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The Great Way is gateless
Approached in a thousand ways.

Once past this checkpoint
You stride through the universe.
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= 2 allows the nearest and next-nearest

sighbours of a site to affect its value on the next time step. Time evolution for totalistic cellular automata is defined by eqns. (2.2)
nd (2.7). The initial state is taken disordered, each site having values 0 and 1 with independent equal probabilities. Configurations
btained at successive time steps in the cellular automaton evolution are shown on successive horizontal lines. Black squares represent
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SPACE-TIME ON A SEASHELL

214 American Scientist, Volume 83

Brian Hayes 4y jae 1925
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:lfg:lr: 1. "\".ertical" .stripes, perpendiculfr to the growing edge of a mollusk shell, result from a stable spatial pattern
terna ing active and dogmant p'lgment-secreting cells. In the simulation (right) the pattern emerges
spontaneously. The shell (left) is a specimen of Lyra taiwanica. (All photographs courtesy of Hans Meinhardt.)

Figure 2. “Horizontal” stripes, parallel to the i illation in pi
I : y , growing edge, reflect a temporal oscillation in pigment-cell activity.
in which all the cells turn on and off almost simultaneously. The shell is Amoria dampieria. plgmeneeT smh

Figure 4. Oblique stripes on Oliva porphyria (left) record the passage of traveling waves in the line of pigment cells.
The stripes are created and annihilated in pairs, like particles of matter and antimatter. To account for the frequent
synchronization of creation events, the model (right) includes a global hormone-like signal (green). A larger sample
of the output of this simulation, without the green hormone, is shown on the cover of this issue.

Figure 5. Triangular pattern on Cymbiola innexa Reeve (left) also suggests the presence of some synchronizing
mechanism, since many secreting cells must shut off at once to form the upper edge of a white triangle. In the
simulation (right) another global signal is introduced for this purpose.
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Figure 3. Dislocation in the striped pattern of Amoria turneri (top) is
a challenge to the simulation scheme. A single oscillator whose
frequency varies across the width of the shell (left), produces several
discontinuous stripes, whereas the natural pattern is quickly
resynchronized. Adding a central hormonelike oscillator (shown
here in green, although its actual products are presumed to be
invisible) yields a more realistic output (right).
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BIRTH. A cell that's dead at time t becomes live at t+ 1 only if exactly three of its eight neighbors

were live at ¢.

DEATH by overcrowding. A cell that's live at ¢ and has four or more of its eight neighbors live
at ¢ will be dead by time ¢+ 1. '
DEATH by exposure. A live cell that has only one live neighbor, or none at all, at time ¢, will

also be dead at t+1.

These are the only causes of death, so we can take 8 more positive viewpoint and describe
instead the rule for

SURVIVAL. A cell that was live at time t will remain live at ¢+ 1 if and only if it had just 2 of
3 live neighbors at time ¢.

" “Just 3 for BIRTH

2or 3 for SURVIVAL
omeeb
0
d [} . (]
ol le X X ol Te @
. o) . Q
o o . . 1 o . )
i A X 000 000 iy X o X 000 ol To] (XN ]
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Figure 1. A Line of Five Becomes Traffic Lights.

Time 1-2: The corners will survive, having 3 neighbors each, but everything clse will dic of

2-3:

34

4-5:
5-6:

6-7:

overcrowding. There will be 4 births, one by the middle of each side.

We see a ring in which uch live cell has 2 neighbors so everything survives; there are
4 births inside.

Massive overcrowding kills off all except the 4 outer cells, but neighbors of these are
born to form:

another survival ring with 8 happy events about to take place.

More overcrowding again leaves just 4 survivors. This time the neighboring births
form:

four separated lines of 3, called Blinkers, which will never interact again.

7-8-9-10-... At each generation the tips of the Blinkers die of exposure but the births

on each side reform the line in a perpendicular direction.




STILL LIFE

It’s easy to find other stable configurations. The commonest such Still Life can be seen in
Fig. 3 along with their traditional names. The simple cases are usually loops in which each live
cell has two or three neighbors according to local curvature, but the exact shape of the loop is
important for effective birth control.

Bahive Loaf Pord Tub Biock Seake o, T

Bag Bo Ship lngheye gl LngSp  Fiorag Farm.

