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> Gontext - This paper is intended for readers familiar with Humberto Maturana’s theory of autopoietic systems and
with the still unresolved debate concerning the existence of non-biological autopoietic systems. Because the seminal
work of the Chilean biologist has not yet been fully and correctly understood in other disciplines, | consider that it
is necessary to offer a more generalized concept of the autopoietic system, derived by implication from Maturana’s
grounding definition. > Problem ¢ The above-mentioned debate is rooted in a deficient application of some rigorous
distinctions, definitions, and epistemological considerations introduced by Maturana when he coined the term “auto-
poiesis.” Some researchers think that social or economic organizations could be considered as autopoietic systems of a
higher order because they appear to behave autonomously and be self-organized and self-producing. However, in prac-
tice some precise distinctions would need to be verified through observation in order to claim properly their autopoiet-
ic nature. These distinctions were defined by Varela, Maturana and Uribe in 1974 as a set of six decisional rules (“MV&U
rules”) whereby an observer may possibly justify this stand. My aim is to pinpoint clearly the basic cognitive tasks that
an observer should perform in order to ascertain such a claim. > Method « | accomplish this with a thorough analysis
of the entailments derived from each rule when applied to the most general case — when the observational domain
where the system manifests itself is not specified. A bottom-up approach is used to avoid referring to “apparent auto-
poietic behavior” as a starting point distinction (top-down approach): the aim is to distinguish “autopoietic behavior”
as an outcome of more basic distinctions, not as a premise for these. These may be used as abstract tools to facilitate
a rigorous description of observations and lead to precise explanations of the emergence of complex self-generated
dynamic systems. In theory, this conceptual frame is not limited to the macro-molecular domain and may therefore be
applicable to non-biological systems. > Results ¢ According to MV&U rules, the most important distinctions are those
that refer to intra-boundary phenomenology: this focus is necessary to explain how the key processes involved in the
emergence of autopoiesis actually manifest themselves. These explanations are crucial to validating a claim about
the “autopoietic nature” of an observed system. >Implications ¢ This work could help multidisciplinary researchers
to apply properly the theory of autopoietic systems beyond the realm of biology and to settle ongoing debates. It
could also help investigations related to the specifications of software simulation processes for modeling a minimal
artificial autopoietic system. However, the rigorous focus on the role of intra-boundary phenomenology and self-pro-
duction of components reveals that our chances of detecting “natural” meta-molecular autopoietic systems are scarce.
> Key words ¢ Autopoiesis, self-production, autonomy, causation structure, artificial life, organizational knowledge.

Introduction

This paper is intended for readers fa-
miliar with Humberto Maturana’s theory of
autopoietic systems' and with the still unre-
solved debate concerning the existence of
non-biological autopoietic systems.

The original authors of the concept of
autopoiesis addressed the biological domain
exclusively, and they described the concept

1| The label “theory of autopoietic systems”
is meant to refer to Maturana’s theoretical work
on the organization of living systems. For a brief
overview of the basic concepts see Maturanass his-
torical account (2002: 5-10) and the introductory
sections 1.1 and 1.2 of Varela’s (1992) essay.

using rigorous distinctions, definitions, and
epistemological considerations. In my opin-
ion, the continuing debate derives from poor
and incomplete application of these rigor-
ous elements by those who seek to apply the
concept to non-biological domains. Non-
biological domains® could be the domains
of existence of social systems, economic
organizations, or artificial life simulation
systems created by means of software engi-
neering or robotics developments, for exam-

2| What we call “domains” are social human
constructs. In nature we observe the manifesta-
tion of an undifferentiated continuum of inter-
layered molecular, chemical, physical, biological,
behavioral, and social phenomena.

ple. Some researchers in various disciplines
feel that autopoiesis should be domain-free
rather than domain-specific - regardless of
Maturana’s and Varela’s opinions - and that
only then could the concept of autopoiesis
serve its specifics in different domains.

In order to refer to a generalized notion
of a realm in which autopoietic systems
could be observed and identified as such,
I use the term “observational domain”
Throughout this paper, the term “obser-
vational domain,” refers to any domain of
perceived phenomena in which we, as hu-

3| The meaning ascribed in this paper to the
term “observational,” as derived from terms such
as “observing” and “observer,” is meant to cor-
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man observers, can perform sensorial and
operational experiences through interac-
tions with the observable entities under
consideration. It is assumed that any obser-
vational domain is a physical domain and
that ordinary physical laws are applicable in
it. These interactions should occur as phe-
nomena pertaining to our own biological
domain (i.e., phenomena of our own direct
sensory-motor perception capabilities) or
as indirect biological effects resulting from
the use of suitable transducers (measure-
ment apparatus). Hence, the attention is
focused on the occurrence of humanly ob-
servable and describable events occurring
in what appears to us as the ordinary physi-
cal space.

The identification of autopoietic sys-
tems by observers of phenomena occur-
ring in a given observational domain is an
abstract exercise that needs to refer to the
notions and explanations introduced by
Maturana when he coined the term auto-
poiesis. In the following I assume that the
reader is familiar with the general concept
of autopoiesis as an approach to explaining
what distinguishes living beings from other
dynamic systems observed in nature. My
aim is to go beyond the original purpose
of explaining autopoiesis for biological sys-
tems by broaching a generalization of the
concept in order to make explanations ap-
plicable to different kinds of observational
domains.

This is a debatable subject and for years
Maturana has been extremely cautious of
pronouncing himself on the matter of decid-
ing whether other observational domains
do exist in which autopoietic systems could
be observable. More recently, he concluded
in a negative way by stating: “The molecu-
lar space is peculiar [...] I claim that neither
the elements of the sub-molecular nor the
elements of the supra-molecular domains
can by themselves give rise to autopoietic
systems,” Maturana (2002: 14). Neverthe-
less, the concept lends itself to an explicit
generalization, provided that we avoid ex-
planations relying on the nature of specific
interaction mechanisms between compo-
nents. I will show that even the peculiari-
ties of the molecular domain can be stated

respond to the notions explained by Maturana
(1988a) in his paper “Ontology of Observing”

CONSTRUCTIVIST FOUNDATIONS VOL. 6, N°3

in abstract general terms, regardless of their
possible applicability. My basic claim is that
it is possible to explain what autopoiesis is
about without explaining how this emergent
property results from a particular interac-
tion mechanism prevailing in a given obser-
vational domain. To do this I focus on the
most common aspect of all possible types of
dynamic interactions, namely on their cau-
sation structure, but not on explicit descrip-
tions of particular physical interactions that
link system components together.

The problem

The theory of autopoietic systems has
been stated in terms that can be interpreted
as encompassing a general class of autopoi-
etic systems in which biological organisms
may be considered as a particular case. In
theory, an autopoietic system constitutes a
particular case of dynamic system in which
some observational distinctions need to be
verified in order to claim properly its au-
topoietic nature. These distinctions were
defined by Maturana, Varela and Uribe as
a set of decisional rules (Varela et al. 1974;
hereafter “VM&U rules”), whereby an ob-
server may provide the answers to six ba-
sic questions and possibly justify a positive
claim by means of descriptions of observa-
tional experiences performed in the inter-
section of an observational domain with
the system’s domain of existence.* Inspired
from observed biological macromolecular
phenomenology, these rules were intended
to characterize living beings in terms of de-
scribed phenomena occurring in molecular
dynamic systems. In fact, these proposed

4| The “domain of existence” of an observed
dynamic entity does not necessarily coincide with
the observational domain in which the observer
interacts with it because a system may operate
through activities that do not involve biological
interactions with the observer at a given moment.
In this sense, the observational domain is restrict-
ed to phenomena that the observer has already
experienced by interacting with the observed en-
tity. The observer may “see” only a portion of the
entity and of its operations because it could well
happen that the observational domain that the
observer is able to deploy could not be extended
to the whole domain of existence of an observed
entity. Some entities would thus remain only par-
tially observable.

distinctions overtake the scope of the mo-
lecular domain and are theoretically appli-
cable to other “meta-molecular™ domains
(i.e., where the observable entities need
not be described at their molecular level of
composition).

However, many difficulties have been
encountered in practice when applying
these rules to other particular domains in
which the existence of autopoietic systems
has been suspected. This is especially the
case for the social or economical domains,
for example. Discussions often focus on
the question of identifying the boundaries
of purported autopoietic systems as a way
of discriminating the observed composite
unities from their background and deciding
if they are indeed members of a particular
class of entities showing autopoietic behav-
ior. I show that the identification of bound-
aries is a necessary but not sufficient step.

By proposing a bottom-up explanatory
approach based on some elementary dis-
tinctions, definitions, and conceptual tools,
I intend to encourage the reader to consider
the entailments of imposing compliance
with all six decisional rules, taken one by
one, on the most general case, where the
nature of the observational domain is not
specified. By “not specified” I mean that the
physical mechanisms involved in the emer-
gence of dynamic systems in an observa-
tional domain are either not known, or are
voluntarily not referred to (for practical or
theoretical reasons) although they are as-
sumed to exist.

Contents

Due to space limitations this paper has
been organized into three parts that are
not completely independent but are pub-
lished separately. Parts II and III refer to

5| By “meta-molecular” domain I mean any
physical domain in which the dynamic entities
being considered by the observer are not dis-
tinguished or described as individual molecules
(taken in the usual sense employed in physics,
chemistry, and/or biochemistry). The term “me-
ta-molecular” connotes the notion of “more than
simply molecular” and is used to signify that the
observed interactions occurring between dynami-
cal entities may be explained without referring
explicitly to a ground level molecular phenom-
enology.
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terminology, concepts, and developments
presented in the previous parts. Above all,
Part I is essential to understanding the ter-
minology used in the following parts and
sections.

The present paper corresponds to Part
I, in which I discuss briefly the applica-
bility of the VM&U rules to generalized
meta-molecular domains, present the basic
definitions and conceptual tools used in a
bottom-up explanatory approach to under-
standing dynamic systems, and present an
overview of the six VM&U rules (viewed as
a validation test to qualify a system as au-
topoietic), explained and interpreted from
within this explanatory approach.

