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Cellular Automata
% # | Hiroshi Umeo, Masaru Kanazawa, Koshi Michisaka and Naoki Kamikawa
B =

Some Classical Problems on
1-Bit-Communication Cellular
Automata

Hiroshi Umeo!*, Masaru Kanazawal , Koshi Michisaka! and
Naoki Kamikawa 1

1 Univ. of Osaka Electro-Communication
Faculty of Informatics
Neyagawa-shi, Hatsu-cho, 18-8, Osaka, 572-8530, Japan

January 12,2005

Abstract

We propose several state-efficient 1-bit-communication algorithms for some classical cellular
automata problems. A 1-bit inter-cell communication model (CAiit) studied in this paper is a
subclass of cellular automata (CA) whose inter-cell communication is restricted to 1-bit. We study a
sequence generation problem, a firing squad synchronization problem and an early bird problem, all
of which are known as the classical and fundamental problems in cellular automata.

First we consider the sequence generation problem. It is shown that there exists a 1-state
CAiwic that can generate in real-time a context-sensitive sequence such that {2"| n =1, 2, 3, ..}.
Secondary, we study the firing squad synchronization problem on two-dimensional CA1-iit . We give
a two-dimensional CAi+ir which can synchronize any 17 X 11 square and 1 X 1t rectangular arrays
in 20 — 1 and m + n + max(n, 1) steps, respectively. In addition, we propose a generalized
synchronization algorithm that operates in linear time on two-dimensional rectangular arrays with
the general located at an arbitrary position of the array. The time complexities for the first two
algorithms developed are one to two steps larger than optimum ones proposed for O(1)-bit
communication model. In the last, we give a 1-bit implementation for an early bird problem. It is
shown that there exists a 37-state CAi-nit that solves the early bird problem in linear time.

*Corresponding author: umeo@cyt.osakac.ac.jp
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