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Cellular Automata Based Error- Correcting Code

Gwi Ja Ko

Department d Applied M athematics, Graduate School.
P ukyoung National University

Abstract

In this paper, a simple and efficient scheme for generating SEC-DED codes and
decoding received codewords is presented by using the characteristic matrix of the
CA.

And this reports a novel approach for designing byte error-correcting codes using
cellular automata (CA). A simple scheme for generation and decoding of
single-byte error-correcting and double-byte error-detecting codes, referred to as
CA-SbEC-DbED, is presented. Extension of the scheme to locate/ correct larger
number of information byte errors has been also included. The encoding and
decoding algorithms have been designed with the help of a linear operator that
can be conveniently realized with a maximum length group CA. The regular,
modular and cascadable structure of CA can be economically built with VLSI
technology. Compared to the existing architecture of the Reed-Solomon decoder

chip, CA-based implementation of the proposed decoding scheme provides a simple

cost effective solution.



(Cellular Automata,
Ulam
[10,12]. CA (dynamical system)
(cellular space)
. CA W olfram
[11]. Das
[7,8], Chaudhuri, Nandi
[1].
(redundancy)
Hamming (distance)
.2 CA
CA Rule CA
CA . 3
SEC-DED
4 CA

CA-SbEC-DbED Code

5

CA)

CA

Von Neumann

CA



2. 1 Cellular Automata

2.1. 1 CA

CA (cell)

3- (3-neighborhood) CA

i (t+1)="Flai..(t),a(t),qu.(t)]

ai (1) t i ;g (t+ 1)
t+ 1 i
2.2. CA Rule
3- f
f 3 B oolean 2% (256)
CA Rule
rule 90 , fule 150



< 2.1> rule 90 rule 150
from from
cell (i-1) cell (i+1)
cell i
< 2.1> Rule 90 Rule 150 Cell
3- CA rule 90 rule 150
(a1 (9,9 (), 9.1 (9)] (1,1,1) | (1,10) | (1L0,2) | (100) | (0,1,1) | (0,10) | (0,0,)) | (000) | rule
gi(t+ 1) 0 1 0 1 1 0 1 0 rule 90
gi(t+ 1) 1 0 0 1 0 1 1 0 |rule 150




< 21> CA Rule
Linear Rule Complemented Rule
rule (t+1) = () @ 1) rule D =
60 a; = Qi1 qi 195 ai(t+ 1) = qi. (1) © gq;(t)
rule (4 1) = ) ® ¢ rule B
% ai ( ) = Q. 1(t) qi.1(t) 165 qi(t+ 1) = qgi. (1) Dai. (1)
rule t+1) = @ ¢ rule B
102 ai ( ) = qi(t) qis+1(t) 153 ai(t+ 1) = qi(t) D gi..(1)
rule (4 1) = ) ® ) ® ¢ rule B
150 ai ( ) = 0. (DD ai(t)Bai. (1) 105 qi(t+ 1) = q;. . (1)Da;i(t) Dg;..(t)
rule t+ 1) = ¢ rule L —
170 qi ( ) = di. () a5 qi(t+ 1 = qi..(t)
rule 1) = ( rule _
- ai ( ) = qgi(t) 51 aqi(t+ 1 = q;(t)
rule (t+1) = () rule D =
210 a; = 0i.1 qi(t+ 1 = q;. (1)
< 2.1> Additive CA Rules
2.3. CA
[ 2.1] CA Rule X OR
CA Linear CA
XNOR XOR CA Complemented CA
[ 2.2] CA Rule CA
CA Uniform CA 2

CA Hybrid CA




[ 2.3] CA 2
CA

CA
CA Null boundary CA (NBCA)
CA Periodic Boundary CA (PBCA),
( ) C )
, C ) CA

Intermediate Boundary CA (IBCA)

