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Non-binary low-density parity-check (LDPC) code

[Definition] Non-binary LDPC code

C={(z1,@2,...,2n) €FFV | Ve €C TiepoHicx] =0"}

C : Set of the check nodes
N (c) : Set of the variable nodes connecting to the node ¢
H; . : Non-singular m x m-matrix (i.e., element of general linear group)

Hiy Hio 0 Hyy
Hs1 Hpo Hzz 0
0 0 H373 H374
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Non-binary irregular LDPC code ensemble
EGL(N, A, p,m)

random permutation _

_20 - ’p4—0’f)b—20
2 2

A; : Fraction of edges connecting to variable node of degree i
p; : Fraction of edges connecting to check node of degree j
L; : Fraction of variable nodes of degree i
R; : Fraction of check node of degree j
N : Symbol code length
& . Total number of edges
r : Design rate
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Non-binary peeling algorithm [Rathi 2008]

FE5 : Set of candidate symbols for the decoding result for variable node v

[Definition] State }

[Property]: Ey is a linear subspace of F3" if all-zero codewords are sent.
All-zero assumption holds for non-binary LDPC code over the BEC.

Non-binary peeling algorithm J

m Decoding proceeds as the dimensions of the states decrease

[Rathi 2008] V. Rathi, “Conditional entropy of non-binary LDPC codes over the BEC,”
in proc. ISIT2008, July 2008.
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Peeling decoder

received signals state

 AGOC0)]

06}
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Peeling decoder




Peeling decoder




Stopping constellation [Rathi 2008]

[Definition] Stopping constellation
Stopping constellation {Ey }vey

B, C H;vl( > HlEz) Vv € V,Vc € N(v)
iEN (\{v}

E; : State for the i-th variable node

H. : Label in the edges connecting to check node c and variable node v
V : Set of the variable nodes

N (c) : Set of nodes connecting to the check node c

HE :={Hv|v e E}, forinvertible matrix H and E € Fy’,

m
ZEZ = {Z Vj ‘ v € Ej}, VE; € }an
i=1 J
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Stopping Constellation Distribution

Weight of stopping constellation

¢:={veV|dimE, # 0}

AC(¢) : The number of stopping constellation of weight ¢ for
G € EGL(N, A, p,m)

Average stopping constellation distribution

A(l) == > A0

GEEGL(N,\,p,m) [EGL(N, A, p,m)|
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Average Stopping Constellation Distribution
[Theorem 1] Average Stopping Constellation Distribution

A= Y coef ((Q(s, t) P(w))™, t TT%, s¥iuy’)

il

b, bit G M [T
Qo) = TL {1 ++ T [0} Plw) o= T falw)) B0,

coef(g(s,t,u), t[[%, s, ub ) : coefficient of t 7", s.* ?i for polynomial g(s,t, u).

i=1°4%
[m] ( 3 ),: ¢!
[i][m —1]’ bo, b1, bm/ T bolby!---bp!’

) N A R
fr(u) = Z (do,d1,...,dm)H @ ak;Dk HSC[1,k][ak(S)]2 '

d:y; di=k i=1

m] =TT, 2 = 1), [7]:=

Tpo= 1+ > ar (S1)ax (S2).

2
S1,52C[1,k]:S1¢Z 52,51 852

Let p; be the smallest integer s.t. j < Efiodi,
Dy = {an | S ar(S) = m,an(S) =0 for S| =k — 1,5 s ai(S) = m —p;}.
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Sketch of Proof for Theorem 1

¢ : weight of stopping constellation
b; : the number of edges connecting to variable nodes with dimension ¢

For a given £, b, the number of constellations of linear subspaces
satisfying constraints for variable nodes is
coef(Q(s, )N, ' T, S?i)

For a given b, the number of constellations of linear subspaces
satisfying F, C Hc_‘} (ZiEN(c)\{v} chEz) for all the check nodes
coef(P(u)N, ub)

)

For a given b, the number of edges satisfying constraints is
[T72 il ([m — 4] i])"

The number of elements in EGL(N, A, p,m) is
Ellm]°
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Asymptotic Analysis 1 : Growth Rate
Define the normalized weight as w := ¢/N, (3; :== b;/N.

[Definition] Growth rate

Y(w) := lim %logA(wN)

N—oo

[Theorem 2] Growth rate of average number of stopping constellation

Y(w) = RN 0’tlg(f)mo{log Q(s,t) + log P(u) —wlogt

— Yt Bilog [[]siui + 32120 log B; — log e}
pr— . f ~ t .
,?31;1?) s>0,tl£0,u>0 ’y(w’ s,t,u)

A point which achieves the minimum of §(w, s,t,u) is the solution of
ﬂi:ﬁa_Q7 w:taQ _uiap
Q 8Si Q ot
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Sketch of proof for Theorem 2

[Burshtein 2004] Theorem 3

1
lim — logcoef(p(z1, ..., 2m), (x5 - x8m)N)
N—o00
_ . p(@1, - Tm)
o :vhln,f;ﬂm log x'fl s IE%{”

A point x which achieves the minimum of log P@12m) o the solution of

PRSI
Vk e {1,2,...,m}
o Oplaam) _

p(T1,. . Tim) Ozy,

From this theorem and Theorem 1, we have Theorem 2.

[Burshtein 2004] D. Burshtein, and G. Miller, “Asymptotic enumeration method for
analyzing LDPC codes,” |IEEE Trans. on Inform. Theory, Jun. 2004
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Asymptotic Analysis 2 : Differential of growth rate

[Lemma 1] Differential of growth rate

dy(w)

- log t(w).

[Note]: the paramters t, 3, u, s depend only on w

[Theorem 3] Small weight Stopping Constellations
For N — 0o, w — 0 and EGL(N, A, p,m) s.t. A2 >0,

V(W) = log[X(0)p'(D]w + o(w).

[Discussion] For small w
m If N(0)p/(1) > 1, then y(w) >0
m If N(0)p/'(1) < 1, then y(w) <0
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Numerical example (1)
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Growth rate for the (2,4)-regular non-binary LDPC ensembles
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Numerical example (2)

growth rate
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Growth rate for the (3,6)-regular non-binary LDPC ensembles
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Conclusion and future work

Conclusion
For irregular non-binary LDPC codes defined over general linear group,
m we give the stopping constellation distributions

m we derive the growth rate for the average of stopping constellation
distributions

Future work

m To derive the stopping constellation distribution for irregular
non-binary LDPC codes defined over finite field.
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