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Finite-length scaling  [Amraoui, et al. '03]

>
= *
g oir « E
Qo
e *
(o8
— ®
e
o *
S %
S 001} . |
o
*
% x X
0.001 . . . . . . .
0.36 0.38 0.4 0.42 0.44 0.46 0.48 05 €

channel erasure probability

(3,6)-regular, block-length 1024

akayuki Nozaki, Kenta Kasai and Koichi Sa Analytical Solution of Covariance Evolution July 3th 2009 2 /27



Finite-length scaling  [Amraoui, et al. '03]
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Regular LDPC code ensemble

(2,3)-regular LDPC
code ensemble

(O : variable node
O : check node
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Binary Erasure Channel : BEC
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Peeling Algorithm [Luby
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Peeling Algorithm [Luby '97]
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Peeling Algorithm [Luby '97]
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Peeling Algorithm [Luby '97]
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The number of check nodes of residual degree 1

number of check nodes of residual degree 1
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The number of check nodes of

number of check nodes of residual degree 1
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Distribution of the number of check nodes of residual
degree 1 [Amraoui, et al. '03]

Amraoui, et al '03

The distribution of the number of check nodes of residual degree 1

converge weakly to normal distribution.
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The variance of the number of check node of residual

degree 1 [Amraoui, et al. '03]

m numerical computations for covariance evolution

m the variance of the number of erased message
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Definition of the covariances

Definition of the covariance

" # (edges in original graph)

5(/b,rj)(y) .: COV(/b(Y)v rj(Y))
" # (edges in original graph)

5(rj,rk)( ) — COV(I’J'(y),rk(y))
Y # (edges in original graph)

Ib(y) ;== # (edges connecting to variable node of residual degree b)
ri(y) := # (edges connecting to check node of residual degree j)
Ged{1,2,...,d-1})
y := (parameter determined from the iteration number of PA)
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Result

Theorem 1

For (b,d)-regular LDPC code ensemble,

5(/b,/b)(y) = be?,

8o (y) = —Gi{e&(b — 1)y~ + x} + Ij be?,

. b-1 ) _ o
UM —GiGi{cé(b— 1)y 2 (e—&xy 14+ x%}

d—1\/d -1\ ; ; d-—1
_ Jjtko2d—k—j . kg d—k
d<k_1><j_1>x X —i—l{k:J}(k_l)kxx

I /{k:].,j:l}(beg - X)~<) - (I{k:]_}Gj o /{jzl}Gk){Eg(b - 1)y_1 —ex + Xz}

€ : channel erasure probability
, €=1—¢ Xx:=1-—x,
Gj 1= (§oy)X THRTI T (dx — ) + Iy
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b

50 (y) =222 GH{eE(b — 1)y (¢~ Dy~ 4 47)

_ dx2R24-2 4 g1

+ (be€ — xX) — 2Gy{eé(b — 1)y — ex + x°},

where Gy = %97 1(dx — 1) +1
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Result

corollary 1

€* : threshold of the ensemble under BP decoding
for e = €*

Sy = 52707 = x)

The same result as in [Amraoui '06] for regular LDPC code ensemble.

n ‘ ‘ ‘ ‘ y* : critical point,
o " e x* = e*(y*)b1
01

0.081

0.06-

0.04 (5(r1,r1)(y*)

0.021
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Outline of proof

Solve the system of differential equation (covariance evolution) [Amraoui
'06])
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Outline of proof

Solve the system of differential equation (covariance evolution) [Amraoui

'06])

dé(Ibe)
—0,
4y (v)
(Ipyra—1) ( ra—1) ( ra—1)
y —1
Ip,r, £(r f Flr
dgUbsre) )= — [81‘( )(5(lb lb) 4 of )(5(/b,r¢<+1) + oF k)5(lby”k)i|.
dy Olp OFk+1 T
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Outline of proof

Solve the system of differential equation (covariance evolution) [Amraoui
'06])

§Ulo) (1) = bee,

(Ip,ra—1) F(ra—1) 971 5 (ra-1)
dé y :—X[af — €€ 9 — (lbvrS)i|7
dy I's
déUere) of () af () of (rx
_ _ (Ipsrk41) 5Ubsri)
3 y X|: beé + 8?k+15 + 7 ]
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Outline of proof

Solve the system of differential equation (covariance evolution) [Amraoui
'06])
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Outline of proof

Aly) 1= Tt o)
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Outline of proof

Aly) == 32027 o)

%(y) =d(b—1)y TA+d(b—1)(x"1y ™2 — y71)bee,

d§Ussra—1) OF (ra—1) 9f (ra—1) 9f (ra—1)
_ _ _ = A (Ipsra—1)
5 x| G A 0 B
d&Ussri) af(rc) af(rc) af(rc)
- _ _ g4 (lb,rk+1) (Ibsrk)
dy X |: / beé+ 6Fk+1 0 &rk o ° ]

Ipy 11 b '2; - - by d— /b/,r_d\% A
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Outline of proof
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numerically computation
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Relationship between stability condition

corollary 2

1, i lpeoy(d —1)e<1
plb,rl(e) = -
-1, if I{bzz}(d — 1)6 > 1.

lgp—2)(d — 1)e < 1 : stability condition

where,

. gUb-n)(e, y)
V20 /5 (6, )3 (c,y)

plbvrl(e) =
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Conclusion and Future Work

Conclusion

m We show the analytical solution of the covariance evolution for
regular LDPC code ensembles

m We have derived the relation ship between stability condition

v

m Show the analytical solution of the covariance evolution for irregular
LDPC code ensembles
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