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Multiple relaxation structure-preserving schemes
and their applications

BB RE A
S ¥

#E: Anovel family of high-order structure-preserving methods is
proposed. The methods are developed by applying the multiple relaxation
idea to the different Runge-Kutta methods. It is shown that the multiple
relaxation Runge-Kutta methods can achieve high-order accuracy in time
and preserve multiple original invariants at the discrete level. Several
numerical experiments are carried out to support the theoretical results and

illustrate the effectiveness and efficiency of the proposed methods.

WMEAFMN: 57, EPHBEAFEFERUTFRAE, HS,
RREFAT . EFERBRATI, TENEWS T REEM. HL&
FAFETRBETBNARIE. LEEMS T RRENE L,
BWthnr 7 ENE RSB EEEAEL RG-S EEXWBHE., X
T1E% %k 7 (SIAM.J. Numer. Anal.) {SIAM. J. Sci. Comput.) (Math.
Comput) (J. Comp. Phys.) &£ NERE 21T EFHSCIEFI L, 25
A& T
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Superconvergent and Divergence-Free Mixed Finite Element

Methods for The Stokes Equation
tERaxE
®E¥E

# E: This paper develops superconvergent and divergence-free mixed finite
element methods for the Stokes equation. We employ $H(\div)$-conforming
finite elements for the velocity and discontinuous piecewise polynomials for the
pressure, ensuring that the divergence-free condition is satisfied pointwise. To
discretize the vector Laplacian, we introduce a weak deviatoric gradient operator
constructed from tangential--normal continuous traceless tensor elements. This
approach yields a consistent and stable discretization without the need for
additional stabilization terms required in discontinuous Galerkin or virtual
element methods. We prove a discrete inf-sup condition and establish
optimal-order error estimates for the stress. Notably, we derive superconvergent
estimates for the velocity and pressure, where the convergence rates exceed the
standard approximation properties of the chosen spaces. The proposed
framework provides a unified perspective on nonconforming virtual element
methods and  pseudostress--velocity--pressure  formulations.  Numerical
experiments are presented to verify the theoretical results.

WEAMA: ¥l LEVEAFRFHR. BIHARERF, #
%77 KA R TT 7 & R A 2 R T E A5k € F IR JC . £ Math. Comp. .
SIAM J. Numer. Anal.. Numer. Math., Math. Models Methods Appl. Sci..
Sci. China Math.. Comput. Methods Appl. Mech. Engrg. % #f 7| & % SCI
UXET 4R, EFZTNEXRGA/MFELTE,. LETERAMFE
e RO HERTEMEHEE., Nkt LETARFTEFITRIKKRTE .
RPEHERFF2RFEFRXERNFRX, BLFM THITFH
EiETHR ERF RR (FAE ),
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Stable structure and extremal eigenvalues of
degenerate Tur\'{a}n problems

R
BB

jﬁj % :  The Tur\'{a}jn number of a graph family $\mathcal{F}$, denoted by
$\mathrm {ex}(n,\mathcal {F})$, is the maximum number of edges in an $n$-vertex graph that does
not contain any graph from $\mathcal{F}$ as a subgraph. If $\mathcal {F}$ includes a bipartite graph,
then  $\mathrm{ex}(n,\mathcal{F}) = o(n"2)$, and the problem of determining
$\mathrm{ex}(n,\mathcal{F})$ is referred to as a degenerate problem by F\"{u}redi and Simonovits
(2013). Extremal graphs in degenerate problems typically lack a stable structure, making it
particularly challenging to determine the exact value of $\mathrm{ex}(n,\mathcal {F})$.

