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[Of Grammatology] When Madeleine asked 
what the book was about, she was given 

to understand by Whitney that the idea of a book 
being ‘about’ something was exactly what this 

book was against, 
and that, if it was ‘about’ anything, then it was 

about the need to stop thinking of books 
as being about things.  

Madeleine said she was going to make coffee. 
Whitney asked if she would make him some, too. 

 
Jeffrey Eugenides: The Marriage Plot1 

 
 
 
 
 
 
 
 
 
 

                                                 
1 Farrar, Straus & Giroux, New York, 2011, 23. 
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Preface 

 
In principle, philosophy is on a permanent quest for an adequate 
language. Hence, it shares a vital interest with literature. However, 
both philosophy and literature have been separated strictly within 
the ongoing public discourse as representing completely different 
approaches to mapping the world as it is (in speculative terms) and as 
it is being observed (in sceptical terms) at the same time. One could also 
add: And as it could be according to our imagination (or cataleptic 
phantasy rather, to be more precise). Essentially, this separation has 
been a direct consequence of the even more strict separation of the 
sciences and the arts as it has been carefully cemented for at least 200 
years by now. 
The only exception may be French philosophy, especially as seen 
under the perspective of developments in the 20th century: What is 
generally classified as belonging to the socalled “schools” of 
existentialism, structuralism and many other –isms, very often strives 
for an all-encompassing method to grasp a theoretical totality of 
knowledge and understanding that is not limited by boundaries of 
pre-defined disciplines. This may be the reason for another exception 
as far as French philosophy is being concerned: Before and after 
World War II, the political engagement of French philosophers 
(actually in the very wording of this concept a French invention) has 
been far greater than in other countries. Very many of them have 
shown up as politically engaged intellectuals, and very often the 
assemblies of estates (états généraux) have been organized by 
philosophers.2 
In his noteworthy essay on “the writer as intellectual”3, Georg Jäger 
discusses the genesis of the intellectual out of a discourse of 

                                                 
2 Likewise, the invention of the concept of an intellectual goes probably 
back to a manifesto published on 14th January 1898 in the Paris journal 
“Aurore” including the famous open letter of Zola’s to Félix Faure, then 
president of France, dealing with the Dreyfus case. 
3 Georg Jäger: Der Schriftsteller als Intellektueller. Ein Problemaufriß. In: 
IASL-Diskussionsforum online. Geschichte und Kritik der Intellektuellen. 
(ed. Britta Scheideler) http://www.iasl.uni-
muenchen.de/discuss/lisforen/intel1.htm (03-05-2013) 
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engagement as determined by a definition that is in turn its own 
performance: In this sense, the definition of the intellectual is the 
discussion concerning his/her definition. 4  Hence, the writer is a 
proto-typical example for an intellectual who is “free-floating” in the 
sense that he/she is not firmly attached to some given “party” nor 
firmly attached to a given line of argument, but nevertheless unfolds 
a normative impact created by the chosen form of discourse in the 
first place. In fact, as to philosophers, the French educational system 
(at least during most of the 20th century) gave the “free-floating” state 
equal advantage as compared with the traditional university career: 
The main reason is probably the existence of the écoles normales that 
may equally serve as entrance or not as entrance to a classical career 
such that well-known philosophers (from Sartre to Derrida) did not 
acquire a sufficiently professorial state at any time, although despite 
of this they were more or less loosely attached to the academic scene. 
For Germany, a good starting point might be Heinrich von Kleist: In 
his Kleist essay5, Hans Heinz Holz defines poetry6 as the reflexive state 
of language. According to him, a work of art alienates language such 
that “…we discover the forgotten meanings of the well-known, 
because we see it as something which is alien to us”.7 Because Kleist’s 
problem starts with apories of the general nature of language, Kleist 
can be possibly visualized as an early intellectual for whom 
philosophy of language, poetry, and political engagement fall into 
one.8 
This problem is still present in our time – probably more than ever: 
Jacques Derrida – beside dreaming of a polymorphic diary that could 
establish an absolute text or looking for a fractal biography of some 

                                                 
4 This can be visualized as the motto of the aforementioned forum. 
5 Hans Heinz Holz: Macht und Ohnmacht der Sprache. Untersuchungen 
zum Sprachverständnis und Stil Heinrich von Kleists. Athenäum, 
Frankfurt a. M., Bonn, 1962. 
6 In fact, he talks of „Dichtung“ which in German carries the primary 
connotation of poetry, although (as is the case also in Kleist) traditionally, 
epic prose can be included in this. 
7 Ibid., 11. (my translation) 
8 Obviously, for Prussia at the time of Kleist, almost hundred years before 
Zola, the role of an intellectual would take quite a different form – and a 
more spectacular shape of failure after all. 
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multiple, shifted rather than hierarchical type9 – bases his critique 
addressed to his colleagues, even to one of his best friends Althusser, 
on an explicit questioning of the foundations of the language actually 
applied: “In not asking any ‘fundamental’ questions or questions for 
one’s own foundations, for one’s own assumptions, even for one’s 
own axiomatic (…), I saw at the time a deficiency of radicality and a 
still all too dogmatic reference to one’s own discourse, and this could 
not, sooner or later, remain without political consequences …”10 And 
this is for him the deeper reason for inventing what he calls 
deconstruction, because whilst according to the linguistic tradition of 
Saussure the concept of difference is at the source of meaning, he 
argues that this type of thinking is still ruled by what he calls 
“logocentrism” or alternatively the “metaphysics of phonetic 
scripture”. Against this tradition, he would rather prefer to put 
scripture itself into an equally important position in order to shatter 
an ontology which attaches the meaning of being to something 
present and the meaning of language to the full continuity of the 
spoken word. Different from this tradition, he would like to make 
enigmatic what usually comes in terms of names like vicinity, 
immediacy, and presence.11 
In a nutshell, this is what “deconstruction” actually means: To solve 
the parts of a whole. To dissolve a construction. To reduce itself by 
loosing one’s construction.12 Obviously, what is left in between the 
parts, once they are layed out for analysis, this is the ground on 
which language is being built. This is very much on the line of the 
argument given by Hans Heinz Holz when he talks about Kleist: 
“Poetry is thus structurally kindred (or cognate) to architecture, 
which can be demonstrated by the fact that a literary piece of art, 
likewise an architectonic one, must stand to test the originality of its 
style within the adequacy of its linguistic material.”13 For Derrida, the 
original problem underlying this topic emerges from his interest in 

                                                 
9 Benoît Peeters: Jacques Derrida. Flammarion, Paris, 2010. (Here 
according to the German edition, translated by Horst Brühlmann. 
Suhrkamp, Berlin, 2013, 10 sq., 16 (par.)) 
10 Quoted here according to Peeters, op. cit., 220. 
11 Paraphrased from Peeters, op. cit., 233 sq. 
12 Peeters quotes these connotations according to the Littré. (Ibid.) 
13 Holz, op. cit., 14. (my translation) 
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Husserl whose final and deepest ambition is to lay bare some 
primordial experience and to eventually reach “the thing itself” in its 
purest presence. Derrida finds this viewpoint more than problematic, 
and looks for an alternative that is clearly reminiscent of the romantic 
dreams of Friedrich Schlegel and others, reaching out for a symbiosis 
of philosophy and art.14 
This is actually the important point: To look for the possibilities of 
grasping experience whilst recognizing that experience is always 
more than what can be said about it. In fact, this is what philosophers 
working on Schelling nowadays discuss very often when trying to 
find a correlation between Schelling’s project of a positive philosophy 
and a modern equivalent which might be adequate for our present 
perspective. In the case of Schelling, it is exactly this experience also 
Husserl was interested in that is referred to the realm of religion. 
Essentially, Schelling, following his Freedom Essay, would like to re-
construct the genesis of this experience in terms of a mythology 
which can be visualized as a log book of its manifestation. In this 
sense, for him, mythology shows up as a predecessor of monotheistic 
religion. Hence, it is this religion in the end that is the field which 
cares for this type of fundamental experience, beyond the reflexive 
field of propositional theories in philosophy (in the terminology of 
Schelling associated with what he calls negative rather than positive 
philosophy). 
Unfortunately, this originally religious context is far from satisfactory 
nowadays: Without any doubt, the world is not as we observe it. And 
likewise, our experience is not identical with what we can 
propositionally formulate about it. This is quite an acceptable 
position taken in hermeneutically oriented philosophy.15 But it looks 
rather naïve when trying to fill the gap of interpretation by means of 
any religious tradition. However, the protagonists who claim this 
experienced beyond as their personal concern, cannot actually 
provide a suitable answer to the question how this beyond could be 
visualized at all (if not in a religious manner). Despite the fact that the 
answer is already available in Schelling (even if one would use it 

                                                 
14 Cf. Peeters, op. cit., 259, 378 (par.). – As to the latter, Peeters refers here 
explicitly to Derrida’s work: “Glas”. 
15 Probably, it is analytical philosophy that would contradict here. But the 
question is for what prize? 
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against Schelling himself): Indeed, it can be found in the philosophy 
of art. 
The general viewpoint mentioned here will be the starting point for 
what we are going to do in this present work: What we would like to 
do is to draft out a plausible conception that might be able to find 
some more new answers to the problems involved here. Of course, 
we will approach this objective by a somewhat different method that 
has rarely been part of philosophical investigations so far: In the first 
part, we actually start with the theory of systems. The idea is the 
following: As I have shown more recently at another place16, it is 
Spinoza who can be understood as the first philosopher introducing 
the strict notion of a system in the modern sense of ongoing research 
in the sciences. In fact, the whole book on these consequences of 
Spinozist thought can be understood as a first commentary to a 
remark published by Henri Atlan at the 1995 ISES meeting in Vienna: 
At the time, he visualized Spinoza as the early inventor of the 
modern concept of evolutionary systems in the first place.17 And from 
the scope of Spinoza’s seventeenth century Ethics we can actually 
derive the scope of the theory of systems nowadays, as the editors of 
the aforementioned volume have formulated: “It is important to see 
that describing the interactive history of systems in terms of stability 
and evolvability … fundamentally rearranges any discussion on 
values, aims, and purposes, and on individuality and subjectivity.”18 
Hence, what we will do is to give a sufficiently compact summary of 
recent results on systems. Although this will be done by means of 
introducing a formal language (i.e. mathematics), somewhat alien to 
the philosophical discourse, we will nevertheless recognize quickly 
that the perspective chosen here is nothing but a generic consequence 
of the fact that reflexion must start from what is observable. In other 
words: We have to begin in a regressive and thus negative way, 

                                                 
16 Rainer E. Zimmermann: New Ethics Proved in Geometrical Order. 
Spinozist Reflexions on Evolutionary Systems. Emergent Publications, 
Litchfield Park (Az.), 2010. 
17 Henri Atlan: Immanent Causality. A Spinozist Viewpoint on Evolution 
and Theory of Action. In: G. van de Vijver, S. N. Salthe, M. Delpos (eds.), 
Evolutionary Systems. Biological and Epistemological Perspectives on 
Selection and Self-Organization. Kluwer, Dordrecht, 1998, 215-231. 
18 Ibid., x. (preface) 
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namely by taking in sight what is observable and then by 
illuminating its ground which is the proper material for the 
subsequent reflexion. This is why we start with the sciences. 
The second part of the work is dealing then with the dual perspective: 
While visualizing reflexion as designing a sequence of theories 
consisting of sets of propositions that satisfy given constraints19, we 
now ask for the (human) conditions necessary for being capable of 
designing theories in the first place. This is the perspective of the 
meta-theory: a theory that tells us how to create theories. Obviously, 
the necessary conditions can be visualized as the actual outcome of a 
biological evolution that is producing human beings (among other 
things). Probably, the original idea of this is going back to Freud’s 
conception of a meta-psychology. It is Patricia Kitcher who discussed 
this idea for the first time in more detail.20 But while she comes to the 
conclusion that it has been essentially the overwhelming 
interdisciplinarity of Freud’s project that opened his defence lines to 
the assault of those who discarded his approach as unscientific, we 
will try instead to re-construct his original line of argument in the 
light of more recent interpretations as provided by the French 
protagonists of the Lacanian influence on psycho-analysis. The 
important point is that this development is generically embedded 
into the development of what is generally called structuralism and 
classified as part of a philosophical paradigm rather than being a 
mere methodology of the various sciences. And in fact, it is not a 
coincidence at all that it is Lévi-Strauss who is said to be the father of 
this paradigm: This is because the onset for structuralistic approaches 
is provided by anthropology, the science of human beings proper. All 
what emerges in terms of scientific models and reflexive conclusions 
is something that has been produced by human beings under the 
conditions of human beings. 
On the one hand, this is a result that is immediately linked back to the 
theory of systems: As a universal conceptualization of the sciences, 
the theory of systems is successful because the mode of thinking of 
human beings is constituted in a systemic way. On the other hand, this 

                                                 
19 We call such sets models and thus visualize theories as collections of 
models. 
20 Patricia Kitcher: Freud’s Dream. A Complete Interdisciplinary Science 
of Mind. MIT Press (Cambridge, MA), 1992. 
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also provides a bridge to structuralism: As it turns out, a structure is 
to system what a part is to the whole. In other words, we can visualize 
structures as subsystems of systems. 21  This point will become 
particularly important, when we can show that there is a 
straightforward conceptual convergence of the theory of systems and 
psycho-analysis, respectively. 
But we can also notice the loop of self-reference which is inherent in this 
approach: Whether theory or meta-theory, all of them are designed 
by human beings that are visualized as a result of permanently 
producing nature. Hence, theories are another subsequent result of 
this ongoing production. However: The evolutionary model of an 
ongoing production is itself again a reflexive result of producing 
theories. So human beings model their own becoming (and thus their 
own constitution) according to their mode of modelling (thinking). 
This is the reason for a fundamental gap (décalage) between what 
humans can actually find out about the world as they observe it and 
how the world really is. Hogrebe once referred to this aspect as a 
scandalon that could be understood as what Schelling calls “the 

                                                 
21 As far as I can see, this point has been actually missed in the otherwise 
important book of Heinrich Rombach: Substanz, System, Struktur. 2 
vols., Alber, Freiburg/Br., ²1981. – I have discussed these aspects in more 
detail in: System des transzendentalen Materialismus, Mentis, Paderborn, 
2004. Probably, the error is in the mis-interpreting of the traditional 
antagonism of structure vs. function: In this present work, structure is 
always referred to organization. Hence, the function is grounded in the 
organization in the first place. So we can say that structure shows up as a 
pattern, but the latter has been organized and thus explicates its 
functions. Also, we can recognize that then, structure is to system what 
model is to theory. Apparently, it has been Paul Ricoeur who noticed this 
problem for the first time in his essay in “Esprit” (May 1967), when 
pointing out that Saussure did not actually utilize the word “structure”, 
but the word “system” instead. While “structure” showed up not before 
the conference in La Haye of 1938 when it was used in the sense of 
“structure of a system”, hence, as a specification of the latter. See in more 
detail Günther Schiwy: Der französische Strukturalismus. Rowohlt, 
Reinbek, 1984, 16. 
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source of bitternis which is in the interior of all life” and therefore 
topic of the arts.22 
Indeed, it is this loop of self-reference which is immanent in human 
theory design that prevents the reflexive transcending of lived 
experience. Human beings that try to grasp this lived experience in its 
fullness, reaching far beyond what can be propositionally formulated 
in terms of theories, are thus referred to the field of the arts. Hence, 
art shows up as a  discipline of the imaginary altogether.23 Obviously, 
literature is a substantial part of it. 
And this is exactly what will be topical in the third part of this present 
work: Based on Bourdieu’s concept of “literary field”, we will try to 
explicate what kind of understanding can eventually emerge out of 
the first two parts of this work. By doing so, we select a well-known 
(and well-studied) example which is Flaubert’s epic prose, notably 
this of his celebrated “Madame Bovary”. Despite the vast number of 
references available concerning this topic, we will try to extract some 
new insight as to the relationship between the literary field and the 
praxis of everyday life. The main idea is to demonstrate concrete 
consequences of the theoretical work undertaken, something which is 
usually left out of the discussion. And from hence come the 
difficulties of mediating the results to the larger public, because it is 
not very clear from the outset, of what practical relevance all these 
results may actually become. But as we have already seen in the 
beginning, the whole method is tightly linked to ethics in the first 
place: To demonstrate this is the chief objective of Spinoza’s approach. 
Hence, all these efforts undertaken here are simply serving the 
eventual (but strict and precise) derivation of a suitable ethics which 
can be unfolded into two different lines of explication: into the 
system of law on the one hand, and into an aesthetical life style on the 
other, that is reminiscent of a praxis directly derived from the 
philosophy of art. It is here where the ancient concept of kalokagathía 
is coming back into play again.    

 
                                                 
22 Wolfram Hogrebe: Prädikation und Genesis. Suhrkamp, Frankfurt 
a.M., 1989, 115. (He mentions here explicitly Schelling’s „World Ages“ 
III.) 
23 As to mythology, we can find then that this can be visualized as the 
ground of art rather than the ground of religion.  
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I      On the Foundations of Systems. 

 
 

 
 

συ.στέλλω zusammenordnen, -stellen, 
-legen (1a) 

bedecken, verhüllen (τί τινι 
mit etw.)(1b; poet.) 

zusammenziehen, -drängen 
(einschrumpfen)(2) 

einschränken, verkürzen, 
abkürzen, verkleinern, mindern, 
abschwächen (auf das möglichst 

geringe Maß beschränken)(2a) 
sich einschränken (zur 

Sparsamkeit) 
(τήν λέξιν den Ausdruck 

schlicht gestalten) 
zurückdrängen, unter-, nieder- 

drücken, demütigen, bangen 
(kleinmütig, verzagt werden)(2b) 

 
σύ.στημα (τό) Zusammenstellung, 

Vereinigung, Gesamtheit, das Ganze (a) 
Abteilung, Schar, Gruppe (b) 

Verein, Genossenschaft, Korporation, 
Kollegium (c) 

Verfassung (d) 
 

Menge 1903, 553. 
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1   Introductory Remarks 

Intuitively, we can follow the first definitions put forward by Jean 
Piaget, but this approach does not fall short of a certain amount of 
historical irony, because the definitions involved actually deal with 
the concept of structure in the first place rather than with the concept 
of system.  As Piaget formulates: 

En première approximation, une structure est un système de 
transformations, qui comporte des lois en tant que système (par opposition 
aux propriétés des éléments) et qui se conserve ou s'enrichit par le jeu même 
de ses transformations, sans que celles-ci aboutissent en dehors de ses 
frontières ou fasse appel à des éléments extérieurs. En un mot, une structure 
comprend ainsi les trois caractères de totalité, de transformations et 
d'autoréglage. (Piaget: Le structuralisme, PUF, Paris, 1968, 
introduction) 

Note that this definition turns the hierarchy the other way round: It 
rather defines a structure by means of a system, not viceversa, the 
system by the structure. The important point is here though that the 
system is a system of motions (transformations in the mathematical 
sense, but not always formalizable). Piaget continues: 

En seconde approximation, mais il peut s'agir d'une phase bien ultérieure 
aussi bien que succédant immédiatement à la découverte de la structure, 
celle-ci doit pouvoir donner lieu à une formalisation. Seulement il faut bien 
comprendre que cette formalisation est l'oeuvre du théoricien, tandis que la 
structure est indépendante de lui, et que cette formalisation peut se traduire 
immédiatement en équations logico-mathématiques ou passer par 
l'intermédiaire d'un modèle cybernétique. Il existe donc différents paliers 
possibles de formalisation dépendant des décisions du théoricien, tandis que 
le mode d'existence de la structure qu'il découvre est à préciser en chaque 
domaine particulier de recherches. (Ibid.) 

Indeed: What we should never forget is that “formalization” refers to 
a human technique of mapping things, not to the things themselves. 
In other words, we do model our means of visualizing the world, but 
not the world itself: Systems and structures belong thus to what we 
call modality, different from what we call reality. Obviously, the 
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former is nothing but an approximation of the latter. And it is quite 
unlikely that human beings will ever get complete access to the latter.  

Note also that this perspective taken is deeply rooted in the cognitive 
as well as communicative constitution of human beings.  And this is 
directly reflected in the original definition as given in ancient Greek. 
Hence, what we will do is to call the totality system rather than 
structure. While the word structure is reserved for subsystems instead. 
Visualized this way, a structure is a system (because there are 
mappings among the elements of the structure that preserve the 
overall shape of the latter – such mappings are called morphisms).  But 
a system is a collection of subsystems (i.e. structures) such that 
among the structures, there are mappings that preserve their shape 
within the overall shape of all these structures (i.e. the system). 
The best method of mapping structures (and systems) is 
(mathematical) category theory which is a dynamical form of set 
theory: A category  is a collection of objects and morphisms among 
them such that there are compositions of morphisms that fulfil the 
axioms of associativity and identity. The objects can also be categories 
themselves. Then the morphisms are called functors. 
We can thus clearly recognize that within this picture, categories and 
categories of categories show up as systems, while their 
morphological characteristica show up as their respective structures. 
Obviously, a structure is then characterized by the explicit 
morphisms of a category. And in the language of Piaget’s, they can be 
visualized as equivalents of transformations then.  In this sense do we 
follow Piaget’s original definition. 
In the following we would like to make Piaget’s viewpoint more 
precise: Hence, totality, transformation, and self-regulation are the 
important characteristics of systems within this framework. 
Note first the difference between totality and aggregate such that the 
former is defined in terms of mediating “laws” that are valid for the 
whole system while the latter is nothing but a mere (serial) 
association of elements that are independent of the whole. This 
conception entails two aspects though: On the one hand, the problem 
is that of the initial emergence of structures (i.e. referring to the 
question as to whether the whole is constituted by the parts or 
whether the parts are differentiated results that follow the whole?) – 
hen or egg? On the other hand, it is (not only intuitively, but also 
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empirically) clear that the whole is different from the sum of the parts 
(not necessarily more than this sum, as Morin has shown). In fact, 
Edgar Morin, in his “Method"24, shows in the second chapter that the 
whole is more than the sum of the parts (p. 132), that the part is more 
than the part (p. 134), that also the whole is less than the sum of its 
parts (p. 140) – and by doing so, he classifies the various types of 
emergence: The essential idea is to note that defining a system by 
means of totality and interactions is not sufficient after all. (p. 128) 
Morin collects here a number of earlier definitions according to 
Leibniz, 1666 (system = set of parts), Maturana, 1972 (system = 
definable set of components), Bertalanffy, 1956 (system = set of units 
that are related to each other), Ackoff, 1960 (system = unity that is the 
result of mutually interacting parts), Rapoport, 1968 (system = whole 
that acts as a whole due to its constituting parts), Mesarovic, 1962 
(system = set of states), Saussure, 1931 (system = organized totality of 
elements that cannot be defined, unless one by the other as function 
of their position within this totality). In so far, Morin’s ansatz is more 
complex and can be summarized by the following diagram (which is 
somewhat modified here, cf. P. 142): 
 

 
 
Piaget now, describes what he calls “operative structuralism” in 
terms of concentrating on the relations of objects rather than on the 
perspective of totality or part, respectively. (Piaget, p. 11) But he 
nevertheless agrees that the “problem of initial emergence” cannot be 

                                                 
24 Edgar Morin: Die Methode: Die Natur der Natur. German translation. 
Turia+Kant, Wien, Berlin, 2010. – du Seuil, Paris, 1977. (Quoted according 
to the German edition in my own English translation. This will be the 
case throughout this text in similar cases, if not otherwise stated.) 
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removed by this kind of approach. (p. 12) As to the aspect of self-
regulation, it is also important to notice that this concept entails the 
rule that the interactions involved are internal interactions only, in the 
sense that their action would not transcend the boundaries of the 
system. Visualized this way, the consequence is that self-regulation 
implies the unrestricted production of new elements within the 
system whilst permanently conserving stable boundaries. In other 
words: The internal interactions of a system produce internal 
complexity, different from external interactions (among other systems 
and their environment) that contribute to external complexity. Hence, 
the stable existence of systems is visualized as the outcome of a 
relationship between two types of complexity. 
There are three kinds of methodological phenomena then that 
constitute self-regulation: rhythm, regulation, operation. The first 
secures its regulative function by means of fundamental symmetries 
of repetition. The second is to be understood here in cybernetic terms 
(thus including feedback loops). The third can be classified according 
to its being reversible or irreversible. (pp. 17 sq.) Piaget continues 
then by listing the various fields and frameworks within which 
concepts of system and structure show up in a generic way. 
He actually starts with the field of mathematics, and he shows that 
the mathematical concept of a group is possibly the oldest structure 
originally invented by Galois (around 1830). As is well-known, a 
group is a set of elements that are related to each other by operations 
that – by acting upon the elements – produce other elements of this 
set. There are three fundamental axioms for a group: There is a 
neutral element that does not change anything. And there is an 
inverse operation such that if it acts upon operations, it reproduces 
the neutral element again. Finally, elements obey the law of 
associativity. Essentially, these two last features secure the possibility 
to return to the starting point (inverse operations) and to reach a goal 
on different routes (associativity). (p. 20) Note that in a 
straightforward manner, space itself is organized by a group 
structure, because motions in space obey the group axioms. Basically, 
space groups are symmetry groups. 
However, it is the mathematical school of the Bourbaki group then 
that is organizing the whole of mathematics by means of 
hierarchically ordered structures that cover groups and their 
derivations (rings, fields ...) as algebraic structures, networks and 
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lattices as ordering structures, and neighbourhoods (of points), 
continuous functions, and limits as topological structures. 
As he himself is specialized on the developmental psychology of 
children, Piaget stresses here that the collection of the aforementioned 
structures is (though non-technically) utilized by children from the 
beginning on within the cognitive development of their socialization. 
(p. 26) However, we will see later that a more recent approach to 
mathematics in terms of categories is a more elegant tool in order to 
achieve a similar insight into the structural relationships observable 
in the world. Obviously, logical structures themselves follow the same 
line of argument. And it is quite trivial to find the mathematical 
structures again when discussing phenomena of physics, despite 
their common re-labelling according to their respective field of 
application. The problem of extending the range of these structures 
further to chemistry and even biology is essentially one of visualizing 
these fields as emergent derivations of an underlying physical 
substratum. (This is the onto-epistemic problem of materialism.) 
The important point is here that we have to avoid the fallacy of 
reductionism by noting that although chemistry is emergent with 
respect to physics, and biology in turn is emergent with respect to 
chemistry, respectively, this does not entail a (in so far reversible 
operation of) reducing of the latter to the former, because it is mainly 
complexity that makes the difference – and as we will see later, this is a 
chiefly irreversible concept governed by the (entropic) laws of 
information theory (and thermodynamics) which deals with the 
organization of systems rather than with their energy content. 
Although formalization becomes more and more a technical problem, 
once the complexity of systems is increasing further, the most 
interesting question for protagonists of structuralism is as to the 
application of this conception to the field of human systems proper as 
showing up in sociology, psychology, history, ethnology and so forth. 
Therefore, it is not a coincidence that Lévi-Strauss is known as one of 
the “fathers” of structuralism. Piaget refers to the field of 
“Gestaltpsychologie” in the sense of the 1912 Berlin school of Köhler, 
Wertheimer, and Lewin, as being the forerunner of structuralism. (p. 
53) Unfortunately, the disadvantage of this otherwise quite successful 
concept of Gestalt (which eventually merged with the invention of 
social psychology) is the metaphorizing utilization of force field 
concepts from physics. The point is that human interactions 
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(discursive or not) can certainly be visualized as an analogy to force 
field interactions (not only in the sense of classical physics, by the 
way!) – but the laws derived from such a model are qualitative rather 
than quantitative. Hence, the universality of the formalization 
involved (mainly based of its measurability) is extremely restricted. 
This is mainly because (unlike physics) human interactions are not 
interactions among populations of essentially identical elements 
(particles or objects). On the contrary, human beings are individuals in 
the strict sense of the word which means that there are never two 
identical persons, even if they are “identical” twins. While an 
elementary particle in physics, or a material element in chemistry as 
to that, belongs to a class of items that are identical. (A proton is a 
proton is a proton ...) Hence, for particle populations, the necessity of 
interpreting their states is reduced to a minimum, because the very 
concept of meaning is comparatively reduced and simple. In fact, this is 
the reason why for human beings the utilization of mathematical 
categories is problematic and of limited success, because the 
individual perspective of a person destroys inverse mappings, 
associativity, and compositions of morphisms. 
Piaget tells us that nevertheless, the protagonists of structuralism 
(Michel Foucault e.g.) can be successful in deriving consistent 
metaphorization of structures from their research results by referring 
back to the universal, indeed semiological structure of the human 
discourse (in the sense that human beings are sign-producing beings). 
He thus claims that the structures of this more “literary” (or poetical) 
kind can be visualized as special cases of the universal structures as 
derived in the sciences. (p. 65) 
Whether this is quite true or not is still subject to ongoing debates. 
But the advent of modern semiology is certainly a point in favour of 
this announcement. And this is actually where a modern conception 
of psycho-analysis is coming into play again: The works of Julia 
Kristeva, Umberto Eco and others have contributed a lot of 
remarkable results towards an understanding of the interaction 
between psycho-analysis and semiology, respectively. Indeed, 
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semiology emerges essentially from linguistics as proposed by 
Saussure at the beginning of the 20th century.25 
Saussure starts from oral communication, and his approach is thus a 
primarily phonetic approach. The idea is to associate the language 
system with the definition of a given relationship between the sign 
that is codifying (signifying) a certain meaning ( = signifier) of 
something whose true being cannot actually be known ( = significate). 
Take e.g. a certain big animal (hippopotamus). Then the word 
“hippopotamus” is the signifier that signifies this particular kind of 
animal.26 
However, what we observe in this case (the significate) is something 
we cannot actually know in the strict sense: We do not know what it 
is that we observe, except that we can utter a name for it which 
signifies it such that other people can in principle understand what 
we mean. But why do we not know what a hippopotamus really is? 
Because we can never know what something really is, we can only 
know what it is for us (i.e. for our cognition and for our linguistic 
convention – in other words: for our system of language). This is 
mainly because the world is not as we observe it. Hence, we do not 
actually live within reality, but only within modality (according to our 
mode of being). 
Call the signifier S and the significate s. Then their relationship can be 
depicted (following Lacan’s convention) by S/s. The bar does not 
indicate a mathematical quotient here, but a metaphorized type of 
quotient that tells us that the transition from the significate to the 
signifier is barred, i.e. cannot be performed one way or the other. 
There is a generic gap (décalage) between the meaning and what is 
meant by it. Hence, there is an explicit demarcation between sign and 
object. (Without any doubt, there is an object, and I can perceive it 
according to my cognitive capacity, but I cannot know what it really is. 
However, I can name it following my conventions. Hence, I can 
communicate information about it.) Note that the significate carries 

                                                 
25 Ferdinand de Saussure: Grundfragen der allgemeinen 
Sprachwissenschaft. de Gruyter, Berlin, 1967. German translation of the 
original French edition. 3rd printing. 2001.  
26 Indeed, in English this name is actually Greek. In German it would be 
“Flußpferd” which is the direct translation of the Greek. 
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(at least some of) the connotations of the unconscious in the field of 
psycho-analysis. Communicating verbally (by language) means to 
permanently metaphorize meanings by replacing signifiers (S, S’, 
S’’, ...) such that formally, we can write S/s, S’/s, S’’/s, ... Hence, 
communication means translation all the time. In a sense, the 
significate s may vanish then without changing the procedure: S/S’, 
S’/S’’, ... Hence, translation means here permanently exchanging 
signifiers. 
Now, obviously, in this sense is language a system: There is a 
lexicology, a syntax, and a semantics that tell us the rules of a given 
language. Note that this takes on again the form of a mathematical 
category after all: Take three everyday languages, German, English, 
and French. Translations from one language into the other can be 
visualized then as functors of categories whose objects are the words 
(lexicology), and whose morphisms are the rules of syntax and 
semantics. A functor carries objects of one category into objects of 
another, and morphisms of the one into morphisms of the other. – 
Now this is translation. Note however that translation does not obey 
the rule of commutative composition of functors, because in general, 
a text which is translated from German into English and 
subsequently from English into French is different from the same text 
that is directly translated from German into French. This is due to the 
space of free play languages possess in their individual syntax and 
semantics. 
But, according to Saussure, there are actually two items: There is a 
system of language (langue), and there is the spoken praxis of 
language (parole), otherwise called speech. While the system is subject 
to a slow dynamics of alteration such that it appears essentially static 
and sufficiently invariant, the speech is subject to a fast dynamics of 
alteration such that it is quickly changing. 
Speech can thus be understood as a flexible and sufficiently non-exact 
approximation to the system. If all is metaphorization (as Ricoeur 
claims), this means that we have two types of metaphors: established 
metaphors that have become part of the lexicology (system), and 
recently introduced new metaphors that are errors with respect to the 
rules of the systems, but have the potential of creating an innovative 
input. Ricoeur calls the former dead metaphor, and the latter living 
metaphor. Eventually, a living metaphor can be accepted in the 
system’s lexicology and dies then (i.e. it becomes an official concept). 
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The fast dynamics of the system is called synchronic, while the slow 
dynamics of the speech is called diachronic. The generalization from 
linguistics to other fields of representational techniques (e.g. in the 
arts) is quite straightforward then, because signifier remains signifier, 
while significate remains significate. Hence, the term semiology 
(science of signs).27 
Semiology can unfold its full impact, if it is applied to the 
anthropological (or: ethnological) structuralism of Lévi-Strauss. 
Consequently, Piaget discusses this approach as kind of leading 
paradigm. (pp. 102 sqq.) In Lévi-Strauss, customs, rituals, and 
conventions of societies are determined by synchrony and diachrony, 
respectively; and while they are doing so, the latter represent an 
underlying unconscious that steers the concrete relationships among 
humans, which can only be uncovered by a deductive construction of 
abstract models. (p. 103) The basic idea of Lévi-Strauss is then that 
once we have found the schematic framework of a given system (of 
social organization), its various structures obey a specific logic that 
might be alien to us, but can be mapped in terms of a system of 
operations that forms an associative analogy with Boolean logic. (p. 
104) Consequently, Lévi-Strauss has been the first anthropologist 
who utilized algebraic network theory and group theory, respectively, 
in order to represent the organizational structures of kinship. 
Piaget now, describes the situation under the perspective of 1968. In 
the meantime however, things have been changed and developed 
further somewhat. As to the approach of Lévi-Strauss, it is Pierre 
Bourdieu who extended this line of argument by modifying several 
underlying principles. Hence, his own ethno-sociological approach 
has been well-able to surpass quite decisively what had been 
achieved earlier. Also, the question of methodological adequacy has 
been discussed for a long while, because it is quite obvious that a 
method like this of Lévi-Strauss depends heavily on the chosen 
context from which the practised type of anthropology has emerged 
in the first place. (Derrida has criticized this aspect in detail.) 
Nevertheless, the hope for a possible approach that might turn out to 
be sufficiently universal is unbroken, simply, because all what is done 
here in terms of research is actually done by human beings after all. 

