added by
the physical interface is dealt with further down. Today there are usually complex physical
methods, capable of realistically simulating the distribution of light in space, behind the
rendering algorithms that compute the image from the geometric model. Through formal
approximations of physical laws and their implementation, a richness of image similar to that
produced by a camera can be achieved.

Here the essence of all lawfulness takes effect. Physical laws reduce a multitude of
individual phenomena to basic principles and expresses them compactly in formulas. For
example, the movement of fixed bodies is written up in a very general and compressed way
in Newton’s laws.3! Through the implementation and algorithmic resolution of Newton’s
laws, all the movement phenomena we know from our experience with fixed bodies can be
“decompressed” again. In this way innumerable individual phenomena can be “unfolded” from
the same formal structure with the appropriate choice of model and parameters. We attempt
to conceptualise the reversal of the formation of theory with terms like unfolding and
decompression.3z Science has invested hundreds of years in the examination and description
of laws in particular; the application of laws had to be done largely by hand and was only
supported by simple instruments. The reproduction of concrete phenomena can now run
automatically in computers, insofar an operationalised model exists. With this, laws and
formal descriptions change sides to a degree, from tool of analysis to tool of synthesis.

Even very simple programs made up of a few commands are capable of producing
complex structures. There is a fundamental difference between static program code and its
dynamic execution. Insofar as we know the current state of the computation, we can
unproblematically decide which step is to be carried out next. But the complete behaviour of
the program is by no means foreseeable in every case. We can write very simple algorithms
whose individual steps are easy to comprehend, of which we nevertheless cannot say which
semantic properties they possess, not even if they will halt or continue to run forever. One
could approach this naively and say we are only too slow or too imprecise to comprehend
programs. This deficit cannot, however, be remedied by increasing the computational power
used to process the problem. One of the central results of computability theory shows that,
fundamentally, there can be no program that can decide whether any other program has a
particular property.** The Goldbach Conjecture [see annex C] is an impressive example that
shows how little we can say about the course of calculations without running the programs.
Even one-dimensional cellular automata, whose behaviour can be easily written out on a
piece of paper, are capable of self-organisation. This is also the core message of the book A
New Kind of Science by Stephen Wolfram: programs that are made up of simple rules can
produce behaviour of great complexity. Rule 110, for example, is very well-known in the
context of the investigation of one-dimensional cellular automata. The automaton based on
this rule can carry out universal calculations and thus possess the power of a Turing machine.
So one solitary rule is enough to unfold the whole universe of computation. What does this
tell us about physical reality, about mathematics, about our thought?

31 It would be more exact to talk of physical dynamism, in particular kinetics, which covers the
relationship between powers and movement.

32 As it is about the formation of structures following the interaction of local operations, one could also use
the term emergence in this context. We consciously refrain from using it here, as it should remain reserved
for the spontaneous occurrence of new properties. Complex structures do not general arise from computer
programs. But even if they are not emergent, something is always unfurled through the calculation. Insofar
as we only call something that is already existent but still hidden emergent, then the term would be quite
appropriate, as programs are deterministically repeatable and disclose the same time and again. Following
on from Konrad Lorenz one could then call “real” emergence fillguration.

33 Theorem by (Henry Gordon) Rice (1951): Let R be the class of all computable functions and S any
non-trivial (that means S # g and S # R) subset of it. Let there also be a coding that allocates a
codeword w to the coded program Pw. Then the language C(S) = { w | the function computed by Pw lies
within S } is undecidable.
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The Physicality of Hardware and the Sensory Richness of the Interface

It is possible to produce the effect of a computing machine by writing down a
set of rules of procedure and asking a man to carry them out. Such a
combination of a man with written instructions will be called a “Paper
Machine.” A man provided with paper, pencil, and rubber, and subject to
strict discipline, is in effect a universal machine.** Alan M. Turing

