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Global stability of large Fourier mode for 3-D anisotropic

Navier-Stokes equations in cylindrical domain
5P R S RGR AT TR
In this talk, we first present the global existence and stability of solutions to 3-D
classical Navier-Stokes equations (NVS) in an infinite cylindrical domain with large
Fourier mode initial data. Then we extend similar result for 3-D anisotropic
Navier-Stokes equations (4NS). We remark that due to the loss of vertical viscosity
in (ANS), the construction of the energy functionals for (4ANS) is much more subtle
than that of (NVS). Compared with our previous paper for (NS), we improve the
polynomial decay in k& for the Fourier coefficients of the solution to be exponential

decay in k here.

WE NN P, RS RERFAT AR RS, T ERERE
Bt o AAE 1991 £E3R T 50K 25 122407 5 1997 SF3R g 1 K 218 152405 1997-1999
SRR BT S 1999-2001 4FATRH BB 2 15 R G0k -0 7t e B
WHFE51: 2001-2003 AT R L 5 RGURH = BB FE 51 s 2003-24, AT
TR 5 RGRFAO BT T 8T 2005 SFEERE AN FHERE G 2007
ARG b R RHE AL 2011 AE3RE K AR 553, 2014 RIS i
KT IR (F Rl B ko), 2019 SRR EBCE S A 500, 2021
FRE A ERFER L
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From the Hrushovski property to Vershik’s conjecture
HE FITR

In this talk I will introduce the Hrushovski property for certain classes of finite
structures and discuss its deep connections with other algebraic properties of groups,
such as the Ribes-Zalesskii property of finitely generated free groups. These
connections have led to the proof of a conjecture of Vershik about the automorphism
group of the random graph and the isometry group of the universal Urysohn space.
This is joint work with Etedadialiabadi, Le Maitre, and Melleray.
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K3 surface entropy and automorphism groups

R REERE

In this talk, we give a characterization of the complex projective K3 surfaces
admitting automorphisms of positive entropy and we explain how to classify the
projective K3 surfaces of zero entropy with infinite automorphism groups. As an
application, we determine the projective K3 surfaces of Picard number at least five

with almost abelian automorphism groups. This answers a question of Nikulin.

WE N R, REERZHR, BREEFEANA, FENFREIUAT A
TEARBU T B [R5 530 ) R GBI 2 VTR B BT RC T I [ R B
552B . Calabi-Yau =% H#M3 REERT T SURIAT 1 RIUBCR « AR HUR
7t (Duke Math. J.) . {J. Reine Angew. Math.) . {J. Algebraic Geom.) . {(Math.
Ann.) . (IMRN) . {Algebraic Geom.) ZFHATI L kFE. %3k 2019 4 (HA%

FRIRE) AR

Hopf REHIMEAZE
W IR

Frobenius-Schur fEF#JE F A FREF R R IE, 85 - F4E A 8 H 2 Hopf X4k
7, A Hopf AR /R B FISK B a6 1 B 22 T2 . fERIR I TR,
FAT TR I Frobenius-Schur 48 b5 -5 5246 3 4B TE MR N E BEE MG, K4k
b — AN EE 7 1R 8 Hopf AREFISK GG R4 3 BB RIAE R . R
2, XFh 3 HERIEAAS EHETT T Frobenius-Schur f845, F£45 Hi 5 £ Hopf 1CH
AR IR T, AT I SRAE Hopf ARBRTE A &
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WG AW W, M RFERFR 2RI, R TEE TS
Ber P, R T ER BRI R S HENEMND EWE, FERRAET
Adv.Math., Comm. Math. Phys.Z&HH].
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On the perverse filtration of the moduli spaces of 1-dimensional

sheaves on P2 and P=C conjecture
PR HAINYE R

Let $M(d,\chi)$ be the moduli space of semistable 1-dimensional sheaves
supported at curves of degree $d$ on $\p"2$, with Euler characteristic $\chi$. We
have the Hilbert-Chow morphism $\pi: M(d,\chi)--> |dH|$ sending each sheaf to its
support. We study the perverse filtration on $H**(M(d,\chi),\bq)$ via map $\pi$,
especially the “'P=C" conjecture posed by Kononov-Pi-Shen. We show that *"P=C"
conjecture holds for $H"{*\leq 4}(M(d,\chi),\bq)$ for any $d\geq 4%, $(d,\chi)=18.
In the talk we will introduce the set-up of the P=C conjecture and explain the main
strategy of the proof which is to relate $M(d,\chi)$ to the Hilbert scheme
$SM{[n]}$ of $nS$-points and transfer the problem to some properties on
$H *(S™{[n]},\bq)$. We will omit the details of the concrete computations and refer
to the paper arXiv 2312.17035 on arXiv.

WA R, TIRERAPIS AR L 220, ORI [ bR s S
BeH At 2, WEFLTT R 9 ARE UAT, 2 S T Ay A i B A (] B
BUE & #0228 SORHA 0T T Be T 7T A

Moduli space of enhanced elliptic curve and quasi Jacobi forms
R N

The project of Gauss-Manin connection in disguise aims at giving a systematic
way of understanding classical modular forms by studying moduli spaces with extra
data. In this talk, I will describe recent joint work with H. Movasati for understanding

of quasi Jacobi forms. During this work, we find some fake period domain.

s NS B, M, 2016 4 8 H B TR EAL DT ER- R, IR A
452400, 2016 4F 10 H & 2018 4F 10 A 7EIE 4 K2 B Sl B0 R o S
LJEWFFL. 2018 4F 10 H BATEE LR S iU Rl oo T Bh B R . &
TR TR ARBU LT P ¥y CRRIRD BRETER I J AR G & 3 R
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Subgroup structure and applications
RE ALRKRE

In this talk, we present some studies of elementary abelian p-subgroups of
algebraic groups and applications in the Inverse Galois problem, the classification of

acceptable Lie groups, the Alperin weight conjecture, etc.

& N4 : Jun Yu obtained PhD from ETH Zurich in 2012, and then did postdoc in

IAS Princeton and MIT. He is now an associate professor in Peking University. His

research field is representation theory of Lie groups.

Transfer of unitary representations versus local theta

correspondence

5 MITRYE

In this talk, I will introduce the notion of transfer for unitary representations and
talk about its connection with local theta correspondence. As an application, we
obtain a structure theorem of theta lift of the trivial representation via the

compatibility result.

BN 227, FIPREEUN, ARHERL T MRS, B 5rin
SR, FENH SRS A T R AT .

