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Abstract: Chemical reactions provide new insights conceming information processing in
neural networks. Batch reactions are considered in first place and it is presented a model in
which computational instructions will be conceptualised as being sent in parallel to multiple
operational structures in sites where they are transformed in a way that generate a variety of
computational viewpoints associated to a set of data.

Anastomotic computations are considered as pre-processing operations implemented by
convolutional weighing functions. Quantum valence theory is used to construct computational
models for cognitive processes. The model of isolobal fragments is interpreted in a way that
gives rise to classes of equivalence that represent concepts in extenso.

The conscious quality of cognition is derived from the emergence of new macroscopic
qualities from the relationships between valence bonds. Binding of representations is
considered as dependent on dendro-dendritic relationships homeomorphic with orbital
valence frontiers.

Keywords: Neural Networks, Information Processing, Cognition, Consciousness,
Computational Paradigms.

1. INTRODUCTION

Our aim is to study information processing in neural networks in order to understand both the
architecture of cognition and brain processes from micro to macro structures, and to build
artificial neural networks which meet more strict neurophysiological requirements than those
which can be represented using exclusively cell body and axonal computations.

We define a conceptual framework, which allows the implementation of formal and
computational neural information processes adequate for the representation of high level
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symbolic stages of perception and cognition, and to quantify the results. The general
conceptual framework stems from chemical and physical paradigms. Chemical reactions lead
to new computational structures in which data are directly associated to computational
instructions that are distributed over neuron ensembles. Each neuron modifies the incoming
instructions for operation generating a particular component or viewpoint in a global process.

Besides cell body and axonal processes, local dendro-dendritic operations are also considered
providing new insights and the use of relevant metaphors.

Chemical processes either involving batch reactors, plug flow reactors or else the model of
isolobal fragments in organometallic complexes and their valence bonds. This provides new
paradigms for the study of some information processes which are involved in high level
symbolic operations performed by dendro-dendritic networks and cell bodies and axons to
which they are connected. These models allow the study of the dynamics of the information
processing in terms of final equilibrium states and the prediction of convergence towards a
specific final state. Velocity of reaction and thermodynamic characteristics of the reaction,
parallel reactions as well as multi-stage reactions are also useful for the study of the dynamics
of information processing in neural networks. It should be noted that we make a distinction
between low level analogic representation of data and events which is performed bottom-up
according with genetically prescribed rules and on the other hand a second system of
encoding in which significations depend on relationships that are acquired through leaming.
The concept of isolobal fragments of organometallic complexes together with their quantum
valence implications is used as a paradigm for the representation of classes of equivalence
that are essential to the definition of concepts at the cognitive level. It also provides a
paradigm for the way in which new macroscopic qualities, like consciousness emerge from
complex interrelationships between microstructures.

The chemical metaphor contributes to clarify some types of data pre-processing that are not
simply serial or else parallel but rather anastomotic as it was proposed by W.S. McCulloch.
They may be easily represented taking batch or plug flow reactors as paradigms.

Another relevant consequence of the use of chemical metaphors is the possibility of
understanding the effects of changes in synaptic weights not as a set of independent changes
but rather as a structured set of complex pattern transformations that implement Gestaitic
entities.

The orbital concept of chemical valence leads to the understanding of the binding of neural
processes distributed over large and disperse structures forming high level language correlates
for cognitive processes.

Besides the usefulness of those chemical paradigms to study the dynamics of neural network
processes from the viewpoint of complexity theory, they contribute with relevant metaphors
to the construction of neural network models for cognitive processes.



2. NEURONAL AND COMPUTATIONAL IMPLEMENTATION: THE DENDRO-
DENDRITIC NETWORK MODEL

2.1 Batch Reactors-a Neurophysiological Interpretation

Within the batch reactor metaphor, processes in a dendro-dendritic complex provoke the
formation of ‘compound messages’ such that the time needed to attain a ‘steady state’ for a
new compound message Ay is
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In (1) Nay stands for the number of messages of a class at any instant, and Nayo that number at
t=0. k is related to the ‘reaction rate’, something like the readiness of the dendro-dendritic net
to produce new messages.
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Now, a main feature of the batch reactor analogy is the potentiality to generate parallel
processes, besides the serial ones, which lead to some kind of anastomotic computation. For
parallel ‘reactions’ the proportion of different compound messages can be written as
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where aaya 1s the proportion of compound Ay and oya is the proportion of By. In any case
these parameters are introduced to illustrate the potentiality of the metaphor.

