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And as all things have been and arose from one by the mediation of one: so all things have their
birth from this one thing by adaptation. - The Emerald tablet, translation by I. Newton.

1 Introduction

Along with the development of cognitive sciences that followed the important neuroimaging progress
of the years 1990, some hope has arisen to gain some insight into the intuitive notion of conscious-
ness (the fact that one has some phenomenal experience resulting from the physical action on
oneself of something that exists "out-there"), by connecting philosophical intuition and direct in-
trospection to the description of cerebral mechanisms in order to �nd in them, following the model
of physical science, the origin of this phenomenon. Let us note that the importance of this no-
tion comes not only from practical applications (for instance detecting consciousness in a person
in coma state) but also from the understanding of human species, as consciousness is (at least
apparently) speci�c to this species.

This led to a blooming of theories, each of which correlates (and sometimes identi�es) con-
sciousness with some cerebral organisation principle (see for instance the predictive coding [F09],
or the global neuronal workspace [DCN11]), and often relies on a constancy hypothesis, which is to
say that there is a one-to-one correspondance between signals propagating in the brain (or more
generally elements of information) and elements of perception. Although very attractive, this kind
of hypothesis is each time intuitive only on a very restricted domain of experience, and for this
reason is rejected by philosophers (notably M.Merleau-Ponty). In particular, these theories fail
to explain the origin of the existence and aspect of phenomenal experience in a physical way (the
so-called hard problem).

As a matter of fact, it is still debatable wether any theorisation of phenomenal experience as
such can properly be consider as reliable knowledge. This di�culty comes from a con�ict between
the �delity to the investigation method and the �delity to the object of investigation - for in order
to follow the method one has to distort the object, while keeping the object intact makes it di�cult
to follow the method - which is incarnated in oppositions between theorists.

For instance, D.Dennett [D91] argued that since direct introspection and intuition can some-
times fail, one should not rely on them for the constitution of reliable knowledge. A scienti�c theory
of mental events (which constitute phenomenal experience) should thus be constructed "from a
third-person point of view, since all science is constructed from that perspective" [[D91],p.71],
granting priority to the method over the object. This led D.Dennett to defend the philosophical
position according to which arti�cial intelligence describes the organisation of the brain accurately
enough so that one can consider them to be equivalent (what J.Searle called strong AI ), to the
point that the existence of consciousness is denied (the intuition of it is just an illusion).

On the other hand the preoccupation of J. Searle, who stood in a strong opposition to D.Dennett,
was to preserve the intuition over the scienti�c method, since even if what is given by the intuition
is only appearance it is precisely what is to be understood and any theory of consciousness should
account for its existence and aspect. In particular for J.Searle strong AI is inadequate, as it is
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possible (the Chinese room argument) to conceive an experience for which the conclusions of this
theory contradict the evidence (that in this experience, I don't understand Chinese language).
Therefore if the scienti�c method is not compatible with the object of investigation, the method
has to be changed, not the object:

"If we have a de�nition of science that forbids us from investigating this part of the world,
it is the de�nition that has to be changed, and not the world". - J.Searle, The mystery of

consciousness, p. 114.

Although some theorists take less radical positions than D.Dennett in accepting "the reality
of experience and mental life while keeping the methods and ideas within the known framework
of empirical science" [V96], this kind of positions is still not acceptable since the object is simply
kept outside of scope of investigation.

In a parallel way, J.Petitot et al. [PPRV00] argued in multiple publications that it is possible to
transcript the discourse of phenomenology - which, following F.Brentano's project of scienti�sation
of philosophy undertaken notably by E.Husserl and later M.Merleau-Ponty, is the part of philos-
ophy which is the closest to natural sciences - on the experience into mathematical formalism.
Here mathematical language is seen as a medium through which the �rst-person perspective can
be related to the neurophysiological description of brain mechanisms. In particular, J.Petitot [P93]
observed that the most suitable way to represent phenomenal space is to use di�erentiable sur-
faces, leading him to a transcription of some of Husserl's analyses of perception into notions built
over di�erentiable surfaces in the �eld of di�erential geometry (in particular vector bundles and
their sections). As a consequence he formulated the more general statement that the discourse of
phenomenology can be formalised in geometrical terms.

At this point it is natural to remember Husserl's opposition to the formalisation of phenomenol-
ogy. The response of J.Petitot to this recall is that in his re�exion Husserl was in�uenced by the
limitations of the science of his time (the movement of axiomatisation of mathematics in partic-
ular, and the limits in terms of available mathematical tools). Let us note that this reasoning is
also used by experimentalists such as L.Albertazzi [A18], for whom experimental phenomenology
methods can also overcome the obstacles pointed out by Husserl. In persisting furthermore into a
formalisation or a naturalisation of phenomenology, these authors are undermining the meaning
of Husserl's warning. D.Zahavi [Z14] notably pointed out that his opposition to the naturalisation
have philosophical reasons more than scienti�c ones, recalling that "for Husserl, the problem of
consciousness should not be adressed on the background of an unquestioned objectivism but in
connection with overarching transcendental considerations". This objectivism that D.Zahavi �nds
in J.Petitot et al. is the philosophical position according to which the reality can be described in
terms of objects (in particular mathematical ones) - which could be de�ned here as parts of the
Experience that can be described with both complete accuracy and �nite cognitive (or language)
means. The focalisation on this type of experiences and the distortion of reality in which it results
comes from an orientation towards the method.

In fact the problem with the transcription into mathematical objects of phenomenal experience
is not the unavailability of accurate enough tools and the orientation of science: it lies in the
distortion of what is to be understood along with its objectivist identi�cation to objects that one
�nds to be close enough to it in the intuition. D.Zahavi goes a bit further than this opposition
to objectivism in noticing that, in the �delity to the scienti�c method and in their naturalisation
project, J.Petitot et al. have to abandon the transcendental aspect of phenomenology (in particular
the study of consciousness as the condition of possibility of meaning, truth and appearances) to
turn towards phenonenological psychology, a local descriptive approach. Moreover there is an
additional epistemic di�culty in the path undertaken by J.Petitot et al. in the absence of a
natural correspondance between the psychological descriptions of phenomenology (transcripted
in mathematics) and the data of natural science, which is an evidence for the non-su�ciency of
the bare use of mathematical language as a medium in the constitution of a relation between
the physical world and phenomenal experience. As a matter of fact, the need for the creation
of meaning in-between the disciplines of phenomenology (and philosophy in general) and natural
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science (in particular mathematics) requires also the preservation of both disciplines' principles of
investigation, along with a possible in�exion in the form of these disciplines.

In this article I attempt to respond to Searle's call for a rede�nition of science, or more precisely
of the restrictions that (should) apply to some form of knowledge in order for it to be considered
as reliable. This kind of de�nition used to take historically, in particular in the texts of I.Kant,
A.Schaupenhaur, L.Wittgenstein (veri�cationism), R.Carnap (tolerance principle), or K.Popper
(falsi�ability criterion), the form of a demarcation between science and philosophy in general, which
was aimed at preventing any form of dogmatism in institutionalised knowledge. By their separative
nature, these criteria do not represent steps towards an understanding of the illusory 'essence' of
these disciplines: they contribute to what they actually are by creating what philosophy and science
are and should be, in themselves and respectively to each other. This history has an impact on
the actual possibility of these disciplines to cooperate on the complex matter of consciousness. In
fact some of these criteria (as K.Popper noticed for veri�cationism in the beginning of The logic of
scienti�c discovery) also prevent any science to exist when they are applied in a strict way. Despite
this inaccuracy, it is not acceptable to simply ignore the demarcation history:

"What needs to be emphasized in closing, however, is that there is a decisive di�erence between
claiming that philosophy and empirical science should cooperate, and denying their very di�erence."
- D.Zahavi [Z14].

As a matter of fact, simply denying this di�erence is exposing oneself to dogmatism again. One
should think of the necessary cooperation between philosophy and empirical science as a dialogue
between subjects who, despite allowing the other to act on oneself (through representations), keep
their identity along the dialogue. As the irregularity of consciousness as an object of study results
in the dilution of the time of scienti�c discovery, this dialogue should be focused on the creation
of meaning and the extension of our intuition's current bounds. I believe that an archaeology (in
M.Foucault's sense) of the historical limit between these two disciplines can lead to a minimal (and
abstract) instanciation of this limit that allows this dialogue to be possible. In the present text, I
formulate a characterisation of such a limit under the form of a combination criterion that deals
with an aspect of the discourse (statical-dynamical), in which the actual di�erenciation between
the philosophical and mathematical (and thus scienti�c) discourses is rooted.

The remainder of this text is devoted to a practical application of this combination criterion.
The recent integrated information theory of consciousness, which has received some attention in the
past decade, begins with the observation that some characteristics are shared by all the experiences
that one can imagine having. The consequence is that these characteristics are speci�c to the
phenomenon of experience itself, and not to any particular experience. One may then search
for mechanisms underlying these characteristics, explaining phenomenal experience as such. In a
context in which brain mechanisms are usually represented by probabilistic dynamical systems,
the formalisation of these characteristics (based on a notion of cause-e�ect structure) serves as a
meaning-creation device between experience and mechanisms. It has been deployed in particular
to draw a correspondance between grid-like neural networks, that are present in various areas of
the brain associated with spatiality (such as the visual cortex), and speci�c aspects of spatial
experience. Although natural, this approach brings several epistemic di�culties. While most of its
critics (in particular the one of S.Aaronson) point out counter-intuitive philosophical consequences,
this theory also su�ers from the intractability of the mathematical notions that it de�nes (put into
evidence in [MMMG] for the notion of integration, although for a particular interpretation of
it), which leads to question its ability to extend our intuition beyond its current bounds. Let
us note that despite counter-critics which 'recall' the initial counter-intuitive character of some
scienti�c predictions, the critics based on counter-intuitive consequences still stand since in these
cases the intuition has the re�ex to beyond its domain of application, while for consciousness
situation is fundamentally di�erent (for the reason that intuition is inherent to the object of
study). Moreover the formalisation process that is used comes along, by its nature, with some
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meaning loss, re�ected in the case made of spatiality. This case makes manifest the di�culty to
develop further the correspondance made between the structure of Experience and the formalism
beyond its formalisation domain, in particular in the use of ad hoc argumentation. As some of the
ideas presented in integrated information theory are original and of interest, I would like, following
Kant:

"Now it may seem natural that as soon as one has abandonned the territory of experience, one
would not immediately erect an edi�ce with cognitions that one possesses without knowing whence,

and on the credit of principles whose origin one does not know, without having �rst assured
oneself of its foundation through careful investigations, thus that one would have long since raised
the question how the understanding could come to all these cognitions a priori and what domain,

validity and value they might have." - Kant, Critique of pure reason, p.128,

to analyse further the formalisation process of integrated information theory instead of building
upon the formalism that it produced, in particular under the form of an excessive defense of its
current form, in the way described and critised as follows by K.Popper:

"A system such as classical mechanics may be `scienti�c' to any degree you like; but those who
uphold it dogmatically�believing, perhaps, that it is their business to defend such a successful

system against criticism as long as it is not conclusively disproved�are adopting the very reverse
of that critical attitude which in my view is the proper one for the scientist." - K. Popper, The

logic of scienti�c discovery, p. 28.

I analyse the theory both in its foundations and its application to phenomenal spatiality, relating
the epistemic di�culties of the theory to the form of its discourse. After providing some intuitions
on how to 'unknot' this theory I introduce a formal framework for the study of a particular
aspect of consciousness which consists in the ability of the subject to distinguish 'objects' in its
Experience (objectness, or the character of what integrated information theory calls a distinction).
An understanding of this phenomenon, chosen for the ability to introspect it, would represent an
important progress towards consciousness itself. The presented framework, which is speci�c to the
study of objectness (in particular there is no reason to extend it beyond), is meant to obey to the
combination criterion, and thus to allow the dialogue between mathematics and phenomenology,
as well as to solve the problems of tractability of the formalism and its ability to represent the
reality.

2 On the statical and dynamical phases of the discourse

In the following, I will think of knowledge, and thus the discourse (through which knowledge is
constructed and transmitted) in terms of some elementary acts of language that I call designations.
Here a designation is the simple act of pointing to an area of the Experience (the totality of what I
experience); it can be an act upon myself or another person, using any mean (in particular words).
I also call a designation any collection of designations that are identi�ed in the intuition; an element
of this collection is then called an instance of the designation. A designation is said to be static
when all its instances point towards the same area of Experience. For instance, the designation of
"the triangle" (that acts on any experience by selecting the triangle it contains if it does contain
a unique one), together with all its derivatives in other languages, is a static designation (in
other words, there is no loss of meaning through translation). Otherwise, a designation is said
to be dynamic. One can think for instance to the designation of "life", which contains in it
instances pointing to various areas of Experience, sometimes including certains forms such as
viruses, sometimes not.

Let us notice that one could �nd a natural objection to the static character of the designa-
tion of "triangle", since some of its instances select 'triangles' drawn on manifolds (for instance
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bidimensional surfaces such as a sphere or a torus) and not only plane ones. However although
these designations use the same word, they are not identi�ed in the intuition (and in fact can be
easily di�erenciated). On the other hand two instances of the designation "life" are thought as two
possible objective interpretations of the same 'intuition'.

Moreover one can notice that the static character of a designation is correlated with the inter-
pretation of its origin (the area of Experience towards which it points) as existing "out-there" as
an object, whose current state of existence does not depend on my will (what happens 'in-there'),
while the dynamic character of a designation is correlated with the in�uence of my will on its form.
In a sense the opposition static-dynamic is a projection on the discourse and its morphology of
A.Schopenhaur's opposition between the representation and the will.

2.1 The dynamical in the collective discourse

2.1.1 On dogmatism

In the following, I will also see the totality of the discourse as organised in a series of strata,
whose distinction derives from the practical use of the discourse: the individual inner discourse,
meaning the inner activity of the subject who projects pre-constructed concepts onto his or her
own experience, the intersubjective discourse, which consists in the reciprocal action of desig-
nations between two subjects or more (including the progressive synchronisation on the meaning of
designations, through designations of designations), and the collective discourse which consists
in the elements of discourse which are asserted intersubjectively to have collective value.

In other words, the collective stratum of the discourse is a support of knowledge, on which
anyone can rely to support his or his own actions. From the value of this discourse derives the
value of its writers. As a consequence the integrity of this stratum of the discourse is threatened in
many ways by the will of these writers: for instance the will for academic (or spiritual) prestige, or
the possibility to act on people's mind at the collective level, in order to induce in them a particular
behavior. For the execution of this will, one could be tempted to enforce in the collective stratum
the inscription of a discourse that originates in an intersubjective agreement which, despite the fact
that it is not representative of the collective, derives its force from an illusion of representativeness
which comes from the number of subjects together with the formation of an intersubjective will.
This is what is usually called dogmatism.

In order to prevent this phenomenon, a natural way to proceed is to make use of a practical
criterion for granting a discourse an access to the collective stratum. In particular one usual
su�cient condition for a designation to get this access it to have statical character: indeed from
a cognitive point of view this staticity is interpreted as a sign for the existence of an object "out-
there" in the world. This mode of existence makes this object independent, in its current state at
least, from any subject and permanent in an ideal way in the phenomenal world.

As a consequence dogmatism takes most of the time the form of a confusion (wether it is
conscious or not) about the statical or dynamical character of the designations involved in a
discourse, for instance by an arti�cial statisation, sometimes by the appearent but arti�cial beauty
of symmetrically structured formula and systems (see for instance the critics of I.Kant and F.Hegel
by A.Schaupenhaur, in The World as Will and Representation).

2.1.2 On the demarcation problem

The strategy of access granting to the collective stratum took multiple forms in the past. For
instance Humean empirical science restricted the access to close and methodical observations and
descriptions of a meticulously controled domain of experience of the world of sense. The problem
with this criterion is that it excludes from the collective stratum some part of the discourse which
constitutes manifestly reliable knowledge: mathematics. As a reaction to strict empiricism and
in order to include mathematics and more generally the theoretical aspect of knowledge while ex-
cluding manifest dogmatism (for instance in Leibniz metaphysics), Kant elaborated a demarcation
between natural science and philosophy based on functional di�erenciation and complementarity.
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After Kant this line of thoughts was followed by attempts to formulate an accurate demarcation
line between these two disciplines (and thus propositions of solution to what became known as the
demarcation problem).

Following M.Foucault's Archaeology of knowledge I analysed (partially) the mode of interaction
between mathematics and philosophy and its history, in particular through the search of demarca-
tion criteria, in order to understand how this interaction gave form to the identity and distinction
of these disciplines respectively to each other. I arrived at an interpretation of the evolution of the
demarcation problem in terms of statical and dynamical uses of the language which consists in a
philosophical orientation, which means the existence of continuum from a radical philosophical
position, incarnated in particular in logical positivism's veri�cationism, of exclusion of the dynam-
ical use of language from the collective stratum to a position of conditional inclusion, incarnated
in particular by phenomenology.

All along this orientation there is a constant separation of two phases - where "phase" is
a way to designate a group of designations that is distinguishable beyond particular texts - one
made of all statical designations and the other one of all dynamic designations. The criterion that
I propose for reliable knowledge is this invariant, understood in an abstract way, together with
its explicitation in the discourse. The reduction of the actual di�erence between philosophy and
natural science to this abstract and minimal separation shall allow them to interact in a closer
way.

2.1.3 The self-exclusion of philosophy based on its dynamical character

The most radical position that I analysed in this text is the one of veri�cationism (adopted notably
by logical positivism) whose principle is captured in the following formula:

"The right method of philosophy would be this. To say nothing except what can be said, i.e. the
propositions of natural science, i.e. something that has nothing to do with philosophy: and then
always, when someone else wished to say something metaphysical, to demonstrate to him that he
had given no meaning to certain signs in his propositions. [...] Whereof one cannot speak, thereof

one must be silent." - L. Wittgenstein in the Tractatus logico-philosophicus.

Analysis: According to this position, language can be thought of as consisting in a set of proposi-
tions, where a proposition is a construction made of signs assembled with logical connectors. With
this identi�cation in mind, one should be careful about that all the signs in a proposition have
a meaning, such as in natural science, for it to potentially constitute knowledge. In other words
only these propositions can be said. Although in metaphysics the attention is directed to certain
things whose existence is not denied straightforwardly here, one should not talk about these things
because of human inability to make use of the language in order to do so. As a consequence, one
should restrict philosophy to a domain which has nothing to do with what it actually is, in a sense
one should exclude philosophy from the collective stratum of the discourse.

Interpretation:

1. What does meaning mean: I think of a sign as simply a synonym for a designation,
which means that it has a meaning (in the collective stratum) when it designates something
that exists "out-there", and because of that it is possible to use a word to communicate
this designation to another subject. In particular, this means that the designation can be
communicated without loss of meaning, that is to say that what is pointed at by me through
the designation is the same area of experience as what is pointed at by the other (this can
be thus considered as a collective designation). On the other hand, a designation does not
have a meaning when a signi�cant loss of meaning is unavoidable in its communication. In
particular when I try to communicate it, I can not be sure that I and the other are talking
about the same thing. Furthermore there can not be a control from the other on that what
my designation points at is an illusion or not. All that is a source of unstability.
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2. On the properties of the language of natural science:

In the formula natural science, one should attribute to the term natural science a broad
meaning in this context, not only refering to the discourse on the Nature as understood
nowadays or the βίος but to the discourse about Nature understood as all that is "out-
there" (including also physics for instance). The particularity of natural science is that in its
language all terms have meaning (they refer to something "out-there", by de�nition of natural
science as the discourse on all that is "out-there"). In order to understand the viability of a
discourse in general, one should think about this discourse in an abstract framework where
the discourse is thought as a correspondance between words and parts of the Experience one
has. In order to understand what makes the discourse of natural science meaningful, I would
like to avoid tautology and should then suspend the intuition of the nature of the "out-there"
and try to understand how meaningfulness derives from properties of the discourse itself. My
claim here is that in the language of natural science, the terms are ensured to have a meaning
because any term can be derived by construction from simpler terms (in the sense that these
terms are easier to transmit intersubjectively as designations) which have clear meaning, in
a way such that the construction rules ensure that any constructed term has a meaning.