> —> —> — —
0o—» « | < < < < ‘ <+«— 0
Cell: O 1 2 n-3 n-2 n-1
< 2.2> Null Boundary CA

v

> —» —> — —
<« <« «— < - < <
Cell: 0O 1 2 n-3 n-2 n-1
< 2.3> Periodic Boundary CA
> > — —> —>
-« -« <« - < <« <«
Cell: 0O 1 2 n-3 n-2 n-1
< 24> Intermediate Boundary CA



4-cell PBCA NBCA rule 90 uniform CA
PBCA NBCA

0 12 3 45 6 78 9 10 11 12 13 14 15

[0 10 5 15 10 0 15 55 15 0 10 15 5 10 O]

CA 0 1

0123 45 6 7 89 10 11 12 13 14 15

[02 57 10 8 15 13 4 6 1 3 14 12 11 9]

CA

< 2.5> Rule 90 Uniform CA NBCA



: Q\?@@ o) (2)

PBCA NBCA rule

[ 2.4] CA Rule

Group CA
group CA CA Nongroup CA
24. 1 CA
n 1- CA
(operator) nxn
(transition matrix) . T i i
rule 1,



f iy (X) t

f e (X)

f (t+ p) (X)

< 2.1>

_
OO R R

CA

freg(X) = T XTH(X) =

CA T

C(x)

CA

= T><f(t)(x)
= Tpr(t)(x)
1 NBCA rule

rule

100

110

101

0 1 1]

fay(x) = [1100]"

R R, OO

[—
—

O OR P
OR PR
b OR O

—

C(x)= |T+ x|

OOR K
[ —

t+ 1

[150, 150, 90, 150]

OpRFRr OO

—
[—

|

(Characteristic Polynomial)



x+1 1 0 O
1 x+11 O
T+ xl|=
T+ 0o 1 x 1
| O 0 1 x+1]
x+1 1 O 10 O
= (x+D ] 1 x 1 |+1|1x 1 |=x"+ x°+1
| 0 1 x+1] |0 1 x+ 1|
O
CA T | T | =1 CA group CA . group CA
CA CA
n CA 0
2" - 1
rule [90, 150, 90, 150] 4 cell
CA 4
< 27> group CA

OO CaOnOn0
O ORORORORE

< 2.7> Group CA

o0



< 2.8> CA rule [90, 90, 90,
90] uniform CA

o 00 aee 0
:0 Lop

< 2.8> Group CA
0
CA
CA T [T]= 0 CA nongroup CA
nongroup CA
rule [102, 60, 90, 60] nongroup CA



_
OOR P
OR PR
L OOoOo

< 2.9> Nongroup CA

- 11 -
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3.1.
(Error Correcting Codes) (code length),
(dimension), (minimum distance)
(finite field) ,
q Fq vi(1l<i<n)
n V= (Vl! V2! !Vn) ’
n V=F," q
(n, k) C Fo" Kk , C
(codew ord) : n C , Kk C
[ 3.1] Fq Fo" : V= (X, X)),
W= (Y1, Yn) v, W
Hamming (distance) d(v, w)
: v 0
v Hamming (weight) wt(v)
w (V)
d(v,w) = [{i|x;#Fy; 1<i<n}|
wt(v) = w(v) = |{i|x;=0,1<i<n}|
[ 3.2] Fq (n, k) C

- 12 -



d(C) = min {d(v, w)|v,we C, v¥+ w},

wt(C) = min {wt(v)|ve C, v+0}

C (minimum distance), (Hamming
weight)
, d(c)=d C Fq (n, k,d)
[ 3.3] Fq mxn G
C= (G )
, G C (generator matrix)
, Fq kxn G
G= [I«|D] (e Kk )
, r(G) = k G
C Fq (n, k) : G
C (standard generator matrix)
[ 3.4] Fq mx n H , Fq C
X1 0
H|%z =] 9
X, 0
, H C (parity check
matrix)
r(H) =r C Fq (n,n-r)
, Fq (n- k) xn H
H=[A [l ] (lh-xw - n- Kk )
, T(H) = n-k H