In case the ‘compound message’ triggers the adequate patterns of action, the Ascending
Reticular System of the Brain Stem and of the Thalamus will energise the rate of production
of that ‘compound message’ performing an action equivalent to a reactors’ temperature
elevation during an adequate time interval At. The following classical reactor equations
express the idea that ‘compound message formation’ rate will effectively increase with a raise
of temperature, in a reversible endothermic reaction. At equilibrium, r,=0; xA=xA' (xA' is the
reactant conversion at equilibrium) and substituting into the reaction rate expression we have,
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In (3) AE, is the forward activation energy which must be greater than the reverse activation
energy, AE |, k are defined by
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In (4) C4 is the concentration of A and Cp is the concentration of B.



In case the ‘compound messages’ are no longer adequate, the energising action of the
Reticular System ceases, and a new ensemble of sets of characteristic dendro-dendritic
oscillators will be activated, renewing the cycle of interactions which will now include new
dendro-dendritic operators. Note that it is implied that reactants change but not the form of the
reactions.

Finally, Work Memory and Executive Attention will activate new areas of the Brain and
associate Sub-Cortical structures which will create a similar but distinctly organised
functional architecture, until the Intentional action is completed. What changes here in the
model is the type of relationships between isolated reactions which become organised in a
structured system. To embody Work Memory and Executive Attention Control and
Command, a dendro-dendritic network of fully connected multiple centres in the sense that
any centre is connected by inputs and outputs to all the remaining ones and to itself, forms a
sort of a ‘keyboard’ that is able to be activated sequentially or in parallel and in turn produce
changes in the pattern of relationships between more elementary units that are organised by
the ‘keyboard’. A switching control makes a temporal plan of activations according with a
prescribed set of criteria which act within the context of local time relationships which form
an invariant pattern for decision making. This local time and space parameters form the
context necessary for an internal model representation of an interaction with the environment
using both recursive and hyperincursive goal directed computations which generate
behaviours which will be performed according with external time-space parameters and
produces a state which represents the interaction from the viewpoint of internal decision
making performed according with local time-space parameters completely distinct from the
external ones. In our hypothesis the set of decision making rules, the ‘keyboard’ programming
of both plans of action and connected internal representations, internal local time-space
relationships and the availability to an self reflexive knowledge about this processes in a
summarised manner in which many links are missing, forms the basis for conscious
awareness of the environment, of the Self, and of both elementary decisions and complex
plans of action and Intentions.

Central planning of action furthermore recruit, at a distance, other specialised operators to
produce new processes made from a different viewpoint. These centres which work in a
distributed manner make decisions of action and back propagate information about their
actual state of activity. They correspond to Tertiary Multisensory Associative Areas, as well
as to centres responsible for the use of linguistic competence and idiomotor symbolic
representations of commands of structured action.

These high level centres either non linguistic or else linguistic will send encoded messages,
that upon being received, play a role in the programming of the commands and
representations to which they are contributing. Possibly it is the encoded structure of this high
level symbolic messages that performs the double role of carrying a semantic content and
simultaneously specific programming of relational instructions.

2.2 Neuronal Implementation- the Dendrodendritic Network Model

If we consider neural architectures, dendro-dendritic networks possess the remarkable
characteristic of allowing both forward and backward propagation. The complex geometry of



these networks permits back propagation of action potentials generated at the axon hillock.
Ultimately when such potentials attain fine dendritic ramifications they can eventually fade
out. When this is not the case such potentials can circulate along dendro-dendritic closed
loops which implement local computations.

Although dendro-dendritic networks are extremely dense anatomical structures with
interspersed almost reticulate structures linked by multiple synapses, they may be thought of
as an ensemble of computational compartments. Let us consider the case in which information
arrives to the dendritic neuropile through axo-dendritic and dendro-dendritic synapses.

