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Abstract

Understanding computation as “a process of the dynamic change of
information” brings to look at the different types of compuiatand
information. Computation of information does not exist alone by itself
but is to be considered as part of a system that uses sbfioe given
purpose. Information can be meaningless like a thunderstorm itoise,
can be meaningful like an alert signal, or like the reprasent of a
desired food. A thunderstorm noise participates to the generation of
meaningful information about coming rain. An alert signal has a meaning
as allowing a safety constraint to be satisfied. The reptagon of a
desired food participates to the satisfaction of some metalooigtraints

for the organism. Computations on information and representatidins wi
be different in nature and in complexity as the systems itatthem

have different constraints to satisfy. Animals have sundggaktraints to
satisfy. Humans have many specific constraints coming in addiind
computers will compute what the designer and programmer ask for.

We propose to analyze the different relations between infaymati
meaning and representation by taking an evolutionary approach on the
systems that link them. Such a bottom-up approach allows starting w
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2 Information and Computation

simple organisms and avoids an implicit focus on humans, which is the
most complex and difficult case. To make available a common
background usable for the many different cases, we use a systai
that defines the generation of meaningful information by and for a
system submitted to a constraint [Menant, 2003]. This systeoal
allows to position information, meaning and representations foerags
relatively to environmental entities in an evolutionary perspectiv

We begin by positioning the notions of information, meaning and
representation and recall the characteristics of the Medaergrator
System (MGS) that link a system submitted to a constrainttst
environment. We then use the MGS for animals and highlight the
network nature of the interrelated meanings about an entittheof
environment. This brings us to define the representation of rmrfdtean
agent as being the network of meanings relative to thefdethe agent.
Such meaningful representations embed the agents in their envntsnme
and are far from the Good Old Fashion Artificial Intelligengeetones.

The MGS approach is then used for humans with a limitation resulting of
the unknown nature of human consciousness.

Application of the MGS to artificial systems brings to look for
compatibilities with different levels of Artificial Intetience (Al) like
embodied-situated Al, the Guidance Theory of Representations, and
enactive Al. Concerns relative to different types of autonomg a
organic or artificial constraints are highlighted. We finidy
summarizing the points addressed and by proposing some continuations.

A.1 Information and meaning. Meaning generation

A1l Information. Meaning of information and quantity of
information

Information, meanings and representations are part of ourdaelye.

We receive information from everywhere: environment, newspapers
other persons,..We interpret the received information to generate
meanings that will be associated to it. The received infoomatiay be
already meaningful or not, and the meanings that we generate are
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specific to ourselves.

Different persons will associate different meanings tonées on the
radio. A thunderstorm noise will generate different meanings damend

if we are on the beach or in our house. Thunderstorm noise is not
meaningful by itself. It is the interpretation we make of it that genesates
meaningful information. In addition to all these more or lessscious
meanings, there is the world of our unconscious meanings that we cannot
access directly.

Important work has been done on questions related to the meanings of
signs, words, sentences or emotions (semiotics, linguisticsytianal
philosophy, psychology, ...), and through the intentionality and
aboutness of mental states (phenomenology).

Important work has been done also regarding the measurement of the
quantity of information. C. Shannon has theorized in the middle of the
xxth century on the calculation of the quantity of information in otder
evaluate the transmission capacity of communication channelsi&ma
1948]. Such measurement of information is widely used in today
communication systems. But things are different regarding gsnimg

of information. We do not know how to measure a meaning. The
quantity of information has no relation with the meaning of the
information, “semantic aspects of communication are irrelet@rhe
engineering aspects.”

Among animals also there is management of information and meaning.
Ants build up paths toward food by depositing pheromones which are
interpreted by other ants as indicating an already used patllanbe of

a bee indicates a source of pollen to the other members of thebhivit

will not generate that meaning to a passing by butterfly alskirig for
pollen. There, the pheromones and the bee dance are already meaningful.
Meaningful information is a key element in the relation ofoaganism

with its environments. Jacob Von Uexkull (1864-1944) has introduced
the notion of internal world for organisms as an Umwelt. Allhaais

have their individual phenomenal world that characterizes the
interpretation and meaning they give to their sensations. Von Uexkull
work is being continued by Biosemiotics, an “interdisciplinacyence

that studies communication and signification in living systenas’ a
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specialized branch of semiotics focusing on communications in living
systems [Sharov, 1998].

These questions relative to meaningful information and reptasons

are also to be looked at in the world of artificial systenas & computer
attribute some meaning to the information it processes? Ard do
robot, designed to avoid obstacles, generate a meaning when facing an
obstacle? All these subjects relative to information andnmgafor
different systems like humans, animals and robots bring us tadeons
that there may be some interest to look at meaning generatiowifg

a systemic approach. The meaning would be generated by and for a
system in a given environment, taking into account the spéeifioof

the system.

This would allow us to characterize a meaning as specifec ggstem

with a common background usable for all systems.

A.1.2 Meaningful information and constraint satisfaction. A systemic
approach

The above rapid overview highlights that meaningful informationkeza
considered as related to some purpose and action for the systersethat

it or creates it.

Meaningful information does not exist by itself, for free, bt haeason

of being for the system that generates it or uses it.sidie of a prey
creates a meaning for an animal. But this meaning will befigreht
value if the animal is hungry or not. The meaning associate@hto
outside entity depends of the entity and also of the interatd ef the
system.

But such a statement is very general. The purposes andsacto be
very many. The actions of simple animals are mostly imatedin the
quasi-reflex mode (a frog catching a fly with her tongue). Thieracan

also be an alert signal for other members of the species. ddanplex
animals will build up actions using the results of passegkeriences,
some may also simulate several options to compare the differe
outcomes and implement the best solution. There are also cases whe
there is no immediate action and where the memorized meaningful
information is stored for further usage.
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The case of humans is even more complex as conscious fre@nwdkc

in addition to modify the biologic meanings inherited from our animal
history. And we do not really know what free will is. As of todthe
nature of human mind is a mystery for science and philosophy. Many
researches are in process on this subject in various fieédgHilosophy,
neurobiology, psychology, cognition and computer science. But the
guestion is still to be answered. We do not know the nature of human
mind.

In the case of robots, it looks natural to say that the adtigplemented
come from the designer of the robot and from its environment.

