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o /R FBAT DL BB T BT

i SR A A N 29 5T BT (Keldysh Institute of Applied Mathematics ) (%5 i k22 Bt )
FROZT 1953 4F, 22— AL I S EUA B ST . A ST ST TR
RIS 5T REFI AL e S 3 B R N FH 45 [ X0 H I B 80 n @i . B 2016 4L
K, VISR B AR SRR R, DARAE X STk BT AR 1) R
WA T2 TR SE . 1X— H bR B e @ TR A 3 24 1 T LA A
AR B R SE I 2 T AIEE AR AR (1953 4-1978 ) 2 73R Bk &
G R R . REEA

H ALK, 20T 5T TS0 TR A R e, L Bl AZ T 58 B R 7 AR L
Fo e BHe. S5 BT R R AR SR R Rl b s 4 ZBi k. S
LT IRERUE NS L. 74 BRFAE R 224 ZRIAEIEN, B 14 25 T RIKE
. 30 BIEFEFAGE M 5 LRI E .

A — WU RS LISk, 0 7B s B0 — B EUT T I AT RAE S 1) S
SR, AFEKIIPUESRS “ALHS 7 B RIS, TRBRTR AL “ B S 5. “ HERY
G RET 5 CKET SEE WIERN RNE. vk E T - SEREETE . %
W AR 4k 2E 2 5 BRI oS I H AT . H RIS K

1. AR T E SRS GPS 1 GLONASS JF & 25 [8] AT 25 1 SEi 2 B S9 R
gt

2. WK RATE KRS

3. RN BN KE K AHLHAT#E— P AT B b RATAR S5 O A5

4, 25 “Radio Astron” FI Fobos-Grunt 251 H .

O TENLENLES CRPATHLE N BEIEMAT SRR @ NPENLES NN F
RN LA E A S 7 AT A R /3 3] 7t AR 2 AW . H AT AHOR ]
TARELA R AGEAT: LEER. W RE . H 3SR EWEE.

M AT % e R RGN AT EL R A AR R AR 2 — . X2
— AT RBUANR . SR RS AT = I RE T AL TR SE LG

TR RIECF R — #RIEE (1 M. Gelfand) 7E 1989 4F 2236 [ 2 5 i 41
AL TR EAE. MANFZ R0 ARBORIFE 507 T ) EE 6l TAE. AL N. Tikhonov 5%
IR AEIX B H 22403k TAE . SR, Tikhonov 5524 A BT RIS Ath 55 B FH 7 R (1) TAE, 41
ISR ARANIE 5E 7)) 77 (Tikhonov 1EN4L) . Tikhonov MG T4y T FEBEE, fE&
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SR HE NI EZo SRR E N — RIS & A A, Samarskii #2H 1.
Samarskii AN @S — T TMOZRFEE % 8L S, P Kurdyumov 7EMZ #rfl) Sz 7 —A
SEEE N AELAE B ) A R 7 B2 R

HHT, A BEUE DTV IEAE S Ao, AR H &8 8 4% iR R A A R i 5
BLR AT RENE o BT T BORE A ATV IR T e tt B IR jE I I A& vk, X80T — A
FIAMIES “Norma” G .

M T aG 240 B N L P Re e it ) de Se i (R T SN R o 1 T e TR —
G RIEA =T ENL, FRAHE 78— SR TR RN, FETHENLERAE T K 7 1 K %
FeBAE o IR FATI IR 2 B — KA VP Al N SRENLIRTHFL 28 “Mercedes” AT .
1955 4, F—GE~IHHENL “Strela” Ft, FpR2HETE THE B EENHE. 7
1963 4 Algol-60 # 4y (SEBEil 5 A IR ER — MRS ) AT IS-2 (55— NIRRIRAE &R
G0) W T L KT R SE . AT R BIX — A 2 R 2248 DISPAK 1 OS
IPM. FORTRAN fifbéiidds. M T KSR 6 GRAFOR. BRI R
SERIRERAY . ZAVLE AR 28 (B e A3 Bk — P e 8. ERF AT I iE 3, R 1)
B RS KR EEEH, Fln: BRI SRR CHLRAEN RS, SC i
A8t AFRNHEMEERRRZRS. CAD/ CAM &5, N R FE R HA T A,

HAT, T2 8B At E RGN a8 TR IEERT, XEBAT
HHHT WA IR TR ERIERS (DVMD.

H PRI A GO i BURYERT /K 2 477 (Yakov Borisovich Zel” dovich)
T2 1 DT I A% Qs A R AR B 7 T AR — AN T AR P71 oK « 22 g
HRgEZy « 5% 5 /R #r3E (Alexander Andreevich Samarskii) T ¥R 1% 15 VE 4% 20 N ) 72 WL 5]
JIEHAT T SEBRi 8, ATt 7 A% s BT B SEBr s A T . FERZRE DT TR, %A
FHTE S5 | i Fi oS i 2 i s

HHl, 7E S.P. Kurdyumov, A. A. Samarskii, Yu. P. Popov.[J4F T, ZHF AT E
TR RN 52 358 T TR AR U TARAIAE 4R 28

H 2016 LK, &R SERTE IS B TR A Y S ) 8, XL EiE IMPB
RAS GZHWFFCTE A V1 70 KAL) WS 2] 1 .

UNIREISt=w i g bl FRER T W5 P o as iy SY EERYAY NSRS WY TS 7/
BIE S8 T R S A R 2 A FE T () Bt . SR BEROR 2 58 B FH 8505 57 B AR 1% 5 Bt

O SR 0B A I8 FH 5 2 Ak 22 T AT S i S0 ) 32 B2 93 o & ST TR AR
I BCRAEA S S AT E AMERAR 2 7 OAAT o FEANE BN, RO B A . St
BRI FE T 5 2 NI, 2 T R R A FU T A R SR IR, I O R} 2 B 1)
FERE L.,
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B LB N —FRIE . REEHE

R, BIFTR R

i, 1985 4F 7 A4, K RGN B9, BUa LI I, Bra B A8 IE .
2007 SEARLERNL T PRI RSE, 2010 SRR P R KA BRI, 2015 SEERAG A T (7
B TR NS 2. BUER TR B LRI T

e BRI 7T S R AR Levy WA TR RENLEN ) RSt m R 2 b
Hr Lévy M NRENLEN ) RGEA KB 15520 BT a0 RGO B 7 ST A 7T i
FEAE S AE i 4E B s o it 7 b O RS H o AE R8T 78 AR T, A5 HILV a5 5 AR 4
EARG AR o2 R SR A A Bkt oy 5 AR, X B R gk
PERI S S 34T, RIL T HIV # 5 AR RGUHE 52 6 2553 R T Hr 2 P iR =7
s WIS 55T Levy W il T IS0 71 5 401 € B Be A BUE AU, 7
Hro $2 AP Ak it [a] . REIRARAS . BEALIE R AR 70 A1 SR K PT REFE AL I SRt
FBENLB) ) RGBS . MU B E T 7 AR s sh ) R G000 s il K ol
ik, QU T A dE R FE 1) Fokker-Planck 77 FEMIEE H%. $HIFTFR TIERH
iy TR BUE S, B 2 B TR . RS A B i

2015 422 A2 2018 4F 11 H, w3 £ 5% H i K Tl 24 7] Machine Zone KA
A AR R R R 2 K, e TUREE ™ dh, v 1 Al i P RGP, A2
i A I E S A N B A . ERFITR 7T Spark HIIFAT = 4E =B Markov I [H]
Fr A PRASAY , TR P 27 ST R s A 2 ST B AN B A7 R G0 I %R 2018 4 12
HE 2020 4 12 A, miFfERE Twitter KB 57 iR T Las 27 > A TR
Jin, BE—B Al T HOREHE TR . S5 TR 6 R R, 1R
TER T 3T 5mAl 7 2] B SER SE M RG4S

i E 2020 12 A NBREEFRRIECRABK, S1EfeS 2 AL Bt 5 AR E

B RIETL, fa S RIARH b 2 44 RIE ALK G, P4 B 23 4 A s RIS ,
3 BARAERENH R . B T2 5ReZEALT T, BHEGTERIH —
Tilo [F, BT AEE: BOLE GRS S P ER A T — T, 505
AHHE R AR RO BEE & L0 = e st DU A T I K e, 5% /4 7] Privasea AB
FOT BRI S8 55 JF FR I I IE )

S UE T 4R AE SIAM Journal on Scientific Computing, Applied Mathematical modeling,
Applied Mathematics and Computation, Chaos 5 [E FrBUg I T & 18 SR . HBH 57
I & 244 [E BRI 3h /1 R G0 5 IR BE 2 ) SUS I FE R ml, R E R R KR Ha VI F 2.
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FREESE 2006 ARV T-HVLIHE K5, 2009 FE3RWTTLINTE K 50 22 Al 1 2247
1M 5 52 21| 9% [ 2 2R B Al 1 2 — () 9% [ER pe 3R R B v B MO 1224, T 2012
10 HEk, 2012 HE-2016 SRR 9 [ SR on 84 R iid L m . BN RO 30
ORI B EAE.