Moduli space of vector bundles and Frobenius splitting
JAMER KRR

After a brief introduction of Frobenius splitting in positive charactersitic, we
report some progresses about moduli space of vector bundles on a curve in this

direction. This is based on a program with Professor Xiaotao Sun.

et NiAr: B4R (Mingshuo Zhou) , KRB R 22 HA 22 B/ N EE s, BT

e =
AR
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The Category O for Lie algebras of vector fields (II): Lie-Cartan
modules and cohomology
EAESE BT KA
We will study Lie-Cartan modules and their categorical and cohomology
properties. The category LCis abelian, and a “highest weight category” with depths.
What is surprising, the set of co-standard objects in the category O turns out to
represent the isomorphism classes of simple objects of LC. We then establish the

cohomology for this category (called the “L€-cohomology), extending Chevalley-

Eilenberg cohomology theory. Another surprising result says that in the fundamental
case g = W (n), the extension ring Exty.(R) for the polynomial algebra R in the

ULe-cohomology is isomorphic to the usual cohomology ring H ' (gl(n)) of the general

linear Lie algebra 8I(n).

WA AW wIETE, 22, 2009-2012 TR ITVE KA EH R 7 A,
2012-2015 ST WL R ZFE R 2222 B s 0 70 24E . B Ty AL IiE K250
Bl2E 2t e RN 27, R TN AR ER R,

Moving vectors of blocks of cyclotomic Hecke algebras
PEM RKILRFREE K

The cyclotomic Hecke algebras were introduced by Ariki and Koike and
independently by Brou¢ and Malle, which include Hecke algebras of types A and B as
special cases. They play an important role in modular representation theory of finite
groups of Lie type, and are in relation with various significant objects, such as
quantum groups and rational Cherednik algebras. Note that in type A the weight of a
block can measure how complicated the block is. However, this is no longer true for
cyclotomic Hecke algebras. As a result, many classical results of type A related with
weights have no cyclotomic versions. In this talk, we introduce a new invariant called

moving vector for blocks of cyclotomic Hecke algebras and give some applications.

W N 20, #Helt, RKIEKRFEREROREIBER, 4TI, 5t
FIT AR, KEFARRC R, ERE P E RBHA I H 5T
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Simple Harish-Chandra modules over superconformal current

algebras
FH REERE

In this talk, we classify the simple Harish-Chandra modules over the

superconformal current algebra ¢ , which is the semi-direct sum of the N =1
superconformal algebra with the affine Lie superalgebra ¢ ® 4+ C,, where g is a finite

dimensional simple Lie algebra, and A is the tensor product of the Laurent polynomial
algebra and the Grassmann algebra. As an application, we can directly get the
classification results of the simple Harish-Chandra modules over the N =1

Heisenberg-Virasoro algebra.

s NI £¥, &, 1980 £ 3 A4, PR, REKRZHAFFRRIHER . i
o 2009 FFRGI R AN, BV ERIRERATAEES. BITEZNFEL
R4 GED BRI REIR KD .
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AR, 5T LK Bz — ) BSD A B RZIER R . A THEA2HL
J7RAIE R, SEJT AR LS BSD AS AR IR ZI KR F,  LARGE I HRAN AR X — i A
s A
W N RIE, WALV A EOEA R A A BT AR T DY IR, i
m o SN AS s R R St i TP L B i S| A i 1 4 ES YA N e e S ES PSS
Beawtse i NI LRk e AR, O e i 8ie 52 .

Shuffle algebras and their integral forms: type B, and G;
B B TR R

We construct a family of PBW type bases for the positive subalgebras of
quantum loop algebras of type B, and G2, as well as their Lusztig and RTT (for type

B, only) integral forms, in the new Drinfeld realization. We also establish a shuffle
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algebra realization of these C(v)-algebras and generalize the latter to the above

Z[v,v'']-forms. This is a joint work with A. Tsymbaliuk.

s N B, b RTHE RSB 2E B PRIT, 2018 GE 5L T A [ Bl 2 B B
5 2GRN, SRR W Skoltech, Ji MRS e B AL SR S b i i -
Ja, FEMFEETE. Shuffle KEHIHTTT.
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FAEBIT) R IE1E

W AN JUEHE, BIWFCR, 2020 45 NBR 0 E R B BUEBEECE T, WEA
W AELR ME B TR, W R FET JEMS, CMP, APDE, IMRN, AIHP, SIMA
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Introduction to Fermi acceleration problem in dynamical systems
HEKOL FITREE

Fermi acceleration is a mechanism, first suggested by Enrico Fermi in 1949, to
explain heating of particles in cosmic rays. Fermi studied charged particles being
reflected by the moving interstellar magnetic field and either gaining or losing energy,
depending on whether the “magnetic mirror” is approaching or receding. In a typical
environment, Fermi argued, the probability of a head-on collision is greater than a
head-tail collision, so particles would, on average, be accelerated. Since then Fermi
acceleration has been used to explain a number of natural phenomena and several
simple mathematical models demonstrating Fermi acceleration have been proposed.
We will focus on Fermi-Ulam models, and explain the connections to various aspects

of dynamical systems, such as billiards.This is joint work with Jing Zhou.
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WE N FHROL, W4, 2012 FARHER TR R, 2018 FAEKRE RS
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BERFWICE T

The self-similar solutions to the fractional Navier-Stokes equations
MG AL HUR R

In this talk, we show the global regularity and the optimal decay of weak
solutions to the generalized Leray problem with critical dissipation. Our method is
based on the maximal smoothing effect, elliptic-type theory of linearization, and the
action of the heat semigroup generated by the fractional powers of Laplace operator
on distributions with Fourier transforms supported in an annulus. As a by-product, we
shall construct a self-similar solution to the tree-dimensional Navier-Stokes equations,
and more importantly, prove the global regularity and the optimal decay without

additional requirement. These works are joint with Baishun Lai and Changxing Miao.

i N S, AL NS HUR R AR B e B B0, WA 300. 2013
T E R S RG R TRE, 2 Wroclaw University K%
Mt fE. WA : MM, Navier-Stokes. SQG. Boussinesq. chemotaxis-
Navier-Stokes &K 115 71 TR T 3 WUEZR ARRFAREIH , MWl
Rk FAEAFELE Adv. Math. . Arch. Ration. Mech. Anal..Comm. Math. Phys.. Trans.
AMS. J. Math. Pures Appl.. Rev. Mat. Iberoan. SIAM J. Math. Anal 55 7E P4 ) 55 %2
FARIIT

Preimage Mean Dimension

EWrE kR

In this talk, the mean dimension theory via the preimage structure for
noninvertible infinite dimensional dynamical systems with infinite topological
entropy is considered. Several invariants, such as the topological preimage mean
dimensions, the metric preimage mean dimensions and the rate distortion preimage

mean dimensions involving two variables (metrics and measures) are introduced and
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the relations among these quantities are considered. Particularly, for a non-invertible
system with the backward marker property, a double variational principle relating rate
distortion preimage mean dimensions and topological preimage mean dimension is

established. This is a joint work with Weisheng Wu and Yujun Zhu.

s N 0T, WSkoREE PRI, 8 Bl T R Imye K as . 3 2t T A
NENJ1ZRSG . BRI FESEBE R IR 1 RERARER SR FARRE
H5EULGE 43357 . Bl £ E K B AR ST R eI H —
T, £ (Journal of Differentiable Equations) (Discrete and Continuous Dynamical
Systems) SFECFIHT AR L Z .