As introduced above, meaningful information is system dependant.
Different systems can generate different meanings whegivieg the
same information. Incident information can be meaningful or
meaningless

An important characteristic of meaningful information is ttha
establishes a relation between the system that createsditits
environment. Such relation has two aspects. First the build up of the
meaningful information which links the system to the infororati
received from the environment. And second, the action implemented by
the system on its environment. The action implemented is amagtiter

and dynamic link as it will modify the environment, and consequently
impact the meaning generated by the system. Meaning generat&escr

an interactive relation between the system and its environrSemch
creations of links by meaning generation are obvious in any ddeial
where interactions between organisms are intertwined wétions of
meanings. These meanings have effects on the environment, on other
organisms, as well as on the organisms that generated é¢hring.
Meaning generation is a relational phenomenon.

Information and representations are tightly linked. We will shioat a
meaningful representation of an item for a system can beedefas

! Such usage of meaningful information is differémm the Standard Definition of

semantic Information linked to linguistics wherdoirmation is meaningful data [Floridi

2003]. Our systemic approach brings a differenspective on the subject by introducing
the possibility of meaningless information partatipng to the generation of meaningful
information.
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made of meaningful information. Our focus will first be on the nature
and origin of meaningful information from which we will deduce the
nature and content of a meaningful representation.

We have introduced above that a meaningful information is detatthe
purposes and actions of the system that creates it or usesa @nO
evolutionary standpoint, animal life brings us to consider trgdaresms
generate meanings to satisfy constraints related to theienatasically
survival constraints for the animal itself or for the spsciThese
constraints are internal to the organism. For humans, the subjacre
complex. We can agree that the meanings that we humans deal wéth ha
some reasons of being, but identifying these reasons is nat Hasy
meaningful information we process are very many and are walysl
clearly related to constraints that are to be satisfied.tWje of
constraint do we satisfy when getting the meaning of a sentanae
book? Is it about knowing more on a subject in order to be more
performant? Or is it only about implementing a needed Pascalian
diversion? Whatever the answers to such questions, weusdllas a
background the idea that a meaning is generated by a systenttedbmi
to a constraint and that it is a meaning about an entity oftisoament

of the system.

The identification of the constraint will be addressed on a pasease
basis depending on the nature of the system. We will use am\alrea
presented systemic tool on meaning generation [Menant, 2003]. Isallow
an evolutionary approach, starting with a very small orgarisingives

us a frame to define a Meaning Generator System (MGS)dbas
constraint satisfaction. We use the MGS for more complex organisms
through evolution up to humans. Artificial systems are also taiken
account with the MGS approach.

A system can be defined as a set of elements standing irelaten. So

we first identify the elements constituting the MGS in orideget clear
enough an understanding of its functions. We will then be in a position to
link it with other functions and integrate it in higher level systems
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A.2 Information, meaning and representations. An evolutionary
approach?

A.2.1 Stay alive constraint and meaning generation for organisms

Our starting point for the introduction of a systemic and evolutjonar
approach to meaning generation is a simple organism. We choose a
unicellular organism: a paramecium. Organisms have constraints
satisfy in order to maintain their nature. Life being “the sunthef
functions by which death is resisted” [Bichat], the basic constrainatha
organism has to satisfy is to resist death, to stay alive.

It has been shown experimentally that a drop of acid in ther watbe
vicinity of a paramecium will make her move away, looking a less
hostile location in water where there is less acid. Thistimaof a
paramecium moving away from a hostile environment brings us to
introduce the notion of meaning for an organism. The acidity of the
environment is an incident information received by the paramettiam

will participate to some generation of meaning within the pacame A
meaning that “has sense of”, that “wants to say”: “the enwient is
becoming hostile versus the satisfaction of vital constrai®ad this
meaning is going to trigger within the paramecium an actiore@iat
putting her at distance from the acid environment. It is dleat the
paramecium does not possess an information processing system tha
allows her to have access to an inner language. But a panameas
usage of sensors that can participate to a measurement of the
environment acidity. The information made available with the ludl
these sensors will be part of the process that will genénat move of

the paramecium in the direction of less acid water.

So we can say that the paramecium has created a meanted tel¢he
hostility of her environment, in connection with the satisfaction of her
vital constraints. This example brings up several charattsirelative

to the notion of meaning that we want to conceptualize. We can

2 This paragraph reproduces and complements thermtont a 2003 publication [Menant,
2003] and of a 2005 presentation [Menant, 2005].
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formulate them and bring up a “systemic aspect”, more gerieralthe

small living organisnthat we have taken as example:

1) A meaning (the environment is becoming hostile versus the
satisfaction of vital constraints) is associated to an irdtion (level
of acidity) received from an entity of the environment (drop of acid).

2) The meaning is generated because the system possesssfanton
linked to its nature (stay alive) that has to be satigbedhe system
to maintain its nature.

3) A meaning is generated because the received informatiora has
connection with the constraint of the system (too high an acidity
level impacts the satisfaction of the vital constraints).

4) A meaning is a meaningful information generated by theesyst
relatively to its constraint and to its environment (the envieamtns
becoming hostile versus the satisfaction of the vital constraint).

5) The meaning is going to participate to the determination aicion
that the system is to implement (move away from acid ameader
to satisfy its constraint and maintain its nature (stay alive).

These five characteristics lead to a systemic defindfaameaning for a

system submitted to a constraint that receives an inform&tom an

entity of its environment:

“A meaning is a meaningful information that is created by stesy

submitted to a constraint when it receives an incident infoomatiat

has a connection with the constraint. The meaning is formedeof th

connection existing between the received information and the constrain
of the system. The function of the meaningful information is to
participate to the determination of an action that will be impleted in
order to satisfy the constraint of the system”.

This definition of a meaning tells what the meaning is and it

meaning is for. The definition is illustrated in Figure 1.

In the following text, we will use indifferently the expressions

“meaning” or “meaningful information”.

A.22 The Meaning Generator System (MGS). A systemic and
evolutionary approach

The above example of meaning generation in a simple organisns make
available the elements needed for our systemic approach toingea
generation. The Meaning Generator System (MGS) is introdused a



Computation on Information, Meaning and Repres@ntat 9
An Evolutionary Approach.

made of:

- A system submitted to a constraint and able to receive information from
an entity of its environment.