MRUEHE FZNFE RGNV T I R 7T 807 @A, RS i s ie 5807 ik
HATANEE S, — T RSB AR A, SRARE SIZEG Bt 0 28] F) 30 R B0t 5
B A DASE R P e A S (128, AR HOR R R . B i AU SR (B SRR 5 — 0 H
MAH R RUBIF 55 o 5] AT 3807 BEAR R AT A 7T, S B B K g . TR N
B I, oy B LU AR N 5 Fh A g i B0 0 S LRI 8 . B A A
XA, H Al A MR i R 2R B ) AR AT T S e Bl
PRAGHE B0 /77 R, AT B o Al 5 IS il i LU, BRI R J5 B AL
P, EA X 2R & (U0 Nature Communications Biophysical J.) . #12% 24 & (40 Ergodic
Theory and Dynamical Systems)« E44% & (W The EMBO J.) #4 #1822 4% & (Wl Composite
Structures). KX EHEAE (W Astrophysical 1.) &5 EBRBUBHHTI R RIL L 20 R, R
FIEERR. FREFARB RS FOH . H8% T,

| 4]



¥4 X 3 et
@ iterforMathematicalSj;ienc:s 2023 Autumn

"R

2023 4F 8 H e [H 1B K 2 G iR G BUR R T B 2 O R R IR
o BRI 715
IR 581-7457-0596

IR A
Date Time
1 202348 H 14 H 9:00-11:00 (A.M.)
2 20238 H 15 H 9:00-11:00 (A.M.)
3 2023 %8 H 16 H 9:00-11:00 (A.M.)
FIURN A :

® Talk I: Pricing and hedging in incomplete financial markets
We will first introduce the basic arbitrage theory, including how to replicate option payoffs
by constructing replication portfolios in a complete market, which leads to risk-neutral
valuation and the celebrated Black-Scholes equation. Then, we will add more realistic
features such as stochastic volatility/local volatility. This will result in incomplete markets.
I will finish the lecture by discussing several methods to handle market incompleteness,
including superhedging, the Esther transform, the minimal martingale measure, and
minimizing f-divergence.

® Talk 2: Portfolio optimization with trading constraints
We will start with the classical Merton’s problem by deriving and solving its HIB equation.
Then, I will introduce a general, possibly incomplete, financial market and solve a utility
maximization problem with trading constraints. For exponential utility, we will solve it
using martingale optimality and derive a quadratic backward stochastic differential
equation. For a general utility, we will reply on a convex duality method which will lead to
a coupled forward-backward stochastic differential equation.

® Talk 3: Nonlinear optimal stopping with Poisson constraints
We will introduce American options and their valuation using both variational inequality
(for the Markovian case) and reflected backward stochastic differential equations (for the

non-Markovian case). Then, we will discuss how to price and hedge an American option

| 51
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in a nonlinear market with the market price of risk depending on the hedging positions, and

the option is allowed to exercise at a sequence of Poisson stopping times. This will lead to

a penalized backward stochastic differential equation.

= UNITPIE

» Dr. Gechun Liang is a Reader in the Department of Statistics at the University of

Warwick. His past positions include Associate Professor in the University of Warwick,

Lecturer in King’s College London and Postdoctoral Research Fellow at the Oxford-

Man Institute of Quantitative Finance. In 2018-2019, he was honoured with the titles

of FRIAS Senior Fellow and Marie Curie Fellow at the Freiburg Institute of Advanced
Studies (FRIAS), University of Freiburg. He completed his D.Phil. (Ph.D.) in
Mathematics at the Mathematical Institute, Oxford University in 2011. His research

interests are mainly focused on mathematical finance and stochastic control, and has

published extensively in journals such as Annals of Probability, SIAM Journal on

Control and Optimization, Finance and Stochastics, Mathematical Finance, and SIAM

Journal on Financial Mathematics.

2023 4£ 10 A 18 H-2023 4 11 H 8 H RIE X K2EXRIEZ ML F k7 =T 1155

PR,
S 479-4551-4854

VR 2

Date

Time

1 2023 410 A 18 H

9:00-11:00 (A.M.)

2023 £ 10 H 20 H

9:00-11:00 (A.M.)

2023 4 10 A 25 H

9:00-11:00 (A.M.)

2023 £ 10 H 27 H

9:00-11:00 (A.M.)

2023411 H1 H

9:00-11:00 (A.M.)

2023 11 A3 H

9:00-11:00 (A.M.)

N | N [0 B W N

2023 4F 11 A 8 H

9:00-11:00 (A.M.)
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R A

BT R RSB T IR AEIERY, T4 FIRBIE A7 R A TR T4 T AT B
Pl KU AR AR B — A BB AR AR TIPSR, A T T
FFWRIBIEL, b T IRBIR AT, 27N W LI, DR MR 2 T B 25

RS H A4
BiES (BETH%)

I S=PUNITPIE

KUK, KB X KRR, kT BEREEBGEW Y T, EZ 514
Wk ST H20, H2 VLK HC S5 T I8 <5 Ja 2 T At 2 30 A P veiks P = 4 9 e
afE e Pk U E )
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FARME

& @ H: Approximation Theory of Deep Learning for Sequence Modelling
it \: Qianxiao Li (National University of Singapore)

I IA): 2023.09.14, "F4F 14:00-16:00 (L5 [A]D

W gt e RO R A b 813

RS 686-671-834

SRR

» In this talk, we present some recent results on the approximation theory of deep learning
architectures for sequence modelling. In particular, we formulate a basic mathematical
framework, under which different popular architectures such as recurrent neural networks,
dilated convolutional networks (e.g. WaveNet), encoder-decoder structures, and most
recently - transformers - can be rigorously compared. These analyses reveal some
interesting connections between approximation, memory, sparsity/low-rank, graphical

structures that may guide the practical selection and design of these network architectures.

et NI

» Qianxiao Li is an assistant professor in the Department of Mathematics, and a principal
investigator in the Institute for Functional Intelligent Materials, National University of
Singapore. He graduated with a BA in mathematics from the University of Cambridge and
a PhD in applied mathematics from Princeton University. His research interests include the
interplay of machine learning and dynamical systems, control theory, stochastic

optimisation algorithms and data-driven methods for science and engineering.

HLWRMERN A, SR B 7K S A RE D
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H Fr i

The Second HKSIAM Biennial Conference 2023, Hong Kong SAR. Time: August 28-
September 1, 2023

RREVAEIREH: B, .
https://www.math.cuhk.edu.hk/conference/hksiam2023/mini-ms19.php

The 10th International Congress on Industrial and Applied Mathematics (ICIAM 2023).
Time: August 20-25, 2023

https://iciam2023.org/

HeghnhAs 2023 4 8 H 20 H-8 A 25 Hitk HAZR SIS+ FE br Lk 5 51
B Res, (EREMAE: BEWR. miE. 8%, IR B, T7E. B Bk
. Wik

International Academic Summer Conference on Number Theory and Information Security
(Hit 5E B2 MERSARSUO  Time: July 27, 2023-July 29, 2023
http://www.hnskxy.com/info/1007/4620.htm

Dynamical systems and Semi-algebraic geometry: interactions with Optimization and
Deep Learning, Conference 2023. Time: July 17, 2023-July 21, 2023

VLR S B IRE I FUEL 2 Vingroup BIFT G2 (VinlF) MUEE AR5
AR W E ARG L 5, BT A BREITHE/ A1 EEE s g
IR TN 510 2 BALIEXS WF T MBI 1) 22 87 T A o isd 10 B 9 5% H i
T WRe Bt Mg B ER .

https://www.mn.uio.no/math/english/research/projects/granddrm/events/conferences/dyna

mical-systems-and-semi-algebraic-geometry-inte/index.html

IUTAM Symposium on Data-driven Nonlinear and Stochastic Dynamics with the Control
6.5-6.9

Heprh AT 2023 £ 6 H 5 H-6 H 9 HZ 0 IUTAM 55T Eidi X 3h Y AR 2 AT E
ML i 58 2, Za2 R vEI TR & T, B8 ImfE ik 23U E R
A, EiE. HEL TR MIBREE AR IR S BRI R I 5 b BRI
A [ Al 5 B R B e 8 - — s R4y (CSIAM 2023) Time: October 12-15,2023
SWHES T IR AT . 1800 RA K BHIFBEATINE R ¥E .
K& FAENEILERS, PEEHAR, VR, REKRITS. TRE
IR VAR .