Stability of Stationary Solutions to the Nonisentropic Euler-Poisson

System in a Perturbed Half Space
A PRREKT

The main concern of this talk is to mathematically investigate the formation of a
plasma sheath near the surface of nonplanar walls. We study the existence and
asymptotic stability of stationary solutions for the nonisentropic Euler-Poisson
equations in a domain of which boundary is drawn by a graph, by employing a space
weighted energy method. Moreover, the convergence rate of the solution toward the
stationary solution is obtained, provided that the initial perturbation belongs to the
weighted Sobolev space. Because the domain is the perturbed half space, we first
show the time-global solvability of the nonisentropic Euler-Poisson equations, then

construct stationary solutions by using the time-global solutions.

A NEA: A, WL TEHEIMERY:, ZEEhER RS RS
FHE TS L5070, DUEILT b s RO R =B 5 B, BB, w7 AR
T FEMNFEIRL MR AR LAE, B OSBRI T2 T FE AL R A
RBUCFIR AT, IR )7 R RGBT R I B AR A LR PE ARG 1298 2
WBREE, EEIR R KL Arch. Ration. Mech. Anal.. SIAM J. Math. Anal.%5 & Bx
HEETY) L. FREFRARRFESTFEOE W, W E5H 5.
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MEHAE] & Navier-Stokes 75 F2i& & M 7 H BIWFFC

Asymptotic stability for n-dimensional magnetohydrodynamic

equations
Xk AbRt TR

This talk is concerned with the stability theory of n-dimensional incompressible
and compressible magnetohydrodynamic (MHD for short) equations with only
kinematic viscosity or magnetic diffusion in the periodic domain T”. T will present
some new results on the asymptotic stability and sharp decay estimates of this system
when the magnetic field close to an equilibrium state satisfying the Diophantine
condition. In the present works, by exploiting and effectively utilizing the structure of
perturbation system, a new dissipative mechanism is found out and applied so that we
can sharply improve the spaces of existing works, where the decay estimates and
asymptotic stability of solutions are taking place . Some key ideas of our method will

be discussed. This talk is based on joint works with Quansen Jiu and Yaowei Xie.

et NS XI9kTE, JEaRt TR, BlEER, HeeRE e, MhAESm. K
S AN BT AR O RE (0 B BRAR BT 5T, T A AN AT Ak xR A B e et AR
Navier-Stokes 2, 0] EHXFR Euler 752 AR AN ] R RASAR J7 F2 S5 AH G A4
BRI 2= e B 7T b, BUE T — 25168 R, 1E J. Differential Equations, J.
Nonlinear Sci., Discrete Contin. Dyn. Syst., Commun. Math. Sci., Nonlinear Anal., Z.
Angew. Math. Phys 2 [ brkn 42 1] ERRZARR R, ERFEFKEAR
R, AR B AR AR G RT A .
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On physical measures for star flows

skete AERIE R RS

Star flows named by S. Liao play an important role in the study of stability
conjectures. Now, star flows are known to be multi-singular hyperbolic, a notion
introduced by Bonatti-da Luz. In this talk, we will show the existence and finiteness
of physical measures for typical star flows. This is a joint work with S.Crovisier,

X.Wang and D.Yang.

R NS gk, LR AIR KRS, B, Bl AU A
PREBRY, GTOERE LR el LG, TEBRSISAMI s RS, £
Comm.Math.Phys., Trans.Amer.Math.Soc., Commet.Math.Helv., Ergodic Theory
Dynam. Systems 553 1| & & 2 5w 8 5C.

Singular vectors on affine subspaces
PG5 o E R R e O

We give an upper bound of the Hausdorff dimension of singular vectors on
affine subspaces of the Euclidean space. This upper bound is expressed in terms of the
Diophantine exponent of the parameter of the affine subspaces. The proof involves
our construction of a new Margulis function on homogeneous spaces. Joint work with

Shah.
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The number of limit cycles near a double homoclinic loop for a

near-Hamiltonian system
MR ALK

In this paper, for a general near-Hamiltonian system we study the number and
distributions of limit cycles near a double homoclinic loop. For a cubic Hamiltonian
system with general polynomial perturbations, we obtain a lower bound of the

maximum number of limit cycles near a double homoclinic loop.

W NS MREL WAL R AR A2 B AR, R, RN
o I3 RS 8 71 R G005 13 AR S 7T, BAR B E6IE 5 ARG R SEH Hopf 7332
[ 5718 0 SCEE ) SR, Aoy i RE R AR AE M E S AR e RS, DB — 1 3 Bl R
# 1t J. Differential Equations. J. Appl. Anal. Comput.. Sci. China Math. %5 | &
KWL 30 /G, ERZERERBARA G EIH 2 00, FEREEEHA
101 ERFSERGA AL BB AR S BT E 1 T

An Extension of De Giorgi Class and Applications
[SEAR AT B N
In this talk, we present an extension of the classical De Giorgi class, and then we
show that functions in this new class are locally bounded and locally Holder

continuous. The characteristic of this new class is that it is suitable for non-standard

growth conditions. Some applications are given.

s N WA, Wb KFEEEZ, LA S, 2000 BT EEASE K,
IS 2L IR KA B KRR S R KA ) 22 o WIF 9T 7 1) v I B ko) 7 FE
AR in) @, FHICEE R RAE JFA, SCM 25T |
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Aiming to develop the algebraic topology of digraphs
A O EATE N FH E s BT 55 B

Detecting and interpreting high-order interactions is the most challenging in

complex network. So far, there are limited mathematical tools for studying high-order
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interactions, comparing with that there are a lot of well-developed mathematical tools
(from graph theory) on studying pairwise interaction networks. Algebraic topology
could provide ideas for developing mathematical tools on studying high-order
interactions, which might lead to the next revolution in high-order complex network
science. In this talk, we will discuss the higher dimensional topological structures on
(di-)graphs. Particularly, we will give an introduction to the GLMY theory on
digraphs introduced by S. T. Yau et al, which is a new-born(emerging) research area
in algebraic topology with successful applications to control flow in complex
networks, the design of materials and molecules, and the identification of diagnostic

features of complex diseases.

