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5@ H: Random Walks

5 A\: Dmitry Zaporozhets (St. Petersburg Department of Steklov Mathematical Institute of
RAS)

HIH: 2023.11.13 (E#H—)

ALBC Al 15:00-16:00 CEEHETRLFA]: 10:00-11:00)

Zoom ID: 867 1592 3689 Password: 142056

et i
A random walk on a line is one of the central concepts of probability theory. Despite the
simplicity of its construction, it serves as a basic example for various models of both theoretical

and applied nature.

We will begin by examining several classic results of an extremely general nature, where the
distribution of the walk's step plays only a secondary role. After that, we will discuss how these

results can be generalized to the multidimensional case.

ST PNTTPIE

» Dmitry Zaporozhets is a professor at the St. Petersburg Department of Steklov
Mathematical Institute of Russian Academy of Science. Prof. Zaporozhets is one of
strongest researchers in Probability theory and Geometry, having major interests in
Geometry of numbers, Stochastic Geometry, Convex Geometry, Poisson - Voronoi
tessellation, zeros of random polynomials and random analytic functions. Prof.
Zaporozhets got the prize of the Government of St. Petersburg for outstanding scientific

achievements in the field of science and technology in 2014.

| 1]
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& @ H: Normalization flow
i # N: Dmitry Treschev (Steklov Mathematical Institute of RAS)
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et i

I propose a new approach to the theory of normal forms for Hamiltonian ODE systems near a
non-degenerate equilibrium position. The traditional normalization procedure is performed
step-by-step: non-resonant terms in the expansion of the Hamiltonian function are removed first
in the lowest degree, then in the next one and so on. I consider the space of all Hamiltonian
functions with equilibrium position at the origin and construct a differential equation in this
space. Solutions of this equation move Hamiltonian functions towards their normal forms.
Shifts along the flow of this equation correspond to canonical coordinate changes. So, we have
a continuous normalization procedure. The formal aspect of the theory presents no difficulties.

The analytic aspect and the problems of convergence of series, as usual, non-trivial.

- SEPNTTPIE

» Prof. Treschev received his doctor degree of physics and mathematics in 1992. At Moscow
State University, he is since 1993 a leading researcher, since 1998 a professor, and since
2006 head of the Department of Theoretical Mechanics. At the Steklov Institute he became
in 2005 a chief researcher and the deputy director for research and is since 2017 the director
for research. Prof. Treschev deals with integrability and non-integrability, dynamical
stability, KAM theory, separatrix splitting, averaging in slow-fast systems, chaos in
Hamiltonian dynamics, Arnold diffusion, statistical mechanics, and ergodic theory. In 1995
Prof. Treschev was a Laureate of the State Prize of the Russian Federation for young
scientists. In 2007 he was awarded the Lyapunov Prize. In 2002 he was an invited speaker
with talk Continuous averaging in dynamical systems at the International Congress of

Mathematicians in Beijing.
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& @ H : Estimates of stability with respect to the number of summands for distributions

of successive sums of independent identically distributed vectors
# & N: Andrei Zaitsev (St.Petersburg Department of Steklov Mathematical Institute of RAS)
HIH: 2023.11.15 CE#I=)D
AB B A 15:00-16:00 CHEHTRF[A]: 10:00-11:00)
Zoom ID: 850 5203 9063 Password: 897365

et 2

Let $X 1,\dots, X n,\dots$ be independent identically distributed $d$-dimensional random
vectors with common distribution $F$. Then $S n=X 1+\dots+X n$ has distribution
$F~n$ (degree is understood in the sense of convolutions). Let $$ \rho(F,G) =\sup A |F\{A\} -
G\{A\}|, $$ where the supremum is taken over all convex subsets of $\mathbb R"dS$. Basic
result is as follows. For any nontrivial distribution $F$ there is $c¢(F)$ such that $$\rho (F”n,
FM{n+1})\leq \frac{c(F)} {\sqrt n} $$ for any natural $n$. The distribution $F$ is considered
trivial if it is concentrated on a hyperplane that does not contain the origin. Clearly, for such

$F$ $$\rho (F"n, FA{n+1})=1. $$

L S=UNIFIE

» Prof. Zaitsev is a specialist in the field of probability theory and mathematical statistics,
the author of more than 100 publications, including a monograph. His main results are
related to the study of sums of independent variables. In June 1978 he graduated in
mathematics from the Mathematics and Mechanics Faculty of the Leningrad State
University. In August 1978 was hired by the Leningrad branch of the Steklov Mathematical
Institute of the USSR Academy in the laboratory of statistical methods. In December 1992,
Prof. Zaitsev was elected to the position of leading scientific researcher of PDMI RAS.
From March 2001 to March 2006 he worked as a scientific secretary of PDMI. Since March
2006 he is again leading researcher PDMI. From January 2005 to June 2006 and from
January 2010 to the present time Prof. Zaitsev is working as a professor of the chair of

probability theory and mathematical statistics at the St. Petersburg State University.

| 3|
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fit & @ H : Critical Branching Processes In Extremely Non-Favorable Random

Environment
& N: Vladimir Vatutin (Steklov Mathematical Institute of RAS)
HHA: 2023.11.22 CEH=)
JEECE (] 14:00-15:00 (ZEHTRFESE: 9:00-10:00)
Zoom ID: 814 1109 8337 Password: 365403

et 2
Let Z:{Zn, n=0,1,2, } be a critical branching process evolving in a random environment
generated by a sequence {Fn (s),se€[01],n=12, } of i.i.d. probability generating functions.
Denote X; =logF/'(1),i=12,... and introduce a random walk
S,=0,§, =X +..+ X ,n=1.

We impose the following restrictions on the properties of the random environment.

Assumption B1 {S ,n>0} is a random walk whose i.i.d. increments belong without
centering to the domain of attraction of an ¢ -stable law {Y,,t>0},ie. S, /a,=Y,,t>0,

for some scaling constants a,, and the distribution of X, is non-lattice.

