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In this essay, I undertake to outline an alternative ontological foundation
which makesbiological and cognitive phenomenapossible. The foundation
is built by de�ning a model, which is presentedin the form of a description
of a hypothetical but a logically possible world with a de�ned ontological
base.

Normally one would saywhat is wrong with the existing foundations of
biology, and then saywhat can be the alternative. Instead, I will contrast the
position I take with others and examine the consequences.This way I think
readers will be able to seethe context and understand how and why I am
departing from the mainstream biological thought. This style of presenta-
tion is also convenient for the task at hand becauseI must preserveenough
spacefor a complete and comprehensiveoutline of the model, instead of
�lling pagescriticizing earlier models.

The term `life' in the title is used to denote a collection of phenomena,
but mainly physiology, reproduction, evolution and also the special aspects
of life like complexity, adaptation, autonomy, purposive behavior, and self-
organization. And the term `cognition' is used to denote perception, think-
ing, consciousness,and abstract knowledge. Due to limitations of time and
space, I will focus on perceptual aspect of cognition and the other higher
modes of cognition mentioned above will be brie�y alluded to, in order to
make coherent connectionswith the model. On the whole, I will try to make
it more or lessself-contained.

Biology rests today on quite a few not so well connected foundations:
molecular biology basedon the genetic dogma; evolutionary biology based
on neo-Darwinian model; ecology based on systemsview; developmental
biology by morphogenetic models; connectionist models for neurophysiol-
ogy and cognitive biology; pervasive teleonomic explanations for the goal-
directed behavior across the discipline; etc. Can there be an underlying
connecting theme or a model which could make these seemingly disparate
domains interconnected? I shall atempt to answer this question.

By following the semantic view of scienti�c theories, I tend to believe
that the models employed by the present physical sciencesare not rich
enough to capture biological (and some of the non-biological) systems. A
richer theory that could capture biological reality could alsocapture physical
and chemical phenomena as limiting cases,but not vice versa. During the
course I will �nd af�nities and relate my position with the innovative pro-
posalsmade by Ilya Prigogine, Manfred Eigen, Humberto Maturana, Fran-
ciscoVarela, Marcello Barbieri, Lima-de-Faria and Stuart Kauffman, to name
a few. While they do break new ground in arriving at a few of the general
principles of biology and complex systemsin general, they continue to work
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in an ontology still ridden with some classical dichotomies. Nonetheless
their campaign at least establishedthe study of self-organization and com-
plex systemsasa respectablescienti�c researchprogram.

This essay tries to throw light on several foundational questions. In
anticipation of what is forthcoming in this essayI mention the following
questions:

� What is the nature of Beings?

� What is the basisof interactions among Beings?

� What kind of world makesliving and cognizing organismspossible?

� What makessomesystemsautonomous?

� What is the nature of life?

� What makesknowledge possible?

� What are the preconditions of a systemto representthe external world?
In other words, what makesperception possible?

� How to measurecomplexity among organisms?

� What is the principle of evolution?

Any learned reader will begin to doubt after reading the abovelist that I
am attempting an impossibletask. My objective is not to achievea seemingly
impossible and utterly ambitious task in this single essay, but to attempt to
communicate that the alternative foundation being built is capableof paving
the way to understand the above fundamental questions. We know that
answers to these questions may also raise other new questions. Since the
issuesof life and cognition are known to be complex, I am aware that plenty
of residue will undoubtedly be left unanswered after this essay. So what
needsto be seenis whether this alternative foundation has the potential to
addressthese questions. Therefore the arguments forwarded in this essay
will attempt to demonstrate the potential of the model to tackle them, rather
than work out the details of how the model takes care of each and every
situation. In this sensethe objective is purely to lay the foundation and
scaffolding and not to build the entire edi�ce.
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1 The actual world is a subset of what is logically possible.

Contrast this statement with: “The world is everything that is the case.”[27]
Readersfamiliar with philosophy literature will immediately realize that this
was the opening sentenceof Ludwig Wittgenstein's famous book, Tracta-
tus Logico Philosophicus, written in the early years of the last century. I
transformed the sentenceto point out that logically possiblespaceis wider
than what is actually possible.1 The model that we are building de�nes and
generatesa logically possible space,which we shall call the possibleworld.
Everything that this model could generatemay not be true of the world that
we live in, which we shall call the actual world. But, if it can be shown that
this actual world is indeed a subsetof the constructed possibleworld, then
it follows that the model is possibly true of this world.

This clari�cation is essential since the models that we come across in
sciencedo not correspond only to the physical systemsof the actual world.
They are also about the logically possible systemsthe model could gener-
ate. Our language is capableof generating a lot more “facts” than what are
actually facts. We call these�ctitious things respectfully, theoretical.

The theoretical scienti�c models may not actually refer to the directly
observablephenomenaout there. Sciencepostulates processesand entities
not directly accessibleto observation in order to account for the phenomena
that are directly observable. It is one of the essential features of scienti�c
theory that it should have a capacity to deal with possiblestatesof affairs. I
therefore think that though sciencebegins the `journey' in searchof princi-
ples accounting for problematic observablephenomena, it–in the process–
constructsor createscertain structures which we normally call theories, that
could account for not merely the observedphenomena,but also observable
(not yet observed)phenomenaand unobservable(in principle) `phenomena'
as well. Thus apart from what is actual, it could generate and account for
“possible states of affairs”. Here lies the constructivecapacity of scienti�c
activity.2 In this sensewhat I am presenting here may be regarded as a
theoretical scienti�c model.

Having clari�ed that the model being built is a theoretical construction,

1During the courseof this essayI will continue to transform a few more of the Tractatus
like sentencesinto my own. This is not to criticize or ridicule Wittgenstein's point of view,
becauseour objectives are not identical. But to serve the purpose of contrasting my world
view with that of an atomist's.

2This view is generally called in philosophy of science as `semantic view'. Bas van
Frassen'sarticulation of this view is the most popular.[22 ]. More details on the constructive
nature of scienti�c knowledge, and a possiblemethod of construction are discussedin [8].
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which is capableof generating the possiblestatesof affairs, and a sub-setof
possible statesare the actual statesof affairs, I begin the exposition of the
model.

2 The world is the totality of Becoming-Beings, not things.

In this sectionan introduction to the ontological foundation of the proposed
possibleworld is presented. Consider or imagine a world made on the ba-
sis of the following postulates. Important terms used in the postulates are
de�ned �rst.

De�nitions

1. Becoming-Being is a Being3 when the changes(becomings) within
the Being are responsiblefor its existence.

2. Identity: The relational invariance of internal interactions de�nes the
identity of the Being.

3. Identity Preserving (IP) Interactions are those that do not transform
the relational order of internal interactions, but may change Being's
positional relation to other Beings.

4. Identity Transforming (IT) Interactions are those that transform the
relational order of internal interactions, making the original Being to
becomeanother.

Postulates

1. Multiplicity: ThereareseveralBecoming-Beingsin the possibleworld.

2. Differentiability: EachBeing of the world has an identity of its own,
that is to sayeachBeing can be distinguished from the other.

3. Openness: All Beingsinteract with the environment (other Beings).

4. Perturbation: Eachinteraction transforms the Being.

5. Invertibility: The transformed Being may invert to the original state
of Being if the former hasan inherent mechanismto repair the pertur-
bation caused.

3When the term `being' is used as noun I will capitalize, to distinguish it from the usage
of it asa verb.
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6. Being and Existence: Only those Beings that can invert the pertur-
bations maintain their identity in an ever changing environment. A
Being exists in an environment if and only if it hasthe ability to repair
the perturbations causedby the environment.

7. Mutation and Decay: When IT interactions are not inverted by the
Being, Beingsmutate or decayinto other Beings.

8. Composition: A Being is composed when a processand a counter
processform into a relational loop.

9. Interactions: The world is a totality of interactions not things.

Thesepostulatesde�ne the phasespaceof the possibleworld in general,
and not the living world. All the above de�nitions and postulates will be
elaborated with actual world examples in the subsequentsections. In this
section I will explicate the ontology of the world.

It follows from the above mentioned de�nition that in the absenceof
the activity within the Being, the identity of the Being is not possible, and
the activity within the Being is to counteract the effects of other Beings.
This circle of explanation forms the methodological unit of the model being
proposed. We will revisit this pattern of thought again and again in later
sections.

There are no unchanging things in the world, not becauseBeings are
constantly forced to changeby some external Being, but becausechangeis
Being.Doesit sound like Heraclitus'sworld of �ux? Possibly. But pleasewait
before jumping to label the model as this or that, since I will be clarifying
the nature of identity of Being below. Another way of saying this is: The
world is the totality of events,not things. Eventsare the substantial rei�able
units of this world. Sinceevery event must be an interaction, let us consider
interactions as the substanceof the world.

In this kind of a possible world the only possible identity is recursion,
periodicity, regularity, concurrency, sequence,or some such ordered rela-
tion between the interactions.4 Interactions are noticeabledifferencesof this
world. The differentiation of these differences, the pattern of interactions,
constitutes a Being. Identity refersto the order of changeand not to things.5

4It is important to realize that the notions of recursion, periodicity, concurrence,regular-
ity, and sequencepresupposea notion of time and space.

5Since a collection of inter-related eventsor interactions is generally understood to be a
process,a Being is at its core a process,or a processof processes.While this view sounds
like the processphilosophy of Alfred Whitehead, I did not adopt his views consistently.
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If interactions ceasethe Beings disappear. The relentless activity that
takes place at a micro level keeps the macro level identity of the Being in-
variant. In other words, the continuous becomingof the lower-level Being
producesan emerging identity at the higher-level which we may call a sys-
tem. But the internal activity is not autonomous, but goeson as a response
to the environment of the Being. Thus a systemis at the apparent edge of
its microcosm and macrocosm.

Since,becoming in the Being is necessaryto maintain the identity of the
Beings, we can say becoming makes Being possible. But all the activity or
changesare nothing but interactions among Beings. In this sensewe can
say that the world is the totality of Becoming-Beings.

From a phenomenologicalpoint of view, interactions constitute phenom-
ena.

From a logical point of view, to be is to be an instance of an interaction
and interactions are the only individual things that are posited to exist in
the world. Let us recall Quine's famous aphorism in his essayon ontology:
“To be is to be the value of a variable”, and in his ontology individuals alone
can be considered existing. Following Quine's advice for constructing an
ontology, interactions becomeindividuals in the current model.[18 ]

In a world where there are no interactions, no objects or systemscan
exist. It is not proper to think that interactions have a causalrole for the ex-
istence of systems. Interactions don't causesystems,interactions can cause
only interactions. Since it is held that systemsare apparent, a real thing
cannot causean apparent thing. What then is the relationship between in-
teractions and systems?Asstatedabove,a systemis a pattern of relationship
between recurring interactions, and therefore it is a stateof interactions, not
a mere collection of them. It is a condition of being related to each other.
So the real causeof a systemis the relations between the interactions and
not the interactions themselves.This, to my mind, is the proper relationship
between a part and a whole. Relationship between the parts constitute the
whole and not parts themselves.We were told by severalscholarswho argue
from the systems'point of view that the whole is greater than the sum of its
parts. True. A whole is the product of the relationshipsbetweenits parts. This
is our version of the aphorism. In the forthcoming sectionswe will discuss
more on the nature of the relationship between the parts of a system. It is
enough, at this point, to realize that interactions are not the causesbut parts
of the system.

Consequently, the emerging systemat the higher-level is formal and not
substantial. Ontologically there existsonly interactions. There are no levels
of interactions, and the plurality of levels(hierarchy) and other structural
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details to be found in systemsis believed to be relations among them. The
ultimate lower most interactions may or may not exist in our observations,
they may therefore be posited theoretically to explain what is apparent to
us.

The structure-lessultimate interactions are too �at, so we begin to carry
on our task with what we constructed out of their relationships, namely the
formal systems. When we say that the world is the totality of Becoming-
Beings, we are saying that the world is the totality of systems,not atoms,
with the understanding that a systemstandsfor a state of interactions.

A set of Beingsget together in an interacting relationship to form a sys-
tem within a stabilizing environment. Being cannot be de�ned independent
of its environment, becausethe internal order of the Being is a response
to the environment. In a perturbing environment systemsmaintain their
identity by replacing or inverting the component interactions by others of
its kind, and not by rigidly holding the samecomponent objects.6 Sinceit is
the relations between interactions that are real and not the constituents, the
systemappearsinvariant for an external observer. This may appearcounter-
intuitive becausethe replacementsor inversions are not apparent in many
of the macro-systemsthat we encounter regularly. We shall seemore speci�c
and familiar exampleslater that will make this generalaccountmore clearer.