                                                 
27 In Anglosaxon countries this is often called semiotics instead. But in 
fact, the epistemological approaches are often quite different then. 
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And the concept of human beings itself is universal at least – a fact 
that implies a multitude of consequences.28 
 
 
 

2 A Continuous Model by Keller and Segel 
 

However, as to its explicit utilization in the sciences, system and 
structure are not only abstract quantities. On the contrary, they are 
quite concrete. This is mainly so, because, different from philosophy, 
in mathematics, a system was originally understood as a dynamical 
system, i.e. a collection of (differential) equations of the type: 
 

dx/dt = f(x, t). 
 

Here, the x is usually a vector with n components, so that the system 
defines a set of n differential equations that are often coupled in their 
variables. In fact, it is this sort of coupling describing interactions 
among the components of x, that maps the underlying dynamics (and 
is roughly comparable with what we called transformations earlier). 
For many systems (of physical, chemical, biological type), the n 
equations are hardly solvable most of the time due to their enormous 
complexity. But what can be determined quite easily is the stability 
behaviour of the system against reasonably small perturbations. This 
behaviour is chiefly defined in terms of the system’s behaviour 
within the neighborhood of certain points which are called critical 
points. They are the points for which the system is equal to zero so 
that f(x, t) = 0. Alternatively, these points are points of stationarity, 
because at them, the motion of the underlying dynamics comes to a 
rest. They are said to be critical, because at them, perturbations are of 
the same order of magnitude as that behaviour which is determined 
by the unperturbed system. In other words, the system “can decide” 
about its further evolution, according to whether the one or the other 
shows up as being dominant at that point. In a sense, the possible 
evolution of the system can proceed on different paths, and this is the 

                                                 
28 Cf. Rainer E. Zimmermann: Kritik der interkulturellen Vernunft. 
Mentis, Paderborn, 2002, 2004 (2nd ed.) 
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reason why these points are sometimes referred to as bifurcation points 
for the process the system29 is describing. This insight which can be 
backed by further insight originating in (non-equilibrium) 
thermodynamics is mainly due to Ilya Prigogine and his Brussels 
school. It is at the basis of what later was called chaos theory, and some 
well-known equations of particularly relevant type are often referred 
to as equations of the Brusselator type. (Note that the important point 
of this approach is based on a modification of the second law of 
thermodynamics valid for open systems. The usual rule that dS  0 is 
actually replaced by the sum dS = dFS + dIS, and it is only the latter 
part (the production of entropy in the system’s interior) that is 
positive all the time, while the first part (the entropy flow over the 
system’s boundary) can be well negative such that the total can be dS 
 0. In this case, the ordering state of the system is elevated, and a 
new structure emerges spontaneously. Because this emergence is 
propagated by the system itself, we talk of self-organization.) 
Now, this fairly general approach can be actually applied to many 
fields of research, especially in physics, chemistry, and biology. In the 
following we discuss a prominent example from biology, in order to 
discuss a system that is quite complex as compared with purely 
physical systems. This example has been published in a well-known 
article by Keller and Segel and introduces a continuous model for 
slime mold aggregation.30 Formally, we end up with two relevant 
equations in two variables: 
 
 
Continuous Models (Keller/Segel; Prigogine 1976, 1979) 
(Cf. my Selbstreferenz & poetische Praxis, 1991b) 
 
(a, ): amoebae/acrasine density 
 

                                                 
29 We see clearly that the mathematical system of equations is becoming 
synonymous with the system as entity that is representing a process 
which is visualized as what initiates an observable phenomenon. Hence, 
the generalization of the concept in thermodynamics. 
30 Evelyn F. Keller, Lee A. Segel: Initiation of Slime Mold Aggregation 
Viewed as an Instability. J. Theor. Biol. 26 (3), 1970, 399-415. 
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a/t = –  (D1) +  (D2a), 
 

/t = – k1 + k-1c + a f() + D 2 
 
k: rate constants for acrasin-acrasinase reactions, eqns. for c and  
skipped (complex building) 
 
Phenomenologically, this system of equations is describing the 
following process that is actually observable. 
 
Slime Mold Aggregation (Dictyostelium discoideum)31 
 
 

 
 

                                                 
31 http://en.wikipedia.org/wiki/File:Dicty_Life_Cycle_H01.svg  
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In other words, what we see here is a cyclic process that begins with 
the germination of spores by the slime mold’s fruiting body which is 
evolutionarily, on a higher level of development than the single 
amoebae that interact at the onset of aggregation.  So we could 
alternatively view the process as a progressive co-operation of 
amoebae which play the game “let us form a slime mold organism”.  
Hence, the slime mold at the next step is the concrete result of this co-
operation. On the other hand, the former slime mold has been 
producing amoebae in the first place. It is in this way that the process 
is exhibiting an aspect of self-reference (traditionally referred to as 
“hen-and-egg-problem”). However, the critical values of the 
respective concentrations are completely determined by the dynamics 
which is underlying the whole system.  
The qualitative solution of the problem can be found by linearizing 
the equation in terms of a perturbation analysis which starts from the 
critical points. If we call them (a0, 0), respectively, then obviously, 
 

– k10 + k-1c + a0 f(0) = 0. 
 

Then the linearization defines a sufficiently small neighbourhood of 
the critical points such that 
 

a = a0 +  a (x,y,t), 
 = 0 +   (x,y,t). 

 
We simply put this ansatz into the two equations above, expand the 
various terms by means of a Taylor expansion up to first order in , 
and call the result (globally) unstable, if there are solutions that 
diverge, if t goes to infinity: 
 

lim t a (x,y,t) = , 
lim t  (x,y,t) = . 

 
This can be actually achieved by choosing an exponential-type 
solution ansatz that ultimately leads to an oscillating solution of 
wave-like nature. Indeed, a wave-like motion of the amoebae 
(concentration) is what can be observed at the onset of agglomeration. 
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* 

 
What we can do alternatively, chiefly in order to understand the 
meaning of this process, is to represent the system in terms of its 
matrix representation expressed by an appropriate operator 
formulation: 
 

E11 = –  (D1), E12 =  (D2) – /t, 
 

E21 = p() + D 2 – /t, E22 = f(), 
 

so that written as a matrix, this gives formally: 
 

E x = 0. (x = (,a)) 
 
We call the transition of the form E  E* = N(E) negation (meaning 
that the originally stable state is destructed in favour of an unstable 
state which is accessed, if the critical values in the coefficients are 
being accessed.) The resulting sets of equations (with one and the 
other set of coefficients) can be visualized as operators. In this sense, 
the onset of instability is characterized by the Negation Operator 
(Negator). But this instability (the actual onset of aggregation) 
requires a new structural stability! Hence, another transition is 
necessary, of the form: 
 

E*  E** = N(E*) = NN(E) = N2(E). 
 

In other words, the final result (the new structure within the system – 
in our case, the new slime mold) is the result of a negation of the 
negation such that the following diagram is consistent: 
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Negation of the Negation 
 
If E = N0(E), then: 

 
1 (structurally stable state)  N(E)  2 (unstable state) 

                                                    
                                                        N2 (E)  

                                                       
          4                       …    3 (stable again) 

 
 
We talk here of sandwich structures: with a close vicinity to an 
argument of Schelling’s (PP)! The potential must be loaded with 
concrete power in order to become actualized. (Transition from micro 
to macro levels!) 
Obviously, there is an inherent metaphysical perspective to that: 
Nothingness that is loaded with power becomes non-being. Non-
being that is actualized becomes Being. 
On the other hand, talking of systems and structures is closely related 
to talking of networks and spaces: 
 

• Network: Dynamical Core of Interactions (Transport of 
Information  software) 

• Space: Mean Free Path of Interactions (Domain of Influence 
 software/hardware) 

• System: Boundary Operator as defining the region of 
interaction with the environment (software/hardware) 
 
And this aspect leads us back to the starting point when mentioning 
categories: 
 
1. Category 
 
A category C is a class of objects ob(C) and a class of morphisms 
mor(C) such that each morphism has a unique source and target 
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object, respectively. Also, for every three objects a, b, c there is a 
binary operation of the form mor(a, b) x mor(b, c)  mor(a, c) called 
composition such that associativity and left and right identity laws 
are valid. 
 
2. Additional Structure … [cf. section 7 below] 

 
A category with this additional structure is called topos. (We will 
come back to this later.) 
 
Generic Conjectures: 
 

• NEG is the category of negators with the objects being the 
structurally stable world states and the morphisms being the negators 
themselves. 

• Conjecture 1: NEG is a topos. 
• GAME is the category of games with the objects being 

positions of agents in their utility space and the morphisms being the 
strategies of agents. 

• Conjecture 2: NEG and GAME are generically isomorphic. 
• (Because essentially, strategies act as negators among 

agents or their positions, respectively.) 
 
Furthermore: If visualizing the continuous scheme chosen here with a 
view to the original differential equations, we get the following: 
 
Continuous scheme: 
o = coefficient, x = differential operation 
 

ox + ox + … + ox = 0, 
…                           …, 
ox + ox + … + ox = 0. 

 
Note that we have here two types of possibilities that emerge from 
the form of this scheme: We have sleeping variables: their o = 0. (the x 
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are actually there) and the field of possibilities: their x = 0. (the x may 
come later). This is important for the differentiation of non-being and 
nothingness as relevant for the metaphysical interpretation as well as 
for the discussion of the concept of emergence. 

 
 

3 Identification of the Defining Properties 
 

So what is it after all that constitutes a system? Starting under the 
dynamical perspective, the essential point is obviously that there are 
interactions among a set of objects that can be represented by a network 
that actively connects all these objects with each other. With the 
interactions thus introduced we have immediately qualities attached 
that tell us something about the intensity (strength) of the interactions, 
and about the range of the interactions, respectively. Note that the 
former is also depending on the temporal sequence within which 
interactions exhibit their results. In other words, the two qualities 
mentioned above introduce concepts of space and time into our 
consideration. Hence, a system is characterized by the range of the 
interactions among its objects in the first place, because this spatial 
quality defines the system’s boundary. Intensity and temporal 
sequence characterize the interactions in terms of their further 
qualities. But it is chiefly the boundary that defines the system as a 
system. As to the range of interactions one can say that at the 
boundary of a system, the intensity of the interactions falls off to 
(almost) zero. The important point is here that the mentioned 
interactions are internal interactions only: They are a constitutive 
property of the system defined in terms of its objects. The internal 
network of interactions can be abstractly mapped by means of a 
mathematical graph. The objects can be visualized as active agents 
that co-operate with each other (or play games) and, by doing so, 
actually constitute the system in question. 
Essentially, a network in graphic terms, is a set of nodes and links such 
that there is a characteristic structure of connections among the 
nodes. (We see here explicitly the relationship between system and 
structure, as we use it here, namely such that the system is defined in 
terms of the characteristic structure as it is exhibited by the 
interactions of its objects.) 
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We clearly recognize that such a network is also isomorphic to a 
cellular automaton (if we identify the centre of a cell with the node = 
vertex).32 
The links depict the interactions among objects. In our case, node 6 
does interact with node 4, but not directly with node 1. However, the 
action of one node on the other is transported (and modified by 
transporting) indirectly to the others. Hence, there is some kind of 
action of node 6 on node 1, but this depends strongly on other 
interactions in between. So the structure of the system is determined by 
the interactions in a very strict and detailed sense. The above example 
also illustrates that a graph is nothing but a mapping that serves the 
adequate communication about phenomena and processes that can 
be observed – but it is not the same as what is being mapped. In 
epistemological terms it is thus very important never to forget that 
we deal with representations rather than with the world as it really is. 
But the merit of abstraction is in its universalization: This is mainly 
because we have not yet defined the meaning of nodes and links, and 
therefore, this mapping technique has a wide range of applications 
based on the same principles. We call this the methodological 
advantage of formalization. Hence, connection in networks means 
primarily interaction. And the mapping technique itself serves to 
express something that cannot graphically expressed at all: motion. 
This is quite a universal problem in itself and can only be partially 
resolved since the advent of modern simulation techniques. Under 
this aspect, there is a deeper meaning in the isomorphism between 

                                                 
32 http://en.wikipedia.org/wiki/Graph_theory (2012-07-12) 
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networks and cellular automata. Because motions are usually 
directed, the diagrams we deal with are also directed such that the 
links receive an arrow head in order to clarify which node acts on 
which. If all nodes represent active agents, then obviously, each agent 
is active (as acting upon another agent) and passive (as being acted 
upon by another agent), at the same time. 
Network theory originates in a formal problem discussed by the 
mathematician Euler when trying to find crossing-free paths over the 
bridges of the city of Königsberg33 (which is an important problem for 
the optimization of transport and distribution of goods): 
 
 

 
 
What Euler (1736) actually did was to abstract the city by shrinking 
the locations of points and expressing the bridges as links among 
them. What we have then is a network with four nodes and seven links 
represented by an appropriate graph. Euler could show that nodes 
with an odd number of links must be either starting or end points of 
the journey. A continuous path that goes through all the bridges can 
have only one starting and one end point. Hence, such a path cannot 
exist on a graph that has more than two vertices with an odd number 
of edges. As the Königsberg graph has four such nodes, there cannot 
be a path of the desired kind. Indeed, the people of Königsberg built a 
new bridge in 1875 that increased the number of edges of two of the 
vertices (in the sketch above the top and the bottom part of locations) 
to four. And that actually solved the problem. 
 

                                                 
33 Ibid. 
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• We learn two things here: First of all, we find that graph 
theory is actually dealing with topology. This is because the problem 
discussed above deals with connections of spatial parts. Indeed, if we 
visualize the whole city as an urban space, then the connections of 
this space constitute its topology. This is also why Euler thus inspired 
the analysis situs of Leibniz, forerunner of modern topology.  

• But second, we recognize here the difference of internal 
and external interactions: The city map is a graphic layout that 
describes the interaction among nodes only in so far as this 
interaction can be potentially utilized, if necessary. That is, the bridges 
of Königsberg (visualized within a given network of streets) can be 
used by persons to their own purposes. But without persons, they 
represent nothing but a potential that can be eventually actualized. In 
other words: The nodes (vertices) do not represent active agents, and 
the operation of one agent onto the other is not active, but entailed by 
the topology of the space and thus passive only. This is why we 
differentiate interactions here as internal (if caused by active agents) 
and external (if caused by different active agents that utilize passive 
agents). Obviously, this difference also implies a difference of 
representations: namely whether they are utilized in order to map 
potentialities (as in the case of geographic maps e.g.) or actualities (as in 
the case of dynamic processes, e.g. concerning the communication 
between persons).  A network of active interaction can be expressed 
for instance, in terms of a communication network that defines a small 
world model common for a large class of phenomena in the fields of 
communication, epidemics, information exchange and so on. (One 
has always to sort out where the active agent is operating and what is 
the passive layout as space of interactions.)  
 
  
The principles of a small world model can be illustrated easily by 
means of the following diagram: 
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Essentially, this model 34  tells us that the number of connections 
among a population of objects is much smaller than the number of 
objects. The main reason is that the distance among objects as 
measured by the number of steps from one node to another that are 
necessary to connect the source object with the target object is 
proportional to the logarithm of the nmuber of objects. The point is 
however that in many such networks there are hubs (or cliques) that 
function like a short-cut. Hence, networks that follow a power-law 

                                                 
34 Bordalier Institute (Peter Winwarter), www.bordalierinstitute.com 
(Note here that vertex 14 has been listed twice. Instead the vertex on the 
upper right-hand side should be labelled 11.) 
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distribution as to their degree (number of connections) that are scale-
free are ultra-small such that the distance goes like the log of log. For 
the case of the (living) world population on planet Earth, the 
necessary distance fluctuates around 6. In other words, all people on 
Earth are connected to each other by at most six steps, when 
connection means personal acquaintance here. 
 

• Within this variety of networks, it is important to differ 
between those which are randomly scaled and those which are scale-
free. 

• One can show that if we start with N nodes and connect 
every pair of nodes with probability p, then we create a graph with 
approximately p N (N – 1)/2 edges distributed randomly. The 
generated network is strongly homogeneous then (most nodes have 
approximately the same number of links). If we consider the degree 
distribution of a network P(k): which is the probability that a 
randomly selected node has exactly k links – then we find that the 
degrees in a random graph follow a Poisson distribution with a peak 
at k. 

• However, for a very large class of networks, we find 
instead that P(k)  k-, i.e. the degree distribution possesses what we 
call a power-law tail. (Mostly then, 0    1, and the associated phase 
space dimension is thus fractal.) Such networks are strongly 
inhomogeneous: most nodes have one or two links, while a few nodes 
(called hubs) have a larger number of links that guarantee the 
network’s overall connectivity. Hence, there is a major topological 
difference between random and scale-free networks.  
 
It is possible then to derive characteristic results about networks from 
general features of the topological properties involved. 
 

• Degree of complexity: Complexity turns out to be a 
quantitative measure of networks, because it essentially relates the 
number of possible connections in a network to the number of 
actualized connections. This number defines the actual state of the 



 35 

network. This more intuitive and combinatorial measure of 
complexity can be easily related to other more formal measures such 
as Kolmogorov’s definition of complexity. 

• If the quotient in question is c = a/p (actualized over 
possible connections between nodes), then it can be normed such that 
the result is between 0 and 1, respectively, in a straightforward 
manner: If all possible connections are actualized, then obviously, c = 
1. If no possible connection is actualized, then c = 0. The usual value 
will be somewhere in between. 

• The rest of non-actualized (but possible) connections is 
respectively, r = (p – a)/p such that c + r = 1. We call r the network’s 
redundancy. The latter is not quite a superflous or useless property, 
but much to the contrary, is important for the network’s stability, 
because it defines a kind of space of free play within which the 
network has still some freedom to develop further. 

• What we have then, is essentially a hierarchy of structures 
in several big steps that originates from large state transitions of 
networks, when the quantity of connections spontaneously turns  into new 
qualities:  

• We have thus the physical level, the chemical level, the 
biological level, and so forth. All these levels are sub-structured 
somehow: Life for instance, can be visualized with a view to the 
molecular level, the cellular level, the organic level, and the 
population level, respectively. 

• But the important point is here that all what there is 
consists of “the same stuff” (essentially matter, that is what can be 
visualized as that sort of energy that has acquired mass). 

• In fact, the specific situation of physical energy is always 
accompanied by an equally specific situation of information. 
Information that is actualized in material forms is called structure 
then. Hence, the respective levels of the mentioned hierarchy are 
determined by a quantitative measure of complexity that is expressed 
in terms of characteristic qualitative properties of forms. 
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On a very fundamental level of physical nature – in quantum gravity 
– networks can be equally utilized as a graphic instrument in order to 
clarify otherwise abstract properties of systems. This becomes 
particularly important at a length scale of what is referred to as Planck 
length, of the form: 
 

 
 

where h is Planck’s constant, G is Newton’s gravitational constant, 
and c the velocity of light. Within this fundamental range of 
interactions, a network can be introduced that can be visualized in 
terms of a graph that describes the quantization of space and time.35 
This network, originally introduced by Roger Penrose, is called spin 
network and refers thus to the angular momentum of self-rotations as 
applied to abstract particles that are represented by the nodes and 
interact according to the links of the network. 
 
 

                                                 
35 John Baez: Quantization of Area. 
http://math.ucr.edu/home/baez/area.pdf  
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What the network is actually doing is to compute spin numbers that 
are transported by the nodes (vertices) through the links (edges). In 
other words, the network is processing information, but not 
information as we know it: It rather processes quantum information. 
But in principle, the universe, at whose basic foundation this network 
lies, can be visualized as a (quantum) computer. And what we 
observe in terms of physical phenomena is nothing but what comes 
through to human beings due to their cognitive boundary conditions. 
What we call physics, is what we can observe from the ongoing 
computation we cannot observe directly. 
 

• Note that the aspect of computation can be made quite 
explicit, because, as it turns out, the spin numbers encountered in the 
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spin network above can at the same time be identified with the matrix 
representation of the group SL (2, C) which is the special linear group 
of 2x2 matrices with complex entries (responsible for what we call 
spinors in Dirac’s quantum physics). 

• As John Baez has pointed out some time ago, the fact that 
this group has complex entries consisting of real and imaginary parts 
leads to the conclusion that the information processing underlying 
the exchange of spin numbers in the network can be visualized as 
quantum rather than classical computation, because it is not cbits that 
are processed here, but quantum bits (qubits). Hence, the idea that the 
universe can be visualized as a quantum computer. 
 
So what we can do is to choose the network perspective as central for 
the epistemological aspects of scientific work. Obviously, on various 
stages and on various orders of magnitude, there are many different 
forms of networks of the kind discussed above. The important 
methodological point is however that all of them base on the same 
universal principles. Here we list a number of examples36: 
 
 
 

                                                 
36 Here and in the following the (six) diagrams are taken from the archive 
of the Bordalier institute. 
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Contrary to the production cycle shown above, of a more classical 
type, the network depicted here can be utilized for a large class of 
non-linear (scale-free) processes that include the formation of hubs. 
Such networks are important for studying information transport, 
epidemics, and percolation phenomena. Another large class of 
processes is characterized by networks of the evolutive type, as e.g. in 
the emergence of biological species. 
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But also the cradle of European culture can be visualized as a 
(passive) network that enables potential actions in terms of social 
space activities such as communication (transport of goods and 
persons, language) and co-operation. 
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And similar networks we can employ for various purposes: 
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3.1 Technical Addenda 

 
Though the concept of a network appears to be a quite 
straightforward concept in itself, as it turns out, it is a little more 
involved than expected, especially if tackled in technical terms. 
Obviously, the essential property of a network is its connectivity. An 
isolated vertex is practically absent, because it is disconnected from 
the rest of the network. At least, even an isolated vertex possesses the 
potential of being eventually connected, so it is not nothing altogether. 
This is different in the case of a vertex which has been extinguished 
(or migrated to somewhere else). Hence, in principle, a network can 
be classified according to its complexity with respect to the possible 
connections that have been actualized under given conditions: This 
property then can be roughly expressed as the quotient of actualized 
connections over possible connections. If the connections are mutual 
(undirected), the number of possible links is basically defined by n (n 
– 1), where n is the number of available vertices in the network. 
Complexity then, is given by an expression of the type m / n (n – 1) 
where m is the number of actualized connections. Usually, m will be 
much smaller than the number of possible connections. The question 
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is how a network’s complexity corresponds to its stability and 
robustness. 
The central issue of a network is the transport of information 
expressed in terms of those interactions that are mapped as the edges 
of the network diagram. Usually, this kind of transport can be 
visualized as one type that is essentially desirable and another type 
that is not: The point is whether and to what extent the information 
flow in the network is actually reaching all the vertices involved. In 
other words: A high degree of connectivity guarantees an equally 
high degree of information flow. Commonly, problems of this kind 
are said to be problems of percolation. If a critical number of vertices is 
accessed by a given information flow, we speak of a threshold such 
that for numbers of vertices that are larger than this threshold, all 
vertices of the network are reached – or at least, there is what we call 
a giant component so that most of the relevant vertices are actually 
reached by the aforementioned information flow. 
This can carry positive (desirable) connotations, but also negative 
(undesirable) connotations: The former type e.g. can be visualized in 
terms of examples such as computer internet information flow, or as 
other forms of communication (telephone networks, television, laser 
communication and so forth). This is also true for the transport (and 
exchange) of goods which is always accompanied by a transport of 
persons (i.e. cultural properties: life style, customs, rituals, 
knowledge ...). On the other hand, the latter type can be illustrated by 
epidemics (virus infections, computer virus infections, diseases) and 
also by forest fires, air contamination, earth quakes and so forth. 
For the time being, and for the purpose of simplicity, we concentrate 
here on the first type of information transport. A sufficiently complex 
example is settlement networks: The first such phenomenon which is 
comparatively well-studied has been the polis-settlement activities 
around 750 BC, when chiefly Phoenician and Greek settlers founded 



 46 

their colonies all over the whole Mediterranean space.37 I have argued 
at another occasion38 that the explicit domination of these networks 
for more than a millennium, but likewise its later downfall under the 
impact of territory-oriented states, can be partially explained by the 
universal network properties governing the stability and robustness 
of networks. As has been shown, the crucial point is the onset of 
“small-world-type” networks. The stabilizing element is here the 
existence of “short-cuts” among vertices. 
Take as an example the rather abstract small-world model that we 
have depicted in the figure on p. 33. The advantage is that we can 
deal with it more or less directly, because we have only 20 vertices at 
hand. Note then that the typical distance L between two randomly 
chosen nodes (vertices) grows proportionally to the logarithm of the 
number of nodes. Hence, L  ln N  3. This mean division of vertices 
is mainly due to the available short-cuts of which we have three in 
the model. 
In fact, for now, we would not like to enter into a detailed discussion 
as to the question what kind of approach would be the most useful in 
our case. Usually, the ansatz of Strogatz and Watts is the most 
common one for dealing with small-world models. But we leave the 
question open as to whether our relevant networks are scale-free or 
not. (In fact, this is probably the case rather than not, because scale-
free networks, of intrinsically self-similar and thus fractal structure, 

                                                 
37 Note that „colonia“ comes from the Latin word „colere“ (to crop, to 
farm, to cultivate [Cicero]) and did not mean anything else than what the 
Greeks called “apoikía” meaning “separate division” (Ab-teilung). In 
other words, these concepts have nothing to do whatsoever with the idea 
of the imperialistic 19th century utilizing them in a different sense as 
“ruling over alien territories”. Not only the Greek version of the word, 
but also the Roman version always pointed to a city (urban settlement) 
rather than to a territory. Hence, we continue to talk of colonies by 
disregarding the modern connotation which is the far younger of both.  
38 Rainer E. Zimmermann: Mesógios – Zur Struktur der Polis-Netzwerke. 
In: Achim Lichtenberger et al. (eds.), Der antike Mittelmeerraum, ein 
pluriverses Universum. Käthe-Hamburger-Institut und 
Mittelmeerzentrum, Ruhr-Universität Bochum, Juli 2013. To be 
published. 
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add more security to their level of stability and robustness. We will 
come back to this later.) 
Then there is the clustering coefficient which locally as well as globally 
gives the quotient of the edges that exist among a vertex and its 
neighbours over the possible edges that could exist. (Note that the 
clustering coefficient which gives a measure of the degree to which 
nodes tend to cluster, is directly related to the network’s complexity.) 
In our case, this is 77/380 = 0.2, hence, 20% of the possible 
connections are actually established. In principle, this is a 
comparatively low degree of complexity. 
If we count the established edges vertex by vertex, then we find 77 
altogether such that on the average, we have k = 77/20 = 3.85, in 
other words, the average degree is almost four, meaning that this is the 
(average) number of edges incident in a vertex (loops excluded here).  
We can check this in the diagram displayed: There are only four cases, 
where the number is smaller than 4, and only one single case, where 
it is larger (namely 5). If a clique is a subset of vertices such that every 
two in the subset are connected by an edge, then we find that this is 
true for the triangle-constructions within the diagram, unless there is 
a short-cut which extends the clique range to other regions. (This is in 
fact the aforementioned stabilizing character of short-cuts.) Now, a 
path in the network is simply the sequence of vertices such that a 
vertex vi is adjacent to another vertex vi+1. The path length for m 
vertices is m itself. (Obviously, it is of considerable advantage to have 
a short path from one vertex to another, in order to transport 
information efficiently.) 
For percolation phenomena it is important now to define giant 
components (according to Erdös and Rényi) such that each possible 
edge connecting pairs of vertices in a given set of n vertices is present 
with a probability p. If there is a small   0 and p  (1 – )/n, then 
there is no such (giant) component. If otherwise, p  (1 + )/n, then 
there is a single component. If however, p = 1/n, then the number of 
vertices in the largest component is proportional to n2/3 (in our case 
thus approximately 7.5 when p = 1/20). So it suffices that roughly 8 
vertices out of 20 make up a giant component, but this will not be the 
case until 10 edges have been added in the first place. (In other 
words: At least half the vertices available in the end must be 
assembled in order to start the procedure.) 
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So what we have here in the case of percolation is an essentially 
random graph with n considerably larger than 1. If we now remove a 
fraction 1 – p’ of vertices and leave a fraction p’ remaining, then we 
can give the critical percolation threshold as p’c = 1/k below which 
the network becomes fragmented (and dissolves). But for values 
above p’c a giant component of order n exists. For our case, p’c = 1/k 
= 1/3.85 = 0. 2597. Hence, we have to remove a little less than three 
quarters of the vertices (i.e. either extinguish or isolate them) in order 
to destroy the network. 
If we remove the short-cuts in the diagram (5-11, 13-17, 15-18), then 
the respective values are altered to become k = 71/20 = 3.55, and 
71/380 = 0.19, respectively. Also, p’c = 1/3.55 = 0.2817. Hence, the 
threshold increases (it suffices to remove less than 72% of the vertices 
in order to initialize fragmentation), the complexity is (though 
slightly) reduced, also the degree actually decreases. So we can 
demonstrate the stabilizing effect of short-cuts immediately. 
Another instrument for gaining insight into the network’s structure is 
what we call the adjacency matrix. This is the matrix that maps the 
neighbours by a 1 (i.e. there is one edge between a pair of vertices), 
and the absence of a connection by a 0, respectively. For our example, 
we get: 
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For our 20 vertices in the network, we have consequently, a 20 x 20 
matrix, i.e. 400 matrix elements. But most of them are zero. Because 
we have especially excluded loops, the diagonal values in particular 
are zero, hence the matrix is trace-free. It is also symmetric, because 
the edges are undirected. In the above we have only shown zeros of 
the main diagonal in detail, while leaving out all the others. But we 
have inserted all the ones indicating neighbourhood (adjacency) of 
vertices. From the pattern of the distribution we can gain a nice 
picture of the network structure including the short-cuts. Note that 
the sum of the elements per line and/or column gives the degree of a 
given vertex. With the adjacency matrix we can test other networks as 
to their similarity with given networks, because if A is the adjacency 
matrix in question, then two networks with matrices A, A’ are said to 
be isomorphic, if there is a permutation matrix P such that PAP-1 = A’. 
A useful alternative is the distance matrix which does not only tell 
whether vertices are connected or not, but also the explicit distance 
between pairs of vertices. In our case, this matrix takes the following 
form: 
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Note that each vertex can be reached from any other vertex by 
maximally 4 steps. This is a common property of small-world models. 
(Of course, if the number of vertices is increasing strongly, then so 
does the number of steps, though in a very modest manner. For the 
planet Earth, we usually need 6 steps to cover the whole human 
population consisting of all those who exist on the planet at the same 
time.) However, many of the distances are clearly smaller than that. 
Obviously, the short-cuts help a lot. And thus transport of 
information (in the general sense) is clearly economic within this 
network. Note that vertices 5 and 11 are especially favourable. 
(Remember that distance 1 in this matrix means that vertices are 
actually neighbours.) 
It is important to understand that in many cases of social networks, 
the resulting matrices are non-symmetric rather than symmetric, 
because interactions (transport of information) are directed. Very 
often, the action undertaken by vertex A as to vertex B can be quite 
different from the action undertaken by B as to A. In particular, the 
viewpoints (perspectives) of opinions and/or actions as to that can be 
very different. Details of such interactions can be codified within a 
colouring or labelling of edges in order to clarify specific properties of 
the interactions involved. As to settlements (remember the polis-
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networks), the actual policy undertaken adds to the colouring of 
network graphs. In the case of Greek polis networks, we have a 
collection of interacting networks rather than one network only such 
that perspective of one sub-network is depending on the perspective 
of its mother city (metropolis). This covers Greek dialect, rituals, 
special customs and so forth. Essentially, the picture of the 
Mediterranean as derived in terms of the perspective of a given polis 
network differs decisively from other pictures. Hence, the Greek 
viewpoint of the Mediterranean is the superposition of all the 
different perspectives. 
On the other hand, there is the unifying aspect of “panhellenic” 
institutions (participation in the Olympic games, visits to the oracle of 
Delphi and so forth – very rarely, there have been panhellenic 
colonies, e.g. in Egypt). In other words, the multitude (the pluriverse) 
is unified after all under the roof of universal properties of Greek 
socialization – not the least the organization of the urban polis centre 
itself, within the tension between agorá and theátron, as exhibiting a 
self-administration of equality and a discursive decision making in 
explicit politics. 
 