For clari�cation, these properties can be seen for instance in Euclidian geometry, where
designations can be considered as sequences of visual experiences extracted from the Expe-
rience (for instance the progressive construction of a triangle). These designations can be
constructed from the simplest designations of point, straight line and circle - which consist
intuitively in a strict correspondance between a word and a visual object, or a class of vi-
sual objects that can be identi�ed by simple cognitive transformations on these objects of
experience; for instance, a rotation of a straight line onto another one - and constructions of
sequences of experiences by combination of these terms (for instance the arbitrary addition
of an object, or the distinction of a pair of objects's intersection). These transformations are
also designated by words and a designation which belongs to Euclidian geometry's discourse
consists in the association of a series of words with a series of visual experiences. It is pos-
sible to convince oneself that the transformations used in these constructions always derive
an experience from another one, and therefore any designation points to something that can
be thought as "out-there".

3. Strictly metaphysical terms lack meaning:

On the other hand some terms that are speci�c to the metaphysical discourse do lack meaning
in the sense that they do not point to something "out-there". This is the case for instance for
the term of an absolutely necessary being (refering to God), used by Leibniz in his proof of
God's existence, which was criticized by Kant in the Critique of Pure Reason. Although this
term may correspond to something "out-there", the term is not pointing at it in a way that it
can be the object of a collective agreement ; for this reason, it lacks meaning. H.Bergson, in
The two sources of morality and religion, gives a simpler example (although more abstract)
of the square circle (a circle that has the property to be a square), for which it is clearly not
possible to �nd anything in the Experience that it points to: this term is a pure construction
of language, that is possible only by abstracting words from their meaning. Comparatively to
L.Wittgenstein, H.Bergson goes further than excluding metaphysical terms for their lack of
meaning and explain the reason why they don't: one can �nd for instance an analysis of the
term freedom in Time and Free Will: An Essay on the Immediate Data of Consciousness,
pp. 131-137.

The danger of using terms that have no meaning is that when combining them with other
terms, one can not be ensured that the constructed terms or propositions correspond to
something "out-there". Moreover in more complex cases than the square circle, and despite
the absence of meaning, such terms or propositions can give a temporary illusion of meaning.
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This can be illustrated with Kant's antinomies of pure reason, which are examples of con-
tradictory propositions that can both be proven (by pure reason) to be true. For instance,
the atomism antinomy: every composite substance in the world is made up of simple parts,
and nothing anywhere exists save the simple or what is composed of the simple. (thesis) ; no
composite thing in the world is made up of simple parts, and there nowhere exists in the world
anything simple (antithesis). However since these two propositions contradict each other, it
is not possible that they are both true. As a consequence, as well as for the square circle,
the pair of 'proofs' of these propositions should include terms that lack meaning: in the
interpretation of the proofs these ambiguous terms are interpreted in distinct ways, keeping
the coherence of the whole.

This problem has a counterpart in modern computer science, where it is solved with the
notion of objects type (for instance integer, �oating number, or array) attached to the objects
themselves: this attachment of a type to objects permits to ensure that operations on objects
can be executed only when the objects involved are of a certain type, in order to preserve
meaning through any of these operations.

4. That which should not be said:

In order to preserve the integrity of the collective stratum one should thus restrict this
stratum to propositions whose terms have a clear meaning (only these propositions should be
said), excluding metaphysics and more generally the whole discourse of philosophy (including
the study of consciousness): in the text of L.Wittgenstein philosophy excludes itself from the
collective stratum because of its dynamical character. However this criterion is too restrictive
for the problem of physical origin of consciousness to be considered as a de�nitive solution
to the demarcation problem. Moreover as noticed by K.Popper, L.Wittgenstein's position
excludes manifestly reliable knowledge such as mathematics.

In terms of statical and dynamical phases:

Along this analysis, it becomes clear that one should di�erenciate abstract examples of mean-
ingless designations such as the square circle, which do not correspond to anything in the intuition,
from examples that are closer to the intuition - such as the term freedom - which does correspond
to a region of Experience (although complex), in particular the set of situations in which I feel
free. Designations of the last kind, despite the absence of meaning in a full sense, can be seen as
a step in a series of designations identi�ed into a dynamical one, progressively enclosing a thing
that exists "out-there" (while this is not possible for empty designations such as the square cir-
cle). In this direction of doubt, one should consider a priori any dynamical designation of this
kind as possibly leading (experiencially and not deductively) to a statical designation and more
de�nitive knowledge. This constitutes a �rst step towards an inclusion of the dynamical phase in
the collective stratum.

2.1.4 Kantian functional separation

One of the main points of I.Kant in the Critique of pure reason was (in short) to understand
how to account for the apodictic character of mathematics (whose truth lies beyond any individual
discourse and is thus should belong to the collective stratum) - whose paragon is Euclidian geometry
- while preserving the dogmatism exclusion of Humean empiricism, in particular of the use of pure
reason in Leibnizian metaphysics. His position on this use of pure reason can be abstracted from
the following formula:

"Thus the principle of reason is only a rule [...] Thus it is not a principle [...] of the empirical
cognition of objects of sense, hence not a principle of the understanding, for every experience is
enclosed within its boundaries (conforming to the intuition in which it is given); nor is it a

constitutive principle of reason for extending the concept of the world of sense beyond all possible
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experience; rather it is a principle of the greatest possible continuation and extension of
experience, in accordance with which no empirical boundary would hold as an absolute boundary;
[...]. Hence I call it a regulative principle of reason [...]" - I. Kant, Critique of pure reason,

p. 520-521.

Analysis: In this short paragraph, Kant distinguishes the principle of reason, which refers to the
Leibnizian su�cient reason principle (which states that everything must have a reason or a cause),
from the principles of understanding and the constitutive principles of reason, which are actual
examples of principles. The principle of reason is not properly a principle but a only a rule, and
if a principle of reason, it is a regulative principle.

Interpretation:

1. Principles: Here a principle is a statement that is inherent to a functional mode of the
relation between a subject and his or her Experience and participates to the relation with
Experience as such (and not to particular experiences). Kant mentions two of these functions.

2. On the understanding function: The understanding is the faculty of human cognition
that is directed in the Experience to things that are already expressed in the collective
language but not fully expressed at the subject's individual level. Understanding the artic-
ulation and the function of a mechanism, for instance, consists in a sequence of cognitive
operations: the creation of an empty concept of this mechnism; the focus on certain parts
of the experience (the pieces of the mechanism and their articulation, as well as the e�ect of
the functioning of the mechanism); their collection and assembling an empty concept.

3. The function of constitution: On the other hand the cognitive function of constitution
consists in the creation of concepts at the individual and intersubjective levels which are
not present in the collective stratum, enriching the conceptual set (that Kant names the
the concept of the world (of sense)) of the subject or group of subjects with concepts that
one can use to designate some parts of the Experience. This creation can be decomposed
in: the pure appearance of an area of Experience; the observation that no concept in the
current conceptual set encloses accurately enough this area of Experience; the projection of
articulations of some of these concepts onto it; the selection of the closest articulation and
its stabilisation into a concept of the area in question. In the transition from the individual
stratum to the intersubjective one, the subject can make use of his or her current conceptual
set in relation to the collective conceptual set to direct the other's attention to the some part
of his or her Experience and make it appear in the other's Experience and conceptualised in
a catalysed process.

4. In relation with the functions statical part:

Although the precise implementation of these cognitive functions (of understanding and con-
stitution) and their description are not entirely statical designations, this is the case for the
statement of their existence and their independance from the current set of possible experi-
ences. A principle of such a function is a statement about it that participates in the statical
part of its designation.

5. A rule of experiences:

By opposition to a principle a rule is a statement that is true of every possible experience,
where an experience is possible when I can imagine having it. As well I interpret the "possible
continuation and extension of experience" as the set of possible experiences. The empirical
boundaries of this set should not be considered as absolute ones: in other words, a subject can
conceive the possibility of having other experiences than the ones that currently considered
as possible. Over a strict extension of this set of possible experiences this rule could not be
longer true. As a designation, it is thus dynamical. On the other hand, a principle does not
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hold this dependency. In that sense, the principle of reason is not an actual principle but
only a rule.

6. A regulative action on the relation with Experience: Despite that Kant considers
the principle of reason as a rule of experiences and not a principle (of cognition), he still
attributes it a functional role in the construction of the collective stratum, in the sense that it
is a regulative principle, meaning that it regulates the relation between the subject and his or
her Experience. In particular it acts by orientation on the 'look' to make it search, under any
circomstance, the cause for the phenomena that the subject observes, without however any
guarantee to �nd such a cause. Although this kind of rules does not participate knowledge,
they are of practical use in its constitution, in the extension of collective Experience. This
can be extrapolated to the attribution of a regulative role of the whole philosophical discourse
over the progression of the scienti�c one.

A consequence of the attribution of functions to the philosophical and scienti�c discourses in
Kant's position is the cognitive (and then material) separation of these discourses, rooted in their
di�erent use of the language (dynamical versus statical). In particular, this separation implies
(implicitely) the exclusion of the philosophical discourse from the collective stratum, even if it has
an action on its form.

2.1.5 The falsi�able class and potential staticisation

The (falsi�ability) criterion proposed by K.Popper goes a bit further, including in principle some
class dynamical designations (in the form of statements) in the collective stratum. These dynamical
statements are the ones that allow the possibility to falsify them. This falsi�cation is in fact a
particular case of staticisation - which means rendering dynamic designation de�nitively static. In
other words the use of this criterion represents a change in the notion of reliability of the knowledge
which constitutes the collective stratum, from the simple statical character of the designations
constituting the collective stratum to the possibility of an easy regulation of its content by selective
exclusion (through the action of falsi�cation). This shift allows in particular the possibility of a
collective exchange of ideas (and thus not only bare facts).

In a strict sense, the criterion of falsi�ability is not su�cient in itself to ensure the reliabil-
ity of the collective stratum: for instance L.Laudan noticed in The Demise of the Demarcation
Problem [Laudan], this criterion allows in principle some theories collectively accepted as pseudo-
sciences - which are such for they make retention of false statements by suspending the falsi�cation
action in isolation from further intersubjective dialogue. However the possibility is left to com-
plete the criterion with a mechanism of collective enforcement of caution falsi�cation use. However
L.Laudan followed another strategy, which consists in the rede�nition of the distinction between
science and non-science in terms of discourse reliability. In the same direction P.Thagard [Thagard]
de�ned a pseudo-science as a stagnating theory (in other words a theory which exists by statici-
sation of the dynamical phase, wether this staticisation is active or passive). The combination
criterion (of the phases separation) that I propose here is a generalisation of these lines of thoughts
The interest of this more abstract formulation is of practical use not only in the characterization
of a theory after its construction and existence, but in its orientation during the constitution itself
of the theory.

2.1.6 The dynamical in the collective stratum by explicitation

In his doctoral dissertation, Der Raum. Ein Beitrag zur Wissenschaftslehre (Space, a contribution
to the theory of science), R.Carnap made a comparative analysis of di�erent types of spaces that
he identi�ed and their respective conceptualisations, out of a comparison between modern and
abstract axiomatisations of Euclidian geometry (notably by D.Hilbert, A.Tarski, and G.D.Birkho�)
and acient versions. These types of spaces are the following: the intuitive space, the abstract
space, and the physical one. An important point of this analysis is that these conceptualisations
can coexist for the reason that they are not speaking about the same domains of Experience (in
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other words, they do not constitute a series of evolutions of a dynamical designation but distinct
designations).

In my interpretation of Carnap's work, this kind of thoughts led him to formulate the following
principle of tolerance:

"In logic there are no morals. Everyone may construct his logic, i.e., his form of language, as he
wishes. He must only, if he wishes to discuss it with us, clearly indicate how he wishes to do it,
and give syntactical rules instead of philosophical considerations." - R.Carnap, 1934, Logical

syntax of language.

In this formula, the "syntactical rules" refer implicitely to the de�nition of an axiomatic system.
As long as it is clearly de�ned, any of these systems is of interest, in particular towards a better
understanding of existing systems by comparison. Although Carnap's aim is not to the possibility
of an inclusion of the dynamical phase in the collective stratum, one can interpret this principle
by replacing Carnap's syntactical rules with transcendental operations (such as Husserl's ἐποχή).
This leads as an application - despite the fact that this philosophical movement appeared in
the di�erent context of F.Brentano's project of scienti�sation of philosophy - to (Husserlian in
particular) phenomenology, characterised by E.Husserl and M.Merleau-Ponty as follows:

"The method of phenomenology is to go back to things themselves" - E.Husserl, 1967.

"To return to the things themselves is to return to that world which precedes knowledge, of which
knowledge always speaks and in relation to which every scienti�c schematization is an abstract
and derivative sign language, as the discipline of geography would be in relation to a forest, a

prairie, a river in the countryside we knew beforehand" - M.Merleau-ponty, 1945.

Interpretation:

1. A shade of the language on Experience:

In this quote M.Merleau-Ponty makes a clear distinction between the system of signs out
of which the language is made of and the world that it is speaking about, the purpose
of language being to communicate designations (through the signs) towards parts of this
world that are intersubjectively experienced and more generally about the intersubjective
Experience. This distinction is motivated by the phenomenon, derived from nature language
itself, of the tendency to consider a pre-constructed (at the collective level) conceptualisation
of things instead for the things themselves, despite their di�erence (in the example of Merleau-
Ponty the representations of geographic maps are clearly di�erent from what they represent:
forests, prairies and rivers for instance), unless this identi�cation is strikingly denied by the
experience itself, including communication with others. In other words, signs can occult
things themselves, reducing the phenomenal �eld. Although M.Merleau-Ponty takes as an
example the discipline of geography, I prefer the example of History, for which the extent and
the complexity of this phenomenon is wider, and closer to quotidian experience (although
the distinction between geographic representations and the things themselves being easier to
conceive). For instance we tend, when interpreting historical documents, to project on them
the culture of our time or our mode of thinking, distorting the actual information that this
document contains. In quotidian Experience this phenomenon can be seen as a particular
case of D.Khaneman's fast brain [Kahneman] automatic functioning (the functioning mode
which, in trade-o� between celerity and precision, tips towards celerity) in the sense that,
despite the di�erence between the projection and the thing itself, the approximation is good
enough for the current use of this representation.
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2. Opening the world: the operation of ἐποχή:

The point of Phenomenology is precisely to counter this phenomenon, which can be devastat-
ing when some representations are taken for the things they represent (as designations they
are considered as static despite their dynamical character) and transmitted to the collective
stratum, where designations are abstracted from their context and origin (which is thus for-
gotten and thus not retroactable). This can lead on one hand to dogmatism, on the other
hand to the absurd - for instance Russel's paradox (which constitutes one of Husserl's histori-
cal motivations for phenomenology). In order to destaticise these designations, in other words
to go back to things themselves, Husserl's phenomenology relies on the transcendental oper-
ation of ἐποχή (or bracketting), meaning the suspension of judgement. To be more precise,
I interpret this operation as the inhibition of the projection re�ex, of already formed associ-
ations between articulated conceptual structures and parts of experience, onto the opening
of the Experience (this part that only appears). The e�ect of this suspension is to allow
other articulated conceptual structures to be projected on this opening, potentially enclos-
ing it more accurately than the current projection. In other words, the operation of ἐποχή
opens locally the possible associations between articulations of concepts and the opening of
experience. For instance, by the ἐποχή, one can 'solve' Russel's paradox by re-cognising the
importance of the construction process of a (mathematical) set in its de�nition (which gives
it a meaning). This operation is particularly important to counter dogmatism's confusion
between static and dynamic designations in the transition to the collective stratum.

3. An algebra of transcendental operations:

In my intepretation of it, the conceptual void left by the ἐποχή is �lled through an automatic
process of projection during which the competition between conceptual articulations is not
biased anymore towards the pre-ἐποχή projected concept. This happens beyond the domain
of observability in the intuition (this part precisely is unavoidable in the process of the
construction of knowledge). This bias cancellation can be seen to be positively in favour of
all the (previously unfavored) conceptual articulations. This is what in M.Merleau-Ponty's
terminology is called the position of the position (where the second occurence of position is the
natural projection of conceptual articulations onto the opening of experience, and the �rst one
is the result of the ἐποχή). After some stabilisation on another conceptualisation, this second
one is likely to be more accurate than the �rst one. Along with the position operation, there
is another transcendental operation, called the negation in M.Merleau-Ponty's terminology,
which consists in the negation of the current projected articulated conceptual structure.
With this operation of negation, the de�nitive conceptualisation is made static (and thus
objective in the transition to the intersubjective stratum) by the result of a dynamical process
(of construction of knowledge) which combines in series the operations of position of the
position and negation of the negation (where the �rst occurence of negation comes from the
world itself, negating the negation of the association between the concept and the part of
Experience).

4. The inclusion of the dynamical phase:

Beyond F.Brentano's initial project of scienti�sation of philosophy, and despite its various
theorisations by the authors, Phenomenology could be characterized transversally as the
movement of inclusion of the dynamical phase in the collective stratum of the discourse.
This inclusion is done by making explicit its dynamical character - interpreting dynamical
designations as pieces of a dynamical knowledge process - and making explicit as well the
structure of this process: the combination in series of transcendental operations in an in-
de�nite re�nement progression towards some static designation. In this inclusion there is a
separation of the dynamical and statical phases: the former one lies in the direction of the
designations, the later one in the 'transcendental algorithm' in which the discourse is rooted.
In order to make this more tangible (in particular for mathematicians) one can see an analogy
between the shift operated in the reliability notion by Phenomenology and the shift operated
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in mathematics from a notion of computation characterised as series of algebraic operations
on rational numbers to one characterised as the dynamics of computing machines such as
Turing's ones. In the �rst sense a number is thought as computable when it can be obtained
after a series of algebraic operations, and in the second sense when it can be approximated
with arbitrary precision by the outputs of an algorithm. In this last sense computable num-
bers can not be 'grasped' cognitively but they can be algorithmically enclosed inde�nitely
with more and more precision.

2.1.7 Pre-statical designations

Beyond the de�nition of a transcendental method, an important aspect of Phenomenology is its
restriction onto a domain where dynamical designations actually enclose something that we know
to exist "out-there" (the transcendental analog of a computable number), while it is possible to
conceive such dynamical designation that reveals themselves to be empty after some time (such
as the square circle), despite the lack of knowledge on this thing. The certainty of existence of
a thing can be reduced to to the simple negation of the transcendental operation of suppression
(a particular case of the transcendental negation), which consists in conceiving an experience in
which the part of the experience designated is suppressed: if I can not conceive such an experience,
therefore I am sure that the designation actually points at something that exists (in the same way
as I can not conceive an experience in which there is a square circle, which therefore can not exist).
For the sake of unicity one can consider this thing to be the whole of all that exists in this part
of Experience. I would call such a designation pre-statical. The most direct example is the one
of the designation 'I', the class of which designations I will denote I in order to di�erenciate it
from the individual one 'I', as well as the world (that which is outside of 'I') and consciousness
as the form of the relation between I and the world (that Heidegger designated with the one and
structured concept of being-to-the-world (dasein)). One can �nd that this pre-statical character
(for instance, the I) is often correlated with a relation with a static designation that is contained
in it (for instance, the body): the pre-statical designation is therefore the intuitive extension
of this static designation (this di�erenciates the I from God for instance, which is completely
internal). This explains the pre-statical character but also the presence of the designation in the
intersubjective stratum (which re�ects the nature of the designation), since it can be communicated
through this static designation and intuitive association with its extension and di�erence with the
static designation. However, there is a relative loss of information in this communication, since
this intuitive extension di�ers from a subject to another. The "anchor" of the static designation
is the reason why a pre-statical designation is static in its form, while dynamic in its content.