Let us recall that the system is not identi�ed by the individual inter-
actions but by the relationships between them. This allows the system to
maintain its identity even if one of the individual components is replaced
by another component of its kind. This is one of the central points of the
position held here. The identity of the Being as de�ned here is almost
similar to the notion of organizational closuredeveloped by Maturana and
Varela. We will return to this interesting idea in the context of autopoisis
and metabolism later.

Being, therefore, is a function of invertibility , and repairable perturba-
tions are a kind of feedfor the Being. When we say, a complex system,like
a living organism, dependson energy to maintain itself, the energy is actu-
ally the perturbing factor of the Being. This is how any Being is intricately
related to the environment at all times.

6The philosophical school called functionalism emphasizesthe relational fabric of things
and not the substantive properties of things which participate in the relations (Cf. e.g.
Churchland and Varela). My position clearly has af�nities with functionalism in the sense
that the substancereplaced depends on its ability to play the functional role, namely the
interaction.
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3 One kind of perturbation of a Being is identity preserving interac-
tion.

If interactions are the basisof the world, then a theory of interactions should
be able to account for the core of the world. In this and the following section
I will elaborate the two kinds of interactions: identity preserving (IP) and
identity transforming (IT) interactions. Theseinteractions form the basisof
any account of Beings.

IP interactions do not transform the relational order of internal interac-
tions of a Being, but may changeBeing'spositional relation to other Beings.
IP interactions resemblephysical interactions that come under the scopeof
classicalphysics,which dealspoint-massesmoving or interacting with each
other. It is assumedthat the energy is conservedin these interactions, and
the systemsthat contain a population of point-massesfollow the laws of
thermodynamics.

If IP interactions are similar to physical interactions, one may ask, why
not call them so. It is becausethe term `physical' is not always used ex-
clusively for the phenomena dealt by classical physics. I want to exclude
from IP interactions someof the events that take place in quantum physics,
and chemistry. The term is also used, e.g., by materialists for mental or
biological interactions, becausefor them anything natural is supposedto be
physical. In this sensebeing physical is sameas being real. This is not the
kind of meaning that I intend to associatewith IP interactions. Therefore let
us not not associateIP interactions with all that is physical, but only those
interactions that classical Newtonian physics deals with and also those of
relativist mechanicsof both macroscopicand microscopic domains. Since
readersare familiar with thesephenomena, it helps to understand the cur-
rent model, if IP interactions are associatedwith classical Newtonian and
relativistic mechanics.

When we say that during IP interactions the identity of the Beings or
systemsremains unaltered, we are not saying that theseinteractions are not
about changeor do not bring about change. In fact there is nothing in the
world that is not about change, for we assumedthat change is real. The
Beings do undergo change in position (displacement), change in velocity
(acceleration) and other dynamical variables. Thesechangesare not about
the Identity. The identity referred here is of the internal structure of the
Being, it is about its complexity of the so called “substance”. This aspectof
reality is methodologicallybracketedin a typical discourseof IP interactions,
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for substanceis irrelevant for studying mechanicsof bodies.7 Galileo—who
was instrumental in popularizing this method—says, the substance is an
impediment to a proper understanding of the “book of nature”. Whateverbe
the substancewith which they are made, is of no consequenceto understand
the motion of bodies and interactions with others. Since the world view of
classicaland relativistic mechanicsis familiar terrain to most of us, I need
not elaborate on this any more.

From the point of view of the current discussion,there is one important
characteristic of IP interactions that we need to talk about. Since we de-
clared that the world is made of multiple Beings(the principle of multiplic-
ity), we need a model that accountsthe IP interactions among them. This is
where the laws of thermodynamics—an extension of classicalmechanicsto
machinesand systemswith severalpoint masses—playthe role. The two of
its principles are well known: The energy is neither created nor destroyed,
and the disorder or entropy of a closedsystemincreasestill it reachesequi-
librium or the maximum value. IP interactions obey these laws. Biological
systemsseemsto be working against the second law of thermodynamics.
Schr̈odinger in his famous essay, What is Life?, made the �rst serious at-
tempt to understand the kind of physical conditions that make life possible
particularly from the point of thermodynamicsand statistical mechanics.We
will return to some discussionon this after we prepare the ground for the
current model. At this place it is suf�cient to note that IP interactions follow
not only the laws of mechanicsbut also the laws of thermodynamics.

Before we move to the next section, let me state the connection of IP
interactions with that of living systemsor all Beingsfor that matter. Living
systemsare perturbed by the IP interactions both from within their internal
environment as well as from the external environment. Heat, light, and
gravitation are the most common perturbing agentsof living systems.These
perturbations may at times lead to IT interactions.

4 The other kind of perturbation of a Being is the identity transform-
ing interaction.

Under certain conditions when the IP interactions perturb the systems,it is
not merely the dynamical variables that get altered, the substantial or mate-

7Scienceapproachesreality only by this way of ignoring some aspectsby creating ide-
alized and imaginary spaces. Scienceis about the idealized physical systemsand is about
the phenomena tout court only by indirect meansand has no direct access.(Pleaseseethe
detailed arguments and a rather complete explication of theseviews in [8].)
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rial aspectsof the Beingsinvolved get transformed leading to IT interactions.
For example,under certain (thermodynamically favorable) conditions when
a systemcalled hydrogencollides with another systemcalled oxygencould
produce another systemcalled water. Under what conditions such changes
take placecannot be understood without considering the nature of the iden-
tity of the participating systems,and the environmental conditions. Let us
recall that identity of a systemis de�ned as the relational invariance or the
order of internal interactions. This is essentially the structure of the system
constituting the given material. The structure of the participating systems
in IP interactions was systematically kept out of consideration, but while
studying IT interactions it is essential. The nature of the interaction, and
the kind of transformation depend on the structure of the participating Be-
ings. For example, valency of chemical elements is a determining structural
property that accountsfor chemical bonding.

We study thesekind of interactions, e.g., in chemistry, quantum physics
and biology. The reason why we cannot call them only as chemicalinter-
actions is becausethere are several IT interactions that take place in the
subatomic, and can as well be found in supra-biological, domains. But it
suf�ces here to mention that all chemical interactions are IT interactions,
but not vice versa. Though the concept is de�ned more generally, for the
purposesof this essaywe will consider only the chemical interactions, since
all biologically signi�cant IT interactions are chemical in nature.

In a closed environment when IT interactions take place there will be
a change in free energy, and whether this change is positive or negative
depends again on the structure (identity) of the systemsinvolved in the
interaction.

We know that even in every biological cell a large number of IT inter-
actions go on. Almost all the metabolic reactions that we know of are IT
interactions. Theseinteractions are not only induced by internal factors but
also external factors. Living organisms necessarilydepend on a chemical
environment for survival, that is to say—in thermodynamical terms—an en-
vironment where there is a change in free energy. We do not know of any
organism that survives exclusively on the energy that comesfrom IP inter-
actions. Though living organisms are generally said to have a dependency
relation with IT and IP interactions, the better way of explaining the relation
is by supposing that the interactions have perturbing relationship with the
living organization. Autotrophic plants and severalbacteria too require wa-
ter, minerals in addition to sunlight for their survival. Actually, dependence
and perturbation are intrinsically related in the caseof biological systems.
Though the term `perturbation' has a negative connotation, in the absence
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of some of the perturbations organisms don't survive. This is becausethe
identity is a function of the interactions and the interactions are necessi-
tated by the perturbing environment. In this sensesome perturbations are
necessaryfor the survival. It is thesenecessaryperturbations that form part
of the organisms' external dependenciessuch as food and energy. It may
sound utterly counter intuitive to consider food as a perturbing factor, but
this is the only coherent explanation that we will �nd in the model that
takes care of every biological and cognitive phenomena. We will return to
this interpretation later with speci�c examplesparticularly in the context of
explaining autonomy.

5 A Being is a product of counteracting both identity preserving and
identity transforming interactions.

In an environment where systemsundergo only IP interactions the direction
is towards maximum entropy (order to disorder) as per the second law of
thermodynamics. Some of the energy is dissipated into heat which cannot
be recovered. On the contrary, in the biological domain there seemsto be
a movement from disorder to order. Based on several studies and inter-
pretations beginning from Schr̈odinger, Bogdanov, Bertalanffy, followed by
Prigogine and various other cybernetic approaches it became clear to us
that living systemsare thermodynamically open but organizationally closed
by keeping themselvesin a state of far-from-equilibrium by a steady �ow
of energy and matter (other Beings) into the systemand out of it. By sup-
posing that living systemsare open and the system does work to increase
the order, the apparent contradiction with the laws of thermodynamics gets
reconciled. In this widely held interpretation, living systemsare described
as those that opposedisorder by spending energy (working). In the absence
of this opposing activity the cells of living systemsdisintegrate.

One of the main ways of counteracting the increase in entropy is by
increasing chemical bonds (by IT interactions). By trapping the energy the
order within the cell increases. If the direction of life is only to oppose
entropy then during the courseof evolution life would have produced crys-
tals by compactly storing a large number of macromoleculesharboring large
number of bonds, and therefore by trapping a lot of energy more and more
order getsgenerated. But we haveno evidenceto believe that living systems
are moving in that direction. On the contrary, what seemsto be happening
in living systems is conserving and maintaining whatever identity exists.
In the absenceof this conservation the Being transforms into another Be-
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Figure 1: A Being is a neither-nor-state counteracting the two possible in-
teractions

ing. This is becausethere exists another `misery', apart from the direction
of thermodynamic equilibrium, another direction of, what may be called,
chemicaldeath in contrast to heat death. This is re�ected in the world in the
formation of chemical bonds. Under certain conditions the Being cannot
help but combine or dissociate.

Though formation of chemical bonds appear like decreasingthe entropy
of the system,and thereby increasing the order, the Beingsthat are involved
in the interaction lose their identity. As a whole if the identity which is de-
�ned as the organization of a living being is transformed, there can be two
consequences.One is a mutated Being, and the other is death or disintegra-
tion. The former is possiblewhen every changemay not be deleterious, the
latter is possiblewhen the systemcannot repair every change. Living Beings
are not increasing order during their existence,instead they are conserving
the identity. It is my central claim that complexity should not be confused
with increasein order. We will return to this argument later.

One of the important aspect of living systemsis conservation of iden-
tity or organizational closure—to use the nice term coined by Maturana and
Varela (see section 8). Since chemical interactions are also perturbing in
nature it is necessaryto counteract them. If there is no such counteraction
then Beingsmust be speciating too fast, or Beingsshould disintegrate. But
that is not what we see. Neither is the case that speciesare formed so
spontaneouslynor do we seetheir disintegration. Therefore life cannot be
conceivedwithout conservationof identity.

Metabolic interactions therefore must not only be working against ther-
modynamic equilibrium but also against chemical changes. Living state is
therefore de�ned asa product of counteracting both identity preserving and
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identity transforming interactions: a neither-nor-state.8 Prigogine'sidea that
self-organizing systemsare far-from-equilibrium is therefore a half-truth.
Kauffman's de�nition of living state asbeing at the edgeof order and chaos
is also not closer to truth. Using his language, I proposethat biologicalorder
is on the edgebetween chaoson side and connectednessof crystalline order
on the other. What then is the mechanism of maintaining the identity by
opposing the two kinds of “death”?

6 Beings are composed according to the principle of included con-
traries.

Let us recall brie�y the description of the constructed world so far: In an
environment which consists of several Beings that are open to two kinds
of interactions. An interaction without perturbation is impossible, and the
world is actually made of interactions and not things. A relational order of
interactions constitutes the Beingsor systemsof the world. There are only
two kinds of interactions, IP and IT, and in the IP interactions the dynamical
variables get altered and in IT interactions the relational order of internal
interactions of the Being get altered.