- An information coming from an entity of the environment and incident
on the system (that information can come from the natural prees#nc
the entity (shape, color, ...) or be the result of an acifoilne system
(displaced element, frightened animals,...). The incident infoomag&n

be already meaningful or not).

- An information processing element, internal to the system apabte

of identifying a connection between the received informatiot the
constraint.

The generated meaning is precisely the connection existing&etilie
received information and the constraint. It will be used to oeter an
action that will be implemented in order to satisfy the caurst of the
system. The action implemented will modify the environment of the
MGS and bring the generation of new meanings in order to coadinat
the satisfaction of the constraint through time. The MGSqpates to a
sensori-motor coordination articulated on constraint satisfaction.

A MGS is represented in Figure 1 where a system submitted
constraint S generates a meaningful (S) information about apn ehiiis
environment.

It is to be highlighted here again that meanings do not exist by
themselves. Meanings are generated by systems that haveaicwsso
satisfy in order to maintain their nature (the nature of siegy being
what it does when it is functional. Stay alive for an organisrojdav
obstacles for a robot). The meaning generation process is aotstr
satisfaction driven.

Meanings are generated by the systems and for the systethsir
environments. Meanings link the systems to their environmentsheAs
meaning generation process links the system to its environmetieby
received incident information and by the implemented action, it is natural
to look at the grounding of the generated meaning. An overview of the
information and functions related to the meaning generation brings to
consider that the generated meaning is naturally grounded by the MGS.
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Incident information (Acid in water)
Meaning Generator System — MGS
Reception SYSTEM SUBMITTED TO A CONSTRAINT S
(Paramecium)

Identification of the connection between the
constraint and the received information
(Connection between staying alive and the
presence of acid)

K— Constraint S of the system
(to stay alive)

Meaningful (S) information
(Acid non compatible with
staying alive)

Determination of the action satisfying
the constraint S of the system.
Action scenario.

(to move away from acid area)

Fig. 1. The Meaning Generator System

The meaning is grounded in the MGS by the functions present in the
MGS, and the meaning is grounded out of the MGS by the received
information and by the action. The grounding by the action has two
components: the action scenario and, on a dynamic standpoint, the
consequences of the action in terms of receivable information.
Figure 2 illustrates this point.

Such groundings in and out of the MGS allow to present on a same
picture the objectivist and constructivist aspects of péarepThe
incident information that will be received by the MGS isdjective
component of the outside reality of the MGS, as is the action
implemented on the environment. And the meaning generation process,
by comparing the received information to the constraints of thersy
brings the constructivist aspect of the generated meaning.

In real life, the MGS is most of the time part of a higher level syste

Such integration of the MGS in a higher level system briadgghlight
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the following points:

a) The MGS is simple. It is a simple tool usable for a botipm
approach to meaning generation. It is a building block for hitghesi
systems capable of actions (agents) which have constraistgisfy in
order to maintain their nature (the constraint of the MGS can be
considered as a subset of the constraints of the agent).

Received information Grounding in

Identification of the connection between the
constraint and the received information

K— Constraint S of the system

Determination of the action satisfying
the constraint S of the system.
Action scenario.

Meaningful (S) information
’ Action implementation ‘
Grounding out \
........... l

Fig. 2. Groundings of meaning by the MGS

The nature of the agent can be biological or artificial. Biclalg
constraints and biological meanings are intrinsic to the bicbgigent.
In the case of artificial agents, the constraints areintansic to the
agent as they come from the designer. Artificial agents genartificial
meanings. In both cases, constraint satisfaction goes through meaning
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generation which links the agent to its environment.

b) The agent can contain other functions like memory, scenarios
simulation, action implementation, other receivers, other MGSsseThe
functions are linked together as part of the agent. A memolygaovitain
action scenarios coming from past experiences where diffepelatings

can be compared through simulation. The receivers bring feedbacks from
the results of actions and provide information on constrairgfaetiion
level. An agent will use its MGSs to interface directlythwiits
environment by sensori-motor processes or indirectly by using higher
level performances like simulation and optimization. The fortser
related to reflex and insect type situated behaviours. Tter lkedvers
cases involving a more centralized data processing. Both types ha
existed through evolution of organisms up to humans, and arecttit.a
The MGS is usable with both types of agents where it gaates to the
sensori-motor coordination.

c) An agent submitted to constraints has a nature to maiimta#m
environment through the satisfaction of its various constraints.
Constraints satisfaction is implemented by the actions neguiti the
generation of meanings that link and adapt the agent to itsoament

in a permanent and dynamic process. The agent is naturally embedded i
its environment by the generated meanings which bring it to be
permanently coping with its environment.

d) The participation of the meaningful information to the deieation

of an action can be indirect. Several actions and meaningsagensr
can be chained before the final constraint satisfaction. Asdhieus
action scenarios are linked to the entities of the environamahtto the
constraints, they are to be considered as meaningful (we heat t
indirect meanings).

Animal life gives examples of such combinations of meanings
generations. When a group member receives information about the
presence of a predator, she generates a meaning “presenedatbpas
incompatible with survival of the group”. This meaning triggers
action (alert) to inform the group members about the threat. Ween
other members of the group receive the alert information, thegrgte a
meaning “presence of predator incompatible with survivalctviin turn
triggers individual hiding or escape actions. The well knowse caf
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vervet monkeys alert process is an example [Lieberman, 2806h
chaining of meanings contributes to the build up of networks of
meanings (see hereunder).

e) The actions implemented to satisfy the constraints of emt @agn be

of many types (physical, chemical, nervous, data processing, signall
CcoNnscious or unconscious cognitive processes, ...). Actions will modify
the environment of the agent and consequently modify the received
information and the meaning generation. On a dynamic standpoint, the
results of the implemented actions that can be receivdldebggent are

part of the meaning generation process. As a MGS is interaalagent,

a generated meaning can participate to actions interrtaketagent. A
constraint satisfaction process can internally modify the agent.

Some of the relations of a MGS with higher level systeramehts are
represented in Figure 3.

