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One-dimension cellular automata
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Matthew Cook

http:/~vigeland.paradise.caltech.edu/~cook/

In November of 1998 at the Santa Fe Institute
Matthew Cook demostrates that Rule 110 1s Universal!
Simulating a cyclic tag system

* Matthew Cook, “Universality in Elementary Cellular Au-
tomata,” Compler Systemns, Volume 15, Number 1, pp. 1-40,
2004,

''Stephen Wolfram, 4 New Kind of Science, Wolfram Media,
Inc., Champaign, Ilinoeis, 2002, (ISBN 1-57955-008-8)




Rule 110
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Gliders in Rule 110

F

C, ¢, D,D,E"E

Clasification of gliders
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de Bruijn diagram

De DBruijn diagrams are relevant because thev provide a
graph presentation for the evolution rule of a one-dimensional
cellular automaton, in o de Bruijn disgram o given path rep-
resents o sequence of states produced by the evolution of the
nodes in the path describe the ancestor of the sequence. Thus
the analvsis of ancestors may be realized studving the paths of

the de Bruyn diagram.?

A given sequence of states mayv have several, one or no an-
cestor, hence this sequence has analogous several, one or no
path representing it in the de Bruijn diagram. Therefore if we
want to know if a given sequence is a Garden of Eden one, we
have to review if there 1s no path labeled with this sequence in
the corresponding de Bruijn diagram.

O Hazold Vo Aelotosh, “Linear cellidar automata via e Do diaszammes,”

bty / fddeltacs cinvest av tox )/ mmcintosh / oldwely/pant ommata htl, 1991




extended de Bruijn diagram
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Phases in Rule 110

. determining phases

tile 75 - cther = @

T 1111 - 51 @ 1111-1000-1001-10 (£ 1}
. 1000 - 52 1000-1001-10-1111 (£ 2}
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: n [ 10 -s4 o @ 10-1111-1000-1001 (£ 4}
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Phases in Rule 110
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Cyclic tag system in phases

Universality in Rule 110 is demonstrated simulating a cyclic
tag system. The last reduction obtained in cellular automata
alter Lile.

Unlike 1he tag system the cyclic tag system has two rules
of translormation [or a same value and these are applied peri-
odically in each step. Cook comments that ils system is unde-
cidable, proposing two lypes ol productions (05—%9, 1$—$11)
y (03—%0, 15—3%10), where § means that any element is not

0Ele 4_4* 1Ele A% Zepinit_£5 1BIOP_& 0OBlo_& 1BloS_&
added. G 4 & pinit_ >_& oBlo_ .

Construction in phascs f;_1:

left: {649¢-4_A* ()},

where I <+ < 3 1 sequential order
center: 246¢-18le Co(A £ _1)-¢-A% (1)

right: {SepInit B (#.5;_1)-1BloDl_F{#.£;\])-
SepInit LI (#.£;_1)-1BloD I (#.£:_1)-

OBlo_I5(#.f;_1)-1BloS_L(#.f; 1) }*. ol 1141
whoere 1 <+ < 4 and # represents a phase m mdividual Il;mm
(37228.176.000 cells) -'
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Rule 110
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Conclusions

Phases can establish a reproduction/control of collisions in
Rule 110. This one series of steps determine a procedure that
facilitates the study in this type of automata in one dimension.
Once obtained the procedure, 1t 1s applied to solve interesting
problems in Rule 110.

Procedure is not elegant but if very practical. Then a mech-
anism 15 due to develop so that the system classihes the infor-
mation.
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