Part II is an expansion of the above-
mentioned explanatory approach, applied
to the explication of the natural emergence
of composite self-organized dynamic sys-
tems endowed with self-produced em-
bodied boundaries. This is followed by an
analysis of the requirements imposed on
the phenomenology
for compliance with the self-production
capabilities that autopoietic systems should
show, according to Varela, Maturana and
Uribe. Special attention is given to the con-
sequences derived from the application of
the 5th and 6th component “production
rules” with respect to the topology of the
interaction structures resulting from the
components’ coupling activity.

Part III treats several issues: the “scale
of description problem” posed when trying
to identify a suspected autopoietic system;
the relation between the “intra-boundar-
ies” phenomenology and the fundamental
notion of operational closure; and a dis-
cussion about the possibility of establish-
ing a strict equivalence between the gen-
eralized notion of autopoietic system and
the notion of a living being. These devel-
opments are followed by a “Self-critique”
section, where I discuss the validity of my
bottom-up explanatory approach, and a
“New reflection perspectives” section with
a discussion concerning the potential use
of the proposed methodology to analyze
existing complex systems, to design and
build artificial self-organized and autono-
mous systems, and to attempt to overcome
the debate about the purported existence of
non-biological autopoietic systems.

“intra-boundaries”

Applicability
of the VM&U rules

I will show that, given an observational
domain in which a certain dynamic entity is
being observed as a unity, if this entity be-
longs to the class of autopoietic systems it
should be possible to describe it as bounded,
composite, mechanistic, self-referential, self-
producing, and autonomous. This is a com-
pact way of expressing the characterizing
properties that the observer should be able to
distinguish and describe in order to ascer-
tain that the observed unity is autopoietic,
as implied from the “(...) six-point key for
determining whether or not a given unity is
autopoietic,” (Varela et al. 1974: 192). I con-
sider that the term “key” should be replaced
by “validation test,” because it expresses bet-
ter what the observer is expected to do when
trying to identify the nature of the observed
entity. This test consists of the six VM&U
rules that the observer should apply while
observing. Each rule consists of one or more
questions that should all be answered posi-
tively in order to validate a claim.

It is not my purpose to review and dis-
cuss these rules per se, but to use them as a
guiding reference in the bottom-up explana-
tory approach to autopoiesis that I unfold
in the next section and in parts II and III
of this work. These rules represent in fact a
very compact definition of the notion of the
autopoietic machine, as it was initially con-
ceived by Maturana four decades ago, and
a full comprehension of their scope should
be obtained by comparison with other de-
velopments on autopoiesis produced by
Maturana and Varela ever since. According
to Maturana (2002: 6-8), he developed the
basic notion back in 1964, but did not coin
the term “autopoiesis” until 1970. The rules
sketched and published by Varela, Maturana
and Uribe in 1974 were seldom explicitly
cited by Maturana or Varela thereafter, even
though they never stated that this defini-
tion, as implied from the rules, was flawed
or inadequate. In my opinion, they just left
to others the task of exploring the entail-
ments that can be derived from their “six-
point key”

The VM&U rules’ “natural” domain of
applicability is the biological domain, as
they were purposefully devised to account
for the observed phenomenon of the emer-

gence of molecular entities showing the
specific properties that characterize living
beings. However, because they were for-
mulated in general abstract terms, their ap-
plicability is in principle not restricted to a
specific observational domain as the authors
explicitly admitted a domain-free interpre-
tation: “For the purpose of explaining and
studying the notion of autopoiesis, however,
one may take a more general view as we
have done here [...] where physical space
is replaced by any space [...] and molecules
by entities endowed with some properties”
(Varela et al. 1974: 191). Although in Mat-
uranas and Varela’s literature emphasis has
been put mainly on physical spaces and mo-
lecular phenomenology, they nevertheless
left the door open to the consideration of
a “more general view;” and this is precisely
what I intend to do here. But I intend also to
show that some of these rules impose severe
restrictions on the identification of autopoi-
etic systems in meta-molecular domains.
This analysis may lead someone to modify
some rules, and produce a broader version
that could satisfy aspirations for a theory of
autopoietic systems that was domain-free
not only in principle, but also in practice.
The question would arise then of whether
we could still call that modified version a
theory of “autopoiesis,” or would need to
qualify it with another name instead.

The reader should be aware that unfold-
ing the operational meaning of the VM&U
rules from within my explanatory approach
inevitably constitutes a particular interpre-
tation of them. In the final section of this
paper, “The VM&U validation test,” I pres-
ent an overview of the rules and I explain
how they relate, in my view, to the required
characterizing properties mentioned above.
More detailed discussions are also devel-
oped in Part IT and Part III.

Bottom-up explanatory
approach

In this paper I intend to avoid referring
to the distinction of autopoietic behavior
as a starting point of discussion. My aim is
to introduce this distinction as an outcome
of some preliminary explanations, not as a
premise for them. I begin with the explana-
tion of what I understand as those necessary
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basic distinctions that allow an observer to
describe dynamic objects and their mutual
interactions. From there I step into an ex-
planation of more elaborated distinctions
that allow us to describe a general com-
posite dynamic system existing in a general
non-specified observational domain.

The global aim is to explain through
which basic distinctions we may bring forth
more elaborated descriptions that are essen-
tial to identify a structure determined dy-
namic activity compliant with the rules that
define an autopoietic machine in a compos-
ite system being so far unknown as a mem-
ber of the class of autopoietic systems. In
other words, I intend to pinpoint the neces-
sary cognitive steps that an observer should
perform in order to focus on pertinent ob-
servations that would allow him or her to
describe a possible autopoietic behavior. By
following this explanatory path and apply-
ing the VM&U rules to validate a positive
claim, I intend to show how a very general
composite dynamic system can be “recog-
nized” by the observer - step by step — as an
autopoietic system.

I impose the requirement that the re-
sulting explanations should lead to the
identification of three distinct sets of dy-
namic objects related to the suspected au-
topoietic system:

a | a “boundary” (among other possible

boundaries);

b | the “body” (what is “inside this bound-
ary”); and

¢ | the “medium” (what is “outside this
boundary”).

By following the entailments of Mat-
uranas proposed distinctions concerning
the nature of the dynamic components
that constitute an autopoietic system, I
show then that this task must be completed
by focusing on what happens “inside the
boundaries” I discuss the terms whereby
observers can describe the intra-boundary
phenomenology in order to explain how
the key processes (such as self-organiza-
tion, self-production, and self-adaptation
to varying environmental circumstances)
manifest themselves. These explanations
are vital to revealing what is determinant
in general and applicable in particular to
an observed system so that observers can
validate a possible claim that it is indeed
autopoietic.

CONSTRUCTIVIST FOUNDATIONS VOL. 6, N°3

Ontological and epistemological

considerations

We will see that in the more general
case, when we tackle the problem of “de-
tecting” or “identifying” an autopoietic
system in a non-specified observational
domain, the “autopoietic nature” of the sys-
tem may not appear as a directly observable
physical feature of the observed entity, but
as a conceptual construct based on multiple
observations and descriptions. Even in the
case of living cells or organisms, we may
encounter difficulties in physically circum-
scribing the unity and differentiating its
structure from the background as a com-
pact physical object.®

On the one hand, we need to know
what it means to say that an “autopoietic
system,” its boundary, and its environment
exist as physical objects and not as “views”
of our minds. This is a typical ontological
problem and we need to give an account of
the terminology used to refer to the “real”
observable entities that we call autopoietic
systems and to refer to the abstract concep-
tual constructs that we may use as explana-
tion tools. On the other hand, we need to
clarify the relationships that the observer
may establish with these observable entities
and what he or she can learn from the act of
observing. This is an epistemological prob-
lem that the above-mentioned conceptual
constructs should provide as well.

The criteria needed to generate the
above-mentioned basic distinctions are not
trivial, but I claim that they can be speci-
fied in general for any observational do-
main, provided that the formal relations
used in the languaging domain’ to describe

6| A biological example is the identification
of the immune system as an autopoietic unity by
Varela (Varela et al. 1988); this is not spatially
fixed and is not limited by a “surface” acting as
boundary, such as the membrane in the cell. “The
immune system is not spatially fixed, it’s best un-
derstood as an emergent network” (Varela 1995:
213).

7| The term “languaging domain” refers to
the domain of human conversations in which
language, conceived as a consensual coordination
of consensual coordination of behaviors between
humans, is the fundamental interaction used by
scientific observers to express their descriptions
of their experiences performed in the observa-

relations between dynamic objects existing
in the observed domain express the occur-
rence of causal interactions between them,
whatever the causation mechanism may be.
I stress the issue of focusing on causality as
it needs to be explicitly stated in order to
choose the most appropriate abstract lan-
guage capable of expressing the operations
of distinction proposed in this explanatory
path.

Causation and entailment relations
Before addressing the subject of the
identification of a boundary, let me first
discuss some basic distinctions concern-
ing causality. I beg the reader to consider
the following paragraphs as a non-trivial
and necessary step to render the notion of
causality explicitly distinct from the notion
of entailment (or logical implication). This
distinction is essential to avoid a common
theoretical snare when appealing to ab-
stract reasoning. The snare consists of con-
fusing the phenomenological relationships
that an observer can establish on observa-
tional grounds with logical inferences re-
sulting from theoretical formalisms meant
to model an observed phenomenology.
= entailment is a cognitive operation in-
volving logical statements of the sort:
“if A is true then B is true” (A implies
B) for example;
= whereas causation is a description of
observed phenomena involving state-
ments such as: “T observe that when-
ever X happens, then Y happens con-
secutively within a finite time interval”
(X causes Y).
Both previous statements can be used
to define abstract relations such as Re (A,
B) (for entailment) and Rc (X,Y) (for cau-
sation), but the meaning of the word then
is quite different in each case. In the first
case it expresses an inference that has sig-
nificance only in formal terms with respect
to rules, axioms or theorems expressed
within a formal mathematical system
with a timeless logical validity. In the lat-
ter case, the word “then” can be replaced
by the expression “it happens that,” which

tional domain under consideration, to explain
their operations of distinction, and to formulate
their claims about phenomena observed within
these domains.
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refers to an observed fact totally unrelated
to any observer’s cognitive operation other
than the act of observing/describing, and
its validity is inter-subjectively established,
circumstantial, and time dependent. This
distinction between entailment relations
and causation relations becomes crucial
when describing reflexive and reciprocal re-
lations between dynamical entities, because
in the first case reflexivity or reciprocity re-
lations are interpreted as timeless recursive
functional applications leading to infinite
regress, whereas in the second case, as the
causation propagation time is explicitly
taken into account, reflexive and reciprocal
relations may be interpreted as succession of
causation events with a restricted time de-
pendent phenomenological validity, with no
recursive entailment involved.