The definition of meaning proposed here above has been built up with an
example coming from the animal world that has been formalizedain
system. As said above, a meaning does not exist by itselfafinteis a
meaningful information about an entity of the environment, and it is
generated by and for a system submitted to a constraint. Such approach is
close to a simplified version of the Peircean theory of sigircée
theory is a general theory of sign, and the present approaehtied on
meaning. The element of this approach that can be related to the Reircea
theory of sign is the MGS: the generated meaning combinesgectiob
relation with the environment (the received incident informatang a
specific build up of the system (the connection with the cangtrd his

can be compared to the Sign relating the Object to the Interpgreat

will produce the Interpretant. The MGS can be compared to aiadpl
version of the Interpreter where the incident informationhis $ign
coming from the Object, and the meaningful information is the
Interpretant. In the Peircean theory of sign, the Interpretaisdsa sign
available for another interpretation, and so on. The Interprestant the
same time the third term of one triadic relation and alsdirtteterm of
another triadic relation. This “necessarily involves chainstriafds”
[Queiroz, El-Hani, 2006].
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Incident information from an entity
of the environment of the MGS

Reception MEANING GENERATOR SYSTEM - MGS -
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1
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1
1
1
|
|
1
1

-

Constraint S of the system
constraint and the received information

1
1
1
1
I | Identification of the connection between the
1
1
1

Meaningful (S) information

Determination of the action satisfying the constraint S. Action scenario

L l

Other functions Action implementation I .
on the environment Modification of elements of higher

i I\S/I_emlort)_/ of the MGS level systems (constraints, ..)
- Simulation

- Other MGS

Fig. 3. MGS as building block

On the same token, the meaning generated by a MGS can become an
incident information on other MGSs. In terms of MGSs, the itfehaf
triads” are part of the networks of meanings (see hereunder).

Meaning generation by an organism as presented here has some
similarities with the build up of a subjective world by anisnas
proposed by J. von Uexkull. Von Uexkull studied the problem of how
living beings subjectively perceive their environment and hbig t
perception determines their behaviour (with the key notion of “Eitfiw

as an internal world). Umwelt has been re-actualized agppog for
several studies on artificial life and artificial intgltince [Ziemke,
Sharkey, (2001)].

The MGS is usable for meaning generation processes existitigei
world of animals, humans or artificial systems, assuming wenelefi
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precisely enough the agent with its constraints and the corresponding
MGSs. Such generality is the purpose of a systemic approach.

A.2.3 Meaning transmission

We have seen that the action resulting of meaning generatign m
sometimes implicate other agents. The formal action thasatikfy the
constraint comes after the transmission of the meaningfulmafibion
and its reception by other agents. These other agents aanbels
submitted to specific constraints, different from the constrafnthe
transmitting agent. In order to take these cases into acapemeed a
new notion that can characterize the possibility for theastratted
meaningful information to participate to the determinatioramfaction
within other agents having possibly different constraintsatsfy. The
notion of “efficiency of a meaning” has been introduced to addneds
cases [Menant, 2003].

A.24 Individual and species constraints. Group life constraints.
Networks of meanings

A given agent can have different constraints to satisfyaddition to
individual vital constraints, most organisms are submitted tciespegital
constraints which bring them to reproduce and protect the young in order
to maintain the species alive. Group life constraints ase & be
considered as being constraints related to group life stahitity not
directly identifiable as individual or species constraintgi& hierarchy

is a reality in animal group life where it generates deconstraints.
Corresponding meanings generations will determine actions lilesscc
to food or mating. These different constraints are actitieeasame time

and can be conflicting. The satisfaction of individual constsag#n
become incompatible with the satisfaction of species constr&imtsan

ant colony to cross water, several ants may sacrificesthless and get
drowned to allow the build up of a bridge usable for the ant colony. The
species constraints are here stronger than the individual ones.
Regarding the environment of an agent, a given entity can make
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available different information to the agent (sound, odour, ...)aAs
result, the different information received by an agent theddifferent
constraints that the agent has to satisfy bring the ageggrterate many
different meanings relatively to an entity, including the indirect meanings
like action scenarios. These meanings will be spread around thifeeigh
various MGSs or centralized, depending on the structure of the édlent
these meanings relative to a given entity are availabletagent for the
build up of a network of meanings relative to the entity. Timese/orks

of meanings also contain the dynamic aspect of meaning genenatn

the consequences of implemented actions, as well the actiorrissena
with past experiences or simulations making available aation
performances. These networks connect entities, constraints, issgnar
actions outcomes and are inter-related. Agents are permanently
embedded in their environments by networks of meanings thathiamk

to their environment by real time information exchanges as \sellya
past experiences or anticipated action scenarios. Human and animal
societies are societies of communication that are organized and
embedded in their environments by such networks of meanings.
Regarding artificial systems, meaning generation is siniplanalyze in

its content as we, the designers, can decide of the corstachiof their
interdependences.

Networks of meanings fit with the Peircean triadic theorwgigh as a
generated meaning can become an incident information for another
MGS, and so on. These natural interdependencies of meaningful
information show that a given meaning barely refers to a single entity but
that meanings are naturally interrelated in networks of mesnigthe
MGS is also a tool for an evolutionary approach to meaning gemera
networks of meanings can be used in an evolutionary background.
Understanding that species are linked through evolution from eimpl
living organisms up to us humans, we can look at applying such
continuity to networks of meanings. A given MGS at a stagevolution

can be considered as linked to MGSs of lower evolutionaigest But

the constraints of an organism at a given stage of evolutiontbhave
clearly defined for the evolutionary network of meaning to be egiplié

(we again highlight here the problem related to the level of human
evolution where human mind with its constraints is still a nmyster
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today science and philosophy).

Networks of meanings link agents to entities of their envirgrise
through constraints that have to be satisfied. Such links liht
dimension of the networks. Networks of meanings based on constraint
satisfaction is a subject which is to be developed beyond the scope of this

paper.

A.2.5 From meaningful information to meaningful representations?

The generation of meaningful information for constraint satisfady
organisms has become more elaborated through evolution. The
increasing complexity of the organisms has allowed the built vptudr
networks of meanings about entities of the environment, the purlbse s
being to satisfy constraints as well as possible.

We have seen that a network of meanings is relative totéty #r an
agent submitted to constraints, and that it dynamicallyslthie agent to

the entity. Networks of meanings relative to entities pomgdathe
environment of an agent embed that agent in its environment and @allow i
to maintain its nature by the satisfaction of its conssaite would like

to use these networks of meanings to introduce the notion & biGed
meaningful representation.

