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From the Editor-in-Chief

Dear Chapter Members,

This issue introduces the capacity optimal receiver design and the multiuser coding
schemes for networks with large scale connections. It also introduces the derivative
descendants and the implied decoding for cyclic codes, the design of coding schemes for
NAND flesh memory and an editable semantic communication system for 6G networks.
On Aug. 10, the Chapter co-hosted the 2nd IEEE/CIC ICCC Workshop on Information
Theory and Coding for Future Wireless. On Aug. 13, the Chapter further hosted the SYSU
Workshop on the Frontiers of Algebraic Coding Theory and Applications. Scholars of the
Chapter have done remarkably in the undergraduate education of information theory. The
undergraduate courses of Information Theory and Coding of SYSU and Fundamentals on
Information Theory and Coding Theory of JNU were both enlisted as the first-class
undergraduate courses of Guangdong Province.
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Cyclic codes form an important class of linear codes obtained by imposing a cyclic structure.
Thanks to this structure, many well-known codes have been discovered, such as Bose-Chaudhuri-
Hocquenghem (BCH) codes, Reed-Solomon codes, Reed-Muller (RM) codes, and Euclidean geometry
(EG) codes. Their encoding can be implemented efficiently by employing shift registers, while their
decoding has been challenging and attractive for several decades. In the process of discovering
decodings for these codes, the polynomial description leads to many efficient algorithms. In this paper,
we investigate the derivative structure of extended cyclic codes beginning with representing
codewords by Mattson-Solomon (MS) polynomials.

We define two types of derivative descendant (DD), cyclic DDs and minimal DDs, of an extended
cyclic code with different focuses. The first type is defined as the linear subspace containing the
derivatives of all codewords in a direction, while keeping the cyclic structure. The second type is
defined as the linear subspace containing the derivatives of all codewords in a direction with the
smallest dimension.

For cyclic DDs, we determine their roots by analyzing the exponent set of MS polynomials and
demonstrate that the cyclic DDs in different directions are the same code. Based on this, a derivative
decoding algorithm for extended cyclic codes is proposed. It consists of three steps: calculating log-
likelihood ratios (LLRs) of cyclic DDs, decoding cyclic DDs, and voting for the decision. In particular,
for RM codes, the derivative decoding can be viewed as a generalization of the recursive projection-
aggregation decoding for RM codes. We reveal that the cyclic DDs of the (64, 24) eBCH code and the
(64, 45) eBCH code are the EG codes. As a result, we can decode these eBCH codes using the
derivative decoding based on sum-product algorithm (DD-SPA). Simulation result shows that, DD-
SPA with 63 directions and the maximum iteration number for the component SPA of 20, denoted by
DD(63)-SPA(20), outperforms the conventional belief propagation (BP), the adaptive belief
propagation (ABP), the Berlekamp-Massey (BM) algorithm and Chase-BM at the block error rate
(BLER) of 107, The gaps between the performance of DD(63)-SPA(20) and the performance of the
maximum likelihood decoding (MLD) are 0.4 dB and 0.2 dB for the (64, 24) eBCH code and the (64,
45) eBCH code, respectively.

For minimal DDs, we demonstrate that the minimal DDs in different directions are equivalent.
More precisely, the cyclic shift of a codeword in one minimal DD is also a codeword in another
minimal DD. Together with the equality of cyclic DDs and the fact that a minimal DD is a subcode of
a cyclic DD, we reveal that the minimal DDs in all directions consist of a cyclic DD. Moreover, the
derivative decoding can be carried out based on the decodings for minimal DDs with cyclic shifting.
Due to the small dimension of minimal DDs, it is attractive to perform derivative decoding based on
the ordered statistics decoding (OSD) (DD-OSD). Simulation result shows that the derivative decoding
based on the OSD with order-1, DD-OSD(1), can outperform the OSD with order-3, OSD(3).

We first introduced the cyclic derivative descendants and the minimal derivative descendants at
GlobeCom 2022 and ISIT 2023, respectively. Please refer to [1] and [2].
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Fig. 1. Performance of decoding eBCH codes using DD-SPA, BP and ABP, decoding BCH
codes using BM and Chase BM.
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Fig. 2. Performance of decoding eBCH codes using DD-OSD(1) and OSD(3).
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With the advancement of storage technology, the reduction in manufacturing processes and the
advent of 3D stacking have brought about substantial storage capacities. However, theintricate circuitry
and intensified channel noise have diminished the fault-tol erance capability of storage units, impacting
data reliability [1]. For solving such problems, a rate-compatible optimized accumulated-repesat-
accumulate (OARA) code based on accumulate-repeat-by-4-accumulate (AR4JA) is proposed [2]. A
protograph low-density parity-check (P-LDPC) code is proposed [4]. Additionally, a rate-adaptive
protograph LDPC (RAP-LDPC) code with fixed information bit length of 39zis presented, specifically
designed for cross-page storage [3]. Notably, these outcomes are constructed for scenarios necessitating
specific frame lengths without specific requirements for information bit lengths.