We approach the degenerate problem from a spectral perspective, focusing on the maximum
spectral radius of a general $\mathcal{F}$-free graph with $m$ edges, where the family of extremal
graphs is denoted by $\mathrm{SPEX}(m,\mathcal{F})$. Using the independent covering number
$\beta'(\mathcal {F})$, we prove that for sufficiently large $m$ and any finite degenerate graph
family $\mathcal {F}$ with $\beta'(\mathcal {F})\geq2$, every graph in
$\mathrm {SPEX}(m,\mathcal {F})$ can be obtained from $K {a,b}$ by adding $O(1)$ edges, for
some $a\leq \beta'(\mathcal{F})-1$. As applications, we first determine $\mathrm {SPEX}(m,F)$ for
any covering-tight graph $F$, including $K {s,t}$ and disjoint even cycles, thereby strengthening
the result of Zhai, Lin and Shu on $K {2,t}$ [European J. Combin. 95 (2021) 103322]. Next, we
study a spectral version of the Alon-Frankl-type problem; specifically, we determine
$\mathrm {SPEX}(m,\{K_{r+1},F\})$ for every covering-tight $F$, refining Nikiforov's result on
$K {r+1}$ [Combin. Probab. Comput. 11 (2002) 179--189]. Finally, we characterize
$\mathrm {SPEX} (m,\mathcal {F})$ for graphs that forbid $H$-minors or $HS$-subdivisions, which
applies to planar graphs and graphs embedded on surfaces. This is a joint work with Huiqiu Lin and
Mingqing Zhai.

BEABMN: TR, BMNFRITF, 2022 24 EERE T K¥HE
B, WAMRERZAER. TREXEARFELTFESL 1T X
77 18 7 B #E %, Huj 4 J. Combin.Theory Ser. A. J. Graph Theory,
Electron. J. Combin.% SCI #if| - £ % &k F KB X 15 &
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Combinatorial aspects of Galois covers of Zappatic
surfaces

REW
BB IERAF

# & : The fundamental group and the index of an algebraic surface serve as
core invariants in the classification of complex algebraic surfaces. In this
report, we focus on Zappatic surfaces. Specifically, we investigate the
Galois cover of a complex algebraic surface, and systematically study the
fundamental group and the index of such a general cover using the
combinatorial data of the base surface and the branch curve. In particular,
we establish a relationship between the index and fundamental group of the
Galois cover and the dual graph associated to the degenerations of these

algebraic surfaces.

MEAGN: EEW, SUBHIBAFEESNEIEFRAFH
FAHIT, KAAFREAE S, REJUA. KRB F I E R 5
R, EHHEHNMPZELEESHN IR ENARE LT EH6%EMEF 7 ER
"7 — R REEME R R, 7 Journal of Algebra. Collectanea Mathematica
SENNEEHTNEARFARL 8 B, EFILALEHFTT. EHEH
HTRBIIE . Mo, XA N S MR R RO, B R
KEWAHAFAENMELESE. GEAEMIAAGERI R,
EZUM B TEAFAETFRF . ZERKFRENIF T,
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On the largest matching root of hypergraphs

75 LA
&R A

# E: The largest matching root of a $k$-graph is the largest real root of its
matching polynomial, which is equal to the maximum modulus of all the
zeros of the matching polynomial. In this paper, we investigate the
perturbation of the largest matching root of $k$-graphs. We determine the
unique $k$-graph whose largest matching root attains the maximum among
all $k$-cacti (resp. linear $k$-cacti) with a given number of cycles and
edges, where a $k$-cactus is a $k$-graph in which every two distinct cycles
have at most one vertex in common. To achieve this, we prove that the
celebrated shifting operation of $k$-graphs, introduced by Erd\H{o}s, Ko
and Rado, does not decrease the largest matching root. This results extends
a classical result by Csikv\ari (Electron. J. Combin. {\bf 18} (2011)
$\#$P182) stating that the Kelmans transformation does not decrease the
largest matching root of graphs.

HEAMMN: FLHE, cRAFHIT, FBLERVTZEAF, FHAE
Bax. FARAEANREES, HEHHTICE A E 0L 2R, &
] B IU D % T 7 L L DA RCAEL B 5 o B 2 M R 40 % » £ Proceedings of
the American Mathematical Society. Journal of Algebraic Combinatorics.