- 13 -



C Fq (n, k)
H C (standard parity
check matrix)
3.2.
CA
CA (minimum distance)
d(d>=4)
seed CA
. CA
< 3.1> . (n,k,d)
k CA p n
k LOGIC
CA k (n- k)
(compressing) : (n- k) <k :
(expanding) : (n- k)>k : XOR
(n- k)=Kk LOGIC CA

- 14 -



Information k- bit

Initial seed
\ Run f
k-Cell cA | un tor
p cycles
\ 4
LOGIC
\ 4 \
k n-k
< 3.1>
T CA o k
LOGIC TP[I] T, TR0, -
C=1,T°[1] ; P
C= 1, [T, T™], 1 p
k {il1i21i31“.ik} 1 (n- k)

{011021031"'Cn—k} 1

C: {il1i21i31“.1ik1 011021031“'1 Cn- k}

- 15 -



< 3.1> (8, 4, 4)

k n- k 4 . [ 90, 150, 150,
90 ] 4-cell CA 4 4
p=2
I:{il!i21i31i4} 4 aT CA y
4 Cw= {c,, c;, C3, C4}
CW= T?[I]
, 8
C=1,CW= 1I,T?%[I]
= {1, iz,i3,104,C1,Cy, C3, Cy}
4 (1010) ,
0100
[ 90, 150, 150, 90 ] 7= (1110 :
0111
|0 0 1 O
1110
1101
T?=
1011 ’
10111
1110 1 0
1101 1|0 1
CW= T?[1]= =
(1] 1011 |1 0
0111 [0 |1
8 [1, CW]=(10100101) . 0

- 16 -



[ 3.1] T
Tp
i, O0<i<d
(bitwise sum) (d-
( ) TP
, 1y I, k

Clzllan[Il] C2:|21Tp[|2]

T k X k

Cl: Il!Tp[Il]

d(l.,1,) =1, [, I,
[ Ny, Ny, ees N,
i>d
Ci=1,, TP[14]

C2: IZ!Tp[IZ]

TP Ny, Ny, e, N,

TP[1,]

C2: IZ!Tp[IZ]

- 17 -

d(C,, C,)>d

TP[1,] k

2k (codew ord)

T[]

i<d

(T ") (TP,

TP[1,]

. (T P)nl



(Tp)n1 + (Tp)nz o (Tp)n.

d- 1 1 . rl,rz,“',rt-ia“'arj
TP[14] TP[1,] M by b,
i= 1, 2

tl,l t1,2 tl,k |
: : : i1
p _ ) ) ) 2
T [II] = trl,l tr1,2 trl,k .
: : .. [likj

| tor W2 o b

tialin + tiolp + e+t
S I P ETRE A PSS S T N SO B

| toalin + teolip + oo+ bl

| 1
by= t, lio* b ol + oot b gy (3.1)
| 2
b=t 1loyi* b olop+ oo+t oy (3.2)
v b I | , tij=Tp[i,j]

- 18 -



(3.1) (32

by+ by =t a(log+ o)+t oo+ Top) + o+t (Tt 1ok)

Y S e A
1 2] 0, otherwise.

(Tp)n1 + (Tp)n2 ot (Tp)n,

[ Ty, | [ Ty, | [ tin, ]
o n, ty n, ton,
= + + +
trlvnl trlvn2 trlvnl
| tk,nli | tk,nzi | tk,n,i

tl,nl'l' tl,nz'l' e t tl,n
t2,n1+ t2,n2+ e t t2,n

+ t, + et t

1,03

t

ry,Ny

tk,nl'l' tk,nz'l- et tk,n
rlerl.uart-ia'uarJ’ 1 y

b, + b, = LSS P PO PO S R T 1

TP[1,] TP[1,] M b, b, b+ b,=1

- 19 -



TP[14] TP[1,] Mo, =

d(TP[I,], TP[1,])>d- i
d(C,, C,)>d
[ 3.2][3] TP
(2k, k, 4)
TP 1
Tp
Tp
[ 3.3][3] k-cell CA p (2K,
p=>d- 2

