
Chapter 1 

Introduction: Preliminary Musings 

Cellular automata (CA) are, fmdamentally, the simplest mathematical representations 
of a much broader class of complex systems (where, for the moment, “complex system” 
means any dynainical system that consists of more than a few - typically nonlinearly 
- interacting parts). As siich, CA havc pxoven to be extremely useful idealizations 01 
the dynamical behavior of marry real complex systems, including physical fluids, neural 
ne.tworks, molecular dynamical systems, natural ecologies, military command and control 
networks, and the economy, among many others. Because of their underlying simplicity, 
CA are also powerful conceptual engines with which to study general pattern formation. 
They have already provided critical insights into the self-organization of c,hemical reaction- 
diffusion systems, crystal growth, pattern formation on seashells, and phase-transition-like 
phenomena in vehicular traffic Bow, to name but a few examples. On a more practical side, 
CA may provide the basis for extremely powerful encryption algorithms, a subject about 
which there has recently been much heated debate. There is even some serious speculation 
that CA may provide the backbone of a radically new discrete fundamental physics (an 
idea that we will focus our attention on in Chapter 12). While the history of CA can 
be traced back to early Systems’ Theory ((bert681, hant751) and the rigorous (but almost 
impenetrably dry) mathematical analyses conducted primarily by Russian researchers in 
the 1930s and 40s, their more recent incarnation as simple models of complexity in nature 
can arguably be traced to a single landmark review paper published by Wolfram in the 
Reviews of Modern Physics in 1983 [wolf83a]. Before embarking in earnest on our journey 
to explore some remarkable properties of CA in this book, we begin by giving in this 
introductory chapter a short historical overview and gentle first exposure to a few simple 
examples. 

The fundamental challenge of physics has always been the understanding of the 
phenornenologkally observed complexity in nature using a minimal set of simple 
principles. This reductionist program has historically--and for obvious reasons- 
concentrated mostly on studies of comparatively simple systems, deliberately avoid- 
ing more complex descriptions and phenomena. 
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