In an ever perturbing world there existsone possibility for the existence
of systems,however long or small their duration may be. This is when two
interactions with opposing effects get together to form a relational loop. A
becomesB after a perturbation and B becomesA after another perturba-
tion, and if this loop continues we get a Being of AB complex. This re-
quires that the perturbing agentstoo are available in abundancewithin the
environment—satis�ed by the principle of multiplicity . In a world of this
kind a stable Being cannot be conceivedwithout a conducive environment.
This is the nexus between the possibleBeingsand the environment, where
the environment is nothing but a population of other Beings.But, this is also
the principle of composition of Beings: A Beingis composedwhen a process
and the counter-processform into a relational loop. This is the construction
logic of Beings: the principle of included contraries. Propositional systems
(belief systems)are constructed on the basisof principle of excludedmiddle
according to which a proposition P and its negation �P are never part of the
samesystem. According to the principle of included contraries a processP
and its inverse eP are part of the samesystem.

8Metaphorically it is like a tug of war between thermodynamic equilibrium and chemical
variation. It is like a snake with headson either end of the body. It is like a helical string
extending in two directions.
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When it was stated that the world is a totality of systems, I meant,
systemscomposed according to the principle proposed above. We began
with the supposition that interactions are the stuff of the world, but inter-
actions happen between systems. Systemsthemselvesare then said to be
composedof opposing interactions. Aren't all thesesuppositionsconfusing,
if not contradictory? The stand taken in this model is that either of them
cannot be understoodwithout the other. I mentioned `understood' because
the interdependenceis epistemological or semantic rather than ontological.
Reconciliation is required for us, who hold beliefs, not for the world out
there.

7 Dialogical invertibility is the logic of life.

Invertibility is a stateof the Beingwherethe Beingcanrevert the perturbations
causedby other Beings(environment). All Beingshave this ability not neces-
sarily the living systems.If you recall, we are motivated in building a possi-
ble world where life and cognition are possible,and physical systemsin this
model will be explained as a limiting caseof the world. Living Beingscan
be clearly distinguished by other important structural embodiments, which
will be discussedlater. Different Beingscan be distinguished on the basisof
a measurabledegreeand order of invertibility . The physical basisof invert-
ibility is within the very nature of Beingsas explained in the abovesection.
Thus the model so far constructed according to the twelve principles is a
generic model for the entire world. All Beings are in a state of inverting
both IP and IT interactions in varying degrees. This counter intuitive idea
that evennon-living Beings,like atoms and elementary particles, are Beings
composedaccording to the principle of included contraries requires more
elaborate spaceand time, hencethis will not be discussedhere. Here I will
elaborate how living systemsmanifest invertibility and neither-nor-state.

Let us look at the kind of stuff living systemsare madeof. Let usconsider
water, foremost of all.

Liquid state of water is a life enabling space,a paradigm caseof neither-
nor-state. Though, two atoms of hydrogen and an atom of oxygen form a
water molecule by covalent bonding, the extraordinary properties of water
are mainly due to the severalmoleculesof water interacting with eachother.
In a large pool of water moleculeseachcould perturb the other. Apart from
the collisions (IP interactions) betweenthem there are alsochemical interac-
tions (IT interactions) in the form of hydrogen bonds between them. But in
a liquid state of water, the bonds form and break at a constant rate. Associa-
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Figure 2: Water: Enabling spaceof life

tion and dissociation of moleculesby hydrogen bonding constitutes the two
opposing IT interactions representing the P and eP of the system. Here we
are talking about the interactions among water moleculesand not between
hydrogen and oxygen within each molecule of water. In this special case,
the perturbing system,perturbed systemare in the sameenvironment, and
a large collection of looping interactions maintain a wonderful life enabling
space.This givesthe liquid state of water one of the necessaryconditions of
life with a high speci�c heat making it a good temperature buffer. Heat in
the environment (nothing but the IP interactions of water molecules them-
selves) acts as a perturbing factor on liquid water breaking the hydrogen
bonds. In a large pool of water molecules another molecule replaces the
role played by the perturbed molecule, and so on. So the mechanismactu-
ally is replacementof the perturbed molecule by another of its kind. Thus
water managesto resist the heat perturbation for an extraordinary range.

Water, apart from being a temperature buffer, is also a pH buffer. Wa-
ter can be said to be neither an acid nor a base. It has an abundant pool of
H3O+ ions and OH � ions which canneutralize the negatively and positively
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charged groups of other chemicals (perturbing agents) when added to wa-
ter. In a living system,many other cations and anions in abundancecreate
a supplementing buffering environment for proteins and other metabolites.
All known pH buffers are aquatic. In fact the pH scaleis calibrated by taking
water asa base.For all in vitro examinationsof biochemical interactions, the
�rst condition is to create a buffering environment suitable for the reaction
at hand.

I consider it therefore important to de�ne another higher level of inter-
actions called dialogical interactions. One characteristic of theseinteractions
is frequent inversionscomprising a processP and its inverse process eP and
the perturbing and perturbed componentsare physically located in the same
system. Though energy is required for each of the reactions, since the re-
actions happen in a loop (invertible) external energy dependence is very
very minimal. The releasedenergy is used up internally, instead of loosing
it completely to the external environment—minimizing dissipation. We will
see later that it applies not only to energy but applies also to recycling of
matter (metabolites) releasedas products in a very complex dialogical in-
teractions that take placeinside the cell. This is possiblebecauseof feedback
loops.

If dialogical interactions happen whenever feedback loops are possible,
why burden with another term `dialogical interactions'? Reasonsare similar
in kind to those given for introducing the terms `IP' and `IT interactions'.
The term `feedbackloop' is not used in all the contexts where dialogical
interactions take place, e.g., the caseof water. Later we shall seethat en-
zymatic nature of proteins is also due to dialogical interactions. We also
have another category of reactions in chemistry called reversible. They con-
stitute a proper subsetof dialogical interactions. But we don't normally call
them feedback loops. However all the dialogical interactions that we may
encounter may not be reversible reactions. Therefore, instead of extending
the meaning of extant terminology, which may lead to confusions, I think it
is better to introduce new terminology. Also sincewe have a de�ning crite-
ria which will be useful to identify various instancesacrossall domains, the
use of a new term 'dialogical interactions' is justi�ed. The most compelling
reason for introducing this kind of interactions is that they form the basis
for distinguishing non-living invertible systemsfrom those of living. While
invertibility is the logic of Beings in general, dialogical invertibility is the
logic of living Beings.

There are two conditions under which dialogical interactions take place:
1. when there is an abundance of amphoteric and amphipathic Beings or
2. when there is a single large macromolecule with severalamphoteric and
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amphipathic groups. This amphoteric and amphipathic nature is a neither-
nor-state. Under the �rst case,when a single systemattains two opposing
properties one of them effects the other and vice versa. Under the second
case,a part of the systemeffects the other. Both these situations have life
enabling effects. We saw the former caseearlier in the discussionon how
water actsasan excellent inverting (buffering) medium. The latter provides
the possibility of a single systemhaving severalinteracting sites(active sites)
that can produce functional changes,but without undergoingany changein
the identity (primary structure) of the Being. Interstingly when we have
a Being that doesn't undergo structural changes, but displays behavioral
changes,we arrive at a very specialfeature. This is the foundational charac-
ter of living state. To the question “What makeslife possible?”,my answer is:
A Beingcapableof displaying behavioral changeswithout undergoingchange
in identity.

Why the identity of Beings interacting dialogically doesn't change? Be-
causethe dialogical interactions are characterizedby invertible weaker bonds,
like hydrogen, hydrophobic, hydrophilic bonds, or van der Waal forces. The
Being participates in interactions without changing itself: a state where,
so to speak, a dialog is possible: A perfect condition for the plasticity of
life. The energy required for enzymatic catalysis,for example, lowering the
activation energy of the reaction is actually derived from weak interactions
(hydrogen bonds, van der Waals, hydrophobic and ionic interactions)[13].
It is very interesting to note that while the large molecule becameone by
strong covalent bonds, a single large molecule contains multiple number of
weaker bonds which are responsiblefor the display of behavioral dynamism
of large polypeptides: changing shapeby folding and unfolding, wiggling,
vibrating, displacing (and even walking), contracting, catalyzing, binding
to pathogens, receptor-ligand interactions etc. Even more interesting is to
note that none of these seemingly mysterious events violate the laws of
thermodynamics. All these changesof large molecules do require energy
which comes mostly from weaker bonds making them invertible after the
function. Sincethis energy is not easily dissipateddue to buffering property
of the media a lot of recycling takesplace. Thus energydependenceof these
dialogically invertible interactions is minimized. Despite the low energy
bonds they do produce noticeable functional changesin the Being without
any change in its identity. Dialogical interactions thus constitute the phase
spaceof living state. From the core to the periphery of living world, they are
ubiquitous.

Protoplasm of a cell is neither a liquid nor a solid, but a colloid. This
colloidal state is attributed to large size solutes the cell contains. We have
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looked at the neither-nor characterof water earlier. Let us also look at some
of the biomolecules of the same nature which constitute the very core of
every living cell. Amino acids, the building blocks of proteins, are known to
be amphoteric, possessingboth basicand acidic properties in a neutral aque-
ous medium, where they exist aszwitter ions with the N H +

3 and the COO�

as the two polarities. Amphoteric nature of amino acids also contributes to
the buffer properties of protoplasm helping in resisting changesin pH . This
property also makes proteins amphoteric, making them to possessa large
number of positive and negative charges. The adjacent H of N H and O of
CO of a polypeptide also form hydrogen bonds producing the characteristic
secondary structure of proteins. These bonds are sometimes formed be-
tween two protein molecules, and sometimesbetween two positions of the
samemolecule. This is an important structural property of the substanceof
life including biocatalysts(proteins and RNA (ribonucleic acid)). Thesesec-
ondary interactions help the very long polymers to fold to produce different
shapesof structures. Theseare the polymers that are capableof enzymatic
action. Asexplained above, the weak interactions within the samemolecule
are actually responsible for the enzymatic function: lowering the energy
barrier of biochemical reactions. It is no coincidencethat enzymesare those
substanceswhich participate in interactions without their identity changed.
Enzymesmostly form invertible complexeswith substratesand products. In
fact a catalyst is de�ned asthat reactant which remains unchangedafter the
reaction.

Another very important biomolecule constituting the core of living cell
is phospholipid, the building block of all cellular membranes. Phospholipid
is another neither-nor system: it is hydrophilic on one end and hydropho-
bic on the other. A large number of phospholipids self-organize to make
membranes.Again there are no covalent bonds between the phospholipids,
but only weaker Van der Waal interactions. Thesestructures are also not
produced by spending energy high feed of energy but by hydrophobic and
hydrophilic af�nities between them. The formation of phospholipid bilayer
is often cited example of self-organization. Coupled with membrane pro-
teins and other transport proteins cell membranesperform several regula-
tory activities. Most important function a membrane performs is to create
a partition between the internal aquatic environment (protoplasm) and the
external environment. Water diffuses into the cell and could causean irre-
versibleperturbation if it is not sentout. Osmoregulationhappensby forcing
water out to keep a balance. Maintaining balanceof water, salts, sugar, sev-
eral other metabolites, is usually carried out by counteracting processes.We
shall seesomeexamples.
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Figure 3: The oxidation and reduction states of carbon. Extreme oxida-
tion and extreme reduction of carbon are avoided in living state. All of the
metabolites in the living systemare from the middle space.

Establishing stability and control by counteracting processesis not a
new idea in biology. It is the characteristic of the schemeof thought ini-
tiated by Claude Bernard and Charles Sherrington for understanding the
physiological processesin living systems. It is rather routine to think as
a biologist that metabolic reactions constitute anabolic (associative) and
catabolic (dissociative) processes.A right balanceof them maintains a con-
stant �ow of metabolites, and when anabolism is in excessof catabolism
growth and development take place. And death or disintegration is ac-
counted as an excessof catabolism over anabolism. A paradigm case of
homeostasis—maintenanceof the level of glucose in mammalian blood—
happensby the two counteracting hormones, glucagon and insulin, in con-
trolling the two counteracting processes,glycogenesisand glycogenolysis
respectively, is also well established.Severalother hormones also work in a
similar pattern. The central nervous systemin vertebrates is another classic
case.The peripheral nervoussystemconstitutes somaticand visceral, where
the former is voluntary and the latter involuntary or autonomic. The auto-
nomic nervous system in-turn has sympathetic and parasympathetic divi-
sions, have opposing effectson organs they are connectedto in the viscera.
Most vertebrate physiology text books give a table containing a big list of
sympathetic and parasympathetic effects of each organ. Even the somatic
division of nervous systemcontrolling mostly the muscular movementsare
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also organized to produce counteracting muscular movements as follows:
when one muscle contracts a part of the body bends, and when another
musclecontracts the bent part of the body restoresto original position. This
is the general logic of control of whether it is of metabolic nature or of
movement or any action for that matter. The list of such examplescan go
on, but the point to remember is to understand the conditions the make
control possible—which are action and counteraction.