A representation can be considered as being “any entity (object, property,
state, event) that designates, denotes, or stands in for d&nother
[Anderson, 2005]. Representations haves been initially introducedl in A
as meaningless symbols processed centrally by computers. Such
“traditional Al” has faced practical limitations in some apalions.
Philosophical analysis came up to bring anti-representationalsra
position supported by some researchers in Al and cognition. Wen&tel t
the notion of representation should not be put aside but needs e be r
addressed and reformulated in terms of meaningful element build up by
an agent submitted to constraints.

3 This paragraph is a continuation of a 2006 prediemt, with adds relatively to the
initial version of a meaningful representation [Meanh 2006, a].



18 Information and Computation

We would like here to define a meaningful representation of aty éati

an agent submitted to constraints as being the network of meanings
relative to that entity for the agent. Such meaningfulasgmtation has

the properties of a network of meaningful information as highdight
above:

- A meaningful representation is generated by an agent in éoder
maintain its nature in its environment by the satisfaction tef i
constraints. A meaningful representation of an entity for an agenuti

an abstraction or a mirror image of the entity but it &lenof constraint
satisfaction oriented information about that entity.

- A meaningful representation contains the meaningful informatian
dynamically links the agent to its environment. It includes the mima
aspect of meaning generation with the consequences of implemented
actions, as well as the action scenarios with past expesieace
simulations making available anticipation performances.

- Meaningful representations exist by and for the agent anbe it in

its environment. As an example, the meaningful representation of a
mouse for a cat can be imagined as containing the real tioeptien of

the mouse when the cat is experiencing it, with also the ppstiences

of the cat with mice and action scenarios that can be usethfalation
(action anticipation). As a consequence of our evolutionary ushge
MGSs, we want to consider that meaningful representatioestities of

the environment were progressively built up by organisms through
evolution as needed relatively to the satisfaction of dmstcaints of the
organism.

- A meaningful representation avoids the combinational explositimeas
dimension of the meaningful network is limited by the refai to
constraints satisfactions.

A.3 Meaningful information and representations in humans

Meanings and representations are important parts of our human live
They can be conscious or unconscious. We build internal mental
representations by our thoughts and external ones like maps and
paintings. We live in a society of communications where intexgdbdy
meanings and representations happens all the time, languagea bk&ing
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tool. But analyzing the content and nature of meaningful informatidn a
meaningful representations in humans is not an easy task.

We as humans are embedded in networks of meanings, in meaningful
representations as defined above. And most of what has been said for
animals does apply. But what comes in addition in terms of cortstrain
specific to humans is difficult to define. These difficultbesne from the

fact that we do not know our own nature. As said, the nature of human
mind is a mystery for today science and philosophy.

Strictly speaking, the analysis of meaningful information for msmean

only be incomplete due to our lack of understanding of human mind.
What is known today about meaningful information for humans can be
investigated using constraints satisfactions in two directioreast: |

List the constraints we know as belonging to today human being and take
them as a base for deducing the possible generations of meanings, or take
the animal constraints as a starting point and try to identifyat
evolution may have brought in addition or modified.

The first approach belongs to psychology and to philosophy of mind. It
can be addressed in a very simplified way by the Maslow pyramid
needs: physiological needs, needs for safety and security, foeddge

and belonging, needs for esteem and the need to actualize tlre theif,
order. Considering these needs as constraints that humans satisfto
makes possible a usage of the MGS for humans in their environment. But
we have to be careful with such a process and highlighinits1 all the
interferences of free will actions and conscious feelings thi¢ Maslow
pyramid needs will have to be taken into account as they atie,awi
limited understanding of their meanings.

Regarding the second approach, an evolutionary scenario can be
proposed where a constraint of anxiety limitation is introdjbtshant,

2006 b]. The scenario is about the coming up of self-consciousness
during evolution. The performance of intersubjectivity that tegisat
pre-human primate level is used as a thread to explain theupuidd a
conscious self. But the resulting identification with conspecélse led

to identifying with endangered or suffering conspecifics whicddpced

a significant increase of anxiety at these times of gahaf the fittest.

Such anxiety increase had to be limited. The hypothesis developed is that
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anxiety limitation came up as a key constraint for our pre-huma
ancestors and played a significant role as an evolutionaiyesng to
today human nature. The evolutionary scenario proposes that thesacti
implemented to limit anxiety have favoured the development of empathy,
imitation, language and group life which brought obvious evolutionary
advantages and allowed a positive feedback in the evolutionargssroc

In terms of meaning generation, the hypothesis is that an tanxie
limitation constraint has been a high contributor through human
evolution (and still is today, as shaping many of our thought and
behaviours). More work in needed on this subject as anxiety gemsrat
and limitations are today beyond identification with suffering
conspecifics. Following the same thread, other pre-human and human
specific constraints are also to be identified.

Figure 4 gives a summary of the proposed scenario about theiewol

of self-consciousness.

Simple Primate Pre-Human Primate Human
Representations of Intersubjectivity and | | Auto-Representation Conscious Self
Conspecifics as progressive as an made of
« entities existing identification with « entity existing in Conscious
in the environment » | | conspecifics (mirror- = the environment ». | | Self-Representation

neuron in evolution) Becomes the and of
Auto-Representation iy first element of a | | Self-Consciousness
(without conscious |~ Merger of Conscious iii
x i Auto-Representation - jon & .
self-representation) witrt)'l Self Repfsentatlon M Evolution of
; Conscious
Representations = i
of Cponspecifics - Déveb';:“em of: Self-Representation
) | mpathy toward
Il - I_n;lrggtllgr:]e Self-Consciousness
Identification with suﬁer!qg = Intersubjectivty
or endangered conspecifics => - Group life
anxiety increase to be limited - Emotions/feelings

Fig.4. Evolution of self-consciousness

The proposed scenario positioning anxiety limitation as atkay in the
coming up of self-consciousness during evolution brings in a new path
for an evolutionary approach to consciousness.
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Self-consciousness can be defined as “the possession of thetcoihcep
the self and the ability to use this concept in thinking about tihese
[Block, 2002]. It is different from phenomenal consciousness which can
be understood as “experience; the phenomenally conscious aspect of a
state is what it is like to be in that state” [Block, 200Hje presence of
phenomenal consciousness has also to be taken into accounttypehis

of evolutionary scenario. Work is in process on this subjecinfivie
2008].

A.4 Meaningful information and representations in artificial
systems

Our definition of meaning generation has been introduced as based
the performances of life (stay alive constraint) and has beeeraized
into a system (maintain a nature by constraint satisfgct This
approach allowed us to define a meaningful representation térarfar

a system.

