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The current dominant thinking about the natureivafid things and the cognition with which they are
endowed with is that their functionalities mustaireduced to « algorithms ». That is, sets afatipg rules,
instructions, applying to the development of mardess complex physico-chemical interactions sueh a
oxygen and hydrogen gases that combine to fornrwate

We would thus be highly sophisticated machines wkould have spontaneously self-constructed by
having the physically paradoxical capacity, giviea éntropic degradation of the universe, to enthae
durability of their structure in all circumstanceghat characterizes them. This purely computational
approach to life is not, however, scientificallyfmed.

It is the functional analysis of ‘robots’ that wdlie fullyautonomousi.e. artificially alive because able
to ensure in all circumstances the durability @irtlstructure, that will provide with the formakeients
that will justify this assertion. A robot being ara or less complex physico-chemical system comdini
mechanical, electronic and computer elements egdipjith the following elementssensorghat connect
the robot to the external environmeattuatorsthat ensure its mobility and finally eontroller, a
calculation structure that establishes appropinfbemational links between these sensors and tacgia

Autonomousrobotics

The autonomyof robots is currently a major issue in terms wbenation. The point is no less than to
create physicochemical structures which, in thg kenm, would be alive artificially and as such @ndd
with capabilities similar to those of living beg@ terms of the decisions they must take to entheair
durability in all circumstances, which would chdegize them.

This autonomyis a recurrent demand for space exploration, giten the transmission time of a
radio communication between the Earth and a velielemoves for example on the ground of Mars,
can be as long as 20 minutes. Which thus prohdniysinstantaneous control with the vehicle which
must then get by on his own. It would thereforedesirable for this exploration robot to be totally
autonomouss a human being could be in such circumstances.

Depending on the nature of the different objecis éimautonomousobot would perceive with its sensors,
the actions it would perform should therefore behsihat they should ensure the durability of itacitire,
avoiding in particular to damage the delicate amgt expensive measuring devices with which it ismgoed.

If the robot is, for example, sensitive to any tengpure increase of its structure, it would be asagy
that regardless of the temperatures measured byh#mmometric sensor with which it is equipped,
which temperatures would correspond to the hotatdjencountered during its movements, its ‘control’
module or robot brain would be abled@atetwo distinctcategories of actions

‘Escape’ or ‘continue to move in the same directism that the temperature of its structure for
example always less than about 30°C. This would ttwerespond to the creation of the following
two coherent categories of action§flee’ if T>30°} but {{move forward’ if T<30°}.

It should be noted that this functional analysis@bbot that would bautonomouspplies equally to
any physico-chemical structure such as that ofchnieian observing the movements of the mercury
column of a thermometer with which it is equippedud decide to move carefully away from all the
very hot objects he might encounter.

Theindistinguishability of the world objects

This essential ability of thautonomougobot would therefore have to ‘escape’ a hot dbjethe
temperature of its structure were to exceed 30°Qldvdhen logically imply that the different
temperatures measured by the robot thermal sensirgdts various displacements would obviously
bedistinguishabldrom each other by its controller. In other wortiigt the controller can for instance
make the difference between 25°C which is a tentpexac 30°C, and 45°C which is on the contrary a
temperature above 30°C.



Otherwise, the various robot movings initiated bg tontroller could only be performed random
which would certainly be contrary to the expectéditg to avoid any destructive approach with hot
objects in its environment.

That the different temperatures displayed by themeter sensor of the robot are physically
distinguishableby its controller so that the robot can systerallyicurn away from all the very hot objects
in its environment seems to go naturally.