Assumption B2. There isan & >0 such that

R (1)

E| log+ (Fll' (1))2

a+e

Given Assumptions B1-B2 we study the asymptotic behavior, as n-—>o of the
probability
P(z,>0,S,<h(n)),
where h(n) is either a constantor h(n)——c as n—oo insuchawaythat h(n)=o(a,).
- SEPNITPIE
» Prof. Vatutin Graduated from the faculty of Mechanics and Mathematics of the Moscow

n

Lomonosov State University in 1974. In 1974 and 1987, he received a master's degree and
a doctor's degree in mathematics and physics from the Steklov Institute of Mathematics of
the Russian Academy of Sciences. Prof. Vatutin has got in 1988 an award of the Academy
of Sciences of the USSR for important results in mathematics. He has been a leading
researcher of the Steklov Mathematical Institute of the Russian Academy of Sciences since
1988. Prof. Vatutin Published several papers in international first-class journals such as
Annals of Probability, Probability Theory and Related Fields, Stochastic Processes and
their Applications so far, he has published more than 170 articles and 7 academic

monographs.

| 4|



@ bk ok 2023 Winter
#4248 H: The Classical Capacity of Quantum Channel
% N: Alexander Holevo (Steklov Mathematical Institute of RAS)
H¥A: 2023.11.24 CEHAFD
ALBC ] 15:00-16:00 CELETRIRFA]: 10:00-11:00)
Zoom ID: 818 0023 9961 Password: 507448

ELS=EiE-

Quantum information theory studies the laws for transmission, transformation and storage of

information in the systems obeying rules of quantum physics. One of its major achievements is
creation and thorough investigation of the concept of quantum communication channel which
resulted in elaborated structural theory and was accompanied by discovery of a whole spectrum
of entropic quantities characterizing information-processing performance of the channels.

The topic of this lecture — the capacity of quantum channel for transmitting classical information
— is intended to make a bridge between the classical and quantum theories and is especially
convenient for a smooth transition to the latter. On the other hand, being the earliest and perhaps
the most mature part of quantum Shannon theory, this topic continues to develop actively.
Several recent achievements reflected in this lecture, as well as intriguing open questions,
concern this range of problems.

First we introduce a basic notion of classical-quantum channel as a channel with classical input
and quantum output, and give a brief survey of a variety of the relevant results. Next, we discuss
the general concept of quantum channel, its algebraic structure and the classical capacities, and
touch upon the remarkable quantum phenomenon of superadditivity of information in
memoryless channels due to entanglement in the decoding and encoding procedures. We then
describe quantum Gaussian channels and report on the progress concerning the
noncommutative analogs of the famous Shannon capacity formula resulting from recent
contributions to the solution of the long-standing “quantum Gaussian optimizer conjecture”.

S PNTTPIF

» Prof. Holevo received the Ph.D. degree in physics-math sciences in 1969, and Habilitation
in physics-math sciences in 1975. He is a Soviet and Russian mathematician, one of the
pioneers of quantum information science. He was elected as a Corresponding Member of
the Russian Academy of Sciences in 2016 and a Full Member in 2019. His list of
publications contains over 200 titles, including five monographs, four of them translated
into English and published by AMS, North Holland, Springer-Verlag, and DeGruyter. His
scientific interests include noncommutative probability, quantum information and
statistical decision theory, and mathematical foundations of quantum theory.

| 5|
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#i5 @ H: Reconstruction of hidden geometric structures in the data from distance

matrices
& A : Eugene Stepanov (St. Petersburg department of Steklov Mathematical Institute of RAS)
H¥A: 2023.11.24 CEHAFD
ALHCISIA]: 14:00-15:00 CEEHTRHR[A]: 9:00-10:00)
Zoom ID: 883 3109 7486 Password: 044520
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We will consider a classical problem on how to reconstruct the metric measure space from the
information on distances between points from a very large subsets (covering densely the space
in the limit), as well as how to reconstruct its embedding in a Euclidean or Hilbert space (this
is quite natural, for instance, in the case when the space studied is a smooth Riemannian

manifold).

ECa=d PO

» Eugene Stepanov received his PhD in Mathematics from Scuola Normale Superiore di Pisa.
He then worked at the University of Pisa, the University of St. Petersburg and the Higher
School of Economics (Moscow). His scientific interests include metric geometry,
geometric measure theory, direct methods of calculus of variations, and dynamical systems,
as well as applications to differential equations, control theory, and geometric problems in
big data analysis, in particular, in biology. He is currently a senior researcher at St.
Petersburg department of Steklov Mathematical Institute of the Russian Academy of

Sciences, and he cooperates with several international research institutions.

| 6|
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& @ H: Chaos in systems with hysteresis

% N: Nikita Begun (Saint Petersburg State University)
HH#H: 2023.11.13

JERCTE]: 13:30-14:30

M AT T R AR 813

et i

We consider a dynamical system with hysteresis. The system is motivated by modifications of
general-equilibrium macroeconomic models that attempt to capture risks and memory
dependence of realistic economic agents. Global dynamics and bifurcations of this system are
studied depending on two parameters. We show that for a certain open set of parameter values,
the system exhibits chaotic behavior. To understand the nature of this type of chaos, we

introduce a map, which we call the saw map, and discuss its properties.

ety Nfaigre

» Dr. Nikita Begun is current a lecturer at Saint Petersburg State University. His main
research areas include differential equations, dynamical systems, chaos, hysteresis and
shadowing. He has a deep research about stability of hyperbolic attractors and systems with
dry friction. At the same time, he has achieved important results in the field of chaos in

systems with hysteresis and chaos in systems with dry friction.

|7
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45 H : Stable periodic points of diffeomorphisms with a homoclinic point

% N: Professor Vasileva Ekaterina (Saint Petersburg State University)
H3H: 2023.11.13

JEIET E] s 14:30-15:30

M AT T R AR 813

et i

The report is devoted to the problem of the presence an infinite set of stable periodic points
whose trajectories lie in a limited neighborhood of the trajectory of a non-traversal homoclinic
point. The presence of such a set depends on the way in which the stable and unstable manifolds
touch. The case of tangency of finite order of these manifolds has been studied quite well. The
report will show that when changing the method of tangency of these manifolds, one-bypass
stable periodic can appear, and the characteristic exponents of these points are separated from

zero. It is shown that in this case an interesting invariant set appears.

ety Nfaigre

» Dr. Vasileva Ekaterina is current a professor at St. Petersburg State University. She has a
deep research in the area of stability, dynamical systems, autonomous systems, non-
wandering set, homoclinic point, heteroclinic contours, non-transverse intersection and
structural stability. Her researches about non-wandering sets of various dynamic systems
and limit sets of trajectories of dynamical systems have got grants participation from