Merely mentioning that there are several inverting processesthat main-
tain relational invariance of an organism doesn't explain life fully. It is true
that living systemsmaintain identity, but they exhibit irritability , reproduce,
evolve, and even cognize. How does invertibility explain these apparently
different phenomenaof life? We will discusstheseissuesnow.

8 Invertibility takes place by reproduction when IT interactions are
thermodynamically irreversible.

Almost all schoolsof thought on biology consider metabolism, maintaining
the balance, structure, growth and development, as fundamentally distinct
from reproduction of the organisms. The theory of autocatalytic hypercycles
proposedby Manfred Eigenand Peter Schusterproposethat organismscon-
sistsof functionally related self-replicative units formed into multiple feed-
back loops (autocatalytic hypercycles)[7]. Stuart Kauffman and several of
his colleaguesat SantaFe Institute extendedthis model to study various kind
of self-organization encountered not only in living Beings but also in sev-
eral corners of nature[12 , 11]. The Santiago theory proposedby Maturana
and Varela extend this view and propose that cellular metabolism consists
of repairing itself from perturbations by self-production (autopoisis)[15 ].
Maturana de�nes autopoietic systemsas follows:

We maintain that there are systemsthat are de�ned as unities
as networks of productions of components that (1) recursively,
through their interaction, generateand realize the network that
produces them; and (2) constitute, in the spacein which they
exist, the boundaries of this network as componentsthat partic-
ipate in the realization of the network. Such systemswe have
called autopoietic systems, and the organization that de�nes
them asunities in the spaceof their components,the autopoietic
organization.[28 ]

Autopoietic systemsare also organizationally closed, i.e., they have a circu-
lar network of interactions, rather than a tree of hierarchical processes.[23]
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Living systemsare said to be in a continuous dialogue with Nature. The
identity of living system`emerges'in this dialogue with the environment. To
quote Varela:

In the face of interacts that perturb it, a system-whole asserts
its individuality through compensations. But how is this stbility
achieved?We know: through the mutual balanceand regulation
of the processesthat constitute it : : : It is the closenessin orga-
nization that ensuresstability; organizational closure represents
a universal mechanismfor stabilization.

Stability, thus, can be meaningfully talked about only in relation to the sur-
rounding environment. They alsobelieve that the structure of the living sys-
tems is the relations between the physical components. While living systems
are organizationally closed,but they are open interms of matter and energy.
It is the characteristic of living systemsto coninuously produce itself (self-
production), but by keeping the relative order of the components more or
lessintact. Maturana and Varela's viewpoint is quite in line with the model
presented here. Let us extend this view of self-production to understand
how metabolism and reproduction intimately related.

According to the current model reproduction is one of the main mech-
anisms by which invertibility is achieved maintaining the identity of the
organism. Considera systemin an environment. The system,let us suppose
has severalcomponents(metabolites) and their functional network of rela-
tions among themselvesconstitutes the living system. Every component in
this network of relations has an important role to play, and absenceof any
one of the componentsdisturbs the organization of the system. Let us now
assumethat one of the componentsC get perturbed by someIT interaction
in such a way that the component transforms into C0. Since C is one of
the core components of the system and has an important role to play, it
must be restored. But thermodynamic conditions existing may not make the
conversionof C0 into C possible,becausemost often it is an uphill reaction.
If this reversibility is not possible,the systemmay disintegrate.

Under these conditions there exist only two possibilities. One is to re-
place C with another instanceof it from the surrounding environment. This
way the system can restore C if there is enough supply of C in the envi-
ronment. The second possibility is to make another copy of C within the
system. Sometimesif there are severalcopiesof C available in the system,
another C could take its role. But even in this case,the depleted C must be
restored. The restoration processis a biosynthetic processof C, a pathway
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Figure 4: A diagram showing the map of various interactions taking place
in a typical cell. Each node representsan enzymatic biochemical reaction.
Diagram from MolecularBiologyof the Cell by Bruce Alberts et.al.[1]
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Figure 5: Metabolism is reproduction of dialogically invertible macro-
molecules (proteins, RNA, and DNA), which in turn catalyze the reproduc-
tion of other metabolites in a cyclic manner. Eachcircle in the �gure repre-
sentsa cyclic metabolic pathway reproducing a metabolite of another cyclic
metabolic pathway, and so on. The number of nodesin eachcyclemay vary.
This is a modi�ed representation of autocatalytic hypercyclesproposed by
Manfred Eigen and Peter Schuster[7].

by which C gets produced from other substancesavailable within the sys-
tem. This is where the systemmust spendenergy (to do work) for restoring
the metabolites transformed by IT interactions.

If the systemhas a chemical pathway to re-produceC using other sub-
stances(usually called precursors) then that systemis in a stateof invertibil-
ity with respectto C. This pathway is catalyzedwithin the living systemsby
enzymes,which are polypeptides (proteins), made in turn of amino acids.
Though each enzyme can participate in several reactions, since it inverts
back to its identity after the reaction, they too get perturbed and soondisin-
tegrate. Often disintegration is essentialfor that is the only way how energy
is available for the cell to do all the work.

The enzymes required for this pathway are also to be re-producedby
another pathway called protein synthesis(translation) with the information
decoded from an mRNA molecule (a polynucleotide) with the help of an-
other protein-rRNA complex called ribosome. Thereare alsoother pathways
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that produce amino-acids that are required for protein synthesis. Amino
acid producing pathways also need enzymes. Ribosomesare also to be re-
produced. Each mRNA molecule can produce several copies of a protein,
but they too disintegrate, and are required to be replaced by transcription
(process of producing mRNA from DNA). All these re-productions need a
lot of energy, and the system obtains them by catabolism (disintegration)
often by recycling the larger biomolecules within the cell. Re-production
and catabolism are the two inversely networked processesmaintaining the
organizational closure of the system.

Most metabolic cyclesin a living cell are controlled by special enzymes
called allosteric enzymesoccupying a crucial node of the cycle they control.
Just as enzymesfunction due to weaker interactions within the molecule,
a group of proteins get together to produce very large complex proteins
with severalpolypeptide subunits. Eventhe interactions between thesesub-
units is by weaker bonds. Thesecomplex moleculesdisplay the property of
having severalactive/regulatory sites on their surface. One of the subunits
of this complex when interacts with a substrate or a modulator, not only
the subunit undergoes conformational change, it gets transmitted almost
instantaneously to other subunits in the complex, making another subunit
of the complex to perform an action, usually this is performed by inhibition
or ampli�cation of the metabolic pathway. Thus the control of metabolic
reactions also happensby invertible dialogical interactions. Most pathways
in the cells are multi-enzyme systems. In someof them the end product of
the pathway inhibits the progress: a negative feedbackloop.

Every small perturbation the system undergoes with the environment
requires a long chain of production cycles. All the metabolic events that
are taking place in a living cell, according to the current view, is a repair-
ing processby reproduction carried out by moleculesundergoing invertible
dialogical interactions. Normally biologists usethe term `reproduction' only
for the replication processof DNA or cell division or birth of an organism,
but not for the proteins and other building blocks of the various macro-
moleculesthe cell is made of. I suggestthat this typical distinction between
reproductive components (genotype) and the structural and physiological
components (phenotype) is not justi�ed, for all the biomolecules are repro-
duced by biosynthetic pathways. It is not possibleto chemically distinguish
production processfrom reproduction. The term `self-replication' is mislead-
ing if it is attributed only to genotype and not to phenotype. The view that
self-replication as a distinct feature of only genotype (DNA) deservessome
discussion.
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All the reproductive cyclesform a network within protoplasm (the buffer-
ing environment of water and other amphoteric and amphipathic substances).
This entire network terminates with one reproductive cycle of a macro-
molecule, namely, DNA, whose re-production (replication) happens along
with a partition of the network of other reproductive cycles. In this inter-
pretation DNA, with two long complementary polynucleotide chains held
again by the weaker invertible hydrogen bonds, is a symbolic information
rich identity reproducing mostly once during eachcell cycle (cell division).
This is the only major difference between other macromoleculeswhich are
reproduced several times during the G-phase(growth phase) of the cell cy-
cle and DNA which reproducesjust before cell division during S-phase.

There is another way to look at the picture. ConsiderDNA asa complex
systempresent in the cell, which when perturbed by the environment (in-
cluding cellular environment) managesto repair with the help of repairing
enzymes. This repair processrequires the basic resourceslike nucleotides
and energy, which in turn are to be produced by the cellular metabolic net-
work, and several of the enzymes required for this processtoo are to be
copied starting from the central DNA itself. Thus there is a network of re-
producing cyclesall culminating at DNA. DNA seemsto be the terminal node
of the cellular metabolic cycles. DNA also seemsto have the longest life of
all the biomolecules in the cell, actually equal to the life of the cell itself.
This indicates that DNA is nothing but the moleculeat the turning point of
the cell cycle.

Let us connect this schemeto the assertion that invertibility is the logic
of life. In an environment where IP and IT interactions happen any Being
can persist in only one way: by reproduction. Each instance (individual)
of Being cannot remain forever, but a copy of itself can only continue. So
there existsonly one way of maintaining identity, sincerepair is not possible
beyond a limit. Metabolism (replication of DNA included) is a mechanism
of repairing perturbations causedby the environment. Also it seemsthat
best possibleway to eliminate continued perturbations in the environment
is to capture and control the perturbing agents of the environment within
the system to the extent possible by converting them to other compounds
and recycling whenever needed. Several of the biopolymers are used to
store energy, which can be used for performing work—a way of capturing
and arresting the perturbing agents.

Imagine a situation where the systemdoesn't havesuchinvertible mech-
anisms within itself. All the replenishment must come from out of the sys-
tem. Such systemsrequire enormous amount of feed of energy and matter
and they cant sustain a moment without external supply. Arti�cially made
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machines are mostly of this kind since they are linear and don't generaly
form loops. This is the difference between autonomoussystemsand arti�-
cial machines. Arti�cially made control systemsalso indicate that wherever
control or someelement of autonomy are achievedthey are due to feedback
loops in the machine.9 A large number of chemical reactions take place
within the cell at such low energy levels is entirely attributable to the dia-
logical invertible interactions of the enzymesand the buffering protoplasm
on one hand, and recycling nature of the metabolic pathways where the
cyclic network compensatesthe constant external energy requirements by
feedbackloops on the other. This sort of organization not only savesenergy
and matter, but makes the systemsrelatively autonomous. In the current
model all autonomy is held to be relative. Autonomy is a function of invert-
ibility (internal means of replenishment) and it also re�ects the degree of
dependenceon the external environment.

Another important consequenceregarding the nature of enzymes de-
servesto be noted here. According to the received view enzymescatalyze
the biochemical reactions, where we trace the path of reactants and prod-
ucts. Say, for example, when we talk of Krebs cycle—the hub of cellular
pathways—we say that oxaloacetateand Acetyl Co-A participate in a reac-
tion catalyzedby the enzymecitrate synthaseto produce the product citrate,
and then citrate succinateetc. We trace normally the path of the substrates
and products making enzymes mere catalyzers. I think it is more appro-
priate to look at the metabolic pathways as an organization of functionally
linked enzymes, and other enzymesre-producing them in turn, nullifying
the perturbations causedby the environment maintaining and propagating
the identity of the cell. Keeping the dialogically invertible molecules at the
center stage,we get a different picture of `thecentral dogma'.

In this modi�ed picture we havedialogically invertible amphipathic, and
amphoteric biomolecules (phospholipids, proteins, RNA) at the center, con-
necting and controlling the interactions of three kinds of molecules: At the
�rst node we have inorganic perturbing agents like energy, water, oxygen,
carbon dioxide, nitrates and other minerals which are captured and con-
trolled to produce the secondnode of the network consisting of a big stack
of macromoleculeslike carbohydrates, lipids, and someproteins. The third
node is the information rich representation in the form of DNA. Thesethree
nodes constitute the three terminals of metabolic interactions of a living
system. In a highly abstract sensethese three nodes actually represent the
three main manifestations of reality, energy, matter and information, where

9This point was also made by cybernetic thinkers (See[25])
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Figure 6: Comparison of the received central dogma (A) of molecular biol-
ogy with its appropriate representation (B).

the �rst two are substantive in the sensethey are conserved,while the last
is symbolic and non-substantive,hencenot conservedmaking it copyable.