2.1.8 Conclusive remarks

In this section I have shown how, from the progression along a philosophical orientation which ends
with the formulation of the phenomenological method and domain, can be abstracted the constant
separation of a statical and a dynamical phases of the discourse. The phenomenological inclusion
of the dynamical phase can be interpreted as a shift of the limit between the two phases from
the periphery to to the inside of the collective stratum. Although one can not identify philosophy
with the dynamical phase itself, one can state that it is the part of the collective stratum that
chooses the dynamical as a mode of ex-pression (in coherence with Kant's functional demarcation).
Furthermore, this analysis makes clearer that the project of naturalising phenomenology is mean-
ingless, since it is essential to phenomenology itself as a part of philosophy to allow knowledge to
be dynamical when it should be. The only - unacceptable - way to implement this project would be
to force the dynamical phase into staticity, which is a form of dogmatism. On the other hand an-
other (more acceptable) way to progress towards staticity is to keep the method of Phenomenology
while changing its scope: this is the path followed by micro-phenomenology, which aims at a better
control on the dynamical process of knowledge and an acceleration of its convergence by a focus
on restricted areas of Experience, and by controling the transmission of information from the �rst
person perspective to the third person one [see for instance [Z19]]. While micro-phenomenology
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follows the experimental method, I propose a theoretical counterpart in the second part of this
text, which uses the combination criterion of phases separation. The use of this criterion allows to
disolve the separation between mathematics (and natural science) and philosophy - this separation
coming with a conceptual architecture which prevents the development of understanding in the
direction of consciousness (in particular the opposition between subjective and objective and the
association between science and objectivity) - while preserving the retrictions that motivated their
separation.

On a higher level of interpretation, veri�cationism naturally leads to a form of objectivism
when the attention lies in the objective domain of the Experience, assimilating in belief the world
to this objective domain. It is thus fundamental in order to avoid objective dogmatism (about the
nature of the world) to better understand how the language and the practice of mathematics in
their abstract objectivity are related to the more general relation with the Experience in terms of
conceptualisation (production of concepts). In this direction, one could see that logical and more
generally mathematical propositions are designations conditionned on transcendental algorithms
(ordered sequences of transcendental operations): for example, the equivalence of two segments
with respect to their length is itself equivalent to the experience of undistinction (of two separate
things) conditionned on the rigid displacement of one segment towards the other (using translation
and rotation) ; the transcendental algorithms of mathematics are concerned with particular expe-
riencial contents which are constructions made out of multiple displacements in space and time
(Carnap's abstract space) out of the undividable (the point in the visual space, the element in the
attention space, etc). This undividable, as well as parts of the Experience that phenomenology
focuses on, exists "out-there" in the same sense, since there is something that exists in my intuition
and because of the undividability, it is this thing that exists at the end of my consideration. All
the constructions made out of it then exist in the same way. In this way, phenomenology and
mathematics and similar in their strategy for reliable knowledge; in a sense, one can see math-
ematics as a particular form of phenomenology (following Varela's project of phenomenologising
science), directed towards formal objects, and generalise them into what I would call transcen-
dental algorithmics. In the following section, my aim will be to analyse, through a partition of
mathematics into three types (based on the the type of experiencial areas they are directed to), the
implementation of the phases separation strategy in which the form of mathematics - as a discipline
- is rooted. This strategy is mainly based on a paradiscursive separation of the dynamical phase
and a progression based on a phenomenology of the consideration of already constructed formal
objects; by basing itself on already constructed objects, mathematics never leave the ground of
experience (in agreement with Kantian philosophy).

2.2 The phases separation strategy in mathematics

2.2.1 Localisation principle and objectivity

As I mentioned above the speci�city of mathematics as a phenonenology is its focus on formal
objects. An important part of the archaeology of the limit between the authors' phenomenology
(and philosophy in general) and mathematics is to analyse the mode of existence of these objects
compared to more general areas of Experience that one can designate. Common intuition on the
nature of their objectivity refers usually to the notion of universal observer : an area of Experience
is an object when it is independent from the I who perceives it. In other words any observer
is an instance of this universal observer with respect to this area of Experience. For common
intuition science is de�ned as the form of discourse whose domain is (by focus) the objective part
of Experience. However the objectivity notion involved in this de�nition - in other words the limit
between the objective domain and the subjective one - does not refer itself to anything objective,
for the reason that the invariance from the subject is not observable in the Experience.

On the other hand it is possible to draw some rules for the constitution of objects. In fact this
constitution is inherent to the intersubjective constitution of the discourse, during which subjects
establish agreements on the identi�cation of some experiences across observers (or subjects) [fol-
lowing here K.Popper], without which no intersubjectivity would be possible. As a consequence as
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pointed out by Husserl in his critics of Frege's foundationalism, one can not constitute mathematics
without recourse to the Experience (in other words the constitution of mathematics is intrinsically
intersubjective): what matters is that their character of reliable knowledge, which comes from the
intersubjective stability of objective designations. Furthermore objects adcquire their externality
- which is spe�c to them compared to more general areas of Experience - through this operation of
identi�cation. As well similar agreements are established (implicitely) on (transcendental) opera-
tions that can be done on experiences. The collection of all the possible experiences constructed
out of the action of a series of these transcendental operations on objects form the most general
horizon of a universal intersubjective discourse.

Despite this, because of the non-objectivity of the objectivity notion itself, the transition from
the intersubjective stratum to the collective one has to involve, in a sort epistemic social contract,
the delimitation objectively and explicitely a subdomain of the whole objective domain: this is
what I would call the localisation principle. The various possibilities of subdomains and classes
of subdomains correspond to the disciplines and subdisciplines of the collective discourse.

For instance the domain of (plane) Euclidian geometry consists in a set of experiences obtained
by extraction. These experiences can be characterized as visual experiences of a colorless bounded
plane surface scripted with a �nite collective of geometrical objects. These objects are the ones
constructed out of points, lines and circles, displaced arbitrarily by the (motor) operations of
rotation of the surface, its translation and other operations of this type. As a consequences these
experiences lie in the set of possible experiences enriched with transcendental operations (including
geometrical ones). For another instance, an import part of experimental physics consists in an
agreement on its domain, according to a criterion of extractability from experiences ensuring
certain control conditions (on parameters involved in an experiment for instance), as well as on
the content of these experiences.

2.2.2 Consciousness and the limits of the scienti�c domain

Before continuing the analysis of mathematics as a phenomenology, I would like to notice that by
this localisation principle, objectivity in the mathematical sense can not include consciousness in
its domain, for the reason that consciousness, by nature, transcends every possible object. As a
consequence, a science (in the current sense of an objective study) of consciousness is not possible.
However one can conceive the possibility of a reliable knowledge about it. It is possible for instance
by projecting onto the phenomenon and explore in depth each of the objective progressions made
out of this projection by an explicit agreement on each of the considered objective enclosements of
the phenomenon, until it is possible to progress towards another more precise enclosement, and so
on. Considering consciousness as the relation between some subject I and his or her Experience, it
seems reasonable to restrict the possible subjects to the class, which I shall denote J , of the ones
who are able to act on one's own Experience, model it into a series of experiences in a possible
set of experiences enriched with transcendental operations and report its exact content in an
intersubjective dialogue with any other subject of this class (in particular they can possibly agree
on them). In fact these conditions are implicitely assumed by K.Popper's falsi�ability criterion,
since a proposition can be falsi�ed only if anyone has the possibility to point out an experience in
which the direction in this experience towards which a proposition points to is not present in it -
in other words the proposition is not true for this experience.

This clari�cation is an important matter: despite the fact that the current objective domain -
in other words the union of all the localised domains - is included in but di�erent from the universal
objective domain, these two domains are often identi�ed by subjects whose attention is focuses
on the current objective domain in such a way that they do not perceive anything outside of it,
in particular as a consequence of forgetting the contractual (based on agreements) foundation of
objectivity. This objectivist distortion of reality leads itself to a form of dogmatism in which an
intersubjective will acts by artefact and by the authority its intersubjective untermed (without
agreements) phenomenological progression, upon the representations of other subjects.

A similar phenomenon can be observed in the transition from the individual level to the inter-
subjective one. In this context the staticity of a designation at the intersubjective level is based
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on an agreement which results from dynamics of co-negation and co-position of subjects onto the
static character of individual designations. As a consequence an individual designation has poten-
tial for staticity at the intersubjective level when it is static at the individual level, and this can be
corrupted by an internal form of dogmatism (unless the subject is self attentive to the possibility
of self-occlusion of this sort).

The potential of an individual designation to be static at the intersubjective level depends
on its staticity at the individual level, which can be corrupted by an internal dogmatism (unless
the subject is self-attentive to the possibility of self-occlusion by the internal language). In the
transition from the individual to the intersubjective level dogmatism often consists in the trans-
mission of internally dynamical designations as static ones, preventing co-negation or co-position
from the other on these representations and dynamicising by arti�ce the other's representations -
this instead of engaging in an intersubjective dialogue of co-action on respective representations.

Considering consciousness, such a corrupted process has no reason to produce knowledge about
consciousness as such but only an intersubjectively synchronised partial representation of the cur-
rent form of one individual's consciousness (which has no collective interest). On the contrary the
formal framework proposed in the last section of this text does follow this observation by including
intradiscursively the dynamical process of intersubjective agreement, in a formal way.

2.2.3 On dualism

The focalisation of attention on the objective world can manifest itself in some other forms, in-
cluding dualism, understood as the di�erenciation in essence of the objective and subjective parts
of Experience. In other words dualism consists the staticisation of this partition, which prevents
in any growth of the objective domain and in particular any progression of science towards con-
sciousness. In this essentialisation the subjective part is often identi�ed with the more general
notion of phenomenal experience, forgetting that the objective part also does participate in the
experience of the subject. This observation leaves open the possibility to render consciousness as
such objecti�able, in a sense to be determined. I this project one has to go beyond dualism as well
as forms of anti-dualism which simply deny the existence of the limit, in other words the existence
of anything objective or subjective against the intuition: in fact this limit exists but its conception
is dynamical.

While natural kind approach of consciousness (for instance in the approach proposed by T.Bayne)
relies on ways to correlate objective part of the Experience it to subjective ones in their current
meaning [see for instance J.Searle's notion of the existence of ontologically subjective and epis-
temically objective parts of Experience], building on an arti�cial partition of the Experience, I
propose to understand better what objectivity means by abstracting the properties of areas of
Experience that are speci�c to objects. One could use eneralisations of these properties as well as
an abstraction the ways this domain grows to make it grow in the direction that one chooses. In
this sense I follow Kant:

"A great part, perhaps the greatest part of business of our reason consists in analyses of the concepts
that we already have as objects." - I.Kant, Critique of pure reason, p.129.,

and analyse how mathematics historically did extend their domain. I make this analysis through
a partition of mathematics into three following types I identi�ed: problematic, analogical and
re�exive mathematics. Although implemented in di�erent ways in each of these types, the phases
separation strategy follow a common line. This abstraction will be useful in the following in order
to elaborate a strategy for the growth of the objective domain in direction of consciousness.

2.2.4 Analogical mathematics

Amongst all types of mathematics, analogical mathematics are the closest in the common intuition
of "discourse about Experience": in order to explain a phenomenon P1 by its relation with another
one P2, the method consists in �nding in the Experience other experiences that appears in the
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intuition to be close enough respectively to P1 and P2 (compared to other experiences that J can
imagine having) which can be described mathematically (in other words, they statical designations).
After that one relates these two experiences by a sequence of objective operations, producing the
second out of the �rst one. Because of all these closeness relations, this sequeence of objective
operations does convince that there is a causal relations between the two phenomena P1 and P2,
and this is convincing enough to serve, even at the collective level, as a guiding predictive principle
(and not a proof) towards an objective experience of the relation between P1 and P2. This is in
this sense that one can interprete J.Searle's words:

"Science preserves the appearance while giving us a deeper insight in the reality behind the
appearances." - J.Searle, The Mystery of consciousness, p 111.

The appearence is preserved in the sense that in the intuition, the experiences that we compare
are close enough to be identi�ed (at least for a beginning). Let us consider some examples for two
types of analogical identi�cations I identi�ed: the analogies by morphological similarity, and by
concept tokening.

2.2.4.1 The physical basis celestial bodies movement The theory of universal gravita-
tion, which was developped by the mathematician I.Newton, consists in a mathematical system
describing the dynamical behavior of a massive body, such as a planet, in relation with the forces
applied on it by other massive modies. This theory was recognised in particular after the discovery
of the planet Neptune using knowledge about Uranus movement. Despite the singularity of this
revolution and its impact, it relied heavily on the earlier discovery of J.Kepler related to the form
of planets movement (whereas the universal gravitation theory provides an explanation of this
movement which relies on the concept of force) around the sun: they follow an elliptic path. This
discovery was the conclusion of overcoming the psychological barrier of the association - already
present in Plato's Timaeus - of astronomy with the function of representing the visible motion of
celestial bodies by a combination of uniform rotations on circles.

Remark 1. I believe that the omnipresence, nowadays, of this form of physics is responsible for
forgetting that the fundamental discovery of I.Newton was based on J.Kepler's one. Together they
form a theoretical progression that is decomposed into works of distinct natures - the �rst one is
physical and the second one mathematical. There is no reason to expect that an understanding of
consciousness as such would manifest itself through a similar progression, especially because of the
dilution of scienti�c time, that I mentioned above: even if such an understanding should probably
be found in relation with brain architecture, there is no guarantee that one can rely on the current
knowledge (in particular even the accurate identi�cation of some neural correlates of consciousness
would not imply an understanding of how phenomenal experience is generated). Because of time
dilution, one should focus on a reliable way to explain the structure of phenonenal experience as
such with adapted mathematical tools, before any attempt of explanation in physical terms.

The approach followed by J.Kepler relied on an analogy by morphological similarity between
an experience which consists in the experiential measure of the sun's relative positions, earth and
mars, and another one which consists in a geometrical model of this measure (the positions are
assimilated with points). At this point, the problem is mathematical in the sense of �nding a
geometrical �gure (abstracting oneself from the combinations of circles) which is the closest (with
an intuitive notion of closeness which was formalised later) to the experience which consists in the
set of position data (this is another analogy by morphological similarity). The statement of planets
movement following an elliptic path is convincing because it provides an experience that one can
compare with the one that comes from the measure of reality and identify them in one's intuition.
It is constitutive (in Kantian sense) for it completes the actual experience towards the opening of
the Experience (allowing the prediction of Neptune's presence for instance). The phases separation
strategy is found here in the reasoning structure which separates (implicitely) mathematics of data
and geometrical �gures relation and the morphological analogy, which is dynamical (the closeness
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in the intuition depends on the experiencial context and the development of knowledge on the
subject).

2.2.4.2 Other examples Another example of morphological analogy use can be found in
A.Turing's work The Chemical basis of morphogenesis (1952): here the analogy is made between
patterns observable in the Nature - such as the Giant pu�er�sh's ones - and some idealised version
of these, now called Turing patterns. A.Turing proved that these idealised patterns can be produced
by a reaction-di�usion algorithm initialised on a uniform con�guration of a set of di�erent types
elements (representing chemical ones). As a consequence he provided a hypothetical mechanism
through which the natural patterns could be produced out of chemical interactions. In this case
one can also observe a paradiscursive separation of phases: the text consists in the static part itself
while the analogical part is left to the periphery of the discourse (the intuition of the reader).

One can �nd other examples of morphological analogy use in mathematics in more recent
examples and other application �elds, in the modelisation of economical situation structure using
game theory (developped by J.Nash) or the reproduction of phenomenal aspect of physical reality
(such as the existence of phases for certain materials) in statistical physics.

The other type of analogy I mentioned (concept tokening) consists in the association of two ex-
periences based on the intuition that they belong to a same class of experiences (for instance a tree
belongs to the class "tree" which groups all the experiences of a tree). The use of this type of anal-
ogy can be found for instance in J. Von Neumann's work The theory of self-reproducing automata:
he makes an association between the dynamics of a theoretical machine which reproduces itself (its
dynamical behavior leads unavoidably to the construction of a perfectly identical machine) that
one can think as a series of ideal experiences and the experience of living beings self-reproduction.
Each of these series of experiences belong to the intuitive class of "self-reproduction": it tokens this
class in the sense that the concept of this class becomes present to the mind when an occurence
appears.

2.2.4.3 Misuses of analogical mathematics A fundamental aspect analogical mathematics
way to formalise reality is that its formalisation - based on an analogy between an actual experience
and an ideal one - is able to point out of an operations sequence on the mathematical model to an
extension of the Experience beyond the model itself (through another analogy). In other words such
an extension of the Experience makes valuable the formalism, used or developped in the theoretical
progression towards the reality of some particular experiences, despite the analogy's dynamical
nature. On the other hand (although they are often considered as meaningful in themselves)
isolated analogies (without any derived extension of the Experience), or even a coherent group of
parallel analogies have no more meaning than the one they have as dynamical designations (as a
step in the phenomenological progression towards a potential object). This is an important matter
in a context in which the multiple theoretical attempts of a correspondance between phenomenal
experience and architecture of the brain rely on such analogies.

2.2.5 Problematic mathematics

For mathematicians the development of mathematics often results from the solution of mathemati-
cal problems. A problem takes in general the form of an experiencial statement of multiple possible
types: for instance, is it possible to construct such or such object which satis�es such and such
informal properties ? or can one �nd an exact (or simpler) expression for such or such formula ?
or is such or such property true of an object ? or simply is such statement true ? In the same
way, the origin of a problem can be of various types: it can be the extraction of an already solved
problem from its original context and its transposition to another one or the simple intuition the
statement truth, the possibility of a construction etc. In fact a problem is the product from the
consideration and manipulation of already existing (statical) mathematical objects and concepts,
in the intuition and at the periphery of this objective domain.

For a historical example one can consider the solvability of polynomial equations by the radicals
method: while the possibility of this method's application was known when the involved polynomial
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has small degree (up until four) through distinct discoveries, no one was able to �nd possible a
systematic application of this method when the polynomial's degree is greater than �ve. Out of
this observation the mathematical problem came out to be formulated as follows: 'is it possible at
all to apply the method by radicals to �nd solutions of a polynomial equations when the degree of
the polynomial is greater than �ve ?'

While the majority of mathematical problems are formulated only in the individual or intersub-
jective strata (internal dialogue or informal discussions), only some of them access to the collective
stratum, most of the time under the form of a conjecture, which consists in a bet about some
proposition's truth. A conjecture is an equivalent of a pre-statical designation - in the vocabulary
introduced above - in the sense that one can not conceive any of the conjecture's de�nitive direc-
tions as a designation to be anything else than "true" or "not true". For a conjecture to access
the collective stratum its dynamical character has to be stable (it is di�cult to �nd a de�nitive
answer): the reason is that a solution for such a conjecture should involve an extension of the
mathematical domain, through the invention of non-existing mathematical architectures or the
connection of a domain to another one (for instance), and imply solutions of other minor problems
and the development of new mathematics.