Turing’s universal machine of flesh and blood is an appropriate image for illustrating the
materiality of computation. The human being can behave like a Turing machine. As soon as it
submits to the strict discipline of the rules, it is in fact a machine—at the same time, it cannot
be completely reduced to that. Its mere physical existence alone allows any outsider to
observe perspectives that are completely independent of the computational process. To
interpret an occurrence as computational process always means concentration on one
singular aspect and ignorance of the rest. The process itself is always richer than that and can
also be viewed with regard to other aspects. Of course, there is a guiding perspective that has
to do with the intended purpose of the apparatus as a computer. This point of view is not self-
explanatory, it must be recognised.*’

Under the guiding concept of Biological Computing we probe at the outer limits of
computing, at least questioning a mono-contextual view of the machine.* Here colonies of
bacteria are bred in order to solve the Hamiltonian path problem. The growth of slime mould
is controlled in such a way that it is capable of solving the well-known mathematical problem
of finding the shortest path out of a labyrinth. Robots can compensate for glitches through
continuous self-modelling and in this way develop qualitatively new behaviour. Biology
certainly compares the behaviour of cells with machines. The functional behaviour of more
complex organisms cannot be explained in entirety with a single level of description. That an
organism can be disciplined or modified in this way, that it computes, does not mean that one
can reduce it completely to this perspective. This in no way captures the complexity of a living
organism. We do not know the necessary conditions and the limits after which we must say
that the embodiment of algorithms has reached such a level that we can no longer deny our
machines their own life, even if it only appears as an undesired side effect.’’ It is beyond
doubt, however, that synthetic biology has the potential to fundamentally question the
division between organism and machine.

To realise a machine as an organism is one way. The other, which is also being researched
as organism and machine converge and has long been tested and applied in medicine, is the
extension of the organic to include technological senses and information processing
prosthetics. The mere input-output behaviour of electronic sensors and actuators can be
easily described formally, but if the signals trigger real sensations, this behaviour is less
informative. If the triggered perceptions are the essential components of the device’s
intended purpose, they must also be part of the system description. In order to understand
the apparatus’ mode of action it is not enough to record the inner functions and the quantities
of signals at the inputs and outputs—the effects, sensory qualities and sensations of the
wearer must be included. In short, we can say: a cochlea implant is good if the patient hears

34 Alan M. Turing, “Intelligent Machinery” (1948) in Cybernetics: Key Papers, eds. C. R. Evans and A. D.
J- Robertson (Manchester: University Park Press, 1968).

35 Cultural history teaches us that the manner of use and meaning of found tools is first revealed
when the cultural context is also known and one knows how people lived and worked at the time of
their use.

36 See also: Georg Trogemann, “Biological Machines and the mechanization of life,”
https://www.researchgate.net/publication/260227292 Biological Machines and the mechanizatio
n of life

37 The example of meat production shows us just how far instrumental reasoning and goal-oriented
economic thinking can go. The requirements of animal welfare are suppressed in the name of cheap
and quick production.
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well with it and a visual prosthesis, if the patient experiences a satisfactory spectrum of
colour, richness of detail and other qualities. The signals at the interface are subordinate to
subjective experience. The long-term goal of science is, of course, to tap the signals and make
them available right there where they are processed, in the brain. The constant progression
of electronic circuit miniaturisation together with the availability of tiny energy-efficient
wireless systems has led to the development of the first integrated controllers, which are
currently being tested on insects. The flight path of insects can be controlled over a long
period via the cursor keys of a laptop using tiny implanted chips.

There are however very many simpler examples with which we can illustrate the
materiality of computing processes and their influence on the result, also with conventional
electronic computers. The fractal pattern in the lower triangle of illustration 1 can be
interpreted as a material malfunction of Euclidean idealisations. Two triangles (left black,
right white) are laid on top of each other per 3D software in such a way that they are on the
same plane.’® As they are mathematically defined, they do not interfere with each other when
they overlap. In terms of the program the situation is easily described. But in the images
created by the graphical program, a fractal pattern appears in the overlapping triangle (lower
triangle). The cause: the rendering algorithm approximates the position of each point from
the corner points of the corresponding triangle. Due to limited computing accuracy,
sometimes the white surface appears at the front and sometimes the black. The fractal
structure of arithmetic of finite accuracy leads to the image shown, which changes its pattern
according to point of view when interactively controlled.