We want here to see how this systemic approach to meaningtiener
can be used for artificial systems. In that case, tistesys and the
constraints are artificial as coming from the designer. The consteaidt
meanings are not intrinsic to the system as they were ircabe of
organisms. We will look at the compatibility of the MGS approaith
different stages of Al from traditional Al to the enactive approach.

A.4.1 Meaningful information and representations from traditional Al
to Nouvelle Al. Embodied-situated Al

Representations were first introduced in traditional Al and cogniti
sciences as meaningless symbolic elements standing forpiteseated
entities and processed by a central system “A symbol may hietose
designate any expression whatsoever. That is, given a symizohat
prescribed a priori what expressions it can designate.” [Nie@iehon,
1976].

Such meaningless and centralized symbols were assumed to the “at
root of intelligent action” and usable to simulate human igestice in
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computers. The mind was compared to a computational system (the
“computational metaphor of the mind”). But it is now clear that such
computational metaphor has been misleading. The brain is more than a
computer. Computation alone cannot generate meaningful information.
Such meaningless characteristic of symbolic representation®ewass
illustrated by the Chinese room argument where Chinese characeer
manipulated by a non Chinese speaking person using correspondence
tables [Searle, 1980]. The meaning of the symbols is in the
correspondence table which comes from the designer of the experience
The meaning does not come from the computation. The Chinese room
experience has been answered by the symbol grounding problem
(connecting the symbols to what they are about) [Harnad, 1990].
Traditional Al has been successful for computing on large numbers of
symbols using precisely defined rules (chess playing, expetensys
trajectories simulations, ...). But besides important suceesselitional

Al has encountered limitations due to its brittleness andtdmi
flexibility, and also to the risk of combinational explosionentdealing

with complex subjects. Traditional Al follows a Cartesian apph to
problem solution where a complex problem is subdivided into smaller
problems easier to solution (“divide each of the problems | was
examining in as many parts as | could”). Following the same, rul
entities to be represented are divided into sub entitiesrdova level
where they are simple enough to be symbolized. Such process Become
highly consuming in computing power and lacks flexibility. Calcatat
overload is at risk by combinational explosion when the repredent
entities are complex. The limitations of traditional Al weéhne cost of
looking for a detailed symbolic representation of the environngrth
traditional Al has been dubbed GOFAI (Good OIld Fashion Al)
[Haugeland, 1989].

To go beyond the limitations of GOFAI, new concepts had to be looked
for. They came from the world of robotics through a “Nouvellé Al
where the symbolic model of the environment is replaced by multiple
continuous sensing implemented by the agent when needed. Central
control is not the rule any more. The agent has the possibility
continuously use its sensors to feel its environment ratherréfarring

to a centralized model: “the intelligent system is decomposéul i
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independent and parallel activity producers which all interixeetly to

the world through perception and action” [Brooks, 1991 a]. The
construction of internal models of an outside reality is not ecethy
more. Intelligence is then considered as emerging from theati@n of
simple behaviours. Symbolic representations are put aside. ri ot

to be better to use the world as its own model” [Brooks, 1991ted. T
agent is now “situated” and “embodied” in its environment. “TH®te®

are situated in the world—they do not deal with abstract descriptomt

with the “here” and “now” of the environment that directly influences the
behaviour of the system”...“The robots have bodies and experience the
world directly. Their actions are part of a dynamic with therldy and

the actions have immediate feedback on the robots' own sensations”
[Brooks, 1991 b].

The situated and embodied approach does not use the notion of
meaningful information because it is not needed for the functioning of
the robots. Direct sensori-motor loops link the robot to its worldowit
needing to explicit a meaningful aspect of the processed information.
However, meaning generation could be introduced in each sensori-motor
loop, bringing in information related to the local constraint satisfaction of
each sensori-motor loop. Such add would not bring anything to the robot
as it is now but it could make available spread meaningsdiaga
environmental entities. These meanings could be used in a heyeér
system as meaningful representations of the environment fooltbe It

may look quite surprising to propose reintroducing representations in
Nouvelle Al. But these representations are not the symbolic tia¢s t
Nouvelle Al has put aside. We are talking about using meaningful
information that link the system to its environment. As said, engldedi
situated robotics does not need this meaningful information, we jtest no
that the generation of such artificial meaningful informai®mpossible

in embodied-situated robotics. But it should be clear that thearings

are not intrinsic to the robot, they are artificial measiggnerated with
artificial constraints coming from the designer of the artificiarag

On the same token, the performances of the sensori-motor foap o
artificial system, even if processing meaning generation faarérom
covering the performances of life. Despite all the prognesde by the
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Al field, we are still “not good at modelling living systemirooks,
2001]. A possible reason for this may be that we are missing some
important property or characteristic of life still to dscovered. In order

to overcome this point, we may need to “find new ways of thinking about
living systems to make any progress”.

Among the performances of life that we are not successful mogdsli
autonomy. Autonomy is a performance of life that we have difficuties
describe. The nature of autonomy is not clearly understood andseffor
are deployed to characterize it as constitutive (or intjress internally
generated) or behavioral (or extrinsic, as externally impo#dd agreed
that the autonomy of today artificial systems is far fromatnomy of
living systems: “despite all biological inspiration and setjanization,
today’s so-called “autonomous” agents are actually far fromegesgy

the autonomy of living systems.” [Ziemke and Sharkey, 2001].

A.4.2 Meaningful representations versus the Guidance Theory of
Representation

The Guidance Theory of Representation (GTR) [Anderson, Rosenberg,
2008] is a theory of representational content which focuses anatiti
proposes that “the content and intentionality of representatansbe
accounted for in terms of the way they provide guidance fasrdctihe
notion of representation is linked to what the representation doésefo
agent: “what a representation does is provide guidance tionacThis

focus on action goes with grounding the content of a representation in the
action on the environment. “Representations come into existence and
derive their content from their role supporting the badienitionality of
action”. Constraints are considered as “associated with assigning
motivating reasons”.

The GTR and the MGS approach are close as they both take intonaicc
the action of an agent on its environment and are rooted in bialogic
behaviour. There are some differences however. Differenceis dne
nature of the representations and in the level at which tlenas taken

into account.