According to the standard central dogma of molecular biology, proposed
originally by FrancisCrick and adopted generally by almost all the biologists
today, the information �ows only one direction asshown in the �gure 6(A).
DNA self-replicatesproducing another copy of itself, and transcribes to pro-
duce RNAsof various kinds (rRNA, mRNA and tRNA), and RNA in turn pro-
duces proteins by a processknown as translation. Main point of course of
this dogma is that information doesn't �ow backwards, that is from proteins
! RNA ! DNA.

The most objectionable point of this model, I think, is the replication
of DNA. Replication of DNA is a very involved process. Let us brie�y trace
what all happens: DNA replication requires enough number of nucleotide-
triphosphates in suf�cient number. Though this amount is mathematically
twice the amount of nucleotides present in any given copy of DNA, but since
this processis a chemical processthe number has to be several times more
than twice the amount. Producing these resourcesassumesthat the cell
must carry on the process of generating these in enough number. Each
nucleotide contains ribose sugar and nitrogenous bases. They need to be
supplied either from food or produced internally by the cell. Either way
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Figure 7: Alternative Central `Dogma'of Molecular Biology: An ideal cellu-
lar metabolic network seeminglyterminates at three nodes: 1. the energetic
inorganic simpler moleculeson the left, 2. the energy storing complex poly-
mers on the right and 3. the information storing polymer DNA (deoxyribo
nucleic acid). At the center are the dialogically invertible macromolecules
(phospholipids, enzymesand ribonucleic acids (RNA)) with multiple sites
of interaction controlling the all interactions in the cell.

lot of biochemical pathways happen under the regulation of enzymes.Thus
producing all the enzymes means, transcription and translation of them.
The polymerization reaction is catalyzed by polymeraseenzyme, which is a
protein. Transcription and translation also need other enzymesand riboso-
mal constituents. Severalof thesereactions in a living cell cannot take place
without the role played by several other metabolites and macromolecules
and other organelles. Thus the whole cell should initially re-produceby au-
topoisis so that all the resourcesnecessaryfor one singlereplication of DNA
are available. Just a DNA replication–the minimal work expectedfrom a cell
without doing any other special function—most of the cellular machinery is
already in use. The factsare drawn from what we know about the molecular
biology of the cell. Isn't this a misrepresentation to say that DNA replicates
on its own? Severalother criticisms of genecentric biologists did point out
a milder part of this problem—without proteins DNA cannot replicate. But
my point is not only regarding proteins, almost everything elseinlcuding the
membranes, minerals ldots, the entire cell must operate to replicate DNA.
Arti�cial replication of DNA in test-tubes is a casewhere all the resources
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Figure 8: Each DNA replication is at the terminal node of all the re-
production processes,and is associatedwith a complete replication of the
entire network of the cellular machinery.

are provided by us. And those resourceswere mostly taken from extracts of
living tissues.

What then should be the correct representation? I think, instead of call-
ing DNA self-replicating we should properly describethat the cell asa whole
is self-replicating. Sinceeachcell cycle correspondsto one replication cycle
of DNA, it is appropriate to interpret that DNA replication is at the terminal
node of all the metabolic loops asshown in the �gure 8.

It is true that the information for the new daughter strands of DNA is
already contained in the parent strands. But creating all the necessarycon-
ditions for replication to happen within the cell requires the entire cell cycle
to operate. If replication of a cell is almost equivalent to working out almost
the entire cell cycle, wherein everything else is also replicating (as elabo-
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rated above), then what is “self” about “self-replication”? “Self-replication”
is one of the most misleading expressionsof modern biology, taught as a
golden principle to all school children propagating a misconception.

Beforewe turn our attention to cognition in the next section, let me point
out that the most vital componentsof the living systemare the dialogically
invertible components of the cell, phospholipids, proteins, and RNA. They
constitute the semanticzoneof the cell, where the systeminteracts with the
the external world, assimilates some of the perturbing agents by taming
them and constructing `piles' of metabolites (biopolymers), and makes the
self-representing DNA.

How DNA began to represent the structure of proteins, and RNA is the
problem of origin of life. We cannot deal with this complex question here
but wish to leave by pointing out the direction. Views on origin of life
are divided into metabolism-�rst or reproduction-�rst approaches–inother
words—protein-�rst or gene-�rst approachesrespectively. Basedon the pro-
posed model, this `chicken-egg'situation doesn't actually exist, since the
central claim of the model is that metabolism is reproduction of the entire
state of the cell including DNA. The genetic and somatic distinction is only
conventional signi�cance. I hypothesize that the early living systemsmust
have embodied the some primitive kind of semantic zone consisting of di-
alogically inverting molecules like phospholipids, proteins, RNA. Of these
RNA is a proper candidate for having the ability to represent proteins on
one side and DNA on the other. Recently severalresearchersmade this their
working hypothesis to solve the problem of molecular evolution. 10 In this
connection the arguments and analysis of Marcello Barbieri are revealing
and are coherent with the proposed model. The logical analysis suggests
that:

A code, : : :, requires three entities: two independent worlds and
a codemakerwhich belongs to a third world (from a philosoph-
ical point of view this is equivalent to the triadic system pro-
posedin semioticsby CharlesPeirce). In the caseof the genetic
code, the codemaker is the ribonucleoprotein systemof the cell,
a systemwhich operatesasa true third party between genesand
proteins.(p. 5,[2 ].)

He suggeststhat apart from genotypeand phenotype, there existsa ribotype,
the codemaker. I suggestthat instead of distinguishing the two independent

10For a good review of the debate see for example, Marcello Barbieri's Introduction to
SemanticBiology, where in he proposesribotype theory on the origin of life[2].
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worlds asphenotypeand genotype,we should divide the world assuggested
in the �gure 7. It is not justi�ed to include all proteins as phenotype, since
other biopolymers, enzymesasexplained abovecan be distinguished based
on whether they are dialogically invertible or not. I suggestall dialogically
invertible stuff, not merely riboproteins be interpreted as ribotype. Apart
from the two `worlds' within the cell, ribotype should also have codable
connections with the external world as shown in the �gure. As argued by
Barbieri, coding and decoding activities in the cell are not at all restricted to
genes,many more extensivelanguagesother than genetic code are at work
in the cell. Spacedoesn't permit me to discussthis important issueinitiated
by Barbieri, whose views complementsmy current undertaking.

What about the reverse �ow of information, which is precluded by the
central dogma? If we take the logic that I am following, for every process
there exists an inverse process,there must exist the reverse �ow of infor-
mation. I think the reverse �ow of information is not apparent becauseit
takes a detour, a very complex one at that. The minimal cell cycle just for
the replication of DNA, as explained above, is precisely this regress. It is
an open question to understand the precisemechanismof how information
began to get stored in the form of DNA. This is one of the questions par
excellencein the context of origin of life.

For every processwe supposedthat a counter processexists. But, often,
every counter processdoesn't exist within the Being. This makesthe Beings
dependenton other Beings.For example, the counter processfor respiration
doesn't exist in animals, but in plants, making the former depend on the
latter. Plants however have both of them, so relatively more autonomous.
But evenplants dependon the counter processof nitrogen �xation either on
bacteria or on the atmospehric processes.The model thus can be extended
to ecology quite smoothely. It is prudent therefore to continue to look for
the counter processes,some times as far as in the whole of Biosphere, to
arrive at organizational closure and conservation.11

11This thought essentiallyis an extensionof a generalbelief in conservationprinciples. The
relation between conservation principles, symmetry and scienti�c creativity are proposed to
be based on this inverse reason. Cf.[8]. Emmy Noether's proof, that every conservation
theorem is a symmetry principle, is in this regard very interesting.
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9 Adaptation, complexity , autonomy , and information processing are
various manifestations of invertibility .

Long list of apparently different phenomenato explain. But the hallmark of
a good scienti�c model is that it can do so. Invertibility model is a powerful
metaphor and is more like a mother (generative) structure (a term often
used by Bourbaki school of mathematicians and Piaget). I will attempt to
indicate in this section how dialogically invertible systemsare capable of
performing the abovementioned charactersof complexsystems,particularly
living Beings.

How do we understand the complexity of a system?Let us recall that a
system is de�ned as a composition of included contraries. Consequentlya
complex systemis a composition of many kindsof process-anti-process-pairs.
Beings' ability to survive in a speci�c environmental condition dependson
the availability of an invertible work cycle for each kind of perturbation.
A system is said to be adaptedto an environment if the perturbations are
compensatedby the system.For example, an organism that can withstand a
given kind of perturbation, e.g., a range of temperature, is adapted to that
environment due to a work cycle that can repair the damage caused. But
since environment has other kinds of perturbations, like chemical, osmotic,
etc., it is possiblethat a systemis adapted temperature wise but not osmoti-
cally, henceasa whole the systemmay not survive. Different systemscould
have different range of tolerance for each kind of perturbation. Any given
system'sadaptation to a given environment is possibleonly if all the forms
of perturbations are tolerated by the system.

Complexity of a systemcan be measuredin two steps,corresponding to
�rst order and secondorder complexity. The �rst order of complexity of a
system is related to the tolerability of kinds of perturbations. The number
of kinds of perturbations—each process-anti-processpairs—in a given envi-
ronment are constant. Therefore almost all organisms that are adapted to
that environment sharemore or lesssmilar �rst order complexity.

The second order of complexity is to do with the range of perturba-
tions tolerated by the system, keeping the kind of perturbation constant.
Most variations among different speciesof living organisms is with regard
to the secondorder of complexity. All cells live in aquatic condition so ev-
ery organism gets one score for their ability to counter osmotic perturba-
tions. But organisms differ in their ability to counter the range of osmotic
perturbations—ability to survive in wide rangeof solute pro�les. The second
order of complexity is a measureof how many possiblepro�les of solutesan
organism can withstand. Similarly all organismsthat can resist sayvirus in-
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fection get one scoreof �rst order complexity, but organismsdiffer in their
immunity pro�le: the number of antibodies an organism produces. This
way, I think, we can generate a complexity index as a product of the �rst
and secondorder complexities. Greater the secondorder complexity, wider
is its ability to invert the perturbations of a given kind. It may be possibleto
�nd additional dimensions of complexity.

This model of complexity is not basedon the hierarchical order: simple
molecules! complex molecules! cells! tissues! organs! organ systems!
organism! population! community etc. Hierarchical order is based on
structural order of complexity, while the proposed characterisation of com-
plexity is basedon the physiological complexity.

Animals, particularly, have an additional ability to move from place to
place. This is an ability accountable to the organisms' resistance to me-
chanical perturbations. Someplants cannot grow against gravity, and some
animals don't move. Animals' ability to withstand mechanicalperturbations
is not due to inertia (mass) but due to their ability to apply counteracting
force by doing work.

A telling example to understand different orders of complexity is our
own body. Human body is highly complex with respect to the number of
invertible (controllable) joints the body has. While most mammals have
roughly the samenumber of joints, their ability to control them is limited.
In this respect human body scores the highest, particularly the fore-limb
(hands). There is, I hypothesize, a positive correlation to the number of
controllable joints and the size of the brain. It is known that most of the
human brain size is actually accountable to controlling the movement of
different joints. Also notable is the degreesof freedom enjoyed by the differ-
ent joints. This is the reasonwhy, when computing the index of complexity
both the �rst order and secondorder must be taken into account. Added
to biological complexity, human beings' behavioral complexity—additiona
order of complexity—by their ability to use tools, extends their ability to
resist environmental perturbations many times beyond any other Being.

Though it is often stated that human beingsare more complex than other
beings, no criteria were available. Basedon the proposal of computing an
index of complexity, I think, it is possibleto explain why human performance
is severalorders higher than other Beings. It is in order therefore, to suppose
that greaterthecomplexityindexgreatertheadaptiveability . Though all these
claims need better empirical substantiation, on the face of it, it seemslike a
good working hypothesis.

The conditions that make autonomy, control and information processing
possible are very similar. Stuart Kauffman gives the following answer to
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autonomy, a condition for acting on its own behalf.

An autonomousagentmust bean autocatalytic systemable to re-
produce and able to perform one or more thermodynamic work
cycles(p.49 [12].)