W NI RANHER, AR ARG N BEA AT B 7T 57, 1995 3R E
DY KA 526, 1995-96 E 3 FANM R AR Fe M B e, HB nas
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Confined subgroups in groups with contracting elements
170 @B | 50N = | Y EE LTS G ] e R

In this talk, we study confined subgroups in groups with contracting elements.
This class of subgroups generalizes normal subgroups and has recently received many
interests in semi-simple Lie groups. We shall focus on growth of confined subgroups
and their relation with conservative action on boundary. Our results apply to
fundamental groups of Riemannian manifolds with negative curvature and mapping
class groups. This represents a joint work with Inheyok Choi, Ilya Gekhtman, and
Tianyi Zheng.
et Nfadr: 3o, EEmZRAA T RIANIEE, A, ARGt
W TR, 2011 FE IR E BURRHAER R A IG5 47, 2011-2013 41
[F)7E R B AR K N L S 7T . 2014 4 NERAE 50K 220 st [E bR it 7o 0
EARAEA = 2 O A TR SCRE . FREF A7 102 J UM RS SIR4Edh4h, OFF
Invent Math, Geometry & Topology, Crelle's journal, Journal of Topology, Math Ann
FEPRAA TR R LZRE
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Coherent-constructible correspondence for toric Calabi-Yau
orbifolds
Rl 0O N | e 2L 7 o e SR

Coherent-constructible correspondence (CCC) is a manifestation of homological
mirror symmetry when the symplectic side could be described microlocally by
sheaves. I will review the mirror pair construction for toric Calabi-Yau orbifolds, and
then explain the CCC for the two cases: 1) affine toric Calabi-Yau orbifold on the
symplectic side (microlocal sheaves); 2) a toric Calabi-Yau 3-orbifold on the complex

side (coherent sheaves).

W NS TG AERUR SR AL E PR e Bt 7 D % -

Rigidity of hyperbolic polyhedral 3-manifolds
A E RO

We show the rigidity of hyperbolic polyhedral metrics on 3-manifolds. By
definition, such manifolds are isometric gluing of decorated hyperbolic tetrahedra.
Here a decorated hyperbolic tetrahedron is a hyperbolic tetrahedron with only ideal or
hyper-ideal vertices, and furthermore, with a horosphere called decoration centered at
each ideal vertex. We show that the above hyperbolic polyhedral metric is determined
up to isometry and change of decorations by its curvature. This work generalized
Luo-Yang's rigidity results [2018, J. Topol.] to the most general situation. This is joint
work with Ke Feng and Chunlei Liu.

WA NEA: B, R Rz =B il L A BRECERT T Ol L
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Higher dimensional Heegaard Floer homology and Hecke algebras
FHHR AR RTmE Ky

Higher dimensional Heegaard Floer homology (HDHF) is a higher dimensional
analogue of Heegaard Floer homology in dimension three. It's partly used to study
contact topology in higher dimensions. In a special case, it's related to symplectic
Khovanov homology. In this talk, we discuss HDHF of cotangent fibers of the
cotangent bundle of an oriented surface and show that it is isomorphic to various

Hecke algebras. This is a joint work with Ko Honda and Tianyu Yuan.

el Nfifr: HR, ARG EL A RURSE, B+ S MK,
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Heat equation approach to Demailly regularity theorem
KIRTE  EAERIE K

Demailly regularity theorem for Kahler currents is an important tool in complex
geometry. In the talk, I will explain a heat equation approach to the theorem. Some

applications to the complex Monge-Ampere equation will also be discussed.
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(J. Geom. Anal.) ZE31F; LFFE K BRI LA, 25 E 58 REHHAT H
AN X B A R

Hypersurfaces of S* xS with constant sectional curvature
ERE BT

In this talk, we will present the classification of hypersurfaces in S* x.S* with
constant sectional curvature. We prove that the constant sectional curvature can only

be 1/2 . We show that any such hypersurface is a parallel hypersurface of a minimal

hypersurface in S* xS, and we establish a one-to-one correspondence between such
minimal hypersurface and the solution to the famous "“sinh-Gordon equation". This is

joint work with Prof. Haizhong Li, Prof. Luc Vrancken and Dr. Zeke Yao.
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Exotic boundary Dehn twist on 4-manifolds

MEEE JHERE

Given a 4-manifold X bounded by a Seifert manifold, one can use the circle
action on the boundary to define a diffeomorphism on X, called the boundary Dehn
twist. Such boundary Dehn twist naturally arises as monodromy on Milnor fibrations.
In this talk, we will sketch a proof (using monopole Floer homology) that some of
these Dehn twists represents "exotic" elements of infinite order in the mapping class
group. This talk is based on a joint work in progress with Hokuto Konno, Anubhav

Mukherjee and Juan Munoz-Echaniz.
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Generalized Schwarz calculation and applications

Ml TEHERE

In this talk, we present Schwarz calculation for some generalized energy

densities and their applications for rigidity of harmonic maps and holomorphic maps.
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(Math. Ann.) , {J. Algebraic Geom.) , {J.Inst. Math. Jussieu) , {Trans. AMS)
FHEBF—MAE BRI 40 R

Results related with complex structures on S¢
B BRI R

It is a longstanding problem that whether there exists a complex structure on the
6-dimensional sphere? Many famous mathematicians have made efforts on this
problem, such as Hopf, Wen-tsun Wu, Borel, Serre, LeBrun, Shiing-Shen Chern,
Atiyah, etc. This talk consists of two parts. (i) Taking advantage of isoparametric
theory, we construct complex structures on certain isoparametric hypersurfaces in the
unit sphere. As a consequence, there is a closed 8-dimensional manifold N® such that
there exists a complex structure on SxN3. (ii) As a generalization of LeBrun's result,
we prove that there is no orthogonal almost complex structure on the standard S° with
the length of Nijenhuis tensor is smaller than a certain constant everywhere. This talk

is based on joint works with Professor Zizhou Tang.
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Newton polytopes of Stanley symmetric polynomials
MISLP TR

Stanley symmetric functions arose in the study of the number of reduced
decom-positions of permutations, and later they were found to be stable limits of
Schubert polynomials. In this talk, I will discuss the Minkowski sum decomposition
of Newton polytopes of Stanley symmetric polynomials, as well as related
polynomials. This talk is based on my joint work with Bo Wang, Candice Zhang,
Philip Zhang, and Zhong-Xue Zhang.
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The Stirling-Eulerian Polynomials and the grammar calculus
Kathy Q. Ji (FFF) REKY

Carlitz and Scoville introduced the polynomials 4 (x, y|a, ), which defined on

the set of permutations involving Eulerian-Stirling statistics, including descents,
ascents, left-to-right maxima, and right-to-left maxima. Carlitz and Scoville obtained

the generating function for these polynomials. In this talk, we present a new family of

polynomials, P (u,,u,,u;,u,|a,) , defined on permutations, which incorporate

descent-Stirling statistics including valleys, exterior peaks, right double descents, left
double ascents, left-to-right maxima, and right-to-left maxima. By employing the

grammatical calculus introduced by Chen, we establish the connection between the

generating function of P (u,u,,u;,u,|a, ) and the generating function of

a, ) . This connection can be specialized to

the (ar, ) -Eulerian polynomials 4, (x, y

derive many formulas involving the Eulerian polynomials and the peak polynomials
and the double descent polynomials given by David-Barton, Elizalde and Noy,

Entringer, Gessel, Kitaev, Stembridge, Petersen, Branden and so on.
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Non-negative Matrix Factorization in XRD/PDF Data Analysis
[ e N