| 91
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=RAE

W

» The 10th International Congress on Industrial and Applied Mathematics (ICIAM

2023). Time: August 20-25, 2023

ICIAM2023 &R
—Jife

ICIAM2023 J&— X2 AR EAR 2, ERERBE T — N S RS i TR 223
ANl N 3 R ER T R 9 52 f i (0 502 B T T T R AL 2

2 EIREE TR B S SURAIA T FEN SRR 5K, AT AT 70 B SR AT K8 ARl i 3
RTERREZ. SRENBNS S5 &M EEEVE. 22 e MR ER, B 7]
FETME . Rl APBE o S5 U BT VR 7T o

sk, FABLSAE ICIAM2023 _ERIRE CHIBH, X2 —IRERKET . LM%
AU AT FE N SRR S ECR 1 s R v AR It S BhER S T R TAE

ERARHIARZ, FEITTEA Z N5 AR N S e g, W AR
TN 2 (H 253 A AR D B EE BRI . 55— D7 TH, AR 22 3 U B 72
Al =B, AR ZAR. HRFW A EBAEAF RN, SECRE E AT,
P T LK o

SN, M FARHE TN SRS MR T RS TR WA R K, LTS
i N R M EAER R ZIREPIAMUIATE T IRA2ARIET, I8 AR BT FEANIR
RIEFT R T S22kt

® Learning Strange Attractors with Reservoir Systems
Author(s): Allen Hart (University of Bath)
FHIRCHR:  https://arxiv.org/abs/2108.05024
FEAZAR S, S F RS T Takens N E B AR IR L 52 ST A iR IR 5] 5
FIN T o MRYEZE B, BEALAS B Rl FofRZS 2% (R R CRAT 2B 0 ) A2 mal
NI RGE— RO EE _EIZR, KA 22 (8] 3h 7 22 N 3% 58 O RR LA IR 5 a]
FEZN 1 R GE I — RO EE RN B) 71 R GEAS B Wl BRPIR A 22 (R Bl ) 2 2 Tl AL . it
FEt, Takens RN EBLFR AL 1 —FhAERK ) L BLASIRZS 2 8] h R =i N 51 180 1152 1 %
filt 2 FR AR P45 (RNND [ —Ff, S5 08 R EDE H S BENLAE I3 71 R 48 (Fx
NEEE) RAEFEANG T MANETHIEANBIEZ T, i ER 4oy s YRR e 17 &
AT 70 KBTI 55 o G P B AE S R BN ZR G, 2SR R A2 RS W
I B o SRR IL JE PE AT RS E P R S i R VR RE RO AN R A . R
JEVESR it 2 DGSAE — € I [ R IS iC AT an 26 1, X562 B i A R B K EZ M5
T o WA E VE TR RIS BB I [R)E T- T8 75 KIS — AN [ 5E sl PR3, X

| 10 |
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TR 1 ¥ /= RE g LUz e ATl 3000 1007 A BRSNS 5 o A2 IO RE 52 HL B2 hakic 12 @ PE A i
AR SE VE B RE o

A ROPIRTEN G T IR M iRt VAN TR, JFoNfER TR gt T
R MIIRZIIA . KA R TARHE BIBEHLAN ) R G, AT ZG ST . LK
WL RS 2] () e B 18] A8 A . FERENLEN ) R G, TR 5] 7 225 lE = SR, B
LB 2 3 (R R 5| 1 I 98/ 5 OO P AR R 50— E

® Machine Learning for Predicting Missing Dynamics
Author(s): Shixiao Willing Jiang (ShanghaiTech University)
FHISSCHR:  https://arxiv.org/abs/1910.05861

FEZARE T, RS FH IR — N EAESE, AT AT B EEE A L& o S SRR Bk
RIS 2R Ge . M T IR BRI B0 77 28 GomE R Tt 1 il &0 s SO — A B2 )
)RR, DAATAL— /MBI, (X BISRRAE AR ORI RT3 P A i e A e 1) 7 sk S 3 A ey
I HERR AR o X IR ZHESRAE F B a5 57 ST BOR 5 5T CRR R AR A R AR B 2 T Y
KA, IRJE IR AR 2 R TN O k3l 775 SRR 70 o HEZRAN TR AR R T3
Fo L atizh 2 RSt 5e BT AR AIR, IF BT DU AL & 2 ST BRI 1R R I
LSTM {79 RNN H)— M0 F-1X A H b5 2 A 1 .

i tEAE S BA 5 R SR 22 SRR, T LAAE A BR AN 1] U8 {ELIZAE SR A e 1k
BE T RE IR T A B FH R AT R ICHE R TR & o I HEZE O 7E = AN R B R P o ) 7 S A T 3 7
YR AT T BAEER . RSP R AR ARZ R E 1S )7 AT Kuramoto-
Shivashinsky J5 2. X7 B SR AL EE [ 40 3] 480 2 R L IE I -

BRR BN F1 52 C AR R BN 1238 7 RO AR I T — e iR &, FeinRig
RGP A S AR B R R AL RAZ B A SRR Z IR . )21 5AF Y RNN f—
AT REAE SC PR 2 2 B AR AR T R — B R ZE LA, AT Aok M A 2 v SRR AL 2
PLARGERIRE RS 294 ] i

® Kernel Flows and Kernel Mode Decomposition for Learning Dynamical Systems from
Data
Author(s): Boumediene Hamzi (Caltech)
AHFICHR:  https://arxiv.org/abs/2301.10321
AR AN A T — R R BLZ I (Sparse Kernel Flows) FHT7v%k, %77k A T MBS
[P BB T A “ Bt W 2T ERE T — NS KRBT HEA N, R )5l
—LEIAR T BN TR AR AL, B B N B AR FE Ry B T (Lasso)
SKRBAL, 3% 551 Kemel Flows 7R AL . 120715 B A7 T4 B R hg
ASRITRNT B T EARRERY “BfE” W, TEREZOTEN TR 132 MRS

| 11|
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ARG, DS ACMAERTE. S5 REH, S5HANR M EAMEL, g e
FAVERNRR R A S TR IS R, B A% I v] ARSI FH - 22 Gead s AR 3l 7 &
LA -

BE—2D ML, FTLAE R M BAZ T iR e B AL BT B R A 4 R 8, B B
TIREMBENLR S, 370 RGERFEHIFIT o T PR 2R AT Y AR SR (0 IE AL (] an 2H 7%
Btk Kt — g I WM . 2 TR E 8 1 R gty KER TR, WiF
A DAER B AZ T 54 RIRL T 28 Gt B TR S n) /Bt 7S b, Mg 1 AT DL U
i fil AL e AP H AN RS T

® The Random Feature Method for Solving Partial Differential Equations
Author(s): Jingrun Chen (University of Science and Technology of China)
FHIRSCHR:  https://arxiv.org/abs/2207.13380

ez, (BB R M T — Mo E, BV IER AR Sk N Banach 4%
(]S 2% HY Banach 7% [A) B 5507 HOECE SRR B . FERXAP 59, AR kT
Mk 7R (PDE) & CHIST,  Foda AN g A2 e 2. S A S EUE f € iR P
i R, B a4 n Hs B AR 0 B R R A AR . BE LR AR R R AR AR R AN K
(nonintrusive) #rHfE IXHIILL Fe AT U fe > AR S B I o 2R RLAE — H o N
X EREAT IR, X e N e o 3 o A — 4 a0 N\ 2 B AL SR A Bl 70 7 R T 2 1
g Igh)a, AR AR A SBUE N s ARSI U o T RE R, 1T
T it FHICR M I 7 A R EUL S, 1A NI AN To IR ZE B iR 267K 1 JLAME R
JEtE, ©E SR PDE MRS T MR AR 38T 1R 75 A E S 7 — S RIS 7 e b
BEATUNGR, SRR LEANTR] B RS 70 7 e AT B 8 R e

VR Feon 7 e 2, HER 3 AUy A S 2R Al ol 70 75 R R AR M S 2R ST B BE -
RPEAAAS 7 7 FE AR R BN R 5 2

BENURFERA AL PDE QU V2 I, FLII0 75 2 2 18] 18 B I S of A 3 A 3 00 2 2 1)
R T AW SR A T — AN, T R b R T RE AT LR 5 2k BT 55 4 A T A Y
PR

® Machine Learning for Stochastic Parametrisation
Author(s): Hannah Christensen (University of Oxford)
FHo=CRR: https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019MS001896

