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Abstract

Elementary cellular automata (ECA) are simple binary evolutional systems. We discuss
the initial value problem of ECA using the max-plus expression. About half of independent
rules of ECA, we give the general solution for arbitrary initial data. The proof about solutions
are done by max-plus formulas.
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N (W42, Ujy1, U2, Uj—dy*  Uj—2mtds Uj—2m+2, Uj—2m),
min (W41, Uj, Uj—3, Uj—5, 5 Uj—2m+3, Uj—2m4 1, Uj—2m),
N (W, Uj—1, Uj—a, Uj—6,* * 5 Uj—2m42; Uj—2m+1),

)
IIliIl(Uj_m+3, Uj—m+2, Uj—m—1, uj—m—2)7
AN (U, Uj—1, Uj—d, Uj—6s 5 Uj—2mt-ds Uj—2m42, Uj—2m )
HliIl(Uj_l, Uj—2,Uj—5,Uj—7, ,Uj—2m+3, uj—2m+1)7

)
0N (U — 43, Uj—mt25 Uj—mm—1> Uj—m—3 ) N (Uj — g2, Uj—pmt 15 Uj—m—2)
min (U —1, Uj—3, Uj—5, " 5 Uj—2m+7> Uj—2m+5> Uj—2m+35 Uj—2m+1> Uj—2m ),
Hlin(uj—z, Uj—4,Uj—6y" " 5 Uj—2m+65 Uj—2m—+4, Uj—2m+2, uj—2m—|—1)7

)
min(uj_m+1, uj—m—ly ’uj'_m_g), min(uj_m, uj—m—l),
min(ujv Uj—1,Uj—3,Uj—5," " yUj—2m+T) Uj—2m+5, Uj—2m+3, uj72m+1)7
Hliﬂ(uj—h Uj—2,Uj—4,Uj—6," " , Uj—2m+6,) Uj—2m+4, uj—2m+2)7

)

N (U — g2, Uj—gmt15 Uj—m—1 ), M (Uj i1, Uj—m)) (M > 1).
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§5. UDOOOOODOO

O000Omax-plusO0 00000 ECAODDOOOOOODOOOOOOOOOOO
Doobooobbdibbuer0o, 10bbuoobooobiooogooooon
gboogobuogbboobobboobooobobboobobobooboobon
OO0 max-plus 000000 ECAODOOOOD O, 10000000DO0ODOOODOODO
goobooooon

§5.1. n=100000000

ggbbobug 120000000

(5.1) u?‘H = min(1 — uj_;,u}).
gooo
(52) u? = mln(l — uj_l,uj)

000000000 000000000000O0000oooooouooooOD (5.2)O
Doboobobbbbey 00, 10000000 n=10000000000000

—6.5 -2.7 9.1 =35 64 1.1 88 —-3.6 7.9 —-42
—6.5 —2.7 3.7 —=8.1 4.5 -54 -0.1 -7.8 4.6 —6.9
—6.5 —2.7 3.7 —=8.1 4.5 -54 -0.1 -7.8 4.6 —6.9
—6.5 —2.7 3.7 —8.1 4.5 -54 -0.1 -7.8 4.6 —6.9
—6.5 —2.7 3.7 —=8.1 4.5 -54 -0.1 -7.8 4.6 —6.9
—6.5 —2.7 3.7 —=81 45 -54 -0.1 -7.8 4.6 —6.9
—6.5 —2.7 3.7 —=81 45 -54 -0.1 -7.8 4.6 —6.9

Figure 11. 0O 0O0OOD0OOOOO0OOO 1200000000

§5.2. DU00OUOOODOOOOOOOODODODbOO

gbogbdo obooboon

(5.3) u?“ = min(u?,max(l — u?_l, u?+1)).
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gobobooogoboobod

n :
wy = min(max(l —wuj—1,1 —uj, -+, 1 = Ujpn-3,1 — Ujpn_—2,Ujin),

max(l — uj—17 1-— Uj, ey, 1-— Uj_|_n_3,u]'_|_n_1),

(5.4)

T

max(l — Uj—1, 1-— Uy, uj+2),max(1 — Uj—1, Uj+1),Uj).

0000000000000 000000ooo0o0o0oooooog (400000
bbb« b o, 100000000r=3000000000000000

—25—-17 72 45 14 02-14 3.6 79 —4.2
—25—-17 45 14 02-04-14 3.6 -2.6 —4.2
—25-1.7 27 02-04-04-14 24 -2.6 —4.2
—25 —-1.7 27 -04 -04 -04 —-14 2.4 -2.6 —4.2
—25 —-1.7 27-04 -04 -04 —-14 2.4 -2.6 —4.2
—25 —-1.7 27-04 -04 -04 —-14 2.4 -2.6 —4.2
—25—-1.7 27 -04 -04 -04 —-14 24 -26 —4.2

Figure 12. DO 0OD0O0O0DOO0DOO0O0O 14000000000

§6. 000D

ECAOOOODOOOOODODOOOOD O, 10000000DO000D0DOO000DOOd
O0000008100000  ECADODDOODODODOD max-plusd00 00000
0000000000000 000 max-plusO0000000O0O00OOOOOOO0O0O
oodooodoooooooooodn

godoodooddotuooooooooouoo o, 1ooouoooooouogo
dodoobodooooobooooooooodoooobooobooooooooo o,
100000000 max-plus 0000000000000 DOO0OOOO0OOECADOO
godooodooodoooooodd

O0ooooooooboboobobobbo0DDmax-plusO0000000000OOOO0O3
O0o0ooooooooooooooooooooooooooonoooooooogo
Oo00ooooooooooooooooooooooooooooonoooooon
000000000000 000000 ECAOD CAOOOOOOOOOOObOOOoOon
0000000000000 D0000D0D0O0 CAODODDOD max-plusO0 00000000
O00D0000000CADDODOOO max-plusO0000O0O0O0O0OO0ODOOOO0OO
60
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