We validated the use of the non-negative matrix factorization (NMF) technique
for automatically extracting physically relevant components from X-ray diffraction
(XRD) data and atomic pair-distribution function (PDF) data from time-series data
such as in situ experiments. Utilizing the nature of the data, we developed a fast

two-stage algorithm for highly efficient and accurate NMF. In its second stage, an
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interior point method is adopted to accelerate the local convergence. Afterwards, in
order to study data collected at different temperatures where the materials are
undergoing thermal expansion, we extended NMF by introducing a new variable, the
stretching factor, to describe any expansion of the signal. A further enhancement for
the case of XRD data from crystalline materials was also proposed. When applied to
real data from in situ chemical reaction experiments, it has been demonstrated to be

successful.
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Equilibrium and Control of Congestion Games
T TR

This report mainly discusses the equilibrium and control issues of congestion
games. Firstly, we consider the Nash equilibrium maintenance problem for a
congestion game with player specific costs and resource failures. We study the impact
of resource failure probability on Nash equilibrium, and obtain the sufficient
conditions for the original Nash equilibrium to be maintained even after introducing
resource failure. Next, we consider the stabilization problem of evolutionary
congestion games. By using the semi-tensor product of matrices, the model is
represented in algebraic form. By designing the state feedback control, a sufficient
and necessary condition is obtained for stabilizing the game to a certain target profile.
Finally, we research the demand side management and control problem of a kind of

smart grids.
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A mechanism of three-dimensional quadratic termination

for the gradient method with applications
TV AL TR

Recent studies show that the two-dimensional quadratic termination property has
great potential in improving performance of the gradient method. However, it is not
clear whether the higher-dimensional quadratic termination property leads further
benefits. In this talk, we provide an affirmative answer by introducing a mechanism of
three-dimensional quadratic termination for the gradient method. A novel stepsize is
derived from the mechanism such that a family of delayed gradient methods
equipping with the novel stepsize have the three-dimensional quadratic termination
property. When applying to the Barzilai-Borwein (BB) method, the novel stepsize
does not require any exact line search or the Hessian, and can be computed by
stepsizes and gradient norms in previous iterations. Using long BB steps and some
short steps associated with the novel stepsize in an adaptive manner, we develop an
efficient gradient method for quadratic optimization and further extend it to general
unconstrained optimization. Numerical experiments show that the three-dimensional
quadratic termination property can significantly improve performance of the BB
method, and the proposed method outperforms gradient methods that use stepsizes

with the two-dimensional quadratic termination property.
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The Gaussian Mixture Optimal Transport Ensemble Kalman Filter
and its application to predict the capacity fade of lithium-ion

batteries
PEALENTE MR KR

In this talk, we propose a novel algorithm combining the Gaussian mixture (GM)
with the optimal transport Ensemble Kalman filter (OT-EnKF), named the Gaussian
mixture optimal transport EnKF (GM-OT-EnKF). An ensemble of state realizations is
employed to exhibit the propagation of the states. A GM of the propagated uncertainty
is then recovered by clustering the ensemble. The posterior density is updated by the
OT-EnKF, which is known to be optimal within the quadratic function space that
minimizes the Monge-Kantorovich dual problem in the optimal transport. We further
discuss the adaptive choice of the number of the Gaussian component in the GM by
minimizing certain model selection criterion, say AIC and BIC. The accuracy of our
GM-OT-EnKF is demonstrated through the estimation and prediction of the capacity
fade of lithium-ion batteries, which outperforms the EnKF and the OT-EnKF. (joint
work with Yi Li)
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SRR T E 3 T, ALt BRI E 1 I, 2 52 TE K B R BHA R &0
BN s3I EI e R Tl v B o S VARE L) A

43



B R AR R A EAR SN

A generalization of group divisible z-designs
HF40 Wb R

Cameron, Robert, Andrea et al. defined the concepts of generalized 7-design
(packing, covering), which form a common generalization of #-design, resolvable
design, orthogonal array, 1-factorizations of complete graph. In this talk, we introduce
a new class of combinatorial designs which simultaneously provide a generalization
of both generalized #-design and group divisible t-design. In certain cases, we derive
necessary conditions and parameters relationship for the existence of generalized
group divisible #-design (packing, covering), and then point out close connections
with various well-known classes of designs, including mixed orthogonal array,
factorizations of the complete multipartite graph, large sets of group divisible design
and group divisible design with resolvability. Moreover, we investigate constructions
for generalized group divisible #-design (packing, covering) and their existence for ¢ =
2, 3 and small block sizes. This talk is based on joint work with Jialu Wang, Sijia Liu,

Yue Han, Lijun Ma and Lidong Wang.
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On adaptive stochastic heavy ball momentum

for solving linear systems

WIZCH LRI IR K

The stochastic heavy ball momentum (SHBM) method has gained considerable
popularity as a scalable approach for solving large-scale optimization problems.
However, one limitation of this method is its reliance on prior knowledge of certain
problem parameters, such as singular values of a matrix. In this talk, we propose an
adaptive variant of the SHBM method for solving stochastic problems that are
reformulated from linear systems using user-defined distributions. Our adaptive

SHBM (ASHBM) method utilizes iterative information to update the parameters,
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addressing an open problem in the literature regarding the adaptive learning of
momentum parameters. We prove that our method converges linearly in expectation,
with a better convergence bound compared to the basic method. Notably, we
demonstrate that the deterministic version of our ASHBM algorithm can be
reformulated as a variant of the conjugate gradient (CG) method, inheriting many of
its appealing properties, such as finite-time convergence. Consequently, the ASHBM
method can be further generalized to develop a brand-new framework of the
stochastic CG (SCG) method for solving linear systems. Our theoretical results are
supported by numerical experiments. This is a joint work with Prof. Deren Han, Yun

Zeng, and Yansheng Su. The arXiv link: https://arxiv.org/abs/2305.05482.
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A Globally Convergent Inexact Augmented Lagrangian Method for

Zero-One Composite Optimization
FHR ALRICERY

The zero-one composite optimization problem (0/1-COP) aims to minimize the
sum of a smooth function and a composition of a zero-one loss function with a linear
operator. It has wide applications, including the support vector machine (SVM),
calcium dynamics fitting (CDF), 1-bit compressive sensing (1-bit CS) and so on.
However, it remains challenging to design a globally convergent algorithm for the
original model of 0/1-COP, due to the nonconvex and discontinuous zero-one loss
function. We aim to develop an inexact augmented Lagrangian method (IALM) in
which the generated whole sequence converges to a local minimizer of 0/1-COP
under reasonable assumptions. In the iteration process, IALM performs minimization
on a Lyapunov function with an adaptively adjusted multiplier. The involved
Lyapunov penalty subproblem is shown to admit the exact penalty theorem for

0/1-COP, provided that the multiplier is optimal in the sense of the proximal type
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stationarity. An efficient zero-one Bregman alternating linearized minimization
(0/1-BALM) algorithm is also designed to achieve an approximate solution of the
underlying subproblem in finite steps. Numerical experiments for handling SVM,
CDF and 1-bit CS demonstrate the satisfactory performance of the proposed method
in terms of solution accuracy and time efficiency. This is a joint work with Penghe

Zhang and Naihua Xiu.
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Control and Optimization) AT FkFR &= 12 F, KPR 1 F. oS
{System & Control Letters) %7 .