In problematic mathematics the text itself - the part of its discourse which lies in the collective
stratum - consists mostly in the statical phase (problems solutions): except for conjectures (ex-
plicitely stated as such in the text), as well as the (dynamical) relation with conjectures or informal
problems (although they are not the object itself of the text) which motivate the study and are
explicitely separated in the introductory of conclusive parts of the text, the dynamical phase is
kept outside of the text. Despite that the dynamical phase is fundamental for the practice of math-
ematics and their evolution, in particular through regulative principles such as computability (one
should follow directions of research where non trivial statements or computations are possible), but
also in the search of a solution itself. Although never systematised as such, the progression towards
a solution is phenomenological in its structure, in the projection (analysed before) onto the intu-
ition of the articulation of already existing mathematical concepts, whether they are collectively
valued or only in the restricted individual or intersubjective domain of research. In particular, the
discourse's dynamical phase acts during the search for a solution by restriction (in a short term
process) of the set of concepts which could be useful in this search. In a sense, the mathematical
domain grows in the consideration of mathematical objects, and the object which underlies the
intuition coming out of this consideration lies in the consideration. However this extension is of
di�erent nature from the transcendental act of consideration (as statical) and thus can not be
identi�ed with it.

In the case of the problem of solvability by radicals for polynomial equations, the solution came
out as a consequence of E.Galois's theory, which consists in the development of notions such as the
symmetry group for a polynomial equation's set of solutions and statements related to these notions
and solvability by radicals. Here the most important output of the theory, despited motivated by
the problem, is the creation of concepts along the theory's phenomenological progression.

The practice of mathematics reveals another way to see that the mathematical text is of statical
nature in the sense that I determined above: in fact the proposition of a solution to a problem,
stated as the proof of a theorem, is considered to be as an actual solution (and scripted in the
collective stratum) when one can not detect in it any error, in particular in the logical architecture
of the proof. In other words the truth statement for this proposition, equivalent to the negation
of error's presence through time, is statical as a designation.

2.2.6 Re�exive mathematics

Sometimes the extension of the domain of mathematics results from the formalisation of mathemati-
cal practice itself (as particular cognitive dynamics). For instance the conception of a mathematical
proof as an articulation of logical relations (Frege's logics), of a general mathematical object as a set
of elements (Cantor's set theory), the notions of computation (A.Turing's computing machines),
and object construction (Cathegory theory) participate closely to this practice at the cognitive
level. Historically the extension of the mathematical domain in this direction was involved in the
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search for an understanding of the limit of mathematics progression (in particular in the existence
of undecidable problems such A.Turing's halt problem) but also in the solution of some problems
(for instance Hilbert's Xth problem (Entscheidungsproblem), solved also by A.Turing) questioning
the algorithmic solvability of earlier problems. The concepts constructed this way come out of
the mathematician's self-observation in his or her manipulation of already de�ned mathematical
objects.

For instance, the notion of computing machine introduced by A.Turing was conceived as cap-
turing the general notion of computation - meaning the production of a mathematical object out
of another one using a sequence of mathematical operations (for instance the simpli�cation of a
formula into another one or equivalently the evaluation of a function on a particular parameter).
The de�nition of these computing machines is a simpli�cation of cognition's fundamental structure
in a �rst person. Interestingly enough it is also a simpli�cation of the computation process from
an exterior perspective: in fact it is probable that A.Turing's intuition in which this de�nition
is rooted consisted in the abstraction of the behavioral pattern of human computers (who were
employed at this time to execute computations, determined by scientists, on a long paper tape).

The collective value of this formalisation comes however from the solution of Hilbert's Xth prob-
lem (which implies semantically the formalisation of the notion of computation) and afterwards
from the the identi�cation of the general notion of computation with the process of a computing
machine. This identi�cation (formulated as the Church-Turing thesis) is derives from the pro-
jection of these two concepts (an purely intuitive one and a mathematical one) onto the current
domain of mathematics: for a mathematical object, one projects the intuitive notion of computa-
tion in order to determine if this object consists in a computation and then projects the notion
of computing machine on the veri�cation that this algorithm can be simulated by a particular
computing machine. One can then observe that the two concepts coincide on some subdomain
of the current mathematical domain. As this subdomain grows with the number of tests for this
coincidence, one gets convinced that they are equivalent. However it is clear that the nature of
the concepts involved in this reasoning prevent this equivalence from the possibility to be proved
mathematically. Instead the intuition of the equivalence constitutes here a de�nition of the purely
intuition notion by the mathematically de�ned one (de�nition which is commonly accepted and
used in practice, in other words it has accessed the collective stratum).

Re�exive mathematics expand in general by means of such a double projection, the equivalence
of whose terms has epistemic force correlated to the width of its validity domain. The equivalence
statement is statical when this domain grows inde�nitely. Interestingly enough one can interpret
the acceptance of this equivalence as the recognition of its character as reliable knowledge, despite
its non-mathematical character - which illustrates the interest of the notion of statical statement.
In this type of mathematics the phases separation strategy is manifested by the presence in the
text of the formal notion under the form of a de�nition while the coindidence with the intuitive
notion is left outside of the text's core.

Re�exive mathematics are fundamentally di�erent from analogical ones: despite the fact that
they both consist in the constitution of relation between intuitions and mathematical objects, the
nature of these relations are of di�erent natures. In analogical mathematics these relations are
direct and based on phenomenological closeness, while they are indirect (by double projection)
in re�exive mathematics. However they are similar in the existence of recurrent misuses, for
instance when the the domain of the equivalence is extended without rigour (although on a rigorous
base domain). In order to contribute to the progression of re�exive mathematics, one needs to
understand the nature of these mathematics and prefer the rigorous application of their principle
to another domain of Experience to an arti�cial extension of its current domain: in my opinion
there should be a shift from the consideration of 'active' cognition to 'passive' one - in other words
perception, or how are unconsciously constructed the object that the subject perceives as such in
his or her Experience. This shift implies a change in the method, according to the principles.
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2.2.7 Conclusive remarks

The purpose of the mathematical typology I displayed in this section was to observe that across
their di�erence in the mode of extension of the mathematical domain, they follow a common
abstract line which is similar to the one of the authors' Phenomenology: the di�erence lies in the
restriction of mathematics to the formal. In particular the phases separation strategy is a constant
of this typology, and the limit is paradiscursive, despite the importance of the dynamical phase
in the practice of mathematics, as well as their development and meaning. In the progression
towards perception and objectness (and thus consciousness as such) one needs to shift this limit
intradiscursively, while keeping the phases separation.

3 Around phenomenal objectness

In this section I will get to the practice of consciousness theorisation. The main goal is to build
a framework in order to study �rst-person perspective objectness (meaning the distinction in an
a priori undi�erenciated experiencial background of particular areas of Experience), which is a
fundamental aspect of human consciousness (J am conscious if J can distinguish things in my
Experience), in a systematic and reliable way. For this purpose I rely on the history of consciousness
studies in two ways. I shall �rst analyse a recent theory about consciousness mentioned in the
introduction, namely the integrated information theory, in particular its foundations and some
of its developments which attempts to originate phenomenal spatiality in the properties of some
brain mechanisms. The purpose of this analysis is to notice that this theory su�ers from important
epistemic di�culties: while successful analogical theories meet a trade-o� between closeness of the
formalism to direct introspection (in other words the ability of the formalism to describe reality)
and the tractability of this formalism (the possibility of progress of mathematical understanding
on the formalism itself) this one does not meet it: in other words it is epistemically sterile. As
this kind of di�culties can be expressed using the vocabulary introduced above (in particular
the possibility of combining phenomenology and mathematics), one can see this section as an
application of the general considerations of this �rst part. More precisely the current form of
integrated information theory can be seen as a 'knot' of statical and dynamical designations which,
despite this, is upheld by defensers who, "dogmatically-believing", think that it is their "business
to defend such a successful system against criticism as long as it is not conclusively disproved"
(K.Popper) [in particular, and signi�cantly, through the use of coercive persuasion]. After exposing
some intuitions on the way to 'unknot' the dynamical and statical phases of this discourse, using
in particular the combination criterion de�ned in the �rst part and some systematisation of the
theoretical orientation de�ned by D.Dennett in [Dennett], I expose the framework mentioned above,
in which the statical and dynamical phases are explicitely separated and which meets a trade-o�
between closeness and tractability (as it allows a theoretical progression in its direction).

3.1 A knot of statical and dynamical designations

3.1.1 Statisation of the structure of Experience into an axiomatic system

A central aspect of the integrated information theory is the construction of a fundamental system
which is meant to be roughly, on the model of mathematical axiomatic systems, a set of reliable
discourse elements (called 'axioms' here) out of which the theory's discourse is constructed (wether
these elements do belong to this discourse or are tools for its construction). The axiomatic character
of this system has been recently questioned, in particular by the philosopher T.Bayne. After I
expose this fundamental system in the present section, I review T.Bayne's critics and some of the
countercritcs. In fact both of them rely on unquestioned conceptions about axiomatic systems, are
not accurate enough for the eye of a mathematician. I propose instead to think about the elements
of the theory's fundamental system in the abstract terms of their function in the discourse, as well
as to use the terms introduced in the �rst part: in this terminology one can see the denomination
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of the fundamental system as an 'axiomatic' one is a �rst example of arti�cial staticisation in this
theory.

3.1.1.1 Presentation: For integrated information theory, an axiom of phenomenal experience
(or consciousness) is a determined as "self-evident truth about consciousness" ([] p.2, l.104). Alto-
gether they are "meant to capture the essential properties of experience (phenomenal existence)".
A remarkable aspect of integrated information theory's 'axioms' is that although their number
and indentity (by naming) are stable across publications, their formulation changes with time. I
reproduce below a list of the axioms and for each of them provide two formulations: the �rst one
appeared in [] (2014) and the second one in [?] (2017):

1. (a) Existence: Consciousness exists � it is an undeniable aspect of reality. Paraphrasing
Descartes, "I experience therefore I am."

(b) Intrinseque existence: Consciousness exists intrinsically: my experience is real �
indeed, that my experience here and now exists � for example, I see my bedroom � is the
only fact I can be immediately and absolutely sure of; moreover, it exists for me, from
my intrinsic, subjective perspective.

2. (a) Composition: Consciousness is compositional (structured): each experience consists
of multiple aspects in various combinations. Within the same experience, one can see,
for example, left and right, red and blue, a triangle and a square, a red triangle on the
left, a blue square on the right, and so on.

(b) Composition: Consciousness is structured: each experience has internal structure,
being composed of phenomenal distinctions, bound together in various ways, which exist
within it. Thus, within the same experience, I can see di�erent locations in visual space,
di�erent colors, di�erent objects, objects of particular colors at particular locations and
so on.

3. (a) Information: Consciousness is informative: each experience di�ers in its particular
way from other possible experiences. Thus, an experience of pure darkness is what it is by
di�ering, in its particular way, from an immense number of other possible experiences.
A small subset of these possible experiences includes, for example, all the frames of all
possible movies.

(b) Information: Consciousness is speci�c: each experience has a speci�c form � a partic-
ular composition of particular phenomenal distinctions, bound together in various ways,
and thereby di�ering in its speci�c way from other experiences. Thus, my experience of
the bedroom here and now is just what it is, containing a bed, a body on it, a bookcase,
a blue book on the left shelf of the bookcase, and so on. Moreover, being that way, my
current experience necessarily di�ers from other experiences, containing other objects
and colors, sounds and smells, or an experience of pure darkness and silence and so on.

4. (a) Integration: Consciousness is integrated: each experience is (strongly) irreducible to
non-interdependent components. Thus, experiencing the word �SONO� written in the
middle of a blank page is irreducible to an experience of the word �SO� at the right
border of a half-page, plus an experience of the word �NO� on the left border of another
half page � the experience is whole. Similarly, seeing a red triangle is irreducible to
seeing a triangle but no red color, plus a red patch but no triangle.

(b) Integration: Consciousness is unitary: each experience is irreducible to non- interde-
pendent components. So are the phenomenal distinctions within an experience, as well
as their relations. Thus, I experience a whole visual scene, not the left side of the visual
�eld independent of the right side (and vice versa). Furthermore, I see the object lying
on the table as a book, not as a set of features. Finally, seeing the book as a blue book
is irreducible to seeing the color blue without the book, plus the book without the color
blue.
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5. (a) Exclusion: Consciousness is exclusive: each experience excludes all others � at any
given time there is only one experience having its full content, rather than a superposition
of multiple partial experiences; each experience has de�nite borders � certain things can
be experienced and others cannot; each experience has a particular spatial and temporal
grain � it �ows at a particular speed, and it has a certain resolution such that some
distinctions are possible and �ner or coarser distinctions are not.

(b) Exclusion: Consciousness is de�nite, in content and spatio-temporal grain. Thus, my
experience has just the content it has, neither less � say, excluding colors, nor more �
say, including awareness of blood pressure. Similarly, my experience �ows at a particular
speed � each experience encompassing a hundred milliseconds or so � neither faster nor
slower.

3.1.1.2 Critics and countercritics of integrated information theory's axiomic system

In his article [Bayne], T. Bayne provides a detailed and speci�c critic of each of the elements of the
above system. His claims is the following: "I argue that none of the �ve alleged axioms is able to
play the role that is required of it, either because it fails to qualify as axiomatic or because it fails
to impose a substantive constraint on a theory of consciousness." This claim is based, roughly, on
the fact that to each axiom correspond multiple possible interpretations. While some of these in-
terpretations are implausible since they are evidently too 'constraining', others involve terms (such
as phenomenological distinctions) that are too loosely de�ned. The interpretation of these terms
(for instance, concerning their nature, for phenomenological distinctions) make the statements
tautological, in other words not 'constraining' at all. Other interpretations of the statements are
constraining but fail to be axiomatic for the reason that there is no general acceptance of these in-
terpretations by specialists (which consists here in a de�nition of what 'axiomatic' means according
to T.Bayne).

It is important to note that the interpretations proposed by T.Bayne are only ones of all the
possible ones: as a consequence it is possible to conceive the existence of some interpretations at
the same time axiomatic and constraining. The terms that are loosely de�ned in the statements
have at least two types of possible interpretations: a constative one (which means that it consists
in the only observation of existence of the phenomenon) and a hypothetical one, which posits a
possible explaination of the phenomenon or a mechanistic characterisation. Formulated in the
constative version the statements may appear as tautological, unless we di�erenciate in it, as a
designation, the experiencial part (that which in the Experience is pointed at) and the concept
which corresponds to it. As a matter of fact we tend to think about language on the model of
technical languages such as mathematics (in particular Euclidian geometry) for which there is a
one-to-one categorial mapping between areas of Experience and their concept, leading to their
assimilation.

In fact to the concept of consciousness corresponds an area of intuition which is so large that
everything that (right now) can be said to be true or false about it is trivial and as a consequence
can not constrain any theory. Anything else is therefore a hypothesis and thus is certain to divide
specialists. As a matter of fact because of the nature of the phenomenon of consciousness and the
state of our knowledge about it, anything is apodictically true if and only if it can not impose a
constraint, and this equivalence can be derived analytically (withtout refering to a theory in par-
ticular) and T.Bayne's critic of integrated information is merely an illustration of this equivalence.

On the other hand some of the countercritics appeal to the idea that Euclidian geometry's
axioms (paragon for axiomatic systems), was not stable through history and replaced for instance
by modern axiomatic systems in which the parallel postulate does not appear to be axiomatic
(development of non-Euclidian geometries during the XIXth century, Hilbert's axiomatic system
for Euclidian geometry). For these countercritics the consequence is that axiomatic systems can be
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- in the vocabulary introduced before - composed with dynamical designations, just as integrated
information theory's system is, neutralising a priori critics which based on the non-evidence of the
truth of this system. However these countercritics do not stand under close examination, for mul-
tiple reasons: �rst, that non-Euclidian axiomatic systems are concerned with another experiential
context - precisely geometrical objects that are di�erent from the ones embedded in the Euclid-
ian plane - whose construction was motivated by the question of the existence of non-Euclidian
geometries (where in particular the parallel postulate is not veri�ed). The consequence of these
constructions was the possibility to think about physical space in other terms than only Euclidian
ones. Second, that the modern axiomatic systems (such as Hilbert's, Tarski's and Birkho�'s ones)
do not invalidate Euclidian system in its truth. In fact their developement can not be considered
as a re�nement of Euclidian system meant to replace it. For instance the purpose of Hilbert's
system was to optimise the axiomatisation of Euclidian geometry by grouping the axioms in types
and understanding the way they are involved in the proof of theorems in order to prove the sys-
tem's completeness - every true proposition derives logically from only axioms. The actual proof
of Hilbert's system completeness was made later by Tarski in the book The completeness of ele-
mentary algebra and geometry. After that Tarski constructed his own system of axioms in order
to write Euclidian geometry in terms of quanti�ers, allowing him to prove that this geometry is
decidable (every proposition can be proven to be true or not). Regarding Birkho�'s axioms, they
were meant for pedagogical purpose, in particular the possibility to check the truth of a proposition
with students' tools (protractor and ruler).

Furthermore these modern axiomatic systems came in the context of a foundationalism, whose
purpose was to ensure the complete objectivity of mathematics, in a stronger sense than its in-
tersubjective agreement interpretation: in particular for fondationalists mathematics should not
rely on the use of direct introspection, in particular visual one, while Euclidian geometry relies on
this sense, for instance in the recognition of a geometrical point (its undividability). In fact this
recognition consists in a transcendental operation that can not be translated in machine terms
(and thus is not objective in the sense of the humain-independant universal observer). However
the di�culty of this interpretation of objectivity is that it relies on the viability of the machine,
itself evaluated upon the regularity of the agreement of humans about the machine.

As a matter of fact, integrated information theory's system not only fails to be self-evident but
also to �nd a shelter in modern axiomatic systems, notably by standing in contradiction with the
reason of their existence: the possibility to prove completeness, decidability, or even the mutual
intependance of its elements.

3.1.1.3 Dynamical designations can not be axioms: As observed in the last section, some
of the terms used in integrated information theory's system, such as phenomenal distinctions,
are not pointing at precise objects in the Experience (precisely for no de�nition of phenomenal
distinctions has been proposed on which the author and the reading can agree on, at least tacitely).
As a consequences they are dynamical designations.

Their dynamical character can be seen despite the stability of the system (identity and number
of the statements) in the evolution of its formulation through the publications. For instance the
Existence statement, according to which consciousness existence follows in deduction (if these
two statements are not identi�ed by the authors) from the existence of I, is reformulated in the
second version into Intrinseque existence, for which my experience exists and it exists for me.
The statement of Composition also undergoes some transformation: from that the experience
consists in aspects to that it is composed of phenomenal distinctions, that are bounded. This is
an important shift since the term 'aspects' is associated with passivity (the aspect presents itself)
while a 'distinction' is associated with an action. The meaning of the statement is by this shift
changed in a fundamental way. The �rst version of the statement of Information is centered on the
relation of one single experience to other possible ones, where the second version is centered on the
experience itself, its "form", and then di�ers from other experiences by having a di�erent "form"
(which is re�ected in the term used to specify the 'axiom' in the �rst sentence: "informative" vs
"speci�c"). A similar semantic shift occurs in the statement of Integration: from "integrated" to

24



"unitary". Moreover the second version makes the precision that this "integration" concerns also
phenomenal distinctions. Similarly, the axiom of Exclusion shifts from "exclusive" to "de�nite"
; this shift concerns the suppression of the mention of that there is only one experience and not a
superposition of experiences.

