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The Question

�How to 
reate an evolutionary system 
apable of produ
ing agents that


an 
ontrol and exploit their environment in unlimited and in
reasingly


omplex ways? In other words, how to a
hieve high evolvability?

Problems with Previous Approa
hes

� Strong representational distin
tion between organisms & environment.

{ Implies a limited, prede�ned set of ways of intera
ting with environ-

ment. E.g., Tierran programs 
ould never evolve a method to read

the system time even though this information is available in the host

PC, be
ause there are no instru
tions in the instru
tion set to do this.

�An over-emphasis on 
omputational 
apa
ities.

{For example, the Tierran language is 
omputationally universal, but

this still does not mean that it 
an intera
t with the evironment in

unlimited ways. Input and output pro
esses are just as important as

\
omputation."

{ \Life as 
omputation" (maybe \life as intera
tion" more appropriate?)

�An over-emphasis on the pro
ess of self-repli
ation rather than on prop-

erties of the environment.

{Self-repli
ation is insuÆ
ient to explain origin of 
omplexity in nature

or in simulation (
.f. attempts to evolve RNA sequen
es in vitro).

{Abioti
 environments often modelled as a rather inert medium.

An Alternative Approa
h

�View the environment as a dynami
al system.

{ It has its own dynami
s and self-organisational properties.

{The idea is that genotypes 
an \s
ulpt" the dynami
s of the environ-

ment by supplying 
onstraints.

�No representational distin
tion between organism and environment.

�The important distin
tion is now between genotypes (relatively inert

stru
tures) and [phenotypes+environment℄ (dynami
).

{Genotypes supply initial 
onditions for dynami
s of the environment.

{The evolutionary su

ess of a genotype is governed by the lo
al envi-

ronment (i.e. spe
i�
ation of longevity, fe
undity and 
opy-�delity).

� Self-repli
ation of genotypes is taken for granted (under the appropriate

environmental 
onditions); it is not regarded as a major issue.

�The origin and evolution of life is now a question of how genotypes

evolve to progressively 
ontrol and exploit dynami
s of environment in

more 
omplex ways to promote their own evolutionary su

ess.

environment
determines stability
and reproductive
activity of genome

initiates
dynamics
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Environment

Genome

(Phenotypes reified by genome−initated dynamics)

Closing the loop between genotype, phenotype and environment

Advantages

�Any pro
ess supported by the environment, in any modality, 
an now,

in prin
iple, be
ome in
orporated by an organism's phenotype (with

only weak assumptions about the dynami
s).

{This only depends on the level at whi
h genotypes spe
ify initial 
on-

ditions for the dynami
s.

{Sensor evolution is therefore unproblemati
.

�All phenotypes are fully embedded in the environment.

{They are therefore part of the environment experien
ed by other or-

ganisms (ri
h 
o-evolutionary potential).

{There is no pre-de�ned notion of what stru
ture a phenotype must

have; this 
an therefore evolve over time.

EvoCA: A Simple Model

�Environment modelled as a Cellular Automata (CA) array.

{A simple, dis
rete-time and -spa
e dynami
al system.

�Consists of two layers:

{Layer 1 is the environment. Any CA update rules 
an be used here

(e.g. Game of Life).

{Layer 2 
ontains genotypes. Ea
h genotype is asso
iated with a parti
-

ular 
ell in Layer 1. This layer has no dynami
s as su
h (i.e. genotypes

are relatively inert stru
tures).

�Ea
h gene has a pre
ondition and an a
tion. Pre
ondition spe
i�es a

parti
ular state of the lo
al environment (i.e. a parti
ular 
on�guration

of a subarray of the CA). A
tion sets the state of the asso
iated 
ell in

the CA to a parti
ular value.

�Genotype longevity, fe
undity & �delity governed by lo
al environment.

�Genotypes whi
h initiate dynami
s that promote their own survival will

tend to 
ourish (natural sele
tion).

{This involves gaining 
ontrol of the lo
al environment in the fa
e of

perturbations from abioti
 and other bioti
 sour
es.

{Sele
tion pressure for self-generating and self-maintaining phenotypes

(i.e. autopoiesis) is therefore an inherent feature of the model.

Cellular Automata Layer

Genome Layer

EvoCA

Some Initial Results

Iteration 0 5000 10000

15000 20000 25000 30000

patterns begin

to emerge

self−stabilising

Resear
h Dire
tions

�Under what range of 
onditions do genome-regulated self-stabilising

dynami
s arise?

�How does the behaviour 
hange under di�erent CA dynami
s?

{ In
rementally add more physi
ally realisti
 dynami
s (e.g. entropy

in
rease, 
onservation of matter, energy e
onomy, membranes).