Time and causality

Causality refers to the notions of events
occurring in time, of successions of such
events and of observed regularities in those
successions of events. In order to explicitly
state what the word “time” connotes in this
paper, I refer the reader to Maturana (1995),
where he states that the notion of time is a
notion that arises (for the observer) as an
abstraction with no transcendental onto-
logical status. For him, the word “time [...]
cannot refer to an entity that exists indepen-
dently of what we do” as human observers.

The notion of a causal relationship link-
ing objects that have arisen in our experi-
ence as observers refers to the observation
of repeated regularities in the successions of
events concerning those objects, so that we
are allowed to claim that we can distinguish
relations that couple those objects together
with respect to our perception of their dy-
namic activity.

We humans act as observers of phe-
nomena occurring in time by describing to
other humans our experiences (by interact-
ing with them in the languaging domain)
while or after being involved in biological
interactions with the outcomes of those
observed phenomena. In order to make sci-
entifically valid descriptions of our experi-
ences we need to achieve what we could call
“objectivity of description” This is an out-
come of the coherency of our experiences
as observers in which a described phenom-
enological experience leads to the actual

realization of experiences of the same kind
that can be described (in the languaging
domain) in the same way by other observ-
ers. In this sense, objectivity of description
does not refer to an observer independent
reality, but to the coherence of the experi-
ences of multiple observers as expressed by
what they say about their own experiences.
As such, the term “objectivity” connotes an
“inter-subjective outcome” of our experi-
ence of living as biological systems and of
our languaging activity as humans.

Now, what do we mean by phenomena
occurring in time? In this paper, all that
needs to be inter-subjectively said about
this notion in order to explain the notion
of causal relationship is synthesized by
Einstein’s famous (and provocative) phe-
nomenological distinction: “time is what
is measured by clocks”® As clocks are just
extensions of our perceptive organs, con-
ceived to help us to assign a value to the
“size” of perceived intervals that “sepa-
rate” observed events distinctly (for us as
observers), it is clear that the word “time”
cannot be invoked to connote anything in-
dependent from the observer’s experience. I
consider that this reference to the notion of
time used by Einstein in physics is in no way
problematic with respect to the ontologi-
cal considerations expressed by Maturana
(1995, 1988a, 1988b) concerning the notion
of time. In my interpretation,’ the expres-

8| Einstein's statement was completed by
Lamaitre: “[...] if a number of experiments are
started and finished together, then the same ex-
periments repeated elsewhere and started togeth-
er must finish together. Any instrument that re-
peats endlessly the same experiments and counts
their number is a clock” (Georges Lemaitre, letter
to Albert Einstein, 1947, quoted by Jean-Pierre
Luminet (2004), my translation). The statement
“must finish together” refers to an accepted “fact
of nature” acknowledged by experiments per-
formed by scientific observers. I mean by “fact of
nature” an observable regularity agreed upon by
scientific observers to be considered as a physical
law: in the context of Lemaitre’s remark, he refers
to an invariant of the general theory of relativity.

9| I acknowledge that Einstein also posed
that time is a fourth dimension, mathematically
similar to the other three spatial dimensions,
proved to be relative in its quantity to the veloc-
ity of observers moving in physical space. My

sion “what is measured” could be better
understood as “whatever is measured,” to
emphasize that in physics there is no point
in asking if Einstein’s “what” has a tran-
scendental ontological status on its own or
not. In this statement, Einstein purportedly
bypassed this question and, independently
from any personal metaphysical stand of
his own, he equated “time = measure,” by
stating implicitly that in physics, it is irrel-
evant to imagine what else it could be. This
measure refers to the result of a biological
experience of the observer when interact-
ing with a device (a clock). This result is
expressed as a number that corresponds to
a count of clock events (a cognitive action
of the observer). This number is an abstrac-
tion that exists only in the languaging do-
main, not in the observational domain, in
agreement with Maturana’s considerations
referred above. What we connote here by
“time” arises from the observers doing
when counting repeated events, be it in lan-
guage (announcing consecutive numbers,
aloud or silently) or by relying on a count-
ing device.

Phenomena occurring in time are, then,
interactive events undergone by observers
who are able to discriminate their occur-
rence in time by assigning them a measure
with the help of a clock. The fact that our
spontaneous perception of the occurrence
of observable phenomena allows us to dis-
criminate sequentially separated events
without using an instrument and talk about
what occurred before, simultaneously or
after the occurrence of a referential event
(because we are endowed with memory), is
a cognitive ability of our species. This ability
is efficient only within a biologically deter-
mined range of values. The use of a clock
is a reinforcement needed to generate scien-
tifically valid explanations in the languag-
ing domain, especially for observational
domains in which our natural perception
is unable to discriminate successive events
separated by extremely short time intervals.

interpretation is based on the opinion that these
notions of spatial/temporal dimension are all ab-
stractions of the same kind, treated in an abstract
mathematical model, and thereby they all pertain
to the languaging domain of human observers. To
discuss these considerations further is out of the
scope of this paper.
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Cause-effect relationships

The term “causally linked phenomena”
refers to an association established by observ-
ers between events occurring regularly as a
consequence of other events that occurred
before and that do not occur if those caus-
ing events do not occur. This is a one-way
“cause-effect relationship” with respect to
the occurrence of “causing events” and of
“effect events” as discriminated by an in-
creasing counter of “clock events”

My purpose is to describe observable
phenomena produced by the activity of dy-
namic entities, that is to say, of observable
objects in which we can distinguish changes
and consider those changes as events occur-
ring in time. Those entities exist in an obser-
vational domain and are subject to changes
as a consequence of their mutual interactions.
These changes are considered as the causal
outcome of those interactions.

The phenomenon under investigation is
the “emergence of interaction structures”
giving rise to the observation of groups of
interacting entities that can be distinguished
as being mutually associated by cause-effect
couplings while other entities existing in the
same observational domain are not associ-
ated in this way.

The observer’s “point of view”

When observing a population of dynam-
ical objects and differentiating a composite
unity of such objects from the background,
the observer needs to define some inclusion
criteria in order to distinguish the said com-
position phenomenon. Of course, in any
theoretical approach, the inclusion criteria -
used by the observer to decide whether some
entities are to be considered as components
of a system or not — define the boundaries of
the referred system independently from any
observed “(objective) reality” Stated in this
way, the operations of distinction should be
understood as cognitive statements made
arbitrarily by an observer. These proposed
distinctions may facilitate or prevent the ob-
servation of an autopoietic system in action,
and this is essential to judge on their perti-
nence. Furthermore, such inclusion criteria
are not imposed a priori by the nature of a
particular observational domain.

Each possible set of inclusion criteria
constitutes a hypothetical approach giving
rise to interpretations of observable events
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that can be more or less useful for “detect-
ing” the existence of a suspected autopoietic
unity in the observed observational domain.
In this sense, the “boundary” exists only in
the languaging domain: it is the “observer’s
point of view;” allowing him or her to talk
about the existence of an observable com-
posite unity, seen as clearly “distinguishable”
from its environment and showing a pos-
sible autopoietic behavior in the considered
observational domain.

We need to keep in mind that some in-
clusion criteria may prevent observers from
identifying such a composite unity as an au-
topoietic system at all. This is an important
consideration because phenomenological
descriptions depend strongly on those as-
pects of a phenomenology upon which we
focus attention as observers. Therefore, the
choice of pertinent inclusion criteria and
their corresponding observation protocols is
at the heart of the problem of identification
of autopoietic behavior.

Nevertheless, when the observed phe-
nomenology allows us to describe the emer-
gence of spontaneously generated structures of
components involved in distinguishable mu-
tual interactions — distinguishable from the
interactions with other dynamical objects
- we can say that it is the phenomenon of
emergence itself that “defines” the boundary
(for an observer).

This is an outcome of considering the
observed emerged unity as a structure de-
termined system. The particular structure
of the system arises (for an observer) only
when the attention of the observer is focused
on a particular type of interaction occurring
as an observed phenomenon in the system’s
domain of existence.

This might sound in contradiction with
the observer’s freedom to choose any set of
inclusion criteria leading to the identifica-
tion of a composite unity, of its boundary,
and of its environment. But the contradic-
tion is only apparent because the observer’s
operations of distinction are just hypotheti-
cal approaches expressed in language and
what the observer says about the observa-
tions performed on the system/environment
interactions are descriptions of the observ-
er’s experiences in the observational domain
in which the system behaves as a unity.
When observations do not match with ex-
pectations derived from a particular “point

of view;” the observer may always change it
in order to search for a better match.

Embodiment

It is the confrontation of the theoretical
operations of distinctions with the descrip-
tion of observational experiences that allows
the observer to claim that there is a formal
correspondence between the proposed dis-
tinctions and the descriptions of actual ob-
servational experiences. If the observer is
not able to establish such a correspondence,
he or she is free to modify the proposed in-
clusion criteria until a better match can be
claimed. When a formal correspondence
can be claimed and other observers agree
to say that the claim is valid, “objectivity in
parenthesis” (Maturana 1988a) allows us to
say that the observed system (objectively)
defines its structurally determined emerged
boundaries.