 

3.2 Stochastic Petri Nets39 
 

It is very useful to choose another form of networks that essentially 
clarify the difference between objects and morphisms. Such a type of 
networks is called Petri nets, and intuitively they are defined by two 
sets called species and transitions, respectively (obviously, taking the 
role of objects and morphisms), such that the first are represented by 
circles and the second by squares. The idea is that the latter express 
the relevant interactions between species (earlier called vertices here) 
with respect to their outcome: In the traditional networks of 
interactive type, the vertices are visualized as operators or agents, 
actively acting upon other vertices, while the quality of the interaction 
is depicted by the labelling of edges among vertices. As to Petri nets 

                                                 
39 In principle, we follow in this section here the brilliant course provided 
by John C. Baez and Jacob D. Biamonte: A Course on Quantum 
Techniques for Stochastic Mechanics. arXiv:1209.3632 (2012). 
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we have to bear in mind two important aspects: On the one hand, they 
are exclusively active networks in the sense that they always describe 
interactions of agents rather than passive layouts of networks (such as 
unutilized bridges or streets) that could be eventually utilized by 
agents whilst fulfilling their tasks. Hence, on the other hand, the 
transition box in the various diagrams represent not just the fact of a 
particular interaction which takes place between two agents, but 
instead, is rather showing the result of the interactions involved such 
that the initial state of the agents involved is altered. A simple 
example would be the creation of a chemical compound consisting of 
two types of reactants: Say, we have atoms of type H and atoms of 
type O, then a more or less complex series of interactions results in 
molecules of the type H2O. This outcome is thus the result of three 
interacting species (objects) and a number of associated transitions 
(morphisms). A similar dynamics would underly the agglomeration 
process of the slime mold as discussed earlier or the behavioural 
interactions of social animals and even human beings. In this sense, 
we have to understand the diagram below: In this case, we have one 
species and two square boxes. One box is called birth, the other is 
called death, respectively. We assume that this is a simple type of self-
interaction of species: Let us assume that the species is that of rabbits. 
Then the diagram below describes the birth of rabbits as an initial 
transition and their death as final transition. Note that transitions can 
be described in terms of characteristic inputs and outputs. In our 
simple case, birth emerges from nothingness and produces one rabbit 
(nothing in and one out), while death takes one rabbit which 
disappears (one in and nothing out). Of course, this is sufficiently 
unrealistic, because living beings do not emerge from nothingess. 
Instead, the potential of being able to be eventually born satisfies certain 
boundary conditions. But the diagram shall serve the purpose for the 
time being. Obviously, we can replace any other objects for the species 
and any other transitions for describing the results of interactions. 
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More complex is an interaction scheme with two species: Take the 
case, that we add wolves to the rabbits above and a simple 
reproduction mechanism that tells us that rabbits split into two by 
natural fission whilst wolves do so by eating rabbits. This is not 
much more realistic, but we can discuss more complex and 
interesting forms of interactions now. The appropriate diagram is 
of the following form then: 
 

  
 
Here, the first species displayed stands for rabbit(s), the second for 
wolves. The upper arrows count as double arrows (producing two 
samples of a species), while the lower (shaded) arrows indicate 
one sample starting birth (creation: on the left-hand-side) and one 
sample starting death (annihilation: one the right hand side). The 
straight arrows show one-sample-inputs. Hence, the diagram 
above represents the following three cases of interaction: 
 

(1) birth: one rabbit in, two rabbits out (reproduction by 
fission) 

 
(2) predation: one wolf and one rabbit in, two wolves out 

(reproduction by fission after predation) 
 

(3) death: one wolf in, nothing out. 
 
Note that this means that in the simple (still unrealistic) model 
chosen, rabbits can never die, unless they are eaten by wolves. 
These examples give us the chance to actually define Petri nets: 
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Definition (Petri nets): These consist of a set S of species and a set T 
of transitions, together with a function i: S x T  N, saying how 
many copies of each species show up as input for each transition, 
and a function o: S x T  N, saying how many copies show up as 
output, respectively. 
 
However, usually, the transitions take place in a stochastic fashion. 
We have thus a generalized definition: 
 
Definition (stochastic Petri nets): These are Petri nets, together with 
a function r: T  (0, ), giving the transition rate (the rate for each 
transition which can be taken to be a constant). 
 
In other words, we have a rate equation, telling us how the expected 
number of objects (copies) of each species changes with time. Even 
more interesting is the master equation, telling us how the 
probability that we have a given number of objects (copies) of each 
species changes with time. In a sense, the rate equation is 
deterministic, but spproximate, however, if the expected value of 
the numbers involved is large and the standard deviation is small, 
then it is quite a good approximation after all. Note also by the 
way that the process described above can be easily visualized in 
terms of a graph of Feynman type, in the following way: 
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The boxes refer (from the left-hand-side to the right-hand-side) to 
the transitions birth, predation, and death, respectively. The upper 
inputs are one rabbit (left-hand-side) and one wolf (right-hand-
side). Hence, the three line graphs on the left-hand-side refer to 
rabbits, the three line graphs on the right-hand-side to wolves. The 
“time coordinate” is running downward. So instead of a Feynman 
graph for particle interaction, we have now a Feynman graph for 
rabbit-wolf interactions. 
Given three rate constants for the cases discussed here, , , , say, 
we get as rate equations with x(t) being the number of rabbits and 
y(t) being the number of wolves, 
 

dx/dt = x - xy, 
 

dy/dt = xy - y. 
 

Here,  is the explicit coupling parameter of the interaction involved. 
Note that these equations are practically equivalent to the Lotka-
Volterra equations, provided the second  is replaced by some 
other rate constant .40 
                                                 
40 In fact, we deal here with a set of two equations: something we call a 
dynamical system as mentioned earlier. Nevertheless, utilizing the 
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Of course, this can be generalized in a straightforward manner, 
namely by introducing k quantities of this kind carrying an index 
in order to denote the type of species: If then xi(t) is the number of 
objects of type i at time t, and the transition destroys mi objects of 
type i and creates ni of them, we can write 
 

dxi/dt = r (ni – mi) x1m1 … xkmk, 
 

where the somewhat complicted product shows up because a 
transition occurs at a rate which is proportional to the product of 
numbers of objects it takes as inputs. The reaction rate is r here. 
With an appropriate vectorial notation, this can be also written as 
 

dx/dt = r (n – m) xm, 
 

with the abbreviations: x = (x1 … xk), m = (m1 … mk), this is the 
input vector, and n accordingly, also with xm in a self-explicatory 
manner. 
As to the master equation, we have to bear in mind that the 
probability that a given transition occurs within a time t is 
approximately the rate constant for that transition times t times 
the number of ways the transition can occur. Take e.g. the case that 
we have 10 rabbits and 5 wolves. Then a birth transition can occur 
in 10 ways, because we have one rabbit as input. Predation can 
occur in 50 ways, because we have one rabbit and one wolf as 
input. And death can occur in 5 ways. More generally, the number 
of ways to choose M distinguishable things from a collection of L 
is the falling power of the kind 
 

LM = L (L – 1) … (L – M + 1). 
 

Take a stochastic Petri net now with k species (types) and one 
transition with rate constant r such that the ith species appears mi 
times as input and ni times as output. We introduce a labelling 
which is a k-tuple of natural numbers ℓ = (ℓ1 … ℓk) saying how 

                                                                                                              
terminological conventions of Baez and Biamonte, we can also talk of one 
rate equation altogether (thinking in terms of a vectorial expression). 
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many things (objects) are in each species. Let ℓ(t) be the 
probability that the labelling is ℓ at time t, then the master equation 
can be written as 
 

dℓ’(t)/dt = ℓ Hℓ’ℓ ℓ(t) 
 

for some matrix H. This matrix gives all possible transitions 
among what we can practically call states (ℓ’, ℓ) of the system in 
question. We can write this equation without the summation sign 
, if we utilize Einstein’s summation convention: Hℓℓ’ ℓ. When 
skipping indices, we can also write this in the form 
 

d/dt = H . 
 

The astonishing point is here that this looks very much like 
Schrödinger’s equation, only that it is defined on a real vector 
space such that the probability  can be normalized. While the 
original Schrödinger equation is defined on a complex Hilbert 
space such that we have to include an imaginary unit on the left-
hand-side, and that in this case, the  would be a probability 
amplitude rather than a probability proper. The probability would 
be then the absolute value of its square: P =  2 – which can be 
normalized then quite well. The question arises here whether the 
stochastic model we propose in the above-mentioned can be 
visualized as a macroscopic approximation of a universally 
underlying quantum model. Think of the rabbits! 
Remembering our slime mold example earlier, we can give a 
similar description for this more complex system treating amoebae 
as aggregating agents on the one hand and slime molds proper as 
fruiting bodies that produce amoebae again on the other. As to the 
transitions, it is quite straightforward to visualize the aggregation 
process as one transition and the germination of spores as another. 
It might be useful to introduce a third transition for the slime mold 
itself, differing between the state of a tight aggregate in the 
beginning and the fruiting body that initializes germination in the 
end. So in principle, we would expect a layout which looks like the 
following: 
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However, the difficulty is here that we do not really know how 
many amoebae will emerge from germination and how many will 
be involved in aggregation. Certainly, it must be around ten 
thousands of samples so that the number of possibilities of how to 
arrange interactions is considerably increased. On the other hand, 
large parts of these interactions are actually self-interactions, 
because it is the population of amoebae that transforms itself by an 
internal communication that is based on the hormone chemotaxis. 
Hence, visualized as a system for itself, the population of amoebae 
is in fact self-interacting. Likewise, the aggregate (which is still an 
agglomeration of individual cells) undergoes a transformation that 
enables germination at a later stage. Again, the slime mold 
essentially self-interacts in order to achieve this productive state. 
In the germination phase, the slime mold ejects a multitude of 
amoebae (spores) so that this can be visualized as a one-to-many 
transition. While in the aggregation phase, we have a many-to-one 
transition. This is indicated in terms of the shaded arrows that 
represent the input and output for the respective transitions. The 
developmental transition that enables the slime mold to germinate 
is indicated by a simple straight arrow in order to stress the point 
that this is a one-to-one transition. 
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Note two further aspects: First of all, this process is not really a 
cycle, although it is depicted above in this fashion in order to 
illustrate the constitutive components involved. But in fact, it is an 
open spiral rather than a cycle, because strictly speaking, the 
amoebae emerging from the slime mold fructuation process are 
not the same that aggregate to built up the slime mold in the first 
place. So what we have is more the following picture which is 
more precise as to the description of the dynamics: 

 
 
But then, we recognize that the scope of the processes involved 
can be represented in a simplified way, according to whether we 
choose the perspective of the micro-level or macro-level, respectively: 
If we take the perspective of the slime mold, then one part of the 
(spiral) cycle can be visualized as a self-interaction that reproduces 
slime molds: 
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But if we take the perspective of the moebae, then we can visualize 
the same process as a self-interaction of the population that 
reproduces amoebae: 

 
While the main action of the first diagram is “germination”, the 
main action of the second diagram is “aggregation”. However, the 
latter is based on an internal interaction within the population of 
amoebae. Hence, it can be interpreted as communication. (This is in 
fact what happens: Chemotaxis is a procedure of communication 
in the first place.) Note that Petri nets tell essentially how one 
object performs a transition (by suitable interactions) and becomes 
another object. A communicating amoeba is still an amoeba, but its 
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action is altered. It is in this sense that we can say that an amoeba 
undergoing chemotaxis is another amoeba.41 
But remember that a slime mold is an organism, but a collective of 
individual amoebae at the same time. If the tight aggregate 
transforms itself by means of chemical processes, then this can also 
be visualized as interaction (i.e. communication) of amoebae, 
eventually resulting in the fruiting body which is able in turn to 
proceed to germination. 
 

* 
 
The advantage of what Baez and Biamonte offer us is that we can 
utilize the methods from the field of quantum field theory in order 
to understand the stochastic processes better: The first, very useful 
probability distribution that can be discussed in terms of Petri nets 
is the Poisson distribution well-known from many fields in physics 
and elsewhere. Baez and Biamonte discuss this in terms of an 
example which is dealing with the capture of fish (very funny: 
French for “fish” is “poisson”42). 
The idea is the following: The probability for one fish caught 
within time t is r t. The probability for n fish being caught is (n, 
t) accordingly.  All such probabilities can be summarized in terms 
of a power series of the form 
 

(t) = 0
 (n, t) zn, 

                                                 
41 In fact, this is an important point, once we come to social systems: 
because a person remains a person, but its significant properties change 
according to the interaction a person is undergoing. And the main type of 
interaction for human beings is communication. But if the significant 
properties change, we can plausibly argue that we deal with another 
person. Probably, this becomes more plausible when we speak of a 
person’s change of state that alters the person and thus produces a new 
one. 

42  The distribution is actually called after the mathematician Siméon 
Denis Poisson who lived from 1781 until 1840.  
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where we call z the generating function. Now, recall that the master 
equation can be written in a form which is similar to Schrödinger’s 
equation: d/dt = H . Traditionally, we call H the Hamilton 
operator (or: Hamiltonian). In our case here, this equations 
describes how the probability of having caught any given number 
of fish changes with time. However, in quantum physics we 
discuss the creation and annihilation of particles. Thinking of fish 
instead, we can express the fact that we can be sure at time t to 
have n fish by writing 
 

 = zn. 
 

Creation of particles is given by the creation operator of the form 
a†  = z . Hence, one more fish is consequently expressable by 
 

a†  = zn+1. 
 

And the probability of having caught n fish by time t is given by 
the distribution 
 

[(rt)n/n!] exp (– rt), 
 

which is called Poisson distribution. We find that this result is 
compatible with choosing the Hamiltonian such that H = r (a† – 1). 
This also solves the master equation whose general solution is (t) 
= exp (t H) (0) with (0) = 1. Remember that the Hamiltonian for 
macroscopic everyday problems is actually a matrix. 
Comparing then stochastic (macroscopic) dynamics with quantum 
dynamics, we realize that in probability theory, the passage of 
time is described by a map that sends probability distributions to 
probability distributions. This can be described by a stochastic 
operator of the form 
 

U: L1(X)  L1(X) 
 

which is linear such that  U  =   and   0, U   0. While in 
quantum physics the passage of time is described by a map that 
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sends wavefunctions to wavefunctions, which can be expressed in 
terms of an isometry 
 

U: L2(X)  L2(X) 
 

that is also linear in the sense that  U , U  = , . If these 
isometries have inverses, they are called unitary operators. (Time 
evolution in quantum physics is usually reversible. In probability 
theory it is usually not.)43 
In quantum physics, the solution of the Schrödinger equation is 
mainly expressed by the term exp (– i t H) , and a Hamilton 
operator that makes this term unitary for all t is one which is self-
adjoint: H ,  = , H . So what properties should a 
Hamilton operator have that makes exp (t H) stochastic? 
Now what we find is that we must have 
 

 exp(t H)  =  . 
 

We can also recognize that the condition   0  exp (t H)   0 is 
satisfied, if we introduce the concept of an infinitesimally stochastic 
matrix H: This is one whose columns sum to zero and whose off-
diagonal elements are non-negative. 
Let us come back now to our rabbits: In a given population of 
rabbits, we call n the probability of having n rabbits. We utilize 
then the power series expansion of the form 
 

 = 0
 n zn. 
 

So what we do here is essentially to sum over all possible 
probabilities. The advantage is in the fact that we can define 
creation and annihilation operators on formal power series such 
that 
 

a  = d/dz , 
 

                                                 
43 We use here Dirac’s bracket notation and come back to that later. The 
full bracket is a scalar product. 
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a†  = z , 
 

where the first expression gives the annihilation operator and the 
second the creation operator. We have already seen above how 
creation works by producing one new sample, e.g. one new rabbit. 
The annihilation procedure is a little more complicated, because 
we have to think of the n ways we could pick a rabbit and make it 
disappear. We have thus: 
 

a  = n zn-1. 
 

Note that we have also 
 

(aa† – a†a)  = d/dz (z ) – z d/dz  = , 
 

hence, creation and annihilation operators do not commute: [a, a†] 
= 1. This essentially means that there is one more way to put a 
rabbit in a cage of rabbits, and then take one out, than to take one 
out and then put one in. Clearly, the evolution of the probabilities 
summarized in  follows the rate of change of  according to 
d/dt  = H . The details depend on the situation chosen. Baez 
and Biamonte give a number of possible scenarios utilizing the 
simplified rabbit system: So catching a rabbit is described by the 
Hamiltonian H = a† –1, a dying rabbit by H = a – N, where N is the 
number operator: a†a, breeding a rabbit by H = a†a†a – N, and so 
forth. The general rule is as follows: Suppose we have a process 
taking k rabbits as input and having j rabbits as output, then the 
respective Hamiltonian possesses the form H = a†j ak – N (N – 1) … 
(N – k + 1). 
 

* 
 
Recall from above that for our system of rabbits and wolves, we 
can write down the rate equations in terms of given rate constants 
as 
 

dx1/dt =  x1 –  x1 x2, 
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dx2/dt =  x1 x2 –  x2. 
 

The Hamiltonian for the master equation becomes more 
complicated, but without giving further details here44, we can 
write it down for the model discussed here in the form 
 

H =  B +  C +  D, 
 

where B = a1†2 a1 – a1† a1, C = a2†2 a1 a2 – a1† a2† a1 a2, D = a2 – a2† a2. 
In other words: Birth annihilates one rabbit and creates two rabbits. 
Predation annihilates one rabbit and one wolf and creates two 
wolves. Death annihilates one wolf. If we solve now the master 
equation accordingly such that we have (t) = etH (0), then we 
can utilize the fact that 
 

etH = 1 + t H + (t H)2/2! + … 
 

to multiply this with (0) to get (t) altogether. All the possible 
products of B, C and D involved can be drawn as Feynman 
diagrams, or to be more precise: as a sum of Feynman diagrams 
(as shown earlier).  
Now, the interesting point is that the type of stochastic mechanics 
(or dynamics rather) we have discussed so far admits an analogue 
of Noether’s theorem. In particular, this is true for Markov processes 
in general, of which stochastic Petri nets turn out to be a special 
case. If we consider a set of states X, then a Markov process is 
described by a real matrix H = (Hij), i,jX. If we assume that the 
system is in state i, then the probability of being in some state j 
after some time changes with time, and the Hij is defined to be the 
time derivative of this probability. From here, we can easily 
motivate again the introduction of “infinitesimal stochasticity”: 
Given a finite set X, a matrix of real numbers H is infinitesimally 
stochastic, if i  j  Hij  0, and i Hij = 0 for all jX. A Noether 
theorem applied to Markov processes tells us now that an 
observable commutes with the Hamiltonian if and only if (iff) the 

                                                 
44 See Baez, Biamonte, op. cit., 74-76. 
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expected values of that observable and its square do not change 
with time. Or in other words, if O is the observable, 
 

[O, H] = 0 iff d/dt  O  = 0 and d/dt  O2  = 0, 
 

for all  that satisfy the master equation. (In a sense, it looks 
remarkable that we have to take care of the square of O here, not 
only of O itself. But this is due to the difference we have already 
noticed when comparing stochastic mechanics with quantum 
mechanics. We leave out the proof here and instead refer back to 
our primary source.) 
In order to directly compare the Noether theorem versions in 
question here, we state the quantum version and the stochastic 
version one after the other: 
 
Theorem A: Let X be a finite set. Suppose H is a self-adjoint 
operator on L2(X), and let O be an observable. Then [O, H] = 0 iff 
for all states  satisfying Schrödinger’s equation such that d/dt  
= – i H , the expected value of O in state  does not change with 
time t. 
 
Theorem B: Let X be a finite set. Suppose H is an infinitesimally 
stochastic operator on L1(X), and let O be an observable. Then [O, 
H] = 0 iff for all states  satisfying the master equation such that 
d/dt  = H , the expected values of O and O2 in the state  do 
not change with time t. 
 

* 
 

Hence, in principle, what we do here is to compare approaches 
that rely on self-adjoint operators (in the case of quantum 
mechanics) and on infinitesimally stochastic operators (in the case 
of stochastic mechanics), respectively. This turns out to be very 
important for network theory, because there is a class of operators 
that combines both properties: Such operators are called Dirichlet 
operators. Hence, the operator H is said to be self-adjoint, if it equals 
the conjugate of its transpose: Hij = Hji. And the operator H is said 
to be infinitesimally stochastic, if its columns sum to zero and its off-
diagonal elements are non-negative. So H is a Dirichlet operator, if 
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it is both self-adjoint and infinitesimally stochastic. We can 
formulate the following then: 
 
Theorem C: Any finite simple graph with edges labelled by positive 
numbers gives a Dirichlet operator, and conversely. 
 
Suitable networks of this kind can be described in terms of circuits 
that consist of resistors whose conductance is given by the 
labelling.45 But it is also interesting to apply the insight gained to 
reaction networks of various kinds, particularly of chemical type. 
We take a simple reaction as an example: 
 

A  B, 
 

B  A, 
 

A + C  D, 
 

B + E  A + C, 
 

B + E  D. 
 

Equivalently, this can be visualized in terms of a Petri net of the 
following kind: 
 

                                                 
45 Cf. Baez, Biamonte, op. cit., 143 sqq. 
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We have replaced here lines and arrows for the block arrows used 
earlier. Obviously, each reaction corresponds to a transition of this 
Petri net. We recognize the complexes here in which each species 
shows up serveral times. Hence, essentially, a reaction network is a 
graph whose vertices are labelled by complexes. On the other hand, a 
reaction network can also be visualized as a set of species together 
with a directed multigraph whose vertices are labelled by 
complexes of those species. In this sense, it is also the generator of 
a Petri net and viceversa. And if each reaction is labelled by a rate 
constant, the reaction network is said to be stochastic. (We can 
realize here the relevance of category theory, because we can 
define suitable morphisms that map one type of network onto the 
other.) 
Let us now define the deficiency of a network: This is the number of 
vertices minus the number of connected components minus the 
dimension of the stoichiometric subspace. Note that two vertices 
lie in the same connected component, iff you can get from one to 
the other by a path that is direction-independent. (In our example, 
there are five vertices and two connected components, depicted in 
the following fashion: 
 

D 

A C 

B 
E 
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A  B 
 

A + C  D 
                                                                 
                                              B + E id B + E    
 
The lower arrow is the identity here.) 
The stoichiometric subspace of a reaction network is the subspace 
Stoch  RS spanned by vectors of the form x – y where x and y are 
complexes connected by a reaction. In our example, each complex 
can be seen as a vector in RS which is a space whose basis can be 
visualized as A … E. So each reaction gives a difference of two 
vectors with respect to the complexes: The top reactions give B – A 
and A – B, respectively. The central part gives D – A – C. The 
lower part gives on the left-hand-side A + C – B – E, while the 
right-hand-side gives D – B – E. These five vectors span the 
stoichiometric subspace. But because these vectors are linearly 
dependent, the subspace is three-dimensional rather than five-
dimensional. Hence, in a sense, the stoichiometric subspace is the 
space of ways to move in RS that are allowed by the reactions in the given 
network. So in the end, we find that the deficiency of our network 
example is 5 – 2 – 3 = 0. 
Now then, we call a network weakly reversible, if whenever there is 
a reaction going from a complex x to a complex y, there is also a 
path going back from y to x. Hence, our network example is not 
weakly reversible, because we can go from A + C to D, but not 
back (and so forth). So we formulate the 
 
Theorem D: Given a network with a finite set of species S. Suppose 
its deficiency is zero. Then: 
 

(1) If the network is not weakly reversible and the rate 
constants are positive, the rate equation does not have a 
positive equilibrium solution. 

 
(2) If the network is not weakly reversible and the rate 

constants are positive, the rate equation does not have a 
positive periodic solution. 
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(3) If the network is weakly reversible and the rate constants 
are positive, the rate equation has exactly one equilibrium 
solution in each positive stoichiometric compatability class. 
This equilibrium is complex balanced. Any sufficiently 
nearby solution that starts in the same stoichiometric 
compatability class will approach this equilibrium as t goes 
to infinity. There are no other positive periodic solutions. 

 
In other words: The interesting dynamics happens in networks 
that have not deficiency zero. The first condition of part (3) is a 
consequence of the fact that if Stoch  RS is a stoichiometric 
subspace, and x(t)  RS is a solution of the rate equation, then x(t) 
always stays within the set x(0) + Stoch. This is called the 
stoichiometric compatability class of x(0). While the complex balance 
entails that we can turn the equilibrium solutions of the rate 
equation into those of the master equation. If we would prefer to 
have a compact version of what we have done so far, we could 
introduce a very compact diagram that summarizes the 
information in a stochastic reaction. Take the map Y: K  NS 
sending each complex to the linear combination of species that it is 
composed of. Then the required diagram is of the form 
 

(0, ) r T ts K Y NS. 
 

We have utilized here the definition of a reaction network in a 
more formal fashion, namely as a triple (S, s, t: T  K) such that S 
is a finite set of species, T a finite set of transitions, and K a finite 
set of complexes, together with source and target maps s and t. In 
particular, each transition  gives a vector 
 

 = t() – s()  RK 
 

that tells us what change in complexes it actually causes. In fact,  
can be extended (as all the other maps) to a linear map so that we 
can follow the mathematicians and call it boundary operator. Note 
that a reaction network has deficiency zero, iff Y() = 0   = 0 
for every RT. (And it actually follows that the deficiency of a 
reaction network is the dimension of im  kerY. Indeed, imY is 
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nothing but the stoichiometric subspace mentioned above.) We 
can compute the deficiency then by the number of vertices in the 
network minus the number of connected components minus the 
dimension of imY. We know that for our last example, this is just 
zero. 
We can also give the 
 
Theorem E: A weakly reversible network with zero deficiency given. 
Then for any choice of rate constants there is an equilibrium 
solution of the rate equation where all species are present in 
nonzero amounts. 
 
Here, the important (and sufficiently innovative) aspect is that the 
rate equation for a reaction network looks like 
 

dx/dt = Y H xY, 
 

where Y is a matrix now such that the equation becomes non-
linear! The equilibrium would be given by dx/dt = 0 so that we 
should look for a solution of H xY = 0. This is mainly achieved by 
finding all solutions of H  = 0 first, and then also those for which 
 = xY. The relevant information for doing so is contained in the 
sequence shown above so that we get the finite sets of transitions 
(T), complexes (K), species (S) plus the rate constant for each 
transition given by r, the source and target maps s, t, as well as the 
injection Y which tells us how each complex is made of species. 
Utilizing some knowledge from the handling of sequences (of 
which we will leave out the details here 46 ), we can actually 
reproduce the desired equation of the indicated type. By replacing 
addition by multiplication and multiplication by exponentiation, 
we also achieve a generalized type of matrix operations such that 
we can write: 
                                                                        Y11 … Y1ℓ 

                                             …       …  
                                           Yk1 … Ykℓ 

xY = (x1, … xk)  

                                                 
46 But see Baez and Biamonte, op. cit., 207-209. 
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so that xY = (x1Y11 … xkYk1, …, x1Y1ℓ … xkYkℓ). The entries of the 
matrix Y tell us how many times each species shows up in each 
complex. Or in general: If you have a certain number of things of 
each species, then we can list these numbers such that the matrix 
formed describes in how many ways one can built up each 
complex from the available things. We can still show the 
equivalence of three expressions: 
 

dx/dt = Y T r() (t() – s()) xYs() = Y (t – s) s† xY = Y HY. 
 

It is important to remark that these relationships fall into a field 
that is closely related to category theory. In fact, the mappings 
involved can be visualized as arising from a pair of adjoint 
functors. 
Now, if we introduce graphs that are weakly reversible, i.e. such 
that for every edge : i  j, there is a directed path going back 
from j to i, meaning that we have edges 1: j  j1, … n: jn-1  i. The 
advantage of the weakly reversible case is that we get one 
equilibrium solution of the master equation for each component of 
our graph, and all equilibrium solutions are linear combinations of 
these. Note that the following graph (where we use boxes for the 
acting complexes as an exception) is not weakly reversible while 
the second actually is: 
 

  

0 1 

2 
3 

4 
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We can label the edges with rate constants (from above: 1, 1, ½, ½, 
1, ½, ½ , say). The second diagram is: 
 

 
 
Here, the labels of the second edge from above and of the new one 
on the right-hand-side are ½ each. 
Utilizing this insight, we can re-phrase earlier results in the 
following way: 
 
Theorem F: Let H be the Hamiltonian of a weakly reversible graph 
with rates 
 

(0, ) r T  ts K. 
 

Then for each connected component C  K, there is a unique 
probability distribution CRK that is positive on that component, 
zero elsewhere, and is an equilibrium solution of the master 
equation HC = 0. Moreover, such distributions form a basis for 
the space of equilibrium solutions of the master equation. So, the 
dimension of this space is the number of components of K. 
 
We also note from the above that we can formulate 
 

0 1 

2 
3 

4 
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Theorem G: The Hamiltonian for a graph with rates is given by H = 
s†. 
 

* 
 

While within the framework of the course offered by Baez and 
Biamonte, many further details, and in particular: the proofs of the 
theorems we have only mentioned here, are displayed, we would 
like to end with a review of possible applications of all of that to 
urban social systems. In that case, we do not deal with chemical 
compounds or similar stuff, but with a large number of systemic 
aspects that remain more or less invariant. Essentially, a city (or 
one of its living quarters as to that) consist(s) of inhabitants (i.e. 
individual persons) that can be grouped as species according to 
their membership in pre-defined social groups. We have networks 
on two different levels: First of all, there is a network whose 
vertices (if presented in terms of a graph) are persons ( = agents 
operating on other agents) and whose edges are the interactions 
among them. But there is also a network on a higher level whose 
vertices are the groups and whose edges are the (average) 
interactions among these groups. Obviously, within this picture, a 
society is a group of groups. If we call the persons objects and their 
interactions morphisms, then we can define a category for a group 
(for one species). If the objects are groups (categories), then the 
morphisms are functors between (various) categories. Interactions 
among persons, i.e. among human beings, are mainly governed by 
language, i.e. by linguistic operations. Usually, if p is a person and 
q another, then we say that p and q interact, if they talk to each 
other or communicate otherwise, but in a linguistic manner. Note 
however that different from formal languages that possess a 
lexicology and a syntax, in everyday languages there is also a 
semantic such that very often, the interaction p  q (p talks to q) is 
not equivalent to the interaction q  p (q talks to p). 
If visualized in terms of Petri nets, we would say that social 
interactions of this type can be understood as transitions such that 
one member of a species who interacts with a member of another 
species changes in time accordingly. In other words, we can apply 
the terminology of creation and annihilation operators, provided 
we interpret a person that has interacted as a new person. If p and 
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q converse, then after their talk, p and q have been transformed, 
namely by means of the information flow which is represented by 
this process of communication. Usually, in social systems, 
communication is nothing but transport of information. As seen 
under the perspective of one specific group (species), information 
transport is percolation within the network. Hence, given the case 
that several members of different groups communicate with one 
another, we have the following situation: 
 

  
Here, we have depicted only one representative member of the 
respective group, but in principle, the arrows can be multi-valued. 
Communications acts from group A to group B and viceversa. 
While interacting, both groups change, because the 
communicating members of them change. We can formally say 
that new persons are actually produced by means of the ongoing 
discourse. But different from the chemical or biological examples 
given earlier, in this case, production means producing a new 
inventory of behaviour and thus language! In a social system this 
is because linguistic (and behavioural) context determine cognition 
and (further) communication (therefore also cooperation in the 
long run). It is because human beings have no choice: they must 
communicate all the time, and thus they change all the time. 
(Sartre!) Hence, species A after communication is a new species A’, 
and the same is true for species B which changes into B’. However, 
note also that the group (species) itself resembles very much the 
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species 
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organism we encountered in terms of the process of slime mold 
aggregation: This is because the group practically constitutes the 
organism. In other words: Persons communicate and, by doing so, 
aggregate (accumulate) to form a group which is representing 
their collected interests and opinions. These latter can be read from 
the explicit discursive structure the group is utilizing. And this 
structure is expressed by characteristics that can be obtained from 
linguistic aspects. But at the same time, the discursive structure is 
also mapped on the explicit modes of behaviour such that spatial 
design e.g. can also be visualized as an outcome of this very 
discourse. 
So what we have is a system with two organizing levels: On the 
group level, we have a spirally organized process of aggregation 
which can be viewed as a type of self-interaction reproducing the 
group all the time, and, by doing so, reproducing the individual 
members. This is a strict parallel to what we have said earlier with 
respect to the two perspectives under which slime mold 
aggregation can be visualized in terms of a reproductive 
procedure. In fact, in the case of human beings, this parallel can be 
taken in a literal sense, as far as biological reproduction is being 
concerned47. But we talk about social reproduction here in much 
more general terms. 
Hence, if we talk about social groups very much in the manner of 
a finite set of interacting species, then we would like to apply 
theorem D (3) in order to find out whether there are states of the 

                                                 
47 Indeed, an individual human being can be visualized as a collective of 
several types of cell populations in turn consisting of individual cells that 
are cooperating to produce and then maintain an organism. Hence, 
biological reproduction of humans can be viewed under a perspective of 
some special aggregation process, except that the concrete production 
phase is usually limited to a pairing of exactly two cells only. 
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system that provide an appropriate equilibrium solution for the 
master equation involved.48 This can be done in the following way: 
First of all, we have to stratify somewhat the group structure of 
urban social space. For simplicity, we leave out some possible 
complications. Hence, we classify the groups according to their 
referring to characteristics that are related to kinship and descent 
(species type A), occupation (type B), further stratified according 
to whether one works in a private sector (type B1) or in a public 
service (type B2), education (type C), cultural aspects (type D), and 
(other) interests in an unspecified sense (type E). Note that we 
neglect age and gender as group characteristics. We also do not 
talk on hierarchies which are especially immanent in various 
species in different ways. The most obvious case is the formalized 
hierarchy and ranking of positions in the (professional) 
occupational field. The idea is then that these groups are 
visualized as species in the sense of what we have discussed here. 
Obviously, all these groups are constituted by individual persons 
who interact within the given conditions of their respective 
networks. These persons are permanently engaged in 
communication which determines their transitions in detail 
according to mainly linguistic criteria. On the other hand, on the 
next level of complexity, groups can communicate among each 
other and cooperate e.g. for given purposes. In that case, we have a 
situation which is similar to the complexes discussed earlier: It is 
important to notice that in a group coalition (or complex) merely 
communicative processes are transformed into political processes. 
The difference is in the transcending quality of interests pursued, 
because the groups involved in such a complex have established a 
consensus about carrying their intentions into public space rather 
than concentrating their activities to within the limits of their 
specific social sector. 
Take an average urban quarter in a large metropolitan area. 
Typically, a living quarter is the administrative unit on which the 

                                                 
48 Note that an equilibrium solution of the master equation does not 
entail a static or stationary situation with respect to the evolving system: 
It simply means that there is a stationary value for the probability of a 
specific state of that system.  
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urban organization can be easily based. 49  The quarter itself is 
based on the smallest unit which is a household. In fact, for a city 
like Berlin, a typical metropolitan district, Schöneberg say, is of an 
area size of roughly ten square kilometers with approximately 
115.000 inhabitants.50 We can differentiate here among ten living 
quarters one of which is what we call “the island”. This is 
essentially an area in the shape of a triangle that is cut out by the 
railway trail of three different metropolitan lines. The island itself 
has about 13.000 inhabitants. 
If we assume that group types A through E show up in terms of 
numbers of species such that there are a groups of type A, b1 and b2 
groups of type B and so forth up to e groups of type E, then a large 
part of them is probably involved in the establishment of coalitions 
to form political complexes. Utilizing the diagram terminology we 
have introduced earlier, we might be able to express such a 
situation in the following way: 
 

 
 

                                                 
49 Officially, Berlin comprises 97 living quarters altogether. 

50 We talk here about the original city structure of Berlin in the sense of 
the first composition of twenty administrative districts in the year 1920. 
The number of these units has been reduced to 12 more recently.  