Unless the nature of this fundamental system is made clearer it falls under Wittgenstein's
analysis of metaphysical statements, in agreement with Kant's more speci�c denial of philosophical
propositions from the possibility to have axiomatic character:

"Now since philosophy is merely rational cognition in accordance with concepts, no principle
is to be ecountered in it that deserves the name of an axiom. Mathematics, on the contrary, is
capable of axioms, e.g., that three points always lie in a plane, because by means of the construction
of concepts in the intuition of the object it can connect the predicates of the latter a priori and
immediately". - Immanuel Kant, Critique of pure reason, p. 640.

Interpretation: According to Kant, what di�erenciates axioms from any philosophical statement is
that they are constructed in the intuition of the object. In fact this relation of the designations to
the intuition is possible for the reason (mentioned before) that since there is a one-to-one categorial
mapping between concepts of Euclidian geometry and areas of experience they are pointing at, one
tends to assimilate the concept with what it does point at as a designation. Because of this
identi�cation, one can consider that the concept is constructed in the Experience (or equivalently
the intuition). Moreover, one can connect the predicates (or propositions, articulations of concepts)
in the intuition through this identi�cation.

Following Kant, I consider that integrated information theory's system is no actually ax-

iomatic. This is fundamental, since the role of axioms is for a theory to be founded on them, while
if one bases such a theory on dynamical designations, the whole theory can crumble down at any
time. As a matter of fact, the characterisation of this system as axiomatic is a rough attempt to
dogmatically staticise a set of dynamical designations in the project of expand it at the collective
level. Despite this one can make sense of the self-evident truth of these statements, by di�eren-
ciating in the designation a reference of the truth character to the formula and a reference of the
term self-evident to the area of experience it is pointed at. A dynamical designation can be good
enough for one person's mind for the reason that by neglection it objecti�es the area of Experience
that the designation is pointing at, or because the cognitive context in which this designation is
self-made is enough to perceive the truth of the statement. In this sense a designation can be
self-evident at the individual level and not at the intersubjective one. For this one has to re�ne it
su�ciently so that it allows the possibility of an intersubjective agreement and then an intersub-
jective self-evidence judgement, without which the individual self evidence and the self-occlusion
can not be di�erenciated.

3.1.2 Transcription of the 'axioms' in transcendental terms

In the spirit of impartiality I attempted to make sense of integrated information theory's fundamen-
tal system in a way that would avoid tautology and hypothesis. Before exposing my interpretation
I need to make explicit some transcendental 'framework', which is implicit (and in particular
unquestioned) in integrated information theory, and on which it is built.

3.1.2.1 A transcendental 'framework' for the theorisation of Experience: Temporal

series of experiences:

I order to talk about the Experience - that I think of as the totality of appearances, meaning
what is present to me without e�ort or process - one usually talks about an experience, which
consists in a temporal section of the Experience (meaning everything that one experiences at a
�xed time), or a part of it. Of course an experience is an abstraction which refers to a non-identical
intuition. Sometimes (including time in consideration) one also thinks about the Experience in
terms of oriented series of experiences, which are identi�ed with the Experience in the intuition.
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This model is convincing for the reason that when the series of experiences is su�ciently dense, one
cannot di�erenciate it from the area of Experience that it is meant to model (this is the principle
of movies for instance, but also cinematics) [however there is no evidence that the identity of
this sequence of experiences with the corresponding area of Experience is stable under direct
introspection]. This does not mean that the whole of Experience follows this schema (an abuse
of a modelisation). In particular, one can see in Husserl's ideas of protention and retention a
contradiction to this phenomenal time linearity: at the phenomenal microscopic level, past and
future are intertwined in a non-trivial way.

On the other hand, this model is good enough (in the same way as Newtonian physics are still
considered as good enough in particular conditions despite the advances of Einsteinian physics)
for some areas of Experience, for instance when one cannot notice any di�erenciation in it: when
one extracts from it temporal sections one does not di�erenciate these temporal sections and as a
consequence identi�es (up to perception) these experiences. One can thus identify the considered
area of Experience to any extracted series of experiences in which time di�erenciation is not
perceived.

The set of possible experiences:

The approach of integrated information theory is also founded tacitely on the notion of set
of possible experiences. Besides the absence of guarantee that the totality of Experience can
be thought in terms of experiences, there are multiple indeterminacies in this expression, which
correspond to many ways to interpret them. A �rst indeterminacy is on the subject of these
experiences: this set (if properly de�ned) can depend on the subject, who could be the reader or
the author, or a minimal subject of experiences common to all human beings (if properly de�ned).
Another indeterminacy is on what "can have" means. This could refer to the experiences that one
would experience in particular physical conditions (third person perspective), or to the experiences
that one can imagine having (�rst person perspective). In my view it is reasonable to de�ne the
set of possible experiences as the one that J - designating here indeterminately any subject in a
group in intersubjective interaction - can imagine having (in a �rst person perspective), so that any
statement made can be falsi�ed by one of the subjects in the group, by direct introspection in the
frame of agreed terms. The collective generality of the statements such a group can make can only
be evaluated in comparison with other groups (in other words, one cannot generalise straightly as
in objective frameworks).

The de�nition of an enriched set of experiences

With combinations in series of transcendental operations (�nite transcendental algorithms), one
can construct experiences that are not extracted from the Experience: for instance, by twisting
multiple squares cutted in the plane and gluing them together one can build what are called
manifolds in mathematics : a remarkable non observed example (in the actual pre-theorisation
Experience) being the Klein bottle ; another simpler and observable one is the torus. As a tool
for the theorisation of Experience, one can (and usually does implicitely) rely on the de�nition
of an enriched set of experiences, which consists in the set of possible constructions out of
transcendental operations on possible experiences. Its purpose is to set a framework in which one
can attempt to �nd an explanation of the form of the actual set of possible experiences, which
is conceivable since it is possible to relate in the intuition the elements of the enriched set of
experiences with elements of the set of possible experiences, as argued in the following quote of
David Wallace [] in the article Worlds in the Everett interpretation, about the expressive power of
the many-worlds interpretation of quantum mechanics:

"So, as a description of spacetime the many-instants interpretation leaves much to be desired:
it contains arbitrariness, obscures structural features, and we ourselves cannot be said to exist in
any single given instant. Nonetheless it is a description with merits. Speci�cally, it is a complete
description: once we have speci�ed all the contents of all the instants of time and the temporal
relations between instants, we have the entire spacetime. Further, we have an existing intuitive
grasp of what an instant of time is like, and from this we can gain some understanding of what
sort of entity spacetime is. This understanding is enough to make contact between our experiences
and the formalism of relativity, granting the theory predictive and explanatory power." - David

26



Wallace

In practice, one de�nes a subset of this theoretical enriched set of experiences, generated over
the set of possible experiences by combination of a �nite set of transcendental operations. For the
integrated information theory's system, it seems that this enriched set is co-de�ned with the model
of experiences.

3.1.2.2 A system of elementary transcendental operations Along with this framework
one can see integrated information theory's system as the identi�cation of a set of elementary
transcendental operations, constituted into a system for the purpose of constructing a transcendenc
model (in other words the extraction and processing by the J of information contained in rough
experience). For each of these elementary transcendental operations are of constitutive nature, I
shall call them articles of the model. I also made the choice to rename these articles in line with
their transcendental nature.

The �rst article states the reality (corresponding to the 'axiom' of existence) of consciousness,
understood as the transcendental relation of J to the Experience, which modeled as a series of
experiences such as described in the last section. The purpose of this article is to designate the
direction of interest for the investigation. Let us note that it is possible to go further with a
hypothesis on the nature of reality, for instance that the experience that J have is causally related
to the objective world (this relation is the ultimate aim of this study), more speci�cally to the part
of me which belongs to this world (my body). The article of distinction (corr. to composition)
states that J can distinguish 'things' in any experience, thought as areas in this experience, wether
they are identical or di�erent from it. In the words of Husserl: "All consciousness is consciousness
of something". As a matter of fact, consciousness in quotidian experience is the consciousness of
multiple things that one identi�es in the experience (whatever is the nature of this thing: a feeling,
an object, a thought, etc). The distinction of multiple things in an experience (in other words at
the same time) and the further analysis of their relations implies the possibility to display these
things in a spatial frame (this corresponds to the Kantian intuition form in which things appear,
which models the spatiality of an experience). The article of exhaustion (corr. to information)
states then that the sequence of spatial displays of 'things' exhausts what experience is, in the
sense that an experience is exactly how it di�ers from other experiences, and it di�ers by what
it contains. Although this article is similar in its formulation to the axiom of intentionality in
sets theory, these statements are of di�erent nature - the axiomatic nature comes from the fact
that intentionality derives from the de�nition of the framework (the de�nition of sets). Moreover
it is involved in the discourse about experience in the sense that it allows the comparison of an
experience to another one in the model. Also it implies the deterministic character of experience (in
particular it is not strictly probabilistic). The article of non-separability (corr. to integration)
relies on the operation of separation of an experience into two parts (according to the spatiality
of things display). This assumes the use of a more abstract spatiality, where the place of a things
is its identity. The article states that an experience is di�erent (in the sense that one does not
recover the same things in these experiences through exhaustion) from any experience obtained by
a non-trivial separation (for instance a blue sphere is di�erent from concatenation of the color blue
and the form of the sphere). It is di�erent from the hypothesis of integration, made in integrated
information theory, that there exists a physical phenomenon which explains the non-separability
(as a 'force' opposed to the action of separation), in particular for the reason that integration can
take multiple forms, which is not the case for the non-separability. Finally the article of non-
extractibility (corr. to exclusion) uses the operation of suppression, acting on experiences that
are under separation by forgetting one of the after separation parts. I shall call the composition of
separation and suppression an extraction. The article states then that an experience is di�erent
from any experience obtained by extraction from it (in particular one can derive that a possible
experience is di�erent from any experience that extends it).

Comments:
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Although this constitutive system satis�es some of the properties which are required for the
foundation of a theory - for instance that they are coherent - this does not derive in the same way
as for an axiomatic system: in this case, it derives from the constitutive nature of the system,
while in logics this comes from the impossibility to derive two contradictory propositions by the
combination of the axioms. Moreover the statement of self-evidence is misleading for the reason
that it leads to the (usual in mathematics) identi�cation area by area of the in-construction model
of Experience with the Experience itself, and the illusory tautological character of statements
which have constitutive nature and of which it does not make sense to talk about truth (as evoked
earlier).

3.1.3 Further staticisation by projection in a �xed formal context

After theorising the Experience into a fundamental system, the direction that the theory takes is
to search for a connection between the structure of Experience as such and the objective world (in
particular with brain mechanisms) in order to �nd in physics the origin of phenomenal experience
and explain its structure out of the brain mechanisms properties. Its strategy is to produce a
mathematical version for each of the elements of its fundamental system in order to realise this
connection through the medium of mathematical language. In the following I analyse the mode
of production ('formalisation' according to integrated information theory's proponents, amongst
other terms such as 'translation' or 'derivation') of these mathematical versions and the epistemic
di�culties it generates, in particular when one tries to go in the inverse direction (from the for-
malism to reality), for instance accounting for aspects of reality (such as phenomenal spatiality)
in the constructed formalism. Besides the manifest dynamicity of the designation of the mode
of production itself, it possible once again to interpret these di�culties in terms of statical and
dynamical discourse phases.

3.1.3.1 Projection of the system in a �xed formal context The current modelisation
paradigm for brain architecture is currently focused on neural networks, which are modeled as
�nite probabilistic dynamical systems. In this formal context a physical system such as the brain
is considered as the collection of a �nite set of units, where each of these units' state is considered
to be in a �nite set of possible sets, each of which are represented with a symbol. The state of the
whole system (meaning the collection of its units states) is updated regularly according to some
transition probability measures. In other words every update consists in changing the state of
every unit randomly in a way such that the propability to change the unit's state is determined
in advance and depends on the current state of all the other units. In particular learning neural
networks machine learning and arti�cial intelligence belong to this formalism. The success of these
networks is correlated with the impressive achievements in automatic learning and elaboration
of game strategies and is the reason why we tend to assimilate human intelligence and brain
architecture with this neural networks formalism. Despite the progression in understanding of the
glia's importance for human cognition, this identi�cation has still an important impact on brain
modelisation. As a matter of fact, integrated information theory follows this schema.

The 'formalisation' of the fundamental system begins with the 'formalisation' of its �rst element
(the 'axiom' of existence) using another dynamical identi�cation between reality (or existence for
a subject) and causality known as the Eleatic principle:
Eleatic principle[[Colyvan]]: An entity is to be counted as real if and only if it is capable
of participating in causal processes.

The interpretation of this principle in integrated information theory replaces the word 'real'
with 'existing' and 'participating in causal processes' with 'having a cause and an e�ect'. The
interest of this identi�cation is that it is possible to �nd an interpretation of causality (in terms
of causes and e�ects) in the context of �nite probabilistic dynamical systems (in particular there
exists already some formalisation for causality developped by the mathematician J.Pearl [Pearl]).
In particular the existence 'axiom' is 'formalised' into the principle according to which what exists
for a subject has a cause and an e�ect on this subject. This 'formalisation' is a projection: it is
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a possible interpretation of the Eleatic principle formulation given a priori the context of �nite
probabilistic dynamical systems, but there is no reason to identify this principle's formula with the
reality that it points to, and a forciori its formal counterpart with of this reality. After that the
'formalisation' of the system's other element follow a similar line, projecting their formulation into
the contextual formalism of �nite probabilistic dynamical systems using the same 'formalisation'
of causality.

In this production the theory also still relies on a form of the constancy hypothesis (mentioned
in the introduction) which identi�es in a strong sense any 'atomic' experience (a bit of information
about it) with 'atom of space and time in a certain state' (which in particular 'exists' according the
theory's interpretation of existence). The importance of this hypothesis lies in the possibility to
apply the principles ruling the Experience to its projection on the formal context by isomorphism.
This hypothesis is in fact a strong position: one can imagine a lot of other a priori plausible ways
(even if mathematical) for the Experience to be causaly related to the objective world.

Along its 'formalisation' process the theory produces a formalism which is 'somehow' related
to reality but is not guaranteed to talk about it. Furthermore the use of the Eleatic principle as
well as the reasoning structure used in the theory's construction should recall some metaphysical
argumentations criticized by Kant in his Critique of Pure reason (p.570, l. 11), such as Leibnizian
proof of God's existence a contingentia mundi, also called cosmological proof: "If something exists,
then an absolutely necessary being also has to exist. Now I myself, at least, exist; therefore, an
absolutely necessary being exists. " According to Kant, this proof, which "in order to ground itself
securely, [...] gets a footing in experience, and thereby gives itself the reputation that it is distinct
from the ontological [Cartesian] proof". But as soon as this is done, "reason says farewell to it
[experience] entirely and turns its inquiry back to mere concepts", and in fact reduces itself to the
ontological proof.

This similarity should be a hint of the theory's epistemic unstability. Moreover as it is de-
ductively detached from its origin, the ability of the formalism developped in this theory to talk
about reality is subjected to ostensive proof, which is still lacking. On the other hand this does
not imply that it is not possible at all to use mathematical language to talk about phenomenal
experience as such, but a fertile way to do it may come from another formal context than the
current paradigm's one [consider for instance the formalisation of computation by A.Turing which
appeared in a completely di�erent setting than former attempts by A.Church (lambda calculus)
and K.Gödel (computable functions)]

3.1.3.2 Procustean cut on phenomenal spatiality One of the most recent outcomes of
the theory was an attempt to deploy it in order to explain the observations of a 'phenomenology'
(understood here etymologically as the discourse on Experience as such) of space, in other words
the any experience's spatiality - chosen for its 'introspectable' character, in the sense that spatiality
under direct introspection has more structure than the only sensation of space, contrarily to color
or pain for instance.

Beyond the 'formalisation' of its fundamental system, the theory conjectures an identity be-
tween a phenomenal experience experienced by a physical system (which does have an experience if
it veri�es a particular mathematical condition which consists roughly in being an integration max-
imum amongst other abstract systems obtained by extraction from the whole physical world) and
this system's cause-e�ect structure at the time of experience. This cause-e�ect structure can be
thought of roughly as the set of subsystems that have a cause and an e�ect, both in an irreducible
way - which means that the causal relation it has with the cause or e�ect can not be reduced to
multiple independent causal relations.

In this setting, in order to account for the spatial character of any experience that J can
imagine having, the theory adopts the following argumentation:

1. It is 'known' that bidimensional grid-like neural networks "map" visual space and body space
(terms used in [Haun Tononi]), in the sense that to every position - or neuron - in the grid-
like network corresponds to a position in the considered phenomenal space - in other words
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there is a one-to-one correspondance between the network and the phenomenal space (in
coherence with the constancy hypothesis). As a consequence it is probable that one could
account for the 'existence' of space, or its 'presence' in an experience with a causal analysis
of these grid-like neural networks, using the 'formalisation' of the fundamental system into
causal terms.

2. If one computes the cause-e�ect structure (as described above) of a simpli�ed �nite grid neural
network, one can observe that the set of groups of this grid's units that 'exist' (meaning that
have a cause and an e�ect in the dynamics of the network) satis�es some structural properties,
amongst which the following ones: 'most' of these groups contains strictly another group
which is in the set, and another one that strictly contains it (of course that can not be
veri�ed for the group of all the units of the grid).

3. One can observe that J can distinguish in any experience some 'things' (which although
not properly de�ned in the text [Haun Tononi] can be thought of as areas delimited by
closed paths when considered in the visual phenomenal space for instance) in this experience
which are invariant from experience to experience and whose set satis�es the same structural
properties as the set of 'existing' groups of units in the grid-like network.

4. As a consequence the bidimensionnal grid-like neural networks account, trought their cause-
e�ect structure, for some aspects of the spatiality of any experience. This supports (according
to the theory) the conjecture of identity between the cause-e�ect structure of the physical
system (my body) and the experience that J have, althought the identity is only partial at
this point.

I identi�ed multiple direct di�culties with this argumentation:

1. Partiality of the correspondance:

The properties chosen to make a correspondance between experience's spatiality and grid-like
neural networks' cause-e�ect structure are manifestly ad hoc: in fact these properties are not
speci�c of any of the correspondance's terms - for instance any �nite graph's parts set statis�es
the same properties. In more trivial words this segment of the theory's argumentation is
similar to an identity statement between a tomato and the little red book, based on the fact
that they are both red.

2. Partiality of the representation:

As a matter of fact, the 'characterisation' of phenomenal spatiality as a set of areas misses
various aspects of this spatiality, such as for instance, its continuous presentation or its
orientation (top-bottom and left-right), which manifestly belong to the Experience, in the
sense that they are immediately accessible, for instance when one evaluates the relative
positions of two areas of space. Moreover the theory's account of spatiality does not take
into account the variations in the sensation of space - for instance when one closes the eyes. It
is thus manifest that, in order to make the correspondance they draw appear to be e�ective,
the theory operations a procustean cut on spatiality by supressing from its representation
(in the text) some of its fundamental properties.

3. On the actual 'presence' of space areas:

Even more importantly if one thinks of the experience as everything that appears - without
cognitive e�ort - in the Experience at a time, then the areas that are used in the above
argumentation - in order to characterise phenomenal spatiality - are not strictly present in
the experience without me 'creating' them by my consideration (by further cognitive process)
or by extracting the presence an object 'supported' by this area of space (which can be an
actual object, a closed path drawn on a sheet of paper or imagined in my mind by a similar
process). A proper account of spatiality should also exhibit this ontological dependance of
the areas of space on objects that are 'present' in an experience.
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Furthermore phenomenal spatiality is better represented and understood in already existing
mathematical notions of space - in fact the understanding of spatiality belongs properly to math-
ematics and its formal characterisation to mathematicians. Although this does not lead to an
explanation of phenomenal space's form in physical terms, there exists a better account of this
space with bidimensional manifolds with (visual space) or without (body space) edges, augmented
with an orientation, some metrics, etc.