Briefly, I will show that in the most gen-
eral case, “causal coupling relations” are the
base level abstractions necessary to describe
a proposed theoretical “boundary” for the
system. However, in the practice of observ-
ing a particular domain, the consideration
of a particular type of causation mechanism
allows the observer to define specific ob-
servational protocols devised to verify that
this theoretical “boundary” coincides with a
particular set of physical components where
each member is distinguished by the causal
coupling relations in which it participates,
based solely on the operation of the consid-
ered causation mechanism in the domain
where the system arises as such (to the ob-
server). When this is the case we can talk
about an “embodied boundary”

Explanations in the biological

domain

Let us see how these considerations ap-
ply in the domain for which Maturana and
Varela developed their theory of autopoiesis,
namely the biological domain. Here, living
systems are observed as biochemical dy-
namic systems capable of conserving their
organization in continuous interaction with
their biochemical environment. Maturana
proposed that:

°¢[...]living systems are dynamic systems consti-
tuted as autonomous unities through being closed
circular concatenations (closed networks) of mo-
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lecular productions in which the different kinds
of molecules that composed them participated in
the production of each other, and in which every-
thing can change except the closed circularity of
the concatenation of molecular productions that
constitutes them as unities [...] Francisco Varela
and I expanded this characterization of living sys-
tems by saying: first, that a composite unity whose
organization can be described as a closed network
of productions of components that through their
interactions constitute the network of produc-
tions that produce them and specify its extension
by constituting its boundaries in their domain
of existence, is an autopoietic system; and sec-
ond, that a living system is an autopoietic system
whose components are molecules. Or, in other
words, we proposed that living systems are mo-
lecular autopoietic systems and that as such they
exist in the molecular space as closed networks
of molecular productions that specify their own
limits.”” (Maturana 1988a)

The type of interactions considered in
the macromolecular domain and observed
in the physical space are those established
between complex molecules giving rise to
more or less stable macromolecular struc-
tures participating in the dynamics of the
system that they constitute. These interac-
tions are explained in terms of chemical
couplings in which the spatial closeness and
chemical affinity of the interacting entities
(macromolecules) play a fundamental role.
In physical terms, interactions occur accord-
ing to the manifestation of electrochemi-
cal attractive or repulsive forces subject to
three-dimensional Euclidean constraints.
These constraints may be expressed in terms
of distances between the interacting entities
and of the mutual three-dimensional orien-
tation of their spatial structure.

The resulting structure of a composite
system of interacting macromolecules is
also a spatial structure occupying a volume
in the physical space. Such structures have
“natural boundaries” that can be described
mathematically in terms of topological sur-
faces distinguished in an abstract three-di-
mensional “Euclidean space” For example,
the cell membrane is the embodied locus of
the boundary for the most elementary struc-
ture of living beings: the living cell described
as an autopoietic system. This boundary is
(objectively) produced by the cell itself.

However, the distinctions made in the
biochemical domain (i.e., the identification
of the basic dynamic entities, called “macro-
molecules”) need to be stated with caution.
For example, the scale of the observation
is essential to bring forth the appropriate
structures to be observed and described as
components. When considering biochemi-
cal interactions, everything occurring in
this observational domain is a succession
of multiple biochemical couplings continu-
ously linking molecules to other molecules.
If the scale of observation is not chosen to
be large enough to allow for the observation
of the emergence of large scale structures,
the identification of structure determined
boundaries might become impossible. At
a low scale of observation, a cellular mem-
brane would be seen as a sieve and inter-
acting molecules could not be classified as
being part of an “inside” or of an “outside”
volume. On the other hand, if the scale of
observation is too large, the observer will
not be able to observe interactions between
basic components - only between large
scale composite structures — nor explain the
emergence of an autopoietic unity as a result
of underlying interaction mechanisms.

These examples of operations of distinc-
tion that depend on the scale of observation
show how an observer can miss the iden-
tification of an autopoietic system and its
boundary altogether or be unable to claim
an explanatory path for the emergence of
such a composite unity.

Explanations in a non-specified

observational domain

In order to test the applicability of Mat-
urana’s general definition of autopoietic sys-
tems in other observational domains, many
authors have discussed the existence and
the identification of such composite unities.
This is especially the case with sociologists
or economists, who consider the idea that
some observed organizations perceived as
possessing some traits of self-rule could be
described as autopoietic entities existing in
a social, political or economical domain."

10| As my purpose is to explain autopoiesis
in general terms and not to discuss the applica-
bility of autopoietic theory to social/political/
economical systems, I refer the reader to some au-
thors that discuss the autonomous nature of these

When discussing the problem of identifying
the boundary of such systems, a preliminary
question arises: How should we distinguish
the agents that constitute the system’s com-
ponents? In other words, what inclusion
criteria should be applied in order to differ-
entiate the system components from other
agents existing in the same observational
domain?

We will see that this question finds a
natural answer when we focus our analysis
on the natural emergence of causation net-
works, conceived as connected paths for the
propagation of cause-effect events among a
population of interacting dynamical enti-
ties. That autopoiesis is not an outcome of
the internal properties of components but
of the dynamic relations established between
them is implicit in the definition of an au-
topoietic system compliant with the VM&U
rules, though it has been repeatedly argued
by Maturana and Varela. This consideration
is essential to argue in favor of the need to
stress the point explicitly in the definition of
the notion of relation itself.

Iintend to show that in the case of a gen-
eral (i.e., non-specified) observational do-
main, any pertinent operation of distinction
made by an observer in order to discrimi-
nate the boundary of a suspected autopoi-
etic system should rely only on the notion
of causal propagation occurring among dy-
namic objects interacting in that domain. I
focus on pure causation flow because it is the
only common property left when we gener-
alize the observational domain. If autopoi-
etic behavior should be distinguishable and
explainable in any observational domain,
the specific prevailing causation mechanism
should not be part of the explanation. The
description of the nature of the underlying
mechanism responsible for such interac-
tions is needed only to verify the pertinence
of the operation of distinction by carrying
out observations in a particular observa-
tional domain.

systems and the role played by some basic notions
used in autopoietic theory in the attempts to de-
scribe them (Beer 1972, 1980, 1995; Schwember
1977; Dupuy 1982; Luhmann 1986; Robb 1989;
Zeleny & Hufford 1992).
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Figure 1: Observer’s description of a cause-effect interaction. This figure is an abstract schematic
representation of a succession of events occurring in time (increasing time is represented by the
left top-down oriented vertical arrow) as described by an observer. These events involve two ob-
served objects A and B.The interactions between the observer and the objects are not depicted,
but are assumed to have already taken place. This graphical representation is to be taken as an
observer’s description of the occurrence of correlated changes in both objects. This correlation is
represented by the arrow called “Interaction.” Note that an interaction occurs within a non null
time interval. The triggering transition in object A occurs within a non null time interval, too, but
the figure depicts the event as occurring when the observer perceives it. The interaction “Propa-
gation time” is the time needed for the effect to manifest itself on object B. The latter depends
on the interaction propagation speed, the distance separating the objects in physical space, and
the caused transition delay in object B (reaction time). The figure depicts the caused transition
event in object B as occurring when the observer perceives it. All these time intervals depend
on the specific underlying interaction mechanism and the nature of the dynamic objects under
observation. The occurrence of a transition in object A and its resulting arrival state is supposed
to be absolutely independent of the starting state of object B (we are dealing with a one-way
interaction only). The arrival state of object B may or may not depend on the starting state of
object A, on its arrival state, or on both.

Cause-effect coupling

1 I'T define dynamic objects as entities,
agents, components (or whatever we

The notion of cause-effect coupling be-
tween dynamic objects needs to be defined
explicitly in order to be able to describe the
emergence of interaction structures in gen-
eral, i.e., without referring explicitly to the
interaction mechanism that provokes the
coupling.

Definitions and conceptual tools

In order to make this notion explicit, let
me propose some brief definitions and state-
ments that will be explained or justified later
with more details:
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want to name the dynamic objects exist-
ing in an observational domain) that are
capable of performing changes of state.

I mean by the state of a dynamic object
the set of values ascribed to a number of
variables' or features that the observer

2

11| A state does not need to be defined as an
analytical function of the independent variables
(in any case this is irrelevant for our explanatory
purpose); it is just an identifier for a specific com-
bination of values of the variables at a given time.
The only feature retained here is that a state rep-

can associate with the object at a given
time. The chosen variables, called state
variables, should express quantifiable
features that are subject to changes in
the object’s dynamics. The values of the
state variables should be describable and
observable by the community of observ-
ers at any chosen time.

3 | A state transition (or change of state) of a
dynamic object occurs when at least one
state variable value changes in time.

4 | We distinguish a cause-effect coupling

between two dynamic objects A and B if

a state transition in object A (triggering

or causing transition in A) is the condi-

tion sine qua non'? of a state transition in
object B (a triggered transition in B). An

interaction between dynamic objects is a

cause-effect coupling that links them for

us as observers of the evolution of their
history of state transitions in time (see

Figure 1).

By definition, in a non-specified obser-

vational domain, the mechanism respon-

sible for cause-effect coupling between
dynamic objects is not specified, but it
is assumed to exist as a causal influence
of one object on another that the observer

can distinguish as occurring in time (i.e.,

in any given (specified) observational

domain, it would correspond to an ob-
servable phenomenon).

6 | The latter means that: (a) in the absence
of any other cause-effect coupling be-
tween B and any other object different
from A, the caused transition in B nev-
er'® occurs before the occurrence of the
triggering transition in A; and (b) when-
ever objects A and B are in a specified

5

resented by the set of values of those variables at a
given time should be distinguishable from a state
represented by another set of values for the same
variables at a later time. If this happens, the occur-
rence of this variation is called a state transition.

12| It should be noted that in the most gen-
eral case, to claim that an observed event A is the
“condition sine qua non” (indispensable condi-
tion) for observing an event B is inevitably a hy-
pothetical assertion, because observers could well
be misled to associate their occurrences even if
they are in fact unrelated.