Russian Science Foundation.

| 8|
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et N BRERE BOR)
H#A: 2023.12.20 (EH=)
i 1E]: 10:00-11:00
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2L 460 868 067
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In this talk we discuss the stability of the central scheme in two dimensions. We introduce a
one-parameter convex decomposition of interpolated solutions in projection steps, then give a
unified stability analysis is given for any conservation laws. The parameter is determined by
the initial data reconstruction. The dimension-splitting limiting process (DS reconstruction)
leads to a small parameter and then to a small CFL number, which even becomes zero for some
successful limiters. Such small CFL number problem is a common problem in the existing
literature regarding the stability condition of the central scheme. The stability condition is
relaxed by applying the multi-dimensional limiting process (MD reconstruction), which is
consistent with the updating process of the scheme. The smallest CFL number due to the MD
reconstruction is equal to the largest CFL number due to the DS reconstruction. Thus a practical
central scheme in 2D is obtained. Some numerical examples verify these assertions and the

robustness of the enhanced central scheme.

e N

> BREYE, PORFEE S SRl %, bRt (2004 42-2008 42D, Fidk
B R (2008 4£-2010 95). fBEER Tl K250 2:# (2012 4F K 2013
4F, DFG TiH %8h); 7£E Poisson fiff 78 i M 3% (2018 4, Marie-Curie Research
Fellowship %8 . FEMF TS T FEEMERM, HEREIY, HEKI1%.
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SRS

## N: Sergey Nikolenko (St. Petersburg Department of Steklov Mathematical Institute
of RAS)

Zoom ID: 849 3673 9875 Password: 123456

AEBCIF ] 15:00-17:00 CEEHETRIF ] 10:00-12:00)

PRFE L HE:
H # * &
Attention in neural networks. Self-attention and the Transformer
2023.11.20

architecture. BERT and GPT families.

2023.11.22 Variational autoencoders: idea and derivation.

2023.11.25 Discrete latent spaces: VQ-VAE. VAE + Transformer = DALL-E.

Vision Transformers. Multimodal latent spaces: CLIP and BLIP, our

recent work (LAPCA).

2023.11.27

Case study: video retrieval. How it has developed in the last years.

2023.11.29 Postprocessing in video retrieval and our recent work (Sinkhorn

transformations).
2023.12.1 Topological data analysis: extracting features with topology. Our
o recent work (TDA for HuBERT, TDA for artificial text detection).
S S= NP

» Sergey Nikolenko is a computer scientist specializing in machine learning and analysis of
algorithms. He is the Head of Al at Synthesis Al, a San Francisco based company
specializing on the generation and use of synthetic data for modern machine learning
models, and also serves as the Head of the Artificial Intelligence Lab at the Steklov
Mathematical Institute at St. Petersburg, Russia. Dr. Nikolenko's interests include synthetic
data in machine learning, deep learning models for natural language processing, image
manipulation, and computer vision, and algorithms for networking. His previous research

includes works on cryptography, theoretical computer science, and algebra.

| 10 |
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$ ECM

9™EUROPEAN CONGRESS OF MATHEMATICS
15-19 July 2024, Sevilla, Spain

EMS Prizes  Thematic sessions
Invited Talks Public Lectures
Mini-symposia Panel discussions

Hirzebruch Lecture Abel Lecture
Etienne Ghys Avi Wigderson
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A NTEAHE RN AR R TT R . %I LR 55 e O 57 RUE R T U B TR

(Fraunhofer Institute for Industrial Mathematics) #2fit.

> BIE o i PHRSR B 132 (Otto Neugebauer Prize for the History of Mathematics )

AR T AE R S AU A B IR A AT S e Y TAE, XL ARG o 1 AT
AT AT ST S5 R0 -t 3 [ 3 ) 0 2 A T BSRY E B80°7  RFIR BEE o Gn SRR I 2R T A
AT Z AR R, 122 TRT DL PN B 2 98 N LT . 2RI H 2012 4
Wik, H Springer-Verlag GmbH #2 1}t .

> ZUEERECER A% (EMS/ECMI Lanczos Prize for Mathematical Software )
e Bl TR e ATl A sz i) 32 2277 02— s di i 3k v S
N7 IR ATE R A R T TS BT, BRINECS 2 (EMS) FIERIH Tl 2
FHRA 22 (ECMD R 58 WL = A e i 22 . BHE R Je i <=2 4% 1 (Cornelius Lanczos,
1893-1974) RAEXTIH ML LI R SCHBAE TR S 0K o 12K U 28— (7 B X Bl
BHEZR, B8 F R, UREMAITT R BAERY . B TR, fasi Tk
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rh 5 EEEE N A B A o 12T R BRI B8 S e PO Tk B i S A 1R
fit,

> RY < SR4ENER 1LY (Paul Lévy Prize in Probability Theory)

TRE « SEHENERIS LS HRRIN B2 2 . AL A T TP . B & H T 5 e dit
SR MR « Y RAETE B B RRAT B B N A BOL ) — Ao, 55— N30k
T 2024 MUK ZBIEN T ASHRKINERBEER RS « 48, M 1920 F5] 1959
T, T BB FE T FBEEAT AR 40 . Paul Lévy ) TAETEIR KARE L& T 8
MRS, EAEE: WL, SRl A vr 2 HAh S R 3578 BB E ZI1EH o Paul
Lévy S8 1 JaEfms a] . &€ 70 A NP eR S R A ME D o Al AEAS 8 A1 G PR 7T 7 7 A B
W AT EAG . SRYE RAT B ANV 2 HoAth D7 i 1 TR 2 IR AR T R
Fp LR A HoT BRI R K. Tt 2 — N NI, BEAERRRIE O
TIAZ R AR IR AR T 2 2 AR KA U N

| 15|
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g A ——Almaz Abebe Tesfay

Almaz Tesfay, T 2018 4 9 H-2021 4 6 A{EHEHRHE KR
RO ], 2021 FEREP RO MR S RE ST
Wt 2, N BB 4% . S AE R FE LT Mekelle
University (ER 7836 K22 FHAF 10 SE50A 3, 65 351
WA SR PRB R AL AR, D E=FEE Howard
University CERERY) TENEIR . W B 5277 In B35 B L3N
TZRG, BN T2, Lévy 83, a1 RS, HSMAEND EE RS WATREM %
RN . BAETCRE 13 R¥ARRIC.
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Academic Achievement AR LR
e O AR R