Illustration 1: Collapse of Euclidean idealisation in a concrete computing process. The
fractal structure of the arithmetic of finite accuracy becomes visible.

Here, the hardware limit of the machine destroys the geometry idealised in the process
of concretisation. Our lived world knows no infinitely thin triangles. If we lay two triangles
on top of one another, one will always lie on top, hiding the other. Depending on whether the
triangles are opaque or transparent, we will see the colour of the triangle on top or a
subtractive mixed colour. Formally depicting the infinitely thin triangles of Euclidean
geometry presents no difficulty at all inside the computer, only in the computing process does
the idealisation fall apart and the material conditions of computation become visible. An ideal
machine with infinite accuracy would not produce this pattern. What we see is the fractal
structure of arithmetically finite accuracy. The “problem” can of course be easily solved in the
software, but that is not the point. More interesting to us is the fact that the problem does not
exist in the formal model of geometry, it is the practical computation that generates the
artefact. This is not the return of a phenomenon we had taken away in the process of
abstraction, but rather something new to do with the materiality of the computation.

38 CINEMA 4D is used in this concrete example. In many 3D programs the action described is either
disallowed or it is intercepted and “repaired” in the software, by removing one of the overlapping
surfaces.
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Contingencies by the Beholder

Interfaces, on the input side, realise the transformation of complex open surroundings into
digital values. Side effects often come into play in such capturing processes. In this way, an
image produced by a camera never contains only the information intended by the
photographer. Conversely, output processes, which realise symbolic representations in
images, also generate unavoidable side effects. In complex scenes, the image appearing on the
interface always also contains unintentional phenomena that lie beyond the conscious
placement of the programmer or designer. Winograd and Flores also term these phenomena
“unintended representation.”3? For example, the beholder can see circles on the screen,
although neither an explicit construction principle for circles is implemented on code level,
nor did the programmer think of circles in any phase of program development. Interfaces can
both narrow semantic potential on the input side, as well as create new semantic potential
on the output side.

The awareness that every reception of an artwork requires the active participation of
the beholder is a critical finding in contemporary aesthetics. According to this, no artwork
can convey to a beholder precisely that which the artist intended. Marcel Duchamp calls this
the “personal art coefficient,” describing the relationship between the “unexpressed but
intended” and the “unintentionally expressed.” Umberto Eco also makes it clear in his poetics
of the open artwork that the relationship between author and recipient always assumes a
certain degree of co-creation. The beholder themselves has a constitutive role in every
aesthetic experience.4? But this seems to run precisely against the goals of mathematic
formalisation and code thinking, where the aim is to eliminate all ambiguity.

Donald Norman differentiates three mental models that he sees as being in play in the
development of every artefact: the design model, the user model and the system image.4! The
design model is the concept that the developer designs and has in mind when they produce
the artefact. The user model is the user’s conception of the artefact while they handle it. User
and designer only communicate through the artefact: its physical appearance, its behaviour,
the way that it reacts and the descriptions about the artefact available to the user. The
designer will therefore try to make their decisions in such a way that the built system and its
concept correspond as closely as possible and the artefact communicates the essential
features of its designs to the user and lays it open to interaction. But in computer applications,
codes take centre stage in the interplay between designer and system. The main feature of
programs is precisely the fact that they clear out all interpretational scope and can thus, in
principle, link their behaviour as closely as possible to the intentions of the design. The code
is that which is really inscribed in the system, it is the objective basis of the models that the
designer and user make of the system; it is the part that cannot be disputed and which is not
open to free interpretation. In dealing with the system, perceptions will build up with the
designer and with the user that differ greatly and that cannot be captured, particularly on the
level of code alone. Beyond that which is objectively inscribed in code, there are manifold
attributions, which have to do in particular with the contents shown in the interface and are
aimed at grasping further meaningful aspects of computer applications. Only inscriptions and
attributions together complete the canon of possible perceptions. In contrast to Norman’s
usability approach, the goal in the artistic context it is not only enabling efficient action, but
also offering up open fields of action and interpretation. The openness of a computer
application should be understood very generally as the property that opens up new scope for
action and interpretation respectively for the user or recipients and that certain flexibilities
and permeabilities are created for their intentions. The strategies that allow mediation
between the two layers and to creatively use the tensions between inscriptions and
attributions are still missing.