13| This is a strictly deterministic definition.
We could have said “occurs with a nearly 0 prob-
ability” instead of “never occurs”
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state and a specified triggering transi-
tion in A occurs, the same caused transi-
tion always™occurs in B, within a finite
time interval.

A cause-effect coupling can be repre-
sented formally as an oriented relation in
a abstract multi-dimensional relational
space (linking relational nodes with as
many dimensions as the number of vari-
ables considered in the associated state
variables’ set)

We can define a general dynamic system
as a set of dynamic objects linked togeth-
er via cause-effect coupling (i.e., causal
interaction). This set can be represented
by a network of oriented relations exist-
ing in the multi-dimensional relational
space where the relational nodes’ di-
mension is defined by the cardinal num-
ber of the state variables set associated to
the linked objects.

7

8

Physical constraints

Up to this point it is important to note
that these definitions are applicable to any
kind of interaction because nothing is said
about the mechanism responsible for the
production of transition events allowing ob-
servers to attribute a cause-effect coupling
between dynamic objects. Nothing is said
either concerning the nature of the “influ-
ence” of an object upon another, nor about
the nature of the dynamic objects them-
selves.

Dynamic objects could be embodied by
physical particles, molecules, cells, organ-
isms, individuals, social organizations or
even software processes, for example. The
interactions could be embodied by physical
forces, physical signals or any kind of mecha-
nism capable of triggering changes of state in
a dynamic object that is “sensitive” to it. The
only thing being said is that the interaction
is causal, in the terms defined above. I vol-
untarily neglect other considerations con-
cerning some physical constraints neces-
sary for an interaction to occur (i.e., energy
transfer, for example), not because I believe
that a physical interaction could occur with-
out being subjected to those constraints, but

14| This is a strictly deterministic definition.
We could say “occurs with a nearly 1 probability”
instead of “always occurs,” but let us stay simple
(and classical) this time.

observer
/'
objecta —— o object b

causal interaction

state of object a state of object b
at time ¢ at time ¢
R(Sq(1), Sp(t))

Sa(t) Sp(t)

oriented relation

Sa(®) ~ (v1(0), v2()), ..., va(B)}a
Sp(t) ~ {v1(D), v2(8), ..., va(D}p

values of state variables

Figure 2: Causal interaction represented by an oriented relation. In this figure the ordered pair
is denoted by the relation R(S,(t), S,(t)), where S,(t) and S,(t) are the states of objects a and b
at time t. These states are labels for the n-tuples of values of their n ascribed state variables at
time t:
Sa(t) = {V1(t), Vz(t): R Vn(t)}a
Sp(t) ~ (@), vs(2), . vi(D)}

These n-tuples represent two n-dimensional points ascribed to objects a and b in an abstract
n-dimensional space. It is to be noted that this abstract representation corresponds to the de-
scription that an observer can make of an already performed observational experience in which
he or she was able to determine the values of the state variables as observed (measured) at
time t, before actually observing the triggering and the caused transitions in objects a and b.
This means that the observer is able to say a posteriori, that a and b were related at time t by an
oriented relation R that represents a cause-effect interaction started at that moment. The ob-
server can say this because he or she observed the occurrence of a triggering transition in a and
a caused transition in b within a finite time interval. The reference to time point tis important in
this description because the states of both objects change during the interaction propagation
time interval and in their new arrival states they may not be related in the same way (for the
observer). In this sense, the “arrow” that represents the observed interaction “exists” only when
the state transitions are about to be observed (at time t). Afterwards, the situation is different:
both objects may be either “connected” by an arrow or not connected at all.

because this consideration is not relevant for ~ a | cause-effect coupling triggered by other

the explanatory path developed below.

The only constraint that should be
foreseen concerns the conditions needed
to assure that interaction activity actually
takes place within a finite time interval.
This means that a “poised stasis situation”"
should not happen. A poised stasis situation
occurs when:

15| The term “stasis” connotes here the no-
tion of “stoppage of a normal flow” as in medical
terminology. In the context it refers to the stop-
page of the “causation flow”

objects is the only way through which
dynamic objects are observed to under-
go state transitions (i.e., no spontane-
ous, internally generated transitions are
observed), and

interactions are never observed to occur
because no triggered state transitions are
observed on any object, albeit they are all
poised (i.e., in states that the observer
may qualify as of “readiness to react”),
according to observations performed in
other situations.

b
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Figure 3: Example of a graph of nodes and edges representing a network of oriented relations.

In other words, if at a given time the val-
ues of the state variables of all existing ob-
jects are such that the underlying interaction
mechanism does not produce any causal ef-
fect, a stasis with poised objects will occur
and the interactive dynamics will stop (or
never start).

A situation of poised stasis cannot be
completely avoided, since nothing prevents
dynamic objects that exist in an observa-
tional domain from never encountering
each other through cause-effect couplings.
The necessary conditions for interactions to
occur depend on the range of values of the
state variables that allows the manifestation
of a specific cause-effect coupling mecha-
nism.

To reduce this possibility we should ad-
mit that dynamic objects are capable of per-
forming state transitions that do not depend
on interactions with other dynamic objects.
This could be the outcome of:

a | global variations of the values of some
state variables due to the action of un-
derlying non-interactive causal mecha-
nisms affecting synchronously or asyn-
chronously all dynamic objects existing
in the observational domain being
considered;'®

16| In the case of the bio-molecular domain,
thermal agitation (Brownian motion) affects
all molecules simultaneously, thus reducing the
probability of a poised stasis situation at suitable
temperature ranges.

CONSTRUCTIVIST FOUNDATIONS VOL. 6, N°3

b | spontaneous fluctuations in the values of
some state variables affecting individual
dynamic objects"” (internally triggered
transitions).

Thus, we should always keep in mind
that the phenomenology of interacting dy-
namic objects might not be the only observ-
able phenomenology in a given observation-
al domain. In this explanatory approach
attention is focused on phenomena due
only to interactions because I want to show
that this is the domain in which autopoietic
behavior manifests itself. The existence of
other phenomena that allow for the mani-
festation of state transitions is assumed, but
they are not taken explicitly into account.

Moreover, an observer may decide to
discriminate specific interactions accord-
ing to different underlying mechanisms
responsible for cause-effect coupling oc-
curring between dynamic objects. When dif-
ferent types of interactions occur in the same
observational domain for the same dynam-
ic objects, these may become components
of distinct but intersecting interaction
structures or unities with distinct bound-
aries and environments.'® In this sense, an

17| In the case of the bio-molecular domain,
some macromolecules are subject to spontaneous
changes of state: protein folding is one example.

18] In the case of the biological domain, we
can differentiate normal cells from neurons, for
example: neurons interact by means of the specific
interaction mechanism of synapses and constitute

emerged unity becomes apparent for an ob-
server depending on the type of interaction
considered while observing, whereas other
emerged unities may be composed partially
by the same dynamic components and re-
main unobserved as totalities.

Abstract explanatory domain

As the notion of cause-effect interac-
tion refers implicitly to a causation mecha-
nism observed in a particular observation-
al domain, when generalizing the domain
we need to express our reasoning in more
abstract terms.

An interaction between two dynamic
objects can be represented as an oriented
relation or, in other words, as an ordered
pair of objects coupled by a non-specified
causation mechanism. As each object is
represented at a given time by its dynamic
state, which is described by the instanta-
neous values of its associated state vari-
ables, it follows that a dynamic object can
be represented by a point in a multi-dimen-
sional space.

An ordered pair of multi-dimensional
points or oriented relation is an element
of the power set or Cartesian product of
this multi-dimensional space with itself
(hereafter called the “multi-dimensional
relational space”). The order of the pair is
defined by placing the object undergoing a
triggering transition first, followed by the
object undergoing the transition caused
(see Figure 2).

Thus, a network of interactions between
multiple objects can be described at a given
time as a subset of the multi-dimensional
relational space. This subset of oriented re-
lations can be represented graphically as a
graph made of nodes and edges (see Figure
3), in which the nodes represent the states
of interacting dynamic objects at a given
time and the edges represent the oriented
relations established through observation.

The graph corresponds to a network
of relations defined in an abstract multi-
dimensional relational space that is por-
trayed graphically in the n-dimensional
space where the nodes are defined. The
topological configuration of the relational

a self-organized nervous system that intersects
with the whole organism, a system composed of
normal cells plus the neurons themselves.
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network represents the global state of all
“connected” nodes at a given time and is
isomorphic with the interaction network
distinguished by the observer in a given
observational domain. In my theoretical
extension to a non-specified observational
domain, the interaction network becomes
the causation network.

In Figure 3, the multi-dimensional
points are drawn as circles with their as-
sociated state labels and the oriented rela-
tions established between them are drawn
as arrows. Any dynamic object describable
with a chosen set of n state variables can
be represented in this abstract n-dimen-
sional space (in the figure it is drawn flat,
for convenience). An isolated circle rep-
resents a dynamical object in a particular
state (a particular set of values of the state
variables) in which it is not related to other
objects (it does not trigger transitions on
others nor is affected by any transition oc-
curred in other objects). In this particu-
lar case, at the moment considered, the
n-dimensional point is not a node of any
graph, but by convention it is nevertheless
represented in the figure as it may become
a node at another moment.

Formally, the oriented relations are not
members of this space, but of its power set,
the multi-dimensional relational space, but
they are drawn conventionally in the same
figure as one-way connectors relating the
existing n-dimensional points at a given
time.

In my explanations I use a language
containing terms pertaining to two inter-
lacing explanatory domains: one point-
ing to an observational domain (in which
particular observations are made) and one
pointing to the above-mentioned abstract
explanatory domain based on mathemati-
cal concepts (in which generalized expla-
nations are produced). Both domains in-
tersect through the doings of the observer,
who is involved both in biological experi-
ences in the observational domain and in
cognitive experiences of “distinguishing-
describing-explaining” in the languaging
domain.

For a wider understanding, I avoid
unnecessary rigorous mathematical defi-
nitions. However, some correspondences
between terms need to be highlighted (see
Table 1 on next page).