Moreover even if the correspondance between phenomenal spatiality and the cause e�ect-
structure of a neural network was more complete, this would not support the identity statement
- which in fact is not necessary for an understanding of Experience and its origin in the physical
world - but only a categorial mapping between concepts and areas of Experience - which is enough
to enable one to act on the Experience. For an analogy with mathematics, in category theory,
when there exists a functor between, for instance, an algebraic category and a topological one, the
categories may have the same structure (identi�ed by the functor) but they stay phenomenally
di�erent.

In terms of the statical and dynamical phases of the discourse, the theory's account of phenom-
enal spatiality relies on arti�cial staticisation of two dynamical designations: the correspondance
between grid-like neural networks and phenomenal spatiality, and the characterisation of this spa-
tiality with a set of areas. These arti�cial staticisations are transported to the discussion on this
matter (at the intersubjective level) in which the argumentation in favor of the theory takes the
form of a demand for an understanding e�ort towards the theory's statements in this particular
context. This e�ort consists simply in the suspension of critical thinking on introspection and the
integration of this pair of statisations. This way the 'phenomenology' conducted by integrated
information theory stands in complete opposition to the phenomenology professed by the authors,
as one can see in F.Varela's following description:

"In PhR the skill to be mobilized is called bracketing for good reasons, since it seeks precisely the
opposite e�ect of an uncritical introspection: it cuts short our quick and fast elaborations and
beliefs, in particular locating and putting in abeyance what we think we 'should' �nd, or some

'expected' description". - F.Varela [V96].

In the present context, what one 'should' �nd is precisely what one should accept in order
to 'understand' the theory's statements. As a matter of fact, the intersubjective expansion of
this theory relies on the absence of intersubjective agreement on the meaning of what is said
by the theory, which thus does not say anything objective, even in terms of the intersubjective
interpretation of objectivity. Beyond coercive persuasion the only factor of its expansion is the
persuasive force of a collection of unproperly de�ned analogies (that they call explanations) which
are unproperly interconnected, this force coming from the number of these analogies and not from
their actual epistemic force. Despite the fact that the use of causality is widely spread in philosophy
of mind and its vocabulary already present in Kant's writtings, one can however attribute to this
theory the merits of perceiving the possibility of using causality in the formalisation of phenomenal
experience as such.

On a broader scope, the limit between what belongs to an experience and my actions on this
experience at this time is itself dynamical. In other words it is di�cult to distinguish them, in
particular when the intensity of the actions is extremely small, or when one objecti�es his or
her own thoughts for instance - seeing them as part of the Experience. If this designation was
static, it would enable a quanti�cation of anything's presence to my mind - as the quantity of
cognitive e�ort needed to isolate this thing from its context - and the possibility to share this
without any hypothesis on the nature of this quanti�cation (which would derive from a theory
which is reductionist, fundamentalist and uni�cationist a priori), and thus construct an objective
representation of the structure of any experience. I believe that this is the kind objectivity that is
aimed at by the theory, but arti�ced through the staticisation of the limit's designation. Despite
its manifest dynamical character in the discussions on this matter, in which the designations of

31



the areas of space mentioned above oscilate between a their description as attention focus actions
(contradicting their exitence in the experience by de�nition but used for persuasion) or as simply
'there'. It is remarkable that the counter-critic from the theory on this matter relies on this very
di�culty from the other to determine the limit between what is perceived and what is cognised
and thus to propose another (viable) solution: the absence of response from the interlocutor is
interpreted as an argument in favor of the theory (while it should be invalidated for its arti�cial
staticisation).

Moreover in this interpretation, there are other aspects of phenomenal spatiality that are not
accounted by the theory's approach, for instance the greater presence of square areas compared to
others, or the greater presence of the totality of the areas occupied by objects in the experience
compared to subgroups of objects.

Let us also notice some more epistemic di�culties in the interpretation of existence as presence
intensity: should one consider in the experience what appears independantly from only conscious
cognitive actions or all of them ? In the latter case, how can J distinguish parts of an experience
that depend on cognitive actions that J do not perceive ?

3.1.3.3 Conclusive remarks From what I understand of integrated information theory's for-
malism, its derivation from the concept of consciousness is not rigorous enough (in the sense that
there is a loss of meaning in this process) to expect with certainty any signi�cant explanation
phenomenal experience physical origin to come out of it. Despite the fact that the 'explanation'
proposed is not accurate enough (which one can see on the attempt of account for spatiality), one
could attempt to retroact on the formalisation in order for it to be more adapted to the reality
of Experience, by progressive recti�cations. However this strategy, which relies on the tension
that exists between the current formalism and the observation of the phenomenal world, is not
guaranteed to provide a meaningful direction.

This might be di�erent in an application of the formalism to some microbiological systems,
whose structure are better understood (although not in a systematic manner). This would yield
an orientation of the theory towards a systematic understanding of organisedness (including for
instance functional division, or the character of autonomy) of these systems, in which the 'axioms'
of integrated information theory would merely play the role of principles, in the dynamic de�nition
of causal structure, and in a dialogue with micro-biological data. The non-foundational character
of the 'axioms' in this context yields the possibility of purely mathematical and physical principles
in this de�nition, as well as the possibility of other formalisms, which would at the same time
be more accurate and more tractable (where the formalism of integrated information is clearly
untractable, bounding its development).

As a matter of fact, despite the interest of this theory in producing concepts and meaning
at the border between cognitive sciences and philosophy, which is important for the problem of
consciousness' physical origin, this conceptualisation comes with the cost of tractability and in-
tuitiveness at the same time. Despite these issues, the theory's visibility can be explained by its
ability to produce concepts - granting it Deuleuzian value. This in turn comes from the formalisa-
tion process itself, in which the separation between sciences and philosophy is just broken, without
an understanding of the reason why they were separated - in fact, multidisciplinarity is replaced
here with non-disciplinarity. In the present section I used the notion of dynamical and statical
phases of the discourse in order to analyse the way these phases interact in this theory, yielding
the description of a 'knot' of dynamical and statical designations. In the following my aim is to use
the phases separation criterion (presented in the �rst section) in order to provide an alternative
'formalisation' for the transcendental intretation of integrated information theory's fundamental
system. This alternative makes use in particular of the localisation principle (formulated in the
present section), in order to create a coherent formal 'contact surface' (a window) between the dis-
ciplines of mathematics and phenomenology, allowing to initiation of a dialogue while preserving
the intuitiveness and the tractability in the formalisation. In this expression I understand a surface
as a structure that one can explore from both epistemic formations but at the same time applies
constraint on the exploration, avoiding the action of the will in the constitution of a theory about
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it.

3.2 Towards of a systematised approach of objectness: intuitions

The strategy that I will follow is to try to understand better the observations of integrated infor-
mation theory's fundamental system in the transcendental interpretation. For its elements have
a transcendental nature, there are two ways to progress in their understanding using formalism:
projecting them onto a �xed formal context and producing formal objects representing them by
analogy (with loss of meaning); or restricting their domain (as operations) to 'formal' objects.
In doing so, one 'encapsulates' these operations in a formal context which participates to what
they actually are. Following this theoretical orientation, I choose to focus on the distinction op-
eration, which is the most 'graspable' (or in other words introspectable, following the observation
in [Haun Tononi] that spatiality is more introspectable than emotions or colors) - the reason being
that designations produced in this direction are more stable intersubjectively. Along with the
attempt of explaining this phenomenon, one may �nd along the way a possible explanation for
other ones in the fundamental system (in particular integration, or various forms of integration,
underlying non-separability). Despite the fact that one would �nd this by analogy, it would be
expressed in formal terms depending mathematically on the formal representation of the objects
towards which the transcendental operation is restricted, themselves consisting in statical designa-
tions. The closest mathematical type (in the above typology) to this quest is the re�exive one: in
the same way Turing machine 'explains' computation and category theory 'explains' the cognitive
instanciation of mathematical objects, I am searching for formal objects that could explain phe-
nomenal objectness (the distinction of objects in the phenomenal �eld), in experiences that can
themselves be described formally. In this section I expose some intuitions which I extracted from
past decades theoretical ground, explaining the form of the formal framework that I will introduce
in the last section of this text.

3.2.1 From the third person perspective to the �rst person one

The �rst intuition that I want to communicate is that of the di�culty to keep the �rst person
perspective (which is what to be understood) at the center of attention.

In particular I have noticed that most of the contemporary theories of consciousness rely on a
form of concept tokening analogy (amongst which the attentional schema theory of M.Graziano or
the strong AI (term of J.Searle) supported by D.Dennett): since it is possible to token the concept
of consciousness in one's mind using a speci�c device, whether it is a ventriloque's puppet or an
elaborated algorithm, meaning that this device appears as conscious in the intuition, then this
device is conscious in its full sense, meaning that it should have phenomenal experience. However
since one cannot reasonably conceive that this device is experiencing anything, it is concluded that
phenomenal experience itself should be an illusion. As a matter of fact here the unquestioned
analogy-based reasoning prevails on immediate intuition of phenomenal experience, which is to
forget the nature of concept-tokening analogy phenomenological progression: its result should be
considered as a good way to give an orientation to the intuition for the purpose of understanding
of consciousness and not as a de�nitive answer.

In fact the �aws of this reasoning can be seen with J.Searle's Chinese room argument : this
argument consists in imagining oneself (an english speaker) in a closed room with an opening wich
is small enough so that one is not noticeable from the outside and being in charge to translate in
english a text, input from outside, on a tape of paper written with chinese symbols, according to
a symbol-manipulating program written in english, and then output the translated text. Despite
the fact that from the outside one perceives the room as understanding Chinese (as the room is
the only thing that one perceives and is interpreted as the translation's actor), this is in reality not
true since J can imagine myself being the one in the room even if I don't understand Chinese. As
a consequence consciousness from the third person perspective is the illusion while consciousness
from the �rst person perspective does exist (and thus those two forms of 'consciousness' should
not be identi�ed!)
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My point here is that the use of concept-tokening analogy has limits, in particular when it is
applied to consciousness. This is the level at which the reasoning should be changed, in partic-
ular to preserve the object of study (phenomenal experience, consciousness from the �rst person
perspective). This is what one should focus on before going further (respectively to the distortion
of scienti�c time). As soon as one has a proper way to approach phenomenal experience system-
atically (which should obey the phases separation criterion) one can try to explain phenomenal
experience in formal terms before going even further with a physical explanation (on the model of
the decomposition of the universal gravitation theory's genesis, into Kepler's mathematical expla-
nation of the partial observation of planets movement and Newton's physical explanation based
on Kepler's work).

3.2.2 Real patterns

Surprisingly enough I found the possibility of combining a formal approach and the �rst person
perspective in the following paper by D.Dennet: Real patterns (1991). In this article, D.Dennett
illustrates his mild realism on beliefs and mental states (questioning their ontological status: do
they exist "out-there" or are they just the product of our imagination?) with the idea that they are
"as real as electrons or centers of gravity" which, although they can be considered as useful �ctions
for our understanding of the world, are real in the sense that they 'belong' to what is observed
"out-there" (such as for instance the planets movement formal description) as behavioral patterns.
In order to do that he uses visual patterns whose reality is identi�ed with their distinguishability
over the background. For some simple patterns this reality can thus be explained in principle by
the possibility to describe them with some proposition. For instance the pattern

can be described as "a square divided in two equal vertical rectangles, one gray and the other
white", while in order to describe a 'random' pattern, for instance the following one:

,

one has to collect every bit of information, which makes the description a lot longer.
The proposed explanation relies on a pre-established interpretation 'program' in the human

mind, and a priori there is no reason that every person has the same 'program' and will perceive
the same patterns as others. Moreover patterns' saillance may depend on expertise, as chessboard
patterns can be detected more e�ciently by expert chess players than random players. The fact
that there are some intersubjectively shared patterns could be explained by the common use that
we have for them (in predictions for instance). However as one can see in the Game of life (a cellular
automaton de�ned by the mathematician J.H.Conway and taken as example by D.Dennett), there
are some patterns that are irresistibly saillant, independantly of any intention towards them, which
makes them real. In the last part of his text Dennett extends these intuitions to folk psychology,
where mental contents and beliefs can be seen as patterns.

A remarkable aspect of Dennett's position in this article is the use of a formal object (J.H.Conway's
Game of life) as a visual experience (or a temporal series of visual experiences) in order to capture
the distinction of patterns as a phenomenon (that I would abstract saying that they are particular
"objects"). I interpret this distinction as visual (and as a consequence perceptual) since it is not
intentional but appears to me without e�ort. Dennett was interested in questioning the reality of
these patterns and did not go further in the use of this model. For my purpose here it is actually
important to notice that by this stance one captures not life itself in J.Conway's model, but also
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the distinction of living 'things' - from the �rst person perspective! - in a particular experience
which can be described formally (by describing each bit of information according to a pre-�xed
visual code).

Furthermore the fact that this model can be considered at the same time as a visual experience
and a mathematical object, that can be studied as such, forming what I may call a porous

contact between phenomenal experience and mathematics, yields some hope to capture formally
the phenomenon of distinction. In my view patterns that one distinguishes are real in the strict
sense, as my conscious experience is real before anything else.

Remark 2. I would rather use the term of reality instead of existence used in integrated information
theory, as it bears metaphysical pre-conceptions that are di�cult to extract.

My strategy is to build a framework for the study of distinction (or phenomenal objectness)
over a class of formal objects which contains this singular model (and more generally cellular
automata) in a more systematic way than Dennett. The reason of this extension beyond the class
of cellular automata is that it is di�cult to theoretise objectness over this class only for tractability
reasons. On the contrary the larger class that I will present in the following contains models that
are simple enough (in particular in terms of causality) to support tractable explaning formalism
and complex enough to provide signi�cant benchmarks for any attempt of uniform explanation
of the distinction phenomenon. This uniformity is fundamental for various reasons: �rst, that a
uniform explanation over a large class of models would explain objectness as such and not objects
speci�c to a model or a small group of models; second, that the proposed explanation would be
more likely to be independent of the perceiving subject (or the evolution of a subject with time)
and thus to have an objective counterpart.

This approach will necessarily involve a dialogue between phenomenology (in the discourse
about phenomenal experience) and its principles as well as mathematics and their principles, and
this is where one should care about the conditions of possibility of such a dialogue. Moreover I
choose to focus on visual experience for the richness of its introspection and assume that perception
of the kind of experiences considered are not impacted by other senses (which seems reasonable
hypothesis given their abstract nature). Naturally it can be objected that patterns in Conway's
cellular automaton are distinguished because they token the concept of living being: thus are not
strictly visual patterns in the sense that their distinction may involve other factors than pure
perception. However we will also consider more abstract models for which this e�ect disappears.

3.2.3 Worlds 'in' the World: an isolation operation

An important aspect of J.Conway's cellular automaton is that, when considered as the description
of visual experience series, these series of experiences are considered in a group of other ones which
is cognitively isolated from the total enriched set of experiences derived from the set of possibles
experiences.

For this model the isolation factor for grouping is the abstraction act inherent to mathematical
de�nition. However this is not the only one possible: for instance one can encounter natural
isolation when looking into a microscope's eyepiece: all the visual experiences that one has there
are considered together as isolated from ordinary experience, and grouped into the 'microscopic
world' (a world 'in' the World). One can �nd another example in the 'animal world' or the 'natural
world' for which the isolation intensity is lower.

In such a 'world in the World', the perception of an experience (or a temporel series of expe-
riences), in particular the distinction operation, is dependent upon the whole world it belongs to,
with gradual intensity according to - possibly multiple - isolations. In the context of Euclidian
geometry for instance, a straight line has a meaning in this speci�c context while it does not have
any particular meaning in the whole set of possible experiences. There is a certain objectivity for
this concept for the reason that the actual isolation operation is not consciously articulated.

As much as objectness the worldness of a world does participate to the concept of consciousness.
In fact the actual set of past experiences is speci�c to the person's singularity and her consciousness,
in particular for the reason that this world has an impact on what J am, determining my thoughts
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and what I perceive in the World, what J evaluate as possible, and thus my decisions and actions.
This is, I believe, one reason of the inclusion of the concept of world in Heidegger's concept of
dasein (being-to-the-world).

For my purpose the interest of the isolation transcendental operation is that it is possible to
avoid projection of its concept and use instead domain restriction in order to formalise it: indeed, for
any model such as Conway's cellular automaton, one can conceive an actual phenomenal grouping
when considering a microscope in whose eyepiece one can see the series of visual experiences
described by the model and only those. These models can be then used to describe a particular
(ideal) 'world in the World'. In the following, I shall call them micro-worlds (the term 'micro'
refering to the fact that these worlds contain only a very small quantity of in-formation (as the
action of the world on general distinction)).

Furthermore the objectivity of the concept of world in the World allows the application of
the localisation principle (in particular through the mathematical descriptibility of micro-worlds),
which is a fundamental factor in the scienti�sation of the investigation. The mathematical de-
scriptibility also allows the possibility of an exhaustive collection of distinctions in micro-worlds as
well as the possibility of an exhaustive search for an explanation (that I shall call an ontology) for
the whole set of distinctions, and the robustness of its results (in that exhaustiveness also prevents
from neglecting hidden factors in actual distinction and thus the in-signi�cance of the explanation).

In order to de�ned a formal framework for the study of micro-worlds, I will also assume the
following hypotheses:

1. that the visual experiences considered are in�nite ones: what one actually sees is considered
as a part of an in�nite 'experience' that is experienced by parts, by shifting it ad inde�nitum.
(in mathematical terms, the in�nite experience is the inverse limit of a series of experiences
obtained by extension). This in�nite experience is conceivable in the enriched set of ex-
periences of a micro-world (which is what I will actually consider). This hypothesis serves
the formal analysis by neglecting border e�ects, and is reasonable for the reason that what
we perceive in the center is perceptively not a�ected by what lies at the limit of the visual
scope. In fact it is present in Euclidian geometry, where it does not a�ect the truth of any
proposition, but grounds the possibility of the representation of arbitrarily large �gures.

2. that any of the micro-worlds are invariants by shifting, meaning that if an experience is
possible in this world, then any of the experiences obtained by shifting (in any direction) this
one is possible in this world.

Let us notice that the transition to a mathematical framework relies non-reductibly on the
transcendental one; this transition mainly consists in the objective progression on the basis of
what is the object of a (potential) intersubjective agreement.

3.2.4 Objectal complexity

Along with the search of a formal explanation for the phenomenon of distinction, one can search for
a quanti�cation of the 'richness' or 'complexity' of any experience with respect to distinction (which
is di�erent from a 'quanti�cation of consciousness' but closer than any other existing quantities):
a form of objectal complexity. The possibility of a mathematical de�nition of such a quanti�cation
can at the same time serve as a test for a formal 'ontology' and be derived from it. Such a notion of
complexity would be speci�c to perception and di�erent from algorithmic complexity developped
in the last XXth century: as a matter of fact, although a random pattern is 'complex' in this
sense, meaning that it is di�cult to describe with an algorithm (bit by bit description), it does not
mean it is perceptually rich: no 'thing' is perceived in it. On the contrary, the experience that J
have contains many things and types of things, articulated in many ways, and this constitutes its
richness.
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3.2.5 Conclusive remarks

I would like to notice that the framework in construction in this text is speci�c to a particu-
lar approach, derived by un-knoting integrated information theory's knot of static and dynamic
designations, and can not a priori be generalised outside of this context.

