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Abstract:

This paper presents pattern formation in generalized cellular automata (GCA) by varying parameters of classic “game

of life”. Different dynamic behaviors are classified. The influence of remembrance of dynamic behavior of GCA is also studied.
Experiments show the emergence of the self-organizing patterns that is analogous with life forms at the edge of chaos, which
consist of certain nontrivial structure and go through periods of growth, maturity and death. We describe these experiments and
discuss their potential as alternative way for creating artificial life and generative art, and as a new method for pattern genesis.
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INTRODUCTION

The main idea of artificial life is that functional
and aesthetic forms emerge through self-organization
from distributed local rules and interactions. Cellular
automata (CA) is its classical paradigm, and contrib-
utes much to its theory (Langton, 1990). CA and
Boolean logic have been utilized for modelling pat-
tern formation in nature (Chua, 1998; Gamow, 1964),
meanwhile put forward new methods for generating
realistic or interesting images, graphics, animation,
music, etc., which constitute new forms of art
(Spector and Klein, 2002).

Including CA as a special case, generalized
cellular automata (GCA) constitutes an unified para-
digm of pattern formation, which is composed of
cellular neural network (CNN) with an additional
loop (Chua, 1998). CNN is any discrete regular spa-
tial architecture made up of cells (described by a dy-
namical system) which are coupled to other neighbor
cells. In case of two dimensional CNN grid, each cell
C; has variables: cell state: x;; input: u;; output: y;.

Let uy, uy, ..., ugdenote input of neighbor cells. Every
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local Boolean function of (uy,uy, ..., ug) can be real-
ized by CNN cell. For example, the classic “game of
life” Boolean function with 9 inputs can be realized
by CNN cell given below (Dogaru, 1999):

w=1.5+0.5us—|u rustustustugtutugtugt2.5|

X; = —x; F2f(x) tw
Vi )= (it 1=~ 11)/2 (1)

GCA is defined by sampling y; at f,=nAT
(n=1,2,...) and feeding it into the cell input. AT is
chosen so that all transients have settled down.

In order to explore interesting pattern in GCA,
we utilize “life” as “seed” from which mutation in cell
parameter is taken. For all the experiments in the next
paragraph, we set the initial condition u, of all cell to
—1 except the middle cell which is +1, and chose
periodic CNN boundary condition. The CNN outputs
at ¢, are displayed as snapshots. The magnitude of cell
outputs is coded with grayscale colors.

BASIC CLASSES OF DYNAMIC BEHAVIOR IN
MUTATION OF “LIFE”

The mutation of “life” is as given below:
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Two parameters 4;, A, are introduced as in
(Dogaru and Chua, 2000), but with coefficient of f{x;)
in the differential equation set to 0; the output is con-
tinuous, not binary, giving rise to more rich and col-
orful output images. The solution of the differential
equation is: x;=w.

To discriminate different dynamic behaviors
quantitatively, the cellular disorder measure m(z) is
defined below.

Suppose state can only be +1 or —1, each cell and
its neighborhood must belong to one of the 2°=512
possible configurations; let n; be the number of cells

with configuration i, total number of cells is
511

N =>n,, p=ny/N, then
i=0

S11

m= —gzpilogzpi (3)
i=0

When cell state is continuous within [-1,+1], we
can transform it into binary pattern with a threshold b,
when b=-0.75,-0.5,-0.25,0,0.25,0.5,0.75, calculate
the corresponding m,, my, ms, ms, ms, mg, ms, the
average is defined as im. Varying 1,, 1,, experiments
show three classes of different dynamic behavior:
Passive-like class After some time-steps, the output
becomes a perfectly homogeneous pattern, all cells
are in the same state, and sm decreases toward 0.
Unstable-like class A circular pattern grows from
the middle, after reaching the lattice boundary, it
implodes with unstable pattern left, the system enters
slowly into a chaotic regime. hm increases rapidly
during the growing period, then remains unchanged
on average. An example is presented in Fig.1 when
(A1,42)=(-0.18,0). The number in images denotes
time-step. CNN grid has 51x81 cells.
Edge of chaos-like class A circular pattern grows
from the middle like a “cell”, certain membranes
emerge, after reaching the lattice boundary, they enter
into a “maturity” phase where complex self-organiz-

ing patterns are developed. Following that is an “ag-
ing” and “dying” phase where the “cell” gradually
becomes small and loses its structures, eventually it
vanishes and the system enters a chaotic regime. hm
increases rapidly during the growing period, then
decreases monotonously and finally, after the “cell”
vanishes, remains unchanged at a small nonzero value.
Two examples are presented in Fig.2 and Fig.3. In two
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Fig.1 Unstable dynamic developing patterns and Am. The
number in images denotes time-step

0.2
Ol
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Fig.2 (41,42)=(0,0), the dynamic developing patterns and
hm. The number in images denotes time-step
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Fig.3 (41,42)=(0.4,—0.4), the dynamic developing patterns.
The number in images denotes time-step

cases the evolving process is similar except that the
self-organizing cell-like pattern in Fig.3 moves from
right to left circularly.

Within the three classes of dynamic behavior, the
edge of chaos-like class is the most interesting. It is
characterized by emergence of self-organizing unity
which discriminates itself clearly from environment
and consists of certain nontrivial structure; it has
ability of self-maintenance and self-repair in its life-
time; the duration of the transition from beginning to
final stable state (homogenous or chaotic) is the
longest, which is similar to observation of long tran-
sition at the edge of chaos (Langton, 1990). For all the
above reasons, we say this class of GCA is working at
the edge of chaos.

REMEMBRANCE

Consider another mutation of “life” (Dogaru and
Chua, 1998), we add a memory factor » to the model
and get the mutation as Eq.(4):

Pyt )+ 1y, )+ y,(2,)
uij(tn) = >
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Increasing  from 0, dynamic behavior of GCA
becomes more and more passive, indicating that
memory exerts a reserve effect and reduces activity of
cells, as pointed out in (Alonso-Sanz, 1999). Another
interesting dynamic behavior of GCA is found near
ro=—0.62720668. When r<rg, the GCA output be-
comes a perfectly homogeneous pattern after some
time steps. When r>r,, the GCA output enters slowly
into a stationary chaotic regime, and tends to have
longer transition duration when 7 gets increasingly
closer to ry, somewhat like the edge of chaos. Some
appealing pictures were obtained near this edge. An
example is given in Fig.4. When r=0.625, the initial
condition of all cell is —1 except five cells with initial
condition of +1. The image is interesting in that it
resembles the lifetime of an animal: birth, growth,
maturation, aging, and eventually death. The magni-
tude of cell outputs is coded with pseudocolors.

Fig.4 Dynamic developing animal-like patterns. CNN grid
has 101x81 cells

CONCLUSION

This paper presents the pattern formation in
GCA by mutations of classic “game of life”. Ex-
periments show the emergence of the self-organizing
patterns similar to those of life forms at the edge of
chaos, and potential for generating aesthetic patterns.

The mathematical theory behind cell mutations
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and its relation with biology may be further explored
in the future (Peter, 1974; 1978). Other CNN topolo-
gies and cell models may be explored, which may
lead to patterns with more aesthetic appeal or more
novel function, e.g. self-reproduction. The effect of
evolution may also be studied by allowing popula-
tions of GCA to evolve and then have the resulting
patterns evaluated by certain aesthetic selection. This
exploration may lead to alternative way for creating
artificial life and artificial art, and new pattern genesis
methods for CAD and CG.
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