> RE
KFWIL 2
Detecting the most probable transition pathway based on optimal control theory
——Jianyu Chen, Ting Gao, Yang Li, Jinqiao Duan
Applied Mathematical Modelling, Volume 127, 2024, Pages 217-236
https://www.sciencedirect.com/science/article/pii/S0307904X23005607

Many natural systems exhibit transitions when external environmental conditions (such as
complex noise) spark a shift to a new and sometimes quite different state. Therefore, detecting
the most probable transition pathway between metastable states of a stochastic dynamical
system is a significant topic. The most probable transition pathway can be treated as the
minimizer of the associated Onsager-Machlup action functional. We convert this variational
problem for computing the most probable transition pathway into a deterministic optimal
control problem. One traditional approach for an optimal control problem is via Pontryagin's
Maximum Principle, but it is challenging in high dimensional systems. In this paper, we devise
a method to detect the most probable transition pathway for stochastic dynamical systems, by
combining Pontryagin's Maximum Principle with a successive approximation scheme and a
nested neural network technique. We validate our method with three stochastic dynamical
systems, including a double well system, a Maier-Stein system, and a Nutrient-Phytoplankton-
Zooplankton system. Specifically, in order to illustrate its effectiveness, we test the error and
convergence of our method with an upper bound of training loss. Our work contributes to a
better understanding of transition phenomena in complex systems under random fluctuations.

A KA IR, SRAE 1 aReVEMg 75 T o KP REIERS BUE, JFiEAT 1 SRR sty
Mo
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Deep reinforcement learning in finite-horizon to explore the most probable transition

pathway
——Jin Guo, Ting Gao, Peng Zhang, Jiequn Han, Jingiao Duan
Physica D: Nonlinear Phenomena, Volume 458, 2024, 133955
https://www.sciencedirect.com/science/article/p1i/S0167278923003093

In many scientific and engineering problems, noise and nonlinearity are unavoidable, which
could induce interesting mathematical problem such as transition phenomena. This paper
focuses on efficiently discovering the most probable transition pathway for stochastic
dynamical systems employing reinforcement learning. With the Onsager—Machlup action
functional theory to quantify rare events in stochastic dynamical systems, finding the most
probable pathway is equivalent to solving a variational problem on the action functional. When
the action function cannot be explicitly expressed by paths near the reference orbit, the
variational problem needs to be converted into an optimal control problem. First, by integrating
terminal prediction into the reinforcement learning framework, we develop a Terminal
Prediction Deep Deterministic Policy Gradient (TP-DDPG) algorithm to deal with the finite-
horizon optimal control issue in a forward way. Next, we present the convergence analysis of
our algorithm for the value function in terms of the neural network’s approximation error and
estimation error. Finally, we conduct various experiments in different dimensions for the
transition problems in applications to illustrate the effectiveness of our algorithm.

A AL G A PRI [F) by A7 2B T i s A o =, A RO R R FT REE R PIE, JF o
Pr 1V RZELS

> MR

WEASFE 10 A2 REMAAFLL R ViR, FiZR Hisham Sati Z(#A1 Urs
Schreiber ZUR AT 1 E&4E, ALEHSAT 7 RE T VU4EEK U6 R _E R THE,
F[F] 5 Bl T-FOUA 5 _E [FA I EE e e . RIE 5, R ECAE b 5 [ R s mhoes 15 )
WA, AIJE SRR R IR R T RIS BT ok 22 AT A4, LRI
T YEBE AT Yang-Mills #g 2 [ R .

> XU

U H S XIGEBATIIR  BEBOGER S LIS AR 2R XU 77 7% B AN AR E 1 A0 ek 250A B (R ARl
KR TTIEE VI RS KA BT FH R TR ) Jeans ANFREME, AEZMEN) Jeans ANFE T
e EILVFEA L. X EIE R — R TAEFEEZGERX KRS, @i il s o0
TR RIS T — RN R, (HA XL R 02 F 2 —Euik = A e 1
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PR R IEAEBEAT I A, XU IR AE 220l 25 X Se YR R A5 21 R [R] N (R Rl . 1X K77
FEREZ|H Einstein-Euler /7 #2401 Euler-Poisson J7 21— 3 BRHE . FUA TR E HH
AT AE SR TC R 2 52 CRIZE T IOAEZEME Gregori-Laflame ANEEGE 1, REWS i A R
TEEHEAEAGEH T E4EHEZ. B2 Gregori-Laflame AFR e M IEA FHIGEH B
10-12 A S sC 1 5.

Global existence and stability of de Sitter-like solutions to the Einstein-Yang-Mills
equations in spacetime dimensions n>4
——Chao Liu, Todd Oliynyk, Jinhua Wang
Journal of the European Mathematical Society (JEMS), .4z
https://arxiv.linfen3.top/abs/2202.05432

We establish the global existence and stability to the future of non-linear perturbation of de
Sitter-like solutions to the Einstein-Yang-Mills system in n>4 spacetime dimension. This
generalizes Friedrich's Einstein-Yang-Mills stability results in dimension n=4 to all higher

dimensions.

> MREERE
1F 2 554855 Y 5 IR R R S AR

> RB#

5 Kewei Zhang, X3 ™5 1E, $RHH 17— KM QRO R BRI E . W57
ZUARARAL 1] AT B IR AR RO RO T A, SR R ik . SRR b R BRI —
AR NIRRT T8, TR A B AR /N AR K il RURAT AN P i« 32 21 Moreau 945 HJR
ARSCHR T —FOLHL R AL, 18 B2/ IMBOR R R G &I . 12067 AR I ) R HORT
—/NSHREAG, FIEPIANT BIERH RIS SH R, R EER R ] —
FIWCEE) KKT s 551, tRERTHEAS 2 2 KKT 24T HHiks B H ol 1, JF His 3] hnig
WS H i BT 28R, RIS BT G /R A R R R T DU AL e L BASt fg . 1% T
RERETTRAEEL I RIEHRE, RS 3R, 1 HE:

1. Ke Yin, Kewei Zhang, “A new algorithm for constrained optimization by smoothing the
minimax formulation”, submitted to Computational Optimization and Applications [J].

