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MEBH: Anovel Chase Kdter-Vardy algorithm

WApR: R4 8:35 - 9:25

WEME: In this paper, we first formulate a novel Chase
Guruswami-Sudan algorithm which list corrects not only all
errors among the Chase flipping symbols but also the number of
errors up to the enhanced Johnson bound among remaining
positions, for Reed-Solomon and g-ary BCH codes. The
enhanced Johnson bound is induced by shortening the code
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without those Chase flipping symbols. We next devise a novel
Chase Kdter-Vardy algorithm for soft decision decoding of
Reed-Solomon codes. We show that the a posteriori probabilities
of two branches of one of the least unreliable symbols which
undergo Chase flipping shall be merged and assigned to the
correct branch out of the two (it does not matter anyway if
neither is correct), based on the rationale that one of exhaustive
Chase flipping patterns must hit the genie pattern among the
flipped symbols. During the exhaustive trial-and-error Chase
decoding, each flipping pattern is treated as the genie and thus
the associated branches of each flipping symbol are assigned
with the merged a posteriori probabilities while its alternative
branch is amortized. The multiplicity matrix is constructed using
the state-of-the-art K@ter-Vardy transformation. We show by
both theoretical analysis and simulations that the proposed Chase
Kdter-Vardy algorithm significantly outperforms the original
Kdter-Vardy algorithm under a similar complexity. We then
extend this approach to a coded Chase scheme wherein the
Chase pattern set comes from a covering code. We also employ
a novel preprocessing technique that enforces a zero constant
term for the message polynomial, by equivalently sacrificing one
parity symbol. It effectively eradicates spurious candidate
bivariate polynomials by merely computing and checking their
constant terms, and thus dramatically reduces the number of
candidate bivariate polynomials that are actually interpolated
and factorized.
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MwEBH: Fast Fourier Transform via automorphism groups of
rational function fields

WERM: k4 10:45 - 11:35

MEME: The Fast Fourier Transform (FFT) over a finite field
[Fq computes evaluations of a given polynomial of degree less
than n at a specifically chosen set of n distinct evaluation points
in Fq. If g or g - 1 is a smooth number, then the divide-and-
conquer approach leads to the fastest known FFT algorithms.
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Depending on the type of group that the set of evaluation points
forms, these algorithms are classified as multiplicative (Math of
Comp. 1965) and additive (FOCS 2014) FFT algorithms. In this
talk, we provide a unified framework for FFT algorithms that
include both multiplicative and additive FFT algorithms as
special cases, and beyond: our framework also works when q +
1 is smooth, while all known results require g or q - 1 to be
smooth. For the new case where g + 1 is smooth (this new case
was not considered before in literature as far as we know), we
show that if n is a divisor of g + 1 that is smooth for areal B > 0,
then our FFT needs O (n - log n) arithmetic operations in [Fq. Our
unified framework is a natural consequence of introducing the
algebraic function fields into the study of FFT.
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WEFHE: Low-latency OSD of BCH codes

WEHE: B4 11:35 - 12:25

A E: Ordered statistics decoding (OSD) can achieve a near
maximum likelihood (ML) decoding performance for BCH
codes. However, Gaussian elimination (GE) that delivers the
systematic generator matrix of the code has an uncompromised
latency. Addressing this challenge, this talk introduces a low-
latency OSD (LLOSD). Since BCH codes are binary subcodes
of Reed-Solomon (RS) codes, its codeword candidates can be
produced using the RS systematic generator matrix, where its
entries can be generated in parallel through the Lagrange
interpolation. By eliminating the non-binary codeword
candidates and identifying the ML codeword, the LLOSD also
has a low complexity. Decoding complexity can be further
reduced by its segmented variant. This talk also shows the
LLOSD can be interpreted as systematic RS encoding of a
punctured BCH codeword. Such a concatenated perspective
unveils the valid BCH codeword candidates are far fewer than
TEPs, validating its low complexity feature. Finally, a hybrid
soft decoding (HSD) that integrates the LLOSD and the
algebraic Chase decoding is proposed. The latter can effectively
provide extra TEPs for the LLOSD, enhancing the decoding
performance. This is an effective approach for decoding longer
BCH codes.
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AN 4. Huazi Zhang (Senior Member, IEEE) received his
Ph.D. from Institute of Information and Communication
Engineering, Zhejiang University in 2013. From 2011 to 2013,
he was a visiting researcher with the Department of Electrical
and Computer Engineering, North Carolina State University,
Raleigh, USA. From 2013 to 2014, he was a Research Fellow
with the School of Computer Engineering, Nanyang
Technological University, Singapore. From 2014 to 2015, he
was a Research Scholar with the Department of Electrical and
Computer Engineering, University of Florida, USA.