- 20 -

K,

CA p

(zero vector)

d)



3.3. SEC-DED

T, , k>4 Ty
< 3.1> Ty (k>4)
1 ; (basis) T,
0100
_ /12110
Ta= 10111
[0 O 1 0]
2 k<4
3
0
0
T
e | T
ot | |
0
1
00 010
[T [ Tyl (k, k) 1 k X k
4 k<« k+ 1
5 o k<s 3
6 : Stop

- 21 -




[ 3.4][8] k
(1, T 2[1]) (2k, k,4)

0100
1110
2> =
< 32> T, 0111 , CA
1001 0]
Ts
< 3.1> T
[ T.] 0 01000
0 11100
Ts = o] =]{01110
1 00111
lo o o0 1 o L1000 10]
[ 35][8] (2k,k,4) Ci G
Ty’
(a) ] 1
(b) ]
[ 3.2]
d>t+ de+ 1 (t  dg
) (n,k,d)
[ 34]
(n- k) H

- 22 -

LOGIC



33> k=8,d=4

8-cell CA

8

(11100 0 0 0]

11010000
10101000
01010100
00101010

00010101

00001011

OO 0OO0OO0 11 1

Te’ =

(01 00 0 0 0 0]

11100000
01110000
00111000
00011100

00001110

000O0O01T11
O O OO0 O0 1 0f

Tg =

D 4

ig

Cs

B

C; =

D io
D i, D iy

D i,

iq

C, =

B

C, =

Cy =

- 23 -



C7 = |7@ IG@ i5
Co = i:D i D iy
C5 = i7 @ i5 @ i3
C43 = IG@ IS@ |4@ IS@ IZ@ Il
C2 = i4 @ i2 @ iO
Cl = i3 @ Il@ iO
CO = |2@ Il@ io
(15,8,4) g
(kx k) T (n- k)x k H '
(11100000
11010000
10101000
H'= 01111110
00010101
00001011
10 0000111
H " cw . CW =[H'[I] L H
35] Tg? (Compress) < 33>
H' LOGIC TP

, H'= Compress [T "]

- 24 -



3.4. d

d d (n,k,d)
(n,k,d) CA
< 3.2> (n,k,d)
1 ok CA , seed k
2 P CA p=d- 2
3 T (TP) T (TP, TP, -
[ 3.1]
4 | 3.1] d
< 3.2> 4

- 25 -




3.4>

CA
< 90, 150, 90, 90, 90, 90, 150, 90

3.3]

. CA

3.2>

Tg®

Ts

(11110 0 0 0]

11011000
10110100
11101010
01010111

00101101

00011011

00O 00111 1

Te' =

(01 000 0 O 0

11100000
01010000
00101000
00010100
000010110

000O0O0O1T11
OO 0OO0OO0OO0 1 0f

~—~~ o~
o O
o O
o o
(32}
o «H VO
300T
[ee]
TOl
- o
- o
A —
o
_ O
o
0]
—
03
o
—
—
p—
11
~—~
—
[ee]
T
(32}
[ee] -
[ —
o —
<

(10000001)

(17, 8, 5)

9x8

(11110 0 0 0]
11011000
10110100
11101010
01010111

00101101

00011011

00001111

|1 0 000 0 0 1

H'=

- 26 -



CA
(17, 8,5)

< 150, 90, 90, 90, 90, 90, 90, 150 >

. CA < 150, 90, 90, 90, 90, 90, 90, 150 >

< 3.5>

CA

16

CA < 90, 150, 90, 90, 90, 90,

Tg®

(TP

(Tpl, sz’...)

< 90, 150, 150, 90, 102, 90, 102, 90 > ,
CA 3
, T (TLIT, T20)

16 - ,

- 27 -



(11010 0 0 0]

10001000
00010100
10111110
00001001

000O0O0111

0000O0O011O0
O O 0OO0OO0O0 0 1

Te? =

(01 000 0 O 0
11100000
01110000
00101000

00001100

000010110

000O0O0O0T11

L0 O 0OO0OO0O0 1 0f

Ts

&5

Tg’

Ts

1]

11011011
10011100
10111111
000O0O0O11

L

T82|

1

01001100
11100010
01110001
00101000
000O0O1O001OQ0Q

L

Te' =

[Te'[1], T [1]]

9

(17, 8, 5)

3.2>

- 28 -



3.5.

