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Proposal and Demonstration of Compressed Shaping
— A Joint Source—Channel Coding in Fiber-Optic Communications —
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Backbone fiber-optic communications carries high—throughput data traffics over a long distance as an essential
infrastructure in data driven intelligent society. Channel coding techniques such as multilevel modulation,
forward error correction (FEC), and probabilistic shaping (PS) have continuously improved the data throughput
for handling the growing traffic demands. On the other hand, investigations of source coding are fewer. In
this thesis, we proposed a novel joint source—channel coding scheme, called compressed shaping, for realizing
both data compression and PS simultaneously. As a high performance and low complexity implementation of this
novel coding, we introduced hierarchical distribution matching (DM). Through the numerical simulation and
experiment, the proposed compressed shaping showed a better system performance or a lower power consumption
in backbone fiber-optic communications carrying dynamically variable source traffics.

This thesis is organized as follows. Chapter 1 is the introduction of the thesis, where the background and
motivation of this research in this thesis are overviewed. Chapter 2 summarizes the fundamentals in
communication technologies in fiber—-optic communication networks. For example, system configuration, signal
formats, digital signal processing (DSP), and system performance are overviewed. Chapter 3 reviews the
fundamentals of information theory for coding. We introduce mathematical and statistical fundamentals, channel
coding, source coding, and a communication system described with the information theory

Chapter 4 presents the essence of this thesis, i.e., the concept of compressed shaping, which is a realization
of joint source—channel coding. After explaining the theoretical background, the suitable system model in
backbone fiber—optic communication systems is illustrated. It is noted that the compressed shaping is a novel
fundamental concept and is potentially useful in other applications. Chapter 5 describes the proposed
hierarchical DM, which is a core function in the compressed shaping and is also useful for PS coding. The
hierarchical DM showed superior performance of a 0.3 dB gap from the theoretical limit under limited circuit
resources. Chapter 6 shows the performance of the compressed shaping. The compressed shaping was combined
with the bit-interleaved coded modulation scheme as a standard solution. We assumed and simulated source
nonuniformities resulting from dynamic variations in traffic volumes. A better performance or smaller power
consumption was obtained, compared with a conventional coding and modulation scheme in backbone fiber-optic
communications. In this chapter, we also report implementation and demonstration of the compressed shaping
based on the hierarchical DM onto the latest field programmable gate array. We further implemented a
hierarchical DM circuitry for higher than a 1-Tb/s throughput or 262144-ary quadrature amplitude modulation.
The proposed technique is suitable for implementing DSP on large scale integration (LSI), achieving a high
performance with a small circuit size and a low power consumption.

Chapters 7 and 8 present techniques supporting the compressed shaping. Chapter 7 regards the performance
evaluation for systems with PS and FEC. We proposed a code—independent performance metric of asymmetric
information for characterizing the post—FEC performance without actual decoding. We also introduced techniques
for evaluating the FEC efficiently and monitoring the performance of in—service systems. In Chapter 8, we
propose the cooperationwith multilevel coded modulation with the compressed shaping for significantly reducing
the power consumption in high—order quadrature amplitude modulation systems. This power consumption reduction
is achieved by reducing the throughput of soft—decision FEC, which could consume a dominant power in DSP-LSI.

Chapter 9 summarizes the thesis and gave future outlooks related to this research
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