He joined Huawei Technologies Co., Ltd in 2015. Since
then, he has engaged in research projects on advanced wireless
communications involving channel coding and signal
processing techniques, and engaged in multiple standardization
activities. His current research interests are channel coding,
information theory and signal processing for wireless
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communications, with focus on theoretical analysis, algorithm
design and hardware implementations for 5G and beyond.

WEWHE: New algebraic properties of polar codes

WERE: T4 14:30 - 15:20

WEFEE: Polar codes is a class of codes having similarities to
both probabilistic codes and algebraic codes. On the one hand,
the successive cancellation (SC) decoding algorithm treats polar
codes as probabilistic codes. By scheduling the message passing
in a particular order, SC decoding can be regarded a special case
of belief propagation decoding. The SC decoding performance
in AWGN channel can also be accurately obtained by
probabilistic tools such as density evolution. On the other hands,
polar codes share much algebraic structures with Reed-Muller
codes and BCH codes. Specifically, the weight spectrum of a
pre-transformed polar codes, such as polarization-adjusted
convolutional (PAC) codes, is proven to improve significantly
over the conventional polar codes. The increase of code distance
also contributes to the coding gain for CRC-aided (CA) polar
codes and parity-check (PC) polar codes. Moreover, the
automorphism structures of polar codes can be exploited for an
automorphism ensemble (AE) decoding, which exhibit higher
parallelism and lower complexity than SC list decoding. These
algebraic properties need to be further studied to improve the
performance-complexity tradeoff of polar codes.
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A N8 . Jiongyue Xing received his Ph.D. degree in
Information and Communication Engineering from Sun Yat-
sen University in 2020. From 2018 to 2019, he was a visiting
Ph.D. student with the Institute of Communication Engineering,
Ulm University, Germany. Since 2020, he has been a
Researcher with Hong Kong Theory Lab, Huawei
Technologies Co., Ltd. His research interests include channel
coding and data communications. He received the Excellent
Doctoral Dissertation Award from the Chinese Institute of
Electronics Information Theory Society in 2020.

MEMHE: Shift-sum decoding of cyclic codes

MEmE: T4 15:20 - 16:10

WEME: Cyclic codes, including the Reed-Solomon (RS)
codes and BCH codes, are widely applied for data protection due
to their efficient encoding and decoding algorithms. This talk

14
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introduces a novel shift-sum decoding method for cyclic codes,
which is hardware-friendly and exhibits advanced decoding
performance. It utilizes the cyclically different minimum-weight
dual codewords (MWDCs) and their proper shifts to create a
frequency matrix which can be considered as a reliability metric
for identifying the error positions and magnitudes. A plausibility
analysis is provided to reveal the rationale for its advanced error-
correction capability. Several decoding algorithms based on the
shift-sum operation are also presented to demonstrate its
performance potential. Simulation results on RS and BCH codes
show that the shift-sum based algorithms yield a competent
decoding and complexity performances in comparison with the
existing decoding algorithms.
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AN AF4: Yungi Wan received his Ph.D. degree in information
and communication engineering from Sun Yat-sen University in
2021. Since 2022, he has been a senior engineer with the Theory
Laboratory, 2012 Laboratories, Huawei Technology Company
Ltd. His research interests include channel coding and data
communication.

MwEBH: The re-encoding transform in algebraic list decoding
of algebraic geometric codes

WERE: T4 16:40 - 17:30

REE. This talk proposes the re-encoding transformed (ReT)
based list decoding using the module basis reduction (BR)
interpolation for algebraic geometric (AG) codes on Cab curves.
The two ReT approaches are introduced to facilitate the BR
interpolation. One is realized by the bivariate Lagrange polynomial.
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The other is conducted by the ReT of Reed-Solomon (RS) codes
based on the mathematical structure of AG codes. The ReT based
BR interpolation (ReT-BR) algorithm for decoding the AG codes
is further introduced. Finally, complexity of the proposed
algorithm is analyzed and validated by the simulation results,
demonstrating its complexity advantage over the non-ReT
counterpart.
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Note
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