CAECC
XOR
(Error Syndrome)
. (k ) I PP FIPECI P
cw - (n- k ) CW,, CW, - CW,. .,
IR,
Ccw' -
ln, - nxmn
T CA seed I ( )
CA p CA CW( )
[H'I[IT=[CW.
(2n,n,d) | cw , TP
cw
TP . CwW

, TP [ 3.5]

- 29 -



Compress[T"] if (n- k) <k

H'=‘[Tp] if (n- k)= k
l[l-—ll-:] if (n- k)>k
, Ho
(n- k) S
: i
1
w(=1", CW") , S(w)

S(w)=[H][w] = [H][C'V'V,]

, H H' In- « (n- k)x n
(parity check matrix)

, H=[[H T[Tl

S= HI[ gy ] = TTH 101 [ gy ] = THTDI@ D dTew]
= [H'101'1@[CW']

e= {el,ez,...ek} vae:{ekJrl’ekJrZa'“en}

I'=11,
CW'= CW® CW,

- 30 -



1 cn] @ TH1[ ] = 19
MUY A EICE

nu[gﬂ]:[s] C

e
hia hy, =+ hy, 10 0 el Sy
hy 1 hyo oo h,, 0 1- 0 :2 S,
ey =
ek.+l
Nno 1 hnxo2 hn.«x 0 O 1 é Sh- k
n

$s = hy e ® h; e D - D hy (e D e

h, 1e; ® h, ,e D - D h, (e D ez

N
[

Sn-k = hp .16 @ hyq 0 D - D hy ( vex D e,

hi,j: [H]i,j-

n >k : (reverse mapping)

|
s=>["e
[ci]

flip

- 31 -



[H] !

34.1.

k

group CA

CA

[H]

(n- k)

E : (S)
[HI[E]= [S] (33)
[E]1= [H] '[S] (34)
[H] nxn
. E
[H (n- k)><n] [Taug] nxn
[H (n- k)><n] . [Taug] nxn

det[ T.,] = 1

[H] (n- k) Xn
o= [
[[ ]k><nJ nxn

- 32 -



[H] le S
[Taug ][E] = { } {} = { } (35)
[[ ]J nxn [CeJ nx1 [SaugJ nx1

T aug ) Saug

S S.g
i S
[E]= [Tas] [ ] (36)
aug
< 37> 4 SEC-DED
CA < 90, 150, 150, 90 > ,
1110
1101
H':T2:
1011
10 1 1 1]
11101000
11010100
H=[[H"'][Il.]]=
LEHTT.T] 10110010
100111000 1],.,

- 33 -



T aug group CA H 4

Taug
11101000
11010100
10110010
01110001
Taug:
00111010
0000O0OOT1O0
01101001
|1 110100 1]g.s
S
[Tagl[E]=
e Saug
(Syndrome)
S Saug
00000000 0000 0000
10000000 1110 0001
01000000 1101 0011
00100000 1011 1011
00010000 0111 1000
00001000 1000 1011
00000100 0100 0000
00000010 0010 1100
00000001 0001 0011
4 | = 1010 . ,
Cw= H'[I] = 0101
C'= 10000101 (I '= 1000, CW'= 0101)

- 34 -



S=H'[I']® CwW'= 1110 0101= 1011

E = 00100000 . O
- S
[E1= [Ta] ' [5] ] 37)
aug
S Saug :
PLA (Programable Logic Array) S
Saug
< 3.3>
' cw
k n-k
CA
n-k y S
and ;KD » PLA
Logic \
Saug
n-k
Correction E A
e Taug K
Logic n g <
< 33 >

