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ABSTRACT
The paper presents a special technique, called conditionally
matching rules, for the representation of transition functions
of cellular automata and its application to the evolutionary
design of complex emergent behaviour. The square calcu-
lation in one-dimensional cellular automata and the prob-
lem of designing replicating loops in two-dimensional cel-
lular automata will be treated as case studies. It will be
shown that the evolutionary algorithm in combination with
the conditionally matching rules is able to successfully solve
these tasks and provide some innovative results in compar-
ison with the existing solutions. The results represent suc-
cessful solutions of problems in cellular automata discovered
using conditionally matching rules, for which the utilisa-
tion of conventional techniques has failed. Original publi-
cation: M. Bidlo, ”On Routine Evolution of Complex Cellu-
lar Automata,” in IEEE Transactions on Evolutionary Com-
putation, vol.PP, no.99, doi: 10.1109/TEVC.2016.2516242,
URL: http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=
&arnumber=7377086&isnumber=4358751
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1. INTRODUCTION
Since the introduction of cellular automata (CA) in [5], re-

searchers have dealt with the problem of how to effectively
design transition functions for CA to solve a given task. Cel-
lular automata have been studied both theoretically (e.g. see
the extensive work of Wolfram [6]) and practically (e.g. in
image processing [3] or design of arithmetic circuits in nano-
scale [4]). The process of determining a transition function
for a given application represents a difficult task, especially
due to an enormous growth of the solution space in depen-
dence on the number of cell states, and due to the fact that

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

GECCO’16 Companion July 20-24, 2016, Denver, CO, USA
c© 2016 Copyright held by the owner/author(s).

ACM ISBN 978-1-4503-4323-7/16/07.

DOI: http://dx.doi.org/10.1145/2908961.2930947

the process of“programming”the CA is not intuitive. There-
fore, the aim is to automate this process. In this case, we will
consider evolutionary algorithms (EA) to design the transi-
tion functions.

The goal of this paper is to present a method, called Con-
ditionally Matching Rules (CMRs or conditional rules for
short), that allows designing complex emergent behaviour
in CA working with more than two cell states. It will be
shown that transition functions for the CA, represented by
the CMRs, can be designed automatically by EA and inno-
vative solutions can be obtained in some cases in comparison
with the existing solutions.

2. CONDITIONALLY MATCHING RULES
The concept of conditional rules and their evolutionary

design is described in detail in [1]. For the purposes of
this paper let us consider an example of a 1D CA work-
ing with 3-cell neighbourhood. A conditional rule for this
CA is defined as (cond1 s1)(cond2 s2)(cond3 s3) → snew,
where condx denote condition functions (e.g. =, ≤, 6= etc.)
and sy denote state values. Each CMR contains a pair con-
dition and state value that corresponds to (is evaluated with
respect to) a specific cell in the neighbourhood. A finite se-
quence of CMRs represents a transition function that, for
example, contains a rule ( 6= 1)( 6= 2)(≤ 1)→ 1. Let c1, c2, c3
be cells in states 2, 3, 0 respectively, and a new state of c2
needs to be determined. The CMRs are evaluated sequen-
tially until a rule is found whose all conditions are true with
respect to the states of c1, c2, c3. According to the afore-
mentioned rule, c1 6= 1 is true as 2 6= 1, similarly c2 6= 2 is
true (3 6= 2) and c3 ≤ 1 (0 ≤ 1). Therefore, this CMR is
said to match, i.e. snew = 1 on its right side will update the
state of c2. If no matching rule is found, then the cell keeps
its current state. The goal of our experiments was to design
CMR-based transition functions by means of evolutionary
algorithm. The evolved functions can be transformed to the
conventional table rules for the comparison purposes.

3. EXPERIMENTAL RESULTS
The first case study concerned the problem of squaring in

1D CA, i.e. calculating the function y = x2 for arbitrary
whole number x ≥ 2. The value of x is represented as a
continuous sequence of cells in state 1, whole length corre-
sponds to x, all the other cells possess state 0. For example,
x = 3 can be encoded as 000111100000. The result y is re-
quired to be a continuous sequence of cells in a single state

157



Figure 1: Example of squaring cellular automaton
for x = 3,4 and 5 respectively. This result is con-
sidered as generic (verified for up to x = 100 – in
this case the CA needs 29,404 steps to produce the
result).

different from state 0, whose length corresponds to x2, with
all the other cells in state 0. The resulting CA state, that is
required to be stable, emerges after a finite CA development
from the initial state. The evaluation of candidate solutions
during evolution was performed for x from 2 to 6, the re-
sulting CA were verified for larger values of x in order to
identify generic solutions. Figure 1 shows a CA that was
designed for the square calculations. This result exhibits a
significant innovation in comparison with the solution pub-
lished in Wolfram’s work [6], page 639. Whilst Wolfram’s
transition function consists of 51 table rules and needs 78
steps for squaring 52, our solution possesses 35 table rules
and needs 49 steps only (the difference further grows for
larger x). Moreover, Wolfram’s CA works with 8 cell states
whilst our CA needs 5 states only. Note that other innova-
tive results have been obtained using the CMRs [1].

The second case study investigated the design of non-
trivial replication of loop-like structures in 2D multi-state
CA. Several benchmark loops of various sizes and arrange-
ments of their replicas were treated. The initial CA state
contains a given loop, the goal is to design transition rules for
the CA development after which (at least) a given number
of copies of the loop emerges from the initial instance. Al-
though the evaluation of candidate solutions was performed
on a limited number of CA steps, it is expected that some of
the results that fulfil the given requirements will be able to
produce more replicas during the further CA development.
Several successful solutions were obtained including poten-
tially innovative and still unknown replication processes. For
example, a simple rectangular loop whose replication creates
a chaotic pattern in the cellular array (see a cutout of the
CA in Figure 2) or a structure, called Bidlo’s loop or “Bid-
loop”, with the size and complexity similar to Byl’s loop [2],
which is able to replicate several times faster than Byl’s loop
(see [1] for details).

4. CONCLUSIONS
The paper presented evolutionary design of complex emer-

gent behaviour in multi-state cellular automata with the
transition functions represented by means of conditionally
matching rules. Successful (and in some cases also innova-
tive) results were achieved for the generic square calculations
in 1D CA and solving non-trivial replication tasks in 2D CA.

Figure 2: A sample of CA that replicates a simple
rectangular loop whose copies exhibit a chaotic ar-
rangement.

These results represent solutions to problems using cellular
automata, for which the conventional representation tech-
niques have failed. The concept of conditionally matching
rules in combination with evolutionary algorithms showed
an ability to design both the transition rules and sequences
of steps of the CA in order to achieve the behaviour accord-
ing to a given specification. We believe that this approach
will allow us to solve other (both benchmark and real-world)
problems in the future.
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