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Abstract. Inspired by a mathematical ecology of theatre (M. Dinu) and the
eco-grammar systems (E. Csuhaj-Varju et al.), this paper gives a brief analysis
of simple cellular automata games in order to demonstrate their primary
semiotic features. In particular, the behaviour of configurations in Conway’s
game of life is compared to several general features of Uexkiill’s concept of
Umwelt. It is concluded that ecological processes have a fundamental
semiotic dimension.

Traditionally, ecology has been considered as making a sharp
distinction between subject and object and, consequently, between the
living being and its environment. This conception of an ecosystem can
be illustrated by various mathematical models. Among these, how-
ever, a few are of special interest, for instance, one based on a
theatrical scenario (Dinu 1974) and another that is expressed in terms
of grammar systems (Csuhaj-Varju et al. 1994).

In Dinu’s approach, an ecosystem is conceived as a biophysical
structure including two different subsystems: a physical subsystem,
the habitat, and a bio-subsystem, biocenosis, that contains the totality
of populations existing in the respective habitat. An analogy between
the behaviour of the biological communities and the behaviour of the
characters in a theatrical play makes it possible to apply in ecology
some mathematical models of the semiotics of theatre, as conceived
by Marcus (1967, 1969, 1970: 257-327) and Dinu (1968, 1970). The
basic objects in the model are a set T of points, the territory, and the
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set S of all species living in 7. A relation r associates to each species s
in S a part of 7, the area r(s) of distribution of s. It is shown how the
relations between species are influenced by the set of all possible
biocenoses in 7.

In the second model, proposed by Csuhaj-Varju et al. (1994) and
further developed in several subsequent papers (e.g., Csuhaj-Varju et
al. 1997), an ecosystem is an articulation of several agents and an
environment. Agents are ruled by some evolution rules, by parallel
rewriting and by a description, while the environment includes action
rules, a sequential rewriting, a description, a parallel rewriting and
some evolution rules. In this way, both the agents and the environment
have the structure of an automaton and the whole construct is
systemic. This includes self-referential behaviour and interaction
between the agents.

The proposed ecosystem model shares the theatrical aspect of
Dinu’s model and the generative nature of Csuhaj-Varju’s model. It
adopts John Conway’s famous game of life with its interpretation as
an Umwelt in the sense of Jakob von Uexkiill. The advantage of this
procedure, as we show, stems from the fact that Conway’s game of
life fulfils many requirements to be considered as an Umwelt, together
with its specific aspects contrasting “Umwelt” with “Environment”
(Uexkull 1982; Marcus 2001).

From von Neumann to Conway

Conway’s life automaton simulates the life-like behaviour by its
capacity to permit self-reproduction. It is the simplest model in a
series of such devices, inaugurated by von Neumann, whose first work
in this respect was published in 1948, but we will refer here to his
more comprehensive presentations (1958, 1966). We learn from
Odifreddi (1997: 53) that Schrodinger (1944) and von Neumann
(1948) had some influence on Watson and Crick (1953) with their
famous discovery of the double-helix structure of DNA. Von Neu-
mann (1958) tried to build a self-reproducing mechanical automaton
by articulating three machines: 4, B and C. Machine 4 is a universal
constructor that, when fed the description d(X) of a machine X, builds
X. Machine B reproduces any description given to it. Machine C co-
ordinates 4 and B; given a description d(X), 4 builds a copy of X,
while B reproduces a copy of d(X), after which the copy of X is fed the
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copy of d(X). Denoted by D, the resulting machine 4+B+C, (D, d(D))
is self-reproducing. This presentation is attributed to Odifreddi (1997:
53-54), who observes that what von Neumann hypothesised and
Watson and Crick confirmed is that this is a simplified representation
of genetic reproduction: living cells contain universal constructors,
basically the same for plants and animals, and only the genetic
material (the program) is different; d(X) works like a segment of DNA
that codifies the reproduction information, B (a special enzyme —
RNA polymerase) has the function of duplicating the genetic material
into a segment of RNA, while 4 (a set of ribosomes) builds proteins
by following (a segment of RNA containing) the reproduction
information. The resulting machine is a self-reproducing cell.