If we attribute to each neuronal cell body a set of characteristic dendro-dendritic closed loops
we may consider each such set as an ensemble of oscillators with characteristic frequencies.
We assume that complex information processing is performed by each neurone due to its
closed loops. Similar functions are served by identical sets of closed loops and distinct
functions are implemented by different sets of closed loops, A, B,..., Z.

If the same information arises to an ensemble of distinct sets of closed loops each one
performing the analysis and processing of the incoming information from a distinct
viewpoint, we may assert that an input vector {Y} (coming from the output of a predecessor
structure) activates distinct sets A, B, ..., Z of dendro-dendritic closed loop operators.

From the viewpoint of our analysis it may be considered that ‘compounds’ Ay, By, ..., Zy
have been formed and the corresponding information will be transmitted by neuronal cell
bodies at a distance to decision making neurons responsible for the generation of coordinated
patterns of action. A, B, ..., Z, are closed loop operators and oscillators ye{Y} are a subset of
ordered components of { Y} with dimension dim.(y)<dim({Y}).

2.3 Anastomotic Computation

One way of understanding anastomotic computation is to consider a convolution matrix of
dimension k x k which acts through a inner product over a data matrix of the same dimension.
It is furthermore supposed that the convolution weighing matrix is constant while data do
vary.

This is a way to understand preprocessing of data along an active set of information
transmission and computational parallel and interactive lines.

Furthermore chemical paradigm allows the creation of systems in which the convolution
weighing components are transmitted along together with the data matrix in a computational
dynamic flow.

A further generalisation leads to the concept of a dynamic convolution with variable
coefficients. This last non-linear paradigm may also contribute to understand the way in
which operative instructions are transmitted at a distance and are transformed in characteristic
an distinct ways by the neurones that receive them.



Besides the usual concept of data transmission between computational stations we have here a
paradigm for the transmission of computational instructions which produce a local
transformation at each computational station which receives them.

This computational model is likely to exist in the peripheral and Central Nervous System. The
chemical metaphor closer to it is the model of plug flow reactors. Let us remind the basic
characteristics of a PFR.

2.4 Plug Flow Reactors (PFRs)

Now that we have ‘designed’ a simple batch reactor we will take a look at plug-flow reactors.
Tubular reactors are used for many large-scale gas reactions. In tubular reactors, there is a
steady movement of reagents in a chosen direction. No attempt is made to induce mixing of
fluid between different points along the overall direction flow.

A formal material balance over a differential volume element requires that we know (or
assume) patterns of fluid behaviour within the reactor, e.g. the velocity profile. The simplest
set of assumptions about the fluid behaviour in a tubular reactor is known as the plug flow (or
piston flow) assumption. Reactors approximately satisfying this assumption are called plug
flow reactors (PFRs). The plug flow assumptions are as follows,

(a) flow rate and fluid properties are uniform over any cross-section normal to fluid motion;
(b) there is negligible axial mixing- due to either diffusion or convection.

The plug flow assumptions tend to hold when there is good radial mixing (achieved at high
flow rates Re > 10*) and when axial mixing may be neglected (when the length divided by the
diameter > 50 (approximately)). This means that if we consider a differential element within
the reactor (with its boundaries normal to the fluid motion), it can be taken to be perfectly
mixed and, as it travels along the reactor, it will not exchange any fluid with the element in
front of or behind it. In this way, it may be considered to behave as a differential batch
reactor. Furthermore, we will make an additional assumption that the reactor is at steady state.
In a batch reactor, composition changes from moment to moment. In continuous operation at
steady state in a PFR, the composition changes with position, but at a given position there is
no change with time.

