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LDPC — breve histoire

1963: Gallager
1993: Berrou et Glavieux
1995: MacKay et Niel

2001: Richardson, Urbanke, Shokrollahi ...



Spectral Efficiency

A

Code Rater

1.0

0.5

LDPC

- performances

/
! d
' . un
ty Bo e
T ! BPSK CapaC‘Y ra3
Uncoded
BPSK
o]
@Q
£
&
&
QO /
<
(‘:3 Pioneer
§ Turbo Code 1968-72
T L /% X 1993 X X P
@ |1S-95
/ 2001 X 1991 Odenwalder
4 Chung, Forney, Voyager Convolutional
Richardson, Urbanke 1977 % Codes 1976
Galieorca  G3ile0BVD '\J
alileo:
1992
1996 X
X Mariner
1969 o
arbitrarily low
—5
BER:P, =10
i 1 t t t t t t t 1 t
-2 -1 0 1 2 3 4 5 6 7 8 9 10

Eb/No in dB

protographe et distance minimale - Tarik Benaddi—23/03/2015



LDPC - introduction

(1)

Hc! =
LDPC binaire, GF(2)



LDPC - introduction

Bits d’information Bits de parité
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LDPC - application

WiMAX

CCSDS

802.11n

DVB-S2

Stockage
Communication optique



Protographe - introduction
2004: Jeremy Thorpe
Petite matrice de parite
stockage/parallélisme/encodage/étude

Copy&permute
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Protographe - introduction

ed graph (protograph)
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Protographe - application

* Quasi cyclique codes

2018, Jupiter

National Europa
~____ Clipper spacecraft

2012

TQSA protographe et distance minimale - Tarik Benaddi—23/03/2015 10



Protographe - régions
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Protographe - régions

 Décodage itératif




Protographe - régions

nr(d)
e Gallager (ML): Aw < f(n)e™®
Ay >~ 0 for large n when r(d) < 0
AngminJ ~ () and Amcgminj+1 > 0

dmin — Wmin &= n5min



Protographe - régions

High Data Rate LDPC Links: AR4JA family performance

Jet Propulsion Laboratory
California Institute of Technology

Bit Error Rate (BER) or

Jones, Andrews

Codeword Error Rate (CWER)
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Protographe — dmin

e Entrelacement aléatoire
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Protographe - dmin
d=|...d;...]

I Wi={Wj 1 - - W]




Protographe - dmin

* VNs d

d=|...d;

l...] o %5
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* CNs
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Protographe - dmin
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Protographe - dmin

2.
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Protographe - dmin




Protographe - dmin




Protographe - dmin

e 2006: Divsalar (degré 3)

e Theoreme multinomial

1~ g™
>~



Protographe - dmin

* Check splitting: " .

dummy

C
1,1 variables

V1

12 /O l1
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Protographe - dmin

* CN de degre 4:

N
AC L E Awlan:lAw3aw4?l

wi,w2,ws3, W4 — (];f)

 Complexité: degré, N, CN generalisé...



Protographe - dmin

e 2009: Abu Surra
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Protographe - dmin

= Z C(N;n log (A°(w)) = log (Z C(N )

{n} {n}
Fw=M°n = max (10% C(N; n))
< K _ _
max *(z,y) = max(z, y) + log (1 + e~ 1=~

{n}
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log (A°(w)) = max (10g C(N; n))
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Protographe - dmin

logC(N;n) ~ N.H(%,---a%)

log (A°(w)) = N max (H(% . ”WK))

a® () = lijl\rfn sup log (il\f(w)) e max (H(p1, ... ,pK))
— 00

_ ng
Pi=T7 0 = MF°.p Ip[h =1



Protographe - dmin

* Subset weight vector (SWV) 4.

Conjoncture:

Le maximum est atteint

quand les proportions

{p;} des mots de code

qui ont le méme SWV
sont égales.

-

[

a® (6) = limsup

N —= oo

2 SA

log (il\;’(’w)) ~ max (H(pl, .. ,pK))
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Protographe - dmin

maximize H(x)
x

subject to: M“.x =0

K
1=0
vi € {m/k € [0.N]}, Vie [LK]
* Goulot d’étranglement:

— grand N (entropie)
— grand degré



Protographe - dmin

0 <ng <min{ min {w;}, min {N—-w;}} <N
{7: my;=1} 1+ mi; =0}



Protographe - dmin

¢ = {£/k € [0,N]}

% is dense in [0, 1]%

y in |0, 1] xy in L% such that o Njooy

TN = (TR )1<i<K
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Protographe - dmin

yort = (Y 1<ick x PK

Ve > 0,dNy eN,VN > Ny,

( |m0pt Opt||2 <e
$IH@) — H(yr)| < s
([ M.z Opt —bll2<¢




Protographe - dmin

maximize H(y)
subject to: My =0>
y € [0,1]"

 Point initial
M°y =0b

0,1]%



Protographe - dmin

e Pseudo inverse
Yo — Mc+b

* Pas unique + valeurde b




Protographe - dmin

N\
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Protographe - résultats

5A

E bl Somi 0.2

nsemble men —— (34),d,,=0.112
(3,4) 0.112 [1] —&—(3,5), d_. =0.045
(3,5) 0.045 [1] ——(3.,6), d_,;, =0.023

——(3.7). d,,,,=0.13
(3,6) 0.023 [1] 0 (4,5), d,;,=0.21
(3,7) 0.0129 0.1 | (46), dyy=0.128

- o- (5.6), d_,;,,=0.254
(3,8) 0.0081 ---(58),d,,=0.134
(3,9) 0.0054
(3,12) 0.0021
(4,5) 0.210 [1] 0 _ .
(4,6) | 0.128 [1] o
(4,8) | 0.063 1) NS L B
(4,10) 0.037 Pt

01k "o, o’ il
(4,12) 0.024 0.1 T
(5,6) 0.254 [1]
| | | | | |
(5,8) 0.136 0 0.04 008 012 016 02 024
(5,10) 0.084
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