For the GTR, a representation is mostly considered by withdeis in
terms of providing guidance for action. The GTR focuses on the usage of
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the representation more than on its nature or origin. “We astkniot

what a representation is, but what it does for the repregeagent, and
what the agent does with it; what is a representation forz@uention

is essentially that representations are what representdténshe MGS
approach, on its side, defines the nature of the representaticadasoin
meaningful information. The representation is defined as resutting
meanings generations by a system submitted to constraints.

For the GTR, the action is the key contributor to the deimibf the
representation. The guidance theory presumes “that the intdityiafa
representation can be grounded in the intentionality of actioperdept
becomes a representation because it provides guidance tor. &air the

MGS approach, it is first the presence of a constraint watisfied that
generates the build up of meanings and representations. The action
comes after.

Also, as the MGS approach is rooted in constraint to be sdltisf
source of meaning generation, the organic or artificial reatf the
constraint allows to differentiate the organic and artifingtures of the
generated meanings and representations in the agent.

GTR and MGS approach are on the same ground as maintaining a role
for representations in Al and cognition.

A.4.3 Meaningful information and representations versus the enactive
approach

The enactive approach to cognition and Al has been initiatetiein t
1970s by the work of H. Maturana and F. Varela. The enactive approach
is the baseground of significant current research activitibs. word
“enact” links cognition to action, to the doing and experiencethef
agent. The knowledge that the agent has of its environment comes f
the interactions that links it to its environment: “...enactieseats that
cognition is a process whereby the issues that are impodarthd
continued existence of a cognitive entity are brought out artedaco-
determined by the entity as it interacts with the environnmremthich it

is embedded” [Vernon, Furlong, 2007].

This perspective introduced by enaction as linking agentsetowlorlds
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is applied to the field of cognition for organisms including hasnand

also to the field of Al with the new domain of enactive Adnactivism

can have a strong influence on Al because of its biologicatlyrgted
account of autonomous agency and sense-making” [Froese, 2007].

We will look first at the compatibility of the MGS based miegful
information and representations with enaction, and then witartaetive

Al.

The enactive approach can be characterized by five themesujce,
2005]:

(a) Minds are the possessions of embodied biological organismedsie

as autonomous — self-generating and self-maintaining — agents.

(b) In sufficiently complex organisms, these agents possess nervous
systems working as organizationally closed networks, generating
meaning, rather than processing information as inner repraeastaft

the external world.

(c) Cognition, conceived fundamentally as meaning-generations arise
from the sensori-motor coupling between organism and environment.

(d) The organism’'s world is “enacted” or “brought forth” by that
organism’s sensori-motor activity; with world and organism muytual-
determining one another, in ways that have been analyzed by
investigators in the continental phenomenology tradition.

(e) The organism’s experiential awareness of its self andadtld is a
central feature of its lived embodiment in the world, and tbezedf any
science of the mind.

The compatibility of MGS based meaningful information with eracti

is to be addressed first by looking at the compatibility wite two
themes expliciting the notion of meaning generation.

Meaningful information is compatible with b): the MGS is pafta
higher level system (an agent) where meaning generation &xidtse
system to maintain its nature in its environment. We however do not
oppose meaning generation to information processing as meaning
generation by the MGS is information processing (see Figui2# 133).

And our meaningful representations, made of meaningful information,
come from meaning generation.

Meaningful information is compatible with ¢) as the MGS dindnd
couples the agent with its environment by a permanent interaction
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through perception and action.

This brief comparison based on the characteristics of the Mi@§shio
consider that MGS based meaningful information looks compatiblke wit
the two themes of enaction that explicitly deal with meagegeration.

The compatibility with the other themes is difficult to addrassthey
introduce concepts from phenomenology and science of the mind which
are beyond a systemic approach to meaning generation. This britmgs us
limit the compatibility of the MGS approach with enaction to the
generation of meaningful information. It should also be noted here that
the five themes characterise enaction for organisms, notrtiicial
systems. The MGS on its side is a systemic approach thatpgiy to
organisms as well as to artificial agents.

Regarding the compatibility of meaningful representations antction,

one could assume that it can be deduced from the proposed corityatibil
of meaningful information generation with enaction, as meaningful
representations are made of meaningful information. But several
researchers and philosophers are reluctant to use the notion of
representation in enaction. There are several reasons footigais the
origin of representations in Al as meaningless and cenfpatigessed
symbols which limits their possible usage. Another reason gabdive
rooting of enaction in phenomenology [Depraz, 2007] which brings
several philosophers to argue that the notion of represem&iould not

be used with enaction. H. Dreyfus has been holding for long that the
usage of representation in Al is a mistake and that the tempma of the
body behavior should be taken as key : “Heidegger’s crucigjhings

that being-in-the-world is more basic thanthinking and solving
problems; it is not representational at all.” [Dreyfus 2007].né&isco
Varela also has been arguing against the notion of reprasantdhen
coining the word “enactive”, he wrote [Varela and all, 1991]: “We
propose as a name the wostactive to emphasize the growing
conviction that cognition is not the representation of a pre-gnehd

by a pre-given mind but is rather the enactment of a world amddion

the basis of a history of the variety of actions thatiagoa the world
performs”.

Consistent with such positions, some today philosophers and ressarche
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in the enactive area tend to reject the notion of reprasemt “there are
certain ideas in cognitive science that the enactive approlaetnly
rejects, e.g., homuncularity, boxology, separability between action and
perception, and representationalism” [Di Paolo & all, 2007].

We consider that such a rejection is mostly a rejection oiGOEAI

type of representations (symbolic and meaningless) and sgtadutd not
apply to the meaningful representations as defined here. So we conside
that the proposed compatibility of meaningful information gererat
with enaction can be extended to meaningful representations. Meaningful
representations that embed agents in their environments by ganstra
satisfactions are to be considered as compatible with enactierms of
meaning generation.

But the above sentence about enaction as rejecting boxology and
separability between action and perception brings in some corwauh a
the MGS compatibility with enaction in terms of building block. Agls
above, the MGS is a building block modelling meaning generation in
agents. The fact that enaction is reluctant to use a buildiogk
approach has to be highlighted as it limits the compatitwfitthe MGS
approach with enaction.