a44 

a95 

a55 

b2,1 

b2,3 

b2,2 

d33 

e18 

d22 

c1 
c2 
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Here we have assumed that a sufficiently realistic picture would 
be provided by setting a  100, b1  30, b2  10, c  5, d  50, e  30. 
In other words, we deal with 225 interacting species altogether. 
But we have to note that most persons belong to more than one 
species. On the average we have 50-60 members per species. The 
social networking of individual group members we will call 
communication proper, while the interaction of groups we will call 
policy instead. For the diagram we have selected 11 such groups of 
various types.51 The lines and arrows among them display the 
interactions such that each line is thought of as representing an 
appropriate transition normally depicted by a labelled box which 
we have left out here for simplicity. The idea is that for this 
example (i.e. for these 11 out of 225 groups) a complex is forming 
following a policy that is put forward by the groups based on their 
specific group consensus. Other complexes in other group 
combinations form similarly so that the community of the living 
quarter in question can be visualized as a hyper-complex which is 
forming out of the complexes involved. So on the first level of 
communication, individual persons form groups, on the second 
level, groups form coalitions (complexes), and on the third level, 
complexes form hyper-complexes. As to their inventory of 
behaviour and discourse, the latter are the concrete expression of 
the community that can be observed (in political terms) within a 
living quarter.52 As to the diagram displayed above, it is necessary 
to remember that what was called “stoichiometric subspace” is 
related here to a space of free play that provides the available 
range of possible motions within the given framework of state 

                                                 
51 Here, the groups numbered with utilizing a comma shall be differed 
from those numbered by a two-digit number.  

52 For the example chosen, size and number of inhabitants reflect well the 
conditions of ancient Athens by the way. Hence, it is very tempting to 
look for explicit applications of designing the interior tensions of this 
social space by positioning the poles of agorá and theátron as explained by 
Richard Sennett. I have elaborated on that in more detail in: Η ΝΕΑ 
ΠΟΛΥ, op. cit. (In press for LIT, Münster, 2013)  
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probabilities. Each group possesses at least one incoming and one 
outgoing arrow. Hence, it is secured that for each path there is a 
return-path (not always directly) such that we can establish a 
condition which is equivalent with the condition of weak 
reversibility. In other words, the complex that forms according to 
the diagram shown is on the best way to achieve a desired 
equilibrium. This can be visualized as the condition for a 
transitory type of structural stability for a complex in the first 
place. So that we would expect a similar structure for all the other 
complexes present.53 
This implies a strategic aspect of the policies involved: Enduring 
transitory stability can be achieved, if the social design is such that 
the field of possible transitions remains well-balanced. (If one or 
the other connection is vanishing, it must be clear that others have 
to be established in order to stabilize the network.) Of course, we 
have neglected here the interaction with the other complexes 
which make this special complex (like all the others) an open 
system sensible against flow of energy and flow of information 
across the system boundary. 
If we assume that 11 species form a complex as shown above, then 
about 20-30 other such complexes can possibly form in order to 
compose a hyper-complex. (For a living quarter, this would be the 
level of groups of groups. Of course, for a whole city we would 
have another level of grouping living quarters to form a district, 
and a level of grouping districts to form the (administrative) 
totality of the city. So for a usual city, we would have at least five 
levels of organization above the individual inhabitants in the 
following fashion: 
 
 

                                                 
53 It is unlikely however that the deficiency of the graph would be zero, 
despite the many vectors that are linearly dependent. But the dim(im Y) 
is comparatively large. What we could achieve at most would be a 
deficiency of 11 (vertices) – 1 (connected component) – 6 = 4. 
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What does all of this actually mean in practical terms? Obviously, 
we would not expect that the process of “steering communicative 
discourses” such that they follow the pattern of available 
stoichiometric compatability classes is one that can be pursued 
with any conflicts or contradictions showing up in the run of the 
ongoing procedures. But the important point is that there are 
procedures at all in the first place! It is certainly not possible to 
eventually achieve a transitory and dynamical equilibrium state 
without a suitable inventory of procedures. We have to remember 
that for a usual, not too large, city (we speak of Berlin here), we are 
talking of about 225 x 10 x 12 = 27.000 groups (species) involved – 
despite the fact that many individual inhabitants would be 
multiple group members at the same time. Hence, the concrete 
presence of various legal procedures (although very often they 
might appear somewhat unrealistic for the problems in question) 
defines a useful framework within which communicative 
processes of discourse can actually take place. 
We can recognize that this (tentative) result is compatible with the 
rule derived from the traditional episode about Heraclitus who 
when asked for the appropriate means to live together in the polis 
community did not answer, but put together a barley-drink (the 
kykeon notorious for visitors of the Delphi oracle) instead and 
drank it down. The idea is in the stirring, because the composite 
parts of the drink separate when the stirrung is stopped. In other 
words, it is necessary to keep everything in motion all the time in 
order to secure a permanent “stirring” of what composes the 

city level = totality 

district district district 

quarter = hyper-complex 

complex 

group 

individuals 

quarter quarter quarter 

complex 

group 
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“fluid” of society. When looking at the networks above, we can 
gain some insight into what this “stirring” practically means. 
Hence, in the end, when applying aspects of network theory to 
fields that are far too complex for admitting a closed formal 
description of their models, such as social systems, we 
nevertheless extract ethical as well as political results that 
essentially follow from the structure of the networks involved. It is 
in this sense that we can talk about the topology of communication 
that is determining the logic of social space. 
 
 

4 System Boundary as Operator 
 

As it turns out, systems have a lot to do with (mathematical) 
topology. This deals chiefly with topological spaces. Essentially, these 
are spaces that are sets of points and sets of neighbourhoods of points 
that satisfy certain axioms that relate the former to the latter: Let X be 
a set and F a function that assigns to each point of X a collection of 
subsets of X. The elements of this collection are called neighbourhoods 
then. In particular, we have the following: 1) Every point belongs to 
every neighbourhood of itself. 2) Every superset of a neighbourhood 
is again a neighbourhood. 3) The intersection of two neighbourhoods 
is again a neighbourhood. 4) Any neighbourhood contains another 
such that it is neighbourhood to each of the latter’s points. 
Example: A subset of R is a neighbourhood of a real number, if there 
is an open interval contained in this subset which contains this 
number. 
An open-subset-oriented definition is given below. We continue with 
the following: A limit point of a set in a topological space is a point 
(not necessarily in this set) that can be approximated by this set such 
that every neighbourhood of the point contains at least one point of 
this set different from itself. So, the closure of a subset in a topological 
space consists of all points in this subset plus all the limit points. 
Alternatively, the closure can be defined as the union of the subset 
plus its boundary. Also: The interior of a subset in a topological space 
consists of all points of this subset that do not belong to its boundary. 
In other words: The boundary of a subset in a topological space is the 
set of points in the closure of this subset that do not belong to its 
interior. This essentially means that the boundary consists of those 
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points of a set that can be approached from both inside and outside 
the set. There are three consequences: 1) ∂S = Š \ So [closure without 
interior], 2) ∂S = Š ∩ (X \ S)ˇ [intersection of the closure with the 
complement’s closure], 3) the set of points such that every 
neighbourhood contains at least one point of the subset and one point 
not in this set. Hence, the boundary of a set is closed. And it is also the 
boundary of the complement of the set. 
Note that so far we deal here with spatial criteria that are essentially 
static such that the boundary of a set is something like a standing 
property of this set rather than a dynamic aspect. But for more 
complex spaces the boundary can be visualized as a morphism and 
gains thus the connotation of an operator. 
Especially, in algebraic topology, the concept of homology is relevant: 
The idea is to develop precise criteria in order to be able to classify 
topological spaces. This is mainly achieved by utilizing relationships 
among (families of) curves. Basically, homology is a concept similar 
to homotopy that classifies spaces according to the closed curves 
(loops) that can be deformed into each other by continuous 
mappings. The advantage is that the classification structure can be 
endowed with the structure of a mathematical group that defines a 
certain action, i.e. that operates on spatial forms. In this sense, the 
boundary gains the connotation of an operator: Roughly speaking, 
the boundary  of an m-simplex is the set of (m-1)-simplexes of its 
faces. (Recall that a simplex [simplicial complex] is a set of elements 
called vertices together with a collection of subsets called simplexes 
such that any subset of a simplex is itself a simplex. The dimension of a 
simplex is one less than the number of vertices in it, and the 
dimension of the complete simplex is the maximum of the dimension 
of its individual simplexes.54) While the co-boundary  of an m-simplex 
is the set of (m+1)-simplexes that have it as their face. For both 
boundary and co-boundary operator:  =  = 0. 

                                                 
54 What we do here is to skip more complex aspects that are related to the 
fact that algebraic topology is dealing with chains of simplexes rather 
than with individual simplexes. And usually, we would deal with their 
realizations: That is, an m-simplex has a realization in R2m+1. A more 
geometrical perspective (which we cannot explicate in detail here) is to 
utilize the integral theorem of Stokes: Md = M, and to show that  is 
the adjoint of the exterior derivative d. 
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5 Boundary and Difference 
 

The example chosen here to demonstrate that a boundary implies a 
difference deals with the representation of the DNA structure in terms 
of self-interactions of containers and extainers. This approach goes 
back to Louis Kauffman who is one of the leading protagonists of 
mathematical knot theory. (Kauffman 2005, see also Boi 2005) We 
follow here the argument from Kauffman 2002: Be DNA =   = C 
(container); extainer =   = E, then: EE =     =  C  ; CC =    
 =  E . Then also: DNA   E  = CC = DNA DNA (double 
strands). Call the strands “Watson” and “Crick”, respectively, then: 
 

DNA =  W C . 
 

Replication is organized following strand separation initialized by a 
polymerase enzyme. The basic pairs are AT and GC, thus, if  W  =  
… TTAGAA …, then C  =  … AATCTT …. Hence: 
 

 W  + E   W C  = DNA and 
 

E + C   W C  = DNA, 
 
with  W C   W  + E +C  =  W C   W C . Therefore, E  
C   W  represents the process by which the environment supplies 
complementary base pairs. So E is the identity element in this algebra of 
cellular interaction. 
This algebra is in fact a precursor of the Temperley-Lieb algebra 
which relates the Artin braid group with the Jones polynomial 
invariants of knots and links. And they in turn can be visualized as 
quantum computers: 
 

cup := a  : C  V  V (creation operator) 
 

cap :=  b : V  V  C (annihilation operator) 
 
This defines a computation of a link amplitude (“state sum”): 
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ZK =  cup M  cap  

 
(M: braiding / unitary). The Jones Polynomial plays a central role in 
quantum computation of the kind described here: 
 

 K  :=    K    d   
 
(See also Kauffman 2001.) However, this is not only a playful 
mathematical formalism: Instead, the algebraic aspects of what is 
shown here tell us that there is a close relationship between the 
biological structure of the DNA molecule and the physical processes 
underlying the organization of the world. This is mainly so, because 
the Jones polynomial can be utilized in demonstrating that quantum 
gravity (which signifies the most fundamental level of physics) is 
essentially equivalent to quantum computation. Hence, the exchange 
of information according to an earlier definition of Jantsch shows up 
here in terms of a communication taking place among fundamental 
physical agents (which are the spin networks in fact). And the 
biological structure of the DNA can be derived directly from the 
physical structure of that communication without crossing chemistry 
explicitly. It is the computation of link amplitudes of spin networks 
which can be shown to actually produce the biological structure 
(among others). This confirms the unifying role of a theory which 
strives for the foundations of biosemiotics! 
On the other hand, we learn something important about the human 
production of signs: The meaning derived from essentially 
meaningless symbols (of containers and extainers) can be readily 
fitted into a productive context (in fact, probably into any such 
context) which serves as the conceptual base for developing a theory. 
(Zimmermann 2004c) This is a very useful demonstration of what we 
have called onto-epistemic earlier: The mere manipulation of symbolic, 
i.e. abstract, form produces an associative meaning which serves a 
theory built on associative abduction rather than on concrete 
deduction. (In semiotics, this has been an important insight of 
Umberto Eco’s.) 
In fact, it is Boi (in Boi 2005) who can show that the action of the 
topoisomerase which is responsible for the DNA replication can be 
visualized as the cutting of the molecule, letting a strand pass 
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through it and recombine. The single-strand molecule (type I) and the 
double-strand molecule (type II) can also be described as looping and 
tangle in a writhing process which is due to a site-specific re-
combination called recombinase. There are combinatorial invariants 
then which obey the rule: 
 

Lk (C1,C2) = Tw(B) + Wr(B), 
 
where the C are the backbone curves of the closed strands and twist 
and writhing numbers refer to the ribbon B along the axis C. Here, Lk 
is the linking number. In other words, knots, catenanes, and also 
supercoiling are relevant for the DNA, but absent from RNA, 
polysaccharides, and lipids. Hence, the evolution of such knotting 
properties has essentially opened the way for the DNA to enfold an 
increasing number of components, hence to produce a complex 
topology of the molecule. In fact, most properties of the DNA are 
affected by closed circularity and the deformations associated with 
supercoiling. (Ibid., 246 sq., 250, 264) Earlier Thom has already 
stressed the significance of topology for the evolution of biological 
forms. (Thom 1975, 1983) See also my Zimmermann 2001a. 

 
 

6 Form Dynamics and Knot Theory 
 

We summarize shortly the main results of Bounias 1990 and Bounias, 
Bonaly 2000: Under this perspective, life, as well as any kind of 
matter, is being embedded in mathematical spaces. And we have thus 
to look for means to sustain by studying the structure of these spaces. 
From the beginning on, we will have to read the ideas of Bounias in 
terms of “two registers”, because there is some sort of onto-epistemic 
deficiency in this approach: We should rather re-formulate that if 
models deal with mathematical spaces, then representations of life/matter can 
be such that both of them appear to embedded into a formal framework of that 
kind. This differentiation of formulating is necessary in order to 
visualize physical properties of systems (and hence also biological 
properties) as a result of human cognition which is initializing the 
modeling in the first place and defines some sort of specific 
disposition with respect to the world. This is what I have called the 
“onto-epistemic” aspect (utilizing the terminology of Sandkühler) 
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earlier. (Zimmermann 1989, 1991a, 1991b, 1998b, 2004 b, 2004c) As it 
turns out, correcting the formulations of Bounias with a view to the 
onto-epistemic principle contributes to the clarification of his 
concepts. 

In order to sustain, what we need then is a condition of localized 
similarity which implies a criterion of formal stability of what is being 
perceived. Note that the structures involved are of essentially 
classical nature such that the activity of modeling shows up here as a 
direct consequence of (human) cognition which relies on essentially 
classical approaches in the first place. Hence, Bounias can formulate 
accordingly: 

 
The global planetary ecosystem and its subsystems have 

properties of a topological space (X, ) where X is the set of biotic and 
abiotic members and  a rule of combination such that interactions 
among the components of X are being mapped. 

 
What is essentially described here is the (mathematical) category 

of ecosystems ECO, where the objects are agents and the morphisms 
are interactions among agents. We utilize here the terminology of 
(mathematical) category theory (or topos theory rather), because, as we 
shall see, this will prove useful for a unified presentation of the 
problems involved here. For the time being we will just remember 
that a topos is a Lindenbaum algebra for a logical theory whose 
models are the points of a space. In other words, we can visualize a 
whole theory by means of a space such that topologically, the open 
sets of that space are the propositional formulae and the sheafs are 
the predicate formulae. A continuous map is then nothing but a 
transformation of models that is definable within the geometric logic. 
(Such topoi are commonly referred to as locales.) For a recent general 
introduction see Lawvere, Rosebrugh (2003). Despite the shortness of 
this interlude can we recognize already the unifying elegance of 
category theory which we will need desperately when trying to arrive 
at the onto-epistemic foundations of biosemiotics. 
Back to Bounias whose assumption is that optimum properties [of 
worldly spaces as introduced above] can be arrived at iff the space of 
orbits of members of X under  has appropriate topological properties 
(namely is compact & complete). The elementary definitions (which 
are actually based at most on what many people learn at school in a 
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somewhat simplified version) have been left to the appendix to this 
section. We can also show that any metric space M can be 
isometrically embedded in a complete metric space N such that M is 
dense in N (N = clo(M)). 
Hence, for Bounias, the sustainable future of the world relies on two 
conditions: 
 

a) the maximization of complementarity in habitat 
occupation & resource ultilization, 
 

b) the reciprocal contribution of subsystems (mutualism). 
 
(Actually, Bounias can show that these conditions are such that the 
actual identification of an X implies the concrete possibility that a 
proposition P – of some theory about this world – is true.) Then an 
object is physical: if the interaction with others can be observed (on the 
condition that the object be topologically closed) – which relates the 
concepts of systems and forms with each other. And an object is 
biological: if there is a self generated by some “perception function” 
caused by perceptive input mapped essentially to one and the same 
entity (which is called a terminal set). This condition is indeed fulfilled 
by the actual existence of fixed points or parts in the neuronal 
sequences mapping that input. Hence, the topology of brain space may 
be metric or not (if time is visualized as derived from ordered 
sequences of Poincaré sections in the embedding space). 
We have then with Bounias the following two results (which we re-
formulate at once according to the aforementioned principle): 
 
Result 1: An ecosystem has properties of a mathematical space. [!]  
Ecosystems are modeled such that they have properties of a 
mathematical space. 
 
Result 2: The set of ecosystems can constitute a topological space. [!] 
 Topological models are such that they can constitute 
representations of sets of ecosystems. 
 
(The re-formulations secure that the respective model property 
corresponds to the modality of the world which signifies a material 
property of the world’s reality. This is nothing but a re-phrasing of 
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Spinoza’s celebrated “identity theorem” of his Ethics 2p7. We can 
utilize this instance to show how classical philosophy actually does 
enter science, but only in a post-hoc re-construction of formulations.) 
So we can finally say what an ecosystem actually is for Bounias: 
 
Ecosystem: X set of living species E together with a set of nonliving 
entities including habitat and resources H,  being interactions of all 
sorts (transformations of states) = manifold of self-mapping of E  H. 
[Magmas: fractal lattices of Boolean type]  
 
We recognize from the appearance of Boolean logic that we are 
invited to replace the underlying Boolean algebra by an appropriate 
Heyting algebra in order to arrive at the topos terminology.  
 
 

6.1 Appendix 
 
We collect here some elementary definitions which can be easily 
related to the sort of mathematics which is usually learnt at school 
when dealing with simplified cases: 

 
Embedding = injective immersion (A differentiable mapping f is an 
immersion iff the set of germs of functions on the domain coincides 
with the reciprocal images under f of the germs of functions on the 
codomain.) 

 
Germ (of a function) = equivalence class of functions which coincide 
in the neighborhood of some point. (Germs form an algebra and a 
vector space. A tangent vector is a derivation of the algebra of germs 
of differentiable functions.) 

 
Topological Space (Topspace): Set S and {O} collection of subsets of S 
called open sets. 

1. Union of any number of open sets is open set. 
2. Intersection is open set. 
3. S and  are open sets. 
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Limit point p of a subset X  S: every open set containing p also 
contains a point of X distinct from p. [Relevance for Hausdorff spaces 
in order to actually define points reasonably!] 
 
Subset X  S is closed, if C(X) in S is open. Closure of X: clo(X) := Union 
of X with all its limit points. If X  S, then X is closed iff X = clo(X).  
 
Compact: S topspace, and if a finite subcollection of {O} covers S. (A 
collection is a covering of S, if the union of all its sets conatins S.) 
 
Complete: A subset of a top. (vector-) space is complete, if each 
Cauchy net converges to some point in it. (Sequence which is a 
Cauchy net is a Cauchy sequence.) 
 
Every compact metric space is complete. A space homeomorphic to it 
is called topologically complete. (Completeness is orginally not a 
topological invariant.) [Relevance for Hausdorff spaces!] 
 
Fixed point xS: f self-mapping, then f(x) = x. 
 
Poincaré sections: (space-time-like) non-linear convolutions of 
morphisms (  space-time related to ordered perceptions of existence, 
not to existence itself). 
 
Topological filter: Family of nonempty subspaces (ecosystems) whose 
properties are being conserved  defines an order relation by 
inclusion  ecosystem hierarchies (This is relevant for the epistemic 
side of Morin’s systems theory!) 
 
We can give a number of conclusions now which follow from what 
we have said so far: 
 

1. Self-Reference of Systems: There is an Itself as organizing 
centre of what becomes Self. 

2. Difference of System & Environment: There is a hierarchical 
organizational structure of a system. 
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3. Graphic Mediation of Modeling: The cognitive aspect of 
process mediation secures the recognizability of graphical 
representations of systems. 
 
In fact, magmas as abstract lattices in the sense of Bounias do actually 
guarantee the physical substratum (or space)  cancelli sive spatium. 
We can conclude that starting from perceptive aspects, experimental 
sciences give rise to theoretical descriptions of hidden features of the 
surrounding world. On the other hand, mathematical proof theory 
teaches us that any property of a given object must be consistent with 
the characteristics of the corresponding embedding space. As far as 
the looped representation of interactions is being concerned, we find 
a correspondence of the type: 
 
Generative Loop (Morin)  Organizing Knots (Louis 
Kauffman/Spencer-Brown) 
 
This is indeed what the abstract Kauffman scheme does tell us: The 
boundary algebra of containers and extainers is to biologic what Boolean 
algebra is to classical logic. And more than that: Utilizing cellular 
automata for the simulation of lattice dynamics, we find that shape in 
general can be visualized as memory space according to Leyton (2001). 
This leads us back to what we have said in the beginning with respect 
to the role of biosemiotics according to Jantsch. We can indeed 
illustrate this aspect quite easily by utilizing Kauffman’s knot theory:  
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Here we define two ways of cutting knots (or unfolding them rather 
in the process of unknotting). Then we can re-construct the possible 
branches of the unknotting and define a cognitive history of shape 
formation by reversing the procedure: 
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We can recognize here a shape history for the simple case of the 
trefoil knot. 
This has one more consequence to which Bounias has already alluded 
to when mentioning proof theory: As Carbone (2005, 386) has shown, 
there is a structural analogy between the complementarity in 
formulae and logical connectives as used in proof theory and 
Watson-Crick complementarity of sequences (as we have discussed 
here in the first example). Proof theory proceeds with two principal 
rules (the contraction rule and the cut rule, respectively) such that a 
formal proof is a manipulation of sequences of formulae ending up 
with a sequence called theorem. (Ibid., 387) In the process of 
elimination of cuts, the logical flow graph of a proof undergoes 
significant topological changes. And this points to the combinatorial 
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idea underlying cut elimination: Given a logical graph of the proof, 
the procedure choses a subgraph of it and resolves some of the 
focusing and defocusing points by duplicating it – which is obviously 
reminiscent of the enzyme recombinase in DNA as we have 
mentioned earlier. (Ibid., 393) 
There is another interesting aspect to this: According to what we have 
said just now, logical flow graphs of formal proofs are equivalent to 
trees of derivation. (Ibid., 390) And this relates the ideas displayed 
here to my earlier conception of a playable version of the glass bead 
game. (Zimmermann 2005a) The relevance is the following: Because 
the essential problem of finding an adequate language for phrasing 
the foundational operations laying the grounds for biosemiotics is (as 
it is actually the case for all theories which are genuinely 
interdisciplinary) to find an “intermediate” set of lexicology, syntax, 
and semantics rather than utilizing nothing but specialized 
mathematical language. Hence, a playful language of simple rules for 
a logical game based primarily on the topology of two-dimensional 
graphs e.g. represents a comparatively promising approach. The idea 
of the glass bead game (visualized in terms of the conception 
discussed elsewhere) is mainly to derive tree structures of the 
aforementioned kind and detect their bifurcation points, connectives 
to other planes of argument, count evolutionary steps, and so forth. 
Hence, the descriptive activity is essentially of combinatorial and 
topological kind. In particular, the consistency of propositions placed 
as tokens into the space of free play and their logical connectives shall 
be expressed in terms of the shape generated by this procedure, 
which is observable on the screen. Hence, this approach also provides 
a kind of formal correspondence between logical derivation and 
intuitive association of forms, thus of associative abduction, as we 
have mentioned it above. 
There is actually a number of “traces of consent“ with what we have 
said here in other works: 
 

1. [Alexei Sharov](1992) 
Sign processes represent systemic organization: Sharov refers to 
Sebeok’s endosemiotics (cf. also Jantsch above) – carried over to the 
environment of some organization (organism): “Organization is the 
message”. He also utilizes Petri nets to discuss self-production, and 
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there are many parallels to cellular automata, Kauffman’s knots, and 
Conway’s game of life. 
 
2. [Liane Gabora] (1999) 
Discrete memories are woven into a coherent worldview: This 
implies an autocatalytic closure of cognitive systems. The co-
operative work of Gabora with Aerts and Broekaert (1999) deals also 
with the non-classical contextuality of cognition, which can be related 
to similar ideas of Crutchfield and Mitchell (1995) and more recently 
of Yair Neuman (2003). 
 
3. [Erhard Bieberich](1998, 1999) 
He deals with a fractal approach to the topology of self-perceiving 
implying that the connection of self & world is achieved by 
algorithmic compression of spatial information – according to the 
fractal structure of the neuronal network. For him, the self [itself!] has 
always been an immanent property of nature, but has become 
conscious not before an appropriately organized physical set up. 
 

4. [Debora Hammond] (2005)  
Her work on systems ethics & Praxis carries strong relationships with 
the ideas of Edgar Morin. 
 
 

6.2 Excursion: Morin Revisited 
 

It is in order, in fact, to look at Morin’s approach in some more detail, 
because important consequences are implied that unfold their 
considerable efficaciousness with respect to far more general 
approaches in the tradition of a philosophy which starts with Spinoza 
and leads up more recently to Schelling and Bloch. 
The essential point in the theory of Morin’s is the aspect of meta-theory 
(though he himself does not actually use this expression): This can be 
understood in terms of his starting point that is basically a valediction 
to anthropomorphism. In his 1973 book (Le paradigme perdu: la 
nature humaine) he refers to Milton when discussing fundamental 
properties of being human. He quotes one of his earlier works of the 
fifties when writing: “Our anthropology of death, based on pre-
history, on ethnology, on history, on sociology, on the psychology of 
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children, briefly: on psychology, is obliged today to find its own 
biological confirmation, if intending to confirm itself as something 
authentically scientific.” 55  Morin notes that for himself, a human 
being can never show up as one that is radically separated from 
nature. Hence, he would have asked what a human being amidst the 
world could actually be, trying then to answer this question by 
developing an “anthropo-cosmology”. But it would have been the 
theory of systems in the first place that had his attention guided 
towards the biological mediation necessary for a truly 
interdisciplinary approach. The idea is to prepare an encyclopaedic 
inventory of knowledge such that the traditional separations of 
disciplines are removed: “The separation of nature and culture must 
be called off: The key to culture is in our nature, and the key to nature 
is in our culture. The reduction of human beings onto the two types 
of homo faber and homo sapiens must be called off. Homo who refers 
himself/herself onto the world of magic, of the myths, of the delirium, 
is split into two parts at the same time, into one of reason and into 
another of unreason: sapiens – demens. This is from where the rigid 
and closed conception of life (biologism), the insular and 
supernatural conception of human beings (anthropologism), and an 
uninformed concept of life and of the invidual (sociologism) are 
emerging. It is necessary [instead] to understand human beings as 
[the trinitary unity of] 
 

species  individual 
society. 

 
We have tried to show here that the creativity, originality, and 
elevation of the homo sapiens possess the same source as the confusion, 
error, and disorder of the homo demens, and that all of this originates 
in a considerable increase of brain complexity ...”56  On the one hand, 
the methodological consequence is the reference to the theory of 
systems in the modern sense explicated here in this very text: It is the 
system that re-generates itself in a contradictory fashion – in a 
necessary and permanent way. It is also hyper-complex, i.e. a system 
that reduces the action of its own constraints by conserving its own 

                                                 
55 Le paradigme perdu, du Seuil, Paris, 1973, 11. (my own translation) 
56 Ibid., 127. 



 97 

properties of organization, in particular the property of being able to 
alter itself all the time.57 In other words: The brain computates, the 
mind cogitates, and the latter is emergent with respect to the former.58 
On the other hand, the meta-theory aspect calls for a method that is 
not only inductive or deductive (or both) in the classical tradition, but 
also abductive instead as discussed in detail by Umberto Eco.59 Note 
that this establishes an important connection to the French theory in 
general. (We will come back to this in the parts II and III of the 
present text.) 
The first volume of Morin’s Method deals thus with physics (the 
nature of nature), but in terms of a discussion that does not separate 
physics from the totality of all what there is otherwise. The essential 
feedback loop characterizes the approach such that it is “anthropo-
sociology” that determines the physics (as described by suitable 
theories developed by human beings), while the physics itself 
determines biology in turn which determines then the anthropo-
sociology. Hence, the organization is essentially circular and self-
referent. However, in order to avoid that such a cycle results in a 
generally vicious cycle (and becomes a virtuous cycle instead), it is 
necessary to apply “loop-like” thinking in the first place. But in order 
to understand what this actually means, it is useful to discuss the 
traditional questions involved in the theory of systems: What is 
signified by the radical “self” in the word “self-organization”? What 
is actually organization? What is complexity? 
Morin begins with what he calls the dialogue of order and disorder, 
thus starting on the most fundamental level with a perspective that is 

                                                 
57 Ibid., 130. (par.) 
58 Paraphrased here according to J. L. Roland Bélanger: Translator’s 
Introduction [of Edgar Morin: Method. Vol. 1, Lang, New York etc., 
1992], xl. (Note that “computating” rather than “computing” is what in 
the sense of Morin the brain (and also a computer) is actually doing, 
namely not only computing by following given algorithms of operations, 
but also ordering and organizing as well as interpreting data and 
probably also the algorithms themselves. Hence, Morin introduces this 
neologism. In French, by the way, the computer is ordinateur.) 
59 Die Grenzen der Interpretation. dtv München, 2nd edition, 1999, 326-
328. (Milano, 1990) 
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rooted in classical thermodynamics and statistics. Again, he 
introduces a mediating loop that connects one protagonist to the 
other: 
 

 disorder  interaction  order  organization  
 

Note that we introduce here the convention that the chain of concepts 
included in between the -symbol is looping back from the end to its 
beginning. Hence, we have a feedback loop situation. We can clearly 
recognize the implicit hierarchy of the process levels involved. So the 
loop as a general graphic figure gains the connotation of an inter-
processual dialogue, because the protagonists involved are related to 
each other such that they show up as being complementary, 
concurrent, and antagonistic, at the same time. This is what Morin 
calls the tetralogue of physis, and it is this principle of the tetralogical 
loop that is immanent as a fundamental principle of transforming this 
physis.60 
Hence, it is not order [cosmos] alone that is responsible for the world 
as we observe it, but there is a permanent chaosm instead that is 
essentially contingent, but creative. However, it does not “know” 
itself how it will develop in the future. (This is clearly a Blochian 
connotation here.) For Morin then, a system is a global unity that is 
organized by the interactions of its parts. In other words: For him, the 
system is emergent from the beginning on, because it is relational. 
Therefore, it is also structured. Its interior structure follows the 
relationality of its parts. And because objects are parts of systems, but 
also systems themselves, the system observes itself all the time, by 
being observed by its parts. The observer becomes thus intrinsic. 
(This is nothing else than claiming that each observing system that 
possesses an environment which also consists of other systems, is 
implicitly observing itself. A result that comes essentially from 
Spencer-Brown, but has also been utilized by Luhmann e.g.) The 

                                                 
60 At another occasion I have explained the underlying philosophical 
tradition of this idea in more detail when referring (among others) to 
Spinoza and Schelling, respectively. Cf. Rainer E. Zimmermann: 
Nachwort des Übersetzers. [of Edgar Morin: Method, Vol. 1] Turia+Kant, 
Wien, Berlin, 2010, 480. 
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dialectical logic of the structure of systems has been mentioned 
earlier in this text. As it turns out, the system is thus based on the 
necessity of an organizational closing and opening of itself which is 
the permanent ground of a self-stabilization of the system by its own 
action. This is actually the reason for being able to demonstrate the 
important isomorphism of the concepts of system, network, and 
space as constituents of the respectively underlying theories. 
Of course, it is mandatory then to illuminate origin and fundamental 
motion within this process of emergence.61 In order to do so, Morin 
introduces the sufficiently generalized notion of “machine” such that 
he can base concepts of organization, production, and praxis onto a 
“physical essence that organizes”. So what he does is to list members 
of what he calls the “family of machines” for which he derives an 
explicit genealogy ranging from proto-machines and “wild motors” 
via the “arc-machine” (when referring to the sun or to other stars as 
to that) to “living polymachines” and finally up to “anthropo-social 
megamachines”. Obviously, the latter two refer to animals and 
human societies, respectively. The generalization underlying this 
definition secures the utilization of a unified conception that is 
capable of aligning to the primordial dynamics Morin actually aims 
at. He starts with a physical type of universe that is organized within 
a set of rotatively structured vortices whose graphical geometrization 
is already concretely anticipated in the concept of loop: It is the cycle 
of spiral form which is further in-formed into a loop that conserves 
itself in a recursive manner by means of a generative feedback 
coupling each action to a corresponding retro-action. Hence, what 
there is (in observational terms of wordliness) can be visualized as a 
result of an intrinsic imponderability which manifests itself as a 

                                                 
61 In fact, emergence in the sense of (evolutionary) systems, is quite a 
peculiar type of process, because it is essentially initiated in a region that 
is beyond space and time in common physical terms. In other words: The 
very notion of process is altered here as compared with the usual 
“change of state in a system with respect to a given time scale”. Instead, 
emergence is more of a shift in perspective onto a (re-) arrangement of 
constituents of a system such that spontaneously, formerly unobserved 
pieces of a whole “fall into place”. 
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creative, or in the literal sense: poietic one.62 It is quite obvious that 
this picture of “fundamental rotation” is something which connects 
Morin’s approach with the late Schelling’s philosophy of the world 
ages.63 
When trying to illuminate the origin (or ground of emergence) itself, 
Morin defines what he calls the Se (Sich64) as the Self’s foundation: It 
is the latter that is emergent with respect to the former, and the 
processuality of this emergence is actually mediated by what Morin 
calls Autos. Indeed, the Autos is what mediates the explicit structures 
by referring to the genotheque and the phenoteque of living 
polymachines. Hence, it is essentially the biological form of mediation. 
In so far as it is founding existence on the opening of the underlying 
system, it is also eco-dependent in the sense that it is relational with 
respect to the environment. (It is the praxis in fact, which does not 
only transform the system, but also the respective environment.) 
While the generative loop produces being, the opening produces 
existence. The whole process is thus self-referent, because it is 
essentially a recursion that emerges from poietic retro-action. 
However, in principle, this retro-action produces the same from the 
same! 
So in the end, the recursive self-ground of the generative loop is the 
Se. This can be expressed in the graphic terminology of Morin’s by 

