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Information Encoding by Using Cellular Automata

Y OSHIHISA FUKUHARAT and YOSHIYASU TAKEFUJIft

In this paper, we propose a new information encoding method by using cellular automata
(CA). In this approach, plural CA systems work simultaneously and input values are encoded
into small bits by simple deterministic process. The proposed system cannot work under all
situation depend on their transition rules and input values. We studied when the proposed
system works correctly from various kinds of views.
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Fig.1 An example of the information encoder by using

CA.

22 CAOO0OOOOOOO

gooooooooooooobooooooooo
gbooobodooooobooocobobooooooooo
oboooooooooobooobooooo

uoooboooooooboooooobooooo
oboooobooboooobooooooooooooo
000 cCADOOoOoUooooooooooooooao
goooooooooboooobooboobooooooo
goboooboooooooobboboooooDboo



112 goooooooooooooooooo

gbobooooooooboooooobbOobOOooo
booooooodoooobooooooooooboOoo
ooooooboooboooobooooooobooooo
goooog

gooooboooooooooooooboooooboo
0 3)0ooooooooooo S;-I] m 00 CA
goooooooo 00000 0000000
ooooOoooooO0oooSsSoo0 e0D0OO0O0OO
000 ()OooOooooooooooon fO e0O
gooobooooooobooooooboooooobood
ooooO0oooOooooooo0 moo joO0
0o00o0ooU0oOoooo cApoooooooooo
goooooooobo yjoO0o000000o0boobooo
goooobooo jooOoboooooooooooboo
00ooO0o0o0ooooOoooo cAoooouoooo
goooooboooooboo

S]t = f(ai,j7aé,j7 CL:J) D(3)

0 ai;=ab;..=aj;000
T) = ’ ’ ’ 4
fle) {1 ooooooo

ooobooboooooobooooooooooo

gobobol1ooooo0oocooboooOooboooo 2

oogooooooooo 20000000000 2

gobooooooooooboboo1ooooooooo

oooooooboobooooocoooob 10000

(1) cAOODOOUOOODOOOOOOoOOOOO0O 2
oo030ooooooooooon

(2) DOODDOODOOOOOODOODOODOOO
gooooooobooooooooooooa
goboooooooboooboboooo

(3) DOOOOoOOoOOOUODOOOoUDODO
obooooboooooocooooooboooon
ooooooooobooooooo1osoed
rO000000 20000000000C00AO
goooooooooo

(4) ODOOOOOOOOODOODOOOOOOOOO
goooboooooooooooooooo
goboooboobooooooooooodo
ooooooobooboobooobooooooo

ooo

(5) (3)00 (4)000000000000000
0oooooon

(6) 00DO0DOOODOODOOOOOOOOOOOO
0oooo

ooooooooooooobooooooooon
goooooooooobooooooooooooon

May 2003

gooobooooooOooooooooooooooo
gbobooooboooooboooooobooooboboooo
ooooooooooobooooboooobooboo
goooooooobooobooboooooobooboo
goooo400000000
o JO0DOODOUOODOOOOLODODDOOOODODDO
oono
o JOOOOOOOOOODOOOOOODOOODOO
gboooooooo
e JOOOOOODOOOOOODOODOOODOOOO
ubooooooooooooobooobo
e JO0ODOOOOOUOODOOOCLOODOOOO
gbooooooooobooobooooon
ooboboooooooboooooooooooo
goobooocoobooobooooocooobobooooon
goooboobooooooooooooooooboon
gooooooooooooobooooooooo
gobooooooooooooooooboooboobooa
goooooooooboooooooooooan
gobooooooooobooooooooboooaoa
cAOooooooooo
ubooooobooboooooooobocoooooo
000o0o0o0ooooooooooooo cAOO
gobooO0ooooooooooboooooooooo
gboooobooooobooobooboooobooboon
oooooooooobooooooooooonoo
goooobooooooooo

