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Introduction

Let (n, K, d) be the parameters of a component code. Giving

a bipartite graph code we will consider an equivalent representation of
their codewords as matrix M with the following properties:

mz=n.
Each row (column) of M contains n open cells and n closed cells;

Total number of open cells is equal to the length N = mn of a
graph code.

Open cells are numbered in any order from 1 to N and i-th open cell
is filled by /-th symbol of a codeword.

Symbols written in open cells of any row (column) have to belong to
a codeword of a component code.

A codeword in M consist of 2m component codewords in m rows
and m columns.

Each code symbol belongs to two component codewords (row and
column).



Reference decoding algorithm

Giving a received word with errors and erasures:

1. Decode all rows by decoding algorithm of a component code
and apply the corrections to the received word.

2. Decode all columns by decoding algorithm of a component
code and apply the corrections to the received word.

3. Check the stop condition and continue steps 1 — 3 if not.

In [1, 3] was shown that the reference algorithm works well
when component code corrects 5 or more errors and erasures.

For component Reed-Solomon code the conditional probability
of decoding errors when more than T errors occur is
approximately 1/T!. This value is insignificant when the minimal
distance of component code is >=10.
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The goal

* a new iterative decoding algorithm of a graph
code when the component codes has a small
distance (or low error-correcting capability)
T<=2.



The main idea

M is filled by a received word with errors and erasures.

Decode all rows and columns of M by a component code
decoder and save all corrections in array E .

Notations:

e U Z(Ulh,U;,---,Unh),h =1,2,...,2M, is a row (col.) of M.

e UM = (Ulj(h’i),Uzj(h’i),...,Urf(h’i)), column (or row) of M
j(h,i):l,2,...,2m,i =12,..,n, j(h,i);t h,

is a component block that intersects U" in i-th position.

. Uih =U|J51h,{;) =Ue {GF(OI)U@} is one of N received symbols.

6



The main idea
E" =(ef',€],....e1 ),
O‘ih = eih — U< elj((hhll)) = /Bih
a = [ - coincidence of corrections from both sides, or
a # [ - conflict (or different corrections from both sides).

Facts:

e if a conflict takes place then one of two decoding results
of component blocks is wrong,

* the more is number of conflicts the less probable is
correctness of the decoding result E'.



A part of code tree. RS(8,6,3)
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The main idea (algorithm)

h .
e Calculate for every root E the ratio
Pr(G | Eroot EIeaf Uroot) ( leaf |G Eroot Uroot) Pr(G | Eroot root) h :1,.“’2m,

A" = ,
Pr(B | Eroot leaf ’Uroot> ( leaf | B’ Eroot ’Uroot) Pr(B | EFOOt root)

G - correct decoding of a root (was transmitted) and

B, on the contrary, be a wrong decoding (was not
transmitted).

+ Find all the roots such that A" > A""over the root
conflict positions I(h,i),i=1..,nh=1..2m , and apply
the corrections to the received (long) word in M.

Do nothing with all other roots.



Proposition 1

Pr(G | E oo U (o ) Pr(G |tmot)
Pr(B|E Uroot) Pr(B|troot)

root ?

Proposition 2

( leaf |G Eroot’Uroot) _ (ﬂleaf |G aroot leaf ? Ur%ot)
( leaf | B Eroot’Uroot) (IBIeaf | B aroot leaf ? Ur%ot)

Proposition 3

Pr(ﬂleaf |G’aroot leaf ? Ur%ot) Pr((ﬂlh’ﬂ;"”’ﬁnh)lG’(alh’a;""’a:)’(tlh’t;""’
| B, , 2,

(1h

n Pr ﬂ |Ga t UFOOt
el ;

“Pr(ABal U,

Pr(ﬁleaf |B’aroot leaf 1 Ur%ot) Pr((ﬂlh 'Bzh ""'Bh)
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Proposition 4

