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Abstract

Real world computing systems are complex systems that is
open to the continually varying environment. Conventional
software development methods inherently cannot deal such
situations. CCM (Chemical Casting Model) is a model of
nondeterministic, or random, computation, which is based on
local information. CCM is developed toward establishing a
software development methodology based on emergent
computation. CCM is a production system with locally
computed evaluation functions. A method of coloring vertices of
dynamically changing graphs, or a method of radio-wave
assignments to moving stations, is explained, and the results of
experiments are shown in the present report. Dynamic coloring
can be performed using the same production rule and evaluation
function as static coloring, and the results can be evaluated
using basically the same method (i.e., avarage order degree) and
tools.
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Figure 1: Components of the Chemical Casting Model

CCM is a production system with local evaluation functions, which is called local

order degrees.
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Figure 2: A graph vertex coloring problem
This graph vertex coloring is equivalent to the coloring of the map drawn in this
figure.
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Figure 3: A reaction rule for graph coloring (single catalyst rule)

This production rule randomly selects two vertices, which are linked together, and
repaints one of them with a randomly selected color (C3). A reaction rule is
activated only when the sum of local order degrees of the matched data is
increased by the reaction (activation). The vertex that is not changed by the
reaction is called a catalyst. This rule has a catalyst.
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Figure 4. Measured average order degrees in USA mainland map coloring
The map is initially colored with only one color, thus, the initial avarage order
degree is 0.
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Figure 5. Moving radio stations problem
The colors in this figure shows the frequencies of the radio waves. If stations
broadcasting waves of the same frequency come closer, a conflict occurs. A state
with less conflict is better. This problem can be regarded as a dynamic coloring

problem.
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Figure 6. Another reaction rule for graph coloring (variable catalyst rule)
This rule has variable number of catalysts. (The number of catalysts is equal to

the number of edges of the vertex that matches to vertexl.)
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Figure 8: Time series of average order degrees in moving radio stations
The variable catalyst rule performs the best among the three reaction rules.
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Table 1: Average order degrees in moving radio stations

Average Standard
order degree| deviation

Reaction rule

Variable catalyst rule| 0.973 0.008
Single catalyst rule 0.953 0.011
No catalyst rule 0.802 0.003
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