39 Winograd und Flores, Erkenntnis Maschinen Verstehen (Berlin: Rotbuch Verlag, 1989), 155.
40 See Trogemann and Viehoff, CodeArt, 146ff.
41 Donald Norman, The Psychology of Everyday Things (New York: Basic Books, 1988), 189f.
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“We must decide on a perception of the structure of things, their
transformation and their most general dimensions, however much they
may also have changed through experience.”2 Rupert Riedl

ANNEX A:
The Machine’s Threefold Division: Hardware Networks—Interfaces—
Codes

The company Sun Microsystems was founded in 1982 with the vision: “The network is the
computer!” No prognosis on the future of the computer is likely to have proved more correct
over the past 25 years. If we list the essential characteristics of our present-day programable
machines, the diversity of interfaces and comprehensive networking in particular must be
named alongside the classic division of hardware and software. The programable machine is
no longer split, like in the early days of its development, into the computer and its program,
but rather into three complex, interacting components: computer networks, interfaces and
software. The interplay of material and form, as well as the tension between aesthetics and
reason, are in practise essentially linked to interfaces and codes. Computer networks are the
necessary substrate on which the temporal behaviour of programmed objects can be realised
in the first place.

Hardware networks are conglomerations of processing, saving and communicating
computer units. The fundamental functionalities of such networked systems—saving,
transferring and computing—now take place millionfold, simultaneously and in dispersed
locations. Every node of this network is capable, on the basis of codes, of carrying out
calculations, receiving, saving and sending data (and codes). Such networks do not only
connect personal computers or mobile phones with each other globally, but also innumerable
micro-controllers, which—equipped with the smallest sensors—are built into every possible
everyday object and communicate with each other wirelessly. The physical properties of the
computer are responsible for the temporality of the media. The algorithms themselves have
no time, they only know the sequences of individual steps. The actual execution of the steps
is what creates the temporal behaviour, dependent on the concrete hardware. 43 The
hardware and the processes that run on it first generate a time signal with the help of
“organised material” and make it available to the software. Only thus does the software know
time and can control computing and communication processes algorithmically.

Interfaces are those points in computer networks at which sign-based mechanical
processes connect with their surroundings. Digital computers can, in principle, only process
signs, i.e. transform symbolic inputs, which usually stand for objectified circumstances of the
external world, into symbolic outputs. Interfaces are the communication units between the
symbolic processes in the computer networks and the non-symbolic environment. With
sensors we are capable of automatically extracting input-side occurrences from the
surroundings and coding them as signs. The inner structure of the interface—the
measurement process—determines which occurrences in the environment reach the inside
of the system. An objectification of the environment, eliminating all fuzziness, takes place via
the discrete measurement process in the sensor. But through interface mapping, the system

42 Rupert Riedl, Strukturen der Komplexitdt. Eine Morphologie des Erkennens und Erkldrens
(Berlin/Heidelberg: Springer Verlag, 2000), 102.

43 An example of the materiality of computer networks, which annoyed several million people during
the 2006 Football World Cup, comes under the headline “Germany celebrates out of sync.” Viewers of
cable TV receive live signals approximately 4 seconds earlier than DVB-T viewers—4 seconds that
can be of huge importance to the dynamics of a football match. This meant that people would hear
their neighbours with cable celebrating a goal, while there was nothing yet to suggest what had
happened on their own DVB-T TV.
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simultaneously defines its own blindness to all other phenomena not selected for
measurement. The converse process takes place in the output-side interface. Signs become
material processes and actions. Rational, text- and number-based thought thus shifts back to
the level of socio-cultural praxis, of sounds, images, movements etc.