This is a minimal condition for autonomy, though not suf�cient. It is in
principle possibleto build a machine meeting the above condition. But can
we saythat the machine is autonomous? Tightly held work cyclesoperating
in a mechanical way, I think, cannot make autonomy possible. Tightness
must loosen. There should be somescopefor freedom and choicewithin the
scopeof constraints. Mechanically following a goal alsocannot be construed
aspurposive behavior.

Recalling the role of loose interactions (dialogical) in de�ning the log-
ical spaceof life, I propose that the system must perform thermodynamic
work cyclesdialogically and with deliberation, accommodating freedom and
choice. Under what conditions can a systemtransit from relative autonomy
(Kauffman kind) to real autonomy.

Let us take the caseof a photosynthetic plant, which is sensitive (gets
perturbed) to a speci�c range of sun light. Plants have no choice. To repair
the perturbation it must nullify it, and it ends up capturing the energy in
chemical bonds of starch.12 Pleasedo note that most of the starch that
plants make is not usedby the plants in their work cycles,and it accumulates
beyond necessity. Thanks to their helplessness! We survive due to their
misery. Consider a Being that dependson plant for the basicnutrients, but
have no sensitive chlorophyll to make loads of starch. They hide in the
shade of plants to make a living. The point is: by oxidizing what plants
have in plenty, animals liberated themselvesfrom performing the reducing
role. Animals are more to the right side of �gure 3. What did they achieve
from this? They remained more plastic and less heavy since no need to
carry loads of unnecessarybiopolymers. They wandered around and got
exposed to newer perturbations and which were not available to plants,
and repairing them makesanimals physiologically more complex asde�ned
above. Therefore merely performing more and more thermodynamic work

12Normally we consider plants as autotrophs capable of making their own food, but ac-
tually their food is light, water, minerals and carbon dioxide. Therefore calling them au-
totrophic is misleading, but then instead of throwing the baby with the bath water, it is
appropriate to say that they are relatively more autotrophic than other Beingsand they are
less dependent on other Beings. Biologists need to throw several other dichotomies and
enter the domain of relativity where we talk in terms of degreesof difference instead of
categories.
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cyclesdoesn't ensurethe kind of autonomy we want to account for—i.e., to
act on its own behalf.

Considera long biomolecule folding and unfolding, wiggling and squirm-
ing, going left and right, by breaking and forming weaker bonds. Energyfor
these is available in abundance in the environment where it is located, for
if a bond is formed at one place, it is broken at another place. In this kind
of looseworld there is some possibility of freedom and deliberation. The
molecule can try someof the invertible interactions and since its identity is
not lost, what it does is seemingly for its own sake. This seemsto be the
only possiblephysical spacewhere autonomic behavior is possible. Earlier
we saw that living state is also possiblein this very space.This is to saythat
severalof the different manifestationsare all emerging from this dialogically
invertible state.

What conditions make information processingpossible?If for every one
causethere is only one effect, or if for every one causethere is always two
effects in a determinate way, we are talking rigid state of affairs. In a web of
metabolic cycles,a single perturbation can causeseveral effects, often dis-
similar effects. A good example is the cascadingeffect found in the peptide
hormone action, that involves messengers, which in turn perturbs someother
systemand soon. In the processthe information propagatesand most often
gets ampli�ed. Information propagation doesn't need ampli�cation of this
kind. But, the point to note is that an external perturbation is not taken into
the system,but it effects the systemcausing somepersistent effects within.
One of the important conditions of representationis that what is represented
is not the object but something else,and the representation could live longer
than the time of object'scontact with the system. It is also important to note
that the same object at different times produce different effect within the
system.Therefore for generating information we need a kind of eventsthat
are not law like and rigid. Eventsmay continue to be physical, but they are
anamolous. This expression is borrowed from Donald Davidson's famous
essayon Actionsand Events[5 ], though he did not apply this for information
but for mental events. In fact Davidson'sanalysisof autonomy also suggest
that the nature of physical spacewhere thesespecialmanifestations appear
must not be rigidly law like.

10 Dialogical invertibility is also the basis of cognition.

Any discourse on cognizing systems(complex systemsthat are capable of
cognition) must addressa peculiar problem of identity. The problem can be
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stated asfollows: In order that a cognizing systemperceivean object, there
must bea recognizableontologicalchange(transformation) in the system.Let
us call the ontological changea difference. It is alsonecessarythat the differ-
encebe different from other perceptions(differences). Therefore the system
should also be capable of differentiating the differences. Let us tentatively
de�ne knowledge as differentiated difference. This de�nition of knowledge
also follows from the supposition that to say what something is we should
also say, though not explicitly, what that something is not. Thus the very
idea of knowledge presupposesmeta-level differentiation of difference.

On the other hand, in order that the knowledge be decidable, it is nec-
essarythat the differentiated difference remains identical (invariant) over
time. It doesn't mean that our knowledge of any object should remain un-
changed. It means however that the belief that we hold about a certain
object for a given period of time must be �xed in order that our beliefs be
epistemically decidable. Thuson the one hand everyepistemically decidable
pieceof knowledge must be an identity of somesort, and on the other hand
in order to generate a differentiated difference the cognizing systemat an
ontological level must transform itself. It seemstherefore necessarythat a
cognizing system must change in order to perceive and also at the same
time hold on to certain identities in order to believe. (We presupposethat
perceiving and believing are the most basic operations of every cognizing
system). How can the systemchangeitself and at the sametime maintain a
set of identities?

Since the level at which the transformations occur being different from
the level at which identities are asserted,the problem about the ontological
Becoming and epistemological Being can be resolved. The transformations
taking place during perceptions are substantial and ontological, while the
generatedidentities (beliefs) are formal and epistemological. Therefore it is
possiblefor a changing systemto hold unchanging beliefs.

If we recall, a similar problem was encounted while discussingthe pos-
sibility of a Being in an actual world of interactions. Thesetwo problems
are actually two different manifestations of the same. So the way we try
to reconcile this is by drawing a distinction between ontological Becoming
and epistemological Being. The discussionbelow will elaborate on how to
distinguish between the two. We shall usethis category of Becoming-Being,
as introduced in the earlier sections, to bring home two of the main points
of the paper that cognition is nothing but an adaptive behavior common to
all living beings,and that living and knowledge are ontologically identical.

The nature of our position can be clari�ed by contrasting it with the
traditional Platonic division of universalsand particulars into Being and Be-
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coming respectively. For Plato there exists in this unreal mundane world
only particulars which constantly change,while in that real heavenly world
of Forms only universals exist, which by de�nition do not change. He al-
lowed only one relation between universals and particulars, which when
stated in the modern languagereadsas: Universalsare typesand particulars
are tokens. However he allowed genus-speciesrelation between universals.
Basedon this relation he showed how hierarchic arrangement of different
universals is possible,distinguishing someof them as more simple than the
others [8]. Scienti�c knowledge (episteme), according to him is possible
only of the unchanging Beings (universals). He therefore precluded the
possibility of a scienceof motion, which also meansno application of math-
ematical knowledge to the scienceof motion. He in�uenced even Aristo-
tle on this point, who otherwise departed from him on many fundamental
points. His in�uential position is partly responsiblefor the belated start of a
mathematical study of motion till the time of Galileo.

While Plato, following Parmenides, `successfully'separatedBeing from
non-Being, Heraclitus' struggled to �nd a plausible ontological systemthat
could inhere the opposites in it. Platonic position has been practically re-
jected by Galileo, who showedhow mathematicscan be applied to the study
of motion.13 Since the Platonic identities are identi�able with Being, they
can be employed to describe only unchanging essences,if any, in the re-
ality. The history of natural sciences,however, contains evidence to this
fact that most scienti�c knowledge has been about Becoming-Beings, or in-
variant relations obtainable between certain variable parameters. In fact
most signi�cant applications of mathematics in natural scienceshasbeen to
study changing phenomena (Becoming) rather than unchanging phenom-
ena (Being). This has becomepossible ever since we realized that though
mathematicscannot be applied to changeper se,but it can be applied to the
patterns of change. In other words, invarianceof varianceis mathematically
shown to be amenable. This realization is in itself a major transition in the
evolution of knowledge systems[8].

Theseremarksbecomeall the more relevant for the appraisalof a science
of complexity, and therefore to the current undertaking, because,complex
systemsare dynamic and at the sametime exhibit remarkable stability and
control. The current developments in the non-linear dynamics and mathe-
matical models of self-organization have demonstrated that the Being that

13I had shown how Galileo, who followed the methodological guidelines of Archimedes,
discovereda solution to the problem of characterizing the invariant properties of motion by
applying inversereason. A detailed case-studyof how Galileo solved the problem of motion
(Becoming) by applying inverse reasonhas been presentedelsewhere(in Chapter 8 [8]).
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emergesfrom the ever Becoming complex systemscan be described math-
ematically.14 Classically it was thought that simplicity makes mathematics
possible. However the fact of the matter is that it is to tame complexity that
mathematics can be best employed. Thompson arguesthat though biologi-
cal systemsare complex, they canbe`tamed'only by the useof mathematical
descriptions of the dynamics of the systems.[21]

From the aboveobservationsit is possibleto articulate the possibility of
knowing in an ever changing internal aswell asexternal world.

A rich environment can introduce different kinds of perturbations in a
system. Any system adapted in that environment requires corresponding
inverting processesdistinguishable again by the interactional coupling be-
tween the perturbing agent and the system. Having supposedthat knowl-
edge can be de�ned as a differentiated difference, the genesisof difference,
as a signi�cant piece of information, can be said to be the difference in
the needed inverting mechanism. This gives suf�cient ground for symbolic
or informational processingwhere the tree of knowledge can take its root.
Thus Maturana observes:

The fundamental cognitive operation that an observerperforms
is the operation of distinction. By meansof this operation the ob-
server speci�es a unity as an entity distinct from a background,
and a background as the domain in which an entity is distin-
guished [28].

Ontologically speaking there seemsto be no other processesthat take
place for making cognition possibleapart from the samedialogically invert-
ing mechanismthat enablesa systemto adapt and live in an environment.
A telling instance from neurophysiology corroborates that information pro-
cessing also involves invertible mechanisms. For example, the polarized
(normal) stateof neurolemma getsde-polarized (de-normalized) upon stim-
ulation, followed by a re-polarization (re-normalization) process. It is dur-
ing theseinverseprocessesof de-polarization and re-polarization a difference
is generated. This difference is variously called as `spike', `action potential'
`impulse' etc. Since the `quantum' or `quality' of inverting processdepends
on perturbing factors, whether internal or external, there is suf�cient reason
to believe that nothing more is essentialfor accounting the genesisof a code
(information) about the external world.

14Ilya Prigogine, Manfred Eigen, Norbert Wiener, Von Neumann, McCulluch, Humberto
Maturana, FranciscoVarela, René Thom, Stuart Kauffman, Marcello Barbieri are someof the
leading researcherswho developed or applied mathematical models for complex systems.
This list is not exhaustive.
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From what we know about the senseorgans, say photo-receptors like
retina, it becomesvery clear that inverting mechanismsare the basisof per-
ceptual apparatus. When a ray of light falls on a sensitive retina, which is
in an active normalized state, it gets perturbed. The perturbation must be
immediately repaired, and this happens by a cyclic metabolic pathway of
inter-conversionsand the senseorgan regains the normal state by inverting
activity. If repair is not possible,which may happen if the intensity of pertur-
bation is very high, the senseorgansgetspermanently damaged. This there-
fore setsa range of perturbations eachsenseorgan can tolerate. Ultra-violet
radiation or other extreme radiation on either side of the visible spectrum
causespermanent damage. Thus the visible range is directly determined
by the invertibility of the senseorgan. Differencesamong the visible range
can be attributed to either the `cost'of repair or the kind of repair involved.
Sincethe difference in inverting processis the actual sourceof information,
the account given is consistentwith Maturana's observationsthat:

Perception : : : must be studied from the inside rather than the
outside—looking at the properties of the nervous system as a
generator of phenomena, rather than as a �lter on the mapping
of reality. : : : The focus should be on the interactions within the
systemasa whole, not on the structure of the perturbations. The
perturbations do not determine what happens in the nervous
system,but merely trigger changesof state. It is the structure of
the perturbed systemthat determines, or better, speci�eswhat a
structural con�gurations of the medium can perturb it[26 ].