Causation structures

To advance my explanation, I will need
to propose further definitions necessary to
account for the emergence of observable
causation structures:
1 | A chained cause-effect coupling occurs
when a change of state of object A uni-
directionally triggers a change of state of
object B via the change of state of an in-
termediate dynamic object C linked by
direct cause-effect coupling with A and
B. In this sense, the interaction between
A and B propagates via C.
A dynamic structure is a set of dynamic
objects linked together by direct cause-
effect coupling or chained cause-effect
coupling. In this sense, a dynamic struc-
ture can be described as a causation
network emerged from the activity of
dynamical objects interacting in the ob-
servational domain; it is a propagation
path for causal effects between dynamic
objects.
A causation network is isomorphic”,
with the network of relations (or graph)
representing the dynamic structure in
its associated multi-dimensional rela-
tional space. The linked dynamic objects
of a causation network are represented by
the nodes of the corresponding network of
relations.
A dynamic object X belongs to a dynam-
ic structure if there are one or more dy-
namic objects coupled directly or chained
to X and all of them are coupled in the
same way to each other at a given time.
A dynamic object that is member of a
dynamic structure is called a component
of the structure.

2

3

4

19| In this explanatory approach I consider
the network of interacting components (existing
in the observational domain) and the network of
oriented relations (existing in the multi-dimen-
sional relational space) as isomorphic sets with re-
spect to components and cause-effect couplings,
that is to say: a) a relational network node always
represents an existing component and every exist-
ing component can be represented by a node; b)
an oriented relation linking two nodes always rep-
resents a cause-effect coupling between the cor-
responding components and every cause-effect
coupling between components can be represented
by an oriented relation linking the corresponding
nodes.

5 | A dynamic object Y does not belong
to an identified (observed) dynamic
structure if there is no direct cause-effect
coupling linking Y to any member of
the identified structure at a given time.
Such an object is said to belong (at a
given time) to the environment in which
the structure emerges. In Figure 3, this
would be the case of the isolated point
in state S,
Dynamic structures arise when identifi-
able subsets of more than one dynamic
object within the global dynamic system
emerge as distinct (observable) dynamic
objects that can be represented as nodes
of a network of oriented relations.
We shall note that the emergence of dy-
namic structures is a “natural” outcome
of the propagation of causal effects
throughout the history of state changes
experienced by all the dynamic objects
existing in an observational domain. It
is a phenomenon in itself and it does not
depend on any observer criterion other
than the choice of a particular type of
interaction that the observer decides to
observe and describe.
Components of a dynamic structure may
become environmental objects if they
reach states in which they no longer in-
teract with structure components (the
case of S, in Figure 3). Conversely, en-
vironmental objects may become compo-
nents of a given dynamic structure if they
reach states in which they do interact
with at least one structure component.
In other words, dynamic objects can
enter and leave a dynamic structure in
the history of state changes of its com-
ponents.
Dynamic structures may emerge and dis-
integrate, according to the propagation
of causal effects through time.
A causation network as defined above
is an observable entity evolving in time.
Its representation in an abstract multi-
dimensional relational space is a network
of oriented relations (a graph) whose to-
pology changes continuously according to
the changes induced by the causation flow
(which depends on the underlying interac-
tion mechanism) on the states of each sys-
tem component, transition after transition.
When considering different type of
interactions in a given observational do-

6

7

8

9
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Terms related to an observational domain

Dynamic object

is an observable entity existing in an observational domain that an
observer can interact with and associate to a set of well-defined state
variables with values that can change in time.

Corresponding terms related to an

abstract explanatory domain

Multi-dimensional point

(abstraction for a dynamic object)

is an element of a multi-dimensional space and is defined by an n-tuple
(a set of coordinates) corresponding to the instantaneous values of the
state variables of a dynamic object.

State of a dynamic object

is the set of observable instantaneous values assigned to each variable
associated to a dynamic object (an n-tuple of values). A state transition
occurs at a given time whenever a value of a state variable changes.

State of a multi-dimensional point

(abstraction for the state of an object)

is an identifier assigned to a particular n-tuple that defines the state of a
corresponding dynamic object. A state transition occurring in the latter is
represented by a different identifier. We need only a changing identifier to
express that a transition has taken place

Interaction

is the cause-effect coupling between dynamic objects described as the
occurrence of a state transition on a dynamic object that provokes a state
transition on other dynamic objects by means of an unspecified underlying
interaction mechanism.

Oriented relation

(abstraction for an interaction)

is defined as an ordered pair of multi-dimensional points; the order of the
pair is established by the corresponding cause-effect timed sequence of
triggering and caused state transitions observed in the corresponding
interacting dynamic objects.

Observational domain

is any domain of perceived phenomena occurring in time in which we,

as human observers, can perform sensorial and operational experiences
through interactions with dynamic objects. Within an observational
domain, observed dynamic objects may enter into observable interactions
with each other and constitute groups of interacting objects (for us, as
observers).

An observational domain is delimited by the actual observational
capabilities of the community of observers, but it can also expand as new
observational means become available (tools and methods), enlarging
thus the intersection with the domain of existence of the observed
dynamical entities.

Multi-dimensional relational space

(abstraction for a general domain containing the observational domain)
is the space of all possible oriented relations linking pairs of multi-
dimensional points together: within this abstract space, any set of
topologically connected oriented relations may be represented by a

graph in which the relations are represented as edges (arrows) and the
connecting multi-dimensional points as nodes (circles). These graphs are
abstractions that represent groups of interacting dynamic objects, at a
given time, in the corresponding observational domain.

Its mathematical definition as the power set of an n-dimensional space
entails that any pair of n-dimensional points would be a member. Among
these, | consider only one-way related points (oriented relations) at a
given time, and among the latter, only those oriented relations that
correspond to observable interactions.

Interaction network
is an observed set of dynamic objects acting as agents of interaction
propagation within a dynamic system, where

Dynamic system
is the set of dynamic objects observed as a composite unity of mutually
interacting dynamic objects.

Network of oriented relations

(abstraction for interaction network)

is a graph made of nodes and edges: it is the isomorphic representation
of an observed interaction network at a given time.

Component

is a dynamic object pertaining to an interaction network; it is seen as
an observable totality that participates in the constitution of a dynamic
system by acting as source and receptor of causation flow.

Node

(abstraction of component)

is a multi-dimensional point defined by the starting or arrival point of a
relational arrow in a graph and is in isomorphic correspondence with a
component of the interaction network represented by the graph.

Global state
is the set of all values assigned to the variables of all components of a
dynamic system at a given time.

Instantaneous configuration of oriented relations

is the topological arrangement of the graph of a network of oriented
relations at a given time depending on the state of each node at that
time.

Table 1: Correspondence between terms of the observational domain and terms of the abstract explanatory domain.
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main, each type of interaction may produce
cause-effect coupling configurations that
are causally independent from each other.
Different types of interactions may depend
each on different sets of variables, so that
the corresponding cause-effect coupling
overlapping configurations may be rep-
resented by distinct networks of oriented
relations in multi-dimensional relational
spaces with nodes of different dimensions.
If the respective sets of state variables asso-
ciated with each type of interaction do not
have variables in common, the respective
causation networks are independent and
constitute different dynamic systems.

Causation networks may produce par-
ticular cause-effect coupling configura-
tions involving multiple dynamic objects
that are recognizable to the observer as
being repetitive in time or in space. These
special causation flows may be distin-
guished as patterns of network activity or
causation patterns that do not necessarily
involve a fixed set of dynamic objects, but
rather substructures of connected nodes
(local graphs) showing internal topologi-
cal arrangements that are recognizable by
certain characteristic features. These causa-
tion patterns may be perceived as processes
that are identifiable through observing the
chronological and/or spatial regularities of
their occurrence.

Example in the macromolecular

domain

In very schematic terms, macromole-
cules interact through the establishment of
chemical bonds between some of the atoms
they are made of. The necessary conditions
for the establishment of such bonds, which
are the outcome of electromagnetic forces
that bind macromolecules components
together at the atomic level (this is the
underlying interaction mechanism), are
essentially those of distance and spatial ori-
entation.” If they are not close enough and/
or not adequately positioned in a three-di-
mensional mutual orientation allowing for

20| For the sake of simplification I neglect
other physical conditions that determine binding
interactions between molecules such as the pres-
ence of a substrate environment (liquid water sub-
strate) and of other catalytic molecules involved
in complex macromolecular reactions.

a match between mutually interacting atom
structures to occur, the binding or unbind-
ing interaction may not take place. To each
molecule an observer may assign at least
two state variables: say spatial position and
spatial orientation (expressed in any suit-
able coordinate system).

Suppose that at a given time two mac-
romolecules A and B are not interacting in
this manner. Their states can be expressed
by the values of their spatial position and
spatial orientation at that moment. The
physical constraints defined above in very
general terms can be made explicit in this
case: macromolecules are subject to ther-
mal agitation in the substrate in which they
exist. Within a suitable temperature range,
thermal agitation implies global variations
in the values of position and spatial orien-
tations of all individual macromolecules.
Macromolecules A and B will undergo
non-interactive state transitions and the
state variables position and orientation may
reach values in which an interaction mech-
anism can take place.

Let me be even more explicit. Suppose
that A moves and rotates with respect to a
previous situation in which no interaction
with B occurred. The change of state of A
is expressed by changes in the values of its
position, its global spatial orientation, and
its constituent atoms’ spatial configuration.
That is to say, for example, that some values
of its set of variables change in time in such
a way that a) the distance between A and
B allows the attractive or repulsive electro-
magnetic force to act by inducing a mu-
tual movement, and b) the mutual spatial
orientation of the nearest atoms produces
a three-dimensional match of atom struc-
tures of A and B that facilitates a chemi-
cal interaction. The interaction mechanism
produces a change of state in B: it may oc-
cur, for example, as B moves due to the ac-
tion of attractive or repulsive electromag-
netic forces (its position variable changes).

After an observable time interval a
chemical bond may be established or bro-
ken and a binding or unbinding interaction
can be accomplished. Dynamic interaction
structures may arise in such an environ-
ment where macromolecules are free to
move and rotate.