We naturally perform a similar operation when ia thorning we look at the temperature displayed by
the thermometer hanging outside our house in dalé&now whether or not we should keep a warm
clothing to get out of the house. But this taskalths very natural for us, is in fact paradoxicatifigasible
for any inanimate physical structure such as thetro

We can indeed demonstrate mathematically fromdhadl theory of « pattern recognitioh, which
concerns the identification of object shapes basedheir characteristic properties, that the dffier
temperatures measured by the thermometric sengbe abbot are in this casedistinguishableby its
controller which commands the locomotion system.at®h what, for short, we will call the
‘indistinguishability theorem’. Without being a dgpus demonstration of this theorem, the following
scenario allows us to get very close to it :

Let's suppose that a gardener has two objectg,ge ktone that is heavy and a piece of wood
that is light.
o At first, the gardener wants to drive a nail thateeds a board could hurt him. To do this, he
uses the stone that lieavyand not the piece of wood that is obviously light - it is his past
experience that dictates this behaviour. The stiaus aifferentobject from the piece of wood
in terms of theaction of driving a nail.
o In a second time, the same gardener decidesdtelseveral spots in his garden to arrange pldats.
then uses either the stone or the piece of woaktdify distinct locations in the garden. The sta®
now an objecsimilar to the piece of wood since they can have bothahee marking function.

What must be remembered from this story is thapthgsical actions that can be associated with the
two objects called ‘stone’ and ‘piece of wood’, exsially relies on the « gardener's good will »tHa
absence of the gardener who is an alreladgg physico-chemical structure, the two objects are
fundamentallyindistinguishablewith regard to the differersictionsthey can lead to. This is what the
‘indistinguishability theorem’ implies.

This primordial state ahdistinguishabilityof material entities has until now been compleighored
by researchers for whom thestinguishabilityof macroscopic or microscopic objects perceivedéueed
was self-evident and that it was therefore not sgany to question the validity of such an assertion

This ‘theorem of indistinguishability’ actually cqatetely challenges the way we represent the world
and how we act on it to ensure our durability, timeo words to balive.

To illustrate the considerable consequences imphethis ‘indistinguishability theorem’ with regatd
actionswe take in the world to ensure the durability of existence, let us take the example of a simple
thermostat whose sensor is a thermometer wherenéneury meniscus is, for simplicity, either in the
‘high’ position (we then say that it is ‘hot’ indlroom) or in the ‘low’ position (we then say tias ‘cold’
in the room). The position of the meniscus beingeoled by an electrical device, a relay for exampbe
controls the start or stop of a heating device.

What the ‘indistinguishability theorem’ tells ustims case is that in the absence of a techniaihith
is a living physico-chemical structure, which woblavepreparedthe thermostat by connecting together
the various components in an appropriate way, tigh* and ‘low’ positions of the mercury meniscus
would be physicallyndistinguishableby its actuator, here an electrical relay. Thisildanean that the
closing and opening of the relay that controls rdoeating could only be done at random. And not as
desired by the person who buys the thermostatifopérsonal use : « it is ‘cold’, the heating syste
must be switched on », or « it is *hot’, the hegitsystem must be switched off ».

This example of the thermostat is like the maréigploration robot which, in the absence of a tegihni
could only direct itself or turn awagt randomfrom all the objects it would encounter. Reactidmest
would ineluctably lead him to its destruction.
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In the absence of a technician, a naturally livattysico-chemical structure, that would control the
locomotion system of the exploration robot in réie, which is physically impossible because of the
transmission time of radio signals between EarthMars, this robot can only be a more or lessieffic
automatonthat would only be ‘autonomous’ in an exploratf@id whose properties would have been
previously specified by its designer. Apart fronistparticular field, which would have been strictly
defined, the robot could only rea@ndomlyto its perceptions of a new field. As a resultstéctly
autonomougxploration robot is therefore physically impogsib

Darwinian natural selection

It seems that there is nevertheless a pragmaticdavenake this exploration robatitonomousit is to be
inspired by the mechanism implemented in « darwimatural selection » which, according to biolagist
would precisely explain the emergence of animdtiantions with which certain physico-chemical stawes
are equipped and then qualified as living and dusnomous

This « darwinian natural selection » mechanism d/ndeed seem to have this fundamental virtuginge
of autonomyof not requiring the formation ahtegories of coherent actiotigat are unfeasible for a solitary
due to of the ‘indistinguishability theorem’.