Feedback limitations in nonlinear discrete-time control

R P EEBEEB S RGBT TR

An interesting phenomenon occurs when one attempts to control systems with
output nonlinearity growing faster than linearity, where similarities between the
continuous- and discrete-time cases of adaptive control no longer exist. It is generally
known that a large class of continuous-time nonlinear parametric systems, regardless
of how fast the growth rate is, can be globally stabilized by the nonlinear damping or
back-stepping approach in adaptive control. However, fundamental difficulties arise
for the discrete-time case. These difficulties are caused by the inherent limitations of
the feedback principle in dealing with uncertainties, which means that systems with
uncertainties beyond the feedback capability cannot be stabilized by any discrete-time
feedback control law. This talk studies the stabilizability of discrete-time nonlinear
parametric systems and tries to give an appropriate characterization of feedback

limitations.

& AN fai/r: Chanying Li received the B.S. degree in Mathematics from Sichuan
University, and the M.S. and Ph.D. degrees in control theory from Academy of
Mathematics and Systems Science, Chinese Academy of Sciences, respectively. After
receiving the Ph.D. degree, she held postdoctoral positions at the Wayne State
University and the University of Hong Kong. In November 2011, she joined the
Faculty of the Institute of Systems Science at Chinese Academy of Sciences, where
she is currently a professor. Her research interests include the maximum capability of
feedback, adaptive nonlinear control and system identification.

Prof. Li has received the National Science Fund for Distinguished Young
Scholars and the National Science Fund for Excellent Young Scholars, respectively.
She was also the recipient of the Young Scholar Prize by China Society for Industrial
and Applied Mathematics in 2018 and Guan Zhao-Zhi Award of the 33th Chinese
Control Conference in 2014. She is an Associate Editor of Automatica, Mathematical

Control and Related Fields, and Journal of Systems Science and Complexity.
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Efficient Objective Recognition from Videos via HMM-Stabilized

Deep Learning
Xt JEH R

The great success of large deep learning models in various applications in recent
years have encouraged many researchers to seek improved performance by utilizing
larger models and bigger data in practical problems involving unstructured data,
leading to increasingly obvious psychological implications to pursuit large models
everywhere. However, the fundamental principle of statistical modelling tells us that
an over-flexible large model without a clear focus on the unique features of the
problem of interest would often lead to inefficient utilization of data and sub-optimal
results. In this talk, we will provide an example, in the context of objective
recognition from videos, that complex deep learning models can be defeated by
simple statical approaches once we can wisely integrate statistical learning and deep
learning. We hope this study could inspire more research efforts on developing

advanced statistical models and approaches for analyzing complex unstructured data.
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Langevin dynamics of lattice Yang--Mills--Higgs and applications
RAAE L TR

We investigate the Langevin dynamics of various lattice formulations of the
Yang--Mills--Higgs model, where the Higgs component takes values in $Y\mR"NS$,
$\mS*{N-1}$ or a Lie group. We prove the exponential ergodicity of the dynamics on
the whole lattice via functional inequalities. As an application, we establish that
correlations for a broad range of observables decay exponentially. Specifically, the
infinite volume measure exhibits a strictly positive mass gap under strong coupling
conditions. Moreover, appropriately rescaled observables exhibit factorized
correlations in the large N limit when the state space is compact. Our approach
involves disintegration and a nuanced analysis of correlations to effectively control

the unbounded Higgs component.
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A GMM approach in coupling internal data and external summary

information with heterogeneous data populations
+& BT R

Because of advances in data collection and storage, statistical analysis in modern
scienti fic research and practice now has opportunities to utilize external information
such as summary statistics from similar studies. A likelihood approach based on a
parametric model assumption has been developed in the literature to utilize external
summary information when the populations for external data and the main internal
data are assumed to be the same. In this article we instead consider the generalized
estimation equation (GEE) approach for statistical inference, which is semiparametric

or nonparametric, and show how to utilize external summary information even when
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internal and external data populations are not the same. Our approach is coupling the
internal data and external summary information to form additional estimation
equations, and then applying the generalized method of moments (GMM). We show
that the proposed GMM estimator is asymptotically normal and, under some
conditions, is more efficient than the GEE estimator without using external summary
information. Estimators of asymptotic covariance matrix of the GMM estimators are
also proposed. Simulation results are obtained to con rm our theory and to quantify
the improvements from utilizing external data. An example is also included for

illustration.
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Residual Importance Weighted Transfer Learning For

High-dimensional Linear Regression
R e AL HIMYE K7

Transfer learning is an emerging paradigm for leveraging multiple source data to
improve the statistical inference on a single target data. In this paper, we propose a
novel approach named residual importance weighted transfer learning (RIW-TL) for
high-dimensional linear models built on LASSO. Compared to existing methods such
as Trans-Lasso that selects source data in an allin-all-out manner, RIW-TL includes
samples via importance weighting. To determine the weights, remarkably RIW-TL
only requires one-dimensional density estimation by weighting residuals, thus
overcoming the curse of dimensionality of having to estimate high-dimensional
densities in naive importance weighting. We show that the oracle RIW-TL provides
faster rate than its competitors and develop a cross-tting procedure to estimate this
oracle. We discuss variants of RIW-TL by adopting different choices for residual
weighting. The theoretical properties of RIW-TL and its variants are established and
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compared with those of LASSO and Trans-Lasso. Extensive simulations and a real

data analysis conrm the advantages of RIW-TL.
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Some local limits for Galton-Watson trees and Brownian trees
A bR ImyE K2

We will review some recent results on local limits for branching trees including
Galton-Watson trees and Brownian trees. We will also show that how those results

could be derived from a Gibbs viewpoint.
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Optimal signal detection in covariance and precision matrices
IS N

This talk considers testing for high dimensional covariance and precision
matrices by deriving the detection boundaries as a function of the signal sparsity and
signal strength. It first shows that the optimal detection boundary for testing sparse
means is the minimax detection lower boundary for testing covariance and precision
matrices. Multi-level thresholding tests are proposed and are shown to be able to
attain the detection lower boundaries over a substantial range of the sparsity
parameter, implying that the multi-level thresholding tests are sharp optimal in the
minimax sense over the range. The asymptotic distributions of the multi-level
thresholding statistic for covariance and precision matrices are derived by developing
a novel U-statistic decomposition to handle the complex dependence among the

elements of the estimated covariance and precision matrices. The superiority in the
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detection boundary of the multi-level thresholding test over the existing tests are also

demonstrated.