TEIX T FE o, VR A S B 4% (GANSs) SREGEBENL S Hik ik, DLRER
SRR R HERR I . BENLS B2 — M T RN AU BRI 7%, T 5 8RR
RET PR S AR A E M BB SN ATRE R T WA s3I0 AR TP AT R, PLRIRAE K
ST P RER) T WA RS 35 O ME 3R 70 A1
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EAN T Lorenz’96 By — D EEAENNARIAY, T VP04 A2 BT R 48 7E BE AL
ZHACT IR WIS RERY], RO U 2% a] DA Rt 2% 5E 1 AR A AR 2
P, I R A A B I o AR O BT 28 FE REATL S H0 T T A U AE T8
MTREUS AR 7 A% I RE AN K R AR B 22 (8] (1 R 2 AR e R AR o e T DA IR s >
TR AR ST R, T AR BARRIRR 70 A0 1) B A o IXARAS AR O BT I 2% BE % LA
57 WA R L B A — Sy SR BENL LB S AR R TR, Bk, AR R B 2%
BT LME R RSN OL T, AL Lorenz’96 £ 48 AN 25 A AT S

it i, KRR YE T R4 B B Lorenz’ 96 REUKIRR M4l R ST K
BN ) RAAFE A 7 ), X K B Lorenz’96 RGA G HA R MM, M4 H]
e 4E R G MRAE A RRAL -
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—8 7
2023 428 20 H&E 8 H 25 H, HHJmEpr THlk5 R HE K< (ICIAM 2023)
T8 HAZR T BAG H RSR I 267p . B Tolk 5 M A RS (ICTIAMD) A2 [E R Tk 5 M
M R S R KB . KedER TS NHBYRESHS, ’BIGT
1987 4, HEIYFEZEI—IX, = ICIAM HIIEALZ . ICIAM 2 BOFEAHE: mid Al
WIS ARG AN 2. TR wci . RIRIRG . KEA
R FBCFSIRINE R . FAEUKR T ARERME T EMR S &7 S, WE
B Ml 5 R FH 5 0 R e A R B B HES AR
ARURAE AR 5 ARG FH R 2228 I i 56 e B B Tk 5 10 F 20 R B0 48 27 MR 45
400 Z/N/NEUEFT 25 800 2 contributed talk LA

T2 300 ZANERETR . S —IH 5550 AIEM, SWM%Wmmm
FRAUENZ N Bk F IS 2, [ HINUmbers of Regigio
TR RAECE TR — o 2. R | TORl 8850 (ongie g
LR BIEK S, F5IA LR TR, el

o S IR SR EBIFI T D W o Numbers of Accompanying s
HUZEARALET, K T SRR, RRRER LR ) Tt ;224

—KAEF E /A

Wk WAEFE I TT, BREERFENAHK TIENRKSE T, GEAZMAEE N2
Wit AT o 1o BHMEATR AT, AETRATEZ BG5S, Mtk T IR e
Wo BREWARMRERZINZ 8 A 21 H L4487 ICIAM 20T 4R, 4 7E
HAEHE K7 Okuma fLE 2875, KRG KIALE N ZEAG VS N0, EHIRES
S NRES S TR TR EH R 20 HIAUK T 2023 £ ICIAM Collatz Prize—
—Maria Colombo, AR %2t 7E I D)4 B AR R R 4 7 7 FE 2T 0BT LRI AR 43 1] A8
iz J7 RE AT R 4 AR B )5 07 T B EZ TR s ICIAM Lagrange Prize—— Alfio
Quarteroni, PAFRFEANLEA PR ICFYEIE ik o i 775 ANESE Galerkin J7vk. A0 &
% Navier-Stokes 7 FEMEUE M . WA 2 REE @7 I/ FF a1 T/E; ICIAM
Maxwell Prize——Weinan E, At 7E N &2 S0s il th (0 - QUYL ok, 5 a2 EAL 3
FAFIER A HTRNH 2 RS WS @A EE WG 7 A2 45 )7 T . ICIAM
Pioneer Prize——Leslie Greengard, & 7E Pl k77 H A TR, f¥EPaE 2%
JriE QO Al REEZ —) . YU E AR A s ER s DL RO R R 43 7 7R
FIeHE by, B3 HENFEERIF K. ICIAM Su Buchin Prize——Jose Mario Martinez
Perez, DAEFZAMAEMT T8 7 THIIAS RO, RF MR R AR AL m) PR B L S, SR
NHARSS G, PASARIERL T Se INIA AN N F 3y SR K € . ICIAM Industry Prize——
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Cleve B. Moler, PAZRFZABAE M GRAL A AN R il 1Y B = AT S5 B AN 5925 i) R Jee O T A
HEAS B DTk, DAR A & BRI MATLAB . 1% S5 5R 2 25 40 & (B 45 3R 1 86 5 5% ) A AT ]2
2.

U URI e, 33k 17 H CBOGE I — S NPT 22, AT & Bl
THCKRIME, ST T2RIGR, 22— RARF RN AR AR T Bk & 5y
AU AL IR W B i A Sl 5

® Quantified overdamped limit for Kkinetic Vlasov—Fokker—Planck equations with
singular interaction forces
Authors: Young-Pil Choi, Oliver Tse
FHRE: https://www.sciencedirect.com/science/article/pii/S002203962200314X
FEMAR S T, R B R T — R A R/ AE AR J13) 715 Viasov-Fokker-Planck
JI PR E EAL I P e AR PR F) . XK TTRER BT RA M EAE R IHOIRL T R4, SR
e R E H 2RI, 13301 — 2R3 )5 7 AR . Hoh/E# %5 18 Viasov-Fokker-Planck
77 R IR AN IO O R e 1 P8 i A 8 KIS 1R i A A BRI it
B, EE N — ISR A 2 R (A R 4, € EHLfTH T Viasov-Fokker-Planck
TR R A% B 5% A RS FELE 2 [ Wasserstein FEES FHIRZE. A5, 1F&EA
Wasserstein B FEJET H T — DNRAEAR 5 A S, [EFREE 2R RS S5 H B
WIRI7HE, Bl McKean-Vlasov T2 Z B ZE . GG R, (EE @S 730157 18
5 PR T R 2 R v 22 B € AL R SR . Ah, MRS T R EAH BAEH
AW RNE, BRI, X —2 B & A BAE A RS- 8O, LB A
RLHE Rl 51 D BIXSETTRE, HB) /)5 Viasov-Poisson-Fokker-Planck 54t &AL id BH JE
AR PR Ie 45 3] 1 AR
Xof 16 phy afe P gk S B P A58 M S X B ROV RE T R GE 15 BN 1 F TR, R AR
JEE TN EEREZXRGEMIRE, WEE R LAERAN N RS . 375
Vlasov-Fokker-Planck /7 H B %, EHIpRE) "z,

® Aggregation-Diffusion Equations for Collective Behaviour in the Sciences
Authors: Jose A. Carrillo, Katy Craig, and Yao Yao
FHIIEE: https://arxiv.org/pdf/1810.03634.pdf

X7 ICIAM Invited Lectures 1 — Mk T,  HH9EE 43K 1 Jose A. Carrillo 244%
k. EMHR S, Carrillo BIRANH T HAR R T AWML 0 — KR E- BUTTE,
WM ARG EEWRG R R, LS N IR IR SC SR AN F1 5247 4

B RE T2 IR, WBOWEE W, AP I N RIARBAGE M o SO 2 AT
N, BFEETREE R SN E R, MR AT, ARSI R
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NAERZ B U HR , AEARRFERE EAR . A2 it 2 A LA ™ A I R
W 51 3 AUAE R BAT BR RS 28O 7 2B R R AR HE 5 7 Bl o

MO AR R 3 I8 38 B AR 1 3R 1) — e VA s B BT 8937 AR IR, RO BROULRE 1 14 %k
BAGR K. RETHEAFECMR S RS IZ s e, MR- HU . X
ANTTRERAL T R R AN A L AL, IR AT SR BN K — 5T, RO
B T R HL RO AR RE RS T e R T MR A, D, TR
Mo AL A B AR AL T am B I 51 AR e . BRER-T IO R B AT LAER A e g i ) B e
B B RE R BB R BRIt 2k CBRIEEIRD » ARSI TG O N, H BN R ML R ARSI E
MBS S b R BU BRAAER AN TRESIEAH B Z N, s A2 T A
MR, EATERTER BN H Fr 2 B B A 2 S NAR AR, 2 T B ML 2R
- BT AR . BB RSN S R e SN — B RIAH LA B SR M A X 3™
HICHE 25 o ARE RS TR A 1 SRR3R AR I ol B AR I 2518, LRZRHE TE
MHERCEEY AT BN

R UM SRR T R0 — K072, 18I e a7,
e SEAF B R AR O AR gt b — SR R 7, th AT IR R B R, EEN IS
REEAF A TR ETO T, tenar A AR S, BENLR 0 R4

