MOLNETS: AN ARTIFICIAL CHEMISTRY BASED ON NEURAL

NETWORKS
SILVANO COLOMBANO JOHNNY LUK
NASA-Ames Research Center DeAnza College
MS 269-2 21250 Stevens Creek Blvd.,
Moffett Field CA 94131 Cupertino, CA 95014
JOSE L. SEGOVIA-JUAREZ JASON LOHN
Department of Computer Science NASA-Ames Research Center
Wayne State University MS 269-2
Detroit MI 48202 Moffett Field CA 94131

ABSTRACT

The fundamental problem in the evolution of matter is to understand how
structure-function relationships are formed and increase in complexity from the
molecular level all the way to a genetic system. We have created a system
where structure-function relationships arise naturally and without the need of
ad hoc function assignments to given structures. The idea was inspired by
neural networks, where the structure of the net embodies specific
computational properties. In this system networks interact with other network
to create connections between the inputs of one net and the outputs of another.
The newly created net then recomputes its own synaptic weights, based on anti-
hebbian rules. As a result some connections may be cut, and multiple nets can
emerge as products of a 'reaction'. The idea is to study emergent reaction
behaviors, based on simple rules that constitute a pseudophysics of the system.
These simple rules are parameterized to produce behaviors that emulate
chemical reactions. We find that these simple rules show a gradual increase in
the size and complexity of molecules. We have been building a virtual artificial
chemistry laboratory for discovering interesting reactions and for testing further
ideas on the evolution of primitive molecules. Some of these ideas include the
potential effect of membranes and selective diffusion according to molecular
Slze.

INTRODUCTION

The fundamental problem in the evolution of matter is to understand how
structure-function relationships are formed and increase in complexity from the
molecular level all the way to a genetic system.

In this context, the genetic system is a point of arrival rather than the
starting point for evolution. From this point on the rules of the 'game' are
reasonably clear and evolution can be understood. Our question instead is what
'game’ is being played at the very early stages of the evolution of matter? How
are rules created and how are they 'fixed' in the system?



In order to approach these questions without the insurmountable
computational obstacle of simulating a real prebiotic milieu, we have created a
system where structure-function relationships arise naturally and without the
need of ad hoc function assignments to given structures. The idea was inspired
by neural networks, where the structure of the net embodies specific
computational properties. One changes either the topology of the net or the
synaptic weights, and the computational properties change.

This basic idea is modified by having networks interact with other network
to create connections between the inputs of one net and the outputs of another.
The newly created net then re-computes its own synaptic weights, based on anti-
hebbian rules. As a result some connections may be cut, and multiple nets can
emerge as products of a 'reaction’.

The idea is to study emergent reaction behaviors, based on simple rules that
constitute a pseudophysics of the system.

BACKGROUND

This approach to the study of self-organization is based on the well
established notion of an artificial chemistry, but we believe that use of neural
network structures for our system is still largely unexplored. The abstract
definition of an artificial chemistry typically involves a set of molecules, the
rules of molecular interactions, and an algorithm to describe how the rules are
applied to form a "reactor soup" (Dittrich er al., 2001). Objects and rules
specify a population dynamics, i.e. how object will appear, change in time,
combine with other objects, etc.  Some examples of objects are numbers
(Ehrenfest and Ehrenfest 1907), bits strings (Dittrich and Banzhaf, 1998,
Segovia and Colombano 2001), lambda-expressions (Fontana, 1992, Fontana
and Buss, 1996) and other abstract structures. Rules may be based on string
matching, arithmetic, matrix multiplication, lambda calculus, cellular automata
etc. while the system dynamic can be determined by ordinary differential
equations, difference equations, detailed collision simulation, self-organization
topologies and others.

It must be noted that the motivations of artificial chemistry can be varied as
well, ranging from biological models of origins of life phenomena (Colombano
1977, Eigen and Schuster 1977, Stassinopoulos et al. 1998) to biological
adaptation and chemical information processing (Segovia and Colombano op.
cit., Zauner and Conrad 2002, Ziegler et al.) to logics (Morris 1989).

