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Reachable table of nonlinear cellular automata
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ABSTRACT

Non-linear cellular automata is difficult to analyze mathematically than linear cellular automata. So it is difficult to identify
reachable states and attractors of nongroup non-linear cellular automata than nongroup linear cellular automata. In this paper, we
propose a new reachable table to overcome these problems. We can see the next state for all the states of the non-linear cellular
automata by the proposed reachable table. In addition, we can identify reachable states and attractors by the reachable table.
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Fig. 1 NBCA(Null Boundary CA)
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Table 1. BMTs of CA with rule

<108, 201, 105, 76>
111 | 110 | 101 | 100 | 011 | 010 | 001 | 000

RMT | ol o |w|o|o|o| o] Me
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2l |1 |1 Jo Jo |1 o o |1 [am
3-cell 0 1 1 0 1 0 0 1 105
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wEo 9% oA 0-o % (0-edge), QB2Z o=
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Table 2. Relationship between RMT
of the ™ cell and the (i+1)" cell

RMT of
0 |1 |2 |3 |4 |5 |6 |7

rule

RMT of
" 0123|4567 01| 23| 45| 67

(@+1)" rule

ws)eleha S i
5l Aolitel o RMTE i1, 4, i+ 195 4
o gelol] whe} 24 AR Aol
o T RMI7H 1018 x (- 001 ) oleh. o] 2%

(i+1)9A Hol5tlo] tg RMT+= 4, i+1, i+2%
A Ao el wEl AREEE (i+1)HA Hol
o] W3k RMTE 2 L& 3olth 3 ja] Moyt
Zo| g RMT7F 60]H x=(---110--)°]3L o] o

(i+1)HA AolFH o] th3k RMTE 4 & 50|t}



a8l 2. &0l <108, 201, 105, 75>21 CA<L|
TEISER|
Fig. 2 The reachability tree of CA with rule <108,
201, 105, 75>
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Table 3. RMTs of CA with rule <R,, R,, -+, R >
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RMT 1o le o |lw|lolo|lo| o | ™
1-cell - B - B Cal ol G| G| £
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<AH9 31> 7FHo| <R, R, -, B> nA CA
o] RMT7} & 33 & v & 45 n4d CAS =27}

S 3ok

2
Ry, -+, R>%1 nA CA9l ofwl Adjel] et v
FHE ¢ F A RE =dvbsdEHe B A
& 5 9l Aok

<Al 32> Ao <R, R,, -, R,>% nA CA
o] 227bsRAA A x= (2,2, - z,) o W3k x
stk el xo e dHE
v= (o - y,) O & W 2y = The 2rh

¥ 4 #EO0| <R, Ry, -+, R >l CASl ZEIISE
Table 4. Reachability table of CA with rule <R, R,, -+, R,>

state on ‘ ‘ 3.9n2| 3.9 1,1‘ . ‘ 9. gn-1 9. 9n 1,1‘ ‘ gn—2 2;172_]‘ . ‘ 0
1-cell C3 ¢l G o

2-cell Q1 “.6 G5 G4 K Q.2 Q.1 %0

3cell | Ge ‘ G6 | B ‘ Ga | B3 | B2 | Ba ‘ G0 | Gr ‘ G6 | B85 | B4 | B3 ‘ G2 | %1 ‘ G.0
n—cell 671.6‘ ‘ Cn.,() Cn.6 ‘ ‘ Cn 0 Cn.ﬁ‘ ‘ Cn.,() Cn.6 ‘ ‘ a0
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NS(k)=c[1,k] - 2" P +c[2,k] - 2" 2+
cteln—1,k] - 2+c[n.k] (3)
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Table 5. Algorithm for finding reachable states and
attractors of nonlinear nongroup CA

Algorithm NEW REACHABLE TABLE
Input: n(CA size), Rule [n],[8](CA)
Output: next state of k(NS(k)),
reachable state, attractor
Step 1.
(@) for i=1to n—1
for k=0 to 2"—1
5,(k)=[k/2" 7' mods
cli,k]= Ci ik
(i) for i=n
for k=0 to 2"—1
j;(k)=[k] mod8
clnk]= Cp i (1)

Step 2. for k=0 to 2"—1
NS(k)=c[1,k] + 2"t +c[2,k]
+e[n—1,k] - 24¢[n, k]
Step 3. if k=NS(k) then k is an attractor.
Step 4. Get rid of duplicate values of NS(k)
Step 5. The remaining states are reachable
states.
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