2. Ke Yin, Huangyan Deng, “Solving constrained optimization problems by smoothing
techniques for the maximum function”, submitted to Journal of Optimization Theory and
Applications [J].

3. Rujing Xiong, Ke Yin, Tiebin Mi, Jialong Lu, Kai Wan and Robert C. Qiu, “Fair Beam
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Allocations through Reconfigurable Intelligent Surfaces”, submitted to IEEE Journal on

Selected Areas in Communications [J].
4. Rujing Xiong, Ke Yin, Tiebin Mi, Jialong Lu and Robert C. Qiu, “Beam Design and Signal
Enhancement in RIS-Aided Multi-User Communication Systems: A Maximization-

Minimization Approach”, Submitted to IEEE International Conference on Communications [C].

> B
A T ARG EIE T 2 SRy 5k, £ A B B i AR A AT AR AL B, AR
T REE ST A AR BT T AI22AE Stokes I HT IRR AN B N HAEALH .

> KRR

5K — B S N IR B AR TSR T, K 22 PSS . 10 2 12 6y
£ arxiv b FAEMIGE AR 3 1R
1. Li Z, Shi X, Zhang Y. Thermodynamic formalism for subsystems of expanding Thurston
maps and large deviations asymptotics[J]. ar**v preprint ar**v:2312.15822, 2023.
2. Li X, Li Z, Zhang Y. Thermodynamic formalism for correspondences[J]. ar**v preprint
ar**v:2311.09397, 2023.
3. Binder I, He Q, Li Z, Zhang Y. On computability of equilibrium states[J]. ar**v preprint
ar**v:2311.09374, 2023.
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Test of English for Math Writing

Center for Mathematical Sciences
I. Please find and correct mistakes in the following sentences. (2 X 28)

1. Suppose A=0,let B=9, we have C=8.

2. Let A=7,then C>0.

3. Proof. Apply Lemma 4.2, we have K =0.8.

4. This is a good lemma which play a important role in the next section.

5. This result is interesting, see for instance [12].

6. If A>0, then itis known, see see J. Duan[1], that B <O.

7. This system has been investigated in many literatures.

8. T, and T, belongto R'.

9. In Section 2, we give some preliminaries that is essential knowledge.

10. When A=8, then we have B=0.

11. 1t is the probability density which denoted by p.

12. Let A=8,weobtain B=0.8.

13. Let A=8, applying Ito formula, then we obtain B =0.8.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Let A=8,then B=0.88 for K<1,then C=0.08.

Let A=8,itis easy to know that B=0.8.

Assume A =7, then B is positive.

Because A =7, therefore B is positive.

Suppose A issmall,let B isbig,and C is tiny.

By Theorem 1, then B=9.

Section 1. Hamilton’s principle and Averaging Principle

We consider the following system: A=8, B=0.8.

Because A<O0,thus B is anegative number.

Except A>0, B and C are also positive.

Let X, belongs to the set[1,3,6,7,9].

Substituting (3) into (7), the integral becomes 7°.

Solutions are found both in the left and right quadrants.

B. Reimann, R. Lipschitz, G. Leibnitz and A. Kolmogolov are all famous mathematicians.

There remains to prove Part 1.
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I1. Revise/improve/correct the following sentences. (3 X9)

1. Use Eq. (5), we are able to get the following results.
Reference: With Eq. (5), we are able to get the following results.

2. Thus as a consequence, with the inverse conversion, we can obtain the final result Eq. (5).

Reference: Consequently, we obtain the final result Eq. (5) with the inverse conversion.

3. Let f be a continuous mapping of a compact metric space X into a metric space Y .
Then f isuniformly continuous.
Reference: A continuous mapping from a compact metric space into a metric space is

uniformly continuous.

4. In [5], the authors studied the existence of solution, so in this paper we’ll study the
uniqueness of solution.

Reference: Instead of the existence in [5], we will study the uniqueness of solution in this

paper.

5. Let f(x) belongto L°(R) forsome 1< p<l1.
Reference: Let f belongto L°(R) forsome p satisfying 1< p<1.

6. C, equipped with the norms in Eq. (5) can be regarded as a Banach space, and it still
satisfies the constraint that appears in Eq. (3).

Reference: With the norm in Eq. (5), C; is a Banach space satisfying Eq. (3).

7. If we are in a Hilbert space, then Eq. (5) can be reduced to the following form.

Reference: In a Hilbert space, Eq. (5) can be reduced to the following form.

8. If we want to compare the solutions of Eq. (5) and Eq. (6), then Jones shows that for a
nonlinear k(f),|f —f,|<[k(f)-k(f,)
Reference: To compare the solutions of Eq. (5) and Eq. (6), we can use Jones’ result, i.e.

holds.

for a nonlinear mapping k( f), the estimate ||f —f ||< ||k( f)—k(f,)
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9.

II.

3.

The reason why this section is important is that it’s the theoretical foundation of fractional
calculus.
Reference: This section is important because.... OR The reason this section is important is

that ....

Translation between English and Chinese. (5%3)

Richard Feynman: How to become a genius. You keep a dozen or so of your favorite
problems constantly present in your mind, though by and large they will lay in dormant
state. Every time you hear or read a trick or a new result, test it against each of your problems,
to see whether it helps. Once in a while, there will be a hit, and people will say: “How did

"’

he do it? He must be a genius

Richard Feynman: Nobel Lecture, 1966. We have a habit in writing articles published in
scientific journals to make the work as finished as possible, to cover up all the tracks, to not
worry about the blind alleys or describe how you had the wrong idea first, and so on. So
there isn’t any place to publish, in a dignified manner, what you actually did in order to get

to do the work.

AL OFAO: RARZKHE, WBEHERAE, Shiizad, BRHIRE.
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Nonlinear Dynamical Systems Qualifying Exam

Center for Mathematical Sciences

Note: This exam covers James Mesis: Differential dynamical systems Chapters 5 — 9. Three

hours. Opened books.

1. (20 points) Like the Lorenz model

x=o(y—x),
y=rXx—xz-y,
z2=xy-bz,

the Busse-Heikes model describes three spatial modes in a convecting fluid, but in this case
the fluid is rotating. In one limit the models becomes
X=x(1-x—(1+5)y—(1-0)z),
y=y(l-y—-(1+6)z-(1-5)x), (1)
2=12(1-2—-(1+5)x—(1-8)y),

where 6 >0, and (X, Y, Z) represent nonnegative mode amplitudes.

