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Cellular Automaton:
Is a model of a system of "cell" objects with the following characteristics
1. The cells live on a grid;
2. Each cell has a state;
3. Each cell has a neighborhood.
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1-D (Elementary Cellular Automata)
1. Grid:

2. States:

3. Neighborhood:

How to get the new generation of states?
CELL state at time t = f(CELL neighborhood at time t - 1)

Standard Wolfram model

Codification:

Example:

1st generation:

After some iterations we get

How many patterns can we get?

There are 8 bits, every bit can have 2 values (0 or 1) so 28 = 256.
The example given early is called the "Rule 90" since
21 + 23 + 24 + 26 = 90
Edge cell problem solution:
1. Edges remain constant;
2. Edges wrap around;
3. Edges have different neighborhoods and rules.
Wolfram Classification:
Class 1: Uniformity;
Class 2: Repetition;
Class 3: Random;
Class 4: Complexity (mixture of class 2 and class 3).

2-D (game of life)

John Conway

Matrix of cells, "life" is were 0 means dead and 1 means alive.

How many patterns?
3

In 1-D we had 3 bits, so we had 22 = 256 paterns.
9

Here in 2-D we have 9 bits, so we get 22 = 2512 ≈ 10153 patterns.
Impractical to define an outcome for every single possibility.
Solution?...
Defining a set of rules according to general characteristics of the neighborhood.
We need to answer the following questions: Is the neighborhood overpopulated with life?
Surrounded by death? or just right?... The following are the rules of life.
1. Death. If a cell is alive (state = 1) it will die (state' = 0) under the following circumstances:



Overpopulation: If the cell has four or more alive neighbors, it dies.
Loneliness: If the cell has one or fewer alive neighbors, it dies.

2. Birth. If a cell is dead (state = 0) it will come to life (state' = 1) if it has exactly three alive
neighbors (no more, no less).
3. Stasis. In all other cases, the cell state does not change.




Staying Alive: If a cell is alive and has exactly two or three live neighbors, it stays alive.
Staying Dead: If a cell is dead and has anything other than three live neighbors, it stays
dead.

Formulas:
if

cell = 1 & neighbors < 2 cell' = 0;

// Loneliness

else if cell = 1 & neighbors > 3 cell' = 0;

// Overpopulation

else if cell = 0 & neighbors = 3 cell' = 1;

// Reproduction

else cell = cell'; // Stasis
Example:

Patterns:
1. Static:

2. Oscillate back and forth between two states:

3. Move about the grid from generation to generation.

2-D (quantum approach)
Cell state equation
|ψ = 𝑎|1 + 𝑏|0
Where the state |1 is the alive state and the state |0 is the dead state.
With a and b being real constants. And the cell state is normalized, 𝑎
The probability of the cell being alive or dead is given by 𝑎

2

and 𝑏

2

2

+ 𝑏

2

= 1.

respectively.

Operators:
𝐵|𝜓 = |1
𝐷 |𝜓 = |0
𝑆|𝜓 = |𝜓
Matrix form
𝜓=

𝑎
1
0
=𝑎
+𝑏
𝑏
0
1

and for the Operators
𝐵∝

1 1
0 0

𝐷∝

0 0
1 1

𝑆∝

1 0
0 1

The new generation is obtained by determining the number of living neighbours each cell has.
Calculating the live neighbours:
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𝐴=

𝑎𝑖
𝑖=1

Rules of life:

Then we have the new state
𝑎´
𝑎
=𝐺
𝑏´
𝑏
|ψ′ = 𝐺 |ψ
And then we need to normalize the vector,
𝜓′
𝜓′