This work will integrate the storage transmission characteristics of flash memory systems to
research code construction, establishing a configurable LDPC encoding system in terms of rate and
information bit length. This approach aims to better align with the actua attributes of flash memory
storage, optimizing both reliability and transmission efficiency. Firstly, based on a channel quaity
mode, the relationship between LDPC code rate, specific information bit length, and fundamental
check matrix size is defined, and a protograph based rate-compatible-quasi-cyclic low-density-parity-
check (P-RC-QC LDPC) code is proposed. This enables compatibility with specific UNIT size
requirements of thefile control module while ensuring reliability across different leftspan. Additionally,
the work introduces non-transmission bits into the codeword structure and design an adaptive dynamic
codec (ADC) scheme, which can dynamically adjust the actual transmission codeword length, reducing
the proportion of occupied storage space and enhancing effective data throughput.
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Fig.1 Comparison of FER/BER performance over three different code lengths under different PE
cycles, where the retention timeisset to 5 x 103



Fig.lillustrates the comparison of the proposed P-RC-QC L DPC code with other prototype codes
interms of bit error rate (BER) / frame error rate (FER) performance. In Fig.1(a), one can observe that
when the error rate reaches 10, at arate of 0.94, the P-RC-QC LDPC code is compatible with 15250
PE, exhibiting an increase of nearly 2000 PE compared to the 13100 PE compatibility of the code in
[2]. At arate of 0.89, the P-RC-QC LDPC code is compatible with 21250 PE, showing an increase of
nearly 750 PE compared to the 20500 PE compatibility of the code in [2]. At arate of 0.84, the P-RC-
QC codeis compatible with 26000 PE, displaying an increase of nearly 2500 PE compared to the 23500
PE compatibility of the code in [2]. At 25000 PE, the BER obtained by the P-RC-QC LDPC code is
lower compared to the BER of the code in [4], with enhanced performance in the waterfal region.
Experimental resultsindicate the proposed P-RC-QC LDPC codes yield superior reliability. Moreover,
similar results can be observed from Fig.1(b), where the information length is set to 1KB.

Fig.2 displays the error rate performance of three different rates of P-RC-QC LDPC codes with
and without the use of the ADC scheme. In Fig.2(a), the information length is set to 512B, under the
ADC scheme, thetransmission length of one encoded frame reduces by 256 bits. Assuming atotal space
of 10GB (10 x 233), for an information length of 5128 and acode rate of 0.94, the maximum number

of codewords storable is 1 Wh| le it increases to - 1352 (apprOX| mately 5.9% space savings) using

the proposed ADC scheme For rates of 0.89 and 0.84, the space savings achieved by the proposed P-
RC-QC LDPC codes under the ADC scheme are 5.3% and 5%, respectively. Using the codein [2], the

codeword length is reduced by 128 bits under the ADC scheme. The maximum number of codewords
10x233 10x233

that can be stored increases to —— 1352 from 2450 representing a space saving of 5.5%. This is

comparable to the space savings achieved using the proposed P-RC-QC LDPC codes. However, the
information length of the code in [2] increases with the increase of the code rate, making thefile control
module more complicated. The written length in the flash memory channel remains unchanged for the
other two codes [3-4], because non-transmission nodes are not included.

Moreover, similar results can be observed from Fig.2(b), where the information length is set to
1KB. Under the ADC scheme, the transmission length of one encoded frame reduces by 512. As a
consequence, the proposed ADC scheme not only enhances throughput but also ensures performance
comparable to that without the ADC scheme.
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Fig.2 Comparison of FER / BER performance over three different rate proposed RC protograph
codes with and without the ADC scheme under different PE cycles, where the retention timeis set to
5x 103
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The 2nd IEEE/CIC ICCC Workshop on Information Theory and Coding
for FutureWireless

The 2nd Workshop on Information Theory and Coding for Future Wireless, was held on Aug. 10
in conjunction with the 2023 IEEE/CIC International Conference on Communications in China (ICCC),
in Dalian, China. The workshop was sponsored by the IEEE Information Theory Society Guangzhou
Chapter. The workshop returned to fully in-person format and provided the community experience
through on-site technical presentations, panels and posters.

The workshop was co-organized by the general co-chairs Dr. Wen Tong (Huawei Technologies),
Prof. Li Chen (Sun Yat-sen University, SYSU), Prof. Guojun Han (Guangdong University of
Technology, GDUT); and TPC co-chairs Prof. Baoming Bai (Xidian University), Prof. Kai Niu
(Beijing University of Posts and Telecommunications), Dr. Huazi Zhang (Huawei Technologies) and
Prof. Yi Fang (GDUT). Prof. Xijun Wang (SYSU) and Prof. Chang Liu (GDUT) served as the publicity
co-chairs in the organizing committee.

