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Abstract

This study will attempt to simulate particle movement during various events (asteroid impacts,
explosions, collisions) using a Cellular Automaton model and examining the forces acting on the co-
ordinate system itself, instead of each individual particle. By dividing space into a three-dimensional
grid of cubes, all the particles contained in the same cube could be treated as a solid block of matter.
By examining the stresses acting on the block, the motion of the particles could be found. This motion
would result in a flow of particles into an adjacent block. The advantage to this method is that the
forces acting on a cube already include forces from adjacent cubes, so the particle motion can be
calculated without referring to forces on other, distant co-ordinates. This should make the calculation
simpler, faster and more efficient.

1 The problem with simulators

With traditional particle simulators, the computer must keep track of the position, velocity, and
physical properties (mass, charge, etc) of every particle. Considering the number of air particles in
just this room, the memory required to store this information on the machine is enormous.

While performing the actual simulation, the program must find the forces acting on each particle
by comparing its location with every other particle to determine if there is even a possibility of an
interaction between them. Since most particles are too far apart to interfere with each other, this
process involves numerous unnecessary calculations.

To improve the efficiency in both memory and processing, this project will apply the Cellular
Automaton model to simulate an asteroid colliding with the Earth’s surface.
This project is supported by the National Science Foundation.

2 The cellular automaton model

To avoid the unnecessary distance checking, the computer must know the distance between particles
before accessing their memory locations. If the particles could be grouped in memory according to
position, the program would only need to check certain memory locations to find all the particles that
might affect the current particle.

This is the goal of the Cellular Automata method: to divide space into a grid of ’cells’ and keep
track of the number of particles in each cell. As a result, each cell is only affected by its adjacent cells.
This technique saves considerable memory useage and processing power. In fact, the process is an
excellent candidate for parallelization, making it highly adaptable to multi-processor supercomputing.
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3 Parallel processing

Lets bake a cake.
After preheating the oven and mixing the batter from scratch (or from a store-bought cake mix

like a real gourmet chef), the time has come to bake it. We could follow the recipe and cook it at
400oF for 50 minutes, but all that stirring has worked up an appetite, so we want our cake now!

It would seem logical that to decrease the time by a factor of ten, we could increase the temperature
by a factor of ten. This means that at 4000oF our oven/smelting furnace could bake the cake in just
5 minutes! Yay!

You can imagine the result, as I’m sure you have some experience or common sense that some
chemical reactions cannot be sped up.

Instead of increasing the temperature, what if we decreased the amount of cake? The result would
be a tenth of the original volume, but we could eat our perfectly-cooked dessert in 5 minutes. We could
even put more batter into the oven when we retrieve the first cake, so that we would have another
cake in 5 more minutes when we finish eating the first. Then add more batter, wait 5 minutes, eat
the cake, add more batter, wait 5 minutes...

This method would indeed work, but if we wanted to combine all the cakes and add frosting to
them, we would have to wait until the last cake is done, and the tenth cake would be ready 50 minutes
after the first!

Obsessed with making our cake as efficiently as possible, we finally drive to the store, buy 9 more
identical ovens, somehow transport them from the store into our kitchen, preheat them all to 400oF,
and put one tenth of the batter in each of our ten ovens. After 5 minutes, every cake will be done at
the same time, so we can assemble the peices into the final product.

As you may have suspected, the previous story is an analogy for the different techniques of su-
percomputing. The first method, using one oven (processor) to handle one cake (calculation), would
work with very powerful and expensive processor chips. The second method, breaking the calculation
into pieces and giving the same processor one piece after another, is how most personal computers
work, but the entire calculation still takes a long time. The third method, giving each piece of the
calculation to a different processor, is how parallel processing works, and is the ideal method for
performing complicated calculations.

4 The program

The program generates a series of images depicting an asteroid colliding with the Earth’s surface. A
major limitaton when using cellular automata for particle simulators is the ability to model a solid
object that spans multiple cells. Any force acting on one side of the cell would result in a normal
force through the block to the other side. If the adjacent block is also a solid, that normal force would
carry through the adjacent block as well, and through each subsequent solid block. This means that
each cell depends on more than just the adjacent cells, which is no longer a cellular automata model.

The images on the following page were produced by the program.

5 Results

Although the cellular automata method is unable to simulate solids, it shows promise as a simple
model for fluids. By following simple rules for each cell, complicated and turbulent patterns can
emerge. The cellular automaton model could be a viable alternative to traditional particle simulators.
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