                                                 
62 I have discussed these aspects in more detail in my book: 
„Selbstreferenz und poetische Praxis“, Junghans, Cuxhaven, 1991. 
63 Recently, this latter concept has become quite modern in physics 
proper when Roger Penrose introduced his “aeon approach” for 
primordial universes. Cf. Roger Penrose: Cycles of Time. The Bodley 
Head. London, 2010. – For the relationship to Schelling, see also Rainer E. 
Zimmermann: Decoherence as Indifference, AG Grundlegung, 
Freiburg/Br., 2013, in press. (A more recent version is displayed in 
chapter 8 above.) 
64 In English, this is difficult to express, because normally, the German 
„sich“ is translated by a figure like „itself“. However, for Morin, the Self 
(as in self-organization) is the result, not the ground of the “Se” (and thus 
not identical with it). Hence, the “Se” is primordial to the Self and is best 
mapped by the English “it” that plays the appropriate role here, though 
its connotation may be different. 
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the self-loop  Se . Hence, existence as well as essence are emergent 
products of the self-production of the Se. Note that this viewpoint 
incorporates also explicitly existential aspects of French philosophy. 
Morin formulates: “The Se is not an in-itself, self-sufficient. Not only 
is there a Se without opening, but even the idea of the Se is closely 
related to the productive (and recursive) process, and this is an idea 
that must be placed into one and the same constellation together with 
the ideas of autonomy, being, existence, and individuality.”65 It is the 
following diagram that maps adequately what has been said above: 
 
 

 autonomy  
 

 existence  Se        being  
 

 individuality   
 
 

Note that the loop terminology chosen here guarantees that the above 
diagram is commutative with respect to all its components. We can 
clearly recognize that the Se shows up as the organizing centre of a 
physis that is the nucleus of the productive subjectivity of worldliness. 
(In fact, Schelling would have used the expression “natura naturans” 
here.66) 
This second chapter of part II of Morin’s book is actually in the centre 
of ongoing debate: It is here that Morin refers back to both Wiener 
and Bertalanffy, when talking of feedback loops and systems 

                                                 
65 Morin, op. cit., section III B of part 2 chapter 2, 248-254. 
66 Note however that for Schelling, the rotative figure of the primordial 
ground is certainly beyond worldliness in the sense of what can be 
observed in physical terms. While for Morin, the primordial vortex is 
part of the physical universe. Hence, natura naturans is primordial matter 
and underlying Aristotelian subject for the one, as ground of the world as 
we can observe it, but situated somehow in between substance and world, 
and thus not absolute ground itself. However, for the other it is simply 
physical matter, although not necessarily of a form we already know. 
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openings.67 The initial feedback loop is thus generated within the 
field of primordial “wild motors” of a generic (rotative) vortex type: 
“This generic form is of organizational kind: It organizes the 
centripetal and centrifugal motion of the flow; it organizes its 
incidence (entry), its circulation, its transformation, its termination 
(exit). The ceaseless motion of rotation captures the flow, sucks it in, 
diverts it, lets it roll in circles, differentiates it, heterogenizes it, gives 
it a spiral form, and drives it out then. This form which generates the 
(genesic) vortex, gives it its (generic) gender (genre), produces in each 
moment the organization that regenerates the vortex. Hence, this 
form is therefore, not only genesic, generic, but also generative. And 
more than that, because we are dealing with an affair of wild motors, 
it is maker/genitor of kinetic energies (of which human beings will 
know how to domesticate and utilize them).”68 
Note that in Morin, all this is true for what he calls the “generic form” 
that is the rotative vortex. This is what organizes the flow (of matter). 
Looking back in the history of the universe as we know it today 
means to place this vortex into the epoch which follows the radiation 
era, because then matter de-couples from radiation. This would be 
comparatively late in the development (some hundred thousand 
years after the Big Bang). On the other hand, according to Morin, the 
vortex is acting upon the flow. Hence, the latter must be older. And 
independent of its being energy or matter (a question of definition 
which is discussed in more detail in this very text), it is probably 
what emerges from the Big Bang. It is unlikely though that this might 
happen during some era which is preceding the Big Bang, because 
then, we would have difficulties to understand what a flow, a vortex, 
centrifugality and the like would actually mean.69 

                                                 
67 Morin, op. cit., 217. 
68 Ibid., 218. 
69 Of course, when we talk of the „Big Bang“ here, we utilize the 
traditional terminology of a cosmology that has been established by 
Einstein some hundred years ago. As we know, in the meantime, 
Ashtekar and others have well-established that this Big Bang is a regular 
though transitional state of space-time rather than a singular state. 
Nevertheless, it is a very extreme state in physical terms and signifies thus 
a clear restart of the universe as we know it. 
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Morin continues: “The vortex is a loop, not only, because its shape re-
closes itself, but also, because the loop form is of retro-active kind, i.e., 
constitutes the retro-action of the whole onto the particular moments 
and elements from which it emerges in the first place. The cycle 
retroacts upon the cycle ... The whole retroacts upon the whole and 
its parts, which in turn retroact by aggravating the whole.”70 In fact, 
this motion continues up to the formation of stars which is 
subsequently discussed.71 Hence, the vortex is the form, and the loop 
is its principle of organization. The latter is catalyzing organizational 
processes by its retroactive properties. By doing so, the processes 
themselves gain an auto-catalytic quality. So the loop produces final 
states (of systems) that are essentially new initial states for further 
systems and processes. In this sense, the loop is recursive. Morin 
refers here to ideas of von Foerster. He tries to show then that 
recursion can already be found on the level of organizing the Se. He 
thus defines production of the Se as a retroactive/recursive process that 
produces the system, regeneration as a thermodynamic consequence 
such that the system permanently degenerates and by doing so, 
requires a generativity which is able to regenerate it all the time, and 
permanent re-organization as the equivalent of regeneration with 
respect to the organizational processes.72 
The important type of system we are dealing with here are open 
systems. The concept of opening is a thermodynamic concept in the 
first place securing a relationship of input and output for the 
transport of energy and information. The recursive quality of a self-
organizing system is referred back to the loop figure: It is the 
recursive loop which connects opening and closure. It is essentially 
the flow through an open system that contributes to its total entropy 
and organizes its structures such that eventually, the emergence of 
new structures is made possible. The circular motion (inherent e.g. in 
the afore-mentioned vortex structure) guarantees that the opening 
which nourishes the loop also initiates the closure. “What forms, 
closes. What closes, forms.”73 (Note that this is also true, if replacing 

                                                 
70 Morin, op. cit., 218. 
71 Cf. ibid., 219. 
72 Cf. ibid., 221 sq. (par.) 
73 Ibid., 248.  
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“to form” by “to in-form” meaning that information is closing in the 
sense of “rounding a picture”.) For a given system, the recursion of 
opening and closure, of the explicit graphical form74: 
 

 opening  closure  
 

it is the opening that produces the organization of the closure which 
in turn produces the organization of the opening. The closure of a 
system S is therefore described by the system’s boundary S, and this 
boundary is permeable membrane. The idea of Morin is then that it is 
the loop itself which is productive with respect to the Se, the Self and 
existence in general. In particular, he would like to show that the Self 
is the original and constitutional closure of open beings.75 
Morin concludes: “So the opening produces existence; the generative 
loop produces being. ... Existence is the quality of a being that 
incessantly produces itself ...”76 In this sense, the concept of being is 
an organizational idea, and something that produces does not only 
produce its products, but also the being that produces. Here, the Se 
shows up as one which is produced out of itself and which returns to 
itself. Nevertheless, the remaining problem is that of the initial 
emergence of a first system: For Morin, the process which creates 
organization is of the form: 
 

turbulence  vortex   loop . 
 

So while the vortex is acting as a proto-loop, vortex and loop contain 
self-recursions, but turbulence is a disordered ground of both. In this 
sense, it could be interpreted as a kind of stochastic chaos, although 
we would expect that (as Penrose has shown earlier) the initial stages 
of the universe are governed by low entropy so that this chaos is 
probably deterministic chaos. (In Morin’s text, this notion is not 
completely clarified.77) 

                                                 
74 Ibid., 249. 
75 Cf. ibid. 
76 Ibid., 250. 
77 Cf. ibid., 265. 
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As far as we can see here, Morin’s approach is quite compatible with 
the Aristotelian-based Blochian approach to a consistent matter 
theory of worldliness. On the other hand, it is certainly restricted to 
this very worldliness itself, not actually dealing with problems of the 
ground of the world, be it absolute ground or not. Hence, this 
approach cannot offer “last, finally binding and authoritative” words 
as to the metaphysical question of why there is something rather than 
nothing. (Which would be the traditional type of question posed by 
theoretical philosophy proper.) But without doubt, for a consistent 
conceptualization of what physics is doing as to discussing the 
fundamental structure of the universe visualized as a system, this is a 
sufficiently general approach to a modern theory of matter. The issue 
however, is far from closed. 

 
 

7 The Emergence of Complexity 
 

In his foreword to Marcello Barbieri’s book78 Michael Ghiselin points 
to the process of reconstructing a structure from incomplete 
information as being one of the most prominent components of 
epigenesis which Barbieri visualizes as the property of a system to 
increase its own complexity.79 In fact, Barbieri takes this capacity as a 
defining property of life itself. And it is accompanied by the 
properties of attaining both organic memories and organic codes. In 
fact, as it turns out, this approach is not far from what the Santa Fe 
school has put forward in the view of defining evolution in terms of 
an intrinsic unfolding of complexity by systems which tend to 
optimize their field of possibilities. 80  Indeed, Kauffman actually 
introduces what he calls a “fourth law” of thermodynamics in order 
to couple evolution with the practical acquiring of complexity.81 But 

                                                 
78 Marcello Barbieri: The Organic Codes. An Introduction to Semantic 
Biology. Cambridge University Press, 2003. 
79 Ibd., x. 
80 Cf. Stuart Kauffman: Investigations. The Nature of Autonomous 
Agents and the Worlds They Mutually Create. Oxford University Press, 
2000. 
81 The formulation is essentially: Evolution is such that developmental 
steps from a given state take place in the adjacent possible of this state. 
The adjacent possible is the set of possible states of a system which has 
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in order to phrase concepts like “complexity” and “emergence” in a 
manner which is sufficiently invariant, it is necessary to develop a 
new approach by means of a language which is both formal enough 
so as to cover the logic nucleus of the processes involved (which have 
their roots in processes usually described within the sciences) and 
also hermeneutic in the sense that its syntax serves the purpose of 
illuminating its semantics (as it is usually described in philosophy). A 
useful and promising approach has been introduced recently by 
Neumann and Nave which will be the topic of section 2. As it turns 
out, it is the language of mathematical categories that seems appropriate 
to cover the aforementioned tasks. As one of us has shown at another 
place82, a topological view which generically relates to the modern 
theory of systems is equally promising when trying to phrase the 
problems involved here. 
On the other hand, somewhat earlier, it is Walter Fontana – a Santa Fe 
protagonist himself – who has shown how to approach an explicit 
convergence of various theories when describing chemical and 
biological structures within the framework of what he calls alchemy: 
The idea is that chemical molecules can be visualized as symbolic 
representations of operators which act upon chemical substances.83 
Insofar there is a structural similarity between a “chemical calculus” 
and the programming language LISP. This similarity motivates 
Fontana’s “alchemy”: An operator Op = f  is defined then by its action 
on relevant variables x, y, …: f(x, y, …). The result is the action’s 
evaluation at the location (x, y, …). This viewpoint implies a 
correspondence table which couples the operator action of molecules 
to logic: 
 

 

                                                                                                              
exactly one reaction step distance from that state. Hence, this certifies 
that the field of possibilities is always larger than the field of actualities, 
and that evolution is based on local interactions. 
82 Cf. note 3 above. 
83 Walter Fontana: Algorithmic Chemistry. In: C.G.Langton et al. (eds.), 
Artificial Life II, MIT Press, Boston, 1991. 
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We see easily how concepts of the logical calculi of propositions and 
predicates enter the picture without leaving the framework of 
chemical reactions. The operator notation can be reproduced 
straightforwardly by means of the language LISP, because there the 
standard form of a command is the expression (op x y) where empty 
input is significant now. Operators can be defined then by the 
command (define (op name x) (op x y)). And the crucial power of 
LISP lies in the aspect of self-recursion which admits procedures that 
can call on themselves. Hence, the natural logic associated with LISP 
is the Lambda calculus.84 
Note however that at the same time the same molecular situations 
represent observable properties of concrete objects that humans can 
handle in their everyday life. In other words: The concrete structure 
of observable nature shows up as a pragmatic materialization of a 
logical language model. Hence, consistent research turns out to be the 
process of performing self-consistent conventions of logical language 
models. The actual world (in the cognitive sense) is isomorphic to the 
world of functions as expressed in terms of operators which are at 
their base nothing but propositions. Essentially, this constitutes some 
sort of constructive feedback loop which defines a calculus of objects. 
The concept of operators serves as the causal connection between the 

                                                 
84 This calculus has been utilized recently by Louis Kauffman within the 
field of theoretical physics, associated with results taken from knot 
theory. This approach has already established a deep and direct 
relationship between the fundamental aspects of physics and biology in 
terms of DNA replication. See for details e.g. Luciano Boi (ed.), 
Geometries of Nature, Living Systems, and Human Cognition. World 
Scientific, Singapore etc., 2005. 
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internal structure of an object and the actions by which this same 
object takes part in the construction of other objects. Hence, there is a 
space of possible objects, and the organization of this space shows up 
algebraically as a network of mutually mediated paths of production. 
And here lies the relationship to mathematical topology: This is so 
because observable forms of objects (shapes) in the usual space of 
perception are the phenotypes of biology. They are points in a space of 
shapes. Spaces of this latter type can be treated in terms of topology, 
because they admit consistent criteria of “nearness”. In other words: 
Evolution is determined chiefly by the accessibility of points in shape 
space. (Note that this is also true – if adequately adapting the 
terminology – for computer programmes, electronic flow diagrams, 
urban systems of transport, companies in a given industry and so 
forth – in short, we talk of percolation problems, and what percolates 
is always some form of information.) 
So after all, the algebraic description is complemented by the 
topological description, because the nearness of some shape  to 
another shape  correlates with the probability of a transition from  
to : given the fraction of the boundary which is common to both sets 
of genotypes of  und  with respect to the total boundary of set . 
Hence, S() is the set of all (coded) sequences which fold themselves 
in . And S() is that boundary which can be attained by means of 
one-point mutations of the sequences in S(). For any two ,  the 
expression S()  S() describes all those sequences which fold in  
and are neighbors of those sequences which fold in . Hence, the 
accessibility of  from  is thus given by A():= S()  S() / 
S() . 
Very much on this line of argument will we actually try here to tackle 
the problems described in the abstract. In the next section 2 we 
introduce topos theory. In section 3 we utilize the theory for drawing 
useful interpretations about the spatial nature of topoi. In section 4 
we will collect some of the important consequences with a view to 
social space. Finally, in section 5 we will give a short appendix for 
displaying some elementary definitions. Of course, we are far from 
fixed conclusions, let alone from possessing a clear-cut theory. Hence, 
the approach indicated here is some kind of outline for an ongoing 
research programme rather than a lecture on established results. But 
we note that in the meantime, several groups on an international 
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scale have begun to deal with similar ideas and approaches. We are 
thus, as we feel, on the safe side of a mouvement which is slowly 
tending towards a conceptual convergence in these matters. 
 
 

7.1 The Neuman-Nave Topos 
 
In a recent work of theirs, Neuman and Nave85 can demonstrate the 
relevance of (mathematical) categories for cognitively generated 
concept formation giving concrete examples from child development. 
Insofar they follow the essential line of argument as given by the late 
Piaget.86 The basic idea is to represent the concept construction by 
means of pushout and pullback diagrams known from category 
theory: 
Take A, B, C as individual cases of some concept D* which is 
represented by the sign D playing in turn the role of denotating the 
respective cases as their associated name. Then the pushout is defined 
by a diagram of the following form: 
 
                                           D*                

  D    B 
                                                             

  C    A 
 
where upward pointing arrows indicate mappings to D*. In this sense, 
A is the domain of B and C which are in turn the co-domains of A. The 
mappings A  B und A  C are similarity indicators (identifyers) for 
the cases according to which case A can be consistently classified in 
order to associate it to a suitable underlying concept. Hence, this 
relation is a sort of equivalence relation. On the other hand, the 
mappings B  D and C  D associate the cases with names (they 
denote them). Then the pushout is given by the mapping u: D  D* 

                                                 
85 Yair Neuman, Ophir Nave: A Mathematical Theory of Sign-Mediated 
Concept Formation. (preprint 2007) 
86 Jean Piaget et al.: Morphisms and Categories. Comparing and 
Transforming. Terence Brown (ed.), Earlbaum, Hillsdale (N.J.), 1992. – 
See in particular Gil Henriques: Morphisms and Transformations in the 
Construction of Invariants. In: id., op.cit., 183-206 (ch. 13).  
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which associates names with their appropriate concept such that the 
square diagram as part of the complete diagram commutes with u 
and the accompanying mappings of the upper left-hand cone. (The 
pullback then is the dual diagram which can be generated by simply 
reversing all directions of arrows.) The important point is that only 
both diagrams together can mediate case A with the concept D* in 
question such that it can be properly understood. In other words: The 
pushout refers to the conceptual reconstruction according to the bottom 
up method, while the pullback refers instead to the conceptual 
reconstruction according to the top down method. 
If we utilize the main example given by Neuman and Nave, we see 
immediately how to apply pushout and pullback diagrams in 
practise: Choose the name Dog and the associated concept Dog*. Take 
as individual cases C = Chihuahua, B = Great Dane, A = German Sheperd. 
Test then A according to whether it can consistently fall as individual 
case under the name Dog. Obviously, the idea is to look for a 
similarity criterion in the first place: If A can be shown to be 
sufficiently similar to B and C, then it falls under D and is thus 
mediated with the concept D*. The flow of information goes from A 
to B and C. If both pushout and pullback exist, we can formulate the 
result of a deductive algorithm: If case B is similar to case A and if 
case C is similar to A, then B is similar to C. We notice that the 
macrolevel (of concepts) and the microlevel (of cases) of reflexion 
determine each other in a mutual and circular manner. (Hence, the 
syntactic as well as semantic dynamics of language reproduces the 
dynamics of self-organizing systems.) Note that propositions of the 
type if x  if y, then z conform with lines of a computer program. In 
other words: The representation chosen here illustrates the close 
relationship between categories and the processing of information 
(computation).87 
In fact, Neuman and Nave can show that this dual method of 
cognition determines the concept formation of humans while in the 
rest of the animal kingdom the usual method of association and 
diagonalization turns out to be comparatively uneconomical, because 

                                                 
87 See also Andreas Blass: Topoi & Computation. (preprint from the 
website) In this paper the author constructs the exact parallel by utilizing 
geometric morphisms which correspond to generalized continuous 
functions. 
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the number of possibilities of conceptual mediations does not only 
increase exponentially and complexity thus becomes difficult to 
handle very quickly, but the whole system becomes also very 
insensitive with respect to a possible change of actual contexts. And 
more than that: The human way can be additionally extended by 
means of metaphorization such that polysemy and degeneration add to 
strategic flexibility. Deduction is then replaced by abductive inference. 
Neuman and Nave give the example of calling a child’s aunt A “dog” 
in metaphorical terms. Then the original diagram takes now the form: 
 
                                          D**                

  D    B 
                                                             

  C    A 
 
where aunt A is being compared with (similar) aunts B and C. 
However, as the context is shifted now, metaphorization is a 
mapping of the type D*  D** such that commutation properties stay 
preserved. This is equally true, if in a more complex case the name D 
(Dog) is replaced by D’ (Hot Dog). Then the diagram must be 
changed, if applying to dogs in general: 
 
 
                                         D**                 

  D’    B 
                                                            

     C    A  . 
 
Now A means „Dachshound“ e.g., and C „Chihuahua“. But B is now 
“sausage”. Hence, if D’ is Hot Dog, then D* is “sausage*”. And 
instead of utilizing similarity mappings as identifyers (“is like” and 
“is a” as above), a negation shows up now (is not like) in the diagram, 
if looking particularly at the mapping D  C. And note the reversal 
of the arrows directions. Hence, the diagrams represent constraints 
which act onto the possible interpretations of signs. (And the process 
of concept formation can thus create dynamical ontologies which are 
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context-depending.88) Hence, we have a close relationship between 
semiosis by means of cognition and communication on the one hand, 
and logic on the other.89 
We can generalize now this promising approach by demonstrating in 
which sense pushout and pullback diagrams as introduced by 
Neuman and Nave into the semiological discussion of concept 
formation make it possible to define a topos. 90  Among other, 

                                                 
88 Note that this does not establish a contradiction to the point of the 
second referee who visualizes concept formation as context-depending 
per se (and we agree). In this sense, he would also prefer to signify both 
cognition and communication as conceptual, and we agree again. 
However, we would not visualize the prime ontological tension between 
„conceptual“ and „real“, as he does, but instead between „conceptual“ 
and „modal“. This is mainly so, because we start from the essentially 
Spinozist idea that humans are subjected to what they can observe which 
is thus nothing but the world modaliter (falling into their mode of being). 
And this is what they actually conceptualize when building theories. 
While the world realiter is not accessible to them in principle. Hence, we 
would challenge the ontological state of what can be observed. And this 
has a practical consequence for a meaning which is possibly built into 
biotic information in the first place. However, the authors of this paper 
have not yet reached a final conclusion on this latter problem which is 
prominent in the work of Barbieri as quoted above. 
89 Cf. more recently John C. Baez, Mike Stay (2008): Physics, Topology, 
Logic and Computation: A Rosetta Stone. From the Baez web page: 
http://math.ucr.edu/home/baez/ . 
90 We follow here the presentations of the topic in various works of 
standard literature: See e.g. Robert Goldblatt: Topoi. The Categorial 
Analysis of Logic. North Holland, London, 1984. and with respect to 
special perspectives chosen when introducing topoi: J. L. Bell: Toposes 
and Local Set Theories. Clarendon Press, Oxford, 1988. – J. Lambek, 
P.J.Scott: Introduction to Higher Order Categorical Logic. Cambridge 
University Press, 1986. Also very important: Saunders MacLane, Ieke 
Moerdijk: Sheaves in Geometry and Logic: A First Introduction to Topos 
Theory. Springer, London, 1992. – P. T. Johnstone: Topos Theory. 
Academic Press, London etc., 1977. – And more recently id.: Sketches of 
an Elephant: A Topos Theory Compendium. 2 vols. Oxford Science 
Publications, 2002-2003. – It is noteworthy to fix the terminology chosen 
by means of the general introduction by Saunders MacLane: Categories 
for the Working Mathematician. Springer, New York, Berlin, Heidelberg, 
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equivalent definitions, for us important here is the following 
definition which asserts that a topos is a category with terminal object 
and pullbacks, with initial object and pushouts, with exponentials, and with 
a subobject classifyer.91 Note that the first two conditions are clearly 
demonstrated using the diagrams introduced earlier. Case A of the 
respective name is an initial object of a category in the first version of 
the diagrams and a terminal object in the second version. 
So what we are talking about here is a category of denotators whose 
objects are the names of type D and whose morphisms are the 
identifyers (of two types: by denotating of the form “is a” and by 
metaphorizing of the form “is like”). The various names of individual 
cases are subobjects of the category. Mappings of the type D  D* 
and D*  D**, respectively, are functors between categories. (Hence, 
we differ between the category of denotators and the category of 
concepts. And we differ between contexts such that the respective 
category of concepts is different from the one originally associated 
with the denotators. The first type of functor represents deduction (or 
induction as to that) while the second type represents creative 
abduction.) 
A subobject classifyer is essentially a generalized set of truth values  
such that the diagram of the form 
 
                                            D                 

  A    C 
                                                             

     1     
 
is a pullback. This time D is the denotator (name), A and C are two 
individual cases, and the mapping 1   is a monic “true”. (A monic 
is the categorial equivalent of a monomorphism which is an injective 
homomorphism.) The mapping C   is called characteristic arrow. 
We can visualize what the subobject classifyer is actually doing by 
thinking of selecting those arrows which “come through” to the 
“truth” because they imply mutually compatible interpretations of 

                                                                                                              
1971. as well as with countless generalizing ideas by Peter J. Freyd, 
Andre Scedrov: Categories, Allegories. North Holland, Amsterdam, 1990. 
91 See also the short summary of details in the appendix to this present 
paper. 
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names.92 Hence, we call the category of denotators utilized in the 
manner shown above Neuman-Nave topos (NN topos). In the 
following we will have a look at the interpretational consequences of 
this topos. 
 
 

7.2 The Spatial Concept in Topoi 
 
The important point is that a topos turns out to be a Lindenbaum-
Tarski algebra for a logical theory whose models are the points of a 
space.93 In other words, we can identify an appropriate space with a 
logical theory such that its points are the models of this theory, its 
open sets the propositional formulae, the sheafs the predicate 
formulae, and the continuous maps the transformations of models. At 
this point logic connects with model theory: Essentially, a 
Lindenbaum-Tarski algebra A of a logical theory T consists of the 
equivalence classes of propositions p of the theory under the relation 
 defined by p  q when p and q are logically equivalent in T. That is, 
in T proposition q can be deduced from p and viceversa. Operations 
in A are inherited from those available in T, typically conjunction and 
disjunction. When negation is also present, then A is Boolean, 
provided the logic is classical. Conversely, for every Boolean algebra 
A, there is a theory T of classical propositional logic such that the 
Lindenbaum-Tarski algebra of T is isomorphic to A. In the case of 
intuitionistic logic, the Lindenbaum-Tarski algebras are Heyting 
algebras. (Hence, we deal here with an algebra of logical propositions 
in which logically equivalent formulations of the same proposition 
are not differentiated.) 
We recognize immediately that it is model theory which relates 
representation with interpretation. (And this is what the diagrams 

                                                 
92 This also clarifies the meaning of the subobjects themselves: Basically, a 
subobject of a C-object in a category C is thus a monic C-arrow with 
codomain in the target object. This is so because the domain of a monic is 
isomorphic to a subset of the codomain. And this also introduces 
exponentials which are simply all morphisms from a domain to a 
codomain of an object. 
93 We follow here the terminology of Steven Vickers: Locales and toposes 
as spaces. (preprint, Birmingham, 2004).  
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discussed above are all about.) In other words: Model theory is the 
mathematical discipline that checks semantic elements of structures 
by means of syntactic elements in a given language. The latter can 
have logical as well as non-logical symbols and grammatical rules, 
but in principle, it is always the explication of a logical theory. Is L 
such a language, and M some set, then M becomes an L-structure by 
means of the interpretation of each of the non-logical symbols in L. 
Each proposition which is formulated according to the rules gains 
some meaning in M. Hence, representation entails interpretation and 
viceversa. 
It is not the proper place here to enter deeply into the discussion of 
model theory.94 But what we can already notice is the relevance of the 
spatial approach to topoi: We recall from philosophical epistemology 
that essentially, a theory is a set of propositions which satisfy certain 
rules. If we visualize the theory as an abstract space, then the points 
of this space are subsets of propositions. Hence, generalized (abstract) 
spaces (not only within the field of mathematics) are nothing but sets 
of propositions or subsets of languages. Obviously, the languages 
serve the purpose of drafting out a picture of the world so as to orient 
oneself within its complex network of social and non-social 
interactions. 
This aspect is directly projected onto a plane representing an abstract 
space of reflexive operations in the case of what we call glass bead 
game.95 The projection takes place here on a two-dimensional plane 
which is represented in terms of vertices and edges of a network, 
where the vertices are points which represent propositions and the 
edges are logical connectives of these propositions. In principle, this 
is a graphical representation which maps nicely what the topos 
concept means when referring to its spatial aspect. The glass bead 
game consists of sequences of points being consistently connected by 

                                                 
94 For a useful survey refer to Wilfrid Hodges: A shorter model theory. 
Cambridge University Press, 1997.  
95 Cf. Rainer E. Zimmermann: The Modeling of Nature as a Glass Bead 
Game. In: Eeva Martikainen (ed.), Conference Human Approaches to the 
Universe. An Interdisciplinary Perspective. Helsinki. Agricola Society, 2005, 
43-65. More details recently in id.: Was heißt und zu welchem Ende 
studiert man Design Science? (vol. 1 of Muenchener Schriften zur Design 
Science), Shaker, Aachen, 2007. 
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appropriate edges such that the resulting path within the network of 
propositions is the picture of a research process which mirrors the 
model building common in the sciences. (The idea is taken indeed 
from the well-known novel of Hermann Hesse’s.) Hence, the glass 
bead game essentially maps a section of social space (namely its 
scientific section laid down in scientific scripture). And by doing so it 
illustrates that this space is intrinsically dynamical, because it is 
actually constituted by the processing of the sequences of 
propositions according to given rules. In other words: We deal here 
with the processing of information (including its organization and 
interpretation). This conception is well compatible with Lorenzer’s 
theory of “language games” stressing the importance of predicators 
for the explicit training of social interactions in daily life.96 
One aspect is still missing which is the concrete multi-perspectivity of 
social space. This is in fact dealt with in detail in the work of Mazzola 
in order to take the various perspectives into account which 
determine the modes of interpretation of given works of music. But 
this aspect is equally important for social spaces in general. And as it 
turns out, it can also be included in the terminology of topos theory. 
This can be shown in terms of what is called “Yoneda lemma”: 
For an arbitrary pre-sheaf P in C there is a bijection between natural 
transformations y(C)  P and elements of the set P(C) of the form: 
 

: HomC (y(C), P)  P(C). 
 
Here C is the category of all pre-sheaves of C, where C is a fixed small 
category and Copp is its opposite. The objects of C are the functors Copp 
 Sets, and the arrows (morphisms) are all natural transformations 
between them. Each object c of C gives rise to a pre-sheaf y(c) on C 
defined on an object D of C by y(C)(D) := HomC (D, C) and on a 
morphism : D’  D by y(C)(): HomC (D, C)  HomC (D’, C). Pre-
sheaves of this form are called representable, and in this case y is called 

                                                 
96 Cf. Alfred Lorenzer: Sprachspiel und Interaktionsformen. Suhrkamp, 
Frankfurt/M., 1977. as well as id.: Sprachzerstoerung und 
Rekonstruktion. Suhrkamp, Frankfurt/M., 1970. – Originally, Lorenzer 
looked for a theoretical combination of Wittgenstein’s and Freud’s 
approaches. 
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an Yoneda embedding which is a special case of the lemma quoted 
above. 
For Mazzola, what the Yoneda lemma clarifies, is that it serves as a 
foundation of multi-perspectivity among local interpretations: In 
music, let R and S be appropriate vector spaces, and let K in R and L 
in S be two local compositions.97 The relations then between the two 
compositions can be expressed as a morphism K  L. Essentially, this 
morphism defines a perspective under which L can be seen. (In fact, 
we can construct similar pushout and pullback diagrams as shown in 
the case of the NN topos.) The Yoneda lemma certifies then that the 
system of all L-perspectives determines the isomorphy class of L. In 
other words: The morphisms can be visualized as essentially 
hermeneutic instruments in order to classify and understand local 
compositions. It is quite straightforward then to generalize this aspect 
to more “unspecialized” cases as instances of social space. The 
important point is that most of the time we do not talk here about a 
space as it is actually observed, but instead about a space as it could be 
observed. In other words: The number of possible interpretations is 
larger than the number of actual interpretations. (Remember that in 
common social space collections of these interpretations form the 
practical “world-view”.) Hence, not only does space show up as 
social space in the first place, and not only does social space show up 
as a space whose points are propositions of logical theories, but 
moreover social space shows up as well as a virtual space. Strictly 
speaking then, social space is a special case of virtual space, and not 
viceversa, because the latter’s “virtuality” refers to the field of 
possibilities rather than to the field of actualities which can be 
empirically observed. 
 
