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#E XM : Channel Coding and Detection for Emerging Data
Storage Channels

REHE:

In recent years, DNA-based data storage technology, which stores digital data using
synthetic or live DNA, has emerged as a very promising candidate for long-term storage of Big
Data. This is attributed to its extremely high data storage density, long-lasting stability of
hundreds to thousands of years, and ultra-low power consumption for operation and maintenance.
Meanwhile, the solid-state non-volatile memory (NVM) technologies have been developed
rapidly over the past decade. Among various emerging NVMs, the resistive random access
memory (RRAM) is widely considered the most promising technology for future data storage
and computing. Each of these two technologies has its specific reliability challenges due to their
fundamentally different data storage mechanisms. In this talk, we will introduce the unique
problems of these two emerging data storage channels: the insertion/deletion/substitution errors
in DNA data storage systems and the sneak path interference in RRAM. We will provide a review
of the major literature works on addressing these challenges. We will then present in detail our
most recent works for DNA data storage and RRAM, respectively. Lastly, we will highlight some
of the future research directions.

RREENT:
W EE RBHT., IEEE BEFLRBEFHERTERE

Cai Kui is a Tenured Associate Professor at Singapore University of
Technology and Design (SUTD). She received her joint Ph.D.
degree in electrical engineering from Technical University of
Eindhoven, The Netherlands, and National University of Singapore.
Cai Kui has more than twenty years of experience in researching and

developing advanced channel coding and signal processing
algorithms and techniques for data storage systems and digital
\ W communications. Her research covers the entire evolution of data

TS storage technologies. She has published over 100 papers in top-tier
IEEE journals and conferences, and holds more than 20 patents in the United States, Europe, and
Singapore, including two patents that have been successfully licensed to industry. She received
IEEE Communications Society Best Paper Award in Coding and Signal Processing for Data
Storage in 2008, and Data Storage Institute Best Paper Awards in 2007 and 2011. She served as
the Vice-Chair (Academia) of IEEE Communications Society, Data Storage Technical
Committee (DSTC) during 2015 and 2016. She was listed in the 2020 Who's Who in Engineering
Singapore and was honored in the 2021 Singapore 100 Women in Tech.
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W EFE /M : Federated Edge Learning: Communication-Efficient
Designs and Applications in Wireless Networks

BRERE:

Traditional artificial intelligence (Al) applications deployed in cloud data centers require
extensive data acquisition, transmission, and processing, causing significant challenges in
latency, energy, and privacy. FEderated Edge Learning (FEEL) emerges as a disruptive learning
framework to address these issues by leveraging the sensing, computation, and communication
capabilities at the network edge. FEEL allows collaborative training of global Al models across
geographically distributed edge devices without accessing local private datasets by exchanging
only model parameters. FEEL facilitates many emerging intelligent edge services promised by
6G, such as autonomous driving, and immersive communications. Despite its advantages, FEEL
faces several key challenges, such as limited on-device computation capacities, heterogenous
data distribution, and scarce radio resources. This talk will present our recent research progress
towards communication-efficient designs of FEEL, including fundamental limits of
communication efficiency and over-the-air model aggregation. Applications of FEEL for the
design and optimization of wireless communication networks, including wireless D2D network

power control and cell-free massive MIMO precoding, will also be discussed.
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&7 : How to Improve the Interpolation-Based Decoding of AG
Codes

BRERE:

The interpolation-based decoding can correct errors beyond half of the code’s minimum
distance. The interpolation can be realized from both the iterative Grobner basis update
perspective, i.e., Kotter’s algorithm, or the module basis reduction perspective, i.e., Lee-
O’Sullivan’s algorithm. The latter yields a smaller complexity. They can both be facilitated by
the re-encoding transform. While these advanced decoding techniques including their soft-
decision variants are mature for Reed-Solomon (RS) codes, certain challenges arise when they
are transplanted into decoding algebraic-geometric (AG) codes. This talk will provide solutions

for overcoming the challenges, which improve the interpolation-based decoding of AG codes.
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WEFE: Lossy Source Coding Based on Block Codes

REHE:

For 6G, esp. Internet of Things (1oT) and artificial intelligent [oT (AloT) there is heavy
need about low power, low cost, and low delay for the connectivity chips. So the unified coding
theory integrating different function chips together will become popular to fit integrated chips in
the future. As one of these cases, Lossy Source Coding Schemes based on Block Codes have
been confirmed to achieve significant compression performance with low cost by reusing core
implementation architectures. Although the duality theorem has revealed that good channel
codes can be used as good source codes, they still needs to be optimized to achieve better
performances, for example, Rate distortion performance, Complexity, etc by means of coding
and decoding. In this talk, I will present the novel perspective in system design and share the
new design principles and methods for the purpose of low complexity and good compression

performance. Finally the proposed systems are revealed in the application of IoT and AloT.
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WEFER: Zero-Error Distributed Function Compression

BRERE:

In this talk, we put forward the model of zero-error distributed function compression system
of two binary memoryless sources X and Y, where there are two encoders Enl and En2 and one
decoder De, connected by two channels (Enl, De) and (En2, De) with the capacity constraints
C; and C», respectively. The encoder Enl can observe X or (X, Y) and the encoder En2 can
observe Y or (X, Y) according to the two switches si1 and sz open or closed (corresponding to
taking values 0 or 1). The decoder De is required to compress the binary arithmetic sum fX, Y)
= X +Y with zero error by using the system multiple times. We use (s1s2; C1, C2; f) to denote the
model in which it is assumed that C;>C> by symmetry. The compression capacity for the model
is defined as the maximum average number of times that the function f can be compressed with
zero error for one use of the system, which measures the efficiency of using the system. We fully
characterize the compression capacities for all the four cases of the model (sis2; Cy, Cs; f) for
s182=00,01,10,11. Here, the characterization of the compression capacity for the case (01; C;,C>;
f) with C;>C> is highly nontrivial, where a novel graph coloring approach is developed.
Furthermore, we apply the compression capacity for (01; C;,C>; f) to an open problem in network
function computation that whether the best known upper bound of Guang et al. on computing
capacity is in general tight.
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WEER: Distributed Hypothesis Testing Over AWGN Channels

REHE:

Distributed learning is an important topic in information theory, and is recently an active
research area in machine learning. However, it is challenging to characterize the fundamental
limit of distributed learning problems with communication constraint. Most of the current
information theoretical works focused on applying random coding to obtain achievability results,
where the optimality is hardly to be verified. Moreover, random coding schemes are
computationally difficult to be applied in real federated learning scenarios. In this talk, we
investigate the distributed hypothesis testing problem in AWGN channels. To address the
computational issue, we propose to focus on coding schemes based on the empirical distributions
instead of the original data. Under such formulation, we further propose a coding strategy based
on the mixture of decode-and-forward and amplify-and-forward, where the achievable detection
error exponent can be characterized and interpreted by information geometry. Moreover, we
demonstrate the optimality of such an achievable error exponent by a genie-aided approach.

Finally, we characterize the necessary amount of power to achieve the optimal error exponent.
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WEFER: Minimal Derivative Descendants of Cyclic Codes

REHE:

This talk defines minimal derivative descendants (DDs) of an extended cyclic code from
the derivative of Mattson-Solomon polynomials. It proves that the minimal DDs in different
directions are equivalent codes. This allows us to perform derivative decoding based on
decodings for minimal DDs with cyclic shifting. In particular, the small dimension and the large
minimum Hamming distance of minimal DDs make it attractive to perform derivative decoding
based on the ordered statistics decoding (OSD). Simulation results show that the derivative

decoding based on the OSD can provide considerable gain.
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WEER: Some Results on The D2D Coded Caching Problem

REHE:

Compared to traditional coded caching, D2D coded caching can further reduce the traffic
load of the server at peak hours. In this talk, we will discuss the optimal memory-rate tradeoff of
a new D2D centralized coded caching problem, named the 3-user D2D coded caching with two
random requesters and one sender (2RR1S). We characterize the optimal scheme, denoted as the
2RRIS scheme, for any number of files. To examine the usefulness of the proposed model and
scheme, we adapt the 2RR1S scheme to three scenarios: traditional 3-user D2D coded caching,
request-random D2D coded caching, and K-user D2D coded caching with K-s random requesters

and s senders.
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