The questionable point of this model is the assumption of the
existence of a universal constructor. This difficulty is transgressed by
von Neumann (1966), who envisions a series of events taking place in
a space of cells. In this respect, he uses a so-called cellular automaton,
which is a potentially infinite, directed graph (space), whose nodes
(cells) are finite state machines. Each cell can be in various states and
the global behaviour consists of simultaneous, co-ordinated changes in
the states of the individual cells. Specifically, von Neumann considers
an automaton represented in a planar space with 29-state cells of a
single type, each connected to the four orthogonally adjacent
neighbours. He found a finite quiescent configuration (of around
200,000 cells) that, given any other finite quiescent configuration,
reproduces it in a different part of the space, without erasing itself: he
thus found a universal constructor for the class of quiescent configura-
tions (Odifreddi 1997: 54-55).

Just as in von Neumann’s order of ideas is Conway’s life automa-
ton, admitting self-developing configurations (Berlekamp et al. 1982;
Poundstone 1984). The name reveals that it simulates life-like behav-
iour. It is also called Conway’s game of life (GOL), because it has
features of a strategic game. It consists of a planar space with each cell
connected to the eight adjacent cells. Each cell has two states:
0 (death) and 1 (life). GOL is governed by two rules: (a) a dead cell is
born when exactly three neighbours are alive; (b) a live cell survives if
and only if two or three neighbours are alive. These rules dictate that
the life of a cell is possible only if the number of living cells in its
neighbourhood is neither overly small nor large. Both overpopulation
and isolation produce death.

Three possibilities exist for a population in GOL: death, cyclic
behaviour, and reproductive expansion. As Odifreddi asserts:
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Life is about as simple as it can be (it is well-known that 2-states cells with a
von Neumann neighbourhood do not admit non-trivial self-reproduction), and
it shows that self-reproduction does not need a complicated universe (since it
is logically possible from simple physical models). (Odifreddi 1977: 55)

The game of life as Umwelt

Conway’s GOL agrees with Jakob von Uexkiill’s concept of Umwelt
in several respects.

(1) Like Umwelt, GOL makes no essential, intrinsic distinction
between a population and its surroundings, between living beings and
nature, between subject and object. Due to its capacity of expansion, a
given population P is potentially everywhere; the surrounding s(P) of
P is potentially a part of P, because it includes cells which, in spite of
being referred to as “dead cells”, are only asleep, i.e., ready to wake
up and become active in P. On the other hand, other cells, active in P,
may fall asleep, moving from P to s(P). Because the border between P
and s(P) is modified at each step, it is more convenient to consider
that each basic square in the imaginary map of the eco-space created
by P belongs equally to P and to s(P).

(2) Like Uexkiill’s Umwelt, Conway’s GOL is purely relational:
nature is only indirectly perceived, via its relations to the living cells.
The process to approach nature is purely semiotic. The evolution of
the interplay between living cells and their neighbours is the only sign
process by means by which nature is perceived by P.

(3) In contrast with classical ecology, where the ecosystem is
relatively separated from the living beings to which it is associated,
living beings are solitary in Uexkll’s conception, the ecosystem of P
being a product of P. This is what happens under GOL, where the
initial configuration of P determines all its possible further evolutions.
If the configuration of P tells us, by using rule (b), the possibilities of
cells in P to survive, the configuration shows also, by rule (a), to what
extent new living cells will be added to P.

(4) Like Umwelt, the configuration of P and s(P) is permanently
modified, although this fact also includes a remarkable particular case
in which the respective configuration is stationary.

(5) Like Umwelt, the ecosystem represented by GOL is confronta-
tional, because it has to face two opposite requirements: the difficulty
of its emergence and the danger of its deterioration (by other eco-
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systems). No population is isolated in the world; different populations
may clash. Any place potentially belongs to the ecosystem of any
possible individual of any possible population. Even if we consider
only one population P, rules (a) and (b) express two opposite trends,
rule (a) shows the need of P to spread, while rule (b) expresses the
need of P to survive, facing the danger to die.