 
 
 
 

                                                 
97 We refer here to an earlier paper of Mazzola’s: Topologien gestalteter 
Motive in Kompositionen. (reprint from the website, 1997) The complete 
outline of Mazzola’s approach is given in the monumental book id.: The 
Topos of Music. Geometric Logic of Concepts, Theory, and Performance. 
Birkhaeuser, Basel, Boston, Berlin, 2002. 
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7.3 Conclusions 
 
What we see now is that traditionally, there have been already many 
connections between the human techniques of spatial representation 
(what has been called anthropological graphism elsewhere98) and the 
mapping of processes in terms of logical formulae. The approach of 
Fontana is one example, very much on the line of the Santa Fe school 
on self-organized criticality. We have also seen that this kind of 
discussion visualizes processes in the general sense as percolation 
phenomena99, and what is being percolated is information then. And 
we have seen that it is topos theory that provides an appropriate 
language in order to deal with these aspects of spatial representation. 
More than that: A topos can be essentially interpreted as the algebraic 
expression of the fact that spaces utilized in human cognition are 
basically constituted by propositions of logical theories. On the other 
hand, the procedures of deduction and induction as well as creative 
abduction, available to human logic, can be rephrased in terms of 
algorithmic procedures. Hence, they are both accessible by means of 
programmes as they are utilized in computation, and by means of 
game theory, because on a fundamental level of reflexion games are 
essentially algorithmic procedures whose strategies are given by its 
rules.100 What we realize then is that all of this relates nicely with the 

                                                 
98 Rainer E. Zimmermann: Graphismus & Repräsentation. Zu einer 
poetischen Logik von Raum und Zeit. Magenta, München, 2004. – The 
idea goes back to a formulation of Henri Lefebvre: The Production of 
Space, Blackwell, Oxford, 1991 (1974), 33: “A conceptual triad has now 
emerged …: 1) spatial practice which embraces production and 
reproduction, and the particular locations and spatial sets characteristic 
of each social formation. … 2) representations of space which are tied to the 
relations of production …, hence to knowledge, signs, codes … 3) 
representational spaces embodying complex symbolisms … linked to the 
clandestine side of social life …” Note that in this book the problem of 
space is posed for the first time in a sufficiently modern language. There 
are even a remarks on Hesse’s glass bead game (ibid., 24, 136).  
99 Cf. Dietrich Stauffer, Amnon Aharony: Introduction to Percolation 
Theory. Taylor & Francis, London, 2nd ed., 1994. 
100 Cf. Robin Houston: Categories of Games. Master thesis, University of 
Manchester, 2003. 
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approaches of the Kassel and Salzburg schools as described at earlier 
occasions.101 
Note that the conceptual nucleus of these approaches is given by two 
triadic arrangements of concepts of the form: 
 

 
 
The first triadic structure mirrors the close relationship between 
cognition and communication on the one hand – as pair of concepts 
characterizing the process of reflexion – and co-operation on the other 
hand – as characterizing the transition from reflexion to action.102 
While the first pair of concepts cannot be separated in practise, the 
latter concept is structurally separable from the other two. Reflexion 
and action represent thus two different time scales which show up 
with the systematic updating process involved in the sequential 
organization which is underlying both reflexion and action, 
respectively. The producing of models belongs to the pair of concepts 
in the first place and is primarily based on a generic self-model which 
defines the framework according to which cognition is normalized. 
Essentially, this is the onto-epistemic picture of the grasping of the 
world by humans.103 Earlier stages of evolution can be visualized as 

                                                 
101 Cf. the volumes of collected essays presenting the results of the INTAS 
co-operation project “Human Systems in Transition” with the 
universities of Vienna, Kassel, Kyiv, and the Academy of Sciences, 
Moscow led by Wolfgang Hofkirchner (then Vienna, now Salzburg), 
namely by V. Arshinov, C. Fuchs (eds.): Causality, Emergence, Self-
Organization (Volume 1), Russian Academy of Science, NIA-Priroda, 
Moscow, 2003. Also I. Dobronravova, W. Hofkirchner (eds.): Science of 
Self-Organization and Self-Organization of Science (Volume 2), Abris, 
Kyiv, 2004. And R. E. Zimmermann, V. Budanov (eds.): Towards 
Otherland. Languages of Science and Languages Beyond. Kassel 
University Press, 2005. 
102 See for more details Rainer E. Zimmermann: Konzeptuelle Dialektik 
(Conference of the Ernst Bloch association on Polyphonic Dialectics, 
Berlin, 2007), in: Doris Zeilinger (ed.), VorSchein, Nuernberg, in press. 
(2008) 
103 In other words: It is the human mode of being to produce knowledge. 
Hence, for humans, ontology and epistemology fall into one. Higher and 
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conceptual approximations of this onto-epistemic picture. In 
methodological terms the second triadic structure is associated with the 
first such that there are intrinsic pairwise correspondences between 
cognition and space, communication and network, and co-operation 
and system, respectively. In other words: Space is the conceptual 
structure from which that world of daily life is being reconstructed 
which is derived from the process of cognition. Network is the 
conceptual structure from which those social interactions of daily life 
can be reconstructed which are derived from the process of 
communication. System is the conceptual structure from which those 
joint manipulations of  the material world can be reconstructed which 
are derived from the process of co-operation. Obviously, the first and 
second pair of concepts from the two triadic structures regulate the 
actual flow of information and the interpretation of meaning while 
the third pair regulates the production of matter. This is a result of 
the fact that the complete system is more than space and network, 
because it does not only encompass social interactions, but also 
tangible matter.104 In a sense, space is the region in which the system 
unfolds its actions, while the network is skeleton of both space and 
system. Hence, this present paper can show clearly how humans 

                                                                                                              
lower animals, in principle also plants, represent the same scheme, but on 
lower levels of organization. Essentially, even physical systems on a very 
fundamental level can be thought of as satisfying the general framework 
of this scheme, though by extremely simple means of organization. In the 
sense of Stuart Kauffman, the most fundamental physical (autonomous) 
agent can be defined by satisfying a minimal condition from 
thermodynamics: namely that the system is able to perform at least one 
thermodynamic work cycle. This is probably true for spin networks on 
the level of quantized physical space. Hence, evolution shows up as a 
multi-shifted hierarchy of complexity as to the unfolding of various 
forms of organized collectives of (autonomous) agents. Humans 
represent thus systems with (up to now) maximal degree of organization. 
In between we would expect a manifold of biological structures with 
different degrees of organization smaller than that degree in humans.  
104 Of course, these two make no difference with respect to both the 
energy balance and the entropy balance. Matter belongs to the additional 
term which has to be added on the entropy’s side in order to make both 
balances equal, because it can be visualized as a kind of stored 
information (memory). 
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construct their various spatial representations by means of editing the 
propositions of their theories. 

 
• Every resultant is clearly traceable in its components, 

because these are homogeneous and commensurable. It is otherwise 
with emergents, when, instead of adding measurable motion to 
measurable motion, or things of one kind to other individuals of their 
kind, there is a co-operation of things of unlike kinds. The emergent 
is unlike its components insofar as these are incommensurable, and it 
cannot be reduced to their sum or their difference. (Lewes 1875) 

• (1) radical novelty (features not previously observed in 
systems); 

• (2) coherence or correlation (meaning integrated wholes that 
maintain themselves over some period of time); structural stability, 
interaction of micro- and macro-levels (upward&downward 
causation (supervenience), top-down&bottom-up); 

• (3) product of a dynamical process (it evolves). 

 
 

7.4 Application: Cities as Emergent Complex Systems 
 

As we have insinuated from time to time in this present text, it is 
certainly the city visualized as an emergent complex system which is 
the most complex system available. This is mainly because of the 
numerous variables involved that indicate their relevance for a 
variety of disciplines ranging from mere physics up to sociology and 
psychology, respectively. In the sections above, we have already 
demonstrated the importance of networks for human communication. 
Obviously, networks determine the core structures of urban space, 
and they are chiefly defined in terms of language which is the main 
carrier of communication. Essentially, what is circulated in networks 
of the active type are energy and information such that their 
transport through the parts of a system (or their percolation) is the 
crucial activity which determines the dynamics and shape of the 
system’s structures as well as its own stability. Hence, if discussing 



 122 

the emergence and evolution of cities, we can apply most of the 
results we have achieved so far. 
The implications of urban structures visualized as essentially 
linguistic networks has been discussed elsewhere in more detail 
starting from the concept of ancient polis.105 In other words: The initial 
comprehending of urban space is significantly based on the cognition 
and communication of the persons socialized within the framework 
of this space. The geometric properties of geographic space are only 
secondary to this process. What counts in the first place is the loading 
of places (locations) with social connotations rather than simply 
registering the morphology of the architecture or the structure of 
economic functions. In a sense, it is the other way round: While it is 
the discourse that constructs social space, the latter’s geographic 
properties are simply indicators for discursive starting points.106 

                                                 
105 Cf. Rainer E. Zimmermann: Η ΝΕΑ ΠΟΛΥ. Neue Stadtbegriffe auf 
dem Weg in die Heimat. LIT, Münster, 2013.  (In press.) 
106 The above mentioned book is based on preliminary results achieved by 
discussing all these aspects earlier. See e.g. Rainer E. Zimmermann: The 
Transition from Town to City: Metropolitan Behaviour in the 19th 
Century, in: C.W.Kilmister (ed.), Disequilibrium and Self-Organization, 
Reidel, Dordrecht, Boston, Lancaster, Tokyo, 1986, 255-284. See also: 
Rainer E. Zimmermann, Anna Soci, Giorgio Colacchio: Re-constructing 
Bologna. The City as an Emergent Computational System. An 
Interdisciplinary Study in the Complexity of Urban Structures. Part I: 
Basic Idea & Fundamental Concepts. 
In: http://www.arXiv.org/pdf/nlin.AO/0109025 v2. (2001) - Id.: 
Decentralization as Organizing Principle of Emergent Urban Structures. 
In: AKSOE 14 (Urbane Systeme und Verkehrsdynamik II), Fachsitzungen 
des Arbeitskreises Physik sozio-ökonomischer Systeme, Frühjahrstagung der 
Deutschen Physikalischen Gesellschaft, Regensburg, 
http://www.arXiv.org/nlin.AO/0203012 . (2002) Also in: V. Arshinov, C. 
Fuchs (eds.), Causality, Emergence, Self-Organization (INTAS Volume of 
Collected Essays 1), Russian Academy of Sciences, NIA-Priroda, Moscow, 
2003, 36-55. – Id.: From Utopia to Metopia. Brecht’s Mahagonny as a 
Counter Project to Progressing Civilis and Actual Bologna as its Negation. 
11th Symposion of the International Brecht Society, 26-29th June 2003, 
Humboldt University, Berlin. In: G. Koch et al. (eds.), „Können uns und 
euch und niemand helfen“, Die Mahagonnysierung der Welt, Brandes & 
Apsel, Frankfurt a. M., 2006, 113-123. – And finally id., Anna Soci: The 
Emergence of Bologna and its Future Consequences. Decentralization as 
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Recently, city research or investigations about the structure and 
evolution of urban systems have gained a novel interest. 107  The 
motivation is derived from the plausible assumption that “cities are 
perhaps the ultimate expression of human sociality displaying at 
once humanity’s greatest achievements and some of its most difficult 
challenges. Despite the increasing importance of cities in human 
societies our ability to understand them scientifically, and manage 
them in practice, has remained unsatisfactorily limited.” 108 
Bettencourt stresses the cities’ many interdependent facets, as social, 
economic, infrastructural and spatial complex systems, and he would 
like to “show how cities may evolve following a small set of basic 
principles that operate locally” and obtain a theoretical framework 
that “derives the general open-ended properties of cities through the 
optimization of a set of local conditions.”109 The starting point for him 
is then the observation that cities exist, in recognizable but changing 
form, over an enormous range of scales.110 
This viewpoint is actually confirmed by two recent city reports 
presented by the UN which is publishing regularly their Human 
Settlement Program. We particularly refer here to UN-HABITAT 
2006/2007 concentrating on the Slum Development, and to UN-
HABITAT 2008/2009 on Harmonious Cities, both published by 
Earthscan, London, Sterling (Va).  

                                                                                                              
Cohesion Catalyst in Guild Dominated Urban Networks. In: The 
Information Society. Understanding Its Institutions Interdisciplinarily. 
EAEPE, Maastricht, 181-182. See the complete version: 
www.arXiv.org/pdf/cond-mat/0411509. 
107 Very prominently discussed at the time are the works of Luis 
Bettencourt et al. See e.g. Luís M. A. Bettencourt: The origins of scaling in 
cities. Santa Fe Institute. Working Paper 2012-09-014. Also Luís M. A. 
Bettencourt, José Lobo, Hyejin Youn: The hypothesis of urban scaling: 
formalization, implications and challenges. Santa Fe Institute. Working 
Paper 2013-01-004. 
108 Bettencourt, The origins, op. cit., 1. 
109 Ibid. 
110 Indeed, we can clearly recognize that e.g. Uruk (the main location of 
ancient Sumer) has been a city, although at a time and in a place that are 
historically not yet well-understood. 
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Bettencourt’s idea is then to establish a number of scale invariant 
relations for urban quantities Y that vary with city size N measured as 
population or land area such that Y (N) = Y0 N, where Y0 and  are 
constants in N. Bettencourt claims that the empirical scaling results 
suggest that, “despite their apparent complexity, cities may actually 
be quite simple as their average properties may be set by just a few 
key parameters.” 111  And Bettencourt continues: “However, a 
fundamental derivation of these scaling relations has been lacking. 
Here, I develop a general theoretical framework of the interplay 
between social and urban infrastructural networks imbedded in 
space and time. ... I show how cities emerge as co-located, scale-
invariant social networks made possible by co-evolved infrastructure 
networks subject to general efficiency constraints.”112 
The two important properties of cities in question are the population 
density (concentration of people in space and time) and the use of 
urban material infrastructure. For a simple model, take a city with land 
area A and population N. People i and j interact in terms of a social 
network Akij such that interactions are local, over an area a0 and of 
strength gk, where k parametrizes the different types of social links. 
Whilst according to Metcalfe’s law, the number of links in a network 
with N nodes (vertices) scales as N2, the locality of interactions 
changes this to Y = G (N2/A), with G = g a0 l, where g is the average 
link strength and l is the typical length travelled by people, goods, 
information and so forth. Also important is the mixing of populations 
which translates into the cost of realizing interactions proportional to 
the transverse dimension of the city L = A1/2. Thus, the power spent 
in transport processes to keep the city mixed is W =  L N, where  is 
a force per unit time. This cost must be covered by each individual’s 
budget which ultimately leads to  = 4/3 and Y0 = G1- with  = 2/3. 
Hence, the two principles above are actually satisfied, and the model 
leads to an area A that scales sublinearly with N (  1), and to 
socioeconomic outputs Y scaling superlinearly (  1). “As cities grow, 

                                                 
111 Bettencourt, The origins, op. cit., 2. 
112 Ibid. – But, as we will see later, he is not actually dealing with the 
emergence and structure of these networks in detail, but is already pre-
supposing them without studying their properties in their own right. 
Instead, he is concentrating on geographic and economic features. 
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transportation of people, goods, and information becomes channelled 
into networks, which reduce dissipation relative to direct 
unstructured paths and obey a distinct set of principles.”113 
For the geometry of paths, Bettencourt uses the Hausdorff dimension 
H so that the distance travelled is of the order of A2/(2+H). If H  1, this 
would mean that the individual person can fully explore the city 
within the smallest distance travelled. The network growth is 
incremental, in the sense that infrastructure networks develop to 
connect people as they join leading to decentralized networks. The 
average distance between individuals is d = 1/2 = (A/N)1/2. This 
implies the total network area An (N)  s A1/2 N1/2, where s is an 
invariant D-1-dimensional volume characterizing the smallest 
network transverse dimension. Note that the coupling G is an 
approximate constant of city size. In fact, a more detailed study of the 
microscopic version of the model could illuminate the optimal G*. As 
it turns out, the optimization of city size and coupling is possibly the 
original attitude of what the members of a polis in ancient Greece had 
to deal with. 
Now, so far Bettencourt deals with a mean field theory. Probably, a 
strict formalization of inherent statistical fluctuations may render the 
approach much more realistic. What is apparent here is that cities can 
be visualized as the opposite of biological organisms as far as the 
optimization is being concerned: The latter tend to minimize the 
energy dissipation, and the pace of change is determined by network 
constraints making larger organisms slower. “It is because dissipative 
processes scale like social interactions that cities can be scale invariant 
as larger cities can incur the same average costs per unit of 
productivity as small towns, while growing in functional diversity.114 
Bettencourt notes that acceleration and concentration of interactions 
in cities have parallels in other systems that are driven by attractive 
forces and become denser with scale. In particular, this is true for 
stars whose luminosity (power emitted) increases superlinearly with 
mass. It is interesting to observe that the reception of Bettencourt’s 
work in recent newspaper articles is actually concentrating on this 
comparison. But it is not quite a coincidence that Bettencourt does not 

                                                 
113 Ibid., 3. (incl. par.) 
114 Ibid., 7. (incl. par.) 
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elaborate on the luminosity of stars in more detail. This is mainly 
because comparing the city with a nuclear reactor which is a network 
of networks at the same time, asks for possible balance equations. (A 
star is essentially an equilibrium structure that is governed by a 
pressure produced which is compensated by its own gravitation.) 
Let us have a closer look onto the fundamental equation of a star: For 
a simplified ansatz (no rotation, no magnetic field, no immediate 
neighbours) which essentially guarantees the spherical symmetry and 
visualizing the matter involved as a kind of ideal gas (because of the 
high temperature), the relevant equations are those for the mass M, 
the pressure P, the luminosity L, and the temperature T, all of them 
depending on the radius r. Then we have: 
 

dM/dr = 4r2, 
 

dP/dr = –  GM/r2, 
 

dL/dr = 4r2, 
 

dT/dr = – ¾ (/acT3) (L/4r2), 
 

dT/dr = ((1/) - 1) (/R) (GM/r2). 
 

The second of the last two equations is valid for the case of 
convection. Otherwise temperature is determined according to the 
first of the last two equations. Here  is the energy production rate, 
and  is the opacity of the object. We leave out here the various 
constants and do not show the necessary equation of state, because it 
is very unlikely that these will remain when applying these equations 
to a city model. (What we can actually do is to replace the equality 
sign by the proportionality sign and skip all constants for the time 
being.115) But what we can also see here is that the main variables can 

                                                 
115 Which is not quite true altogether, because we can keep the purely 
geometric aspects as expressed by the factor 4: Hence, we have (1) 
dM/dr = 4r2, (2) dP/dr  –  M/r2, (3) dL/dr = 4r2, (4a) dT/dr  
L/4r2 T3, (4b) dT/dr  M/r2. Note that luminosity L is a quite good 
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be easily transferred into an urban context. So mass is of course 
derived from population density  then. And the pressure is the social 
force that is acting upon a person over a unit range of interactions. 
The luminosity is essentially what is being produced by the city in 
terms of variables Y above (and beamed into the environment as a 
kind of net power). The temperature then is a measure for the average 
velocities determining the motions in the population (kinetic energy). 
What the actual difference between radiation and convection would 
be is not quite clear – except perhaps that one could visualize an 
internal temperature (i.e. heat) transfer from one part of the city to 
another. And of course, constants like the Newtonian G will certainly 
not show up. But in principle, the idea is not far-fetched. 
In fact, for a long while specialists in the field have already argued in 
terms of gravity models as applied to cities: A common approach was 
the mutual attraction of populations. Take M as the total population 
of a city (which is the integral over the number density ). Then the 
idea is that larger places attract more, following the rule M1 M2/d2, 
where d is the relative distance of the respective locations. If 
empirically tested, this gives a good approximation for analyzing the 
migration of people between cities, traffic, telephone calls, 
transportation of goods, mail and other information. This goes back 
as far as to Ravenstein (1889) and Tinbergen (1962). However, critics 
stressed the point that these results would be merely heuristic and 
not actually based on a sound scientific concept. This was the reason 
that gravity theories for socio-economic systems were not very 
fashionable for a long while. 
More recently however, this approach has been revived again, due to 
more insight gained into the underlying micro-structures of social 
interaction: A review paper of Anderson’s assembles the various 
aspects of the new development, although gravity models are mainly 
applied then to economic problems in the first place.116 However, for 
a frictionless world (meaning that the price for one good is 

                                                                                                              
metaphor for the actual power output of a city as observed from the 
outside: “The city is illuminated and radiates ...” 
116 James E. Anderson: The Gravity Model. (Annual Rev. of Econ., 2011) 
Downloaded from https://www2.bc.edu/~anderson/GravityModel.pdf 
(as of 08-31-13). 
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everywhere the same), it is possible to generalize the approach, 
starting from the basic equation Xij = Yi Ej/dij2. Here we deal with the 
attraction of a mass of goods and/or labour etc. ,Y, that are supplied 
by another mass of demand, E. For a time-dependent version of this, 
Yuangang Chen and Fahui Wang have proposed an expanded model 
based on Fourier analysis.117 But it has not been before the advent of a 
paper in “Science” by Michael Batty et al.118 that recent insight into 
fractal geometries and other geometric and topological aspects of 
urban space have been explicitly added to the argument. The first 
promising results of choosing such a wider perspective can be seen in 
their paper on the city shape of Dundee.119 
Nevertheless, Bettencourt’s approach is not bad either. Coming back 
to the supplementary part of his afore-mentioned paper, we can 
summarize the formal essentials: The total output of a city can be 
expressed in terms of a quantity Y and a generalized social 
interaction term of the form 
 

Y =  gk Akij 
 

with the sum running over all indices. Obviously, gk is the strength 
per link of the interaction of type k. Note that all couplings of this sort 
can be either positive or negative according to whether their 
connotations are attractive or repulsive, respectively. The claim is that 
all the processes involved share the same average underlying 
dynamics of social encounters in space and time, against the 
background of given constraints. Within this context, the number of 
interactions Iik of an individual i across all modes k is 
 

Iik =  Akij 
 

taking the sum over j. Each individual is characterized by an 
interaction area a0 (which is the equivalent of a cross-section) and a 

                                                 
117 www.arxiv.org/pdf/1306.3820  
118 The Size, Scale, and Shape of Cities. Science 319, 769 (2008). This paper 
is attached here as an appendix. 
119 Nahid Mohajeri, Paul A. Longley, Michael Batty: City Shape and the 
Fractality of Street Patterns. Quaestiones Geographicae 31 (2), 2012, 29-37. 



 129 

length travelled l. This spans a world-sheet which is a fraction of the 
total public space volume Vn of the city. (Note that we utilize two-
dimensional layouts.) The total of the interactions experienced by the 
individual is given then by 
 

I’ik  p(k) a0 l (N/Vn), 
 

where p(k) is the probability of different interaction modes per link. 
The coupling 
 

g’ =  p(k) gk (sum over k) 
 

is the average strength per link of interactions over all modes. In the 
two-dimensional case, the cross-sectional area takes the dimension of 
a traverse length so that 
 

Y =   I’ik = G (N2/An) 
 

With G:= g’ a0 l. Here the An are the infrastructure networks. 
Bettencourt argues: “It is important to stress that although social 
interactions are local and take place at the most microscopic level 
between two individuals, [the first equation for Y] leads nevertheless 
to effective interactions between individuals that are not directly 
connected, through chains of people between them, and between 
individuals and institutions (firms, public administration) as well as 
between institutions themselves. These effective interactions are 
obtained vis the appropriate groupings of individuals in social or 
economic organizations and by the consideration of the resulting 
coarse-grained interactions between such entities (which are always 
ultimately mediated / by people). Institutions and industries that 
benefit from strong mutual interactions may aggregate in space and 
time within the city in order to maximize their Y, while others may 
benefit from the mean-field effects that result from being in the wider 
city and collecting a diversity of interactions.”120 

                                                 
120 Bettencourt, op. cit. (supplementary information), 3 sq. (The text in 
this section is a general paraphrasing of Bettencourt’s text.) 
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It is possible then to compare the power produced by the city with 
that part of the power which is dissipated. The main overall 
contribution to dissipative processes comes from the people 
themselves, but also from the flow of energy and information, by 
being channelled through a network with many levels, and of the 
bottlenecks that occur at its largest scales. It can be shown that 
dissipation is reduced by increasing the infrastructure network’s total 
volume, while a decreasing of the latter may result in the increase of 
social outputs.121 Hence, the typical equilibrium situation. 
Although the overall result of this approach might seem very modest 
after all122, it is important to notice that these preparations enable the 
setting up of an appropriate variational principle which demonstrates 
the existence of an optimal value for G to which any city should 
actually converge in order to maximize net profit from the 
competition between the social output on the one hand and 
dissipation on the other. 
In the second paper123, Bettencourt comes to the problem of self-
similarity: The general point is that cities, across time, culture, and 
level of development, share much in common in terms of their form 
and function. (This is actually what can be confirmed by the more 
recent, alternative approaches mentioned before.) In this sense, the 
hypothesis of urban scaling shows essentially that certain properties of 
cities change, on the average, with their size in predictable scale-
invariant ways. And the emergence of these scaling relations depends 
on a few general properties as social networks, co-located in space 
and time. 
This is actually what lets us recognize a city when we see one: “There 
is a sense in which human settlements of ancient Mesopotamia and of 

                                                 
121 Cf. ibid., 10. 
122 Bettencourt formulates: „Here I show that the principles discussed in 
the main text can be formulated in terms of a constrained optimization 
problem, where each individual maximizes the outcome of his/her 
interactions minus costs, subject to the general infrastructural and size 
constraints posed by the city, and where the city infrastructure can be 
managed so as to maximize individual welfare.“ (Ibid., 11)  
123 The hypothesis of urban scaling: formalization, implications and 
challenges. Op. cit. (2013) 
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modern developed nations share enough in common that the term 
“cities” can be used to meaningfully refer to entities separated by 
thousands of years of cultural, social, and technological 
development.”124 One useful example is the ancient city of Uruk125 
which can be readily recognized as a city from the illustrative fly-by 
video presented in the internet.126 It is especially in the late period IV 
(3400-3100) that the settlement can be classified as a metropolitan 
area with its wall of 9 km length covering more than 5 km2, 
incorporating the older Anu district which has less structure, but also 
the more recent Eanna district with its courtyards, great courts, pillar 
halls, and temples, arranged around a “ziggurat” and containing 
gardens, living quarters and public buildings. Of course, there is no 
linear continuity from Uruk to New York: There are also structural 
innovations that emerge spontaneously in the run of history such as 
the introduction of polar tension between agorá and theátron in 
classical Athens, the decentralized centre in Renaissance Bologna, the 
prestigious boulevards in modern Paris. 
But the fundamental layout remains an invariant, and at the bottom 
of this is the concept of self-similarity, characteristic property of 
systems that organize according to the laws of self-organized 
criticality. Formally, and in all generality, this means that for any 
average functional of type Y, scale invariance can be expressed by 
 

Y(N)/Y(N) = f(), 
 

Where f() is independent of population size N, but does depend on 
the relative population size . This implies the scaling relation Y(N) = 
Y0 N which can be seen by the following argument: As Y(N) is 
independent of , we can write 
 

dY(N)/d = 0  
 

(1/f()) dY(N)/d – (1/f2()) (df()/d) Y(N) = 0.  

                                                 
124 Ibid., 2. 
125 Featuring presently (summer 2013) in a large exhibition of Berlin’s 
Pergamon museum. 
126 Cf. … 
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Also, it is true that 
 

dY(N)/d = (dx/d) (dN/dx) (dY(N)/dN 
 

= (N/)(dY(N)/dN. 
 

Here x = N. Because of dN/N = d ln N, this gives 
 

d ln Y(N)/d ln N = d ln f()/d ln , 
 

and by integration from 0 to ln N: 
 

Y(N) = exp (  d ln N’ (d ln f()/d ln ) = Y0 (N), 
 

where  = d ln f()/d ln . The second last equation above is 
independent of a specific value of  which implies that f() = . 
Hence, we can re-scale the equation in its simplest form so that in the 
end, we reproduce the formula excluding the -factor. 
The important meaning of the above scaling law is that it shows the 
self-similarity of cities in terms of scale N. Hence, regardless of their 
actual population size, their average properties can be inferred from 
knowledge of those at another city whose population is related to it 
by a scale transformation . In other words, any functional property 
of a large city, organizational or dynamical, is already present in a small 
town (as a potential so to speak), and its quantitative prediction can 
be made via a non-linear scale transformation.127  This leads to the 
result that a city, like all complex systems, is non-extensive, and their 
densities are non-intensive; that is they depend non-linearly on 
measures of total system size. 128  So we can conclude that the 

                                                 
127 We have paraphrased here Bettencourt, op. cit., part II, 4 sq. 
128 Remember that a property (of a system) is intensive (and thus a bulk 
property), if it does not depend on system size or amount of material. It is 
said to be extensive (and thus additive), if it is true for independent, non-
interacting subsystems, hence, being proportional to the amount of 
material. The ratio of two extensive properties is scale-invariant and thus 
an intensive property. 
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advantage of a city is its “larger population which allows for a more 
extensive division of labour and specialization, engenders greater 
diversity, fosters the generation, exchange and recombination of ideas, 
makes it possible for scale economies to manifest themselves and 
facilitate the building of physical and social infrastructure. ... larger 
populations promote new (unconventional) behaviours, from 
deviance / to innovation, reflected in a greater number of new 
subcultures created by small groups of people with particular 
interests in common.”129 (For a general overview of what we have 
discussed here, see also Bettencourt’s paper: “The Kind of Problem a 
City is” (2013) which is attached here as an appendix.) 
 

 
7.5 Further Remarks on the Fractality of Cities 

 
As far as I can see, the first concise textbook on the fractality of cities 
has been presented by Michael Batty and his co-workers.130 Their 
important insight was to find a structural similarity between the Koch 
curve and the perimeter of Renaissance fortification cities whose 
fractal dimension turned out to be very close to that of the coastline 
scenarios131 identified in works on self-organized criticality (in the 
sense of the Santa Fe school). Assuming that any system in which the 
whole is composed of parts arranged hierarchically in some self-
similar order is fractal132, they demonstrate self-similar or self-affine 
structures for cities in terms of averages measured across several 
scales. 133  Hence, they can display a large number of realistic 
cityscapes outlining the elements of a space of all (possible) cities 
such that the manner of land use allocation can be utilized in order to 

                                                 
129 Bettencourt, op. cit., 23 sq. – One example of such an innovative 
structure is the emergence of the flaneur in 19th century Paris which I have 
discussed in an earlier paper. 
130 Michael Batty, Paul Longley: Fractal Cities. A Geometry of Form and 
Function. Academic Press, London etc., 1994. 
131 Ibid., 64. (Note that for the Koch curve, we have D = 1.262 which is 
practically the same as for the coastline of England.) 
132 Ibid., 96. (par.) 
133 Ibid., 97. (par.) 
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classify a hierarchy that can be measured in terms of a metric on city 
space.134 Particularly interesting are the boundaries, places that mark 
the transition between different regimes, in the case of the city, 
between rural and urban worlds at its edge. The boundary’s 
dimension is scale-independent and of the type D = 1 -  - r. The 
parameters here constitute the scaling coefficient. Practical results are 
nicely illustrated using the example of the city of Cardiff. 135  The 
morphology of urban land use is classified then according to the main 
categories of residential, commercial/industrial, educational, 
transport, and open spaces, respectively.136 The authors assume the 
separability of land parcels according to their use in order to 
determine their fractality. The dimension for them ranges from 0.569 
(for educational use) to 1.478 (for commercial use).137 The overall 
developmental patterns can be shown to be in quite a vicinity to each 
other, independent of the variety of cities chosen (including Berlin, 
London, New York, Paris, and even Seoul – the explicit values 
ranging around 1.7 for more recent years (1960, 1981) and around 1.5 
in earlier times.138 
The structure generated in terms of the dendritic model building 
applied is fractal in the sense that the mass of the dendrite created is 
less than the mass of the space that it occupies. This opens the gate 
for classical diffusion equations of the Laplace type. The dendritic 
fractal growth shows up then as a simply connected graph.139 As to 
the population density, d(r)/dr = –  (r) such that  is the 
percentage change in density for a small change in distance dr. From 
this the mean density can be computed depending on the distance to 

                                                 
134 Cf. ibid., 126, 136. 
135 Cf. ibid., 164, 184. 
136 The question arises as to whether there might be a significant 
relationship between the types of shape (form) and the decentralized 
organization of urban space on the one hand, and fractality (chaos) and 
percolation (particularly with a view to a possible relationship between 
giant components in networks and the proximity in terms of social space) 
on the other. This is topical in ongoing research. 
137 Ibid., 205, 209. 
138 Ibid., 242. 
139 Cf. ibid., 276-286. 
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the city’s boundary.140 Nevertheless, the authors note in the end that 
within the context of their analysis, most of their ideas be based on 
conceiving of the city as sets of lines and areas so as to deal with 
geometries of one or two dimensions – thus starting from a cognitive 
viewpoint, in fact.141 
 
 

8 Decoherence as Indifference 
 

We enter now a more philosophical domain that shall help to 
illuminate the underlying (quantum) physics. The point is that 
starting from the philosophical perspective will also help to 
understand the meaning of heuristic methods in the sciences. 
Following Hans Heinz Holz142, we can visualize Bloch’s approach as 
one that puts forward the essential idea of a human mode of being 
(and thus of worldly being in the sense of modality altogether) which 
is still unsufficiently determined, because “ […] it is in actu not yet 
what falls to its share in potentia, such that it is not yet identical with 
the concept of itself, that the decisive dimension of being is future, the 

                                                 
140 Ibid., 312 sq. (Indeed, the mean density is C(R) =  (r) dr = 1/ - R exp 
(– R)/(1 – exp (– R)) with R being the distance to the boundary and the 
integral being taken from 0 to R.) 
141 Ibid., 370. – This is actually where this kind of research touches the 
objectives of our own research which is more hermeneutically oriented. 
Note also the interesting historical study of the evolving London street 
network as given in A. Paolo Masucci, Kiril Stanilov, Michael Batty: 
Limited Urban Growth. PloS One 8 (8), e69469, 2013. Essentially, this 
comes back to the issue of logistic equations: If f(t) is the number of 
intersections or street segments defined by the network, then df(t)/dt = r 
f(t)(1 – f(t)/C), where r is the growth rate and C the carrying capacity, 
respectively. This can be easily solved by a logistic function. For London, 
the average street connectivity can be determined as 2.72 which is the 
ratio of 2 C(E)/C(N) with C(N) the number of intersections (85123) and 
C(E) the number of segments (115615). 
142 Hans Heinz Holz: Logos spermatikos. Ernst Blochs Philosophie der 
unfertigen Welt. Luchterhand, Darmstadt und Neuwied, 1975. 
(Quotations from German here and elsewhere in my own translation.) 
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decisive category possibility, the driving factor the striving towards 
what is beyond itself – and what to this Not-yet in consciousness 
corresponds is [nothing but] hope.”143  Hence, it is in hoping, i.e. 
within the various modi of anticipation, that the not-yet-actual is 
being brought into sight, more or less adequately: “The contents of 
hoping is more or less ideologically veiled or deforms the contents of 
a future world[.] Utopia is the still imperfect anticipation of future, its 
deciphering gives us the schedule of a history that is to be recognized 
and steered by human beings.”144 And Holz continues: “The objective 
of history must then be the exteriorization (Herausbildung) of the 
generic essence of humanity […].” 145  Indeed, it is assumed that 
human beings have at least some rudimentary knowledge about this 
objective. Hence, the fundamental question as to how imaginations of 
non-being could be visualized as a mapping of not-yet-being by 
utilizing the objective moments of actuality can be answered in a 
twofold manner: On the one hand, by extracting all the anticipating 
aspects that are implicit in the results of the arts and sciences, on the 
other hand, by utilizing (exact) phantasy. Nevertheless, what is 
hoped for, “ […] does not arrive by itself. Instead, it must be pushed 
through against the resistances of the world.”146 Visualized this way, 
the world itself is still incomplete and its own substratum of 
possibility. Hence, this process of permanent becoming is nothing but 
one of self-actualization.147 In so far, hoping is active grasping of the 
world rather than mere dreaming. It is “ […] actualization of human 
solidarity within the social organization of life style; as construction 
of the perfect living space, at the same time symbol of succeeded 
being within architecture, as a free unfolding of human possibilities 
within work and game.”148 It is interesting to note here that this 
comparatively recent approach re-conceptualizes nothing less than 
what Don Garrett once called “ […] Spinoza’s monistic and 
naturalistic system that speaks most cogently and persuasively to the 

                                                 
143 Ibid., 21. 
144 Ibid. 
145 Ibid., 67. 
146 Ibid., 88. 
147 Ibid., 91. (par.) 
148 Ibid., 102. 
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twentieth century”.149 As I have discussed in more detail at another 
occasion150, this system is essentially based on three central aspects 
which are still important for ongoing research: (1) on the visualizing 
of a transcendental materialism with physics at the bottom, (2) on a 
radical approach to interdisciplinarity, and (3) on the aiming at 
explicit mediations leading up to ethics and politics. We will see later 
that this points to a similar project that is in the centre of Schelling’s 
philosophy. 151  In fact, it is the implication of this very “line of 
thought” – i.e. from Spinoza via Schelling to Bloch – that is the central 
topic of this present paper. And this topic is immediately reflected in 
the latter’s organization: Hence, we will start (in section 2) with a 
short and compact review of what we call Bloch’s theory of matter 
rather than its materialistic metaphysics, in order to clarify a number 
of aspects which have remained ill-understood and thus controversial 
until today.152 For illustrating the general idea, we will then continue 
(in section 3) with an example from recent physics. It should be noted 
in particular, that the presently ongoing convergence of (the 
fundamentally underlying conceptions of) physics, biology, and 
computer science within the field of the sciences actually implies a 
parallel convergence of philosophy and physics such that a fruitful 
interaction of these fields becomes possible as to the 
conceptualization of their respective foundations. Finally (in section 
4), we will draw conclusions about the present state of the art in 
discussing the relationship between the world as it is (reality) and the 
world as we observe it (modality), respectively, and try to correlate this 
with more practical questions of philosophy. 

