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Introduction

m Belief Propagation
Provides ML decoding over a cycle-free code

In some cases, loopy factor graphs of codes have near ML
performance

Iterative algorithm — requires a message-passing schedule

v Flooding (simultaneous scheduling)
v Sequential

= Layered BP

= Shuffled BP

v Sequential scheduling allows the convergence speed increase at no cost
Sequential updating poses the problem of finding the ordering of
message updates

v Residual BP

v Variable-to-check RBP
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Belief Propagation for LDPC

m Thechannel information of the variable node V;

ilv;=0
CUJ' - log(igg:flz;f:l%)

m Message from variable node v; tochecknode C;
My; —e;, = E Me,—uv; g O‘uj

ca €N (v;)\c;

m Message from check node C; to variable node ¥

Iﬂ”u,—'r N
Me,—p;, = 2 X atanh( H tanh( ‘2 1))
TJ&EJWI-[(:['}\TJ_..;

YONSEI UNIVERSITY Coding and Crypto Lab. 4/11




Residual BP [5][6]

m A residual is the absolute value of the difference of the LLLRs
r(mg) = || fr (m) —my|
m RBP calculates the residual using m., .,

m RBPis an informed scheduling strategy that updates first the
message that maximizes the residual

m RBPisthe edge-based algorithm(selects an edge)

s Maximum residual means
The probability that the value of the node will be changed 1s high
Updating that node first may make BP converge at a higher speed

m [tcansolvethe trappingset problem

[5]A4. 1 Vila Casado, M. Griot, and B, D, Wesel, "Informed Dynamic Scheduling for Belief-Propagation Decoding of LDPC Codes”
fn Froc JEEE JCC 2007, Glasgow, Scotland, June, 2007

[B]A4. | Vila Casado, M. Griot, and B, D, Wesel, "Improving LDPC Decoders via Informed Dynamic Scheduling,”
{EEE information Theory Workshon 2007, Lake Tahoe, CA, September, 2007,
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Residual BP

= Some problems

» Greedyalgorithm — its error-rate performance for a large enough
number of iterations is worse

© Needs additional step for calculating the residual

» There’sunnecessary reorder step
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Additional step

B ® Max. residual pair
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Variable-to-check RBP|[7]

m Lessgreedyalgorithm

» Overcoming negative effect of greediness of RBP

m Onestepisreduced than RBP

Lower complexity
= Calculate the residual using m, ..,
o Also an edge-based algorithm
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B ® Max. residual pair

[7] Jung-Hyun Kim, and Ki-Moon Lee, Hong-Yeop Song, "Varable-to-Check Residual Belief Propagation for LDFPC Codes)”
Submitted to /EE Electronics Letters.
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Node-wise VC-RBP (Proposed)

m Node-based scheduling algorithm

» Just all nodes should be chosen to complete one iteration

v cf. Edge-based : all edges should be chosen to complete one iteration
(#of nodes=N) < (#otedges=N-d,)
where d, is degree of variable node

— Lower the complexity
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Node-wise VC-RBP (Proposed)

m Degradationis negligible
Residual 1s calculated based on the message My, —¢;

So every edge has similar residual value except one incoming edge

ofel Yoo CO®OO0

EEENE I EENER
If iIncoming message value to Then all the residuals of the edges
one node is very different outgoing from that node will be very large
from previous value and the residuals are similar

» Theretore, the performance degradation 1s negligible!!
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Simulation result

m Performancewith TEEE 802.16e block length-576, code rate-1/2,

maximum & iterations

Frame Eror Rate - 802. 16e(576){1/2)
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Conclusion

m Node-wise VC-RBP makes the convergence of LDPC
decodingfast.

m Node-wise VC-RBP reduce the complexity of the VCG-RBP
efficiently.

m Its performance degradation is negligible compared with the

VC-RBP.
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