Basedon what we said above it is possiblenow to specify what is a per-
ceptual object that a subjectmay perceive. A perceptual object is that which
can causea perturbation in a cognizing systemif and only if the systemhas
an ability to invert the perturbations induced by it. Thus a closerelationship
between living mechanismand cognitive mechanismis suggested.The fun-
damental questionsrelated to life and cognition are not independent of each
other, and the samelogical spacewhich enableslife alsoenablesknowledge.
Theseare two different manifestations of the sameontological phenomena.

We haveseenin the earlier section,how a very large macromoleculewith
multiple sites of interaction can perform life-like activities. It is interesting
to seethat sucha nature of the moleculeswhich canhavethe option to work
with several sites could be the kind of things that can cognize, since their
identity is not transformed while actively working with the environment.
Such a molecule is a necessarycondition for some thing that can choose
out of the available options. Since working out each of the options are
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invertible, it is ideal to supposethat such moleculescan indeed be the best
physical basis for “persistently increase the diversity of what can happen
next.” This character according to Stuart Kauffman is essential feature of
autonomous agents.[12] In fact when we take cell as a whole to operate in
its environment, on the surfaceof the cell there are numerous possiblesites
of action. When we have a population of Co-evolving autonomous agents,
we get a profusion of diversity despite the samenessof all agents.

Perception, even if we supposewe have answereddoesn't complete the
picture of cognitive domain. For exampleevery work cycle (a compensatory
path repairing a perturbation) in the cell is not part of the �eld of awareness
or perception. Cognitive agentscan also opt or opt out certain perceptions?
So what determines perceptibility? One needs to account for a situation
where a systemis aware that it is aware (consciousness).How to account for
Pavlovian conditioning? What about theoretical knowledge and technical
knowledge? And going beyond what is biologically endowed, using tools
etc? Eachof these questions pertaining to knowledge deservemore space,
and cannot be dealt here satisfactorily. I will point out the possibleways of
approaching to understand and solve theseproblems.

Only variations in the pattern of perturbations can be part of perceptual
space.Many of the work cyclesthat take placein the body are not accessible,
for they act in a recurring pattern, and becomespart of the rhythm of the
body. Beings cannot notice patterns through perception. Only differences
can be noticed. This is the reasonwhy inductive knowledge, which captures
only the differentiated difference, cannot read the underlying order of the
world. Heart beat can be noticed only when the there is a change in the
rhythm. This appliesto severalother body rhythms. While someof them can
be perceivedwhen ever there is changein their frequency, somehighly and
deeply embeddedorder in nature can be approachedonly through theoret-
ical knowledge, i.e. by model building and sophisticatedexperimentation.

The problem of controlling what should be perceivedand what shouldn't
be is like not getting into places that are known to be hostile. Autonomy
of the agents is an important factor in such situations. This situation also
presupposessomeknowledge of the place. This is not a situation where the
Being is repairing a perturbation only when it affects, it can foreseea place
that causesirreparable damages.It may look asthough connection between
metabolism and knowledge domain begins to break here. But not really.
A single perturbation can causeso much of internal �ux, and some times
even after the perturbation is absent, the internal work cyclescontinue to
operate. Internally generated work cycle can also be causesfor other work

41



cycles. Can this re-representation15 account for thought? Operating in the
absenceof a causemay look like a problem in the model. If one perturbation
can causeonly one work cycle, it is a simple cause-effectmodel. But the
current model is that a single perturbation could cause a chain of inter-
related work cycles. Someof the perceptions may cause,somewhere deep
in the system,a clock work of cyclesmaking the Being feel an `echo'. Can
this pattern explain memory? While some perturbations have amplifying
(cascading) effects,while others gradually die. Someof them might induce
a re�ex action. Some times same kind of perturbation may have different
work cycles.Dissimilar perturbations may produce similar work cycles,and
similar perturbations may generatecascadingbut similar work cycles. One
work cycle may causeanother. This way there are a variety of possibilities.
Which possibilities causewhat kind of effect remains to be worked out.

Pavlovian conditioning takesus to another aspectof knowledge, namely,
anticipation. This is when Beingsbegin to make symbolic associationsbe-
tween things. If a metabolic work cycle can begin without food, or just a
thought of it, it suggeststhat representationscan also generatesimilar work
cycles.

Accounting for representations is not enough. Relations between repre-
sentations to produce generalized beliefs, inductive reason, logic : : : Cogni-
tive scientistsare attempting to understand the biological basisof severalof
thesequestions. Learning models basedon neural networks (connectionist)
are alsosuf�ciently promising to answersomeof thesequestions. Shannon's
information theory is another coherent and interesting model. Relations to
these models to the current model are being worked out in the context of
cognitive development.16

Consciousness,the awarenessof being aware, is another perennial prob-
lem. We have no spaceto deliberate on this here, but I will indicate in one
line the nature of my position. I tend to believe, based on a number of
recent developments in cognitive and developmental psychology and the
insights of philosophers like Wittgenstein and social constructivists, that it
is a product of social reality and not biological. To be aware of ourselveswe
need a community of interacting Beingsaround. Theseinteractions are lot
more weaker than hydrogen bonds. But make substantial difference in the

15This expressionis borrowed from Karmiloff -Smith's model of cognitive development in
her work BeyondModularity.

16I will be presenting a critical review of the various cognitive models in a
conference to be held in December 2004 at Goa, at an international conference
to review research on science, technology and mathematics education, epiSTEME-1,
http://www .hbcse.tifr.res.in/episteme.
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emotional life of a Being without much changein biology.
When we address the problem of the evolution of complex systemsit

is necessaryto consider not only the concrete systems,but also the com-
plex semanticsystemsconstructible by the cognitive systemslike the human
being. Scienti�c knowledge differs markedly from the phenomenological
(direct) forms of knowledge. Recent debatesin philosophy of sciencehave
at least one clear messagethat scienti�c knowledge cannot be arrived at
by inductive logic. Clearly after the fall of inductivism most philosophers
of scienceagreed with Karl Popper that the context of discovery is highly
creative, therefore illogical or irrational. No logic of discovery, they argued,
can explain the origin of new theories. This view however presupposedthat
the only rational form of reasonis deductive logic.

Though Popper was correct in holding that true scienti�c knowledge
cannot be generated by inductive or by any other logic of discovery, it is
however possible to construct meaningful de�nitions, models, and physical
systemsby meansof a constructive logic basedon a logical operation, inver-
sion, a speciesof logical opposition distinct from negation. The distinction
between negation and inversion can be brought out by the general principle
that C and inverse-C, where C is any concept, necessarilycoexist or covary
in the samesystem,while it is impossible that P and not-P, where P is any
proposition, can be a part of the samepropositional system.To highlight the
difference it can be contrasted with the principle of excludedmiddle which
is the basisof deductive logic, while the nature of inversion basedidentity
can be postulated by the principle of included oppositesor extremes. I have
argued that this principle forms the basisof a logicof constructionof models,
scienti�c de�nitions and physical systems, and their eventual development
[8].

Theseproposals are mere indications of how a model basedon invert-
ibility and the principle of included contraries managesto addressvarious
phenomenapertaining to complex systems.

11 Evolution of complex systems happens by increase in Beings' abil-
ity to invert the IP and IT interactions.

Evolution of new speciesaccording to Charles Darwin is by accumulation
of useful variations that were naturally selected. When we ask the ques-
tion which variations are useful, we were told, those which are naturally
selected. There is unavoidable circularity in Darwin's model. Second, it is
known to be a tautology: since it is devoid of empirical content—an un-
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falsi�able proposition.17 But several circular explanatory models are often
found in natural sciences.For most working biologists the principle of nat-
ural selection is the single most unifying idea of biology. It is one thing to
say that the idea of evolution explains a number of phenomena in biology,
but another thing to say that the theory of natural selection explains evolu-
tion. I think, most of theseexplanations appeal to us due to the concept of
adaptation. Sinceadaptation is de�ned only in relation to the environment
around, it looks as though there is something else other than adaptation
operating. I fail to resolve any operational difference between adaptation
and natural selection. We need only one of these concepts. Also Darwin's
model fails to explain why some variations are better than others. I think
this question cannot be answeredwithout invoking a conceptof complexity.
Darwin's model abhors the idea of complexity like Aristotle abhors any role
for mathematics in science. Following Darwin's model it is dif�cult to say
that evolution is towards greater and greater complexity. This is the soft
belly of Darwin's model. Let us seehow the corrent model handles evolu-
tion.

It is common to believe that evolution doesn't happen without variation.
But life is dif�cult if there is variation, since it is proposed that organisms
function is to repair mutations. How do we account then for the variations?
There are two possibilities. One of them is due to a perturbation (mutation)
that cannot be repaired, so gets transmitted by reproduction. The other
could be due to imperfections in reproduction, i.e. inability to succeedin
making exact copies all the time. Both kinds of variations are possible in
the current model. Thus, the model not only can account the possibility of
variations, but also which are heritable variations.

Heritable variations are not necessarilyuseful variations. Thusarisesthe
issue- which variations lead to survival of the �ttest. Here the �ttest Being
is that which managesto withstand both IP and IT interactions, and adapta-
tion is de�ned in relation to the environment. So there is an environmental
selection. But the circular explanation is broken, by invoking complexity,
sincewe have a physical basisfor explaining how a given variation is useful
over the other on the basis of invertibility . In a competing community of
Beings, where different Beings interact with the nature, those organisms

17Studies on self-organization have shown that order can arise without natural selection.
There are several critiques of Darwin's theory. Most vociferous was by Lima-de-Faria in
his provocative work, Evolution without Selection.Stuart Kauffman acceptsit only partially,
and he thinks strongly that physico-chemicalmodels of self-organization complemented by
natural selectioncan explain the phenomenaof evolution. He proposesa few candidate laws
in his latest work Investigations. We have no spaceto discussthem here.
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which manageto withstand more perturbations will survive better than the
others.

Darwin's model also has other problems. The idea that all organisms
descendedfrom a common ancestor is a physical possibility, but not a nec-
essaryone. From the point of view of physical conditions, it doesn't seem
necessaryto preclude multiplicity of ancestorsleading to different branches,
or even allowing associationsbetween different ancestors, as in the case
of symbiotic association of plastids and mitochondria with other cells. So
there is also a possibility of convergingtrends in evolution of complexity,
not necessarilyby gradual modi�cation and descent. Increasein complex-
ity is possible more by associations,compositions, superpositions, than by
heritable variations. The formation of complex multi-cellular organization
(morphogenesis) suggeststhat initially there is a phenomena of generat-
ing multiplicity , followed by differentiation of cells to introduce specialized
tissues,then coordination of these specializedcells organized according to
the principle of included contraries (antagonistic proceses)bringing back
the organizational closure required to work as an individual. Thus growth
in complexity is not only about diversi�cation and differentiation, but also
integration and coordination. What Darwin's theory of evolution misses
is precisely this aspect of integration and coordination. Self-organization
models can explain this more satisfactorily.

One may say that this is taken care by natural selection. But what we
need to understand is the mechanismof natural selection. Eachbeing also
has a `volume' of nature within them, nature is not entirely in the environ-
ment and therefore external. Any theory of evolution of complexity there-
fore needs to account for the nature within and increase in its complexity
over time. I have tried to explain how this happens by accommodating
the contrary processeswithin the Being, increasing its complexity. I have
also tried to explain how an index of complexity could be computed so that
all Beings can be placed on a n-dimensional scale. Since complexity and
adaptability have a direct correlation, this in concrete terms becomesthe
empirical content of our model. Greater the complexity greater should be
the adaptability. Is this mechanismof evolution falsi�able (a test for empir-
ical content)?

A falsi�able condition of this theory is when one �nds a simpler Be-
ing which is simple but exhibits adaptability in various adverseconditions.
Another way to specify the falsi�ability criterion is when two Beings, one
of them complex and the other simple, both perform similarly keeping the
environment constant. This is precluded by this model. Performance of a
Being is a direct function of its complexity. Simple Beings cannot perform
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complex tasks.
In this model therefore, there is no separatemechanism for evolution.

The very mechanism of dialogical invertibility , and increase of complexity
by composingcontrary processesis the principle of life aswell asevolution.
Evolution doesn't need any additional ontological presuppositions.

12 Madness must come to an end somewhere!

Of course not in a pathological sense! But in the senseof not being able
to get out of the clutches of a model which appealed to my scienti�c imag-
ination. As Kuhn says, you begin to look at the world in a different light
after that creative moment—when `infected' by a conceptual scheme. But
my training in philosophy helps me to get out of it occassionallyand seethe
light of other models aswell—wandering at the margins of models.

