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Error-correcting codes are essential in modern fiber-optical communication
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Requirements for Fiber-Optical Communications
e Very high throughputs (100 Gigabits per second or higher)
e Very high net coding gains (close-to-capacity performance)

e Very low bit error rates (below 107'%)

Spatially-coupled codes are promising codes that can fullfil these requirements.

In this talk

1. Basics of spatially-coupled codes

2. Asymptotic analysis and design of deterministic codes [Papers C-F
3. Designing spectrally-efficient fiber-optical systems |Papers A, B
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e Apply (suboptimal) iterative decoding, exchanging messages between
variable and constraint nodes
e Successful decoding even for cases where decoding of “uncoupled” regular

codes fails
e Performance can be as good as under optimal decoding
[Kudekar et al., 2011], [Yedla et al., 2014]
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Summary

Spatial coupling is a tool to construct codes on graphs that have excellent
performance under iterative decoding.
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Code proposals for fiber-optical communication systems are often very
structured (i.e., deterministic) and not random-like (for example
[Justesen et al., 2010], [Smith et al., 2012], [Jian et al., 2013]).
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e Deterministic codes with fixed and structured Tanner graph

e GPCs with iterative bounded-distance decoding are very appealing due to
low-complexity hardware implementation
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n

Fundamental question

Is it possible to directly analyze staircase codes (and other deterministic GPCs)

without the detour to random-like codes? |Papers D-F
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e Equations have the same form = similar performance
e The performance of random-like codes (over the binary erasure channel)

can be “emulated” with deterministic codes
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e Future work: extension to binary symmetric channel
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Large interest in analyzing and designing spectrally-efficient fiber-optical
systems ([Essiambre et al., 2010], [Smith and Kschischang, 2010],
[Schmalen et al., 2013], [Beygi et al., 2014], ...)
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bit channel 1

bit . . . bit
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[T
bit channel m

e Approximate setup: parallel channels with different qualities (constellation
size determines the number of channels)

e Fix one binary encoder/decoder pair

e Bit mapper determines the allocation of coded bits to the channels

Problem Formulation ([Richter et al., 2007], [Cheng et al., 2012], ...)

Optimize the bit mapper for a given code and signal constellation J
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compact representation

e Compact representation of a large random-like graph [Thorpe, 2005]

e We propose a bit mapper optimization technique that is more flexible than
previous approaches in [Divsalar and Jones, 2005], [Jin et al., 2010],
[Van Nguyen et al., 2011]

AR4JA codes [Divsalar et al., 2005] spatially-coupled LDPC codes

oK,

Paper A
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Terminated Tail-biting

protograph
graph irregularity yes (boundaries) no
wave effect yes no
(capacity-approaching) (comparable to regular LDPC)
rate loss yes no

Idea: Use unequal error protection of a multilevel signal constellation to induce
wave-like decoding behavior for tail-biting codes.
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Locally improved decoding convergence in the first
spatial positions leads to wave-like decoding behavior,
similar to terminated spatially-coupled codes
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Summary

e Spectrally-efficient communication with binary codes leads to the problem
of bit mapper optimization
e Optimized bit mapper can offer significant performance improvements

e For tail-biting spatially-coupled codes, unequal error protection of a
nonbinary signal constellation can be exploited to induce wave-like
decoding behavior
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Conclusions

e Spatially-coupled codes have excellent performance using practical
iterative decoding algorithms

e Certain deterministic codes (including spatially-coupled codes) can be
analyzed rigorously with density evolution over the binary erasure channel

e Optimizing bit mappers can offer significant performance improvements, in
particular for tail-biting spatially-coupled codes

Thank you!
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