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Abstract

We design a hexagonal ternary-state two-dimensional cellular automaton which im-
itates an activator-inhibitor reaction-diffusion system, where the activator is self-
inhibited in particular concentrations and the inhibitor dissociates in the absence
of the activator. The automaton exhibits both stationary and mobile localizations
(eaters and gliders), and generators of mobile localizations (glider-guns). A remark-
able feature of the automaton is the existence of spiral glider-guns, a discrete ana-
logue of a spiral wave that splits into localized wave-fragments (gliders) at some
distance from the spiral tip. We demonstrate how rich spatio-temporal dynamics,
of interacting traveling localizations and their generators, can be used to imple-
ment computation, namely manipulation with signals, binary logical operations,
multiple-value operations, and finite-state machines.

Key words: cellular automata, reaction-diffusion models, gliders, mobile
localizations, computation

1 Introduction

Reaction-diffusion chemical systems are widely known for their ability to per-
form various types of computation, from image processing and computational
geometry to the control of robot navigation and the implementation of logical
circuits. In a reaction-diffusion computing medium, data are represented by
the spatial configuration of the medium (e.g. local drastic changes of reagent
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Fig. 1. A typical quasi-stable configuration of the CA which started its development
in a random initial configuration (with 1/3 probability of each cell-state). Cell-s-
tate I (inhibitor) is shown by a black disk, cell-state A (activator ) by a circle,
and cell-state S (substrate) by a dot. We can see there are two types of station-
ary localizations (glider eaters) and a spiral glider-gun, which emits six streams of
gliders.

A + 6S → A A + I → I A + 3I → I

A + 2I → S 2A → I

3A → A βA → I

I → S.

Starting in a random initial configuration the automaton will evolve towards a
quasi-stationary configuration, with typically two types of stationary localiza-
tions, and a spiral generator of mobile localizations (Fig. 1). By analogy with
Conway’s Game-of-Life we call mobile localizations gliders, the generators of
mobile localizations — glider-guns, and stationary localizations — (glider)
eaters. Eaters usually annihilate gliders that collide into their central body,
but they can also modify gliders that brush past interacting with the outer
edge. The core of a glider-gun is a discrete analog of a ‘classical’ spiral wave
(commonly found in excitable chemical systems like the Belousov-Zhabotinsky
reaction) (Fig. 2). However, at some distance from the spiral wave tip the wave
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2D, 3-states CA
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(c) t + 7
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(d) t + 8
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(j) t + 14

Fig. 11. Read and erase bit.

5 Routing and tuning signals

To route signals we can potentially employ either stationary localizations (to
act as reflectors) or use other gliders to act as mobile reflectors. In practice, we
were unable to find a stationary (eater) reflector of gliders; in all cases studied,
gliders where either transformed to a different type, or where annihilated, but
never changed their trajectory when colliding with an eater. However, mobile
reflectors do exist.

Figure 12 shows how a glider traveling North-West collides with a glider trav-
eling West, and is reflected South-West as a result of the collision. However
both gliders are transformed to different types of gliders. This is acceptable
on condition that both types of glider represent the same signal, or signal
modality.
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(j) t + 9

Fig. 12. Glider reflection.

There are two more gates which though not essential in demonstrating com-
putational universality, are nevertheless useful in designing practical collision-
based computational schemes. They are the fanout gate and the erase gate.
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Spiral Rule hexagonal 
2D, 3-states CA

a b c d e f g

α βb δc αb αe δd αe δc

β αd δe βc βc χg αa χe

χ χd βe δf χa βb χa βe

δ δb βc χg χe αf δe αa

Fig. 19. The state transition table of the eater-glider machine. Tuple xy, a pair
made up of an eater state x and glider state y, at the intersection of the ith row
and jth column, signifies that being in state i while receiving input j the machine
takes state x and generates output y.

operator limit set

a {α, β}, {δ}

b {β, δ}

c {α}, {β}, {δ,χ}

d {α}, {β}, {χ}

e {α, δ}, {β,χ}

f {α}, {χ}, {δ}

g {α, δ}, {β,χ}

Fig. 20. Limit sets of unary operators a, · · · , g.