(a) Find all the equilibria and characterize their stability types as a function of & . (Hint:
There are eight equilibria in R®: the origin, three solutions with one nonzero amplitude,
three solutions with two nonzero amplitudes, and one with all three nonzero.)

(b) Assume that R=1 and reduce (1) to a set of two equations for (x, y). Show that these
equations are Hamiltonian with H =6xy(1-x—y).

2. (20 points) Consider the system
X=X-y-Xx*(x+2y)-xy?,
y=X+y+x (x=y)=y*(x+y).

(a) Show that the equilibrium at the origin is an unstable focus.

(b) Using polar coordinates, find an annulus to contain a limit cycle.

3. (20 points) For any function f (t) , define the characteristic exponent of f by

2(f)= Iimsup}ln‘ f(t).

t—o0 t

(a) For any scalar functions f(t) and g(t), and any constant ¢ 0, prove the results
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x(cf)=x(f).
z(f+g)=max(z(f). 2(9)),
2(f9)<x(f)+x(9).

(b) Show that if y(f)> x(g),then y(f+g)=x(f).

4. (20 points) Consider the following system:
X = AX—X>+2xy,
y=(A-1)y+x’.
(a) Verify that this system has the normal form
. N
&= Z ckéj “ )
k=2

N
n=An+ny dé,
k=2

and satisfies the singularity and nondegeneracy conditions for a saddle-node bifurcation at
(x,y)=(0,0) when 2=0.
(b) Analyze all of the fixed points and their stability as a function of 1.

5. (20 points) Let X, € R® represent the positions of a system of N interacting particles
with masses m; and forces that depend only upon the interparticle distances X; —X; :

N

m& = > f(x-x),

e

j=Lj=#i

where f:R® > R? is the force.

(a) Show that the total momentum, P =Z:iN:1mi X, , 1s an invariant if the force is odd:

f(—x)=—f(x).
(b) Show that the total angular momentum, L= Z:i ,M% x X , is an invariant if the force is

directed along the interparticle separation: f (X) = X0 (|X|) .
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Foreign Institutions & 4 SRR

I 78 W HC2 B AR O CITMAga

TR e Y £ 20 55 5 R H0y - (The Center for Mathematical Research and Technology
of Galicia, CITMAga) T 2021 4 7 HMRHE AP = Fr ALK (e AHE AL T
RER K% (USC). hiftE B K% (UDC). 4EK% (UVIGO)) HIthilflgd, B7E
RO R R, LRSS, JEIIREC) TR . Y T EIRIER
FRIF T BUETAIER I A PME ST, CITMAga 3 E AR FZ A E RS by, N
WK Rl — AN a5 71 E . CITMAga # e “ M &R AA, R EAEFEZEN,
ZHO RS FAT N B FHE LB R R R Gi it B i A R BER Rosa M.

Crujeiras.
> fEfr
CITMAga HIBE B £E BN IR 78 V. BE I 78 A8 BR AR 38 2R Gt b ) 8RS

WS A AEN A, WS T RIREERS, IRl TAT U A BRI BRI v A v
YL At 2 AT ML SR A5 SRR R SR L35

> BR
CITMAga 7 82 S5 A8 5B () B} 22 BUR, B AR R 3015 B 2 I L pr AAt 2 5,
N 1 RO BRARAT o

> HrEw

ISR Bl XS TR Femesyr, sovrrm Ay auinadt s ag 8k, A BT K8
FRIR AL F

2. B, SCRHMBEWMZL, DL EMEIH e S SlE R JIATE 5. sh
RO BRI 2 W R B

3. ML AFRREFEE . AN ke M BCREOAL. it KRINEZRENE, (2
BEAFANLZVERY,  STHF A L R FIANFIBE FT A AL A

4y RAEERPEAE A BURE . 17 5 A G BRVE P AL BRI A 25 R AR AL Y ) L

5. &fF. LA Z B AEREAE, JuAN R RGIEH AT A Tk, OF S5
ARy TvATH 2 DX SO E PR Uk ) S AR AR PR REAT SN BT A 1

6+ JEMEMTTE. £ LRGN S AT, AR SRR, O ar
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RAFAT SN o e v R AR it e 4 B 52450 FH =alls F w0 AE S AN i 1 I B 1
TR K, AT BAFEHEMWmrmH .

7. H TR AR LTS, EATE R E, IR ETEFKE, SeE8EERl,
[ B — AR AR AR

8 X I TBORE A K I o EPTA GBI, AR TS i, e a3 T s
ARIE, SCFF EOSC B & sy HJE N .

ZHL IRFFAE S5 0 NN JZ IR W TR RS s CATT) AT iRl (PD . b4,
EHEWANCRFIE . SRERHIE MERIUE . 8T8 RS A HE DU 7o, B
PRI TR R

M4 CIENCIAY CONOCIMIENTO

« Dinamica y fenémenos complejos + Sistemas inteligentes
+ Estructuras naturales » Humanidades digitales
Anal tematico d t + Computacion, aprendizaje y seguridad

M4 VIDA Y SOSTENIBILIDAD M4 COMPETITIVIDAD INDUSTRIAL

+ Modelizacion matematica para la industria

s Algoritmos y computacion de altas
prestaciones

* Produccion y gestion eficientes

« Bioestadistica y Biomatematicas

= Entendiendo el entormo y el cambio
climatico

« Rumbo a la sostenibilidad

—. BIEMANR (Science and Knowledge)
1. 1 1% 58 8% (Dynamics and complex phenomena)

T SR WO E . AR B AR, RO BRI R A
2. H#R45M) (Natural Structures)

SEFE A R B RS SR DL R EAT T2 TR 5% S BB A E AR UK 1)
FEA AN L R R
3. B 7 Mr (Mathematical data analysis)

e MG HOR VPG AU T P IR AR, 10 HX T K i B2 52 28 30 R F o
UXENREARL,  DLAOO R Bk i 22 ()P ik i B8 R HOR OB, #1072 28 0 BB

—. B#EEH% (Digital Society)
1. #HEA 5 (Intelligent systems)