W NI R, el T2 N LK, SE R AR bR s K
ANEZ AT IR AR T 2023 48 7 AIMAACECRAHEAR 2 2B . et Bl
Frots, W KES R . MW eSS MR . R T 22 R AT
FEREFE G THERT . R SREE . FI, B0 T Gt AR
A L AT L Y0 S A AU N T AT 9T

Nonparametric Statistical Inference via Metric Distribution Function

in Metric Spaces
W PEREE e S RERE TR

The distribution function is essential in statistical inference and connected with
samples to form a directed closed loop by the correspondence theorem in measure
theory and the Glivenko-Cantelli and Donsker properties. This connection creates a
paradigm for statistical inference. However, existing distribution functions are defined
in Euclidean spaces and are no longer convenient to use in rapidly evolving data
objects of complex nature. It is imperative to develop the concept of the distribution
function in a more general space to meet emerging needs. Note that the linearity
allows us to use hypercubes to define the distribution function in a Euclidean space.
Still, without the linearity in a metric space, we must work with the metric to
investigate the probability measure. We introduce a class of metric distribution
functions through the metric only.

We overcome this challenging step by proving the correspondence theorem and
the Glivenko-Cantelli theorem for metric distribution functions in metric spaces,
laying the foundation for conducting rational statistical inference for metric
space-valued data. Then, we develop a homogeneity test and a mutual independence
test for non-Euclidean random objects and present comprehensive empirical evidence

to support the performance of our proposed methods.
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Hessian spectrum at the global minimum of elastic manifold
s P ERER S S ARG T R

The model of elastic manifold was considered for disorder systems by Fisher
(1986), Mezard and Parisi (1990s) among many others. Using Parisi's award winning
replica trick, Fyodorov and Le Doussal predicted the high dimensional limit of the
Hessian spectrum at the global minimum of elastic manifold, and discovered phase
transitions according to different levels of replica symmetry breaking. In this talk, I
will present a solution to their conjecture in the so called replica symmetric regime.
Our method is based on landscape complexity, or counting the number of critical

points of the Hamiltonian.

N fa g W5, AP FCAE 2 i i3 T AL RUm R 22 AL RUR S, AE R
RN TPy EIN G A L e mi o VAR Wi VE T NN VN N TR N S S
FEA LT R 25 2 B R BB %, BN ER 22 5 R G R AT T Al
WFFC 1o B FEATURGE F e B AR S B, FERI A FRAR R . o Rkt AF
AL PR AN IEETT A T S AR

53



B R AR R A EAR SN

Quantitative homogenization and hydrodynamic limit of

non-gradient Kawasaki dynamics
JRIE R

This talk presents a quantitative homogenization for a non-gradient Kawasaki
dynamic. The main strategy roots from the quantitative homogenization theory
developed by Armstrong, Kuusi, Mourrat and Smart, and was already implemented in
the previous work by Giunti-Gu-Mourrat' 22 in an interacting particle system without
exclusion. The new challenges here come from the hardcore constrain of particle
numbers and the curse of dimension, and I will explain how to overcome them by a
new coarse-grained coupling. As an application, our result can be integrated into the
classical work Funaki-Uchiyama-Yau' 96 and yield a quantitative hydrodynamic limit.
This talk is based on a joint work with Tadahisa Funaki (BIMSA) and Han Wang
(Qiuzhen College, Tsinghua University).
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Multifractal analysis for branching random walks on regular trees

FIM FITRE

Consider a supercritical branching random walk taking values on a regular tree.

We obtain simultaneously the Hausdorff dimensions of the level sets E(a, ) of

infinite branches in the boundary of the tree (endowed with its standard metric) along
which the speed of the BRW have limit points belonging to the given interval
E(a, p). Based on joint work with Shuwen Lai (NKU) and Heng Ma (PKU).
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The wired minimal spanning forest on the Poisson-weighted infinite

tree
JEME R R K

The root component of the wired minimal spanning forest (WMSF) on the
Poisson-weighted infinite tree (PWIT) is the local limit of minimal spanning trees on
a sequence of regular graphs with degree tending to infinity. We study the spectral
and diffusive properties of this root component in the WMSF on the PWIT. This is

joint work with Asaf Nachmias.
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Covariate-Assisted Matrix Completion with Multiple Structural
Breaks
s KA R

Nowadays a great deal of data conveniently taken from collection and
accumulation, they have different sources, during different period of time,
experiencing different implements of gathering. Thus, it is meaningful of studying the
heterogeneity of high dimensional data. In matrix completion, additional covariates
often provide valuable information for completing the unobserved entries of a
high-dimensional low-rank matrix. In this talk, we consider the matrix recovery
problem when there are multiple structural breaks in the coefficient matrix brought by
covariates. A cumulative sum (CUSUM) statistic is constructed based on the
penalized coefficient estimation. Then the CUSUM is incorporated into the Wild
Binary Segmentation (WBS) algorithm to consistently estimate the location of breaks.
Consequently, a nearly-optimal recovery is fulfilled. Theoretical findings are further

corroborated via numerical experiments and a real-data application.
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Computational Quantum Mechanics in Phase Space — An Attempt

to Break the Curse of Dimensionality
ARmAkE  JEHURF

As a permanent goal and a tireless direction of computational mathematics,
developing an accurate and stable high-dimensional solver has been attracting more
and more attentions in recent years due to the urgent need in e.g., quantum science
and high energy density physics. This talk represents our preliminary attempts to
break the curse of dimensionality (CoD) which poses a fundamental obstacle to
high-dimensional numerical simulations. More specifically, we will report some
recent progress in both grid-based deterministic and particle-based stochastic methods
for simulating high-dimensional Wigner quantum dynamics. A massively parallel
solver, termed the characteristic-spectral-mixed scheme, is proposed to evolve the
Wigner-Coulomb system in 6-D phase space. Within particle-based stochastic
simulations, CoD, causing the unattainable exponential wall, reappears as the

numerical sign problem. To this end, we propose a SPA (Stationary Phase
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Approximation) + SPADE (Sequential-clustering Particle Annihilation via
Discrepancy Estimation) strategy is to overcome the numerical sign problem where it
has been translated into a NP-hard problem that may have approximate solutions.
Simulations of the proton-electron couplings in 6-D and 12-D phase space

demonstrate the accuracy and the efficiency of our particle-based stochastic methods.
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Numerical methods and analysis for highly oscillatory dispersive
PDEs
G2 C R |y [ M e N

Highly oscillatory dispersive PDEs, such as Klein-Gordon equation in the
non-relativistic limit, Dirac equation in the non-relativistic limit, Schrodinger
equation in the semi-classical limit, arise from many different areas, e.g.
computational chemistry, plasma physics, quantum mechanics. These oscillatory
PDEs usually exhibit solutions with high frequency waves in time and/or in space,
and are generally computational expensive. In this talk, we report some recent
advances on the numerical methods and analysis for some typical highly oscillatory

dispersive PDEs.
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Non-traditional Jacobi Spectral-Collocation Method for Weakly