[Pr(G'lt')/ir(B'“-)]ﬂ’“iﬂ,
el [
: Pr(G'|t)/Pr(B'[t)+1](t7ng) a=p#08U%D"
et -y

Proposition 5

Pr(f1G,e,@) [1-pLa=8=0
Pr(B|B,a,?) | p,a%p=0.
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Definition or( |G U2, o
L [ ’ai "M roo t
A" =log A" =) A"+ 47, 4" =log 2, AN =log d |f°°t).
i=1 Pr(ﬂ|h | Biaih1tih1u|fot) Pr(B |tl‘00t)

Estimation
(—Iog[Pr(G'|tih)/Pr(B'|ti“)+1} <6(d-1")>0, azp

h

t" /n t
| —log(1-t"/n)~ct, a=B=0&U=Q" c<l
B'|t|h)+1] g( | ) n IB

log[l—pr(e'u.“)’ Pl

Iog[T—hquZIogq—logtih ~2logq-(t'-1)/2, a=p=08&u=D"

logq +log| 1— -1/
Pr(G'[t)/Pr(B'[t])+1

Iog(l— p*), =P &a=f=0

]z|09q—8,038<1, a=p&U=0"

klogp*, t' =@ &a# =0 2



Correction
and
stop

condition

New Algorithm

Row & column
decoder

Check for
ability of
blocks
corrections

calculator

13



Simulation results

Code parameters: size of matrix M — 256x256,

Component code: Generalized Reed-Solomon code
over GF(16), n=16, k=14 or 12, code distance — 3 or 5.

General graph code: total length N=4096, total
dimension K=3072 or 2048, code distance (estimate) —
28 or 461.

Simulation results for conditional error probability per
a code symbol are given in the table below:

6=1.5, y=.5 for RS d=3 and
6=2.0, y=.5 for RS d=5.
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T New | Refer. T New | Refer. T New | Refer.
error |decod | decod error | decod | decod error | decod | decod

0 250 l.e-2 - 40 130 le6 90  1.2e-5 -
0 200 83c-4 7468 40 100 l.le7 - 200 60  2.le6 13e-4
0 190 3.5¢e-4 - 100 3.5e-7 - 200 40 8.3e-7 -
0 170 5.3¢-5 [1.7e8 60 145 27¢5 [14e8 200 20  7.8¢-8 [23e6
0 150 526 [5.6e4 g0 190 3.9¢:3 [15e2 200 15 0  [le6
0 140 12¢6 3e4 g0 170 2e-4 [73e8 300 100 1.4e-3 [14e2
0 130 4.2e-7 - 80 150 9.9¢e-5 - 300 20 1.8e-7 -
0 120 8.5¢-8 - 80 135 1.5e-5 - 400 70 1.5e-3 -
0 110  49¢-8 425 8o 110 1.7e-6 2.6e4 400 10  2.9e-8 [4.6e5
10 200 l.le3 [85e8 g0 g0  19e7 34e5 500 40 153 [14e2
10 160 2.6e5 [12e:8 100 170 1.6e-3 99e:8 500 20  6.le6 228
10 130 4le7 194 100 140 74e-5 258 500 10  53e7 37e4
10 100 4.6e-8 27e5 100 100 1.4e6 20ed 00 20  23e3 [12e2
20 190 6.2¢-4 6563 120 140 1.7¢-4 37e3 600 5 1.5e-6 |7.2e-4
20 140 2.6e-6 - 120 60 4.2e-7 - 620 2 8.le-7 -
20 100 27¢-8 34e5| 160 100 S.e6 874 750 0 o 0



GRS code over GF(16), n=16, k=12, code distance — 5.
Graph code: total length N=4096, total dimension K=2048, code distance (estimate) — 461.

T New | Refer. New | Refer. New | Refer.
error |decod | decod error | decod | decod error | decod | decod

0 720 17e-3 -
0 700 500 300 6.c-6 -
0 600 450 250 O -
0 580 440 220 0 -
20 680 460 200 O -
40 670 400 220 O -
70 650 370 100 0 -
70 600 410 30 3.7¢-3 -
150 600 400 10 0 -
150 520 370 10 1.3e-1 -
160 550 350 0 -
160 500 300 2.5¢-4 -

270 9.8¢-2 -
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