The challenge in all biological models is to produce phenomena that have
enough analogies with their real biological counterparts to be able to shed light
on their nature. This is not the same as attempting to build explicit simulations
of these phenomena. The problem with explicit simulations is that they are often
computationally intractable. For example, as stated in the introduction, even



modeling the folding of a single protein is still a major computational challenge.
Detailed modeling of a large number of protein interactions will remain beyond
the capabilities of computational technology for the foreseeable future. One can
also make the argument that even when detailed simulation is possible a real
understanding can only be achieved by providing suitable abstractions.

THE MOLNET SYSTEM

In an artificial chemistry context Molnets provide an abstraction for
structure function relationships where function arises naturally from the system's
pseudophysics, while retaining fast computational properties. The rules and
structures are especially designed to bring out analogies with the protein world.

Here are some fundamental rules for Molecular Networks (Molnets):

1) Molnet nodes correspond to "atoms". They have a charge positive(+) or
negative(-) and they are connected by "bonds".

2) Bonds have a direction and weight. From the point of view of each atom
they can be input or output bonds. The value of the bond weights is between 0
and 1.

3) Atoms have type INPUT, OUTPUT, or HIDDEN, depending on the
relative numbers of input and output bonds.

4) Molecular reactions consist in the forming of temporary bonds between
the input and output atoms of each molecule. Bond strengths are then re-
computed according to weight changing rules (see below) and new molecular
structures are produced as a result of the reaction.

5) Weight changing rules are anti-hebbian, i.e. activation with opposite
charges result in increased bond strength.

RESULTS

These simple rules are parameterized to produce behaviors that emulate
chemical reactions. In particular we are interested in the emulation of the
production of proteins in a pre-biotic "soup”. In these case each node
corresponds to an amino-acid, rather than a single atom, and a molnet
corresponds to a protein.

We find that these simple rules show a gradual increase in the size of
molecules up to an average value that depends on the initial population size
(figure 1).

Some typical reactions are shown in figures 2 and 3. Figure 2 shows a
reaction of the form A + B -> C. This is the type of reaction responsible for size
growth in the initial soup. Figure 3 shows a reaction of type A + B->C + D.



We have been building a virtual artificial chemistry laboratory for
discovering interesting reactions and for testing further ideas on the evolution of
primitive molecules.

Some of these ideas include the potential effect of membranes and selective
diffusion according to molecular size. Figure 4 shows a typical reaction
chamber,where the rectangles represent closed membranes which allow the
passage of small molecules while blocking the passage of larger ones. The
circles represent the reaction range for a molecule that is selected for reaction
with its neighboring molecules. One molecule is selected at random for reaction
at each time step.

FUTURE DIRECTIONS

The system shows interesting behavior even at this very simple level of
rules, but it is clear that a much richer chemistry is needed in order to make
observations that might be meaningful in the context of a prebiotic chemistry.
The first obvious requirement is to incorporate energy in an explicit manner. At
present vicinity is sufficient to trigger a reaction and no energy considerations
are made. An explicit representation of energy will open the possibility to
observe some form of metabolism within our reactor. Metabolism and some
form of self-catalysis are necessary conditions for the continuing evolution of
Molnet systems.
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Figure 1. A vat starting with a 1000 single-atom molecules settles down to
about 100 molecules of average size 10.
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Figure 2. Top: intial molecules. Midde: reaction and temporary bonds before
and after recomputing. Bottom: reaction products.
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Figure 3. Top: Initial reactants. Middle: reactions and temporary bonds before
and after recomputing. Bottom: final reaction product.
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Figure 4. A typical reaction vat showing randomly distributed molecules. The
rectangles are “membranes”. The circle in the lower left side is the reaction

range of the molecule at the center.