The codes processed in computer networks have their roots in mathematics on one
hand, and electrotechnology on the other. Computer codes are therefore understood as
techno-scientific hybrid objects and are interpreted as mathematic-formal descriptions, but
are also granted—in interplay with the substrate of a computer—the power to operate and
act independently.* However, these codes are now no longer, as they were at the beginning
of computer development, bound to a singular computing unit, but can, more or less, move
freely through the computer network. The hardware thus becomes a selectable environment.
The signs float through the network, are archived, copied and implemented. For the users of
computers it is generally no longer clear as to where and when their demands are served and
in which way this happens in detail. The dispersed interacting operating systems—as well as
complex code systems—manage the resources of the computer networks completely
independently, assign runtimes, create copies, convert data from one format to another, try
to protect the system against unwanted access and actions and much more. The machine-side
operating system and the user software combine to form a complex production.

Due to their materiality, hardware and interfaces are “bound to nature,” they are subject
to the laws of the physical world, i.e. they use energy in order to do their work, are subject to
ageing processes and are prone to all kinds of defects. Codes on the other hand are directly
linked with human thought and human language, they are bound by algorithmic rationality.
The limitations of codes are no longer directly subject to the laws of the material world like
hardware, their limitations are the limits of our thought and our imagination. It is not the
digitality of computer-based media that is significant, rather its linguistic basis. As we can
also describe and handle continuous models on this linguistic basis, the digitality of the
machine is secondary. Possible limitations result from the insufficient power of the
programming language or—as should be more commonly the case—the complexity of the
task. Mistakes that appear in connection with codes are therefore always conceptional
mistakes and never “material mistakes” in a physical sense. This means that code mistakes
arise when the conceptions the programmer has of their program do not correspond with the
functions that it actually computes.

44 Heike Stach, Programme, zwischen Notation und Organismus - Zur kulturellen Konstruktion des
Computer-Programms (Wiesbaden: Deutscher Universitats-Verlag, 2001).

45 Apart from fundamental limits of calculability, which play a rather secondary role in practise.
Except if programs are to be used to make semantic statements about other programs.
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ANNEX B:
The Machine’s Threefold Division: Hardware Networks — Interfaces — Codes

int x1 = 70, x2 = 130, x3 = 210, x4 = 330;
int yl = 50, y2 = 130, y3 250;
int X =380, Y = 300;

void setup() {
size(X, Y);
background(255);

fill(255, 0, 0); rect(xl, yl, x2-x1, y2-yl);
fill(e, ©, 255); rect(x3, yl, x4-x3, y2-yl);
fill(255, 255, 0); rect(xl, y3-40, x2-x1, 40);

strokeWeight(6);

line(x1, ©, x1, X);
strokeWeight(4);

line(x2, 0, x2, X);

line(x3, 0, x3, X);
strokeWeight(6);

line(x4, 0, x4, X);

line(xl, y3-40, x2-2, y3-40);

line(0, yl, X, yl); line(0®, y2, X, y2); Lline(®, y3, X, y3);

save("MyImage.jpeg");

Illustration 2: Trivial example of a programmed geometry. The processing code and the
resulting (Mondrian-style) image are represented. Alongside the actual geometric objects
(course of lines in the plane, position of the rectangles), material properties are also already
defined in the code (background, colours, line thickness).
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“The artist as programmer creates works as classes of works. They
think fundamentally when they create. They think of all pictures that
are connected by an inner bond. They think of images as classes that
are to be realised through calculation.”6 Frieder Nake

