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~Abstract

Cellular Automata and Urban Spatial Evolution
Li-Guo Wang

The research investigates the local-global interaction of urban systems.
It is grounded on the hypothesis that global characteristics of spatial, complex
system, such as cities, emerge from local interactions among elements
consisting of these system, such as individual agents in an economy. The
physical environment of a city is the outcome of interacting local development
decisions. There is a shift recently in paradigm on urban spatial modeling
approaches from the top down approach that views the aggregate pattern of
urban change as equilibrium seeking to the bottom up approach that
| considers the seemingly stable pattern as emerging from the dynamics and
I interactions among local actions ( Batty, 1996 ) . This perspective for
understanding urban change and research direction is in part influenced by a

new orientation in science that concerns behavior of complex systems:
complexity.

Cellular automata are a branch of complexity theory forming the
simplest models of investigating the local-global relation for complex systems.
There are two approaches to understanding cellular automata behavior,
computer experiments ( e. g. Wuensche and Lesser, 1992 ) and
mathematical deduction ( e. g. Wolfram, 1994 ). It is the latter approach that
we intend to explore into modeling urban changes. A promising research
agenda would be to incorporate a set of hypothetical structural considerations,
such as Alexander‘s semi-lattices structure, into the cellular automata model
by discovering evolution rules according to the logic of that structure.

The research uses automata theory ( nondeterministic finite state
automata, NDFA and deterministic finite state automata, DFA ) to
reformulate all transition rules for two-value ( k=2 ), one-neighbor ( r=1)
one dimensional cellular automata, then distinguishes the semi-lattice
structure from the tree structure defined. Based on the assumptions that cities
are semi-lattices and that their spatial configurations are complex structures,
the stochastic transition rule thus found is compared to the rule of Game of
Life. The implications are that the semi-lattices structure rules are all
complexity when evolving, and that determinism at one level can give rise to
stochasticity at another level, and that seemingly stochastic processes of
urban evolution might indeed be governed by a few deterministic transition

rules. In particular, Alexander’s view that cities are semi-lattices is supported
(1965).

Keywords: Complexity, Cellular automata, Semi-lattice structure, NDFA, DFA
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