(6) The possibility for P to spread beyond any limits in all
directions, one of the basic trends in Conway’s GOL, is in agreement
with the openness of any ecosystem, so important in the modern
mentality, and particularly in Uexkiill’s ideas about Umwelt.

(7) The theatrical metaphor, used by Uexkiill in order to illustrate
the confrontational nature of Umwelt, meets the attempts to view
ecological processes as a theatrical performance (Hutchinson 1965;
Dinu 1974).

(8) Uexkiill’s semantic atom, understood as the code that governs
the life of a cell, has its analogy in Conway’s GOL, which refers to
cells placed in the squares of a checkerboard. As we have observed
(Marcus 2001), this fact opens the possibility to take the semiotic
atom as a unit of measure of the semiotic complexity of an ecosystem.

Both Umwelt and GOL display the features of life as viewed by
Farmer and Belin (1992) and pointed out in the structure of von
Neumann’s cellular automaton; life is a pattern rather than a specific
material object. Self-reproduction; metabolism; interdependence of
parts in order to preserve identity, including the ability to die; ability
to evolve; information storage of a self-representation (e.g., the self-
description of the organism in DNA molecules which is interpreted in
the protein/RNA machinery).

A requirement formulated by Farmer and Belin (1992), that of
stability under perturbations and insensitivity to small changes, agrees
only partially with the above approach above, because the principle of
GOL is to accept only small changes having tremendous conse-
quences (the “butterfly effect”; see the crucial role of the numbers 2
and 3 in the formulation of the rules (a) and (b)). This may mean that
life is not always gradually separated from death, the move from the
former to the latter may be chaotic, in the sense of the theory of non-
linear dynamical systems.

Given the considerations above, we infer that — to the extent to
which the life is a semiotic phenomenon, as conjectured by Thomas
Sebeok, Jesper Hoffmeyer, Claus Emmeche, Winfried No6th and
Kalevi Kull and in agreement with the ideas developed by Jakob von
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Uexkiill and John von Neumann — ecological processes also have a
fundamental semiotic dimension.
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“Mrpa xu3un” Konses n
npeacTaABJIeHHE 3KOCHCTEMBI ¢ IOMOMIbIO KoHuenta Umwelt

OTTankuBasich OT MaTeMaTHUeCKOH O3KONOrMH B IIPUMEHEHUH K Tearpy
(M. Dinu) u skorpammaruueckux cuctem (E. Csuhaj-Varju u mp.), B cTarbe
aHaNM3UPYIOTCA Urphl, OasHpyOLIMecs Ha KIETOYHBIX aBTOMAaTax, C LEMNbIO
JNEMOHCTPALIMH MX CEMHUOTHUECKHMX CBOWCTB. PaccmarpuBaeTcs IOBelEHUE
buryp B “urpe xus3Hu” JxoHa KoHBes B CpaBHEHHM C HEKOTOPBIMU
ceoiicteamu mozenu Umwelt FHOxcktons. BeiBog — 3KONOTHYECKHE IIPO-
LIECChI UMEIOT CEMUOTHUECKOE U3MEPEHHE.

Conway “elu miing” ja
okosiisteemi esitus UexKkiilli omailma mudeli abil

Inspireerituna matemaatilise Okoloogia rakendamisest teatri uurimisel
(M. Dinu) ja 6kogrammatilistest siisteemidest (E. Csuhaj-Varju et al.), ana-
lutisitakse artiklis lithidalt rakuautomaatidel pShinevaid minge, {iritades
demonstreerida nende semiootilisi omadusi. Vaadeldakse John Conway “elu
mingu” figuuride kditumist ning vorreldakse seda mdnede Uexkiilli omailma
mudeli omadustega. Jareldatakse, et okoloogilistel protsessidel on olemas
semiootiline mddde.