In Frieder Nake’s terminology, what is represented here are the subface and surface of a
digital image.*” According to the conventions of programming language, processing runs from
left to right on the X axis of the Cartesian coordinate system, and from up, downwards on the
Y axis. The zero point of the coordinate system is consequently in the upper left corner of the
image. The variables x1 - x4 mark the start and end points on the X axis, the variables y1 - y3
correspondingly the start and end points on the Y axis. The variables X and Y in the command
size(380,300) define the size of the image as 380x300 pixels. Anything drawn outside
this area is invisible. In processing the syntax 1ine(x1,yl1,x2,y2) means that a line is
drawn from start point (x1,y1) to end point (x2,y2). The command rect(x1,y1,x2,y2)
correspondingly draws a rectangle with the upper left corner at point (x1,y1) and the lower
right corner at point (x2,y2). With this the simple image composition, i.e. the position of lines
and rectangles, can already be understood. As we don’t use fixed values for the points and
therefore the course of the lines, but rather variables, the written algorithm not only realises
an image, but rather a whole class of images. While maintaining the procedure, but changing
the integer values for the x- and y-variables, a myriad of images can be generated. The notion
we connect with a pair of values (x1, y1) corresponds exactly with the abstract idea of
Euclidean points on the plane. Abstract idea and mathematical formalism are completely in
sync here. Numerical values that are, for example, visualised on the number line, also possess
no spread in our idealised notion. As soon as the abstract ideas of points, lines and surfaces
are accepted, the syntax of the program represented here is also easy to understand. We can
calculate with the points in the geometric plane in the same way as with other arithmetic
quantities.

The rest of the program’s commands are already related to the image’s material
properties. The thickness of the brush is defined by strokeWeight () and the active colour
by £i11( ). Here the programer already defines material parameters of the resulting image.
Itis interesting that the material properties on this level are also still formally described, with
the help of numerical values, which are robbed of their sensory qualities. The fullness of the
concrete first returns through the materiality of the code’s execution. With the material
accumulation, the dirt of the three-dimensional world also comes back, computing accuracies
are limited and material mistakes are the norm. Colour values transform into real colours and
size statements of objects are no longer just numbers, but take up real space. For this, code
and interface must be synchronised. In our trivial example, a colour value is calculated for
every pixel of the 380x300 point image with the execution of the program and the digital
image, made up of columns of RGB figures, saved in jpeg format. But the image as a colour
surface first arises in a further transformation process. The realisation surface can be a
computer screen, a projected beamer image, a sheet of paper printed by a laser printer, or a
canvas on which paint is applied by a colour plotter. Each of these interfaces imprints the
image with its own material qualities. This results in new interpretational scope, perception
qualities and contingencies for the beholder. Of course, the code controls the process, but it
does not contain the fullness of the physical result.

46 Frieder Nake, “space.color,” in Algorithmik - Kunst - Semiotik. Hommage fiir Frieder Nake
(Heidelberg: Synchron Wissenschaftsverlag, 2003), 139.
47 Nake, “Doppelte Bild,” 40-50.

22



CODE AS FORM - CODE AS MATERIAL

ANNEX C:
The Goldbach Conjecture

There are unproven problems in number theory that can be easily formulated

algorithmically. The Goldbach Conjecture was formulated in 1742 by the mathematician

Christian Goldbach in a letter to Leonhard Euler. The Goldbach Conjecture is as follows:
Every even integer greater than 2 can be expressed as the sum of two primes.

(4=2+2)

6=3+3

8=3+5

10=3+7=5+5

12=5+7
14=3+11=7+7
16=3+13=5+11
18=5+13=7+11
20=3+17=7+13
22=3+19=5+17=11+11
24=5+19=7+17=11+13

Table 1: Proof of the Goldbach Conjecture for the first 10 even numbers.

The results for the first numbers are listed in table 1. A program can be easily sketched out
(ill. 3) that halts exactly when the Goldbach Conjecture is incorrect. In this formulation, the
correctness of the Goldbach Conjecture would mean our program would never halt. Although
a series of notable number theorists have tackled the Goldbach Conjecture, it has neither be
proven nor disproven to this day. So no one can say whether our little program would ever
stop or not.

n = 4;
conjecture = true;
while (conjecture == true) {
n=n+ 2;
conjecture = false;
for (i = 3, to n-2, n+2) {
j =n-1i;
if (i prim && j prim){
conjecture = true;

break;

}
print(“Goldbach’s conijecture is false”);
Illustration 3: Program sketch for a calculation to test the Goldbach Conjecture.
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