This mechanism is called « evolutionary roboti@nsd would involve not only one exploration robot
but several of them. To this end, a number of lsbiould first be sent to martian ground. Upon
returning from their first mission, those robotattivould not have been damaged could then ‘marry’
by combining their artificial ‘genes’. Hence the engence of a new reduced flotilla of ‘son’ robots
having inherited the experience fortuitously acegdiby their ‘parents’. In practice, these artificia
‘genes’ could be constituted by the ‘synaptic w&sglof the artificial neural networks that would
constitute the controllers of the robot fleet.

After several generations of robots having expldnedmartian ground, there should therefore thieatist
exist according to the theory of « natural selectiane or more robots that would have learnedowitthe
help of a technician to avoid all hot objects andglound that could have destroyed them.

One or more exploration robots would thus have tpecgpontaneousutonomouswhich would certainly
go against our previous statement thattimenomyof a solitary exploration robot was physicallyeasgible
because it could only react randomly to the pexmepff objects in its environment.

Evolutionary robotics experiments carried outdmesal laboratories show that this « natural sielect
mechanism is quite operative. But the rationalyaislof thefunctionalduplication mechanism that allows
the birth of ‘son’ robots that have inherited frémeir ‘parents’ through the mixing of the ‘genegrobots
that would have returned unscathed from their eafims, shows that this mechanism is in realitysally
unfeasible due to the ‘indistinguishability theotehike the unfeasible formation abherent categories of
actionsthat would found thautonomyof a solitary exploration robot.

It is this samefunctional duplication mechanism, and not byprint, that allows us to visualise the
information recorded on a DVD that we have justhased. To the disc imprint itself must necessarly
associated with the accurate description of thehamesm for reading the recorded information. Ithis
mechanism ofcoherent readingof information that is in fact physically impodsibbecause of the
‘indistinguishability theorem’.

If these laboratory experiments of « evolutionaspatics » are nevertheless quite convincing, it is
because technicians have necessarily intervenea wery oriented way in the implementation of
algorithms related to the ‘wedding’ process of tsbdefined by their genes. As a technician must
necessarily be involved in the proper installatbelectrical connections between the temperagmscs and
the relay of a thermostat.

In the absence of any technician, the mechanism adrwinian natural selection » applied to
robotics would therefore have no expected abilityénderautonomousone or more robots of the
exploration flotilla.

The functional analysis of the « darwinian natsedéction » process, which we know to be constattly
work in nature by creating a multitude of new spgcshows that it actually only selecting among/ér®us
possibleformsof alreadyautonomousnaterial systems, those that are best adaptenivivesenvironmental
constraints. This process of selectiogms which uses onlymprint reproduction mechanisms and not
functionalones, is perfectly lawful in view of the ‘indisgaishability theorem’.



Consciousness

In short, the realization of aautonomousatrtificially living robot, which is the goal we had set
ourselves, is therefore physically impossible adew to the ‘indistinguishability theorem’. At best
we can only build arautomatonthat will only obey the limited orders that itseator will have
implanted in its memory.

That anautonomousrobot, artificially alive, is finally physically mpossible is undoubtedly
somewhat disappointing for the proponents ofteong artificial intelligence where the various
functionalities of the living, and in particulargbonsciousnessnust all be reduced to algorithms. But
what is ultimately quite paradoxical in the strosense of the term is that there are many physico-
chemical structures on Earth that are natuliwpnomousthey are the living beings !

For the purpose, let us consider a technicialivieg physico-chemical structure, who observes the
movements of the mercury column of a thermometarhib holds in his hands decides to carefully move
away from all very hot objects that could burn laind thereby shorten his life.

The success of this operation of systematic avaglasf hot objects therefore implies that this
technician must be specifically equipped with aaperator » whose essential virtue is to be able to
differentiatebetween the different positions of the mercury is&rs of the thermometer which are
physically indistinguishable between them accordmthe ‘indistinguishability theorem’.

Experimentally, in the ultimate analysis, we ndtattit is the ‘pleasure’ felt by the techniciartlie
success of the operation to avoid hot objectsdbald destroy him, that would be at the originlogt
singular ability that the living possess differentiate objects of the world that are fundamentally
indistinguishablelt is also for the ‘pleasure’ of the techniciahavhas taken a lot of trouble to build
an exploration robot, that it is therefore imperatthat this robot subsequently turn away from any
type of hot object that would inevitably causediéstruction.