The way I love to approach a problem is by asking Kantian questions:
What makes x possible? What are the conditions under which x is possi-
ble? What is the state of x? Approching this way the question I tried to
answer in this essayis: What is an object that a subjectmay know it, and
what are subjects,that they may know an object.(SeeMecCulloch [16].) Sci-
enti�c revolution took place when we managed to make motion a state of
the Being, as against, a property of it. This essaypromotes that tradition.
One of the charactersof that tradition is to understand the relation between
things, and not the thing-in-itself . The other important charector of that
tradition is again not to study change-in-itself, but the pattern of change
(invariance of variance). Galileo introduced this method. Newton, Leibniz,
Einsten, Dirac : : : embellished it. Harvey's remarkable achievement was to
discover and explain the conservation of blood, by introducing arguably for
the �rst time the model of explaining life processesby proposing counteract-
ing processes—bydistribution and collection. Claude Bernard and Charles
Sherrington discovered several such patterns and embellished the thought
in biology. What is wrong with this mechanizationof the world picture that
life and congition continue to slip away. I tried to answer the problem of life
and cognition basically following the samemethod but with an awareness
of that method. The method is inversereason.

This work is an extension of inverse reason to understand the mecha-
nism of constructing living systems. I proposed inverse reason, a logic of
synthesisas against analysis in my �rst attempt to do philosophy: Role of
Inversion in the Genesis,Developmentand the Growth of Scienti�c Knowl-
edge[8]. The principles of contradiction and excluded middle, the basesof
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logic, are about analysis,but they preclude methodologicallyany possibility
of accounting synthesis. I argued in my earlier work that another species
of opposition, inversion as against negation, basedon the principle of inl-
cudedcontrarieswhere the opposetesexist together explains how concepts,
asagainstpropositions, combine. We haveno spaceto discussthat here, but
interested readerscan �nd the details in [8 ].

Originally I begandeveloping this model of life asa challenging problem
of implementing the proposalsmade in that work, where it is claimed that
a logic of construction is possible. If I know a logic of construction, can't I
use it to develop a new scienti�c model to explain someof the unanswered
problems of science,instead of a post-hoc reconstruction of the discoveries
alrady made? Being a biologist I began working out a model of living sys-
tems. I �rst published this idea in an half-baked form in a conferenceon the
evolution of complexity [9]. This work I supposeis baked better than that.

It is very likely that I am taking a risk, by connecting these two works,
one of epistemologyand another of ontology. The risk is, one may fall or �y
along with the other. But what is wrong in playing the game?With a fear of
loosing we cant play any game. If it appealsto others there is a chancethat
it may take off the ground.

Is the proposed model too simplistic to take care of not one but several
complex problems? History of scienti�c ideasindicates that in order to tame
several not so well connected domains under one model, the assumptions
made must be metaphorically strong enough to �nd instances in several
domains. Genericmodels are simple, and often counter-intuitive.

But what is the problem that this model is attempting to solve? Aren't
the existing models doing well, even though they account for a restricted
domain? What is wrong with one good working model for each domain?
Why should we have a grand uni�ed theory? The main problem, I think, is
not that the existing models of biology don't reduce to each other, or they
don't haveclear connectionsbetween them. The problem is a lack of general
logic of construction. The proposed model offers one. A logic of synthesis,
as against analysis,was not in place both in scienceas well as in logic. But
the matter of fact is that we seeconstruction everywhere. In mathematics,
in our thought, in the world out there, it is ubiquitous. No one proposed a
satisfactory answer. On the contrary the intellectual atmosphere forbids it,
and attempts to seekan answer to this problem were ridiculed. Darwinism
for ontology, Popperianism for epistemology are the recieved views. They
abhor any possibility of a method in creativity or construction in thier re-
spectivedomains. Recall Darwinism's stancethat how variations come into
being is not in the scopeof a theory of evolution, but given variations the
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rest is taken careby natural selection. Similarly, Popperiansargued that how
new ideas come into being is out of the scopeof not only logic but whole
of philosophy, but once the ideasare given the logic of deduction takescare
of which of them explain the phenomena. For a long time inductive logic
was thought to be the way to go. But we have enough evidence to show
that scienti�c ideas in particular are not arrived by induction. How did they
arrive remained not only a problem but a mystery. CharlesPeirce'sabductive
reasonremains today the bestbet, which doesn't solvethe problem, but says
the phenomena are best explained only if we supposethe hypothesis. This
still didn't explain how the idea came into being in the �rst place. This is
the povertyof the dominant philosophical wisdom.

In the physical domain, Linus Pauling's ingenious explanation of shar-
ing what each atom lacked to reach an inert gascon�guration took care of
chemicalcombination. This is an important milestone in understanding how
things combine. In fact in this principle lies a directionality, to reach a state
of inertness. Initially I thought it could explain, but the phenomenain nature
are not known to be moving in this direction. Also, chemical combination
is too energitic to take care of the plastic constructions in biology. What is
halting this to happen? Obviously inertia. Interestingly there are two faces
of truth lying in the law of intertia. One is to continue to remain in the
samestate of motion. The other is to resist external force, which depends
on mass. How much mass-energya Being has explains how much force it
can resist. Thuseven in this principle lies an element of resistance, to remain
in the current state. This is not a permanent way to remain unperturbed,
for the multiplicity postulate allows other Beings to perturb it. Whatever
be the magnitute of resistance(mass) the Being could, is the beginning of
complexity. This appears to me, in relation to living state, as the zeroth
order of complexity. But we all know that the atoms that give this zeroth
order of resistancehaveanother universe of complexity. So the composition
of massunits cannot be explained without recourse to arguiably the most
creative constructions human being ever created: quantum physics. This is
a domain where we not only seeIP interactions, but also IT interactions. All
theseinterpretations drived me to reacha conclusion: There is a statewhich
every Being of nature prefers: to reach a state that maximizeswork with
minimal energy.18 This is possibly the directive principle of nature. Don't
abhor teleonomy particularly when it explains thy self. Our very existence
is a fact on the face that this world allows purpose a possibility. We exist in
that state. It is our challenge to �gure out how this state comesinto being

18Is this another version of the principle of least action?
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without mythology.
The challenge that remained is: What is the phasespacethat makes a

Being to reach this state possible? This paper is an attempt to answer this
question—Tractatus logicovitalis. Whether I succededin doing this or not is
left to you, the reader. Needlessto say, lot more work is neededto not only
substantiate by identifying and interpreting various phenomenabut also to
build a mathematical model of this described ontology. I deliberately used
a jargon close to sciencethan philosophy and metaphysics, to appeal the
imagination of scientists—theproblem solvers.

There exists, I think, only one way of doing more work with lessenergy
without violating the principles of thermodynamics. Recycle.Revert. Repeat.
Regress. Recurse. Repair. Invert. Loop. As a whole there is a plenty of
recycling in the biosphere—thewisdom of ecology. But that will not make a
Being reach the desirable state. What we need is:recyclewithin the Being.19

And this is self-re-production.
To sum up: In a world where there are abundant Becoming-Beingsthat

are systemsbut not atoms, where they perturb each other, a world where
Beingsin a very large number with lessercomplexity try to perturb the Be-
ings with greater complexity, complex Beings tend to loose their order by
dissipation—�rst tendency. In that very process,sometimes Beingswith less
complexity manageto get together to resist the �rst tendency by reaching a
state of inertness by chemical bonding–secondtendency. In a world where
larger Beingscontinue to get perturbed, someof the larger Beingsdevelop
an ability to function by breaking and forming weaker bonds within itself
in an abundant pool of energy and in an enabling buffering media. A self-
re-producing network of such Beings manages to engulf a processand a
counter processwithin the network of Being, to counteract the two `deadly'
tendencies. A Being capable of displaying behavioral changeswithout un-
dergoing change in identity is born. And this logic continues to operate
recursively to explain physiology, epigenesis,evolution and cognition.

References

[1] Bruce Alberts, Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts,
and JamesD. Watson. 1994, Molecular Biology of the Cell. Garland

19No wonder we need a circular wheel to reduce mechanical advantage. Nothing can
be a machine if it cannot invert to a basestate regularly. Arguably the very �rst scienti�c
insight that made Archimedesto run naked was this. Seemy reconstruction of Archimedes's
discovery in [8]

49



Publishing, Inc., New York, 3 edition.

[2] Marcello Barbieri. 2003, TheOrganiccodes:An Introduction to Seman-
tic Biology. CambridgeUniversity Press,Cambridge.

[3] Fritjof Capra. 2002, TheHiddenConnections:A Sciencefor Sustainable
Living. HarperCollinsPublishers,London.

[4] Fritjof Capra. 2002, TheWebof Life. HarperCollinsPublishers,London.

[5] Donald Davidson. 1980, Essayson Actionsand Events. Oxford Univer-
sity Press.

[6] Hans-Peter Durr, Fritz-Albert Popp, and Wolfram Schommers. 2002,
What is Life? Scienti�c Approachesand PhilosophicalPositions, vol-
ume 4 of Foundations of Natural Scienceand Technology. World Sci-
enti�c.

[7] Manfred Eigen and Peter Schuster. 1979, The Hypercycle:A Principle
of Natural Self-Organization. Springer-Verlag, Berlin.

[8] Nagarjuna G. The Role of Inversion in the Genesis, Devel-
opment and the Structure of Scienti�c Knowledge. PhD the-
sis, Indian Institute of Technology, Kanpur, India, 1994. URL:
http://db.hbcse.tifr .res.in/gn/B OOK/.

[9] Nagarjuna G. 1999, Invertibility and the evolution of complex systems.
In Francis Heylighen, Johan Bollen, and Alexander Riegler, editors,
TheEvolution of ComplexSystems. Kluwer Academic,Dordrecht.

[10] Annette Karmiloff -Smith. 1995, BeyondModularity: A Developmen-
tal Perspectiveon CognitiveScience. The MIT Press,Cambridge, Mas-
sachusetts.

[11] Stuart Kauffman. 1993, The Origins of Order: Self-organization and
selectionin evolution. Oxford University Press,New York.

[12] Stuart Kauffman. 2000, Investigations. Oxford University Press,New
York.

[13] Albert Lehninger, David Nelson, and Michael Cox. 1993, Principlesof
Biochemistry. Worth Publishers,Inc, 2 edition.

[14] A. Lima-de Faria. 1988, Evolutionwithout Selection:Form and Function
by Autoevolution. ElsevierSciencePublishing Company, Amsterdam.

50



[15] Humberto. Maturana and FranciscoVarela. 1987, The Treeof Knowl-
edge: The biological roots of Understanding. New Science Library,
Shambhala,Boston.

[16] W.S. McCulloch. 1965, The Embodimentsof Mind. M.I.T. Press,Cam-
bridge, Massachusetts.

[17] I. Prigogine and I Stengers. 1984, Order Out of Chaos: Man's New
Dialoguewith Nature. Fontana Paperbacks.

[18] W.V.O. Quine. 1953, From A LogicalPoint Of View. Harward University
Press,Massachusetts.

[19] Alexander Rosenberg. 1985, TheStructure of BiologicalScience. Cam-
bridge University Press,Cambridge.

[20] Erwin Schrodinger. 1992, What is Life?: The PhysicalAspectof the
Living Cellwith Mind and Matter. CambridgeUniversity Press.

[21] P. Thompson. 1992, Mathematics in the biological sciences. Interna-
tional Studiesin the Philosophyof Science, page241.

[22] Bas C. van Fraassen. 1980, The Scienti�c Image. Clarendon Press,
Oxford.

[23] FransiscoVarela and J. Goguen. 1978, The arithmetic of closure. In
R. et.al. Trappl, editor, Progressin Cyberneticsand SystemsResearch,
volume III. John Wiley and Sons.

[24] J. Von Neumann, editor. 1966, Theoryof Self-ReproducingAutomata.
University of Illinois Press,Urbana.

[25] Norbert. Wiener. 1961, Cybernetics:Control and Communicationin the
Animal and the Machine. The M.I.T. Press,New York.

[26] Terry Winograd. 1986, UnderstandingComputersand Cognition. Ablex
Publishing Corporation, New Jersey.

[27] Ludwig Wittgenstein. 1922, Tractatus LogicoPhilosophicus. Routledge
and KeganPaul. Translated from German by C.K.Ogden.

[28] M. Zeleny, editor. 1981, Autopoisis: A Theory of Living Orgnization.
North Holland.

51