- 35 -



4. CA

4.1. CA-SbEC-DbED

b (b
_bit byte). N(=<2°- 1)
T b CA
21
CA N
N
C
C= TV HB)® TV H(BN@-DT(By )@ T (By1) (@Y
B

b CA

CA-SbEC-DbED(CA based Single byte Error Correcting Double
byte Error Detecting Code)

CO:BN-1<—BBN-2<—BBN-3<—B“'<—BBO 4.2)
Ci= By 1 DTI[By 1D T [ By ] D DT [ B,] 423)
Co= By 1 @D T2 [ By 21D T*[ By 31D DT Y[ B,] (44)

- 36 -



BN 1
Co
C,
C,
4.2.
[ 4.1] (error syndrome)
C, | . C,
i ;]
S;= c@Pc,, o<i<at (45)

- 37 -



(error byte)

BlN 1-j J
B
B -1
E; = BN—l—j@B‘N—lji ] =0
[B]1=[B ]DIE]
SbEC-DbED

( So. Si, S2)
XOR

- 38 -

(4.6)

4.7)



C£)= BN—l@ BN-Z@ Bn-s @‘“@Bo@ Ei@ E, (48)

C‘l: BN—l@T[BN—Z]@TZ[BN—S]@'“@
TV B ] DT [E1DT [E|]

C‘2= BN—l@Tz[ BN—Z]@T4[ BN—S]@“'@
TNV B, DT E 1DTI[ E]

Co® C,
c.®dc;
c.®dc,

CA

—

rule [90, 150, 90, 150]

(e NeN o]

OR PR

P ORrO

E @D E,
T'IEI@® T [E|]
TIEID T?[E|]

= OO

[—

- 39 -

(4.9)

(4.10)

4.11)
4.12)

(4.13)



Cy =

v9)
o
1

0001

oy]
S
1]

0101

B,= 0010 B, = 0011 B, = 0100
B, = 0111 B, = 1000 B, = 1001

B, = 0100 B, = 0111
E, = 0001 E, = 0101

B.®B, DB DB, DB,DB,D B,D B,

1001 P 1000 P 01110101 P 0100 P 0011 P 0010 P 0001

0111

B-@PT[B@® T?[Bs]@D T°[B,D T*[ Byl

D T°[B,JD T°[ B, T'[ B,]

10010100 P 0100P 0111 P 1010 P 1101 P 0100 P 1001

0100

= B, DT*[B]D T'[B]D T°[ B, T°[ B]

D TY[B,]D T?[B,]D T*[ B,

1001 P 1110P 1111 P 1110 P 1011 P 1110 P 0011 P 1011

1010

Cy =

0111

C, = 0100 C, = 1010

- 40 -



Co

Co,DE, DE,

011100010101 = 0011

C,OTIEND T?[ E,]
0100 P0010 P 1001 = 1111

C,DT [END T'[ E,]
1010 0111 P 1000 = 0101

0011 C ;= 1111 C,= 1011

Co®P C,= 01110011 = 0100
c,®® c;,=o01004€1111= 1011
c,® c,=101080101= 1111

- 41 -



SbEC-DbED

< 4.1> SbEC- DbED
1 So, S: S,
0
2 Sk (k:01112)
0 0
Cy
3
0 i
T'[S,]= S, and T%[S,]= S,
i
N-1- i ,
Sy
4.2> B, = 0111
B, = 0111

- 42 -




B ;= 0010
< 41>

C,= 0111 C,= 0100 C,= 1010

Co=B- OB DB:DB. DB DB, DB ,.DB,
= 1001 1000 B 0010 P 0101 P 0100 P 0011 P 0010 E 0001 = 0010
Ci=B,;DTBJO T (BID T’ (BJD T'[B ]
D T°[BJD T[BJD T'[B
= 100100100 P 1101 P 0111 P 1010 P 1101 0100 & 1001 = 1101
C,=B DT’ [BJD T [BJD T [BJD T°[B ]
@ TU[BJD T?[B D T*[B (]

