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ABSTRACT

A non-uniform cellular automata-based model is presented
for the evolutionary development of digital circuits at the
gate level. The main feature of this model is the modified
local transition function of the cellular automaton in which
a gate is associated with each rule of the transition function.
A logic gate is generated by each cell when the cell deter-
mines its next state according to the appropriate rule. An
evolutionary algorithm is utilized to design a non-uniform
cellular automaton (its local transition function) for the de-
velopment of a target circuit. In this paper, initial results
will be presented that were obtained using the non-uniform
cellular automata.

Categories and Subject Descriptors

B.6.1 [LOGIC DESIGN]: Design Styles—cellular arrays
and automata, combinational logic

General Terms

Algorithms, Design, Experimentation

Keywords

Evolutionary algorithm, development, cellular automaton,
combinational circuit.

1. INTRODUCTION

In nature, the development is a biological process of on-
togeny representing the formation of a multicellular organ-
ism from a zygote. It is influenced by the genetic information
of the organism and the environment in which the develop-
ment is carried out.

In the area of computer science and evolutionary algo-
rithms in particular, the computational development has
been inspired by that biological phenomena. Computational
development is usually considered as a non-trivial and indi-
rect mapping from genotypes to phenotypes in an evolution-
ary algorithm. In such case the genotype has to contain a
prescription for the construction of target object. While the
genetic operators work with the genotypes, the fitness cal-
culation (evaluation of the candidate solutions) is applied
on phenotypes created by means of the development. The
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principles of the computational development together with
a brief biological background and selected application of this
bio-inspired approach are summarized in [4].

Cellular automata (CA) represent one of the methods to
perform the computational development (i.e. to simulate
the basic principles of that biological phenomena by means
of digital computational devices). Since the invention of the
basic concept of the cellular automata in 1966 [7], CA have
been successfully applied to investigate many complex prob-
lems in different areas. The detailed survey of the principles
and analysis of various types of cellular automata and their
applications (including emulation of circuits and computer
systems) is summarized in [8]. Sipper investigated the com-
putational properties of cellular automata and proposed an
original evolutionary design method for cellular automata
called the cellular programming [5]. Other applications of
CA include, for example, synthesis of easily testable combi-
national logic [3], pattern development and self-organization
[2], FPGA-based cellular automata development of sequen-
tial circuits [6] or gate-level development of combinational
circuits using 1D uniform CA [1].

In this paper, the evolutionary design of non-uniform CA
will be presented for the development of digital circuits at
the gate level. The impact of the cellular automata size (i.e.
the number of cells) on the success rate and computational
effort of the evolutionary processes will be investigated.

2. CELLULAR AUTOMATA-BASED
DEVELOPMENTAL SYSTEM

A logic gate is assigned to each rule of the local transi-
tion function of each cell (i.e. for each combination of states
in the cellular neighbourhood for which the next state is
calculated). The gate will be generated by the cells dur-
ing the development of the cellular automaton. The gate
to be generated is specified by the rule that is applied to
determine the next state of the given cell. The developmen-
tal step is considered as the calculation of the next state
for each cell of the CA together with generating a gate by
the cells. Considering this developmental scheme, one level
of the circuit is generated in one developmental step of the
CA. In case of the first developmental step, the inputs of
the gates being generated are connected to the primary in-
puts of the target circuit. The inputs of gates generated in
the next developmental steps are connected to the specified
outputs of the gates generated in the previous developmen-
tal step. The outputs of the appropriate gates generated in
the last developmental step represent the primary outputs



Table 1: Success rate and computational effort of the
evolutionary development of combinational dividers
for the evolving and fixed initial state of the CA. W
denotes the number of cells, S denotes the number of
states and T denotes the number of developmental
steps of the CA in which the circuits were developed.

Evolved init. st. Fixed init. st.

W S T | S.rate C. effort | S. rate C. effort
10 3 4 35 16k 28 16k
5 72 16k 70 11k

4 4 27 17k 20 21k

5 74 17k 65 19k

15 3 4 51 15k 51 15k
5 83 10k 89 7k

4 4 36 20k 32 22k

5 81 13k 81 13k

20 3 4 53 18k 55 14k
5 96 8k 96 8k

4 4 36 22k 37 19k

5 81 14k 86 15k

of the target circuit. No other interconnection of the gates
are allowed. The building blocks considered for the circuit
development include identity function (a wire), two input
logic gates AND, OR, XOR and their inverted variants.

3. EVOLUTIONARY SYSTEM SETUP

The simple genetic algorithm was utilized to design the lo-
cal transition functions of the CA that can develop the target
circuit. Each cell has associated a complete local transition
function encoded in the genome. The local transition func-
tion of a cell is represented by its rules that are encoded by
4-tuples. These rules contain the next state of the cell, the
gate (function) and the indices of inputs of that gate that
is generated when the rule is activated, i.e. when the cell
determines its next state according to the given rule. The
population consists of 200 randomly initialized genomes. A
tournament selection operator with the base 4 is applied.
The mutation randomly selects 6 genes, each of which are
mutated with the probability 0.96. No crossover is applied.
The fitness function is calculated as the number of correct
output bits of the target circuit using all the binary test
vectors. In order to evaluate the average success rate and
computational effort, 100 independent evolutionary experi-
ments were conducted.

4. EXPERIMENTAL RESULTS

The initial experiments of the non-uniform CA-based ap-
proach considers the development of combinational dividers
because this class of circuits we have not been able to de-
velop successfully using the uniform CA. In the initial exper-
iments, 5-input dividers were considered. In this case, there
are 3 bits of a dividend and 2 bits of a divisor. The quotient
is then expressed on 3 bits. If the divisor equals zero, the
quotient is not defined (i.e. its bits are considered as don’t
care values during the circuit evaluation). The results are
summarized in Table 1. The maximal number of genera-
tions for measuring the success rate was 50k. The evolution
has succeeded in the design of of both CA considering the
evolving initial state and CA in which the initial state of
all the cells was set to zeros and only the local transition

function was evolved. As Table 1 shows, the success rate in-
creases with increasing the size of the CA. However, it does
not differ very markedly if compared the evolving and fixed
initial states. In contrast to [1], where the fixed initial state
provided better results in most cases, in the experiments
presented herein the fixed initial state exhibits worst results
in many cases. It is surprising because the fixed initial state
reduces the search space.

5. CONCLUSIONS

A non-uniform cellular automata-based developmental
system was introduced for the evolutionary design of combi-
national circuits. The initial experiments showed that evolu-
tion is able to design non-uniform CA for the development of
combinational dividers. The results considering the design of
5-input dividers were presented. In the next research, other
classes of circuits will be investigated with respect to the
proposed approach (e.g. combinational multipliers). More-
over, the ability of the non-uniform CA to develop larger
circuits will be investigated.
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