Jounal of the KIECS. pp. 1019-1026, vol. 19, no. 5, Oct. 31. 2024, t. 127, pISSN 1975-8170 | elSSN 2288-2189
http://dx.doi.org/10.13067/JKIECS.2024.19.5.1019

Regular paper

149 5018 48 sjoluzs Age} 2 ErjEe]
SATgAe] Faw B4 ol 78 1& FHow
A%

Analysis of the Recurrence Relation of the Characteristic Polynomial of One-Dimensional
5-Neighborhood Linear Hybrid Cellular Automata:
Focusing on Neighborhood Type I
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ABSTRACT

Cellular Automata (CA) are one of the oldest models in natural computing. In this paper, we analyze the recurrence
relations for the characteristic polynomial of a 5-neighbor CA, an extension of the one-dimensional 3-neighbor 90/150 CA.
To classify the linear rules of 5-neighbor CA and construct linear 5-neighbor hybrid CA, we categorize the neighborhood
dependencies by type. Specifically, we analyze the recurrence relations and composition of the characteristic polynomials
for 5-neighbor CA with Type I neighborhood dependencies. This research aims to understand the relationship between the
rules applied to cells and their characteristic polynomials to synthesize CA more effectively for various applications.
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Table 1. Next state transition for neighboring cell

states and transition rules 90 and 150

FH

Current
Neighborhood | 111| 110{ 101| 100| 011| 010| 001| 000| Rule
State
Next State |0 |1 |0 |1 |1 |0 |1 |0 90
Next State | 1 0 [1 |1 |0 | 150
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Table 2. Transition rules and Boolean functions of one—-dimensional linear five-neighbor CA

No. Eog:igigggrﬁfé on h;lz:ngélre No. Boolean expression of transition rule Eﬁzbzle
1 sitt=4l_, LR16 |16 sttl=sl_,®sl_ @s LR 28
2 Szt‘H: Si1 LR 8 17 SEHZ si_,bsl_®sh,, LR 26
3 sitt= gl LR 4 18 sttl=sl ,bsl_Bsl,, IR %5
4 SEHZ Si41 LR 2 19 57;“: si_,sidst, LR 22
5 S;?Jrl: sf+2 LR 1 20 S;Jrl: 527269 sf@ s§+2 LR 21
6 sitl=st pst_, LR 24 |21 sttl=st @st, ®st, IR 19
7 sitl=5l st LR20 |22 sttl=s! ®sipst,, LR 14
8 SEHZ 512D i1 LR 18 23 SEHZ 5i_1D 5D 8o LR 13
9 s; = 5;_,D s,y LR17 | 24 s; ' =s_1Ds; 1 Dsiiy LR 11
10 | stt'=sl_ st LR12 |25 sttl=sldst, Dsi, IR 7
n | sttt=s_ P®sl,, LR10 |26 sttl=s! ,®sl_ DsDst,, LR 30
12 | sit'=s_ ds,, LR9 |27 stfl=sl_,®sl_ Dsids,, LR 29
13 | sifl=slpst,, LR6 |28 stfl=sl_,®sl_ Dsl, Dsl,, LR 27
14 | stt'=slpst,, IR5 |29 sttl=sl ,bsl_ Bsidst,, LR 23
(A1t t 30 5;,“: i1 D5 D s Dsipy LR 15

15 i = 81D Sivs LR 3 1t t to ot t
31 8 =5, B8 1 DB s 1Dsigy LR 31
3 1AM M8 5-0|R2 SIO|EE|=E CAQ| 0|2 o|&=Fof wE HMo|wale| 272t Moltae

F24 13

Table 3. Classification of transition rules according to neighbor dependence of one-dimensional linear
5-neighbor hybrid CA and Boolean expression of transition rules

Type lgfgﬁggg?g Oclélls éérﬁf&rna%}gg Boolean expression of transition rule r, € {0,1}
I (10+01) LR 17 & LR 21 sttl=sl ,@drsidst,,

o | 01+10) | ] IRI0&LR14 | s'l=s_ @rs®s,
mo | 1) | ) IR27&LR 3L | s'l=s ,@s_ @rsds, Bs,
I O=1) | ] IRIN&LR15 | s'l=s @rsids @s,,
v 11=10) | ) IR &LR30 | s 'l=s ,@s @rsds,,
R 10+1) | ] IRI9&LR 23 | s'l=s ,@rs'ds ®s,,
| a=on | ) IRB&LR2Y | s 'l=s ,@s_ Brsds.,
wo | (10,100 | LRIS&LR22 | s''=s ,@rsds,,
x| 010 | LRO&LR 13 | sti=g_@rse®s,
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Table 5. Transition rules corresponding to
characteristic polynomials of 8-cell 1-D LFHCA
whose characteristic polynomial is the product of
two irreducible polynomials

LFHCA |Combination | LFHCA Combination
char. poly. Rule [of two 90/150 Rule bf two 90/150
(type ) [CAs (Cy, C,)| (type I) CAs (Cy, C,)
00100110 | 7, &7 00011001 73 & T4
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