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Experiments with a Turing gas: Mimicking chemical evolution*

RENUKA RAI and HARJINDER SINGH*

Department of Chemistry, Panjab University, Chandigarh 160014, India

*Corresponding author (Fax, 9/-/72-541409; Email, raman%phys@puniv.chd.nic.in).

Three different experiments with colliding artificial molecules, made of binary strings, are reported. Rules
of evolution are designed such that the innovative collisions, i.e., those producing new species at the end
of a reaction, become a negligible part of total number of collisions after a sufficiently large number of
collisions have taken place. The distribution of species in the final mixture according to their bit size as
well as the decay profile of the reactive and the innovative collisions are obtained. It is seen that the
prescribed rules are sufficient to characterize a self-regulatory feature of the evolving system.

1. Introduction ponents in any other evolving system, biological or
Th d f I ... f I otherwise, show a tendency toward self-organization.

e stu y 0 evo vmg systems IS a major part 0 comp ex We present here a pedagogical exercise m explonng
systems research. In ItS widest sense, evolution IS Just d . b h ... I d I . I .

...a aptIve e avlour m a simp e computer mo e Invo vmg
another word for a change m time. We will, however, . f b. Th od I .1.. h..stnngs 0 ItS. erne uti Izes an Important c arac-
consider evolvIng systems as those that move towards .. f d . I th b. f h.

htenstic 0 an a aptIve system; name y, e 0 ~ects 0 w IC
a greater extent ot self-organIzation and complexity as .. d .. h th b.

f h h I..It IS ma e Interact Wit e 0 ~ects 0 t e system t emse ves
tIme flows. Such systems are abundant In nature, from d If f . I I f b ' ti ...

.an a se -re erentla oop 0 0 ~ect- unctIon propertIes IS
the world of molecules to that of organisms. Man-made t. ed W .. I . I 4' f h.

od I..orm. e try to Isoate simp e !eatures 0 t IS m e
evolvIng systems share numerous features with natural h If I h d I.. I '

...suc as se -regu atory growt , an Imlt ourse ves to
systems. Therefore, similar theoretical methods have been I .d . th I I d. h . e UCI atIng e ru es ea mg to t ese properties.
used to study orgamsmal evolutIon, evolution of proteins
from small molecules, economic systems, urbanization
and many other problems. Experimental studies of 2. The Turing gas

I dynamical behaviour at diverse scales of biological
organization are difficult because of limited techniques Evolving systems frequently show a tendency to organize

.and objects available for experimentation and severe themselves. The order that emerges in a system may be
constraints of time and spact. Moreover, realistic a consequence of different factors. Most generally, a
description of such systems is often next to impossible. Darwinian model is utilized, where populations of
An alternative approach to studying evolving systems is organisms are randomly varying systems shaped to
to create and study artificial entities that mimic natural adaptation by external forces by the process of natural
evolution (Artificial Life 1989, 1992, 1994). selection. In the process of molecular evolution, all this

In physical and chemical systems a wide spectrum of information is contained in the expressions for the rate
interactions between atoms and molecules producing new processes involving reactivity as well as other terms
atoms and molecules exists. Molecules are arrangements contributing to spatio-temporal changes. For instance,
of atoms in a specific way according to their chemical consider the building of large molecules, P (say, a
properties. They have the ability to interact with other polymer) from smaller units, M (say, a monomer). The
atoms and molecules to create new molecules. This is polymerization process, leading potentially to the forma-
analogous to the manner in which the individual com- tion of various types of polymers, itself is an evolution
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