The workshop was a half day event, started with four warm opening speeches given by Prof.
Baoming Bai on behalf of the organizing committee of the workshop, Prof. Li Chen on behalf of the
IEEE Information Theory Society Guangzhou Chapter, Prof. Guojun Han on behalf of the TPC co-
chairs. During the sessions, and Mr. Jianmin Lu on behalf of Huawei Technologies.

The workshop featured two outstanding keynote speeches:

e Prof. Yong Liang Guan (Nanyang Technological University) on BEM (Basis Expansion
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Model) Receivers for Severe Doubly Selective Fading Communication Channels
e Dr. Yingquan (Cody) Wu (TenaFe Inc.) on High-Speed LFSR Decoder Architectures for BCH
and GII Codes

The workshop included 19 technical papers that were presented by both oral presentations and
posters. They cover a wide range area in information theory and channel coding, with authors from
both the academia and industry. The topics include polar codes, LDPC codes, algebraic codes, HARQ,
and decoder implementations. Three technical sessions were organized. They include: the “channel
coding” session which included work on encoding and decoding schemes; the “wireless
communications” session which focused on coding applications in wireless communications, such as
HARQ and the “from theory to implementation” session which emphasized on decoder architecture
and hardware complexity. The sessions began with short 5-min oral presentations for each paper, and
followed by panels and discussions with the posters, The combined format provided a better interacting
experience for the workshop participants. The authors are from both the academia and industry.

- "|EEE/CIC ICCC Workshapion
nformation Theory and Coding foREl

10th August 2023

Overall, the workshop was a great success. The organizers put together a half day event with
excellent presentations, posters and face-to-face interactions. We would like to sincerely thank all the
participants. Last but not least, our special thanks go to the IEEE Information Theory Society
Guangzhou Chapter, along with Huawei Technologies and Guangdong University of Technology, and
the organizing committee for their support. In the future, we plan to make this an annual workshop for
the Information Theory community to better engage with the Communications community.
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The Sun Yat-sen University Workshop on the Frontiers of Algebraic
Coding Theory and Applications

The Sun Yat-sen University (SYSU) Workshop on the Frontiers of Algebraic Coding Theory and
Applications took place at the SYSU Guangzhou South Campus on Aug. 13, 2023. It was jointly
organized by the IEEE Information Theory (IT) Society Guangzhou Chapter and the School of
Electronics and Information Technology of SYSU, and co-sponsored by the 2023 High-Level
Academic Conference Fund from the University Office of Scientific Research and Development. More
than 50 scholars and industrial practitioners participated in the workshop. They came from over 10
academic institutions / companies, including SYSU, Tsinghua University, Shanghai Jiao Tong
University (SJTU), Beihang University, The Chinese University of Hong Kong (Shenzhen), Huazhong
University of Science and Technology, Xidian University, Guangdong University of Technology
(GDUT), Huawei Technologies Co., Ltd., TenaFe Inc., etc. The workshop was chaired by Prof. Li
Chen of SYSU, who is also the chair of the IEEE IT Society Guangzhou Chapter.

L M
e

-

With the features of large codeword length, randomness and capacity polarization, modern
channel codes can approach and even achieve channel capacity. However, future communications and
storage systems demand more advancements in terms of latency, power efficiency and flexibility.
Recalling the art of classic channel codes, algebra is the indispensable element. Classic channel codes
rely on good algebraic structure to exhibit good error-correction capability and efficient decoding
algorithms. With the spirit of revisiting the classics, benefiting the moderns and envisioning our futures,
this workshop aimed to focus on the state-of-the-art in algebraic coding theory, techniques and their
industrial impacts. Opposite to the iterative decoding techniques for turbo codes and low-density
parity-check (LDPC) codes, algebraic decoding techniques often operate in a one-shot manner,
inheriting the advantages in both the decoding latency and efficiency. On the other hand, future
wireless networks may rely on short-to-medium length channel codes to realize the vision of ultra-
reliable low-latency communications (URLLC). They do not have the above-mentioned capacity-
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approaching (or achieving) enabling features. Instead, they need to have good algebraic structure that
reflects on the code’s weight spectrum and also enables their efficient decoding. Therefore, it is
envisioned that algebraic coding theory and techniques may have their renaissance and play an
important role again in the near future. It is hoped that this workshop can rediscover the significance
of algebra in coding theory, promote more research ideas and endeavors, and further benefit the
industry.