We are now able to perform a material balance (we now know enough about the behaviour of
the fluid within the reactor). We must choose an appropriate element over which to perform
the material balance. The following symbols are used:

l length (m)

L total reactor length (m)

Vv reactor volume (rn3 )

A cross - sectional area (m?)

n, molar flow rate of component A (mols™)
n, total molar flow rate (mols™)

vy volumetric flow rate (m>s™)

0 denotes inlet conditions (subscript)

e denotes exit conditions (subscript)



The material balance over the differential element has the usual form,
Accumulation = input — output — loss through reaction (5)
We now substitute in mathematical expressions for each of these terms. We have

0= "’Ala - "A|l+d: —r,dv (6)

Dividing throughout by dl the differential is obtained
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Dividing by the cross-sectional area and remembering that A dl =dV,
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Equation (8) is known as the design equation for PFRs.

The PFR rate of conversion may be found by performing the integration of the following
design equation

dev =V = —"j an, (9)
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The definition for conversion can be rewritten in terms of molar flow rates

x, =074 (10)

Substituting (10) in (9) we have
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The reaction rate will be given by
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Substituting (12) in (11) and integrating we have
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The residence time is given by

r= oLt - Lia_x (14)
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3. TOWARDS AN HOMEOMORPHISM OF ISOLOBAL ANALOGY

One of the main theories, which explain chemical reactions, is the molecular orbital theory. In
organic molecules it is possible to substitute carbon atoms by metallic heteroelements if we
use metal ligands and we create fragments with the adequate symmetry, level of energy and
adequate valence structure in the bounding surface of the new component fragments.

The valence frontiers of both the organic fraction and the metallic complex do not need more
than an approximate match. Hoffmann used a transformed Mendeleiff table to characterise the
orbital structure of each element.

These two fragments are called isolobal if the number, symmetry properties, approximate
energy and shape of the frontier orbital and the number of electrons in them are similar
(Hoffmann, 1982).

With the support of this data and using considerations issued from group theory and Quantum
Mechanics Perturbation Theory he was able to make exact predictions about sets of
equivalent component fragments that matched and reacted with complex organic molecules.

Here we find a paradigm for classes of equivalence of organometallic compounds.

Returning to the proposed homeomorphism between dendro-dendritic closed loops on one
hand and orbitals on the other, we can define interactional surfaces that are composed by
dendritic computational compartments that are attached to a complex set of neural bodies.

The valence sites are identified as computational compartments of dendro-dendritic closed
loops which include input and output synapses. These synapses contribute to an interaction
surface through which this computational assembly can be linked to distinct assemblies. This
metaphor is convenient to represeni some characteristics of cognitive processes.



Namely we are thinking about the knowledge that cognitive operators concerning lower level
sensory and motor processes and memory representations.

The inquiry about what is occurring at a sensory and motor level in a transaction with the
environment may be compared to the successive linkage of a matrix of organic complex
molecule to distinct equivalent isolobal metallic fragments.

A first characteristic of this class of equivalence is that it may represent a concept in extenso.
On the other hand as this organometallic complexes are very unstable they may contribute to
represent a sequence of inquiry operations in which distinct attributes of a concept are
successively scanned.

All of them remain available to a further inquiry but only those which form stable complexes
give rise to a conscious experience.

The correlate for the conscious character of cognition may be found in the way microscopic
interactions generate the emergence of macroscopic qualities. Comparative neuroanatomy and
neurophysiology help to specify as a further requirement that consciousness must be related to
secondary and terciary multisensory and idiomotor areas of the Brain in Primates and Man.

Ultimately the Quantum valence bounding surfaces may be considered putatively as a
possible correlate for the type of binding of distinct sources of information which are involved
in complex cognitions.

The resemblance between two neurones assemblies together with their characteristic dendro-
dendritic closed loops that can participate in neural connections allows them to generate a
complex and self-organised structure. In our proposal it can be defined as an isocompartment
analogy, which can hold a distributed micro-resemblance defining an isosynaptic structural
analogy. We will call two neurones or neural structures isocompartment if the number,
symmetry properties, approximate energy and shape of the ensemble of the computational
compartments corresponding to dendro-dendritic circuits on the neuron and the geometrical
properties and number of synapses in them are similar. The isocompartment analogy provides
the connection capabilities and the self-organisation of the neural structures needed to
represent high level symbolic operations. Finally, this analogy also provides a hypothetical
framework to understand abstract cross-modal representations.