3. 000040

0000000000 0000000000000
0000000000000 D00O000000000
Langton®0 0000 AOOOOOOO (5)0000
00ADDDOOOODOOO0OOODOOOOOO00O0
000000000000 00000000
)\:% (5)
k00000000 O00000000000000
000000n, 0000000000000000
00000000000 0000000000000
0100000000000
A00000000D0000O000O0000000
0000000000000 00000000000
0000000000000 00000000000
0000000 O0000000000 200000
k"00000CADDODOOODOD K" 0ooo
000000000000000000000000



Vol. 44 No. SIG 7(TOM 8) Jooddooo0o0o0o0ooOooooooooo 113
p 1 2 —— ARSI B4/ S5 1 0%—2bit
—m— 2R BS54/ 52— R EE50%—2bit
q -101 -1 01 ‘+z§gsﬁ§5;§9—v§§m%—>sm
| 2R RESE S/ $5—2 BAES0%—3bit
Cra |
~ 18
w@” ”% 16— B — |
G (0] o — i —
G= 0 + (D) .. %]j Y .\
02 GOOO0 2 [ A f o Aa A
Fig.2 Calculation of parameter G. §

000000000000000000000000
0000000 GOOOODOO0GOO0 (6)0(7)00
00 (20000000000

K™ T
G= Z Z qCquIQ (6)

p=1gq=—=x
Jo 000000000 o
"] 1 0oDooOooOoO0OOoo0o0

dodbpdbooool1bobooooooooooon
gooboboooooobgOObObObOObOOOn
00000000000 0000000C, 0O pO
00000000000 o0o0oooooc, 0 p0
gbooobooooobooboobooooooooo
ooooo -~00O0D0OOOOOOOCOOOOOO
000 1()0oooUooooooooUoooooo

G=0+(-1)+0+14+04+04+0+0=00000

g20000000000000

GUO0O00O0cAOOOODDOOOOOOOOooOoO
oooO0oooo0ooObooO cAOODOooOooooo
oooooOooo0oooooooooooGEUoooog
obobooooouooooooobooooobooboo
ooooooooooo A0 GO 20000000
O0o0o0o0oooocAOOU0OOUOOOoOoOOoO
goooboooooooooboooooboobooobooo

O00cAODODODOODOOOUOODOOoOOoOoOO
gboooooooooooooooooobooooo
oooooobooboobooobooooooooooo
gooooOooooooooooboooobooobooDoo
oboobooboooooooooboooooobood
goooo

4. 0D O OO

2005000 CAO0DDOOOOOOOOOOO
oboooboooooooooobo 10000000
goooooooooobooioboboOobOOoDboO
gooooboioo00000DOOOO0OODOOOOO
OO0ooooOoo AOQOOoOo 2000000000

i

(=)

o N & o ©

g 3 g
o o
A
03 ANOODOD200500 CADO0O0O0OODODO

Fig.3 Encode ability of CA (2 states 5 neighbors).
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Fig.4 Encode ability of CA (2 states 5 neighbors).
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Fig.5 Encode ability of CA (2 states 5 neighbors).
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Fig.6 Encode ability of CA (2 states 5 neighbors).
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Fig.7 Encode ability of CA (2 states 5 neighbors).
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Fig.8 Encode ability of CA (2 states 5 neighbors).
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Table 1 Effective parameters for the encoder.
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20050040000 - 2bit | 0.34 (0.66) 0.3
20050050000 - 3bit | 0.34 (0.66) 10.3]
20030030000 - 2bit | 0.125 (0.875) | [0.5]
20030040000 - 2bit 0.5 |0.5]
30030050000 - 2bit | 0.4 -0.5
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Fig.9 Encode ability of CA (2 states 3 neighbors).
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Fig. 10 Encode ability of CA (2 states 3 neighbors).
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Fig.12 Encode ability of CA (3 states 3 neighbors).
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Fig.13 Encode ability of CA: (a) 2 states 5 neighbors with 4 patterns to 2 bit, (b)
2 states 5 neighbors with 5 patterns to 3 bit, (c) 2 states 3 neighbors with
4 patterns to 2 bit, (d) 3 states 3 neighbors with 6 patterns to 2 bit.
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