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A Digital Communication Scheme

[1] C. E. Shannon,ñAmathematicaltheoryof communicationò,Bell systemtechnicaljournal,vol. 27, 1948.

2



LDPC Codes: Error Correction and 
Beyond

ÅLDPC codes allow a convenient trade-off between error rate
performanceanddecodingcomplexity
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Random LDPC Codesvs. Structured
LDPC Codes

ÅIn most scenarios, protograph-based codes are
considered

ÅStructured LDPC codesoften guaranteesignificant
savingsin termsof encodinganddecodingcomplexity

ÅQuasi-cyclic LDPC codes allow a convenient
theoretical analysis and they can be seen as
protograph-basedstructuredcodes

ÅRandom LDPC codes have to be analyzed in
probabilistic terms and leave less spaceto the code
design
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SC Codesand Optical Communications: an 
Ideal Match? 

ÅModern optical communicationsystemsrequirehigh-performing error
correctingcodesthatsupportthroughputsof 100Gbit/s (or multiples)

ÅCodinggainscloseto the theoreticallimits at a target"%2ρπ are
recommended

ÅProtograph-basedspatially coupledcodesarerecognizedasa suitable
solutionto thesechallenges[2]
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LDPC codes

ÅLow-DensityParity-Checkcodes[3]

ÅGraph-basedcodesŸ Tannergraph[4]
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ÅCycles deterioratethe performanceof iterative

decoders

ÅThegirthὫof a codeis the lengthof theshortest

cycle(s) in its Tannergraph
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Spatially Coupled LDPC Codes- Coupling
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Spatially Coupled LDPC CodesïLifting

Χ

Χ

Χ

Χ Χ

Χ

Χ Χ

Χ

“

“

“

“

“

“

“

“ “ “

“““

“

“

“

“

“

8



Sliding Window Decoding
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Complexity and Latency of a Sliding
Window Decoder

ÅThedecodinglatencyɤ only dependson thewindowsizeandonὥ

ÅThe averagedecodingcomplexityɜ also dependson the average
numberof decodingiterations, the numberof quantizationbits and on
thecolumnweight

ɤ ὡὥ ‌ά ρὥ ‌ὺ

ɜ ὡὍ Ὢὧȟὥȟήȟύ

ÅSpatiallycoupledLDPC codesachievecapacityover a broadfamily of
channelsunderbelief propagationdecoding[6]

ÅThishappensfor ὒO Њ,ὓᴼЊ,ὡᴼЊ
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Main Contributions

1. COMPACT CODES

ÅLower boundson the constraintlength of somefamilies of SC-
LDPC codeswhichallow to avoidcyclesup to a givenlength

ÅDesignmethodspermittingto achieveor approachthesebounds

2. LOW-WEIGHT CODEWORDSAND CYCLES

ÅCodewordscan be associatedto a numberof cycles in the code
Tannergraph

ÅHeuristic methodbasedon the removal of somecycles yielding
improvedminimumdistancepropertiesanderrorrateperformance

3. DECODING PARAMETERS:

Å Heuristic method to find the best possibletrade-off between
window size and number of iterations of sliding window
decoders
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Constraint Length: Boundsvs. Exhaustive
Search
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Design Basedon SequentiallyMultiplied
Columns
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Error Rate Performance
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