                                                 
149 Don Garrett: [Introduction to] The Cambridge Companion to Spinoza. 
Ed. Garrett. Cambridge University Press, 1996, 2. 
150 Rainer E. Zimmermann: New Ethics Proved in Geometrical Order. 
Spinozist Reflexions on Evolutionary Systems. Emergent Publications, 
Litchfield Park (Az.), 2010, 12. 
151 Cf. Rainer E. Zimmermann: Nothingness as Ground and Nothing but 
Ground. Northwestern University Press, Evanston (Ill.), in press (2013). 
152 These aspects have been summarized in more detail in Rainer E. 
Zimmermann: Räume sind Schäume. Über Substanz und Materie im 
richtigen Verhältnis. In: Doris Zeilinger (ed.), Fragen der Substanz heute, 
VorSchein 31 (Jahrbuch der Ernst-Bloch-Assoziation), Antogo, Nürnberg, 
2011, 105-121.  
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The explicit relationship between the world as it really is and the 
world as it is actually observed (and modeled) by human beings is 
the fundamental problem of classical metaphysics. The advent of 
materialistic approaches to philosophy in the 19th century has 
suffered somewhat (probably chiefly based on a mis-interpretation of 
earlier approaches by Cusanus and Bruno153) from a mixing up of the 
one with the other as to its basic concept of (active, structure-forming) 
matter. Even when assuming that this type of universal matter is not 
the same as the physical matter we can perceive, it carries at least the 
decisive connotation of being a primordial entity (Urstoff) out of which 
all other types of matter including the observable types may 
eventually flow in the run of the permanent self-differentiation of 
nature. The latter is a consequence then of the evolutionary picture 
derived for nature in order to develop a parallel conception that (at 
least metaphorically) compares human history with the history of 
nature. Hence, matter (in a generalized, philosophical sense, not in 
the strict physical sense) shows up as the classical hypokeimenon 
(subject of the world that underlies all what can be observed). It is in 
fact, the somewhat unclear identification of substance and subject as 
introduced by Hegel that catalyzes the type of mixing up that is 
characteristic for the materialistic approach of the late 19th (and in fact, 
the early 20th) century(ies). In the end, there is no conceptual 
difference then, between substance on the one hand and matter on 
the other. Indeed, matter shows up as being already substance from 
the beginning on. When Bloch tries to establish this line of thought in 
historical terms, he visualizes substance as open substance such that it 
is “ […] a real problem in its own terms” which can be logically 
formulated as “S is not yet P […], the essential is not yet predicated 
actuality.” 154  The somewhat unprecise utilization of “actuality” 

                                                 
153 Cf. Rainer E. Zimmermann: [Catchword] Subject of Nature 
(Natursubjekt). In: Beat Dietschy, Doris Zeilinger, Rainer E. Zimmermann 
(eds.), Bloch-Wörterbuch, Leitbegriffe der Philosophie Ernst Blochs, de 
Gruyter, Berlin, Boston, 2012, 374-403. See in particular: 380. 
154 See in detail Rainer E. Zimmermann: [Catchword] Substance, 
substantiality (Substanz, Substanzialität). In: Beat Dietschy, Doris 
Zeilinger, Rainer E. Zimmermann (eds.), op. cit., 541-555. Here: 546. 
(referring to Bloch’s SO 363, 517) 
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(Wirklichkeit) here uncovers the underlying conceptual insecurity.155 
Now, obviously, it is practically impossible to grasp the concept of 
nature without grasping the concepts of substance and matter 
including their specific difference at the same time. When Blochs sets 
out to tackle the quality of this difference, he explicitly refers to a line 
of thought that he himself characterizes as “Aristotelian Left”, and 
which is based upon the Arab reception of Aristotle’s philosophy in 
medieval times. He thus visualizes matter – very much in the 
tradition of this Arab reception, especially in the sense of Averroes, 
but also found in Bruno and finally in Spinoza – in terms of the 
crucial concepts of natura naturans and natura naturata, respectively 
(the former describing a nature that actively creates all its forms out 
of its own potentiality, the latter describing a nature that is passively 
product of the former, but also able to create new forms in the run of 
evolution). 
Although it is quite legitimate to start from Aristotle (because he is 
the inventor of scientific prose, different from Plato e.g.), the 
explosion of secondary literature (even of literature that discusses 
Aristotle in terms of analytic philosophy) has produced many 
misunderstandings and erroneous conceptions as to the meaning of 
the underlying fundamental categories. In particular, the definitions 
of “substance” and “subject” have created one or the other 
difficulty. 156  But if trying to reconstruct the original (though 

                                                 
155 In principle, according to Spinoza’s terminology which essentially 
derives from Aristotle, it is actuality (precisely: “Aktualität”, in German 
often expressed as „Wirklichkeit“) that signifies the world as it is being 
observed (by human beings according to their cognitive capacity which is 
itself a product of nature), while reality signifies the world as it really is. If 
we speak of a theory of predication, we clearly deal with empirical 
situations, hence with the world as it is being observed (and thus 
modeled in linguistic terms). In the case quoted here, Bloch can only 
mean actuality. But then, he is not dealing with a “Realproblem”, i.e. 
problem of reality. And there is not something like a process-substance, 
because process (as defined in space and time) falls under the attributes 
of the actual, while the real is beyond these (epistemic and thus linguistic) 
categories. There is either substance or process.  
156 A review of the relevant secondary literature is given in the above-
mentioned catchword article in the „Bloch-Wörterbuch“, see Rainer E. 
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admittingly sufficiently complex) intention of Aristotle’s as to his 
concept of substance, we can essentially summarize the various 
aspects such that ousía (substance) carries the main connotation of 
“essence” (essentiality) while hypokeímenon (subject) carries the main 
connotations of “what-is-underlying” (as a foundation) and of 
“substratum” (material cause that is underlying the formal cause). 
And quite obvious then the formulation: “If there are causes and 
initial grounds of what there is according to nature of which as the 
first ones it actually is and has become, […] then everything emerges 
out of what is underlying and out of the shaping/designing of form 
(ek te tou hypokeímenou kaì tès morphés).” 157  In other words: 
Substratum and form are the principles of design for what there is 
according to nature. Hence, the subject is underlying the world as it is 
observed, and in so far it is material cause (or primordial matter), it 
belongs itself to this world. “Nature” is thus utilized as an equivalent 
expression for the world as it can be observed (modality). This is 
compatible with what Aristotle tells us in his “Metaphysics”: “What 
becomes does so partly by means of nature or by means of art, partly 
spontaneously. […] But all what becomes, either by nature or by art, 
possesses material [ = stuff] (hýle), because all of what becomes 
possesses either the possibility to be or [the possibility] not to be, and 
this is in all what becomes the material [stuff].”158 Hence, the concept 
of matter (even as abstract primordial matter) is traditionally 
associated with the world as it is observed (modality). It is not before 
the advent of the Greek Stóa that the concept of freedom is discussed as 
consequence of the achievement of adequate knowledge about the 
world. The idea is to eventually reach a practical life that is according 
to nature (o katà phýsin bíos). This leads generically to the necessity of 
understanding the laws of nature (anánke phýseos). The concept of 
freedom then is settled immediately within nature itself: It is indeed 
the Arab reception of Aristotle (which often mixes Aristotelian 
concepts with Stoic and Neo-platonic aspects), that by concentrating 

                                                                                                              
Zimmermann: [Catchword] Subject of Nature (Natursubjekt). In: Beat 
Dietschy, Doris Zeilinger, Rainer E. Zimmermann (eds.), op. cit., 375-383. 
157 Aristotle: Physics, 190b19 sq., according to the Zekl edition, Meiner, 
Hamburg, 1987, pp. 38, 39. 
158 Aristotle: Metaphysics, 1032a12 sqq., 20-24, according to the Seidl 
edition, Meiner, Hamburg, 1991, pp. 26, 27 sq. 
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on the processuality of the explicit transition from hexis (as the field of 
possibilities) to praxis, introduces for the first time the differentiation 
between the active nature that lets forms of matter actually emerge 
(natura naturans) and the passive nature that is a product of this 
activity (natura naturata), although it can also be capable of 
generating forms itself. This twofold character of nature mirrors the 
twofold logic of possibility and actuality on the one hand, and of 
emergence and evolution on the other. From then on however (as can 
be seen e.g. in Bruno), active matter is much more in the foreground 
of debate than substance. A famous quotation of Bruno’s illustrates 
the confounding utilization of the concepts of substance, nature, 
principle, and matter.159 In Spinoza then, the two types of nature are 
taken up again, and especially the part of natura naturans is made 
clear in E1p29s.160 This however establishes clarity for the last time: 
Until the advent of classical (mechanical) materialism, even the finest 
differentiation has been lost in the meantime such that in the Marxist 
reception of materialism, matter, in fact, shows up as being already 
substance. In other words: By (unnecessarily) combating metaphysics, 
the difference between reality and modality is practically lost. 
In the case of Bloch, it is very unlikely that he would have neglected 
this characteristic difference between reality and modality. This is 
especially, because he bases a large part of his argument on a line of 
thought he himself baptizes “Aristotelian Left”. (And it is quite 

                                                 
159 Giordano Bruno: De la causa, principio ed uno. In: id., Dialoghi 
Italiani, vol. 1, Sansoni ed., Firenze, ²1985, 273 sq.: „Peró la materia la qual 
sempre rimane medesima e feconda, deve aver la principal prorogativa 
d’esser conosciuta sol principio substanziale, e quello che è, e che sempre 
rimane: […] la materia; che appresso quelli è un principio necessario, / 
eterno e divino, come a quel moro Avicebron, che la chiama Dio che è in 
tutte le cose.” 
160 Baruch de Spinoza: Ethica ordine geometrico demonstrata …, ed. 
Bartuschat, Meiner, Hamburg, 1999, 62, 63 sq.: „ … quod per Naturam 
naturantem nobis intelligendum est id, quod in se est et per se concipitur, 
sive talia substantiae attributa, quae aeter/nam et infinitam essentiam 
exprimunt, …“ (my italics) In fact, the whole scholium is far from clear 
altogether, due to a very cryptic formulation of Spinoza’s. But the 
important point is quite clear: Natura naturans is an attribute of 
substance, not substance itself. Hence, it belongs logically to the realm of 
modality, not to reality. 
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certain that he would have read Aristotle in some detail!) 
Unfortunately, Bloch’s terminology is not always consistent and clear 
with respect to concepts like “substance” and “subject”, respectively. 
Probably, the Hegelian influence unfolds its actions here 161 . The 
inconsistencies in Bloch as to that point have been discussed 
elsewhere162, and we will not dwell on this here in further detail. But 
the central argument should be straightforward: Bloch’s theory of 
matter is essentially a theory of the substratum (subject), not of 
substance. The two types of nature refer to fundamental aspects of 
modality, not to reality. A multitude of apparent contradictions in 
Bloch can be removed, once this view is accepted. Then matter (both 
in philosophical and physical terms, respectively) can be visualized 
as primordial ground of modality and as primary material, at the 
same time. In a sense, interpreted as a true hypokeímenon (that 
underlies what there is), primordial matter can be visualized as the 
boundary of modality and thus as a bridge to reality. So after all, 
Bloch’s theory of material nature (theory of matter) can be mainly 
positioned within the body of sceptical philosophy, and in his works 
are at best weak traces of speculative philosophy. In other words, the 
anticipation of the utopian project (in Bloch’s terminology “concrete 
utopia”) aims at something which is empirically observable in the 
end. The “experimentum mundi” shows up then as a transformation project 
of modality. It can thus unfold concrete, practical actions in the future 
and does in fact point to a region of what can become an actualized 
non-being in the long run rather than pointing to a region of mere 
nothingness as the name (utopia) would imply.163 The consequences 
of this viewpoint become especially important with a view to recent 
developments in the sciences.  
Unfortunately, very often the attitude of philosophers towards the 
sciences is rather abstract, to say the least. (As far as physicists are 

                                                 
161 However, we will not discuss here Hegel’s attitude of actually 
identifying substance and subject. 
162 Cf. Rainer E. Zimmermann: [Catchword] Subject of Nature 
(Natursubjekt). In: Beat Dietschy, Doris Zeilinger, Rainer E. Zimmermann 
(eds.), op. cit., 383 sqq. 
163 Some time ago, this has been the reason for me to actually replace the 
name of „concrete utopia“ by „metopia“ which is more to the point of 
what is actually achieved. 
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being concerned, the viceversa is true as to their attitude towards 
philosophy.) Hence, the communication between the fields of 
fundamental research in the sciences and modern metaphysics in 
philosophy is usually not very successful. However, contrary to what 
is the common point of view, it is important to notice the parallel and 
convergent aspects of both fields in order to gain a certain amount of 
heuristic insight that can be eventually explicated in more technical 
detail later.164 With respect to questions of the difference between 
what there is and what there is observed, and with a view to other 
questions of founding and grounding the world, it is especially 
qantum physics that serves as an appropriate heuristic starting point. 
The central aspect of quantum physics is the phenomenon of 
“quantum correlations” that create completely new properties of a 
composite physical system that are absent for the individual 
subsystems of the composition.165 Hence, if two systems A and B are 
characterized by their respective state functions A and B, then their 
composition is expressed by their joint state function AB. In that case 
one speaks of “entanglement” whose main feature is that nature 
becomes fundamentally non-local, because the outcome of a local 
measurement (on system B say) is determined by quantum 
correlations that are encoded only in the global entangled quantum 
state of the composite system.166  If we utilize the common Dirac 
notation of state vectors, then  gives the complete description of 
the physical state of an individual system (usually referred to as a 
pure state). The superposition principle tells us then that linear 
combinations of vectors give again a new quantum state such that 
 =  cj j, where the sum goes over all the j = 1 … n, and the c are 
complex numbers. In other words: All the various j are 

                                                 
164 From the outset, it should be always clear that neither Spinoza, nor 
Schelling, nor Bloch in person have actually created any insight in 
physics. But the structural aspects of their systematic approach and their 
attitude have done so. Most prominent examples are the influences of 
Schelling on Oersted, Faraday, and Maxwell as to the concept of force 
fields. Or the influence of Spinoza on Einstein’s relativity theory. 
165 Essentially, we follow here the structure of the argument as given in 
Maximilian Schlosshauer: Decoherence (and the quantum-to-classical 
transition), Springer, Berlin, Heidelberg, 2007. 
166 Cf. Schlosshauer, op.cit., 32 (par.). 
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simultaneously present in this global quantum state. This is what we 
call quantum coherence. The evolution of  is governed by 
Schrödinger’s equation, of the form 
 

i d/dt (t) = H  . 
 

Note the explicit time-dependence here. (The i is the imaginary unit.) 
We call H the Hamilton operator (which is essentially codifying the 
total energy of the system). Furthermore, when projecting onto a pure 
state, we can define the density operator  := < whose matrix 
representation gives 
 

 =  cj c*k j<k, 
 

where all the terms with j  k are interference terms. (In the matrix 
they are off-diagonal terms.) Obviously, the sum goes now over both 
j and k, respectively. 
The “impurity” of a state can actually be quantified, namely by 
means of what is called von Neumann entropy, defined by S() = – Tr 
( log2 ), i.e. by simply taking the trace over the logarithmic 
expression. Then in a pure state, S = 0. If the state is maximally mixed, 
we have alternatively, S = log2 N (where N is the number of systems). 
Consequently, the expectation value of an observable O is given by 
<O = Tr ( O) =  <j  Oj, the sum again over the j. Note that the 
observer will normally have access to one system only, to A say. Then 
the information extracted of system A can be described by what is 
called reduced density matrix such that A = TrB . Tracing over B 
means essentially that we average over the degrees of freedom of the 
unobserved system B. 
For illustrating the basic idea, take for example an environment of 
photons (system B) scattering off an object (system A). Obviously, for 
an observer it will be impossible to intercept all of these scattered 
photons. Hence, what he will actually observe are the observables 
pertaining to the system A plus a small number of environmental 
photons. But by tracing over the degrees of freedom of the 
environment of the (combined) system-environment density matrix, 
the observer can obtain a complete description of the measurement 
statistics. That is, the influences of the environment on local 
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measurements performed on A will automatically be encapsulated in 
the reduced density matrix. Utilizing the above relationships, we get 
for this matrix in detail: 
 

A = 1/N j,k = 1 … N aj<ak<bkbj, 
 

when the a and b are normalized states of A and B, respectively. The 
entangled state of A and B is then expressed as 
 

 = 1/2 (a1 b1 + a2 b2, 
 

provided the states are bipartite. In fact, it is the amount of overlap of 
the relative states of B that are correlated with the states of A that 
quantifies the degree of interference that can be measured on A. 
The consequences of this are quite striking: So light scattering off an 
object carries away information about the position of the object, and it 
is in this sense that we thus may view these incident photons as a 
kind of “measuring device”. Indeed, these measurement-like 
interactions lie at the root of the transition from quantum to classical 
physics. And they are actually independent of the presence of a 
human observer! The mechanism according to which human 
observers usually make classical (macroscopic) observations rather 
then quantum observations, can be easily understood now as a 
process of removing coherence (which is called de-coherence). By 
carrying away information, scattered particles carry away coherence 
from a given object.167 At the same time, “ […] since the interaction 
between the system and the environment constantly encodes 
information about the system in the environment, [the latter] 
constitutes a huge resource for the indirect acquisition of information 
about the system.”168 We can even say more: It is the environment 
that superselects states of the system that are classically observable. 
These are the states that are least perturbed by the ongoing 
interaction on the one hand, while their probing leaves the 

                                                 
167 For a system which is described by a coherent superposition of two 
quantum states representing localization around two different positions, 
the details are shown quite illustratively in Schlosshauer, op.cit., 67-69. 
168 Ibid., 85. 
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environment largely unperturbed on the other. 169  This is called 
environment-induced superselection (einselection). At the same time, this 
mechanism secures the validity of physical gauges: “Since the same 
information about the pointer observable is stored independently in 
many fragments of the environment, multiple observers can measure 
this observable on different fragments and will automatically agree 
on the findings.” 170  As it turns out, this mechanism is being 
performed on a very short time scale so that practically, there are no 
difficulties with possible ambiguities of classical observations.171 
What we have done here is to discuss an example taken from 
quantum physics, and, by definition, this is not subject to the rules of 
philosophical argumentation. Note however the consequences for an 
interpretation of the results in terms of everyday language: The 
results imply that the classical observer can differ between objects, 
given at different times and at different locations such that they are 
cognitively perceived as isolated objects of an individual kind. Hence, 
typically, the observer can clearly differ between two different objects 
X and Y, and it is unlikely that the one can be mixed up with the 
other. But we note that a classical observation is the result of 
decoherence which has to do with the length (and time) scale on that 
classical observations happen. In other words: Because human 
observers are objects of the classical type (due to their typical orders 
of magnitude), their characteristic modality gives them access to 
classical objects. But classical phenomena (such as determining a 
precise location, or a precise time, or a precise individual object as to 
that) are not generic features of the world as it is. They are such 
features only, if the observers are classical themselves. Hence, 
classicality is a feature of the world as it is observed. Different from this, 
the “true” property of the world as it is, is coherence instead. And this 
simply means that objects are not well-isolated, well-located, well-
timed. Essentially, the world is a coherent “soup” of quantum states 
that cannot become easily dis-entangled. Hence, categories of time, 

                                                 
169 Note that the system perturbs the environment rather than viceversa – 
contrary to the picture we generally have of what we call noise. 
170 Schlosshauer, op. cit., 87. 
171 Ibid., 135 sqq.: For a dust grain e.g., decoherence takes place within the 
order of 10-31 seconds, for a large molecule within the order of 10-11 
seconds, respectively. 
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space and (material) object are meaningless in the real world (within 
reality). Depending on the relevant orders of magnitude, the classical 
world (of physics) is thus emergent with respect to the underlying 
(real) quantum world. 
In order to understand the relevance of the above-mentioned in terms 
of a philosophical rather than physical context, we refer back to the 
idealistic aprroaches of the 19th century which are struggling with the 
concepts of “subject” and “object”, respectively, trying to eventually 
overcome the strict separation between the two, equally important for 
a re-conceptualization of ontology as well as of logic. The idea is to 
find an adequate concept for an identity of both such that the 
observable world could be understood as a progressive 
differentiation of forms out of a unified (pre-worldly) entity. One of 
the main protagonists in this field has been Schelling who in his 
earlier works introduces the notion of a “co-existence of indifference 
and identity” such that in structural terms, the neither-nor is unified 
with the as-well-as. He formulates in his “Further Presentations from 
the System of Philosophy”172: “The fact that this unity […] shows up 
or expresses itself in terms of certain relations rather than in terms of 
an in-itself, as a unity of thinking and being, does not imply that it 
would be a unity that is composed of thinking and being, very much 
like the fact that light is coloured under certain conditions does not 
imply that the colours would have been within itself beforehand […]. 
“ What we can immediately recognize from this is that indifference 
would be an appropriate analogy here to coherence. Note that this 
does not entail a formal identification of these concepts: Instead, what 
in physical terms is discussed under the heading of coherence can be 
visualized in philosophical terms as indifference according to the 
Schellingian approach. Hence, philosophers working on the 
conceptualization of some absolute unity have not at all anticipated 
quantum physics, nor have quantum physicists dealt explicitly with 
the concepts of 19th century philosophy. But what all of these 
protagonists have actually done is to structurally anticipate a convergent 

                                                 
172 F. W. J. Schelling: Fernere Darstellungen aus dem System der 
Philosophie. ( = SW 4, 378) Quoted here according to Bernhard Rang: 
Identität und Indifferenz. Klostermann, Frankfurt a.M., 2000, 62. (See also 
this latter book for a detailed exposition and discussion of the conceptual 
problems involved.)  
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conceptualization of the difference between the world as it is and the 
world as it is observed, each of them in their relevant fields of 
research. And this is what we can call heuristic. If we visualize as one 
task of philosophy to provide a theory of totality (“Wissenschaft vom 
Gesamtzusammenhang” in the sense of Hans Heinz Holz), then 
indeed, this is exactly what the mentioned kind of conceptual 
convergence can eventually achieve. 
The immediate advantage of referring to the philosophy of Bloch 
rather than to the philosophies of the 19th century is that the relevant 
concepts are (more or less) free from a traditional terminology that 
entails religious or other ideologies. On the other hand, the 
conceptual consistence is (more or less) secured, because Bloch works 
on the same line of thought.173 But the merit of the Marxist reception 
is especially that aspects of “mind” can be visualized as being 
imprinted into the structure of matter. Hence, human cognition, 
communication, and co-operation show up as concrete consequences 
of processes that are related to various forms of matter. And this kind 
of matter is to physical matter what the “primordial stuff” of 
Aristotle’s is to the unfolded variety of (observable) objects. In 
principle, one could visualize a modernized metaphysics as one that 
is making the difference between substance and attributes topical 
such that we are left with one attribute only which is matter.174 For 
the metaphysical interpretation of any foundation that is dealing with 
the difference between the world as it is and the world as it is 
observed within the framework of an ontology of immanence (in the 

                                                 
173 Not that Bloch’s approach would be entirely free from any ideological 
influences. Probably no philosophy ever is. But the concept of matter put 
forward in the more systematic works, especially in his “Experimentum 
Mundi” of 1975, is sufficiently sober so as to open up perspectives  that 
are not burdened with a context which is overcome by now. 
174 In the meantime, it has become apparent that we are essentially back 
to two attributes, because we would now systematically differ between 
one attribute that is energy (and energy that possesses mass is called 
matter) and another one that is information (and information that is 
actualized is called structure). Cf. Rainer E. Zimmermann, José M. Díaz 
Nafría: Emergence and Evolution of Meaning: The General Definition of 
Information Revisiting Program – Part I: The Progressive Perspective. 
Top Down. Information 2012, 3 (3), 472-503. See also an extended version 
in: tripleC 11 (1), 13-35, 2013. 
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tradition of Spinoza’s) there are manifold starting points as to a 
conceptualization of the practical field, especially with a view to 
ethics. This is mainly, because the picture that is derived from the 
process of founding the world unfolds a variety of important 
influences on the positioning of human beings amidst this world. 
Because human beings are the agents who actually do the modeling, 
this positioning is essentially nothing but a self-positioning. If we 
visualize human beings as part of a total organism of nature (whose 
ontological state is defined in terms of its epistemological activity), 
we can come back to Schelling’s attitude of visualizing human beings 
as “knowledge-acquiring organs” of nature. Hence, while human 
beings model their world, nature is essentially modeling itself. 
Obviously, the ethics flows out of the fact that human beings are 
related to nature then as part to the whole. 
In this present paper, we would rather take the other side instead: We 
ask for the consequences of the above examples for the heuristic 
value, philosophy can have for explicitly ongoing research in physics. 
As far as the fundamental questions of physics are being concerned, 
what we said above on the topic of decoherence relates to the basic 
problem of quantum gravity.175 As recent work on decoherence in 
quantum gravity clearly shows176, this topic turns out to be crucial 
with respect to deciding about the conceptual state of what is classical 
or quantum in physics, and of what is macroscopic or microscopic, 
respectively. Note that our above discussion on decoherence clearly 
displays the fact that in principle, there is only quantum physics, 
whilst all classical phenomena are emergent with respect to the 

                                                 
175 See earlier work on problems of foundation, mainly discussing aspects 
of loop quantum gravity, in Rainer E. Zimmermann: Beyond the Physics 
of Logic: Aspects of Transcendental Materialism or URAM in a Modern 
View. www.arxiv.org/pdf/physics/0105094 , also id: Recent Conceptual 
Consequences of Loop Quantum Gravity. Three Parts. 
www.arxiv.org/pdf/physics/0107061 , 
www.arxiv.org/pdf/physics/0107081 , 
www.arxiv.org/pdf/physics/0108026 . For a special application see also 
id.: Cosmological Natural Selection Revisited. Some Remarks on the 
Conceptual Conundrum and Possible Alleys. 
www.arxiv.org/pdf/physics/0304053 .  
176 Cf. C. Anastopoulos, B. L. Hu: Decoherence in Quantum Gravity: 
Issues and Critiques. www.arxiv.org/pdf/gr-qc/0703137 . 
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process of decoherence. In fact, this entails quantum phenomena 
which can be observed in the domain that is usually referred to as 
being “macroscopic”. If on the other hand, we agree upon the fact 
that objects need a certain “size” (order of magnitude of their 
characteristic length scale) in order to undergo decoherence, then the 
question arises from where the first objects of criticial size emerged in 
the first place. (This is a question similar to the problem of initial 
emergence as it is often discussed in Schelling or Bloch. 177 ) As 
Anastopoulos and Hu have shown in more detail, this problem raises 
other questions as to the relationship between decoherence and 
statistics (in the sense of the coarse graining model) on the one hand, 
and between decoherence and symmetries, on the other. And even 
more important (especially for the cosmological implications of these 
ideas) the question: What is the system in question? What is the 
relevant environment?178 
Hence, if we visualize (the physical picture of) reality in terms of a 
primordial “coherence soup”, then the division between system A 
(object) and system B (environment) must be available from the 
beginning, because otherwise there would be no reason for the onset 
of decoherence. Even worse: If we take the whole universe as a 
system A, then the necessity of a system B would imply that there is a 
natural environment of this universe in the first place. But then, this 
particular object (the universe as system A) would have emerged 
within its environment before, so it must be the result of some pre-
geometrical decoherence. (And so on.) Different from what one 
would expect, these questions (raised within the field of theoretical 
physics!) are not at all far from ongoing practical research. Smolin’s 
model of cosmological selection is very much on the line of this type 
of conceptualization, as is more recently the new approach put 

                                                 
177 See appropriate reviews for Schelling and Bloch, respectively, in 
Rainer E. Zimmermann: Aesthetics as a Semiology of Nature. On the 
Unity of Schelling’s Substance Metaphysics. System & Struktur IV 2, 
1996, 151-173. And id.: The Utopian Function of Art and Literature in the 
Philosophy of Ernst Bloch. A Topic Revisited. Bloch-Almanach 15, 
Ludwigshafen, 1996, 33-73. 
178 Anastopoulos, Hu, op. cit., 8. (par.) 
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forward by Roger Penrose.179 As it turns out in the end, the problem 
of (initial) emergence is indeed the most puzzling conundrum at the 
time whose resolution could give plenty of new insight into a large 
class of problems in physics, chemistry, biology, and even computer 
science.180 This is more than a heuristic approach can actually expect. 
 
 

9 Outlook: Aspects of Initial Emergence 
 

• So this is chiefly the human perspective: What we call 
observation is the result of cognitive work that is performed according 
to the boundary conditions of human biological capacities. 

• What we call model is the re-construction of all these results 
including the interpolation and extrapolation of details which have 
been left out in the first place or cannot be actually observed. 

• Models are clustered to form theories, and the set of 
available theories constitutes the present picture humans have of this 
world. Within this framework everything is modelled, especially 
what is not human itself. 

• Nevertheless, the intrinsic self-reference of modelling 
guarantees that all what is non-human in the world is treated 
according to what is human. In other words: What we thus observe in 
a human manner is nothing but a specifically human world, because 
what we derive from these observations and assemble to the 
architecture of theories is itself constituted in a characteristically 
human way. 

• Obviously: What we have in the end, is not the world as it 
really is, but the world as it is being cognitively perceived according to the 

                                                 
179 Lee Smolin: The Life of the Cosmos. Oxford University Press, 1997. – 
Roger Penrose: Cycles of Time. The Bodley Head, London, 2010.  
180 Ontological questions have been prominent within the field of 
quantum physics from the beginning on. See e.g. Abner Shimony: Search 
for a Naturalistic World View. 2 vols., Cambridge University Press, 1993. 
For an alternative view also David Bohm, Basil J. Hiley: The Undivided 
Universe. Routledge, London, New York, 1993.  
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human modality. We never deal with reality explicitly, we only deal 
with modality.  

• First of all, there is a rather technical conclusion: We notice 
that the concepts of space(-time), network, and system form a 
conceptual triade that characterizes the epistemological aspect of 
human beings. Networks constitute the dynamical skeleton and/or 
circulation of a system. If we define a system as a totality of 
components that interact with each other such that they can be 
visualized as a conceptual unity, then we realize that the tenor lies on 
the word “interact”. Hence, the sub-totality of interactions in a 
system is expressed as a network. Interaction and communication can 
be utilized synonymously for “exchange of information”. A network 
is thus constituting the dynamics that defines the characteristic 
properties of a system.  

• On the other hand, what we call space is the range of 
interactions as defined by the network. Hence, space can only be 
defined reasonably, if there are objects that interact. (Obviously, there 
is no empty space.) 

• Similarly, time is the sequence in which the system updates 
itself. Visualized in terms of categories, this means that nodes and 
links (agents and their operations) are the objects and morphisms, 
while space and time as range of interactions (domain of dependence) 
and updating sequence, respectively, define the qualities of the 
interactions (they define the system’s action).  

• Because the operators in a system (objects) can also be 
visualized as agents, this action is always meaningful and thus 
intentional. 

• It follows the consequences of the updating results and 
hence relies on reflexion which is essentially the self-observation of a 
system with respect to its environment. 

• So in a mild sense of the word, systems can always be 
visualized as reflexive as well as active. 

• Note that the conceptual triade of epistemological type: 
space-network-system, corresponds directly to another conceptual 
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triade of ontological type defined by cognition-communication-
cooperation.  

• In other words: Because human beings are constituted in a 
cognitive manner, there is space(-time) – in order to make sure that the 
human capacity for observations suffices by arranging observed 
events in a well-defined spatial and temporal order – 

• because human beings have to communicate in order to 
secure their own orientation within the observable world, there is 
network – 

• because human beings must be able to directly interact 
with the non-human environment (in utilizing energy or stuff) and 
because they do so by means of cooperation, there is system.  

• The (ancient) idea is that form must be arranged in 
harmony with content. 

• For us here, this means that the explicit management of 
systems must be an outcome of the results developed before as to the 
system’s structure, comprising characteristic spaces, times, networks 
of communication, and so forth. 

• Hence, the determination of an adequate form (what the 
Stoic philosophers called a form which is adequate with respect to 
nature: kátà physin) depends on the evaluation of cognition. It is thus 
a primarily aesthetic activity 

• On the other hand, life is determined by the results of what 
we call design: Human beings have to behave adequately according to 
what they know. And in an existential sense, human behaviour is 
always design in fact. 

• Hence, ethics (which is the lore of adequate behaviour) 
demands criteria for adequacy that are essentially grounded in 
aesthetics. 

• This is the old idea of kalokagathía (from: kalós = good, and 
ágathos = beautiful): namely to produce the desired harmony such as 
to fit the one to the other. 

