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Reperition Code " R3”

s ENCODER t CHANNEL r DECODER s

f

The decoder takes
the majority vote of
the three signals.

Good news: only 1.6% of decoded bits are in error

Bad news: rate of communication reduced to 1/3
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THE ENCODER

TRANSMITTED:
‘We demonstrate a large code that en- |

codes K = 10000 source bits into
N = 20000 transmitted bits.

Fach parity bit depends on about
5000 source bits.

The encoder is derived from a very
sparse 10000x20000 matrix H with - parity bits 4
three 1s per column. |

27



Iterative decoding

After the transmission is sent over a channel with noise level f = 7.5%:

RECEIVED:
A ._l__'p' g’g; DORDAT

P )

. N i mh-
i RN

REDONDAN

— DECODED:

This final decoding is error free. |

In the case of an unusually noisy transmission, the decoding algorithm
fails to find a valid decoding. For this code and a channel with f = 7.5%,
such failures happen about once in every 100,000 transmissions.
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Empirical Bit-Error Probability
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Figure 1. Graphs of three sparse graph codes.



Repeat - Accumulate Cdes

S = \ 00\ O

epeal” i

)\l 000 000 L1l 000

o S
oolool 10100001 !

OCC\W\M ‘t(\ = tr\_, + ’;Pn_

601 110 10000010

- 64



Rlock
Error

Prob.

01§

0.01 §

ereo. -acc.umu.l ate Codes
A Repeat-accumulate codes

R=44

fotal .——-—-
undetected e e =

1 N=30000 2 N=9989 3 N=3000 4

65

>
Eb Al



DECODING TiMes HAVE A Ruse-Law Distersimo

Bit error probability Word error probability Profile
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Figure 1. (a,b} Performance of Gallager codes with N = 1920, B = 1/3, as a function of E;/N,. In {b) we also
show the performance of a repeat-accumulate code with N = 3000. {c} The profile of the irregular code

over GF(4). / _
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Figure 2. Histograms showing the frequency distribution of decoding times for the binary Gallager code from fignre
1: {a) linear plot; (b) log—log plot. The graphs show the mumber of iterations taken to reach a valid
decoding; the value of P, gives the frequency with which no valid decoding was reached after 1000
iterations. The power p which gives a good fit of the power law distribution P{7} & 77 {for large 7)
is also shown.
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