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DN List of Talks

Talk 1: The Differential Spectra of Some Cryptographic Functions
with Low Differential Uniformity

Yongbo Xia

Biography

Yongbo Xia received the B.S., M.S., and Ph.D. degrees in mathematics from the Department of
Mathematics, Hubei University, Wuhan, China, in 2003, 2006, and 2009, respectively. From
September 2013 to September 2014, he was a Visiting Researcher with the Department of Informat-
ics, University of Bergen, Norway. Since 2006, he has been with the Department of Mathematics
and Statistics, South-Central University for Nationalities, Wuhan, where he is currently a Professor.
His research interests include sequence design for wireless communication, coding theory, and
cryptography. Differential property is one of the most important metrics of cryptographic functions
used in symmetric cryptography. More specifically, the differential uniformity quantifies the security
of the mappings used in block ciphers with respect to the powerful differential cryptanalysis. The
lower the differential uniformity of a function, the more resilient it is to differential cryptanalysis if
used in a substitution box.

Abstract

Compared to the differential uniformity, the differential spectrum of a cryptographic function
reflects more information about its differential property. The differential spectrum of a function
can be used to analyze its resistance against some variants of differential cryptanalysis, especially
the truncated differential attacks. In addition to its importance in cryptography, the differential
spectrum of a nonlinear mapping also plays a significant role in sequences, coding theory and
combinatorial design. A complete investigation on the differential spectrum of a given function is
interesting yet challenging in general.

Our talk will introduce the research progresses in this area, including the following topics:

e an overview of previously known results,

e the commonly-used methods for computing the differential spectra,

e new results about the differential spectra of some power mappings and some binomials with
low differential uniformity.

Open problems and some related research topics will also be discussed, which are given as fol-
lows:



computing the differential spectra of other power mappings, especially, the APN power
mapping over finite fields of odd characteristic,

calculating the differential spectra of other mappings, which are not power mappings,
investigating the c-differential spectrum, DDT, boomerang spectrum, BCT, DLCT of crypto-
graphic functions,

finding some applications of the differential spectrum (DDT, boomerang spectrum, BCT etc.)
in cryptography and coding theory.
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Talk 2: Some Topics on Locally Repairable Codes

Weijun Fang

Biography

Weijun Fang received the B.S. degree in mathematics and the Ph.D. degree in probability and
mathematical statistics from Nankai University, Tianjin, China, in 2013 and 2019, respectively. From
2019 to 2021, he served as a Post-Doctoral Researcher with the Tsinghua Shenzhen International
Graduate School, Tsinghua University, Shenzhen, China. Since September 2021, he has been a
Research Fellow at the School of Cyber Science and Technology, Shandong University, Qingdao,
China. He has authored over twenty academic papers, which have been published in distinguished
journals and conferences such as TIT, TCOM, DCC, FFA, ISIT, and ITW. His current research interests
include classical coding theory, quantum coding, and coding for distributed storage systems.

Abstract

To minimize the number of storage nodes to be downloaded, locally repairable codes (LRCs) were
designed by Gopalan et al. These codes aim to recover a failed node by accessing fewer available
nodes. The number of helper nodes required to reconstruct a failed node is referred to as the
locality of the code.

Compared to replication codes, locally repairable codes offer improved storage efficiency, leading
to significant reductions in storage costs for large-scale distributed storage systems. In contrast
to MDS codes, which lack locality, locally repairable codes require only a small number of helper
nodes when repairing a single node. The design of LRCs with high code rates, substantial minimum
distances, and minimal locality is a desirable objective. However, these parameters are subject to
specific constraints, such as the Singleton-type bound, the C-M bound, and the Hamming-type
bound. Recent years, constructing optimal LRCs that meet these theoretical bounds is a critical
area of focus in coding theory. From a practical standpoint, exploring fast encoding and decoding
algorithms for locally repairable codes represents an engaging and challenging field of study.

This talk will introduce the research progresses in this area, including the following topics:

e An introduction tof LRCs,
e Bounds and constructions of optimal LRCs
e Cyclic and constacyclic LRCs

Some interesting problems and related research topics will also be discussed, which are given as
follows:

e Improving the upper bounds for the code length of Singleton-optimal LRCs and providing
new constructions of LRCs (asymptotically) achieving these bounds.

e Finding perfect LRCs with new parameters, and even determining all possible perfect LRCs,
just like classical perfect LRCs



¢ Finding new (consta)cyclic Singleton-optimal LRCs with code length n > ¢ + 1 and new
(consta)cyclic perfect LRCs.

¢ |nvestigating the array codes with locality and designing efficient encoding/decoding algo-
rithms.
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Talk 3: An Introduction to Algebraic Geometry Codes and Related
Topics

Liming Ma

Biography

Liming Ma received his Ph.D. degree in mathematics from Nanyang Technological University,
Singapore, in 2014. From April 2014 to May 2020, he was a Lecturer with the School of Mathematical
Sciences, Yangzhou University, China. Since June 2020, he has been a research associate professor
in the School of Mathematical Sciences, University of Science and Technology of China. He is
interested in algebraic function fields over finite fields and coding theory, in particular rational
places and automorphism groups of algebraic function fields, locally repairable codes, algebraic
geometry codes and sequences. He has published more than 10 articles on the journal of Trans.
Amer. Math. Soc., IEEE Trans. Inf. Theory, IEEE Trans. Commun., J. Combin. Theory Ser. A, and J.
Number Theory.

Abstract

Around 1980, Goppa introduced a new family of blocks codes by using algebraic curves with many
rational points over finite fields. The discovery of algebraic geometry codes led to asymptotically
good sequences of codes which exceeds the famous Gilbert-Varshamov bound, which was a
classical benchmark for families of good linear codes. Algebraic geometry codes are one of the
most important family of block codes and have many applications in both coding theory and
cryptography. As a natural generalization of the Reed-Solomon codes, algebraic geometry codes
have large lengths compared to the alphabet size. However, there are no fast encoding and decoding
algorithms for algebraic geometry codes, compared with the Reed-Solomon codes.

After the invention of algebraic geometry codes, algebraic curves over finite fields have attracted
many researchers from coding theory, not only algebraic geometry or number theory. Constructing
new maximal curves or towers of function fields achieving the Drinfeld-Vladut bound are close
related mathematical topics of algebraic geometry codes. Algebraic geometry codes or algebraic
curves over finite fields have many applications in coding theory and cryptography, such as locally
repairable codes, quantum codes, secret sharing, multiparty computations and sequences, etc.

Our talk will introduce the research progresses in this area, including the following topics:

e an overview of previously known results on algebraic geometry codes,

e various constructions of algebraic geometry codes with good parameters, and asymptotically
good sequences of algebraic geometry codes exceeding the Gilbert-Varshamov bound or
Tafasman-Valdut-Zink bound,

e optimal and asymptotically good locally repairable codes via subcodes of algebraic geometry
codes.

Open problems and some related research topics will also be discussed, which are given as fol-

10



lows:

¢ finding maximal curves or curves with many rational points over finite fields and studying
their properties, such as GK curves, BM curves, etc.

¢ determining the lhara’s constant A(q).

¢ fast encoding of algebraic geometry codes, including algebraic geometry codes exceeding
the Gilbert-Varshamov bound or Tafasman-Valdut-Zink bound.

e fast decoding of algebraic geometry codes, including unique decoding and list decoding.

¢ finding other applications of algebraic geometry codes in cryptography and coding theory.

1
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