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Máquinas que se

autoreproducen.



John von Neumann
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Stalisnaw Ulam
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Theory of self-reproducing automata
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Autómata Celular de Von Neumann

• 29 estados, Vecindad de Moore (John von Neumann 1966)

• 8 estados, Vecindad Von Neumann (Edgar Cood 1968)

• 4 estados, Vecindad Von Neumann (Edwin Roger Banks 1970)

• 2 estados, Vecindad Moore (John Horton Conway 1970)
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Video

Video
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Autómata Celular

G = Z2, A = {0, 1}

τ = AZ2 → AZ2
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S : Vecindad de Moore

S = {xi−1,j+1, xi,j+1, xi+1,j+1, xi−1,j , xi,j , xi+1,j , xi−1,j−1, xi,j−1, xi+1,j−1}

xi−1,j+1 xi,j+1 xi+1,j+1

xi−1,j xi,j xi+1,j

xi−1,j−1 xi,j−1 xi+1,j−1
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S : Vecindad de von Neumann

S = {xi,j+1, xi−1,j , xi,j , xi+1,j , xi,j−1}

xi,j+1

xi−1,j xi,j xi+1,j

xi,j−1
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µ

µ = AS → A

x ti,j t + 1 = µ(x ti−1,j+1, x
t
i,j+1, x

t
i+1,j+1, x

t
i−1,j , x

t
i,j , x

t
i+1,j , x

t
i−1,j−1, x

t
i,j−1, x

t
i+1,j−1)
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El Juego de la Vida



Juego de la Vida

G = Z2, A = {0, 1}
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Juego de la Vida

G = Z2, A = {0, 1}

Esquema nacimiento-sobrevivencia: B3/S23
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Juego de la Vida

G = Z2, A = {0, 1}
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Glider

Glider
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Definición Autómata Celular

Sea G un grupo y A un conjunto. Un autómata celular sobre el grupo G y

un alfabeto A es un mapeo τ : AG → AG que satisface la siguiente

propiedad: existe un subconjunto finito S ⊂ G y un mapeo µ: AS → A

tal que

τ(x)(g) = µ((g−1x)|s)

para toda x ∈ AG y g ∈ G ,l donde (g−1 x)|s denota la restricción de la

configuración g−1x a S.
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winning ways
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telegrama
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Glider Gun

Glider Gun
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scientificamerican
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Autómatas Celulares con el

esquema

Nacimiento-Sobrevivencia del

Juego de la Vida



Esquema Nacimiento Sobrevivencia

• B35678/S5678

• B35/S236

• B27/S0

• B2/S7

• ...
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R-Rule



Emannuel Sapin 2004
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Glider Sapin

Glider Sapin
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Glider Gun Sapin

Glider Gun Sapin
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Búsqueda de AC con

Computación Universal



Búsqueda de AC

Problema Combinatorio
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Búsqueda de AC

µ
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Número de reglas

µ

2512

1340780792994259709957402499820584612

7479365820592393377723561443721764030

0735469768018742981669034276900318581

8581864860508537538828119465699464336

49006084096
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Simetŕıa

µ
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Equivalencias por Simetŕıa
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Equivalencias por Simetŕıa

• 8 grupos con 1 elemento

• 8 grupos con 2 elementos

• 50 grupos con 4 elementos

• 36 grupos con 8 elementos

• 102 en total

2102 = 5070602400912917605986812821504
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background

2101 = 2535301200456458802993406410752
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clasificación
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clasificación
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parámetro lambda
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parámetro lambda
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Indecibilidad en la Clasificación de Autómatas Celulares
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Shannon
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Entroṕıa

E = −Σn
i=1pLog(p)
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Entroṕıa
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Entroṕıa
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Precursor-Rule, X-Rule and

Sayab-Rule



X-Rule
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Precursor-Rule
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Sayab-Rule
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Computación Universal



Requisitos para tener Computación Universal en AC

1. Almacenamiento de datos.

2. Transmisión de datos.

3. Procesamiento de datos.
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Procesamiento de datos

Post’s Functional Completeness Theorem

Establece que para procesar datos, solo es necesario tener las compuertas

lógicas OR, NOT y AND. (Computación Lógica)
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Requisitos para procesar datos en AC

1. “Glider-gun”

2. “Eater”

3. Convenientes coaliciones entre “Gliders”.
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Requisitos para procesar datos en AC

Mostrar ejemplos en Golly
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X-Rule
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Precursor-rule
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Sayab-rule
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www.conwaylife.com
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Precursor-Rule

Gracias

Contacto:

José Manuel Gómez Soto

jmgomezuam@gmail.com

http://matematicas.reduaz.mx/∼jmgomez
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http://matematicas.reduaz.mx/~jmgomez


Science
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Verilog

53



Cello
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Cello
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Precursor-Rule

Gracias

Contacto:

José Manuel Gómez Soto

jmgomezuam@gmail.com

http://matematicas.reduaz.mx/∼jmgomez
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