Figure 3. Some of the Commoner Forms of Still Life.
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The Toad ...

Figure 4. Three Life Cycles with Period Two.

1)

Figure 6. Two Life Cycles with Period Three. (a) Two Eaters Gnash at Each Other. (b) The Cambridge
Pulsar CP 48-56-72.
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MAKING A LIFE COMPUTER

Many computers have been programmed to play the game of Life. We shall now return the
compliment by showing how to define Life patterns that can imitate computers. Many remarkable
consequences will follow from this idea.
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Figure 17. Gliding Pulses.
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OR AND NOT

Figure 18. The Three Logics! Gates.
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Figure 29. (s) An AND Gste. (b) An OR Gate. (c) A NOT Gaste.
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HOW TO MAKE A NOT GATE

We can use a vanishing reaction, together with a Glider Gun, to create a NOT gate (Fig. 20).
The input stream enters at the left of the figure, and the Glider Gun is positioned and «imed $0
that every space in the input stream allows just one glider to escape from the gun, while a glider
in the stream necessarily crashes with one from the gun in a vanishing reaction (indicated by #).
Figure 20 shows the periodic stream

110110110...
being complemented to

0o0ifoo0ot1o001 ...

Glider
Gun

L -

& -
R e
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Figure 20. A Glider Gun and 8 Vanishing Reaction Make a NOT Gate.

LIFE IS UNIVERSAL!
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aformation processing structures in a one-dimensional cellular automaton. The pattern
ras produced by evolution according to the k=2, r=3 totalistic cellular automaton rule with code
8. This class 4 rule supports complex localized structures whose evolution and interactions can
e used to implement certain logical functions. One suspects that the cellular automaton is capa-
le of universal computation. (Picture by James Park.)
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(a) Balls of radius l/y/f traveling on a unit grid. (b) Right-angle clastic collision
between two balls.
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Billiard ball model realization of the intcraction gate. A simple realization of the switch gate.
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FIG. : Triangular lattice with hexagonal symmetry and
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Figure 1. Relaxation to ‘‘thermodynamic equilibrium"’ in the hexagonal lattice cellular automaton (CA)
described in the text. Discrete particles are initially in a simple array in the centre of a 32x32 site
square box. The upper sequence shows the randomization of this pattern with time; the lower sequence
shows the cells visited in the discrete phase space (one particle track is drawn thicker). The graph illus-

trates the resulting increase of coarse-grained entropy ¥ plog,p; calculated from particle densities in
32x32 regions of a 256x256 box.

t=0 1=10000 t=20000 t=30000 t=40000

t=50000 t=60000 t=70000 t=80000

Figure 2. Time evolution of hydrodynamic flow around a plate in the CA of figure 1 on a 4096x4096
site lattice. Hydrodynamic velocities are obtained as indicated by averaging over 96x96 site regions.
There is an average density of 0.3 particles per link (giving a total of 3x10® particles). An overall velo-

city U=0.1 is maintained by introducing an excess of particles (here in a regular pattern) on the left
hand boundary.

:0.05 U=0.1 U=0.2 U=03 U=0.4 U=0.5

Figure 3. Hydrodynamic flows obtained after 10° time steps in the CA of figure 2, for various overall
velocities U. )
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2-d FHP Lattice gasses are computation universal

Richard K. Squier
Comyputer Science Department

Gcc;rgetown University 2672 o7 | 773
Washington DC 20057 1 p) W 77 ’

COMPLEX SV 3TemS
——___________——

and

Kenneth Steiglitz
Computer Science Department
Princeton University
Princeton NJ 08544

Abstract

We show that the FHP lattice gasses are computationally universal, implying
that general questions about their behavior are undecidable. The proof embeds
a universal 1-d cellular automaton in the 2-d FHP lattice gas. This provides
evidence that general questions about fluid behavior are undecidable.

Slope Line
Vertical Shift

Fan Out O = rest particle

Crossover

with rest-particle: half-XOR
without rest-particle: half-AND

Figure 8.

The primitive devices. Most are self-explanatory. The Fan-Out device shows an optional
dashed path for one of the exit paths. This may be used if the fan out is one-sided.

[ ] AB = true
A = true
A = false
B =true @
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