Enactive Al is a new and maturing domain proposing to go beyond some
limitations of embodied Al. Among these is the fact that “thesgmee of

a closed sensori-motor lo@oes not fully solve the problem of meaning

in Al” [Di Paolo, 2003] The MGS approach is compatible with such a
position as the generated meaning comes from the connection existing
between the sensed information and the constraint of the system, not
from a closed sensori-motor loop alone.

Enactive Al is looking for a system having the capacity &tdively
regulate its ongoing sensori-motor interaction in relation taahility
constraint.” [Froese and Ziemke, 2009]. The MGS approach where the
generation of a meaning is directly related to the satiefa of a
constraint is compatible with such linking of a system tortsrenment

by a constraint.

Beyond these first elements of compatibility, enactive Al consitleo
“necessary systemic requirements”: constitutive autonomydaptivity
[Froese, Ziemke, 2009]. Enactive Al takes them both as necessary
meaning generation (sense making).
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Constitutive autonomy is basically the autonomy of organismghes
applicability of the constitutive approach is “mainly reged to actual
organisms. “ [Froese and all, 2007]; The MGS approach, as angyste
tool, is usable for organisms and for artificial systems. Téréopnance

of autonomy that applies to the MGS is the one of the agent hdstimg

the case of organism, the MGS will deal with the autonomy of
organisms, which is compatible with constitutive autonomy.

The performance of adaptivity“reflects the organism’s capability —
necessary for sense-making — of evaluating the needs and exptmeding
means towards that purpose” [Di paolo, 2005]. There are tigks |
between adaptivity and meaning generation as “a careful @nalfs
sense-making shows that different properties of adaptivityf- (se
monitoring, control of internal regulation, and control of external
exchanges) are implied by assuming that organisms have angieni
perspective on their world”. The MGS approach looks compatiitie

the performance of adaptivity as constraints satisfactans generate
internal or external actions from the agent.

As introduced above, the compatibility of the MGS approach thith
phenomenological concepts used by enaction and by enactive Al still
needs to be addressed. Phenomenology calls for first person point o
view and lived experience that are significantly beyond the tworof

the proposed systemic approach on meaning generation. The MGS
approach does not need first person point of view nor lived experience
(which does not mean that it is incompatible with them). Alsganding

lived experience, we consider that there still may be a nelmbltcafor
“something unknown” in our models for understanding the nature of life.
Probably “we might be missing something fundamental and currently
unimagined in our models of biology” [Brooks 2001] in order to get clear
enough an understanding of organic autonomy and corresponding

4 Adaptivity is defined in Enactive Al as [Di Paol®)05] “a system’s capacity, in some
circumstances, to regulate its states and itsiseldadb the environment with the result
that, if the states are sufficiently close to ttmufdary of viability, 1. tendencies are
distinguished and acted upon depending on whettestates will approach or recede
from the boundary and, as a consequence, 2. teiedesfcthe first kind are moved closer
to or transformed into tendencies of the secondsanflture states are prevented from
reaching the boundary with an outward velocity”.
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intrinsic meaning generation. The MGS approach can be a thoead f
further investigations in this area by using constraints positioned between
physico-chemical laws and biological ones. The introduction of-“pre
biotic constraints” to be defined could open a path for the evolofion
material constraints toward organic ones. (see Walter iRiothis
volume).

A.5 Conclusion and continuation

A.5.1 Conclusion

In this chapter we have extended to meaningful represerstatian
existing systemic approach on meaningful information based on the
Meaning Generator System (MGS) [Menant, 2003].

Our starting point is a meaningful information about an entityhef
environment as generated by a system submitted to a consframt
meaningful information (the meaning) is the connection exift@tgreen

the constraint and the information received by the system freraritity.

It is used by the system to produce an action that wilkfgaits
constraint. The generated meaning links the system to itsoamént.

An agent having several constraints to satisfy and receuliffigrent
information from an entity will generate networks of meanings relative
the entity, including the actions scenarios. We call theseonletwof
meanings “meaningful representation of the entity for the agéhe
meaningful representations of entities of the environment ented t
agent in its environment.

The notion of meaningful representation has been applied to animals,
humans and artificial systems. For artificial systems, tmsttaints and
meanings are artificial and come from the designer. For &rama
humans, they are intrinsic to the agents. Our lack of undersgpadout
human mind highlights the existence of unknown items about human
representations in terms of constraints satisfactions. Openirggs ar
proposed on this subject by an evolutionary scenario.

The MGS approach has been positioned relatively to embodied-gituate
Al, to the guidance theory of representations, and to the enactive Al.
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It has been proposed that the MGS approach can be added to embodied-
situated Al, and that it has some common grounds with the guidance
theory of representations.

The comparison of the MGS approach with enaction has shown that
meaningful information and representations, as embedding aniaggsnt
environment by constraint satisfactions, are compatible withtienaa

terms of meaning generation. Comparison with enactive Al has presented
the MGS approach as compatible with constitutive autonomy and with
adaptivity.

Some concerns have been highlighted relatively to the rejecfion o
boxology by enaction that makes difficult the usage of the MG§& as
building bock. Also, the compatibility of the MGS approach with
phenomenological concepts like first person point of view andl live
experience is to be analyzed.

A.5.2 Continuation

The positioning of meaningful representations within Al as intreduc
here brings up subjects that deserve some further analysis:

- Provide a more detailed description of networks of meaningssed

on constraints satisfaction. Consider if it could be an entryt gom
ontologies based on systems having constraints to satigiyatatain

their natures

- Investigate the notion of constraint and look if it could bateel to
physico-chemical laws in order to position a link betweenfici
constraints and biological ones. (Introduction of pre-biotic constraints).

- See how a better understanding about the nature of life could shed some
light on the nature of organic (intrinsic, constitutive) autonamg make
available a reference for the definition of artificial (beioural)
autonomy. (This may be related to the hypothesis [Brooks, 2001] that
“there may be some extra sort of ‘stuff’ in living systemsdside our
current scientific understanding”).

- Look at how the notion of autonomy could be related to the notions of
constraint satisfaction and of meaning generation.

- See how the build up of an identity could be based on constraints that



32 Information and Computation

an agent has to satisfy in order to maintain its nature in its environment
- Identify human specific constraints in order to relate theman
evolutionary approach on human consciousness.

- Investigate the evolution of the anxiety limitation procksegond the
phylogenetic thread of identification with suffering or endangered
conspecifics.

- Analyse the compatibility of the MGS approach with
phenomenological concepts like first person point of view andl live
experience.
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