It is important to note that the dynam-
ic causation structure that we are talking

about is not to be confused with the spatial
structure of the resulting bonded macro-
molecules. In fact, the dynamic causation
structure is an abstract concept (expressed
in the languaging domain) based on the
notion of described oriented relations of
cause-effect coupling between dynamic
objects leading to the identification of a
network of oriented relations where the dy-
namic objects are represented by the nodes:
it is an entity existing in a multi-dimension-
al relational space that can be mathemati-
cally defined only within the languaging
domain.

However, the resulting spatial structure
of bonded macromolecules is an observable
conglomerate of macromolecules existing
in the macromolecular (phenomenologi-
cal) domain and represented as embedded
in Euclidean space. Euclidean space is a
mathematical construct expressed in the
languaging domain, although isomorphic
with a system made of observable three-
dimensional physical objects, separated
by physical distances, oriented in the or-
dinary physical space of our experience as
observers, and existing in an observational
domain that we call the classical physical
domain. For all practical purposes of ob-
servation, the macromolecular domain is
usually considered as a particular case of
the classical physical domain, even if quan-
tum mechanical interactions are involved
in the underlying interaction mechanisms.

A similar analysis could be applied to
the neuronal domain, the human social do-
main, the world economical-financial sys-
tem domain, the animal societies domain,
the robotic agents domain or the concur-
rent software processes domain, etc. The
problems left to the theoretician-observer
are those of describing the underlying in-
teraction mechanism and defining the ad-
equate state variables sets that will account
for the changes of state that are determi-
nant in order to explain the occurrence of
an interaction between the corresponding
basic dynamic objects (neurons, individu-
als, enterprises, animals, robots, processor
threads, etc.). In most cases, these tasks
are not trivial at all and any choice made
by the observers should be handled merely
as working hypotheses meant to guide the
deployment of adequate observational pro-
tocols.
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Interaction conditions

The nature of the underlying interaction
mechanism determines the conditions in
which cause-effect couplings can take place.
These conditions affect the range of values
of the state variables of dynamical objects
that allow for the manifestation of an “in-
fluence” of an object on another. The range
of values of the state variables of dynamic
objects for which an interaction is possible
is determined by the “laws” that apply to a
particular type of interaction in a particular
observational domain.

It is important to highlight the fact that
the set of variables associated with a dynam-
ic object existing in a general observational
domain may contain variables correspond-
ing to any measurable feature that partici-
pates in the occurrence of an “influence”
of an object upon another. In an ordinary
physical domain the most likely variable to
be included is the position of objects in three-
dimensional Euclidean space, since the most
common “influence” is the action of a physi-
cal force produced by a force field that de-
pends on the distance separating two physi-
cal objects.

The generalization introduced by the
abstract model proposed in this paper does
not assume anything about the nature of
the characterizing state variables. In par-
ticular, this means that ordinary physical
distances may not appear as participating in
the establishment of cause-effect couplings.
Hence, the notion of spatial vicinity affect-
ing dynamical objects may be considered as
irrelevant for the existence of an interaction
dynamics, provided that other mechanisms
that do not depend on the spatial separation
between objects are available to “transmit”
the “influence” of a state transition of an ob-
ject to other objects and provoke state tran-
sitions in them.

For example, consider a situation in
which dynamical physical objects are sepa-
rated by distances for which no physical
force can act as a direct interaction “sup-
port” A simple “signal” carrying the infor-
mation of the occurrence of a state transi-
tion in an object can trigger state transitions
on other objects, provided that they are
“sensitive” to the manifestation of a state
change in the “signal emitting” object. The
interaction thus established is a cause-effect
coupling, even if the “signal emitting” object

CONSTRUCTIVIST FOUNDATIONS VOL. 6, N°3

is light years away. The interaction is pos-
sible just because the underlying interaction
mechanism is embodied almost completely
by the nature of the dynamic objects that are
capable of “reacting” to that kind of “signal”

This consideration implies that the no-
tion of cause-effect coupling is so general
that almost no conditions are to be imposed
to assure that their occurrence is possible in
physical terms. The minimal and unavoid-
able condition is that the “information™
concerning the state transition occurring in
the causing dynamical object should be able
to propagate via a suitable substrate to the
affected dynamical objects. I emphasize that,
by definition, any observational domain is a
physical domain and that ordinary physical
laws are applicable in it. In particular, this
means that any cause-effect coupling is pos-
sible only if an energy transfer occurs be-
tween the causing and the affected dynami-
cal objects (in the minimal case considered
above it is the energy of the “information”
carrying signal, or transition triggering en-
ergy). But we must keep in mind that the
total energy necessary for the accomplishment
of the state transitions in the affected dynami-
cal objects does not need to be provided en-
tirely by the causing object itself: Except for
the transition triggering energy, it can be
provided entirely by energy reservoirs em-
bedded in the affected objects themselves or
available as “local” sources of energy related
only to the affected objects.?

21| Talking about “information” is a lin-
guistic operation of the observer for commenting
that there is a phenomenological connection or
causation mechanism at work. It is just a suitable
manner to name events in which the only observ-
able “exchanges” can be described by means of
ordinary physical concepts such as forces, energy
transfers, etc. A dynamical object is not affected
by any “informational contents” but by induced
physical manifestations of phenomena occurring
somewhere in its physical domain of existence.

22| In the case of static objects, the notion
of “interaction” comprises the energy transfer
necessary to produce the “action” on the affected
object since the effect depends on the energy that
the causing object can provide. In the case of
dynamic objects, the caused “action” can be per-
formed almost entirely by the affected object by
using local energy resources. In other words, it is
a situation in which there is no observable direct

The VM&U validation test

This is an introductory presentation of
the VM&U rules and for the sake of read-
ability I interpret them in my own wording.
However, I think that their overall meaning
is preserved. Most issues derived from their
precise meaning are discussed in Part IT and
Part III of this work. In the endnotes I re-
produce the original wording of each rule
(Varela et al. 1974: 192-193).The rules are
presented as related to the adjectives bound-
ed, composite, mechanistic, self-referential,
self-producing, and autonomous. These are
meant to synthesize the meaning of the rules
as qualifications of the characterizing prop-
erties that the observer should be able to dis-
tinguish and describe in order to ascertain
that an observed unity is autopoietic in the
sense defined by these authors.

The six VM&U rules constitute an op-
erational validation test for any claim con-
cerning the autopoietic nature of a dynami-
cal system supposedly existing in a domain
that intersects with a particular observa-
tional domain.

Bounded

The first question to answer is the
following:*

Rule 1:Is the observed unity circumscribable,
which is to say, can we say where the unity
ends and/or where its environment begins?
If the answer is NO - the unity cannot be
described and nothing can be said about it.

Hence, the first task is to identify the
unity by distinguishing its boundaries. In
the section, “The observer’s “point of view;’
I discussed that, in order to differentiate a

cause-effect relationship between the state transi-
tions occurred in the causing dynamical object
and the activation of the energy reservoirs that
provide the total energy required to produce state
transitions in the affected dynamical object. This
fact entails important consequences for the ther-
modynamic analysis of the whole system, but this
issue is outside the scope of this paper.

23| “1. Determine, through interactions,
if the unity has identifiable boundaries. If the
boundaries can be determined, proceed to 2. If
not, the entity is indescribable and we can say
nothing”
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composite unity from the background, the
observer needs to define some inclusion cri-
teria based in its own interactions with the
entities being observed. These criteria need
to refer to some lower level distinctions re-
lated to the intrinsic nature of the unity that
makes it appear as differentiated from any
other entities observed in the same observa-
tional domain.

Composite

Assuming that the unity under exami-
nation is already described in terms of ob-
servational distinctions that allow observers
to claim that there is a distinguishable object
brought forth to our perception within the
observational domain under consideration,
the second question to answer is:**

Rule 2: Does the observed unity have con-
stitutive elements, which is to say, can we
distinguish components in the unity and see
the whole as a describable set of parts?

NO - the unity can only be analyzed as an
undifferentiated whole. It is not an autopoi-
etic system.

From within my explanatory approach,
this composite unity should not appear as
the description of an arbitrary collection
of objects among other objects, but of a set
of components related to each other by an
observable feature that makes them appear
to the observer’s perception as mutually re-
lated by the occurrence of a phenomenon in
which they are dynamically involved. Even
though Varela et al. 1974, talk just about
“relations” and “mutual relations” without
referring to dynamism, I consider, without
loss of generality, that the relations between
objects are always associations made by the
observer that correspond to the observation
of physical interactions occurring between
objects in time (therefore I use the qualifica-
tion of “dynamic” objects and “dynamic” re-
lations). The distinction of a dynamic com-
posite unity is related to the distinction of a
particular kind of activity occurring between
the dynamic objects that compose the unity.

24| “2. Determine if there are constitutive

elements of the unity, that is, components of the

unity. If these components can be described,
proceed to 3. If not, the unity is an unanalyzable
whole and therefore not an autopoietic system”

This activity can be stated as an observable
dynamic relation between them.

In the practical case of a particular ob-
servational domain, the observer should
distinguish mutually related objects from
other dynamic objects that do not partici-
pate in the composition of the described
unity. Again, from within my explanatory
approach, the observable relation between
dynamic objects should be describable as a
physical interaction in which the activity of
an object affects the activity of other objects
by means of a particular interaction mecha-
nism that the observer chooses to observe
and describe.

However, when considering a general
non-specified observational domain, the de-
scription of these interactions becomes an
abstract exercise that should rely only on
distinctions in which the nature of the in-
teraction mechanism is not to be taken ex-
plicitly into account. Hence, the observable
links should be described only with respect
to the characteristics of their occurrence
within a causation propagation flow and not
to their specific physical nature. In other
words, what matters is how the components
are causally connected (i.e., related) to each
other, and not by which physical means.