The Electronic Journal of Combinatorics, Discrete Mathematics 2 4 & %

B A RFARR LI R,
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Monochromatic triangle-tilings in dense graphs
without large independent sets

=k
FERFRAKRE

#E: The Corr\'{a}di - Hajnal theorem (1963) states that every $n$-vertex
graph $G$ with minimum degree $\delta(G) \ge 2n/3$ contains a perfect
triangle-tiling. For graphs with independence number $\alpha(G) = o(n)$,
Balogh, Molla and Sharifzadeh (Random Structures & Algorithms, 2016)
proved that a minimum degree condition of $(1/2 + o(1))n$ already forces a
perfect triangle-tiling. In the setting of 2-edge-colored graphs, Balogh,
Freschi and Treglown (European J. Combin. 2026) determined the
asymptotic minimum degree threshold for guaranteeing a monochromatic
triangle-tiling that covers a prescribed proportion of the vertices, and they
considered two types: strong tilings (all triangles must be the same color)
and weak tilings (each triangle is monochromatic, but different triangles
can have different colors). In this paper, we combine the conditions from
these two lines of research and prove that every 2-edge-colored $n$-vertex
graph $G$ with $\alpha(G) = o(n)$ contains a weak monochromatic
triangle-tiling of size $2\delta(G) - n - o(n)$ when $n/2\le \delta(G)
\le 3n/5%, and of size $\delta(G)/3 - o(n)$ when $\delta(G) > 3n/5$ .
Both bounds are asymptotically optimal.

HEAGN: TEFE, FPERFRAAFEREL, BRAEFTRH
%, BRI R ABE F T4 E®, Ramsey-Tur\'{aln ¥, tiling
5] 28 DL R R 5 < A K 1] R
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HEAMAN: BREE, BEHIFEAFEFSRITFRAIT, 2025 F£3#
MBAFERFTVELFN, AR FTRALEGFERL. S HTZRE
®EHEF/TEETE 13, % Discrete Mathematics. Discrete Applied
Mathematics. Journal of Applied Mathematics and Computation % % K Hf

Flk % SCI X 1045,
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Algorithmic aspects of total domination and its
variants in Geometric Intersection Graphs

¥
AT AF

2.

#E: A vertex set S of a graph G is a total dominating set of G if every
vertex of G is adjacent to some vertex in S. A graph is called a geometric
intersection graph if it has a geometric intersection representation,
including grid graphs, unit disk graphs, and B_k-VPG graphs. In this talk, I
will introduce some  algorithms and complexity results for the total
domination problem and its variants, such as total restrained domination

and edge total domination, in geometric intersection graphs.

MAEA: BF, TR AFHIF, 2025 FEVTEZMAF, BIF
ABRTFERZ. TERARABAREGNE, MEZRANTEEHE 2
t , f£ Theoretical Computer Science . Journal of Combinatorial

Optimization. Discrete Applied Mathematics & Z& & & & # >,
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New constructions of asymptotically optimal
quasi-complementary sequence sets with small alphabet sizes

FER
B REMEMRAF

# & : The correlation properties of sequences form a focal point in the
design of multiple access systems of communications. A popular choice for
the set of sequences to deploy is the quasi-complementary sequence set.
There is a growing body of literature that recognises the importance of
quasi-complementary sequence sets. In this paper, using additive characters
over finite fields, we propose five classes of asymptotically optimal
quasi-complementary sequence sets, including periodic and aperiodic ones.
In particular, the designed asymptotically optimal quasi-complementary
sequence sets have new parameters and small alphabet sizes. The small
alphabet size enhances their appeal for implementation.

HEAHN: ZER, BrMEMAAFRFFREFRR, L4
T, 2019 FTHEMEMAAFRFEFELFNL (RIF: TEZ
B, MEEF WA EFETIAFNEFRLEHA (FIH: Ling San
HZ) o NBEREAAAIRBARFFALS ., IALGREHK,
BEHRAABARERY. ETELE. B RAF FH &Ko H AR
%, 1£ {IEEE Transactions on Information Theory) {IEEE Transactions on
Communications) {Designs, Codes and Cryptography) %438 IN% . X
BT & R F AR X 60 28,2017 2 580 FFET TERKIAE
FEHE AL, B 2022 4 & # 1F # F| ( Computational and Applied
Mathematics) (JCRQ1) W%, THRERXRGAMFELFTFIE .
LIHEEANFELFTFIE,
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More t-designs from the codewords of

the second minimum weight
¥
ZHAEAKNF

# & : This talk mainly focuses on t-designs from the second minimum
weights of several classes of NMDS codes. We first establish a
correspondence between the codeword of the second minimum weight
and some  submatrix of the parity check matrix for binary codes and
NMDS codes. As an application, we present several infinite families of
3-designs or 2-designs from the codewords of the second minimum weight.
Based on the inclusion-exclusion principle, we determine the
parameters of these designs by investigating the properties of symmetric

polynomials.