® Stochastic maximum principle for weighted mean-field system
Authors: Jie Xiong, Yanyan Tang
FHIRCE : https:/www.aimsciences.org/article/doi/10.3934/dcdss.2023011

EUAR S, (EEBR T — IR F3a R4, R TIARS, HEH LM
] e o TX SR AL 11 1) R ) — AN A R G A AU IR SR B s 5
AR o 3R 5 1% G A S LA 1) [ R DX sty o A 25 R AR 2 i F) — 28457
A, L TR ARG BN R B, RS 1 RS R A e o A JF HAR
BT T ORI 28 w B o B R AR SR L DR SRR, ORI BB E R MM

SR & BB R 3 R 5 5 A m LS &, 58] 7 Ee B —segR, JFH
ASKERHIN 5, EA5 S R
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® Fluid limits from Quantum Boltzmann equation

Authors: Ning Jiang, Linjie Xiong, Kai Zhou
FHIRICE: https://www.sciencedirect.com/science/article/pii/S0022039621006860

TEMAR S A, fEEWEFE T Boltzmann-Fermi-Dirac 7 #2, 7 FEFRAEIA % FEe & T34
N IR AR AL, FE X4 M Boltzmann 7R —R2 1E. TS T HRIAAH
AJEEE, AP Uehling-Uhlenbeck 77 28 Nordheim 7 #2. fEXR R+, Sk
Y ok AE AR, Ak AT S ORER S E A RE S E

e A, VEE @ TS 2 1AL AR 5 vh = e TR A v, AR A A
THIER T Boltzmann-Fermi-Dirac 77 P24 SUARAE LI -7 I 1 2 JRAEAEVE . BRItk z 4h, 1
# M Boltzmann-Fermi-Dirac 75 2 &, Mk HUER] 7 05 F2 FIRAR 77 8% BR AN o] 1R 48
'] Navier-Stokes-Fourier /52

H B 78— B Z A0 BAE F %4 Interacting particle system Aok - & AE W4 J5 1
A AE — R LB R HE ) F G o TR 5 H [ Boltzmann-Fermi-Dirac J5 1% B9 A& FH R i bt
SARTEAG B TTRE, AR A i 7 VR SR ARGE — () 7 3 AL 4 1) Interacting particle system
WH—EMEKEX, SRR AR LS.

® Systems with Riesz Interactions in the Mean-Field Regime

Authors: Matthew Rosenzweig, Sylvia Serfaty

P
https://projecteuclid.org/journals/annals-of-applied-probability/volume-33/issue-2/Global-in-

time-mean-field-convergence-for-singular-Riesz-type/10.1214/22-AAP1833.short

TECR S, AEE IS T g 5 0k 3) I BE ML Interacting particle system, HH RZ%
WA ELAE 3 N Riesz JRAY & S ELAE 3 RE . AH TR FH 34 o 2 2500 BB G B #:
TREWY4EE. XTIt Singular IPEAL Interacting particle system, {EZ#F|FH modulated-
energy /714 UERH T M LG Interacting particle system YSCSR E B2 BR i 7 77 F2 e s 18] — 3
1€ B Slos 2, RIS [A]— -3t B o 12 B 56 — NE AT FAH BAE 35 R
SF RGBS LR R RN A R . UERH VA EE T Z 1T ) modulated-energy 772 1) 24
i, 343 modulated-energy ]I [F]- 545 (1) 28 25 R 1 #S RE A A0 PR 23 A1 1R 302 i 7 PROR A28
p NI S 1T ] R G e G R

B A 25 A HAE 3 B BB Interacting particle system 51 B A& X, WA AH
BAERS, sl i3 & RAOMEAER, R RSG 22 2 1 00E. ks b s
BN BRI K EF 5 AL Interacting particle system ] & 7 FEAtl, U036 75 X ) 1
ARG, o B RS RELEE A IR RSt
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—FFiE

S e [ PR ol 5 R RE K S (ICTAM2023) +-8 H 20 HE 8 A 25 HEHAR
SRR R F A Tp e AR VG B FHEC U — I 2, 2 WCEHE 27 MRS T
400 2N 22, 800 £ contributed talk PA K 300 2 /MR R, JLT 4 5 %k
PR TAEE S5 TARRSUW, AR AR EARERAE A K 22 30 R B A 4
TR IR AEL TSIk K 2.

8 H 21 HEF, ICIAM U043 (E B A K521 Okuma LA 2575, JT 4 L)
MK T ICIAM S8 ——Leslie Greengard, Collatz #%——Maria Colombo, 7% H
4 ——Alfio Quarteroni, Z 5 53¢ ——Weinan E, 7503 ¥ ——Jose Mario Martinez F/l
Tok#——Cleve B. Moler. T2 K3k 153 Cleve B. Moler 72 MATLAB #4: [&
W3, MATLAB ¥ & JAEA BN A e 20182 TR, 1EA—4 MATLAB [
SR, WA R B R D) SR 2 B T ROR I R R .

BT RIJLR, oK BASE SIS R 5 A2 S e Sk Fr A7 . RBAEA IR
W EHRE T HCK TE, SMAZRMT. SIARSERY T IREME, 2—k7x
SMINESY N U

1C1AM

ICIAM 2023 TOKYO

ICTAM2023 23 iUl 5 B 45
® Sharp uniform-in-time propagation of chaos on the torus
TEIXAM A, K E Max Planck Institute for Mathematics in the Sciences ] Rishabh
Sunil Gvalani #3481 PR LA 06 RS T 55 A0 TLAT 97 O i Th) — SoR A% 4%
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M AR IAR S R A R 59 ORI Z M 225, Rgirh AR A4 T RIED &
B NS T I AN P B R 2 (B A2 et 2 Ge 7 2R RS2 o A ATTIE R T 4n R A
ERP ARG AL, RVEAAE B ERRRES, ARG SRR AT
PP IR ANREA o XK AR GE I — AN S A1) 2 A R 75 1Y) Kuramoto FAL.  [FJR,
i e i 1 ST S AR A TR R DA BRE B, JFHES Y T LRI FHR LA,
AT TN BSOS 44 37 e R (A e — AR PR R T

FERIUL AR, s NR[RIIS 258 1 A0 AR KL T 2 GE A2 IR BR AT By AR
A XA T TR 4 SRR R AT 28 37 4 BR A 7 RE S H i 5 AR e I R A i 2 T
AR R BRI, BB AR T R SRS, MRIR SRR AT v AR H 2
i

optimal auw*""" of chads

[ Tw-W. MATIAS & DELGADING (. T. AVSTIN) ]

@ TaTReDocT \on)
s ekl ds ghudy

3 C,Lbbs MeagurC

il
(2= 74 g o ves\ oe fis etk

® Strong convergence of propagation of chaos for McKean-Vlasov SDEs with singular

interactions

EXNMRAH, SKE Bielefeld University FI/fl 15240 T A7 Lp AHEAEHZ
ff) Mckean-Vlasov SDEs ULk VRIEAL 3% (1) s ISt DA AR T 7K B
S H ELAE FIRL T 2R e TR AR 4 1) am IS Sk o X By A o TR RL 7 R G, ST
SDE [#)5id E PhAg — A EE WAL —o X TIXAN A, et AMEA T Zvonkin 284
PR EAS R T &5 Lp A EAEF A% 1) Mckean-Vlasov SDEs [#)5si&E e 4. Ht
G 4 B R T VR TT DAAS 255 BT TRIMEAE SR . RN A4 T R ik S
Jabin F1 Wang £ 2018 F4 H IR X AR 75 0 A A HAE FAZAS 21 1 B VR A% 78 10
oo f)E, TE53R SO RRMAERR AL L, R AMEH T Zvonkin A8 #: (1) 77 ik45 2] T
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RIS .