This framework allows in particular to search for ontologies derived from the ones proposed
by integrated information theory [AOT] by re-ordering the mathematical operations involved in
them (for instance cutting, summing, etc) in order to build another formalism which would be
tractable - which would possibly allow an ostensive proof of its expressiveness (in the same way as
it is possible to re-order the terms of a converging series in order to compute its sum).

The theoretical orientation that I propose in the following section is not strictly speaking
mathematical for the reason that, by the nature of its object (the understanding of the distinction
transcendental operation as such) it has to include intradiscursively (and not paradiscursively as
in mathematics) a dynamical phase. It is close enough to re�exive mathematics in the sense that
the elements of the discourse (the ontologies), which derive from the practice of phenomenology,
are speci�c to a transcendental position and not to the object only towards which it is directed.
However in re�exive mathematics, this object is mathematical and extracted from its experiential
context, while my approach is meant to place this context back at the center, while ensuring that
the description is made in a reliable way.

The phases separation strategy is implemented in a way that preserves the dynamical (for the
collection of distinctions description, speci�cally phenomenological) and statical (for the formal
ontological statements relating these description to the description of the model) nature of the
discourse types involved in the dialogue; and what permits this dialogue is the existence of a
'porous contaxt' between the formal world and the world of perception in the micro-worlds, which
can be considered at the same time as an experience (in its plain sense) and a formal object.

4 A formalism of micro-worlds

In this section I introduce a formal framework, for the study of objectness, inspired by the intuitions
described above. It is composed of a series of de�nitions (micro-world, ontologies, etc) and a series
of lemmas, whose purpose is mainly to prove the formalism's tractability, in other words the
possibility to prove non-trivial and intuition-based mathematical results. Let us start with the
formal de�nition of micro-worlds.

4.1 Micro-worlds

Let A be a �nite set of square tiles, that I call alphabet, such as the following:

A01 =
{

, , ,
}

De�nition 1. A micro-world on alphabet A is a subset W of AZ2

(the set of colorations of
an in�nite square grid with elements of the alphabet A) that is shift-invariant, meaning that for
all w ∈ W and v ∈ Z2, (xu)u+v ∈ W . The elements of a micro-world shall be called data

con�gurations.

Each of the data con�gurations of a micro-world is considered as the (mathematical) description
of an experience in this micro-world, from which it should be di�erenciated.

Let us call pattern on alphabet A an element p of some AU, where U is some part of the grid
Z2: this set is called the support of the pattern p. It is straightforward that a subset of AZ2

is
a micro-world if and only if all of its data con�gurations w obey a set of rules, under the form
Rp : ”p does not appear in w", where p is a pattern on alphabet A. The set of patterns associated
to these rules is denoted F and its elements are called forbidden patterns (in the micro-world
W ). For example, the rules de�ned by the set of patterns F01 whose elements are all the possible
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rotations of the following patterns:

, ,

on alphabet A01 yields a micro-world W01 which consists in the set of pictures as the one on
Figure 1.

Figure 1: A microscope eyepiece representation of a data con�guration in the micro-world W01.

Remark 3. The de�nition of micro-world considered here is limited to static bidimensional visual
experiences, but the de�nition can be extended to dynamic experiences, such as series updates
of a bidimensional cellular automaton, by considering shift-invariants subsets of AZ3

(the update
rules of the cellular automaton being translated straightforwardly into rules of the micro-world).
Moreover one can also extend this formally to subsets of AV for a �nite graph whose vertex set is
denoted V . However the rules would not necessarily be applied uniformly, which makes the study
of these systems a priori more di�cult. Moreover it is possible that the graph's structure might
in�uence what is distinguished in the experience. By choosing to restrict to the graph Z2 I cancel
this potential phenomenon.

Remark 4. Let us notice that although we consider here only micro-worlds generated by a �nite
set of rules, which yields only simple objects that seem far from common experience, the following
analysis can be extended to micro-worlds generated by an arbitrary set of rules, yielding much more
complex behaviors. Another way to extend the investigation would be to de�ne micro-worlds in a
continuous setting, taking for example the set of possible �gures of Euclidian geometry.

4.2 Ontologies

Notation 1. Let us denote LA the set of all the possible patterns on the alphabet A and L the set
of all the possible patterns on any alphabet. The language of a micro-world W , denoted L(W ), is
the set of patterns that appear in at least one data con�guration of this micro-world.

For a set S, we will denote P(S) the set of its parts.

De�nition 2. Given a micro-world W , let us call an agreement over X any function W →
P(L(W )).

The De�nition 2 captures the intuition of an intersubjective agreement on the set of patterns
that one distinguishes in data con�gurations of a micro-world. This de�nition enables the descrip-
tion of temporary intersubjective agreements, potentially con�icting. As a consequence it allows
the integration in the discourse of the intersubjective agreements progression along the construc-
tion of a formal explanation of the distinction phenomenon, and materialises the intradiscursive
shift of the phases limit. Given an agreement we will search for an 'explanation' for this agreement
which depends mathematically on the micro-world's formal description.

Notation 2. The set of all the micro-worlds will be denoted by U .
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De�nition 3. An ontology is a function π which to a micro-world W ∈ U associates a function
π(W ) :W → P(L(W )) such that there exists an algorithm which taking as input a micro-world W
outputs a second-order logical formula which has a pattern free variable p and a data con�guration
free variable w such that for all w ∈W , π(W )(w) is the set of patterns which satisfy this formula.

De�nition 4. Given an ontology π, a set D of micro-worlds and a familly of agreements AD(AW :
W → P(L(W ))W∈D, the ontology π is said to be compatible with AD when for all W ∈ D and
for all w ∈W , π(W )(w) = AW (w).

In line with the intuition, I call epistemic force of an ontology the cardinality - the number
of its elements - of an ontology's domain of compatibility with 'natural' agreements: the more an
ontology has signi�cance for our purpose the more it has epistemic force in this sense.

Remark 5. In De�nition 3 it is important to note that an ontology explains an agreement in the
sense that it derives the agreement from the description of the micro-world, thus extending the
strict agreement with a mathematical structure, in the same spirit as Kepler completed the planets
movement description with a mathematical object (an elliptitic path). A fundamental aspect of
this explanation is its exhaustiveness: the ontology explains the presence of some patterns in the
agreement as well as the absence of the others.

Given a 'natural' family of agreements (AW )W∈U we would ideally like to �nd an ontology
on this domain for this family of agreements (it would have maximal expectable epistemic force).
However there is a priori no reason to think that such an ontology actually exists. As a consequence
we will search instead for ontologies with maximal compatibility domain, given a natural family of
agreements (which in practice will be constituted along the ontology's construction), on the basis of
small compatibility domain ontologies (we will recycle the idea of causality in order to �nd them).
Let us note that the di�erence between con�icting 'natural' agreements may often come from the
inclusion of certain patterns in the agreement more than their exclusion: it is easier to agree on that
certain patterns do not 'make sense' in the micro-world and are not distinguished than decide that
they do indeed 'make sense'. Moreover one important criterion for the selection of an agreement
amongst con�icting ones might be the extension of the ontology's domain itself, in other words the
growth of its epistemic force. Another possible criterion is the restriction to agreements of patterns
of which any data con�guration is made (intuitively distinction should satisfy an optimisation
property in terms of quantity of information). These criteria should be considered so far as only
principles of investigation and should be re�ned along with the framework's development.

Remark 6. Although the formalism presented here does not include probability distributions, 'prob-
abilistic ontologies' are not excluded, and it is possible in principle to de�ne the integrated informa-
tion theory's 'ontology' in this framework, which would be based on natural probabily measures such
as the micro-world's (considered as a symbolic dynamical system) invariant measures. The con-
struction of the present framework allows the comparison with other (in particular more tractable,
and not based on a particular probabilistic formal context) ontologies.

4.3 Phenomenology of some micro-worlds

With these de�nitions in mind, let us illustrate them on some simple examples of micro-worlds
and illustrate how phenomenology and mathematics get intertwined along with the de�nition of
ontologies compatible with natural agreements.

4.3.1 De�nition of some naive ontology

Let us consider some simple example of micro-world W00 de�ned by the following alphabet and
forbidden patterns:

A00 =
{

,
}
, F00 =

{
, ,

}
This yields a set of pictures as the ones on Figure 2.
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Figure 2: A microscope eyepiece representation of a data con�guration in the micro-world W00.

In any data con�guration in this micro-world, I assume anyone would distinguish (and phe-
nomenologically observe this distinction) simple possible 'signi�cant' objects: the 'blue left half
planes', 'white right half planes', 'blue plane' and 'white plane', such as the following one:

. . .

...

...

Notation 3. I will thus denote and consider in the following the agreement A00 which to a plane
con�guration will associate the set of patterns reduced to this con�guration and to a half plane one
will associate the set of its two half planes.

In the data con�guration on Figure 2 for instance one can distinguish a blue left half plane
and a white right half plane. This type of patterns do 'make sense' in this micro-world, while the
following 'arbitrary' one does not:

Let us say that a subset of Z2 is connected when one can draw a path in Z2 starting from
any position in this subset, ending to any other and staying in the subset along the way. One
can �nd straightforwardly a (naive) ontology π0 on the domain D that is reduced to the world
W00 (D = {W00}), whose image by the ontology is a formula - which intuitively exists but I won't
make it explicit: in the following I will assimilate the formula with the set of patterns it describes
- describing for any w ∈ W a set of patterns whose elements are the maximal patterns p in AU

00

such that for all position in U has colored with the same symbol, U is a connected subset of Z2

and the restriction of w to U is p.

4.3.2 An obstacle to the naive ontology: dimers

Let us consider the example of the micro-world W01. After considering some data con�gurations
in this micro-world, I distinguish the following patterns (and assume that this leads to a natu-

ral intersubjective agreement): and that are called dimers (giving their name to the

corresponding statistical physics model), and only them.

The principle of exhaustion exposed in the �rst part (interpretation of integrated information
theory's fundamental system in transcendental terms) can be illustrated as follows:
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distinction

This corresponds to the intuition that the experience a data con�guration describes in W01

is made of dimers. The dimers are in this sense the 'constitutive elements' of this micro-world
(as atoms in the physical world), and are distinguished for this reason. In other words they are
natural elements for a uniform description of any data con�guration in W01. Following an idea
of D.Dennett expressed in his article Real patterns, this last interpretation could be used for the
de�nition of an ontology, whose compatibility domain would include W01.

The dimers patterns constitute an agreement that I will denote A01 such that for all w ∈W01,
A01(w) is the set of patterns that appear in w. One can see that the ontology π0 fails to extend onto
the domain {W00,W01} for the agreements A00 and A01, since in some data con�gurations w of
W01, this ontology distinguishes patterns that are not in the agreement A01(w), as the highlighted
in�nite column in the following picture:

...

...

.

This pattern is intuitively excluded from the agreement (intuitively it 'only happened' in the data
con�guration, in other words there is no particular reason for its presence that derive from the
micro-world itself). Moreover, the ontology π0 does not distinguish the dimers themselves. At this
point we should like to search for another ontology which is compatible on domain {W00,W01}
with agreements A00 and A01. Such an ontology will use here causality and will be presented later.
In the rest of this section we will consider other simple examples of micro-worlds and brie�y give
some other interesting phenomenological observations.

4.3.3 E�et of changing the rules

Let us consider the world W ′
01 whose alphabet is A01 and forbidden patterns are F ′

01 = ∅. This
micro-world is thus obtained from W01 by removing all its rules. A typical data con�guration is
then the following:

The di�erence with the micro-world W01 is that dimers are not distinguished anymore (some
dimers are present in data con�gurations but they 'just happen' to be there). One distinguishes
instead dimers' elements as constituants of this new micro-world. In other words the 'principle'
bounding these elements inW01 disappeared. This illustrates the in�uence of the micro-world (and
in particular the rules) on the distinction phenomenon.
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4.3.4 Movement in the micro-world

Another way to perceive that dimers 'make sense' in the world W01 is the intuition of possible
elementary movement in this micro-world: one can move from one experience to another by an
elementary perturbation which consists in changing one symbol of the data con�guration into
another, potentially breaking the rules of the micro-world, and then adapting the data con�guration
to the perturbation - meaning changing a set of symbols which is minimal knowing that the resulting
data con�guration belongs to the micro-world. One can see an example on Figure 3.

perturbation adaptation

Figure 3: Example of possible movement in the microworld W01 from the leftmost picture to the
rightmost one.

It is natural to see an elementary movement in W01 as a displacement of the �rst data con�gu-
ration's dimers wich are preserved along the movement. One could use this idea for the de�nition
of another ontology which would be based on the structure of possible elementary movements - in
other words the possible reactions to an elementary perturbation, and what is preserved through
these perturbations.

4.3.5 Spaced dimers

Let us consider the micro-world on alphabet

A10 =
{

, , , ,
}

which is de�ned by the following set of forbidden patterns F10 whose elements are the patterns
obtained by any rotation of the following ones:

, , ,

An example of data con�gurations in this micro-world is the following one:

While the possible elementary movements in the micro-world W01 corresponds to the displace-
ment of dimers whose movement force the movement of the other dimers, movement inW10 is made
a priori more �exible by the presence of 'space' between the dimers. Data con�gurations can be
described in W10 as 'made' out of dimers with arbitrary space between them. In this micro-world
I distinguish the dimers and the maximal 'spaces' enclosed by them such as the dashed patterns
on the following �gure:
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Let us note that the denomination of 'space' is intuitive, and I do not mean to explain here how
the types of distinctions of a 'space' and 'dimers' di�er. However, at this philosophical time, one
can notice that a space pattern tokens the more general concept of space: as a consequence this
makes this type of micro-worlds interesting for a formal approach of phenomenal space. Moreover
the 'space' patterns considered here echo the intuition of ontological dependence of spaces on
'objects'. In this phenomenology of space one should be tempted to identify a 'space' pattern with
the support of this pattern (where the support of a pattern in AU is U). One can then talk about
the 'possible spaces' of this model (here the set of connected subsets of Z2) and as a consequence
about 'spaces occupied by objects' (here the dimers). Although often identi�ed, they should
be di�erenciated when collecting more systematically 'phenomenological data' about phenomenal
spatiality. In particular the 'space' patterns are more closely related to phenomenal spatiality
than their abstraction, in the sense that they in themselves token more intuition related to this
spatiality (for example the transcendental algorithm by which one recognises 'a space': focusing
one undividable area in it and expanding in every direction at the same time until reaching the
limits).

4.3.6 Drifting curves

In order to illustrate the diversity of the micro-worlds class in terms of the distinction phenomenon,
as well as an example of con�icting possible agreements, let us introduce another micro-world,
denoted W11. This micro-world is on the alphabet

A11 =
{

, , , ,
}

and is de�ned by the set of forbidden pattern F11 de�ned as the union of the two following sets:{
, , , , , , , , ,

}
{

, , , , , , , , ,

}
This yields the following type of pictures:

The phenomenology in this micro-world is similar to the one of the spaced dimers, and one can
distinguish the following type of pattern that I shall call a curve:

. . .

. . .

as well as the spaces between them. These patterns form one possible agreement. The subtelty
here is that one could also distinguish the various parts of the curves: the segments and corners
which constitute them. This second agreement would be in con�ict with the �rst one, and the
ambiguity comes from the ontological status of the parts, since they completely derive from the
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Figure 4: An experience in the world W11.

knowledge of the curves themselves. The selection of one of these agreements should actually come
out of the whole ontological process.

In the following, I will denote A11 the agreement which consists in the distinction in any data
con�guration of all the curves if it contains at least one and else the whole data con�guration
(thought as an in�nite pattern).

4.4 Some causal ontologies

In this section I de�ne some ontologies which go a little bit further in the ontological process
(in the sense that their compatibility domains are larger or may be made larger in principle)
than the naive ontology presented in the last section. As causality notions are widely present in
contemporary philosophy of mind, in particular in theories relating mental content (distinguished
areas of Experience) to causality (such as the integrated information theory reviewed above, but
also W.Salmon's 'counterfactually robust causal relata'), I take causality in general as a theoretical
ground for the de�nition of ontologies (in a similar way at the time of J.Kepler, one should have
suspected to be able to describe astrological phenomena with geometrical �gures); the di�erence
with the aformentioned theories lies in the systematisation of the search for causal ontologies.
After providing some de�nitions related to causality, I introduce two causal ontologies and prove
formally that they are compatible with some natural agreements for the micro-worlds.

4.4.1 De�nitions

4.4.1.1 Causal graphs Let W be a micro-world on alphabet A which is generated by a set of
forbidden patterns F .

Notation 4. Let us denote R the relation between elements of LA such that for any two patterns
p ∈ AU and p ∈ AV, pRq if and only if p and q do not overlap (the intersection of U and V is the
empty set) and ∀w ∈W, (w|U = p⇒ w|V = q). In this case we say that p causes q, or equivalently
that p is a cause of q.

For any pattern p ∈ AU a sub-pattern p′ of p is another pattern AU′
with U′ ⊂ U such that the

restriction of p to U′ is p′.

Notation 5. In the following, for any two patterns p ∈ AU and q ∈ AV whose restrictions on
U ∩ V coincide, I will denote p · q the pattern in AU∪V whose restrictions on U,V are respectively
p and q. We generalise this straightforwardly to any number of patterns.

De�nition 5. For any pattern p, we will call decomposition of p any tuple of non-overlaping
sub-patterns (p1, ..., pn) such that p = p1 · ... · pn.

De�nition 6. We say that the relation pRq is irreducible when there is no non trivial decompo-
sition (p1, p2) of p and (q1, q2) sub-patterns of q such that p1Rq1 and p2Rq2.
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De�nition 7. The causal graph of W , denoted G(W ), is the directed graph:

1. whose vertices are the patterns p in LA which are related (through R) irreducibly with some
pattern q

2. and there is an arrow pointing from a vertex p to another one q if and only if pRq and this
relation is irreducible.

As well the causal graph of a data con�guration w in W , denoted G(w), is the subgraph of G(W )
whose vertices are the patterns that appear in w.

De�nition 8. An irreducible relation pRq is said to be simple when for any pattern p′,

(pRp′ and p′Rq)⇒ p′Rp.

4.4.1.2 Generators of the causal graph

Notation 6. For a pattern p ∈ AU, let us denote |p| the cardinality of U.

De�nition 9. Given W a micro-world, a generator of its causal graph is an irreducible relation
pRa, such that |a| = 1.

Lemma 1. A relation pRa such that |a| = 1 is a generator of the causal graph G(W ) if and only
if there is no sub-pattern q of p and di�erent from p such that q is a cause of a.

Proof. Let us assume the relation pRa.

1. ⇒ by contraposition. If there exists q sub-pattern of p di�erent from p such that qRa,
then there exists another non trivial pattern r which does not overlap q such that p = q · r.
As a consequence, we have qRa and rR∅, which means that pRa is not irreducible.

2. ⇐ by contraposition. If the relation pRa is not a generator, it means that one can write
p = q · r such that q causes a and r is not empty. In particular q is a sub-pattern of p which
is di�erent from it such that q causes a.

Lemma 2. Any irreducible relation pRq can be decomposed into generators in the following
sense: there exists a �nite sequence of patterns p = (p1, ..., pn) such that p = p1 · ... ·pn, and another
sequence of distinct patterns q = (q1, ..., qn) such that for all i, |qi| = 1, and q = q1 · ... · qn, and the
relations piRqi hold and are irreducible. The pair (p, q) is called a decomposition of the relation
pRq.