= 1001P 1110P0111P 1110 P 1011 P 1110 P 0011 P 1011 = 0010

S, = Co,®P Cc,=011140010 = 0101
S, = Cc,P c,=01008€1101= 1001
S,= C,@P Cc,= 101080010 = 1000

O
T'[S,]1= S, and T [S,]= S,



[

T'(0101) = 1001 and

2 4
BN 1- i = BS
Bs = Bs@ S,
= 00100101 = 0111
4.1] < 4.1> CA - SbEC-DbED
) Case 1.
C

T#(0101) = 1000
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i= 2
group CA

(4.14)

(4.15)



S, = T [E;] (4.16)

Case 2.
(a)
0
(b)
0

(c)

0

(b) (c)

N-1- i N-1-j

E E,
N-1- i N-1-j N-1- k E .,
Se= E.®DE, = E,| 4.17)
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(4.17)

(4.19)

Sy

S,

(4.18)

TIE @ T'[E;1= T E(]

TY[E 1D T?[E;1= T*[E,]

T'NED T'[E;1= TTE, D E|]

(T'® THIEI=(T'D THIE;1 = E

TH[Ei] =

TCT'TE 1D T'[E;])
TYIE 1D T'[ E|]

(T*@ TUIE 1= (T2D T E;]

TH(T'® TIE =

(4.21)

T'[E] =
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T(T' @ TH E,]

T [E]

(4.18)

(4.19)

(4.20)

4.21)

4.22)

4.23)

(4.24)

(4.25)



4.2>
1 CA Sy
2 i=1 N | 21
CA R, R.
Sl = Rl SZ = RZ
N-1-
So
3
SbEC-DbED

Initial seed ( S,)

A

\4

CA1lrealizing T

CA2 realizing T 2

S ly \

v S

Comparator

Comparator

'

4.1> SbhEC- DbED
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.




Sy

s CAl p»( Comparatorl
Input Syndrome 0 >
“|  generator
> cA2 Comparator2
S, > A
7y
control —
logic <
v

A

Buffer register

<«Ne
A

43. CA-DbEL / DDbEC

CA-DbEL / DbEC (CA based Double byte Error Locating

- 48 -



/ Double byte Error Correcting)
CA-DbEL / DbEC

1.
2.
DbEL (Double-byte Error Locating)
Co= BN-l@ BN-ZC—BBN-3<—B“'<—B Bo (4.26)
C,= BN-1<—BT [ BN-Z]C—B Tz[ BN-3]<‘B"'<‘BTN_1[ Byl (4.27)
Co= By.: D T2 [B.,]® T[By.s]1D-- DT V[ B,] (429)
Cs= By.: @D T [B..1D T°[ B3] D DTN V[ B,] (429)
4 4
< 43> DbEL / DbEC
1 So, S, S, S,
0 1
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i ] .
T'(S,)®D S5 = TA[ T'(S,) D S,]

i J

Tj[ Ti( So)@ S,] = Ti( Sl)@ S,
TILTY(S)D s,1= T7(s.)D s;

i J

: Ti+j+ Ti+k+ Tj+k:0

T'+ Tl+ TY=0 k

E

T'@ 1! X

—
x
1

E,= T X[ T'(S,) @ s,]
E, = TV X[ T'(S,) @D S,]

Ei
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E. = S.@D E,
5 I J
, Kk
6 . Stop.
[ 4.2] < 4.3> DbEL / DbEC
( )
0
N-1-i E, , N-1-j N-1- k
, N-1-r E,,E.,E,
E,, E; E., E,
So= CoDCo= E;DE; = EDE, (4.33)

c,dc,

S, = C,®DcC,

0]
-
1

TTED T'IEjl= TIED T[E,] 434

TP EID T2[E|l= T*EJD T [ E,] 435)
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S;= CsPCy= T END T E|] =

(4.33) T (4.34)

T*¥IEJD T¥[ E,] 436)

[T'@ TNEI=[T DT IENDI T D T'I[E,] @437)