PRI AR, 4t NORLT 28 GEIR A% 48 1) 99 A 5 3k —— ) 7 V2 MR R 4R 7
EAT T AN A, XTI T REIR AR ESE R, (HEfIEE
AR BRI TAES R 7 BA S 7 Lp M EAE AR BAE R T RSR AL
TR RS, HEAT2ESMH I FERZEETEAEREE . BN, K0T/~
[¥) Mckean-Vlasov SDEs [PJfif /& H A % FE ek 20, T R BA 404 s ) 5547 1) Mckean-
Vlasov SDEs (5l 1 B A5 1B 1M 75 Mckean-Vlasov SDEs) HI1E EHAE S ETTRTERIN .
DR A HLA'E FRL- 5 G0 TR AL £ 7] L & — AN 58 2 e i 1]

® Nonlocal approximation of nonlinear diffusion equations

TEXAMREH, RE UCLA 1) Jeremy S.-H. Wu BURZNA T RI&EETEIEL MDY
WO RE AR R a3 5 T (0 AR . AR SO R DL St A TR e A AN, BT BAH
T Z AN BRI, 1T K& S TR R 355 ATIER] T aRAL Y
Rl ARZRAEY RO A2 R Ll — SRR i 20 5 AR ATt R FRAG 21 o X 28 AE /iy
RETT DA HT A ELAT ] A5 (B0 LRI UL A B e B A9 2 AN o JE ALY 3 — 271 95 000 B2 AR A0 AR PR
ABATTUER 1 AEARH — BB N, AR AU RE R 39 S S B B Ry 8 T RE R 33 . AR
NREAEERI—HER, MATARRE T — e iRl 7 57%, ARREUEIEILARLE (R
H) IR RE AR

FERX T TAE A, il NG T — R R & oy U RERiE I IR A AR E (R
PHOTE, B4 7 — i EARZNE (RED §BUMERRL T RGBTk, KR
] DU DR T 5 S8 B 38 B T ik SR B T R

® Identification of variational principles, symmetries, and conservation laws from data

TEIXAM R A, >k E Paderborn University ) Christian Offen /144 T 3& T Z=EEF IR 1
MEZER 2 D1 B 1 KRG RIS 5y R EL W TAE . BT EA, —/NAZANJL R EE R G AT
MR LB Lagrange-d’Alembert FEFEAF]. MR CH RSN Lagrange &, RENALE
AE LK 2 NWHE T 465 Euler-Lagrange 7 A2 IHIA K . i, R A RAH
Hamilton &, AW LLHMNTGTIEERERZ RS N T =D RGMITH, MUTULE
PRz 7R, WrT LS IR Hamilton s EY Lagrange &K E LEAT. T IXAHE
%, Greydanus %5 A1E 2019 4E$2 H T Hamiltonian Neural Network (HNN), #% Cranmer
&5 NAE 2020 4F ) & | Lagrangian Neural Network (LNN).

et Nkt 7R AR TAE, & H T —F Discrete Lagrangian Neural Network (DLNN)
ke RXMITELE— A W28 v B 5 7 AR R R ) J5 A8 3 i 22, I HAE UA bR
b gl N7 —ANEIMPRA UK B G2 ST IR ) Lagrange & . IXMURE AT LA R4 Hh
BHERE. B, A AN$EH T Symmetric Discrete Lagrangian Neural Network
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(SymDLNN) HFkEE 2 RGP IEEX AR E . ARk, XA 52l g —
AHESE, X T2 E) 2 2, RO — MRS BRI 7R, AR R s G
momentum map #3357 E . I HUE ST UKL, X PRET AR S AT SR 2 s
% Rt

® Aggregation-Diffusion Equations for Collective Behaviour in the Sciences

WIS — R, KREFERFM José A. Carrillo B 18U AELF H EARAT A
RE-FHOTRERSZ-IR T o TRE-T BT RS HA T 137 RUE T H B A F B BOMRL 1 2
GUNS LR B AR WA, P TS AE VEAT A 5 T 8 L AR 7, Carrillo
R ERND T RE-Y HOTRE LA EY 2 i) — S BB 7, #lin Keller-
Segel #i7M, Fisher-KPP RS, XL P TR IZIR, MRS, 7
MRS MARR Y B35 . IXITTRE AT AR DY B B BE AR MU ). 8L IESE Steiner
SRR, B LAUE B A BAT 3 24 1R M AR S E /2 A% M0 RR IR R AR 4 R,
A PL RS 2 A 2 R IME R AR, X EI BT 1 R &I HO R AR S i —
Yo FEBRA T B HARERFI ARSI T, Carrillo 23 B4 1 ARMTTHI ST TAF. i
Ja Carrillo #32 /A T RE-F HOUTREF KR EL T IR . EPUEY HE B A BAT 55 R
I RE-T ORISR RE Y K AR EE T IR, XHEEIEY] E hfE
RS LSRRI B A A7 AR AR 1R 42 R B/ MEL I T RS 2 1

A I XA 3T B AR AR R gt B R AR B R B3 D1 AT
ATUMRZ, wl DU A2y 22 (KRR AR ME B R RERBIE U SRR L. £ H AR 5 i Ay
B2 (RIRENS ML TR 5~ 2R SR 1) il AL 0 25 B TR ) 2R A e o RARAT O R AL
WL 2] F AR RAR AR BT FU R ) AL
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—H#

XX ICIAM 2 UUIEER Tk B AN AU TR BHE S, AATIAE & B R 7T s
87 NIEH R . M= TR EEORE, SUCEENA TN LR AEER AT
T~ PRSI IR 57 FE I DA B MR P 81 A 2 2K ] A A T PR B 2

B5E, NLEREERMAD T RN S 1) 2 0% . I IR 2 5 SR AN KR
a5, B2 S TRENS T AT HORI YA B 2 B AR S BRR SIZ 0 4% » HESh AR 22 K R J o 91 4
FERERI AR FU R, N R RE S B S AT B o 1t B R ik DR 5 00 2 ) (R DR K, e 17
BT RAAEACERST i Re o FERICA MPRI LA R 2 008, N LR RN
ERCAVEC T E 405 S =TI T iy € o i o

HR, ARt s i ARG — A 9l N H R ST, BTN Gl i
Kolmogorov ] K41 iift B & Xt 57 H AE AL G2t AT 1 e B, JFRR T AR LN R
Navier-Stokes /5 i it A -5 RKH 7 FEAS R 2 18] 5% 28 AR R o X THUT 000 B AT T2 g i
TR EAAEAA AT HNVESR B T IR RS, RN TR BT 55 Uk ) S
fefit 7 AR T,

weJa, MWL BN ARL A AL A — A L E PR AR S5 . TN Do et I
LR AR LA T L AR f A B OB AR Y, DU R SR g e A sl D TS5 B IR ) £
o REEEORIEFAR S22 MORRL A A AEY) A5 QU A T Z BT, A B T B g AR
VEAT ORI AR GE b R BERFAIE, SR BRAET. AL Tr 5.

HEVRIRZI 7 R i) — SR s s AR . B, S BURE2Er T— R A%
AT S AT 2, BT — S8R T R AT ORI 06 . EAh, B — 14T
WAV B E TS, s 1 AR b N A B 5 T G S ARy 5. IX A
W 5B R T EA R KRR SR, et 7R A5 T A& 1E,
WO HE— PR TV N ECE R RS TP 6.

RIRK AL T B 2BENEARIR TR, BEIATR T — LS AR
56 SxBWIA], FATH PSR A RS FAT, I ST R E 5T ANRR R,
5HALS 2 FHHATIRANZ I, HRRBATN SRR 2.

IR, XK ICIAM 2 WNEFE 28, 35k 1 ZRERR AR SERRR ) AR 2
s, R T RRAZATHEAN R U P ) E SO . X IRV RHEART LR D SR it 1 B2
Msgir &, RN OB M TIRAEE IR RN 2 . BIPRAER RGBT 7T+ BEWS
P2 W B2 BRI ISR, AW AL BRI SEPRR -
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® ICIAM Maxwell X3 R
Weinan E, AL BERFZAT AT, L5

LUK, B AR B — BRI RSB M — A W, TSR T B T e
O AT R, SR T R TR T A P22 ARSI B, S
SEMRIE. A TR RIS N AN IR A I, (R0 T R0 e K
MR U T AECHUOR S A SRS ), FEOVRRA A TR TP OB R 3
BOR A A1 AT A SR T AT YRR, I T RS R IR, Of L A
KT DR AR e ST HLERE ), B AN AR e K MR T A
B RV BT 56, SOMRIE AT T 3 1 O 9

s ATE BN T REE RSO0 P RO, 2 ih T — 2 LR RO

SRR G N TR A SRR S0 R T TR VR 2 51 S
BT, B 50 A 8 A M BRI 502 TR I, AR e
P 50 P IR A5 . SRR I SEFTAT Y T B2 A A B 03 e

TR IC: N TR R RSO AL AR . ST K R TSR
RUBCER, VRS SO RS ESGRE R A HIR, HHHT %A
A, e E1 B BRI AR AR KR 5 T RSSO RV

BPEREEOF 90 AT R AERPRLR S TR L 250 o SN2 5 50,
FRER NIRRT B ORI R Ay, LR SRR ORI RIS . Kb i
RFR MR E AR, BB TR, T BT S bi.