Singular Integral Equations of the Second Kind
PRKHE b DR

Weakly singular integral equations of the second kind typically have non smooth
solutions, which seriously affects the accuracy of spectral methods. We propose two
numerical methods, implicitly linear and nonpolynomial Jacobi spectral-collocation
methods to overcome the reduction in the numerical accuracy of the spectral methods

caused by the singularities of the solutions. Convergence analysis in the Loo—norm is
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carried out and the exponential convergence rate is obtained. We demonstrate the

efficiency of the proposed methods by numerical examples.
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$\ell 1$DecNet+: A new architecture framework by
$\ell 1% decomposition and iteration unfolding for sparse feature

segmentation

REMN FITRF

Feature extraction in current segmentation networks are usually general purpose
oriented, and mathematical image prior is rarely taken into network design. In this
paper, we first introduce $\ell 1$DecNet as an unfolded network derived from a
variational decomposition model incorporating sparse regularization. This architecture
combines the benefits of mathematical modeling and data-driven approaches. We
evaluate the effectiveness of $\ell 1$DecNet+ on two commonly encountered sparse
segmentation tasks: retinal vessel segmentation in medical image processing and
pavement crack detection in industrial abnormality identification. Experimental
results on different datasets and segmentaton bases demonstrate that, while obtaining
overall accuracy improment, our $\ell 1$DecNet+ architecture reduces greatly the
number of learnable parameters and computational cost during inferences. This leads
to especially practical advantages on resource-constrained devices. The preservation
of the sparsity assumption from the mathematical model is confirmed through
iteration unfolding and network training, and validated by visualization and statistical

analysis of the extracted sparse features.

WE NI REW, P RERAR A AR T, Bl A8 N
B Irl R B il BREESE 2] . T 2001 41 2006 4E7E H R EH AR K3k
{5 0 X VAR S SR ESP S 5% NN I T 1B R S S N P ) 17342 Y
RENEMLJEOF R LAE. 2012 ARG K NBEH S5 2R N A B 0

59



B R AR R A EAR SN

H. REHSZRRAABEFEIH, ER2ZHMERSSEBREEIH (FxRER
Bladb e ai e mEBH DU E G H 7R o EPREGE S LR
B2 4 4 &, 0 Applied and Computational Harmonic Analysis , SIAM J.
Numerical Analysis, SIAM J. Scientific Computing, Inverse Problems, ACM Trans.
Graphics, IEEE TVCG %5 I R EBEZRILL. YAEFHEE SRR 2 51
H PUEP EIZE A 2B R 2B D EEE S F A 5 My 2 B
H, RETEA RS S HE K.

BT Mg I N B R g A A
HaR  REMEAS
M 0 L U 7 R AE R O e T S LU Hh e % 5 A« 3Rs 20 5N BRI
WSR3 CT Eh e Jm P LRSI m i TAF.

i N WEE, R, M, FEHAEERITE. BEAE DL A
R 5115, 76 SIAM % %1\ IEEE Trans. 71 IP. %232 E4A4 E TUC/Optica
ROVEIFIR R RDIBR, ERE R B AR5 410 H DI, T B AF 2
REETT T 5 N R KA,

A convex approximation for a PDE constrained fractional

optimization problem
R JERTHRE R

In this talk, a convex algorithm that utilizes a subspace method and a linear
approximation technique is presented to solve a particular type of non-convex
PDE-constrained optimization problem. This problem gives rise to an
infinite-dimensional Hermitian eigenvalue optimization challenge that is
characterized by its large scale, non-convexity, and low regularity. To address these
issues, we introduce a novel subspace method combined with a vector approximation
technique, transforming the problem into a solvable LP problem. Specifically, our
algorithm focuses on optimizing photonic band gaps (PBGs) in two-dimensional
photonic crystals (PhCs) based on Gallium Arsenide (GaAs). We theoretically prove

that the LP relaxation problem serves as an approximation to the PBG optimization
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problem. The effectiveness of our algorithm is numerically demonstrated through
simulations aimed at maximizing the PBGs of a GaAs-based PhC. The results indicate

that our algorithm is not only effective but also straightforward to implement.
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Applications of Lupas g-analogue of Bernstein Operator in

Geometric Design

#4130 ARIE R

Bernstein polynomials and Bézier curves/surfaces are of fundamental importance
for Computer Aided Geometric Design (CAGD). Recently, the rapid development of
quantum calculus has led to the discovery of new generalizations of g-analogue and
h-analogue of Bernstein operators. Lupas g-analogue Bernstein operator, the first
generalized Bernstein operator based on g-calculus, is one of the most popular
g-versions of Bernstein operator, which have been studied and successfully used in
the field of approximation theory and CAGD. In this talk, the applications of Lupas
g-analogue Bernstein operator in curve/surface modeling will be discussed. New
generalizations of discrete probability model and discrete convolution structure based
on Lupas g-analogue Bernstein operator are introduced, and corresponding linear
evaluation algorithms are presented. Moreover, Lupas g-analogue Bernstein operator

is used to implement more stable barycentric rational interpolation.
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A Unified Approach to Data Synthesis: Leveraging Paired and
Unpaired Datasets
BAE TEHERE

The data bottleneck has emerged as a fundamental challenge in learning based
image restoration methods. Researchers have attempted to generate synthesized
training data using paired or unpaired samples to address this challenge. This talk
introduces SeNM-VAE, a semi-supervised noise modeling method that leverages both
paired and unpaired datasets to generate realistic degraded data. Our approach is
based on modeling the conditional distribution of degraded and clean images with a
specially designed graphical model. Under the variational inference framework, we

develop an objective function for handling both paired and unpaired data. We validate

the approach in various datasets.
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Uniformly accurate nested Picard iterative schemes for nonlinear
Schrodinger equation with highly oscillatory potential
2itE B R

The nonlinear Schrodinger equation with a highly oscillatory potential
(NLSE-OP) often appears in many multiscale dynamical systems, where the temporal
oscillation causes the major numerical difficulties. Recently, the splitting schemes (Su
et al., 2020) were analyzed rigorously for solving the NLSE-OP and the error bounds
show that they are only uniformly first-order accurate. This obviously can not meet
the requirement of high precision in actual calculation. In this paper, in order to obtain
a higher uniform convergence order, we study the nested Picard iterative (NPI)
schemes for the NLSE-OP with polynomial nonlinearity. Firstly we propose a
uniformly accurate first-order exponential wave integrator (EWI) scheme for arbitrary
nonlinearity by integrating the potential exactly. Then we construct a uniformly
accurate second-order NPI scheme for the NLSE-OP with polynomial nonlinearity.
The schemes are fully explicit and very efficient due to the fast Fourier transform
(FFT). We give rigorouslyerror analysis and establish error bounds for the numerical
solutions without any CFL-type condition constraint. Numerical experiments prove
the correctness of our theoretical analysis and the effectiveness of our schemes.

Theoretically, our schemes can be extended to uniformly accurate arbitrary high order

for the NLSE-OP.
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