FHABOTERALIAAE . AT S BREAE, R85 X 70 B AN B ZE )
i AR I e R E DTV (ORI D, S S 3 BV B SR A5 I S T S s
I o B e S R S B AR R ey s R AR A 2, AL FE 5 BRRA AT A AURH % ) 1 1 i)
i
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2. ## N3 (Digital Humanities )

YR AR AR IEAESS I A0 AR SCA AN UG S RE DAAS R A B4
KRB RIB A R B E i 18 S SNSRI S — R R A 2
BRI AT BRI AR, AT RO R P i8 g 3h /%, ER e A,
RSB ZHAEVER) 2 FhRUR, I S PR 4E 7V R B E 5 AT 5 ARk, BTE R R ]
I3
3. E. 2% 4 (Computing, learning and security)

FEALE H 28 2 % BINLAS 2 SIBCALN, Be i g SORI/aliR ) FF B 5 S8 I E#f AR AL
ERKRHEE, MM 2T RO A T w8 RS B AL B 23R 12 4 A0 2 1 5 55 40
W, XLy, AERBAEATFRAIEN T o EdasE, Hee e IRFrinsE
I B[R] s oo B AR 1T 5

=, A ERRERRE (Life and Sustainability )
1. VG FAAEYE Y (Biostatistics and Biomathematics )

N B, BATEARFEN DS )57, EEERATR 7 ma s 1k
i FERAT RS, MO T RERGER M HAEEARMES . EVET, B2 i
B AN G E DT AL TE I e PEARTBE LR AL . deak, WERER R R AN T R T SR
FE & AP S 2 25 A T RN I B FL A O PT g AR PE X L3, W DA S AH s 4 i
ECE 73501 BIAH AR AL
2. TR (%A (Understanding the environment and climate change )

IR AL A AN I A AN AR S R 7R A F B AR B I G v A Y . ] BLik
THEBUE AR, 0 5 YA ATLA: S ASE DL R s 2 M Sk FOTI R 5 7 W g A XS o FAT R
KA TR 2 S0 R TR PR BT AT, RURS: 00 A o7 W] DL B 5 P SRR AH 45 6
3. AJFRE R EJ7 R (Towards sustainability)

H AR TR I IF R AR L Fh Ab T fE 235t . AR TE M B S RECE# R, Tt
MGETH 7 Fad 2 N E I b, ERG R AR OC T 1K SE AU ) FE R NI LA AN N, AT RE
W& SR B . 55— 071, XA RAREMEER it DURIESE RFEE Bl
TR A R A B HEBON 5 2R koA, 30T PR AR BB YR R ER CRFHEE . XUEE
W) KR EEOIEHI, B BUEB AR AEARALE I 8 1 A DA S 45
A R R R A A I B R R AR

PO, 7=Nk34% 57 (Industrial Competitiveness)
1. Tk =a# (Mathematical modeling for industry)
EBEAR G SEIAHES &, AT DA G OIS TV A2, 930D i R P 75 1A% R
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&, MG R IR FPE R o 72 Rk, K& i T8 f EAE I Gert HoR A <R
R R BARINEIAL,  FETIN 25 A G R T 3 R W AR .
2. BEAEERE TS (Algorithms and high-performance computing)

VN 3OS 3 AR R R Bk, AR Oy — IOR BRI SS. BEAh,
FEFEEAG DL T, BB AR AR K (IS A N34T, JF B RTRe A RE S, XS
R FERL AT I AT B ek, EE 2 AT DASERME R, B i TH SR IR mIpLEs -
AT o AERXFHELLT, AN R BRI EE -

3. EAAEFA A B (Efficient production and management )

TMPFR T VR 2 A AT Ll il 22 Bh o7 sCEAT el . AR, SEIE B ROAS R et B )
EE R AN E PR 2 R AN SR 2 @b, D EALAL GEBEFRY MSO) M5 & 161517
2wl A R AR DR T 2R OB IR IR T S JE AT ) ik 23 EE O AT RE

https://citmaga.gal/es/home
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FUEEF B2 BB 5B ICMAT
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New theory claims to unite Einstein's gravity with quantum mechanics
FERFERRZRTES I 5ETHEEGER

by University College London

JEE R (UCL) B2 5 A (BRI XD A CER « IR KR

BRSO T — N NI ER, ZEIR 5| IRE T 1Sk, FRR

BT % RHE R 2 M S MES o 2RO O 2 5] R E T ENE 7, Bk 1R

B % RA R 5] JER iz, 8|07, DUEN&E TR, ZER A
T RE AL M —— WA R U, RAAZE T IR KIS

A radical theory that consistently unifies gravity and quantum mechanics while preserving
Einstein's classical concept of spacetime has been announced in two papers published

simultaneously by UCL (University College London) physicists.

Modern physics is founded upon two pillars: quantum theory on the one hand, which governs
the smallest particles in the universe, and Einstein's theory of general relativity on the other,
which explains gravity through the bending of spacetime. But these two theories are in

contradiction with each other and a reconciliation has remained elusive for over a century.

The prevailing assumption has been that Einstein's theory of gravity must be modified, or
"quantized," in order to fit within quantum theory. This is the approach of two leading

candidates for a quantum theory of gravity, string theory and loop quantum gravity.

But a new theory, developed by Professor Jonathan Oppenheim (UCL Physics & Astronomy)
and laid out in a paper in Physical Review X, challenges that consensus and takes an alternative
approach by suggesting that spacetime may be classical—that is, not governed by quantum

theory at all.

Instead of modifying spacetime, the theory—dubbed a "postquantum theory of classical
gravity"—modifies quantum theory and predicts an intrinsic breakdown in predictability that is

mediated by spacetime itself. This results in random and violent fluctuations in spacetime that
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are larger than envisaged under quantum theory, rendering the apparent weight of objects

unpredictable if measured precisely enough.

A second paper, published simultaneously in Nature Communications and led by Professor
Oppenheim's former Ph.D. students, looks at some of the consequences of the theory, and
proposes an experiment to test it: to measure a mass very precisely to see if its weight appears

to fluctuate over time.

For example, the International Bureau of Weights and Measures in France routinely weigh a
lkg mass which used to be the 1kg standard. If the fluctuations in measurements of this 1kg

mass are smaller than required for mathematical consistency, the theory can be ruled out.