The ‘pleasure’ felt by the technician thereforauttssessentially from actions that lead to the gmestion
of his structure or objects he has built. This glea has its origin in his past experience of balivg.

For instance, it was by visiting a foundry in whitie technician began to get very hot, which sehou
bothered him, that the particular technical solufiturn awayfrom the observed incandescent object}
createdby chanceby his brain-computer from sensor data, was speoiasly activated

The fast moving away from the hot object had theebeial effect of rapidly reducing his thermal
discomfort by lowering his body temperature anddhg the concomitant appearance of a ‘pleasure’
who had in that very moment forevaarkedthe action {o turn awayfrom the observed object} which
had then been memorized in his brain-computer.

Hence the current reaction of the technician who,his ‘pleasure’, tries to prevent the robot from
colliding with hot objects on its path, as in haspexperience.

Empirically, the consciousnesgndowed with the extraordinarily pregnasgnsitive qualitiesof
‘pleasure’ and ‘pain’ would be the intended opeardkecause it has the unique power to differenfite
‘its pleasure to be alive’ the objects of the waddich, fundamentally, are physicallydistinguishable
This mode of action afonsciousnessvhich would be reduced to choosing particulahtézal solutions
among those created blindly by our brain as a ctengs in perfect agreement with the paradoxiesiiits
of the experiments of the neurobiologist BenjamibeL : « consciousness vetoes solutions previously
developed some 500ms earlier by the brain-compsiter.

Essential property, theonsciousnesthat the technician naturally possesses, and gemerally all
living beings, isirreducible to any neuronal physicochemical interaction of tinain considering the
‘indistinguishability theorem’. As a result, it Wolbe of anon-physical natursince it is notneasurable

If consciousneswere measurableit could be defined by complementary dual attéisusuch as
hot/cold, white/black,... and the computation oégicates (or descriptors) applied to the new system
{sensor+ consciousness} would then show the following :iagddhis consciousnest the sensor
system whose states were originaihdistinguishable would only increase the number of states
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perceived by the sensor system without reducingntiistinguishabilityof its states. Consciousness
would therefore be of mon-physicahature.

This hypothesis of the non-materiality of conscimss is not physically irrelevant as one mightrst f
think, based on the assumption commonly adoptedhby scientific community that the ‘material
dimension’ is the only possible ‘dimension’ of taverse.

The ‘material dimension’ is not an ‘object’ thatnche observed through measurements. It is only a
concept and therefore results from a processaferent categorizationshich, as we have seen, implies
the existence otonsciousnessa « prime operator », which is necessairitgducible to any physical
interaction because of the ‘indistinguishabilitedhem’. As such, this hypothesis of timn-materialityof
consciousness would therefore be legitimate.

Thus, thestates of consciousnetgat open us to the colourful and sensitive pdimef a universe
otherwise closed on itself, would themselves bednmentallyirreducible to the mental states of our brain
contrary to the theory of ‘mind-brain identityT{L

Thesestates of consciousnea®uld therefore not be the fruit in the physiceiical sense of the term
of specific neural states, but onihducedin another ‘dimension’ by these neural states.sCionsness is
not like the memory of a computer that results frihi@ combination of a multitude of silicon-based
electronic components (semiconductors).

As such,consciousnessould not be reduced to an algorithm as statethéyeuroscientist Stanislas
Dehaene in his book ‘Consciousness and the braiatevit is about a code that describes the location
the different neurons that are activated when tigest says to beonscious

In the experiment that has been carried out, it rdg a question of seeking if there were some
correlations between the statements made by adiwdijeut for instance a ‘pain’ he was feeling, and
the neural activity of certain regions of his brawhich was being viewed using brain imaging
techniques or electrodes implanted in his cortax.tBese measurements did not provide in any way
access to theonsciousnesiself, to its operative capacity that founds tiving. Theses researches
does not invalidate in any way the thesis we supmgarding the irreducibility ofonsciousnest
any physical interaction.