a∗ b∗ c∗ d∗ e∗ f ∗ g∗

α (bd)∗ c(ce)∗ b∗ e∗ (de)∗ e∗ (ca)∗

β (db)∗ (ec)∗ c∗ c∗ (gb)∗ ae∗ e∗

χ d∗ e(ec)∗ (fg)∗ a∗ b(gb)∗ a∗ e∗

δ b∗ (ce)∗ (gf)∗ ea∗ (ed)∗ e∗ (ac)∗

Fig. 21. Input string to output string transformations implemented by the
eater-glider machine. String s, at the intersection of the ith row and jth column,
tells us that being initially in state i and receiving a uniform string j, the machine
generates string s.

To characterize the eater-glider machine in more detail we studied what output
strings are generated by the machine when the machine receives the uniform
infinite string s∗, s ∈ {a, · · · g} on its input. These input string to output
string transformations are shown in Fig. 21.

Input string abcdefg evokes the following output strings when fed into the
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Spiral Rule hexagonal 
2D, 3-states CA

objetivos generales:

• Implementar un algoritmo (Turing completo) 
con las compuertas lógicas establecidas. 
Demostrar su computación universal.

• Implementar osciladores particionados 
basados en glider guns espirales.

• Implementar fenómenos químicos desde sus 
estados: activador, inhibidor y refractorio.
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Diffusion Rule
2D, 2-states CAIn our previous paper [4] we morphologically classified all 1296 rules, and

studied how changes in parameters R(δ1δ2θ1θ2) of cell-state transition rule in-
fluence space-time dynamics. For example, we discovered [4] a small subset of
rules Life 2c22,6 2 ≤ c ≤ 8, which could be interpreted as quasi-chemical precip-
itating systems. For parameter set [θ1, θ2]=[22] [1, 4], the system is transformed
into 2+-medium, CA model of excitable system in sub-excitable mode.

We have found a cluster of semi-totalistic rules supporting structures of the
Diffusion Rule. They are B2/S2 . . . 8 called Life dc227 where d and c take
values between 2 and 8, and d ≤ c. Therefore, we found that the rule B2/S7
or R(7722) exhibits most reach dynamics of localized patterns amongst all the
rules studied by us. Rules of the local transition are simple:

1. A cell in state 0 will take state 1 if it has exactly two neighbors in state
1, otherwise cell remains in state 0.

2. A cell in state 1 remains in state 1 if it has exactly seven neighbors in
state 1, otherwise cell takes state 0.

3 Mean field approximation

Mean field theory is a proved technique for discovering statistical properties
of CA without analyzing evolution spaces of individual rules [20, 28, 12]. The
method assumes that elements of the set of states Σ are independent, uncorre-
lated between each other in the rule’s evolution space. Therefore we can study
probabilities of states in neighborhood in terms of probability of a single state
(the state in which the neighborhood evolves), thus probability of a neighbor-
hood is the product of the probabilities of each cell in the neighborhood. Using
this approach we can construct mean field polynomial for a semi-totalistic evo-
lution rule [26] as follow:

pt+1 =
δ2∑

v=δ1

(
n− 1

v

)
pv+1

t qn−v−1
t +

θ2∑

v=θ1

(
n− 1

v

)
pv

t qn−v
t (2)

where n represents the number of cells in neighborhood, v indicates how often
state 1 occurs in Moore’s neighborhood, n−v shows how often state 0 occurs in
the neighborhood, pt is a probability of cell being in state 1, qt is a probability
of cell being in state 0.

On the basis of outcomes of computational experiments we can suggest in-
tervals of extreme densities of initial random configurations which leads to the
emergence of localizations in the Diffusion Rule. In the lower limit best densities
d are 0.004 < d < 0.015 and in the upper limit they are 0.992 < d < 0.997 for
the first 15–20 steps of evolution (Fig. 1). CA starting its evolution in random

6http://uncomp.uwe.ac.uk/genaro/diffusionLife/life 2c22.html
7http://uncomp.uwe.ac.uk/genaro/DiffusionLife.html
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Diffusion Rule
2D, 2-states CA

objetivos generales:

• Implementar un algoritmo (Turing completo) 
con las compuertas lógicas establecidas. 
Demostrar su computación universal.