E, = Ez@ E;

(4.34) T (4 .35)

T'[T'D T'1[E,]

= T[T ETIEID T [T T'I1[E,]

T'[Eil= TYI[EL]ID T'[ E,]

(4.35) T (4.36)

TH[E.]= TH[E.]® T [E,]

(4.38) T" (4.39)

[ T'D TIEI=[T"DT"I[Es]= E,

(4.40) T" (4.41)

T'IT @ T IE.]=

- 52 -

T'[TDT'][ E,]

(4.38)

(4.39)

(4.40)

(4.41)

(442)

(4.43)



-1

So = E. @D E,
S, = T'E,]D T'[E]
S,= T?[E, 1D T?[ E|]

S;= TY[E 1D T E|]

T(S)@® s, =1T'@D T'I[E;]
T(S)® S, = [ T"D T 1 E,]

T(S)@® s,= T'[T'@® T'I[E;]
= T/ T'(S,) @D S:]

T?(S,)@ S;= T'[T?@ T?][ E|]
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(4.44)

(4.45)
(4.46)
(4.47)

(4.48)

(4.49)

(450)

(451)

(452)

(453)



= T TY(S,)D Ss,] (4.54)

(4.49) E;

T'(Sy)@P s, = T*[E,] (4.55)
E;= T X[ T'(S,) D S,] (4.56)
E= TV X[ T'(S,) @D S,] (457)

E, E,
E. = So@D E, (4.58)
43> < 4.1> B; = 0100 B; = 0111

B, = 0100 B, = 0111

B ,= 0101 B = 0010
< 4.3>

4.1>
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S, = 0100 S, = 1011 S, = 1111 S, = 0001
2 0 TUSHD ss= T T'(S,) D sl

i j

T'(1111) @o0001= T3[ T'(0100) P 1011]

4 group CA i=4 j=2
3 T'+ T'+ TX=0 k
T+ T2+ T“=0
1100 1110 0000
1010, 1111, 1« _[0000
0111 1101 0000
l0010 10110 L0 00 0
0010
0101
T =
1010
{010 0
Tk: -I-lO
k= 10
8 k
k
b
4 T = T'D T’ X

- B -



m
|

;= T [ T*(0100) @ 1011]

[ T*(0100) € 1011] = 0101

Opr Opr
= O OO

1
0
0
0

o

m
1]

S, @ E,

01000101 = 0001
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44.1

2
1. CA1, CA2 CA3 T, T T*
CA
CA1 CA2 So S
2. T'(S,) P s, CA3 J
0<j<N-1
T T(S)@ S @ T'(S,)D s.=0 !
j ( 4.3)
3 < 43> 4
( 4.4)
. o seed(X) (Ti@ Tj)(X): TX(X)
CA1 CA?2
TV = |
X = TY(X)
— TN-X[ TX(X)]
CA3 seed  (T'@D T')(X)
CA CA4
CA4 Ei= TV [ T'(So) @D S.]
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S, S, S, S,
Run both CA l l
i cycles
CA1lredizing T CA2 realizing T
T'( So) l T'(S,)
Y
MN < 6\:
_ 1/ L/
A= T'(S)D s,
Run both CA \
I cycles CA3 redlizing T°?
B= T'(S,)® s,
T T'(So)D si] /"\:
N
2 —
v T3A)PB =0
if i-th and j-th bytes are in error
< 4.3> DbEL
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CA1 CA2
\ \
CA redlizing T CA realizing T Run for
j cycles
(<
Run both - : :
T' TI1X
i cycles CA3 Y [ ® :
CA realizing T T'(S))®D s,
l CA4
X
* Gate ClOCk_, CA realizing T
Run both CA for Clock E, = TV [ T'(S,) @D si]
(N-x) cycles until I_
\
< 4.4>
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CA
k -

CA

CA

(Bit)

CA

. CA
(Byte)

CA
PLA (Programable Logic Array)
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Cellular Automata(CA)

CA

VLSI
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