SRR A TR R S0 L I, B A R
SRV, AT A T U D RR TR A0 BFIEACIRMER, IRt S
TR oA T B e R A R ot A

BORE(A1F L A TR RS0 P ORI 0 — NS o B2 BRI R B2 51
PEIRITRAG, A TR AR /SR U KT % R R

BR8N ERII R T KBS
RIPAL, (RT3 TH, WEEMERERATERRFT . 1725 B AR A TR AE
BRI, e R A RS T SR PERU B IO A E . RO, A TR AR
AR RSB T R O, AR T R TR, f3h TR
RIS . AT, RATUSAA TR BT 0, R N T R S S S 457
S,

ORI 2. 3% F AT Navier-Stokes 76 FBRLR — M ZALFEACH]
R SRR U, 55— 30T R BTV B, BT, RCREE, 345
A TR 44 157 T A A TA9AE % (B Navier-Stokes TR0 RE &S 0.
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® ICIAM Collatz ¥}
TAKZN )5 i S  FE AL
Maria Colombo, ¥+ 1% F T 52 F¢

Kolmogorov 1] K41 it B & XA T L g A A 7 FE O R 1 . X —
MEREM, Eimit, RERE T35, RS mMF U 77 FE#. X510k
T FATH T Navier-Stokes 77 R it -5 BXhz 7 F2 AN fige 2 18] 9% 2 BRIER ANAHE 52 o

RUGERPEN A T IX— A o g, JF 5 SR G.Crippa F1 M.Sorella A T
YEo AATE R T bR 2RI oL, JF R PR E IR Obukhov-Corrsin B K T
SRR AT T T AEEE G 5 Obukhov-Corrsin 1E I35k A H 0 S5 5 8 504D 33 P 3 A
bR ERIRIE . XFEE AL RIS T RS BRI 2R SO0 R 4 Bl br 2 I 1 n) 2
P T ERZR B IG F* Onsager 1E |38 4155318 Navier-Stokes 5 127+ & FEHL T4

X LCHIEF I S SAETHES) 7 I I G gk — D B . AT i A ) 2 2 A R AN T
RURVILR i Rl = S| 5 - P T(TP R = = &5 il £ W e - b PN O R 2= I 1 RO ) e e &
) FEROI G, FRATTAT DL G b B A 8 5 e 7% RN Bl B /D> & D0 B In)

HAKT S, XLt 58 0] PSR HARSUS A SRR . filan, £, R
TRV A B T4 v R AU AN Tt ) AR It o A TRRARUE, TR R TR v )
WACHL AT AE TE KRGS B A B2 . BRI Navier-Stokes 77 FRI% A i
B AN S FEBUR @, {H Kolmogorov [ K41 i ¥ 16 LA &5 G.Crippa 1 M.Sorella
S TAER S T RIMZEARD T, GBI T B8R4 7 —Anrser)rm, AR ME T
RN TR 7 FE RO R L2 o XL R AMUES TR EIR ke, 1A SEPR
PR T BRI SRS R

® ICIAM ke
MERVE B FE L AL AR B 5L
Albert Cohen, % HZ K

LB RIES BT 7 FE (PDE) PR ARA S in) @ik A EEEH . &4
B SRR T 5 e VA 29 AR OC R &R B, 140 Kolmogorov T BEFNAZ A |
&M RS A R

A ALY AR R R F Ze M7 2R R A0 B 2R B, DUIR AR SR i R sl b it
VRIS o I E IR AE i, FRATTAT DA SR AR 1) 22 4 0] 4% Ay — AUAH HARST
—YER R, MRS T E R E IR AR, FESERRRIFH T, AR 2 A A A B AR Lt
LG . R, FRATHE ZH AR TR A SRR SR AT IR a2y @, X e T H Ay DA
WA TR R G B S BERFAE IF R A B2 2 I Th B
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HARM S, ARERNE IR LAV 2 QU BAT T2 N T . a0, fERDRRL AR 2R
Wy S, R AR AT N H R W T A o ST A8 F AR Ze MR 20 AR 1
o, 3RATAT AR S s B AR IX S RGN AT 0, JFSRBEHN .. it AR %o

B INERME R ARLANE A L) @A (T T2 — T IR AR 55 . e FRA TR it
TSRS A H ARSI (R A A 5 o G K S AR 8 AN [ 50 ) S o ) R
FRATAT AN W3R T RE 27 B8 (0 5 R A S 82 FH FR 7K F o

WL IX AR, BORIUERR /152w, X T Im e Bt R ) A 7 2255 i AR
LRVERON, I AR R ST A LR TIAL, SEAFHLERRALOR P s S, I A
SR EER TR S.

o IiAKENAAHGRE

Shuwang Li, A va G728 T2 f

I T — MR T A KB AR T SO TR R, 2R KBiE IR
ALY Allen-Cahn /7 #2 A1 Cahn-Hilliard 7 F24H R, 40 Sl IR A S AL FIIKR FE 375 4K
I ILFE )RR, BTN RS T I BRIa Y sk B AE Ak E . B SRR, X
ANBETY B AR 7 A $E BN BEVR BN )25 1) R BRHAE . EAARSR UL, B DURRLETE (2K
IR Qs FEHIGTE AL

X IGURIE L5 T BRAR A1) 22 0 A B0 (1) T ORI AL B B B3 S il , e
AW, 4RI NS TR RO AR R A IS Y 15 AR TR e S O B R 2
fillo I EE NI BB, AT DATE A AR R IX e A W R AR, HEAESAE G
WU ORI A o ABAH, X AN B B AR A v] DU T Fe At A3, A k) 2 A
12 THRESE  FEAPRVRE b, BRI T AN AR I A2 5 2 AR R ] £ FOPE R 25 DI AH OC
AR SRR BN J12EAT N, AT DA Bk M v LRI AL B A R 4 R R fE

BT, S ITIEA TAE S R TR 45 V7 %408 T 0 Ty v e A 7,
H5RAPENATE—FE, ZAY BRI S — AR TR, T 5
T AR KA AR o i RN B AR I L A P iR R IR, FRPT DURE 47 Hh 4
INEMRM B RGERIAT A, B RAN IR, FONAH A N A S 4L S B 7R

® ARMEREEMEIR AR T NI A ISR

Xiaofan Li, tHA]va T 7R

WEFEN S 7 23 (8] B = ks BE RS R AR Oy T okt SRR BN 05, DA
FABBIRLTRRAA R FEN o 1% TR — N URE 2 A0 AE T RES T 55 B A 48 5 ORI 2 73 A
IR T IRy FEARR AR, A ERAREIRZ S 3 NI E OB PR % i 2
Ro R, LIRS RESNERS, AR AT A5 A A v g2 2L R E A IRA K
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ANTA] o IR TR R SRR A AR R R X SRR B S AT e 2 T 05 AR IR AN R A B
CRRNRAIEY/EE SN 38

X IGURE FENS B AR WL 5 R T AT 1R 2 AR S BT 1A 3 77 2 I AR AR AT O R
A EER S B, EAEYIBESAUR, BT TR 202 X IR Bl 1 2 e - B
figp MLV AR I AN A I AR 25 00 BB o JE I F ST 2L 40 M A LA TR AR R SR A T R iE 2
AT 08, FRATT AT DU e AR Y ) A A R P, I HESD O LA 0 [ ¥ T AN Ty T )
W

BEAL, FERPRRFA AT AU, RG 58 A JA0 A% o ROE X JAL 4% ) B2 I th e — > B ZE X i
FEIT AL B, SRR TS RURLAE =y 2 T AT O, BRATTAT BLBE T S A R
PRARL B T AR RS SRR B o

SRS, XAHEFCIRBE 1 — Rl SE /75 iR W FUas sk R s A 2 TR AR
HAFM . RN B ARAR A WARAR RS AT N A B G, BATRT IEAIER 2 FPRE
FHEAA TEESUHERN R A0, TR S BN B ORI R

= APy 8 s B EiTb v i it i A e T 28 ) = b S o 7= = b
TR TR LKA o FAER I PR BT 218 B AR BN SR T i, Bt DA 2
ZIMIR S I R Y], 282 e 248 B2 a] L AL AR U ARG TR &, X
LA L I o) 2% B 2 ) {8 LI 4 ) 5 HE T H SRR ARV, A, B IR
WHFALIX DT 1A 2%, B RE i 1 Il AL B iy T SRR Y
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ICIAM B4

— b

Wk HARZATH, EIREIRM LA % A . (Stochastic Gradient Descent:
Understanding Adaptive Step-sizes, Momentum, and Random Initialization). (Al for Science)«

{Solving Parametric PDEs by Deep Learning). {Sparse Kernel Flows for Learning 132
Chaotic Dynamical Systems from Data). {Learning high-dimensional feedback laws for
collective dynamics control ).