Il

| o

The workshop was featured by seven in-depth talks with its agenda given below. Prof. Li Chen
delivered the opening speech, welcoming the participants and emphasizing the aim of the workshop.
In the morning session, Dr. Yingquan Wu, chief scientist of TenaFe, gave the first talk. He
systematically introduced the generalized integrated interleaved codes with Reed-Solomon codes and
BCH codes as the component codes. Then, Prof. Bazhong Shen from Xidian University offered
insights into the challenges of maximum likelihood decoding and its possible trendy artificial
intelligence (Al) solutions. Prof. Chaoping Xing, the Associate Dean of the School of Cyber Science
and Engineering at SJTU, presented a unified framework for fast Fourier transform via algebraic
function fields. Afterwards, Prof. Li Chen shared the idea of using algebra to reduce the ordered
statistics decoding latency for BCH codes. At the end of the morning session, Dr. Yingquan Wu further
shared another work - a novel Chase Kotter-Vardy decoding algorithm. The afternoon session talks
were delivered by researchers from Huawei. Dr. Huazi Zhang started this session with a spectrum
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analysis of polar codes via their algebraic properties. Then, Dr. Jiongyue Xing introduced a novel shift-
sum decoding method for cyclic codes. The last talk was presented by Dr. Yunqi Wan, who shared the
re-encoding transform in algebraic list decoding of algebraic-geometric codes.
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Before the end, a panel discussion on the significance of algebra in coding theory and techniques
was joined by Dr. Yingquan Wu, Prof. Bazhong Shen, Prof. Chaoping Xing, Prof. Guojun Han (GDUT),
and Dr. Huazi Zhang, and moderated by Prof. Li Chen. They exchanged their opinions with other
workshop participants, with more insights shared and yet more challenges unfolded. Finally, Prof. Li
Chen summarized the workshop by thanking all participants. He also traced the origin of the term
“algebra” and its later Chinese translation “daishu” ({X%%), which helped reflect the essence of

algebraic coding.

The Workshop Agenda
Speakers Talks
Yingquan Wu Generalized Integrated Interleaved Codes
Bazhong Shen Exploration of ML Decoding Using Al Techniques

Fast Fourier Transform via Automorphism Groups of

Chaoping Xing
Rational Function Fields
Li Chen Low-Latency OSD of BCH Codes

Yingquan Wu A Novel Chase Kotter-Vardy Algorithm

Huazi Zhang New Algebraic Properties of Polar Codes
Jiongyue Xing Shift-Sum Decoding of Cyclic Codes

) The Re-Encoding Transform in Algebraic List Decoding of
Yunqi Wan

Algebraic-Geometric Codes
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| EEE Information Theory Society Distinguished L ecture on Information-
Theoretic Cryptography

On Dec. 11, 2023, Professor Shun Watanabe visited Sun Yat-sen University (SYSU) and gave an
IEEE Information Theory (IT) Society distinguished lecture on Information-Theoretic Cryptography.
Shun is an Associate Professor of Tokyo University of Agriculture and Technology and the Society’s
Distinguished Lecturer for the years of 2023 and 2024. He had also been an Associate Editor for the
IEEE Transactions on Information Theory, and a General Co-chair of the 2021 IEEE Information
Theory Workshop. He is a Board of Governor of the Society. This lecture was hosted by the Society’s
Guangzhou Chapter and the School of Electronics and Information Technology of SYSU. More than
40 scholars and students participated the lecture. The participants also included several industrial
experts from Huawei and Shanghai Al Lab.

The lecture was moderated by Professor Li Chen of SYSU, Chair of the Society’s Guangzhou
Chapter. Li gave an opening speech, welcoming the lecturer and all participants. This distinguished
lecture addressed the information-theoretic cryptography. Although the computational cryptography
has been widely used in practice, its security relies on certain computational assumptions. The
information-theoretic cryptography seeks to build protocols that are secure without any assumptions
on adversary's computational power. This has been actively studied since the landmark paper by
Shannon. In fact, some of the information-theoretic concepts and tools have been used in the
computational cryptography that is more often seen in practice. During the lecture, Shun first provided
an overview for information-theoretic cryptography, followed by a few technical tools including the
min-entropy, universal hash family and leftover hash lemma. He then introduced secure computation
and oblivious transfer and showed how to realize the simulation based security against active adversary.
Finally, he shared some open problems in the area. More details could be found in his recently
published textbook (Himanshu Tyagi and Shun Watanabe, "Information-theoretic Cryptography,"
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Cambridge University Press, 2023).

This lecture has shown the deep insights and challenges in the area of information-theoretic
cryptography. It has inspired active discussions between the lecturer and the participants. Before the
lecture concluded, a group photo was taken in commemorating this Society event in East Asia.
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Founding of the |EEE Information Theory Society Harbin Chapter
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