Remark 7. As a direct consequence a simple relation can be decomposed into simple generators.

Proof. It is trivial to �nd a sequence of distinct patterns (q1, ..., qn) such that for all i, |qi| = 1 and
q = q1 · ... ·qn. Since pRq, for all i the relation pRqi holds. As a consequence there exists a minimal
sub-pattern pi such that piRqi: since it is minimal, the relation piRqi is a generator. Since all the
patterns pi are sub-patterns of p, p1 · ... · pn is also a sub-pattern of p. Since this pattern causes q
and that pRq is irreducible, then p = p1 · ... · pn.

Lemma 2 can be generalized straightforwardly in the following one:

Lemma 3. For any relation pRq there exists a �nite sequence of patterns p = (p1, ..., pn) such
that p = p1 · ... · pn, and another sequence of distinct patterns q = (q1, ..., qn) such that for all i,
|qi| ∈ {0, 1}, and q = q1 · ... · qn, and the relations piRqi hold and are irreducible. The pair (p, q)
is also called a decomposition of the relation pRq.

De�nition 10. Let us consider an irreducible relation pRq, and (p, q) a decomposition of this
relation. The connection graph of this decomposition is the undirected graph whose vertices are
the elements of p and two of these patterns are connected by an edge when they overlap non-trivially.
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Proposition 1. A relation pRq is irreducible if and only if the connection graph of any of its
decompositions is connected.

Proof. Let us assume that the relation pRq holds. Let us prove the direction (⇐) by contrapo-
sition (the other direction has a similar proof). Let us assume that pRq is not irreducible. As a
consequence one can write p = p1 · p2 such that p1 and p2 do not overlap and are not trivial and
q = q1 ·q2 such that p1 causes q1 and p2 causes q2. By decomposing both relations p1Rq1 and p2Rq2
into generators one �nds a decomposition of pRq whose connection graph is not connected.

4.4.1.3 Interpretation of causal relations as in-formation The notion of causal graph
encapsulates a notion of information which is fundamentally di�erent from Shannon's one (in a
similar way as the one posited by integrated information theory) and �ts the intuitive notion of
communication (or information transport) in micro-world, notably used in symbolic dynamics. In
fact one can see a causal relation pRq as an in-formation in the sense that the presence of p gives
form to the data con�guration over q's support. As a consequence the causal graph contains all
the in-formations inside the data con�guration.

On the other hand in terms of the more classical Shannon's notion of information, each symbol
of a data con�guration is usually thought as a bit of information. This information is external (corr.
to extrinseque in integrated information theory) as it concerns an external observer of the data
con�guration, where the in-formation is internal (corr. to intrinseque in integrated information
theory).

In order to perceive the pertinence of this notion of in-formation, it is useful to see in-formation
and (bits of) information as particular cases of the same object type. In particular one can see
any causal relation pRq as an operator which in-forms any data con�guration in which p appears
that q is present. On the other hand and with a bit of translation e�ort one can interpret bits of
informations in similar terms.

For any symbol a in the alphabet A of a micro-world W , and u ∈ Z2, let us denote [a]u the set
of data con�gurations w ∈W such that wu = a.

Given an unknown data con�guration w, the operator acting on the set of AZ2

's subsets such
that the image of a subset S is S

⋂
[a]u is an in-formation to the observer that the data con�guration

considered (if there is one) which is known to be in S has symbol a on position u. One can interpret
the perception of this symbol, itself an information, in a data con�guration as an in-formation of
the observer, which acts on the observer's representation. In a sense the data con�guration contains
this in-formation as a potential, which is here external and not internal.

Starting from no knowledge on the con�guration, meaning that we only know that the con-
�guration is in AZ2

, we know as an end result of the operator that the con�guration is in [a]u.
Furthermore one obtains as the result of an in�nite sequence of in-formations which specify every
position v to be superimposed with the symbol wv, the set {w} which is identi�ed with w (one
arrives this way to a complete information about the data con�guration). I believe that the formu-
lation (widely used) that the data con�guration w 'contains' the bit of information a makes forget
that the nature of the information is of an in-formation of the observer.

One can also see an internal in-formation in terms of information: if a pattern p causes a pattern
q, then the pattern p contains in itself (as a potential) the presence of the pattern q.

In the following I will de�ne some ontologies based on causal relations de�ned above.

4.4.2 Causal stability

The �rst causal ontology that I will present here is based on an intuition that is similar to the
one rooting the de�nition of the functional clustering index [TMRE98], which is that in a complex
system clusters are formed as an overcoming of external interactions, thought as exchanges of
information, by internal interactions. The main di�erence with the causal ontology presented here is
the way the information exchanges (in other words communication) are formalised: instead of using
relative entropy (in line with classical information theory), I use the combinatorial formulation of
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causal relations. This slight di�erence makes the ontology's de�nition more tractable and let us
envision more progress in the whole ontological process.

Notation 7. Let us consider p a pattern which appears in a con�guration w. I will denote C(p, w)
the set of patterns q which appear in w with |q| minimal such that pRq or qRp.

De�nition 11. Let W be a micro-world on alphabet A. A pattern p ∈ AU which appears in a data
con�guration w ∈W is said to satisfy the �rst-order causal stability condition for w when for
all a sub-pattern of p such that |a| = 1 and q ∈ C(a,w) which appears in w, q ⊂ p.

Remark 8. Let us note that although the intuition of this de�nition is in line with the functional
clustering index, its precise form is a bit more complex: this results from the confrontation of the
intuition with phenomenological observation in a precise mathematically descriptible framework.
In fact this confrontation does not consists in the simple projection of the intuition in an arbitrary
�xed formal context but is subjected directly to the tractability condition: the formalisation choices
follow then from this condition. For instance the restriction on the patterns size in De�nition 11
is imposed in order to extend the ontology's compatibility domain from {W00} to {W00,W01}.

Notation 8. Let us denote π0
c the ontology such that for all micro-world W and all w ∈ W ,

π0
c (W )(w) is the set of minimal (for inclusion) patterns in L(W ) that satisfy the �rst-order causal

stability condition for the con�guration w ∈W .

The following proposition states that the ontology π0
c is compatible on domain {W00,W01} with

agreements A00 and A01:

Proposition 2. We have for all w ∈W00, π
0
c (W00)(w) = A00(w) and for all w ∈W01, π

0
c (W01)(w) =

A01(w). However the equivalent statement for W11 is not true.

Proof. 1. For all w ∈ W00, π
0
c (W00)(w) = A00(w). Let us make a list of the patterns which

satisfy the �rst-order causal stability for a data con�guration of w of W00.

� If w is a blue or white plane: it is straightforward that for any two distinct patterns
a and b which appear in W such that |a| = |b| = 1, aRb or bRa. As a consequence
any pattern whose support is strictly included in Z2 does not statisfy �rst-order causal
stability. On the other hand the whole plane pattern is causally stable, and thus minimal
to be so.

� If w consists in two half planes: the reasoning is similar to the �rst point, except
that it is done for each of the two half planes; the conclusion is that the �rst-order
causally stable patterns in w are exactly the two half planes.

Since these two cases exhaust the possible data con�gurations in W00, the set of patterns
distinguished by the ontology for W00 in any con�guration w is equal to A00(w).

2. For all w ∈W01, π
0
c (W01)(w) = A01(w):

� It is straightforward that any pattern a such that |a| = 1 in a data con�guration of
the dimers micro-world is not �rst-order causally stable. Indeed it belongs to a dimer
pattern: let us denote a′ the other part of this dimer. We have that a′ causes and is
caused by a while it is outside the pattern a.

� On the other hand, a dimer is �rst-order causally stable in any data con�guration:
indeed, for any sub-pattern a of this pattern such that |a| = 1 and any con�guration w,
the set C(a,w) is reduced to the other part of the dimer. This together with the �rst
point implies that a dimer is a minimal pattern to be �rst-order causally stable.

� Any other pattern in the language of the micro-world can else be decomposed into dimers
and thus contains strictly a �rst-order causally stable pattern and as a consequence can
not be minimal to be so, or contains at least a half dimer and thus is not �rst-order
causally stable.
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3. However this ontology is not compatible with agreement A11 since the following pattern p
in the agreement A11 does not satisfy the �rst order causal stability condition for any data
con�guration:

. . .. . .
.

Indeed the symbol a colored with light gray can not be caused by a pattern whose size is 1:
a symbol can not cause any other symbol which is at distance greater than one from the �rst
one, and one can check by listing all the possibilities that no symbol in the neighborhood of
a position can cause a symbol on this one. Since for all w in which p appears the pattern
highlighted with north east lines, which is a not a sub-pattern of p, causes this symbol, it is
in C(a,w). Thus it contradicts the �rst-order causal stability condition for p.

Let us consider some possible re�nement in the de�nition of π0
c which is compatible with

agreements A00, A01, A11.

Notation 9. For any con�guration w and patterns p and q ∈ C(p, w) which appear in w, let us
denote δ(p, q, w) the number of symbols that are neighbors of q in the �nite graph G(p, q, w) de�ned
as follows:

1. its vertices are the elements of C(p, w),

2. and there is an edge between two of these vertices if the patterns overlap non-trivially.

We call δ(p, q, w) the degree of q in C(p, w). Let us also denote N (p, w) the set of patterns q ∈
C(p, w) such that δ(p, q, w) is maximal.

De�nition 12. Let W be a micro-world on alphabet A. A pattern p ∈ AU is said to satisfy the
second-order causal stability condition when for all sub-pattern a of p such that |a| = 1 and
q ∈ N (a,w), q is a subpattern of p.

Notation 10. Let us denote π1
c the ontology such that for all micro-world W and all w ∈ W ,

π1
c (W )(w) is the set of minimal patterns which satisfy the second-order causal stability and appear

in w.

Lemma 4. A pattern in the language of the world W00 or W01 is �rst-order causally stable for a
con�guration w if and only if it is second-order causally stable for this con�guration.

Proof. Indeed for W any of the micro-worlds W00,W01 and a a pattern in its language such
that |a| = 1 that appear in a con�guration w, any element q of C(a,w) satis�es |q| = 1. As a
consequence these elements do not overlap and for all of these q, δ(p, q, w) = 0. As a consequence,
N (a,w) = C(a,w). This implies that the �rst-order and second order causal stability conditions
are equivalent for every w.

Proposition 3. The ontology π1
c is compatible with the agreements A00, A01, A11.

Proof.

We have that for all w ∈ W00, π
1
c (W00)(w) = A00(w) and for all w ∈ A01, π

1
c (W01)(w) = A01(w):

this follows from Lemma 4. Let us prove that π1
c (W11) = A11:

1. Any curve pattern is minimally second-order causally stable in the con�gurations

in which it appears. Indeed, let us consider the pattern which consists in a symbol in the
curve pattern and its Moore neighborhood in some con�guration w. Let us assume that this
pattern is for instance as follows:
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Here the central symbol a is caused by exactly the following patterns

whose support has minimal cardinality (two) and causes no pattern. In the list above the
patterns the �rst and second ones have degree 1 in C(a,w). As a consequence N (a,w) is
reduced to the third one, which has degree 2 and is contained in the curve pattern which
contains a. The same reasoning applies for any other position in the curve and any con�g-
uration w (by exhaustive listing of the 3 × 3 square patterns centered on a curve symbol).
Moreover if any number of symbols are removed from a curve pattern without leaving it
empty, consider b any of the left positions that are in the (Von Neumann) neighborhood of
a removed position: the pattern in N (b, w) is not included in the curve pattern.

2. Let us consider any other pattern in some con�guration w. If it intersects a curve without
containing it, then it is not second-order causally stable. If it contains one then it cannot be
minimally second-order causally stable. Any minimally second-order causally stable distinct
from any curve is thus included in one of the maximally connected areas that do not intersect
the curve patterns in this data con�guration. Consider such a pattern and consider a symbol
a in this pattern. Let us assume that the Moore neighborhood of this symbol is all-white.
The patterns in C(a,w) are the following ones:

These two patterns have degree 0 in C(a,w) and thus are both in N (a,w). If the Von Neu-
mann neighborhood intersects a curve, then there is an element of N (a,w) which intersects
the curve. If the data con�guration has curves, this implies, by the repetition of this conclu-
sion, that the pattern intersects one of the curves that are near its border. As a consequence
it can not be minimally second-order causally stable. On the other hand if the data con�g-
uration has no curves, the pattern considered is equal to the whole data con�guration. We
deduce that the set of minimal second-order causally stable patterns are is A11.

4.4.3 Causal structure

In this section I de�ne some ontologies based on the idea that clusters in complex systems are
mathematically related to the structure of the system's causal graph. This more abstract intuition
is followed for instance by the more recent approach of integrated information theory ??. I will
present two of these ontologies, the �rst one compatible on agreement over {W00} and the second
one over {W01}. Both of them follow a common more precise outline: thinking about distinguished
patterns in terms of special orbits in the causal graph.

Let us �rst describe the structure of W01's causal graph by listing its simple generators.

Lemma 5. The following pattern and its translates are simple generators of the causal graphs of
W01:

,

their imagines by rotation, as well as all the similar patterns in which the segment part of the
symbols are not pointing to the symbol highlighted with light gray in the previous �gure. As well
the following pattern:
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and all its translates and their images by rotation are simple generators of W01's causal graph.
There is no other simple generator.

Proof. Let us consider a symbol a of the alphabet placed on a position of Z2, and assume, without
loss of generality, that it is the symbol . The only patterns on the Von Neumann neighborhood
of this position that cause this symbol are the following ones:

For p equal to any of these two patterns, pRa is a generator which is simple since p does not
cause any other pattern. Moreover if any pattern q causes this symbol then it causes one of these
patterns: otherwise the pattern on the Von Neumann neighborhood of the position would not cause
the symbol, which would mean that the pattern could not cause this symbol. As a consequence
there exists p such that pRqRa and the relation qRp does not hold. This implies that there is no
other simple generators than the ones listed in the Lemma.

Notation 11. Let W be a micro-world and p,q two patterns on its alphabet. We denote p ∼ q
when pRq and qRp. This relation is said to be irreducible when both pRq and qRp are irreducible.
It is said to be minimally irreducible when there is trivial pair of sub-patterns p′ and q′ respectively
of p and q′ such that p′ ∼ q′.

Notation 12. Let us denote π2
c the ontology such that for all micro-world W and w ∈ W ,

π3
c (W )(w) is the set of patterns p such that there exists a minimal non-empty subset S of the

causal graph's vertices set such that for all s ∈ S if qRs or sRq is irreducible then q is in S, and
p is the product of all the elements in S.

Notation 13. Let us also denote π3
c the ontology such that for all micro-world W and w ∈ W ,

π2
c (W )(w) is the set of patterns p such that there exists a minimal non-empty subset S of the causal

graph's vertices set such that for all s ∈ S and q which satisfy the following conditions (∗):

1. s ∼ q is minimally irreducible

2. the relations sRq and qRs are simple

3. and there is no other pattern q′ such that sRq′,

then q is in S, and p is the product of all the elements in S.

Proposition 4. The ontology π2
c is compatible with agreement A00 and π3

c is compatible with
agreement A01.

Proof. 1. For all w ∈ W00, π
2
c (W00)(w) = A00(w): It is straightforward that the only irre-

ducible relations are between symbols of the same color such that the �rst one is on the right
of the second one if they are blue and on the left if they are white. As a direct consequence
π2
c (W00)(w) = A00(w).

2. For all w ∈ W01, π
3
c (W01)(w) = A01(w): it is su�cient to prove that the only patterns s, q

that satisfy the conditions (∗) are the two symbols of a dimer. Let us assume ad absurdum
that there exists such patterns such that s ∼ q is not a reduced to a dimer. By minimality
it can not contain any dimer. As a consequence, without loss of generality, one can assume
that one of the simple generators in s is of the following form:
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(a) Let us assume that the lower or upper symbol is equal to or . Without loss of
generality, one can assume that this is the upper symbol. Since s ∼ q is minimal and
qRs is simple, it has no dimer simple generator, and since q has to cause the upper
symbol, the highlighted position on the following �gure has to be in the support of q:

Moreover, this symbol has to be equal to or in order to not break local rules. As
a consequence for similar reasons the symbol highlighted on the following �gure has to
be in s:

This means that the relation contains a dimer, and thus is not minimal.

(b) Let us consider now that the generator is as follows:

If the left symbol is or then else the upper symbol or the lower symbol can not
be caused by q unless the relation contains a dimer. As a consequence, let us assume
that this symbol is . In order for the upper position and the lower positions to be
caused by q, and applying the same reasoning as above, the relation has to contain the
following pattern:

Iterating this, one obtains that the relation has to contain the following:

...

...

This relation is minimal, but both s and q are related irreducibly to another pattern
(obtained for instance by suppressing exactly one symbol from the other pattern).

I leave the reader on this section with the following question:

Question 1. Is there an ontology based on the causal structure which is compatible with both
agreements A00, A01 ?

5 Perspectives

5.1 Further research

In this last section I initiated the ontological process around some simple micro-worlds in order
to prove the framework I propose. In further work on this subject one would try to extend the

51



presented ontologies to micro-worlds with progressive complexity (in particular with respect to
causality).

In the search for su�ciently simple micro-worlds one could rely on criteria such as the '�nite
impact radius', meaning that any symbol can not cause any other symbol over positions that are
su�ciently far, uniformly over the alphabet, which is veri�ed by the micro-worlds considered in the
last section. Ultimately, complex square tilings constructions such as R.Robinson's one [Robinson]
can be considered as a benchmark for this development (in the sense that a signi�cant ontology
should include it in its domain): although causality is non trivial in this micro-world, it seems
reasonable to expect �nding a relation between it and the patterns in a natural agreement in its
data con�gurations.

In this direction I expect that the extension of the causal structure ontology will lead to a
useful notion of causal structure, in the perspective of understanding information transfers in
multidimensional subshifts of �nite type and in dynamical systems in general.

Furthermore an analysis of Robinson tilings in causal terms would enable us to access more
complex (in objectal sense of Section 3.2.4) recent and various constructions embedding Turing
computations in tilings [see for instance [GS] [DRS]]. The interest of these constructions, besides
being further benchmarks for the signi�cance of ontologies, is to provide not only intuitive dis-
tinctions but also an intuitive decomposition of its con�gurations into 'functions' patterns that
cooperate in order to enforce a certain behavior (which is the purpose of their construction).

5.2 Comments

The framework presented in the last section should not be considered as de�nitive but should be
remodeled according to the intuitions gained in this direction. I would like also to stress the fact
that the ontologies presented in the last section are not presented for their absolute meaning but as
a step in a dynamical process, a long term project of combining mathematics and phenomenology
in order to understand phenomenal objectness. The interested reader should feel free to search
for completely di�erent ones, as long as they have more meaning for the present discourse: just as
the importance of philosophical concepts depends on their generality (and thus the possibility of
using these concepts in various di�erent situations), the importance of an ontology depends on its
domain's width.

In fact one can think of the phases separation in this section as follows: each of the ontologies
de�nition consists in a statical designation while the direction to take in the ontological process,
signi�ed by the position of particular ontologies of a certain type, is dynamical, as well as the
description of some agreements for a micro-world is statical while the collection of the possible
agreements as well as the most signi�cant agreement are dynamical. As a matter of fact the
discourse exhibits here an inclusion of the dynamical both intradiscursively (the agreements) and
paradiscursively (the ontological progression). On the other hand the end goal of the ontological
process is the creation of concepts that could be used to analyse objectness outside of the framework
de�ned here, having a similar theoretical role as Turing machines in relation to computation in
general.
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