4. THE RELATIONSHIP OF SIGNIFICATION IN VISUAL COGNITIVE
PROCESSES

Dendritic computation in the Brain provides very powerful means for information processing
which are involved in cognitive operations. If we consider visual cognition the observations
we made in preceding sections need to be completed by additional features which are required
if we try to represent symbolic processing for example in perceptive phenomena that attain
the cognitive level. The basic stages of perceptive processes have been discovered in visual
perception in very ingenious experiments first by Lettvin, Maturana, Pitts and McCulloch
(1959), Hubel and Wiesel (1965}, Blakemore (1974) to mention only the initial works in



which the concept of feature detectors was introduced. Results concerning the study of simple
cells by Hubel and Wiesel imply a referential level of processing in which elementar
mappings in the Brain are directly related to elementary characteristics of stimuli. At this first
level neuronal structures and their dendro-dendritic networks are responsible for a referential
attribution. This reference to external objects represented by analagous mappings is in itself
already very complex as it can be immediately verified if we consider the phenomenon of
sensory projection on peripheral receptors or the phenomena of phantom limb.

At this level an analogical relationship between the spatial distribution of the stimuli and
spatial configuration of dendro-dendritic and cell body mappings in the Brain is a first mode
of iconic and diagrammatic representation of visual information. These simple components of
sensory information are combined by dendro-dendritic networks that implement the
specification of functions defined over sets of components of the iconic and diagrammatic
level of representation. The complex and hipercomplex types of response (detection of
segments of straight line with variable lengths and detectors of angles independently of
rotation keeping constant vertex) suggest that the relationships necessary to represent data at a
higher symbolic level are already present but the representation is still referentially linked to
the characteristics of stimuli in an analogous manner. The encoding is still genetically
determined, although it suffers the influence of the interaction with the environment along
some initial stages of the development process (Blakemore, 1972). The next step introduces
the type of encoding which is characteristic for cognition, namely the referential mappings are
substituted by abstract relationships defined over them. The relationship is already not
analogical but rather belongs to a second level of symbolisation. At this second level the
relationship is one of significant-significate in which the significate is derived by specific
rules associated to the significant. These rules are formed under the influence of experience
and learning and give to knowledge structures an abstract character adequate for cognitive
processes. Data concerning possible schemes of motor interaction and predictions about the
outcome of transactions with the environment, are integrated in multi-modal sensory and
motor secondary and tertiary representations. At this stage the isolobal inquiry matrices scan
data selecting those which may contribute to successive stages of cognition. The final choice
of attributes is attained and they acquire a stable configuration which gives rise to the
cognitive experience. Attributes not essential for immediate cognition are organised as a field
which remains available to further scanning whenever knowledge actualisation requires it.

The isolobal matrices are responsible for the implementation of the signification relationship
which leads to the characterisation of the concept through its attributes and to the subjective
experience which acquires a transient conscious dimension.

Complex forms imply the constitution of predicates and relationships in a visual language
largely independent of the linguistic system of reference. A visual pattern can then be
represented by a set of complex descriptors P(X) and a relationship R defined over them. The
implementation of recognition of a pattern by a dendritic network might correspond to an
input formed by the assembling of descriptors P(X) defined over an ensemble of elementary
symbols either visual or belonging to other modalities as well as motor data and motor
predictions and components of past sensory meanings assembled by isolobal matrices. The
final stable result may be mathematically specified by R that correspond to a matrix which
would produce a new vector of identified pattern components. Characterisation and
identification may be represented formally by the comparison between a finai vector of



attributes and a reference vector. Identification would correspond to the fulfilment of a
distance criterion and subjective experience would be due to the formation of a stable
complex which would link the inquiry relationships to members of the class of isolobal
intermediate level attribute representation. A criterion vector Ref would be compared with C
and the pattern recognition would correspond to the verification that distance between C and
Ref was smaller than a criterion o. This corresponds to

[R] [X]={C]

dist([CL.[Ref]) <

5. FINAL COMMENTS

It results from the qualitative analysis of experimental data and model representation of
concepts and perceptions that the Quantum Mechanics analogy provides an adequate
description and new insights relevant for the understanding of self-reflexive cognition and
CONsciousness.
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