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Abstract: This paper presents a GA-based synthesis
algorithm for ring-type CAs with self-replicating struc-
ture. The algorithmble has simpler fitness and shorter
genes than previous algorithms. Efficiency of the algo-
rithm is confirmed by basic experiments.

1. Introduction

Cellular Automata (ab.CAs) are discrete dynamical
systems which can exhibit various interest phenomenon
[1]-[3]. The dynamics of the CAs is governed by a rule-
table. In order to synthesize desired CA, an efficient
search algorithm of the desired rule table is necessary.
Since the number of possible rule tables is incredibly
large, direct search of the desired rule is almost impos-
sible.

In this paper, we consider a GA-based synthesis algo-
rithm for ring-type CAs with self-replicating structure.
As is well known, the GA is an efficient strategy for
searching such extremely large search spaces. In our al-
gorithm, Our algorithm has the following properties:

(1) The self-replicating structure is evaluated with a
simple fitness function.

(2) The genes at time t correspond to rules used really
until time t. The gene length is time-variant.

That is, our algorithmble has simpler fitness and
shorter genes than previous algorithms [4] [5]. Efficiency
of the algorithm is confirmed by basic experiments.

2. Cellular Automata

We counsider ring-type CAs with N cells. Let the cel-
lular space at time ¢t be presented by

a' = (af,al, - aly_,),

(1)
where a! is a discrete state at time ¢t. For 2-state 3-
neighbor CAs, the dynamics is described by

ait! = F(ak_,,ak,ak,;), k€{1,2,--,N} (mod N),

(2)
where F represents the rule table. A k-th state at time
t+1 is determined by the states of k-th and its both sides

cells. The both sides cells are called neighbors. Fig. 1
shows an example of time evolution of CA.

For n-state and m-neighbor CAs, the number of possi-
ble rule tables are n*". ( The number is 256 for 2-state
and 3-neighbor CAs. ) As size of CAs increases, the
size of the search spaces (the number of all possible rule
tables) is to be incredibly large.
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Figure 1: A 2-state 3-neighbor CA

3. Searching Algorithm

First, we present a fitness tunction for evaluating the
self-replicating structure. Let a seed structure is repre-
sented by

5 = (30,51, 58-1) )

The fitness function is formulated by the following.

k-1

1 fu(t)
F(t)=7 3 = “)
k e M x k
0 if M} < 1
filt) = { Z:\;)l Ci(a;.s1)  otherwise
ki o
Ci(a;,81) = Z;‘=1tl lc‘z(”‘_'i““j-(:—l)) if af = 5
is 0 otherwise
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Ca(aj. 5j-(i-1) { 0  otherwise
where M/ denotes the number of state  in the cellular
space at time t. Fig.2 shows an example for N = 12. At
t = 10, we can calculate value of F(10) by fo(10) = 5
and f,(10) = 4.
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Figure 2: An example of fitness calculation

Next, we explain the correspondence between CA and
GA. As a seed is given the cellular space is updated
by a rule table. At time ¢, the rules used until time ¢
determines the gene length. Fig.3 shows a gene at t = 0.
Then the algorithm is defined following.

The algorithm at t = 0 ( see fig.4 t=0)

STEPO-1: A seed is given in the cellular space. Let
generation be 0.

STEPO-2: It extracts the rules used at ¢ = 0. The
initial gene is determined by the rules. The number
of the extracted rules is 4 in fig.4.
corresponds to the gene length.

This number

STEPO0-3: Find the gene with best fitness.

STEPO0-4: The cellular space is updated with the best
gene.
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Figure 3: coding

The algorithm at timet > 1 (see fig.4 t=1).

STEPt-1: It extracts new rules used at time ¢t. The
new rules are added to the gene and go to STEPt-3.
The number of extracted rules is 6 in Fig.4. In Fig.4,
the number of new rules is 2 and the gene length is

to be 6.

STEPt-2: Applying GA to the additional part of the
genes.

STEPt-3: Cellular space is updated with the best gene.

Let t = t+ 1. If t = T},00, the program is termi-
nated. Otherwise, go to STEPt-1.

4. Experiment

We have executed the experiments with the following
condition.

CA condition:
State : 5

Neighbor : 7
Cellular space : 100
Max time : 30

GA condition: Individuals : 30
Selection - roulette wheel selection
Crossover - uniform crossover
Mutation rate : 0.01

Max generation : 300

Figs. 5 and 6 shows typical experimental results. The
comparison of calculation time shows Table.1.
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Figure 4: Algorithm flow chart

5. Conclusion

We have presented a GA-based synthesis algorithm of
self-replicating CAs and demonstrated its efficiency. Fu-
ture problems includes optimal GA parameters settings,
simplification of fitness functions and practical applica-
tions.
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——-——-—1 ( = G — state - neighbor | New algorithm | Old algorithm (5]
—— 1-5 0.098[%] 30.4[s]
STEPO-Y 5-17 1.60(s] impossible
l_ | - l;‘x 3 Table 1: The comparison of calculation time (CPU =
LVJ RESS N e AMD K6-2 500MHZ)
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Figure 6:

(b) The maximum fitness, (¢) The number of rules used

actually.

Figure 5: Sierpinski-gasket pattern. (a) Time evolution,
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