The outcome of the experiment, or other evidence emerging that would confirm the quantum
vs. classical nature of spacetime, is the subject of a 5000:1 odds bet between Professor
Oppenheim and Professor Carlo Rovelli and Dr. Geoft Penington—Ileading proponents of

quantum loop gravity and string theory respectively.

For the past five years, the UCL research group has been stress-testing the theory, and exploring

its consequences.

Professor Oppenheim said, "Quantum theory and Einstein's theory of general relativity are
mathematically incompatible with each other, so it's important to understand how this
contradiction is resolved. Should spacetime be quantized, or should we modify quantum theory,
or is it something else entirely? Now that we have a consistent fundamental theory in which

spacetime does not get quantized, it's anybody's guess."

Co-author Zach Weller-Davies, who as a Ph.D. student at UCL helped develop the experimental
proposal and made key contributions to the theory itself, said, "This discovery challenges our
understanding of the fundamental nature of gravity but also offers avenues to probe its potential

quantum nature.

"We have shown that if spacetime doesn't have a quantum nature, then there must be random
fluctuations in the curvature of spacetime which have a particular signature that can be verified

experimentally.
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"In both quantum gravity and classical gravity, spacetime must be undergoing violent and
random fluctuations all around us, but on a scale which we haven't yet been able to detect. But
if spacetime is classical, the fluctuations have to be larger than a certain scale, and this scale
can be determined by another experiment where we test how long we can put a heavy atom in

superposition of being in two different locations."

Co-authors Dr. Carlo Sparaciari and Dr. Barbara Soda, whose analytical and numerical
calculations helped guide the project, expressed hope that these experiments could determine

whether the pursuit of a quantum theory of gravity is the right approach.

Dr. Soda (formerly UCL Physics & Astronomy, now at the Perimeter Institute of Theoretical
Physics, Canada) said, "Because gravity is made manifest through the bending of space and
time, we can think of the question in terms of whether the rate at which time flows has a

quantum nature, or classical nature.

"And testing this is almost as simple as testing whether the weight of a mass is constant, or

appears to fluctuate in a particular way."

Dr. Sparaciari (UCL Physics & Astronomy) said, "While the experimental concept is simple,

the weighing of the object needs to be carried out with extreme precision.

"But what I find exciting is that starting from very general assumptions, we can prove a clear
relationship between two measurable quantities—the scale of the spacetime fluctuations, and
how long objects like atoms or apples can be put in quantum superposition of two different

locations. We can then determine these two quantities experimentally."

Weller-Davies added, "A delicate interplay must exist if quantum particles such as atoms are
able to bend classical spacetime. There must be a fundamental trade-off between the wave

nature of atoms, and how large the random fluctuations in spacetime need to be."

The proposal to test whether spacetime is classical by looking for random fluctuations in mass
is complementary to another experimental proposal that aims to verify the quantum nature of

spacetime by looking for something called "gravitationally mediated entanglement."
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Professor Sougato Bose (UCL Physics & Astronomy), who was not involved with the
announcement today, but was among those to first propose the entanglement experiment, said,
"Experiments to test the nature of spacetime will take a large-scale effort, but they're of huge
importance from the perspective of understanding the fundamental laws of nature. I believe
these experiments are within reach—these things are difficult to predict, but perhaps we'll know

the answer within the next 20 years."

The postquantum theory has implications beyond gravity. The infamous and problematic
"measurement postulate" of quantum theory is not needed, since quantum superpositions

necessarily localize through their interaction with classical spacetime.

The theory was motivated by Professor Oppenheim's attempt to resolve the black hole
information problem. According to standard quantum theory, an object going into a black hole
should be radiated back out in some way as information cannot be destroyed, but this violates
general relativity, which says you can never know about objects that cross the black hole's event
horizon. The new theory allows for information to be destroyed, due to a fundamental

breakdown in predictability.

JEOSC B -

htips://phys.org/mews/2023-12-theory-einstein-gravity-quantum-mechanics.html
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DeepMind Says Its AI Solved a Math Problem That Humans Were
Stumped By

DeepMind FRE A T B MR T — A RPUHEAE BIBE IR

by NOOR AL-SIBAI
#¥#k DeepMind #F 7 1 A ARARATIA AN TR KRBT D R 7 — 38 A 2
MER, fEPOTIARE TR CA ARG

Fun Times

DeepMind claims that for the first time, an Al has solved a famously difficult math problem
with a solution that eluded human mathematicians — which could be huge if it holds up to

scrutiny.

In interviews with MIT Technology Review and The Guardian, Google DeepMind researchers
waxed prolific about their new Al tool, which they claim has generated a brand new solution to
what's known as the "cap set problem," which involves plotting more and more dots without

any of them ever forming a straight line.

The novel findings, which the researchers announced in a paper published in the journal Nature,
would mark the first time Al has made a unique scientific discovery which, because it was
previously unknown, was not part of its training data. That would be a pretty big deal
considering that Al is known for conjuring up nonsense and made-up junk even when its

training data has the right answers.

DeepMind built the tool in question, called "FunSearch" in reference to mathematical functions
(and not the other kind of fun) on the back of its AlphaZero Al, which solves math problems as
if it were playing a game. The LLM it uses is called Codey, which is trained and honed on
computer code and programmed to reject incorrect answers and feed correct ones back into its

model.
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No Known Answer

Feeding code into an Al is one thing, but having it spit out a brand-new solution to a famous

puzzle — even though it took a few days, as MIT Tech points out — is a different thing entirely.

"It’s not in the training data," DeepMind research VP Pushmeet Kohli told the website. "It

wasn’t even known."

There is something of a mystical quality to what the DeepMind scientists are claiming: that the

LLM managed to — just maybe — think for itself.

"To be very honest with you, we have hypotheses, but we don’t know exactly why this works,"
DeepMind researcher scientist Alhussein Fawzi told MIT Tech. "In the beginning of the project,

we didn’t know whether this would work at all."

While there will obviously need to be lots more research to verify the claims and try to figure
out exactly how FunSearch generated its novel solution to the cap set problem, its creators are

clearly stoked.

"When we started the project there was no indication that it would produce something that’s
genuinely new," Kohli told The Guardian. "As far as we know, this is the first time that a

genuine, new scientific discovery has been made by a large language model."

JEOC B -

https://futurism.com/the-byte/deepmind-ai-math-solution
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