JEA®AN: )R, HE ZHEBHAFHR, ZRTCAFHFS
ZitFELtAEFHGR), BEFARAFELE, ZBEE XKL
WA, TENEARBEAAELA. REFEHT. THFEXEARF
AewETE 1T, BXEARFELFTFIE 1 0. ZHE EAH
FAESTE 1T, ZRABREARFHAELTE 1 T, ZRER
hRFEFFAL XFITXE RTE 1 3, £ (IEEE Transaction on
Information Theory ) {Finite Fields and Their Applications){Designs Codes

And cryptography) FE AW/ EEFAHF| EXXRFARLSL R,
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An open problem and a conjecture on binary linear
complementary pairs of codes

FHE
ZMAF

# & : Carlet et al. showed that for ¢ > 2, there exists a g-ary linear
complementary pair (LCP) of codes whose security parameter is as good as
the minimum distance of the best linear code with the same length and
dimension. In this paper, we study the best security parameters of binary
LCPs of codes. As a result, we solve an open problem proposed by Carlet et
al. (IEEE Trans. Inf. Theory 65(3): 1694-1704, 2019) and a conjecture
proposed by Choi et al. (Cryptogr. Commun. 15(2): 469-486, 2023).

BEAEAN: FHE, KRAFEHRNFERHF. T 2020 £5 2025
ERRRBZBAFHFNFFRFLEELFM, TN EE I HEK .
HEHAE G AR I mEFEFETLARFIF¥, 41 F)FA Ling San [T
T, NEEEFERMEFASEEFIEB LA ETTUR., TEAR
FEARERE, THFEXEARNFESRTIE 1 W, € A&% SCI
FAWX 25 B, EFEERE LW TEEMB T IEEE Transactions on
Information Theory 10 & . 4 & % =% <0 & M & # F| Journal of
Combinatorial Theory, Series A 1 /& .
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Frameproof codes and related structures

RER
FEMERARAAF

# E : Frameproof codes have been extensively studied due to their
applications in copyright protection and their connections to extremal
combinatorics. A central problem in this area is to study upper and lower
bounds on the maximum size of frameproof codes and related structures. In
this talk, we investigate bounds on the size of several variants of
frameproof codes, including wide-sense frameproof codes and focal-free
codes, and present new results connecting these objects to problems in

extremal combinatorics.
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Two families of self-orthogonal codes with applications in LCD

codes and optimally extendable codes

R IR

# Z: Self-orthogonal codes have interesting applications in quantum codes,
linear complementary dual (LCD) codes and lattices. LCD codes and
(almost) optimally extendable codes are useful to safeguard against
Side-Channel Attacks (SCAs) and Fault Injection Attacks (FIAs). In this
paper, we first give a lower bound of dual distances for augmented codes
via the defining-set construction. Then we construct two families of g-ary
self-orthogonal codes with determined weight distributions via defining-set
construction and propose the parameters of their duals. Besides, several
families of AMDS codes are obtained as byproducts, which are both
length-optimal and dimension-optimal with respect to the Sphere-packing
bound. As applications, these self-orthogonal codes are used to construct
LCD codes and proved to be optimally extendable. As a consequence, our
constructions produce some optimal codes.
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Construction of Boolean functions with few-valued Walsh
spectrum and their applications to linear codes

S
I AL I 9 A S

# & : Boolean functions with few-valued Walsh spectrum are of significant
importance in coding theory, cryptography, and sequence design. We
introduce a flexible construction of such functions via a modified
semi-direct sum. By appropriately selecting initial functions, including
linear functions, bent functions, and s-plateaued functions, we explicitly
obtain Boolean functions possessing three to six distinct Walsh spectrum
values and completely determine their spectral distributions. In particular, a
class of Boolean functions with a five-valued Walsh spectrum is obtained.
Furthermore, the proposed construction can yield balanced Boolean
functions with high nonlinearity. As a direct application, two classes of
minimal linear codes with four and six nonzero weights are derived from

the constructed Boolean functions.
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