• Heraclitus: When asked by his fellow citizens for his 
opinion on how to achieve harmony in polis life (homonoia = civic 
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harmony), he simply kept silent, took a cup and mixed  water and 
barley flour, adding some mint to make a mixture that follows the 
recipe for the kykeon (the ritual drink when at the Delphi oracle), 
drank it and went away, still without speaking.  

• The message is clear: The mixture remains stable only 
when permanently stirred. 

• In other words: Harmonic systems (which in science are 
usually called resilient) based on the state of communication within 
their (social) networks can be achieved, if they are designed within 
the boundary conditions of the metastable range of their state space.  

• Hence, there is permanently diverging (and thus 
conflicting) motion among the components of a system that can only 
stabilize, if it never stops. This calls for a permanent stirring. 

• At the same time, this is permanent conflict (stásis vs. 
pólemos): Massimo Cacciari (Geo-Filosofía dell‘Europa, 1994) 
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II     Interpretation of Space (Choramancy). Psycho-
Analysis as Cognitive Meta-Theory. 

A French Perspective. 
 
 

1 Introductory Remarks 
 

As we have seen in the first part of this present work, the concept of 
system is primarily based on its cognitive origin which is that of space. 
The important point is here that already within the framework of a 
more formal theory of evolutionary systems do we find hints towards 
what is inexhaustable in terms of space. In other words: Although the 
concept of space is closely related to the range of interactions that 
define a system (by means of its communicative network of 
constituting agents) in the first place, and is thus pointing to well-
known connotations of chiefly geographic topology (including 
locations, places, and also addresses of structural objects that 
characterize the immediate environment of the said agents), it is 
nevertheless re-directing the interest to its own origin which is 
situated within a pre-geometric, pre-topological, and hence pre-
spatial context. 
This is a crucial aspect that has been discussed already in more detail 
in the works of Edmund Husserl: It is he, especially in his late essay 
on the “Crisis of the European Sciences and Transcendental 
Phenomenology”181, who criticizes explicitly the elimination of the 
subject from the field of scientific research such that the latter looses 
its immediate meaning for practical life – a development that for 
Husserl begins with Galilei: Within the framework of Galileian 
physics, mathematics shows up as mere techné rather than asking 
back for the conditions of its own idealization as given by the 
concrete world of life (Lebenswelt). Hence, not only is the 
constructive capacity of the subject forgotten, but even in epistemic 
terms is the formal idealization taken for a reality that is likewise 

                                                 
181 Edmund Husserl: Die Krisis der europäischen Wissenschaften und die 
transzendentale Phänomenologie. Meiner, Hamburg, 1982 (1969). The 
origin of this work goes back to a series of talks Husserl delivered in the 
year 1935. 
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conceived as an ideal entity: “Within the process of geometric and 
scientific mathematization we thus measure the concrete world of life 
(Lebenswelt) […] for a well-fitting dress of ideas […] i.e. we construct 
within a method that is (as we hope) actual and can be performed in 
detail and in a manner that permanently proves its worth, 
determinate numerical indications for the actual and possible […] 
shapes of the concrete world of life […]”182 This mathematical dress of 
ideas (or symbols rather) is what we then take as reality. Husserl 
would like to replace this by his transcendental phenomenology in 
the sense that this is the field which is adequate for asking back for the 
original conditions of this process of construction. In a sense, it is a 
process of anamnesis that shall be performed. 
This viewpoint is clearly reminiscent of the method of psycho-
analysis, as Odo Marquard has shown in his famous work on aspects 
of transcendental idealism: For him, transcendental philosophy is 
according to its characteristic tendency, nothing but philosophy of 
history. In so far it must fulfil two different tasks: to memorize what 
is forgotten on the one hand, and to realize (wahrmachen) objective 
actions on the other.183 The decisive result of this method would be 
the dis-solving of self-illusion for which the technical term comes 
from Schelling, in fact: dis-empowerment (Depotenzierung). Schelling 
introduces this aspect as the procedure of the I (Ego184) to come back 
onto its origins that are not present within consciousness, hence, as 
the procedure of systematically empowering what is the Not-I (Nicht-
Ich) that is actually visualized as nature, thus bridging the gap to the 
philosophy of nature after all. While the latter shows up by means of 
its tendency towards the above-mentioned anamnesis (which is 
somewhat contrary to the efforts of transcendental philosophy), 
aesthetics, showing up in turn here as another type of fundamental 
philosophy, carries resignative connotations confronted with a 

                                                 
182 Ibid., 55. [Here and elsewhere my own translation.] 
183 The German word „wahrmachen“ is already pointing to the principle 
of Italian anti-psychiatry in the sense of Basaglia and Pirella: verifica. 
184 At the time of Schelling, there is not yet a clear distinction between 
reflexive and pre-reflexive cogito. 
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deficiency of the possibility to grasp the world in terms of a 
reasonable history.185 
Hence, when starting from Husserl’s critique, we can bring the two 
aspects (of space and anamnesis) together in order to clarify the 
hermeneutic rest which is left open by reflexion: However, the 
important point here is now that it is actually space itself that is in the 
centre of this discussion. More recently, with a special view to 
Husserl, it has been Derrida who has elaborated on this topic: What 
for Husserl is the necessary “asking backwards” as to the origin of 
the conditions of what has been constructed in the first place, for 
Derrida is his concept of “de-construction”. In his early work on the 
concept of geometry in Husserl, Derrida derives and at the same time 
practices his method when discussing a later text which is part of the 
“Crisis” papers. 186  In Derrida’s terminology, the forgetting, 
concealing, misunderstanding, and even the betrayal are necessary 
ingredients of a faithful delivery.187 This unfaithfulness (or disloyalty) 
can be visualized as an expression of ontological finiteness. To deliver 
means at the same time to conserve, and to loose. To ask backwards is 
at the same time to uncover the origin and to veil it. The central 
concept is trace here: i.e. the general structure of the sign of which 
historical events are a particular form.188 
For Husserl, it is important to actually reduce what he calls Galilei’s 
naivité in order to unfold the investigation of the origin of 
geometry. 189  Derrida adds: “Indeed, all the different types of 
investigation that we have just rejected [when discussing classical 

                                                 
185 Odo Marquard: Transzendentaler Idealismus, Romantische 
Naturphilosophie, Psychoanalyse, Dinter, Köln, 1987, here in particular: 
91 sqq., 121 sqq. (par.). See also Rainer E. Zimmermann: Die 
Rekonstruktion von Raum, Zeit und Materie. Moderne Implikationen 
Schellingscher Naturphilosophie. Lang, Frankfurt a.M. etc., 1998, 222 sq. 
186 Jacques Derrida: Husserls Weg in die Geschichte am Leitfaden der 
Geometrie. Fink, München, 1987. (Edmund Husserl, l’origine de la 
géométrie. PUF, 1962, 1974.) 
187 As far as the communicative discourse of human beings is concerned, 
this is already a result of Sartre’s ethics. 
188 Rudolf Bernet: Preface to the German edition of Jacques Derrida, op. 
cit., 17. 
189 Literally: in order to „give space to this question“ (der Frage Raum 
geben), cf. ibid., 48. 
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approaches beforehand] have moved themselves within the medium 
of constituted geometry. Its object is assumed or amalgamated with 
the results of a ready-made geometry which we should reduce in order 
to arrive at the consciousness of origin that at the same time would be 
an essential inspection (Wesensschau). [This ready-made geometry 
has the character of a fact.] […] The fact possesses here the forgotten 
meaning of ready-made (fertig) [Le fait a bien, dans ce cas, le sens 
oublié du tout fait.]. But as a starting point, this reduction is in need 
of the constituted result which neutralizes it.”190 
We can clearly recognize the characteristic aspects of de-construction: 
In this sense, Derrida quotes Husserl again: “Our interest be […] the 
asking backwards (back-questioning) for the original meaning within 
which geometry has primordially become and was present then as 
tradition of the millenia […]; we ask for this meaning within which it 
is emerged in history for the first time – it must have emerged […], 
although we do not know anything of the first creators and actually 
do not ask for them in the first place.”191 According to Derrida this 
formulation: “[…] it must have emerged” displays the necessity of 
some kind of eidetic pre-scripture and of an apriori ordering structure 
that can be recognized presently and ascribed to a passed fact in a 
timeless manner. However, it is because of the fact that this “must” 
manifests itself not earlier than after the actual event, that one can 
recognize the irreducible historicity.192 
Derrida also notes that two more aspects are important here: On the 
one hand, it should be obvious that whatever it may have been that 
was followed by the history of geometry, it must have been some 
kind of non-geometry or pre-geometry. On the other hand, whatever 
the meaning the first geometers have attached to the act of creating a 
geometric picture, it must have been such that the actually well-
known picture of geometry as we see it nowadays could eventually 
emerge: “So I have to start with the ready-made geometry in its 
nowadays shape whose phenomenological reading is always possible, 
because of a necessity that is anything else than a coincidental 
(contingent) or external fact, in order to question the meaning of its 
origin by passing through it. […] This is what Husserl calls asking 

                                                 
190 Derrida, op. cit., 51. 
191 Ibid., 65.  
192 Ibid. (par.) 
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backwards (back-questioning) (Rückfrage) […] We have translated it 
with ‘question de retour’. Similar to its German synonym it is 
characterized by its letter mail reference to a communication from a 
distance. […] Confronted with a received and thus already readable 
(legible) document it is possible for me to ask back for the original 
and pointed intention of what has been delivered to me by 
tradition.”193 It is nothing but straightforward to directly apply this 
procedure not only to history proper, but also to the history of nature, 
or equivalently, to a human biography. 
Derrida applies this straightforwardly to a suitable concept of nature 
which he is confronting with the concept of culture194: “After we had 
to differ between nature and culture, we have now, in order to 
understand pure culture and traditionality as such, to differ between 
empirical culture, i.e. the actually historical within which the 
sedimentation of meaning does not exclude the becoming invalid of 
that meaning which is rooted in language, soil, epoch etc., on the one 
hand, and the culture of truth whose ideality is absolutely normative, 
on the other.”195 The idea is here to visualize the latter as a reduced 
version of the former – or, to be more precise: as a possibility of 
reducing the former. Derrida continues: “At the same time, culture 
and tradition of truth are characterized by a paradoxalic historicity. In 
some sense, they appear to be disengaged from all of history, because 
they are not affected in their interior by the empirical contents of real 
history and by given cultural correlations. This emancipation could 
be mixed up with a liberation from history altogether. Not only for 
those who orient themselves by means of historical facticity, but also 
for those who restrict themselves to the ideality of general validity, 
can the historical originality of narrated truth only be that of a 
myth.”196 
So what has this to do with geometry after all? This is actually the 
point: Whilst differentiating the two types of accessing the “truth of 
history”, the concept whose history is being discussed comes clearly 
to light: In the case of geometry – well understood as the science of 

                                                 
193 Ibid., 66. 
194 We must always be aware of the origin of the word “culture” in the 
works of Cicero. 
195 Derrida, op. cit., 77. 
196 Ibid., 78. 
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what is absolutely objective in the objects (i.e. spatiality)197 – it is the 
structure of memory (the process of anamnesis) which is expressed in 
terms of an instrumental utilization of language: “[We have the 
choice between two approaches:] The first is similar to that of James 
Joyce: to repeat the totality of equivocations and to take them up 
again, within a language which lets emerge the highest power of the 
intentions that are buried, accumulated, and interwoven in the soul 
of each linguistic atom, each vocabulary, each word, each simple 
proposition, within maximal synchrony, transversely through the 
cultures of the world as they manifest themselves in their highest 
forms […] At the opposite pole we find Husserl: methodologically 
reducing the empirical language, letting it become impoverished up 
to the actual transparency of their univocal and translatable elements, 
in order to participate in their pure source of historicity or 
traditionality[…]”198 (It is obvious that soon, Derrida will follow the 
route of Joyce. We will come back to this.) 
So what can we say about the pre-geometric period in particular? The 
list Derrida is providing later on, can be used as a strong hint towards 
what is being expected by a sound method of “de-construction”: 
“[We know that] 1. the pre-geometrical world was one of objects 
arranged in a non-exact space and a non-exact time. 2. this must have 
possessed some ‘corporality’ […] 3. these pure bodies must have 
possessed spatial shapes, shapes of motion, and ‘alterations of their 
deformation’. 4. material qualities (colour, gravity, hardness etc.) must 
be necessarily ‘referring’ to these pre-geometrical spatiotemporal 
shapes by means of an additional eidetic determination.”199 As to the 
origin of geometry, the question is here how effective this method 
may be after all, given the fact that the above-mentioned aspects are 
not really surprising, after we have accumulated a certain amount of 
ethnological experience. (We will come to Lévi-Strauss later.) But first 
of all, and this is what we are mostly interested in within the 
framework of our discussion here, we can note that obviously, at the 
roots of geometry is some qualitative notion of space. Remembering 

                                                 
197 Ibid., 110. (par.) 
198 Ibid., 136. 
199 Ibid., 163 sq. (We exclude here Derrida’s number 5 that is referring to 
the cognitive criterion of peculiarity of shapes which is taken to be 
reminiscent of Gehlen, though the latter is not mentioned in the text.) 
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then that our cognition of space is somewhat restricted, because 
human socialization prescribes a chiefly “geographic” approach to 
space emerging from the network of daily routes in the first living 
quarter of children200, we find that we are actually talking about the 
notion of social space. And we can turn the approach the other way 
round: That is, socialization of human beings can be visualized as a 
consequence of the evolution of social space. And this is the reason for 
talking of psycho-analysis here as a science of social space rather than 
of individual consciousnesses. 
So instead of the traditional interpretation of dreams 
(oneiromancy/Traumdeutung) we should rather speak of a modern 
interpretation of space (choramancy/Raumdeutung): Derrida has 
clarified this point with the view to his own approach when writing 
his short but brilliant text on the Greek chóra.201 This notion goes back 
to Plato who in his “Timaios” introduces it in terms of what he calls 
“the (wet-) nurse of becoming”. Plato refers here to a new beginning 
of the investigation of the whole world (perì toũ pantòs) and 
announces the utilization of a third type of method beside the two 
that follow the sensory perception on the one hand and the mental 
reasoning on the other: “Indeed, did those two suffice for the earlier 
presentation, one taken subject to a form of model pattern that is only 
accessible by reason alone and always being in the same manner, the 
second however as re-production of the model pattern, as possessing 
emergence and being visible. But a third one we did not differ earlier 
[…] What force, will we assume now, does it possess according to its 
nature? The following, in the first place: that it be the shelter which 
contains all becoming like a nurse.” 202  Seen in terms of a later 
Aristotelian perspective, the underlying concept quickly gains the 
connotation of what will be called primordial matter in the sense of 
Aristotle’s hypokeimenon – but from the text we recognize that at the 

                                                 
200 The hierarchy of sub-spaces of social space has been discussed in more 
detail and under the perspective of complex urban systems in my recent 
book: Η ΝΕΑ ΠΟΛΥ. Neue Stadtbegriffe auf dem Weg in die Heimat. 
LIT, Münster, 2013, in press. 
201 Jacques Derrida: Chóra. Edition Passagen, Wien, 2005 (1990)(1987). 
202 Plato: Timaios. In: Works (Bilingual Edition: Greek/German), 
Wissenschaftliche Buchgesellschaft Darmstadt, 1990 (1972), vol. 7, 1-209. 
Here: 86 sq. (48e2-49a7) 
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same time, it also carries the connotation of a type of knowledge. In 
other words: From the beginning on, the whole conception is one of 
an onto-epistemic kind rather than ontological or epistemological only. 
We can understand this better when looking back to the “Timaios” 
according to its original intention: The whole text starts with 
mythological narration that is replaced later by a more systematic 
differentiation of the being and the becoming. The first question is: 
“What is the permanently being that has no emergence, and what is 
the permanently becoming that never is; the one which can be 
grasped by intelligence is always equal to itself, the other which can 
be assumed by mere belief which is connected to unreasonable 
sensory perception is always becoming or passing away, but never 
actually being.”203 Hence the onto-epistemic relationship inherent in 
the argument: “Being is to becoming what truth is to belief.”204 (őtiper 
pròs génesin ousía, toũto pròs pístin alétheia) While creation shows 
up as a consequence of godly insight into the optimum of achievable 
harmony (that led him to replace disorder by order) what is 
accessible by sensory perception can be interpreted only in terms of 
an image (i.e. by imagination and belief) rather than in its original 
truth. Nevertheless, within the framework of what Plato calls 
“probable speech” (katà lógon), it is by the care (or solicitude?) of 
God that this world has emerged as a living being which is animated 
in truth and endowed with reason.205 The complete genealogy given 
in the following parts of the text refers back to this conceptual 
starting point such that the author can conclude: “What we have said 
so far has essentially shown what has been produced by reason. But 
we have also to add what has emerged out of necessity. Because the 
becoming of this order of the world emerged as a unification of 
necessity and reason.”206 This is the reason for going back again to the 
beginning, in order to add insight about the primordial cause of the 
whole development. It is for this new beginning of the procedure that 
the above-mentioned third type of the method becomes necessary. 

                                                 
203 Ibid., 32 sq. (27d6-28a4) 
204 Ibid., 36 sq. (29c2-3) 
205 Ibid., 38 sq. (30b9-30c1) (par.) (This formulation can be interpreted as a 
strong point in favour of the modern Gaia hypothesis, if one is willing to 
follow the Platonian approach.) 
206 Ibid., 82 sq. (47e1-48a1) 
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The approach is thus threefold: The reflexion is dealing with what is 
becoming, with the domain within which it is becoming, and with the 
domain according to which what is becoming is actually reproduced: 
“[…] the one [is the] form which behaves permanently in an equal 
manner, which has not been born and which is imperishable 
(everlasting), neither taking in anything from elsewhere nor 
intruding into anything else anywhere, invisible and also otherwise 
non-perceivable, that which is the privilege of reason to consider. But 
a second one is the similar of the same name, perceivable and born, 
always being pulled back and forth, emerging at a given place und 
vanishing again, graspable by opinion connected to perception. A 
third kind then is that of space (tríton dè aũ génos őn tò tēs chóras aeí), 
always being, not taking on any passing [away], granting a place to 
all that possesses an emergence, but graspable itself by a certain 
bastard-thinking without sensory perception, hardly reliable. This 
envisioning we dream and claim that all being must be located 
somehow at a given place and occupy a space […]” 207  In the 
following text it is space then which, in an excited state (liquid and 
ignited = set on fire, as Plato says), serves as the shaker (shaking 
apparatus) (orgánou seismón paréchontos), moved itself, that 
initiates the primordial emergence of the various shapes of the world 
by distributing its fundamental elements. 
Hence, the first meaning of chóra is simply space as space in between 
objects. The second meaning (though only used in this form within 
Attic Greek) is that of a location or place (of a city e.g.). A third 
meaning refers to a position or standpoint (also to a social position 
within society) or an explicit address of an object or a person. 
Obviously, the Platonian connotation of space is also that of 
primordial matter (out of which all other forms of matter emerge). 
For Derrida, the first important point of a conceptual de-construction 
is that in Plato there is a paradigmatic transition from the species of 
being to the species of discourse: And thus, “the discourse on the 
chóra is also a discourse about the species (and gender) and about 
different species of gender.” 208  The idea is then that all relevant 
connotations of the word, in so far as they remain within the context 
that is determined by the networks of interpretation, are nothing but 

                                                 
207 Ibid., 94 sq. (52a1-52b5) 
208 Derrida, Chóra, op. cit., 15. 
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backward-oriented projections which can always be subjected to a 
conceptual critique of their anachronism. In other words: “The chóra, 
we claim, is anachronic, it ‘is’ the anachrony within being, better, the 
anachrony of being. It anachronizes being.”209 The deeper reason for 
this is that the chóra is actually a kind of non-being: “[it is] something 
that is not anything [special] and is not anything like (qui n’est comme 
rien), that is not even as what it should be, itself.”210 
According to the connotation of primordial matter inherent in Plato’s 
concept of chóra, space would acquire the quality of a subject (nearer 
to Aristotle’s viewpoint in a way). Different from this, Derrida 
stresses the fact that for him, chóra is not a subject.211 As he formulates: 
“It is not, and this non-being (ne pas être) is not able to indicate 
anything else than itself, i.e. it does not admit to be taken (concevoir) 
at all. Chóra is not – and in particular, it is no carrier or subject which 
would grant anything in taking it in (recevant) or receiving it 
(concevant) or even in letting itself being grasped.”212 This is actually 
something we cannot actually agree with – given the connotation of 
primordial matter which always refers to the hypokeimenon (not to the 
ousía). 213  But this is not important for the time being: The really 
important point is that this critique of interpretation points to a re-
visualizing of the relationship between mythos and logos. Whether it is 
the history of the world or the history of geometry we are dealing 
with, the question is: “But a pre-scribed, programmed, a reproductive 

                                                 
209 Ibid., 19. 
210 Ibid. 
211 Cf. ibid., 20. 
212 Ibid., 21. 
213 It can be easily demonstrated that any primordial matter, whatever the 
model of matter that is determining the reflexion about its concept, must 
be active agent of the world, if the latter is defined in terms of well-
defined attributes of substance. Hence, primordial matter is also natura 
naturans and thus belongs to what is the worldly ground of all material 
forms that may be empirically observable. This is in fact, the line of 
argument that leads from Aristotle to Spinoza, and in the end up to Ernst 
Bloch. Cf. in more detail Rainer E. Zimmermann: New Ethics Proved in 
Geometrical Order. Spinozist Reflexions on Evolutionary Systems. 
Emergent Publications, Litchfield Park (Az.), 2010. Also id.: Catchword 
Natursubjekt. In: Beat Dietschy, Doris Zeilinger, Rainer E. Zimmermann 
(eds.), Bloch-Wörterbuch, de Gruyter, Berlin, New York, 2012, 374-403.  
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and reflected history – is this still a history at all?”214 Indeed, this is 
the question. So if space is for us social space in the first place, then 
what does it actually mean to tell a story about this space (to give a 
narration of it)? Obviously, the step from the history of nature to the 
history of epistemology, and further to the history of human beings 
and the biography of an individual person is smaller than expected. 
More than that: Derrida also compares the discourse about the chóra 
with one that possesses a (hermeneutic) gap, an unground, or a 
chiasm. Note the explicitly Schellingian terminology here: We are 
actually talking now about the quality of nothingness! Derrida says: 
“If there is a chiasm in the middle of the book [of Plato’s], a kind of 
unground within which one tries to think or to say (speak) this 
ungrounded chiasm that shall be chóra, the opening up of a location 
‘within’ which everything shall be able to take place and be reflected […], 
is it meaningless then that a produced ungroundedness (mise en abyme) 
steers a given compositorial order of the discourse? And that it steers 
this order up to the fashion of thinking or speaking which must be 
similar to without being identical with what is being practised at the 
boundaries of this chiasm? Is it meaningless that this produced 
ungroundedness (mise en abyme) affects the forms of discourse via the 
places, especially the political places […]?”215 Note that Derrida refers 
explicitly to the first part of the “Timaios” here when the concrete 
positions of citizens within the political network of the ideal pólis is 
being discussed. Hence, the places refer here also to those connected 
with a territory, a region and so forth, nothing but consequently, if 
we remember the various connotations of the word chóra.216 

                                                 
214 Derrida, Chóra, op. cit., 27. 
215 Ibid., 34 sq. 
216 Note also the fact that „chiasm“ here refers to a crossing over of 
something within a given region. Hence, the unground, or what belongs 
to it in ontological terms, is not free from contamination with other 
ontological types. In a sense, one can see here the input of an “unclean” 
dialectics Bloch proposed different from the classical Hegelian approach: 
Instead of a “clean” dialectical sublation of contradictions in the negation 
of negation, there are also resistances that cannot be sublated, but only be 
overcome. If not, they remain in the process as non-simultaneous 
ingredients of the experimentum mundi. This generalization of the dialectic 
approach (which Derrida here refers to in fact by discussing the excessive 
unground of nothingness, though denoting it differently most of the 
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So finally: This is what we can say in terms of choramancy. But why 
then choramancy? As we have already encountered the influence of 
Schelling here, it is quite straightforward now to bridge the gap to 
idealism by referring to the important works of Hogrebe: In the 
tradition of Schelling’s, he visualizes metaphysics as one that is 
reconstructed as a theory of the heuristic nature of interpretation 
(Deutungsnatur) of human beings. 217  This is practically the 
secularized version of viewing divination after all, as it has been 
developed from its early origins in the Delphi oracle or with the 
Sibylle of Cumae in Roman times. Because this last rest of the “divine 
hermeneutic of the divine” is derived from the irreducible residue 
that is omnipresent in the mythos, it still transports this irreducibility 
straight into the formalized logos of our time which we utilize e.g. for 
describing modern cosmology. As Hogrebe concludes: 
“Consequently, cosmological theories are representations of the 
Universe in the end, as  something that exists, independently of our 
models or pictures we have made for it.”218 According to him, this 
pronomial object (something) is the only object of knowledge. This 
type of knowledge precedes all other opinions, and thus “we already 
knew before we believed” (or in other words: our nature of 
interpretation precedes our culture of interpretation).219 In a sense, 
this is the abstract starting point for establishing the initial situation 
that renders all the rest of reflexive conclusions to backward 
projections – and at the same time, it is thus the starting point for 
Derrida’s approach. If constructing is to replace one order by 

                                                                                                              
time) goes actually back to Schelling’s late philosophy following his essay 
on freedom. Indeed, in this sense, the precursor of Bloch’s is more 
Schelling rather than Hegel as Bloch himself would have claimed. For us, 
this is the reason for motivating a combined reflexion of Schelling and 
Derrida, respectively. We will see later that the convergence of the two is 
even stronger when discussing the quality of nothingness in more detail. 
217 Wolfram Hogrebe: Metaphysik und Mantik. Die Deutungsnatur des 
Menschen. Suhrkamp, Frankfurt a.M., 1992, 15. (par.) – Obviously, this 
work has to be read in close connection with the earlier id.: Prädikation 
und Genesis. Metaphysik als Fundamentalheuristik im Ausgang von 
Schellings ‘Die Weltalter’. Suhrkamp, Frankfurt a.M., 1989. 
218 Hogrebe, Metaphysik und Mantik, op. cit., 38. 
219 Ibid., 39. (par.) 
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another 220 , de-constructing is to uncover and lay open the 
“archaeology” of this process of constructing, probing downward 
shift by shift the various stages of replacement and to unveil 
eventually what has been the abysmal unground of the primal 
construction.221 
Hence, the mantic aspects of divination are sublated within the 
hermeneutic process of actually producing meaning. Its symbolic 
character nevertheless, is still present and dominates sytematic and 
method of modern hermeneutics. This also includes an explicit 
parousía222 as it is understood in the traditional sense: Inherent in the 
acquired knowledge is a testimony that bears witness of an 
immediate presence (which can also be the presence of a graspable 
insight achieved by intuition, by the way) and can be visualized as 
a(n) (equally secularized) notion of “martyrdom”. 223  This is 
particularly important when thinking of the production of works of 
art: The insight achieved is then what replaces the divine in terms of 
the effort to fill a gap (décalage) that gapes between what is known 
and what is foreseen. It is thus not a coincidence that Hogrebe 
discusses one of the leading protagonists of Roman mancy, i.e. Cicero, 
by quoting Freud’s “Interpretation of Dreams” which turns the 
temporal progression into regression by discouraging the efforts 
undertaken in order to anticipate the future. Freud would rather 
replace this perspective by an interpretation of the (buried) past 
instead.224 So what we can recognize in the end is the relevance that 

                                                 
220 Ibid., 44. (par.) 
221 The Schellingian background of this is discussed in more detail in my 
forthcoming book: Nothingness as Ground and Nothing but Ground. 
Northwestern University Press, Evanston (Ill.), 2013, in press. 
222 Note the difference between „parousía“ and „epiphanía”: The former 
means the simultaneous presence (of observer and observed), the latter 
the spontaneous vision of something. If the meaning of the unsayable, 
usually transported within literature, is specialized knowledge within the 
field which is in between mythos and logos, respectively, then it emerges 
in the mantic space spanned by the dimensions of both logic and 
divination. Indeed: We will come back to this aspect when discussing the 
works of Manfred Frank. 
223 Hogrebe, Metaphysik und Mantik, op. cit., 90. (par.) 
224 Ibid., 160, n. 25. (par.) – It is illuminating to read that Cicero claims 
that the results of those who interpret dreams unveil their own mental 
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chóra joins its own mancy by taking in sight a generalized version of 
psycho-analysis. 
 
 

Two Addenda 
 

Although it is not the appropriate occasion here to illuminate the 
history of the concept of chóra in more detail, we will nevertheless 
give some more information about the underlying conceptions 
chosen earlier. Hence, before continuing we have to give two 
addenda here in order to clarify the discussion related to the original 
meaning of chóra: 
 
(1) Aristotle criticizes Plato’s view of chóra in his “Physics”225 by 
claiming that the latter is setting location (place) and space equal. He 
argues that chóra cannot be primordial matter (stuff) or form, 
respectively, because the two cannot be taken away from an object 
(body), while the location actually can be taken away. Note that this 
problem can be solved according to Spinoza’s view that differs 
between matter modaliter and realiter.226 In that case, material objects 
show up as a property of space rather than as isolated entities as in 
Leibniz. (To be short: In Spinoza, everything is essentially space, and 
observed objects are forms of space as seen under the attributes. This 
is clearly rehabilitating primordial matter. In a sense, though starting 
likewise from Aristotle, Spinoza turns Aristotle against himself.) 
 
(2) Derrida refers clearly to Heidegger when discussing his view of 
the concept of chóra, although he can only give a very short passage. 

                                                                                                              
state ( = capacity to invent) rather than any capacity to find a harmonic 
consensus with nature: “Quid? Ipsorum interpretum coniecturae nonne 
magis ingenia declarant eorum quam vim consensumque naturae?” (M. 
T. Cicero: De divinatione. Liber secundus, 144 (29 sq.). In: Sammlung 
Tusculum (Bilingual Edition: Latin/German), Artemis & Winkler, 
München, Zürich, 1991, 266. 
225 Aristotle: Physics 209b11 sqq. (Book IV Chapter 2). Here according to 
the Bilingual Edition: Greek/German. Meiner, Hamburg, 1987, vol. 1, 154 
sq. 
226 Spinoza: Ethics 1p15s. Here according to the Bilingual Edition: 
Latin/German. Meiner, Hamburg, 1999, 38 sq. 
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In fact, he quotes from the “Einführung in die Metaphysik”: “[The 
mentioned passage from the ‘Timaios’ would also like to point to the 
fact] that in terms of the interpretation of being as idéa the 
transformation of the hardly grasped essence of place (location = 
tópos) and the chóra into the ‘space’ that is determined by extension is 
[explicitly] prepared. Could chóra not mean: the segregating of each 
particular by itself, the making way which admits the other in this 
very manner, and ‘gives place’ to it?”227 Implicitly, Derrida criticizes 
here the (according to him necessary) error of performing the earlier 
mentioned back-projections, if translating the meaning of chóra in a 
somewhat linear (and thus traditional) way. But if we go back to the 
earlier Heidegger of “Sein und Zeit”, we find his original explications 
of what he calls spatiality of dasein.228 In this passage, Heidegger starts 
with the assumption that space is constituting the world (in a sense, 
he would like to discuss in detail): “But in so far the innerworldly 
being is likewise within space, its spatiality will be ontologically 
mediated with the world. Hence, it is necessary to determine the 
sense in which space is constituens of the world […]”229 Essentially, in 
order to unfold this aspect, Heidegger proceeds as follows: First of all 
he shows that space is one that is discovered within the circumspect 
being-in-the-world (im umsichtigen In-der-Welt-sein) as spatiality of 
the totality of things-at-hand (Räumlichkeit des Zeugganzen). He 
continues: “If we associate dasein with spatiality, then this ‘being in 
space’ must be comprehended out of the type of this being. Spatiality 
of dasein which is essentially not a being-there, can neither mean 
something like an occurrence at a place in ‘(worldly) space’, nor a 
being-at-hand at some place. Both of those are types of being of the 
kind of innerworldly being that comes across. However, dasein must 
be ‘in’ the world […] Hence, if it is appropriate then to associate it 
with spatiality, this is only possible / due to that being-in whose 
spatiality displays the character of distance and orientation.”230 And it 

                                                 
227 Quoted here according to Derrida, Chóra, op. cit., 86, n. 7. 
228 Martin Heidegger: Sein und Zeit. Niemeyer, Tübingen, 1979 (1927), 
3rd chapter, letter C, §§ 22-24, 101-113. 
229 Ibid., 101. 
230 Ibid., 104 sq. – Note here the convention common for Heidegger to 
produce two (contradictory) connotations for distance (Ent-fernung) 
which in German can indicate distance in the traditional sense, but also 
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is the circumspect distancing/dis-placing (Ent-fernen) of the everyday 
occurrence of dasein that discovers the in-itself of the ‘true world’, of 
the being within which the dasein is already as an existing one.231 In 
other words: “Dasein has already discovered a ‘world’ as it is being-
in-the-world. This discovering […] has been characterized as a release 
of being onto a totality of involvements. […] [Hence:] the circumspect 
being-in-the-world is of spatial kind. And only, because dasein is 
spatial in the manner of distance/dis-placement and orientation, can 
the environmental being-at-hand come across within its spatiality.”232 
Nevertheless, Heidegger also concludes (and Derrida will be noting 
this): “Space is neither in the subject, nor is the world in space. Instead, 
space is ‘in’ the world, in so far the being-in-the-world which is 
constitutive for dasein has disclosed space.”233 Note by the way, that 
this formulation does not exclude the case that space is subject in the 
strict sense as hypokeimenon, once it is also considered in terms of 
primordial matter. 
 

 
 
 
 
 
 
 
 
 
 
 

                                                                                                              
the abolishment of distance, i.e. the production of proximity (because the 
prefix ‘Ent’ in German is also a negation that entails the abolishment of 
what is coming afterwards). Indeed, this is in fact a convergence with 
what Derrida would like to make clear to us: The non-solved dialectic 
structure of distance in this sense as applied to space uncovers the critical 
indeterminacy of space as chóra. Probably, distance is best be associated 
with dis-placement in order to illustrate the underlying contradiction. 
231 Ibid., 106. (par.) 
232 Ibid., 110. 
233 Ibid., 111. 