The theoretical problem of defining
the boundary of a dynamic system is tanta-
mount to specifying the preliminary distinc-
tions necessary to bring forth a composite
unity of dynamic objects or entities as de-
scribed before. The task consists of specify-
ing an observationally based operation of
distinction that allows for the identification
of two distinct classes of dynamic entities:
those that belong to the observed unity as
such (components) and those that belong to
the environment in which the said composite
unity supposedly behaves as an autopoietic
system.

Now, what would be a boundary between
the unity and the environment? One would
be tempted to consider a boundary as an
“abstract frontier” that separates the two
sets of dynamic entities (a sort of separation
criterion, a point of view, existing only in the
mind of the observer). Instead, my explana-
tory approach requires that the observer
should be able to distinguish the boundaries
by describing observable interaction phe-
nomena involving, especially, components
and non-components. Obviously, this sup-

poses that the observer has already chosen
an inclusion criterion in order to distin-
guish components from non-components.
Now the aim is to distinguish “edge” com-
ponents from other components. In other
words, the observer should focus attention
on a particular “material subset” of com-
ponents that could constitute a boundary,
seen as a “material entity” “specialized” in
being related directly to non-components.
This subset would be composed of those
components that are “in contact” with the
environment. In this logic, a boundary is the
set of those components of the unity that are
affected by observed direct interactions with
non-components.This statement may appear
to be a trivial definition, especially when we
consider the basic biological case, where we
easily see that the boundary is materialized
by the cell membrane, which is indeed part
of the cell and is in contact with the environ-
ment. We shall see that in the more general
case this identification of a boundary with a
particular subset of components of the unity
is not trivial at all.

Mechanistic

Once the unity has been described as a
composite dynamic entity clearly differenti-
ated from its environment, the question of
the explanation of its overall behavior arises.
What makes the system behave as it does? In
this regard, there is a third subtle question
to answer”:

Rule 3:Is the unity a mechanistic system, that
is to say, are its properties the outcome of the
relations between its components and not
the expression of properties of the compo-
nents themselves?

NO - the unity is not an autopoietic system.

Here we need to clarify what we un-
derstand by property. In this explanatory
approach, emphasis is given to dynamics,
so this rule states that the dynamics of the
whole system should be described only in

25| “3. Determine if the unity is a mechanis-
tic system, that is, the component properties are
capable of satisfying certain relations that deter-
mine in the unity the interactions and transfor-
mations of these components. If this is the case,
proceed to 4. If not, the unity is not an autopoietic
system.”
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terms of the interactions between compo-
nents seen as totalities in which the internal
dynamics of each component is irrelevant
for explaining the dynamics of the compos-
ite unity as a whole.

Although there is no explicit claim by
Maturana or Varela that the only properties
to be considered are those related to a com-
ponent’s internal dynamics, they consider
that mechanistic systems are “specifiable
only in terms of relations between processes
generated by the interactions of compo-
nents, and not by spatial relations between
these components.” (Varela et al. 1974: 188,
my emphasis). From our point of view this
notion of “generated processes” argues in
favor of considering the components’ prop-
erties as features ascribed to their intrinsic
dynamic capabilities.

In a particular observational domain,
the actual interaction mechanism involved
in the manifestation of the causal effects
that constitute the relations between com-
ponents should be considered only with re-
spect to the results of this causation.

This means that the explanation of the
system’s history of state changes in time
should rely entirely on the description of
the mutual relational dynamics established
between “atomic” objects that the observer
does not need to describe in detail because
they share a common and general behavior
that accounts for the relational outcomes
observed in the system’s dynamics. Within
this explanatory approach, components
should be describable as entities of the
“same kind” that behave in a specified simi-
lar manner. This similitude does not mean
that they show similar properties, but that
they show reactions to causing events im-
pinged on them (by other components) that
are describable as state transitions that can
be observed by using a set of state variables
(see “Definitions and conceptual tools”
above) that is common to all components.

In a non-specified observational do-
main, as the interaction mechanism is not
specified but only assumed to exist, compo-
nents can be described only as sources and
receptors of causation, period. Hence, com-
ponents should be describable as general-
ized dynamical entities that participate in
causation propagation effects only as a result
of effects impinged on them by other similar
dynamical objects. Thus, the system’s dy-
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namics should be describable in terms of the
evolution of ‘causation patterns” established
between components (see “Causation struc-
tures” above).

Self-referential

As said before, within this explanatory
path, the boundary of the system should be
describable as the subset of components that
interact with non-components. Further-
more, the origin and existence of the bound-
ary should be describable as an outcome of
the system’s own dynamic. For Varela et al.
(1974), the boundary components should
“constitute these boundaries through pref-
erential neighborhood relations and inter-
actions between themselves,” meaning im-
plicitly “neighborhood relations” in physical
space. Their wording does not include an ex-
plicit reference to the role of a boundary with
respect to the relations of the unity with the
background elements. I intend to be more
explicit on this matter.

This is expressed in the fourth question
to be answered,?* which introduces the role
of the observer:

Rule 4: Do the components of the observer-
described (apparent) boundary participate in
that boundary as a result of their interrela-
tionships with the other components of the
system?

NO - the boundary is specified by the ob-
server, not by the unity itself. The unity is not
autopoietic.

This identification rule states that the de-
scription of a boundary should be expressed
in terms of the observed interaction activity
between the dynamic objects that constitute
the system and leads to the emergence of a
special subset of components showing pref-
erential neighborhood relations and inter-
actions between themselves. A boundary
should be describable as a continuous pro-

26| “4. Determine if the components that
constitute the boundaries of the unity constitute
these boundaries through preferential neighbor-
hood relations and interactions between them-
selves, as determined by their properties in the
space of their interactions. If this is not the case,
you do not have an autopoietic unity because you
are determining its boundaries, not the unity it-
self. If 4 is the case, however, proceed to 57

duction process of the system itself. In this
sense, the identity of the system (distinction
of what belongs to the system and what does
not) appears to the observer as being inde-
pendent from any prior observer-defined
inclusion criterion used to differentiate the
unity from the background. The unit differ-
entiates on its own by producing a subset of
boundary components as an outcome of its
own activity, and in this sense we say that it
is self-referential.

In a non-specified observational do-
main, this description could be termed
only by appealing to descriptions of distinct
causation patterns (as they imply special
neighborhood relations between compo-
nents) that allow us to differentiate dynami-
cal objects that act as system components
from other objects that do not. Further-
more, these distinguished causation pat-
terns should account for the identification of
particular sets of components that constitute
the “borders” or “frontiers” between the sys-
tem and the environment. As a dynamic sys-
tem evolves through time, this identification
procedure should be applicable (at any mo-
ment) in order to identify the components
that participate in the “frontier” set (at any
moment) as an outcome of observed past
causation patterns.

Self-producing

Once the self-referential property is es-
tablished, the question of the origin of the
system’s components arises. The very na-
ture of an autopoietic system resides in its
ability to produce its own components.”” The
two last VM&U rules deal in fact with some
requirements of the component properties
concerning the production of system com-
ponents themselves. These intra-boundary
related aspects are most important and spe-
cific to the task of identifying an autopoietic
system.

Rule 5: Are the components produced as

a result of interrelations between compo-
nents, either by transformation of previously
produced components or by accreting non-
components through the boundary?

NO - the unity is not an autopoietic system.

27| The term “autopoiesis” has been coined
from the Greek words auto =self and poiesis =cre-
ation.



THEORY OF AUTOPOIESIS

Autopoietic Systems: A Generalized Explanatory Approach — Part 1

This rule® states that the observer
should be able to explain the production of
new components in terms of the system’s
natural dynamics. In a particular obser-
vational domain this should be accounted
for by explaining how the interaction flow
between components results in: (1) the acqui-
sition of non-components as fully qualified
components (coupled to the interaction struc-
ture) and/or (2) the transformation of exist-
ing components according to the interaction
mechanism prevailing in that particular do-
main.

In a general non-specified observational
domain this should be expressed only in
terms of causation patterns and the compo-
nents should be describable as entities capable
of undergoing “productive transformations”
under certain circumstances. This means that
components of autopoietic systems must
comply with certain specific behavioral
properties that are determinant for the self-
production of the system as a whole. The fo-
cus shall be put only on the causal outcome
of the interaction patterns (components’
interaction activity) that result in compo-
nent production, but not on the particular
internal properties of components that allow
them to act as “producers” of other compo-
nents.

28
boundaries of the unity are produced by the in-

“5. Determine if the components of the

teractions of the components of the unity, either
by transformation of previously produced com-
ponents, or by transformations and/or coupling
of non-component elements that enter the unity
through its boundaries. If not, you do not have an
autopoietic unity; if yes, proceed to 6

d
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Autonomous

Furthermore, it is required that the self-
production interaction dynamics should
involve the participation of all system com-
ponents. We shall see that this requirement
leads to a very strong constraint on the
components’ interaction structure, namely
the emergence of a highly complex and re-
cursive causation network. This structural
constraint results in a high level of system
autonomy, which is the outcome of an inter-
nally closed causation dynamics where envi-
ronmental interactions are to be considered
just as external perturbations. The question
to answer is:

Rule 6: Are all components produced by the
interrelations between other components
and do all components participate in the
production of new components?

NO - there are components not being
produced within the system and components
not participating in the production of new
components. The unity is not autopoietic.
YES > the unity is an autopoietic system in
the space in which its components exist.

This rule® expresses a requirement re-
lated to the interaction configuration and

29| “6. If all the other components of the
unity are also produced by the interactions of its
components as in 5, and if those which are not
produced by the interactions of other components
participate as necessary permanent constitutive
components in the production of other compo-
nents, you have an autopoietic unity in the space
in which its components exist. If this is not the
case and there are components in the unity not
produced by components of the unity as in 5, or
if there are components of the unity which do not

to the relational connectivity between com-
ponents whereby the participation in self-
production is verified for all components
of the system. In a particular observational
domain this should be accounted for by ex-
plaining the way in which the interaction
propagation flows involve any single com-
ponent in component production events.

In a general non-specified observational
domain this requirement should also be ex-
pressed in terms of topological constraints
that are to be observed in the causation net-
work, as required to assure that all system
components are affected by component pro-
duction events.
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