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Code 52

Introduction

Code 52 shows a variety of behavior, some of which I'll show today. Starting with general behavior and then going to behavior
in specified situations.

The main reason why | was attracted to code 52 was because it is relatively easy to find interesting behavior while also being
relatively stable.

Part of the Principle of Computational Eqivalence tells us that complex behavior in asimpleruleislikely to be universal. Code
52 has this sort of unpredictability. But even if we didn’thave this principle, we might think that code 52 is universal since it
shows great flexibility with finite computations, as well.

On the other hand, thereis evidence that it may only be capable of finite computations. In the end though, | feel that it must be
universal, that is, capable of emulating any computation indefinitely.

Rule description

The rule depends on teh total of the five neighbors, including the center cell. It isamost a mogjority rule, except it differs when
the averageis closest to 2.5.
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Past work

Code 52 gets mentioned in some of Stephen’searly papers on CA’s,and also in NKS.
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For instance, he showed that atypical long term behavior involves a sort of clumping behavior [NKS, p.233] and that on afinite
grid it can settle down into linear light and dark regions, with aboundary performing ECA rule 150.

Clumping behavior

100 steps 1000 steps

random initialson size 100

Also, Stephen has pointed out that the slices of code 52 obey aclass 4 type of behavior. [NKS,p.692]

Trivial observations
Therule is symmetric with white and black.
Itislike amodified mgjority rule.

When there are walls between regions, thickness at |east two, they are stable. Because at the boundary, within the black region
there are always at least four black cellsin each neighborhood.

On aplain background there is no growth.

Any bounded region stays bounded. Here red marks the original boundary.
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Another interesting case
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Stationary structuresinclude two black cells.

Generic behavior

On alarge grid with initia conditions 50% black or white, it shows a sort of clumping behavior, as mentioned previously.
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first row on asize 200 grid for 400 steps

The testing was done on grids of size 40 by 40, with comparisons done on smaller grid sizes as well.

Astime progress on afinitegrid, it resolves, usually as either mostly white or black with afew stationary structures

About 25% of the timeit resolvesinto asingle band (at size 20). Thisisbecauseitison afinitegrid.
The band persists, and most of the time has a boundary which follows rule 150, as noted in Stephen Wolfram [1985].

Somewhat more rare is this structure which follows rule 90, about 1/2 % of the time on grids of size 10 down to less than .01%
on grids of size 20.
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Emulates 150

Emulates 90

Theoretically, it is possible to have other boundaries, some following other ECA’s, but | was not able to observe any coming from
random initial conditions. | will come back to that later, when we get to the ECA emulations at the end of thistalk.

Density behavior

In a mean-field approximation, one assumes the cell’ scolors are not correlated and are given by a uniform probability. The

implications are that the density p updates by the following
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Looking more steps ahead
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Red: Uncorrelated density update after one step
Green:Uncorrelated density update after two steps
Purple: Uncorrelated density update after three steps
Recall that code 52 is symmetric with black and white, which explains the symmetry of the curve.

Note also that it is close to the straight line, and we can easily see its tendencies when repeated by subtracting that off. When itis
less than about .17 it is decreasing, tending to zero, between .17 and .83 it tends to 1/2, and above that it tendsto 1.

Iterating the map 6 times shows this prediction.
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Three predictions for 6 steps ahead
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Red: one step map (6x)
Green: two steps map (3x)
Purple: three steps map (2x)
Aswe can seeit is pretty far from the experimental results.
Looking more steps ahead, in an attempt to make corrections asin NKS[p], shows that the experimental results are not afluke.

We see that the mean field approximation is not right, which means that the rule is not as random as it appears. The arrangements
are correlated.
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Theory versus experiment

0.075
0.050

0.025

@l —
lw—
@l —
INFAYS
=

0.025

0.050

0.075

Red: based on all 4x4 grids
Purple: random sample on 10x10 grid
Blue: theoretical prediction

If one takes the main clumping behavior as an assumption, then it makes sense instead to assume only that the overall density isa
value p, rather than the assumption that each cell isindividually white or black with probability p. This gives a better analytical
approximation to the actual behavior of the density function.

