Coherent structures of cellular automata: particles and filtrons
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Abstract

We consider iterated automata maps performed in cellular automata (CAs) models that support coherent structures. Some coherent entities emerge in classical CAs, where parallel processing of strings of symbols typically occurs [1]. These are called signals or particles, and their role in local mediations to assure some global synchronized behaviour is well known. However, one may consider also nets of automata (cells) equipped with the memory, which we call general CAs. Iterated serial processing of strings performed in general CAs is like recursive filtering [2-5]. Thus the emerging coherent objects supported by general CAs are called filtrons [6-9]. The filtrons are especially interesting because they demonstrate soliton-like behaviour, a fundamental phenomenon of nonlinear physics.

First part of the paper presents five levels of description of classical CAs, an approach that is useful when one is interested in designing the particles to perform some desired CA global behaviour. Some simple examples of particles are given.

Second part introduces and describes the filtrons. We recall also some models of nonlinear physics that support filtrons (e.g. filter CAs, box-ball [10] and crystal systems) and show that they can be included in general CAs model. A type of automaton memory is crucial in constructing the equivalent general CAs. A number of phenomena of interacting filtrons (solitonic collisions, trapped bouncing colliders, steady length objects, fusion, annihilation, decaying entities, etc.) are presented also; we use space-time diagrams.

Our conclusion is that coherent structures emerging in cellular automata nets owe their existence to the iteration of automata mappings, thus this class of objects is interesting and relevant in studying complex systems behaviour, at least as the fractals are.
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