• Implementar patrones complejos 
sincronizados.

• Cerrar el conjunto de funciones 
relacionadas a Diffusion Rule.
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Abstract

The phenomenon like growth in cellular automata (CA) was initially
established from von Neumann as the relation between excitable and un-
excitable states. This frequently represent a problem than involucre a
macroscopic analysis. In this paper, we must present some examples in
two dimensions (2D) to produce growth, an interpretation of waves, colli-
sions and nucleation from small functions. Also an additional propagation
of waves propagate across of channels they are constructed to implement
computable process. This way, the main difference with others related
results is which these simulations were reached with binary semi-totalistic
evolution rules, in the search of more simple or minimal functions. In
particular, this analysis were over a set of different rules, besides a rela-
tion with real chemical reactions must be discussed. Rules are studied
from both specific and random initial conditions, and some of them with
growth to long time in circular pattern. Finally a discussion to derived
computation is presented.

Keywords: cellular automata, chemical reaction, growth, nucleation,
waves, collisions and universality
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CA con crecimiento
4 Deriving computable process

In this section, we must explain how interpreter wave propagation in channels
of information with CA growth. Like a chemical wave here a wave is identified
from its macroscopic pattern defined from its microscopic level.

A first problem in general was stop a super-nova explosion in CA growth.
Particularity, there are not reported cases showing this characteristic. Perhaps,
thinking how the von Neumann’s 2D CA define channels of signals and avoiding
an uncontrolled expansion of signals. Of course, he just was handling signals but
in this case we must handle a wave propagation controlling packages of signals
defining a wave propagation.

Then we must us a cluster of rules that growth known like Life 2c22 [3].
Specially when c takes values of 6 to 8. This rules growth quickly almost from
any initial condition, however, we have reported a number of self-localization
which permit produce growth from specific initial conditions or reactions from
mobile or stationary self-localization.3

Thus a stationary self-localization (still life configuration) permit us stop
super-nova explosions only in these evolution rules. This way, we construct
channels with packages of still life patterns to produce a kind of wave propaga-
tion using a mobile self-localization as stimuli.

(a) (b)

Figure 9: Identifying patterns like wave propagation in channels of information
stimulated with mobile self-localizations.

Then every pattern can represent a binary value: 0 (a) or 1 (b). Initially
we may define each wave from its reaction with a mobile self-localization and
implement logical gates.

This way, we can demonstrate that CA growth is logically universal simu-
lating two serial gates: and and or.

and 0 1
0 0 0
1 0 1

or 0 1
0 0 1
1 1 1

Therefore, we need define each mobile self-localization to introduce inputs
and the final wave pattern represent its binary value as was illustrated in fig-
ure 9. Then we construct logical gates and and or with wave propagation and
collisions to obtain the final result as show figure 10.

3http://uncomp.uwe.ac.uk/genaro/diffusionLife/life 2c22.html
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3.2 Collisions of waves and nucleation

Figure 5: Fusing waves later of a collision between two waves in different phases.
Evolution rule f1.
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CA con crecimiento

Figure 12: Schematic demonstration of the xor gate. (a) The gate’s architec-
ture; sites at which the state of the reactor is measured are shown by the dotted
lines. (b) A reactant is added to one of the inputs, x = T , the reactant then
diffuses along the chambers of the gate and (c) reaches an output, z = T . (d)
A reactant is added to both inputs simultaneously, x = y = T , two wave fronts
are initiated and move towards one another, where they interact to form an
uncoloured bisector (e), z = F [2].

[Andy...] this picture was captured in low resolution because is a copy of
you original file.
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CA con crecimiento

objetivos generales:

• Implementar un algoritmo (Turing completo) 
con las compuertas lógicas establecidas. 
Demostrar su computación universal.

• Establecer su capacidad para implementar 
computación cuántica y no-convencional.

Nota: esta investigación tomará un poco más de tiempo que los proyectos 
anteriores, inicialmente, pero con resultados originales en el área.
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