Other backgrounds

In examining this rule, we have just looked at the case of generic situations, but now let’slook at specific configurations where
code 52 does something special.

Asin the study of the ECA, we can |ook for interesting behavior on cyclic backgrounds.

Here are the simplest cyclic backgrounds.

The more interesting cyclic backgrounds begin at size 5, but it makes sense to start with the simplest ones.
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Recall that on the white background, bounded regions stay bounded, but there are plenty of stationary structures. Looking, for
instance, for moving localized structures, we have to go to other backgrounds.

On many of the other backgrounds it is possible to get growing structures. The red square is to help see how fast it grows from a
singular cell on acheckerboard grid. These aretypical of 2D CA'’s,asin some of the picturesin NKS.
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On this background,
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What kind of finite computations are supported? It seemslike it isfairly easy to find initial configurations which perform any

specific finite computation.

For instance, here are the boolean operators.  One asks whether the center cell iswhite or black after two steps.

The blue cells are fixed as black, the green and red cells are the two inputs, and the output is the center cell after two steps. The
top row shows the boolean operator, the grid with the colors shows the inital configuration, and the bottom row shows the

two-step evolutions in the four cases.
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Emulations of one dimensional ECA

There are afew obvious ways to emulate a 1D CA with a2D rule.

One can consider block emulations on a 2D cyclinder. Each band corresponds to white or black.
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Because code 52 stays within its boundaries, it is also possible to have block emulations on a strip bounded by white cells on the
infinite grid.

Hereisrule 72.
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hei ght 7
width 4

rule 72
ww-strip
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There is afurther possibility of having black cellsin the lower half. Having black cellsin both halvesis taken care of by symme-

try since code 52 is the same when white is switched with black.

In addition to block emulations, where one block is white and another block is black, there is aso the coarse-grain emulations,
and also the coarse graining of a subalgebra.

Inal, | was able to find emulations for 65 out of the 255 ECA’s. They were al found by brute search. By comparison, one of
the ECA with atypical number of known ECA block emulations is rule 41, which can do these 11 other rules [NKS, p.692]
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Range ECA rul es emul ated by code 52
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Range

ECA rul es emul ated by ECA Rule 41

0to 15
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48 to 63
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208 to 223

224 to 239

240 to 255

This picture summarizes what those emulated rules do from random initial conditions
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Here we see those rules in typical initia conditions, to get a sense for what this means for the range of behaviors code 52 in
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special initial conditions.
[[diagram too big??]]

Going back to the possible behaviors along the white-black boundaries, where rule 150 was typical, and rule 90 was rare, we can
estimate that the next most common rule would be XXX. Occuring from a purely stochastic process, we can calculate the odds
of finding it completely randomly on a strip of size XXX would be about XXX.

One reason this is interesting is that there is often in nature the situation where something happens extremely rarely. For inst-
nace, errorsin the process of DNA replication, or certain radioactive decays. Here we have something which is definitely, easily
observable, happening completely deterministically, even in arelatively small system.

Emulations of code 52

I would have liked to say that | found some interesting emulations of code 52 with other rules. That would be a nice way to help
bring rules together, as predicted by the PCE. But nothing too interesting was found.

Here isrule 23 emulating the 2by2 grid of code 52. It only works for this size, so is not atrue emulation of code 52. It works by
lining up the cells as follows and then reversing the colors on the even squares.
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Conclusions

Code 52 has avariety of behaviors, not just in the generic situation, but also in special initial conditions.

It seems that the technology for analyzing and emulating behaviorsisincreasing in power. | expect that it won'tbe long until this

rule and many others are shown to be universal, in relatively straightforward ways,