B 462 (Stochastic Gradient Descent: Understanding Adaptive Step-sizes, Momentum,
and Random Initialization), H4R % A~ Rachel Ward Z4% . 1t 3= 9k fe 1 46 & BB B0
EIEMIA SRR . B IE N B E o 2] R AL DR SR IR =07 T st e g R . X T
FEIA R AT AE A R B — 08, thde S TP SRR U 2 B AR e A R S O
I AR RS i, WBIEAT T RRRE T BRVEAEARRRAE A e H bR B RS . sl B aa ik
X0 FEWILE A6 R A 87 8], ISERIREE IR R N FERREAT, PR ALBR KBk 22 4
= A WAL TS BV )06 R 7 R AR5 B0 -F4, BRZAE] 1 B6 T B%
EEEME S, HAFERES by AR 2y 2ok &, DRtk SOIERH 1k B iR I EREE R I
WStk . BEE M T S ZR D ARG B B Emsh & TR RS R R R . B AS 30
S o) EMORIE, TR P RSB ) 45 R DO A, 4 SR mini-bateh [ RK/NR T
15 5Ky, T mini-batch 2 & fr#F T full-batch 2l & FIHRIEICSGEEE . KILTER K, W]
W27 &K mini-batch Zl) B E R FOR A S) RSN BRIA = E TR .

o e =
Summary/Qutlook

We isolated some algorithmic points where the gap between
classical theory for gradient descent and modern implementation of

1: Rachel Ward Z% i # Bld%
% Rk (Al for Science) J& HSE4ERGEINIEAT N . SREITIR B L M LT
L ICVEAR I A ke v 4 ) . AR WX 288 1] DU R . 2 X 2 i) 32 8 T BEHRGR
A, T EHRIR AR — A = 4 R, IS B S S BRI R T
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— AT REAEBR B T S8 TR T LU 25 R A5 T3 10 LR
P W9 T A0 S s A, T RIS IR TR T 0 MRS
0. AT A YBEITREN FAURERRRE . LIRS EE RORREA R TSR I 4401t
IR

Bl 2. SRYE R Bt iz
F=FM % (Solving Parametric PDEs by Deep Learning) J& 3K H & x & Jfi i TAE
23 7RI LU A T H iS4 (MAD) kAt — N EL ARG o [FI 2ET- 05 2] 1)
MES, AT RAZE TR SRR B LA G A& A0 G B 1 77 205 ST i B e « il id 48 R X AN A
T, wPLRIEERGHT Y (AT REE R M) PDE 28, [RIFF & v RLSH RIS IR T HEAT 0 -
HHH MAD XANEIEIRL S PDE FIEUE T IZRUOEE EARAE, #E2 IR RIE
VAT LA RAT 55 RIS B0 1G T 25 [0X) 2% 530 2 B2 B DSO8R 40 2K R B803E AT 3 — 20 itk

META AUTO-DECODER (MAD)
Training strategy for finding G(2Z) = (fp(X, 2):z € R"} = G(A)

+  Pretrain stage: N :
. . 1 2 1. Fast adaptation.
arg min E L% fal- zi)] + = ll=i )

8,(2: iario.i) § ,( ) La

» Fine-tune stage: ;g o 1 §
(57, 8%) = argmin L fo-. 2)] + = [121%
20 a?
+ Fived 6: Park et al, CVPR 2019
o Network architecture of MAD: fg(x,2)

o PINN loss (Raissi, Pe Karniadakis, 2019):
L7 Ly

3: FERAEE R I A
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VUM (Sparse Kernel Flows for Learning 132 Chaotic Dynamical Systems from
Data) FERVFFIMNEIE T FZI RS, HHBHTNH. hHEBNEHE T2 213086
FRGE ) — P B HL AT AR IR 7 v 2 Ql_ﬁhiﬁﬁﬂ‘]*%ﬂ%?ﬂtaﬁﬁf@%%, HorpiZz Az o] LU
R o BRI AT TAE P Sl AR BRI 7%, — D K3 2g 3 “ i
7 %, FREET S 132 MR RS, W TIX 132 MEMRSG, R H 21 At
RIZHMEIE A SR iz, FERHEE KRR BN SS & SGD Fik &t 4A
HAHNSE, RAERREZ. ZRE T, TR BRI AZ ORI (A AR, SEBR B
F& — MR E PEAEE 1 /i o 2 Eric SCER A TR B, BEAAGE 7775 Lo e VAl E SOR
Fpuek, PR A mT LA AZ A (A 2 7T L RS — AN J7 1)

.l Overview on Kernel Flows

s can be halved
Akerel goodnfth mbe f poltl pmts

wth ggmﬁcantlss CCF‘)’

Lw,ti:i

f¢: Interpolate e with N/2 points

76 Interpolate with N points

I =l _, ¥ KX X9 Y
Loss: 2= —plc | ¥ K(X%,X) Y

Good kernel () Small p

Owhadi, Houman, and Gene Ryan Yoo. "Kernel flows: From learning kernels from data into o the
abyss.* fournal of Computational Physics 389 (2019): 22-47.

Kl 4: Bk s I

% .Mk & (Learning high-dimensional feedback laws for collective dynamics control )
FERAN A 4ENE I T A B 5 ST A s R ) . 4R & A Dante Kalise M
HIB 725 N, 15 2 ez i) vl iy /5 AL 257, JfFTmEd T LT B [FPIRES
FHR Riccati J7 FEAIRHZ X 2% (1R 1B 7 2] 70k o BT I B =), A TR ARG 130 T 4
S B ZHE I T, HA AR AT B I 2R s kS TOIRZS A OE Riceati 7% (SDRE)
(38 R AR AR AT TRIEFE 1 BT 40 b 22 0 2 06 B AsHE il IR AE A, 23 i 7 AN R
IREM TR BB P . AR AE IR, R T dedR 2t inl @, T g 2% m]
DA Rdthi@ s SDRE S, ATV BR 17 0 S PHPA 2 i) B DRUas SR A s 1 e A% R . 7
LI AR, ARA TS BN T F R AR ) R, BN R T AR E) ), 8
I E4% M SDRE fiff 57 > S A5tz 4 v DAIRAG S AF A4 2R o RTTT, X T 2Rk 454 BN R
HH )R, B AnPE A A R > D5 AR B R, S STE BRI V(O B SRl @ I AR Y
T MG B2 T B4 1) BE DAy vRE At A 2K
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-Jacobi-Bellman PDE in control

The Hamilton

inimize  J(u():x) :/!(y(tJHHu(l)”;edl

uuuuuu
]

() = f(y(1) + gly(@®)u(), y(0)=x€ RY.
ng (Bellman 1950s): the value function

Vix):= inf J(uix), U= L2([0, +00); U),
uCIEU

Bellman equation

inf/ [(F(x) + g(x)u) TYV(x) + £(x) + luli?] =0,
ul

The optimal control is a feedback map:

' (x(2)) = argmin [(£(x) + g(x)u) VV(x) + ((x) + |ullF]

Crrm—
-

K] 5: Dante Kalise 4%k #5337 &

WX MR, A EEBGRAT : 1. RIEEENEE . B IE N IR T T
MUERFE BT AT BIF AR TR o 2 S m s DLl 1) AN P PR e 4 ) ). 3. %
X T e P A2 i) i A L R B RRAS AR OC Riccati 2. 4. BEEEENE W RIES BN
ARG EE KA s Az e, #GER] T — g R, B ARSR AT BLE— D S e
o 5. H R AEAE 7] US4 B AE R e MK, W R I T BEHLAEAE I 07, B AT DA — 2
e WNEE o 218 ) RS RIRCR
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» 28th International Conference on Statistical Physics, Statphys28. Time: August 7th-
11th, 2023

YITP-YSF #5545

—JifE
Numerical sampling rare of rare trajectories using stochastic bridges
*Raul Torall
(1. TFISC (Institute for Cross-disciplinary Physics and Complex Systems), UIB-CSIC)
Keywords: Rare trajectories, Stochastic bridges, Numerical simulation of trajectories,
Stochastic processes
FHZRSCHR:  https://journals.aps.org/pre/abstract/10.1103/PhysRevE.105.064138

BENL R G SR S A B, BIANRAT R IR . A2 TR A i K 4
VI RIBN 157 AR WX ki« A5 S N A B RS, BARAS I s 1ty
FWERKE, Nz, NRBREW . XN HIH)) Z G EER] 14 R AE R R A
R IT R A A R SR R b B

KA PR T — M EAREL AR R S GO R R R o VR R O AL R
FR st — AN I A TR RIS RS, 8 AR B T /5 RO R BEALT, BEERE BE 2 AL B
Re 1A A BARBEALIE AR I 2 WA b, [FIHOR B X S PO R e HRFAE, 9 e ik
BT[]

ZAEF R AR I AL 5 H AR I AR # IR 2% K - e F BR-A LK (Wentzel-Kramers-
Brillouin, WKB) f{UERARZEAT LU, RIS, 456 HArid R ge iRtk i)
A AR 2 ISR WKB RAILEAT . 2T IEA S AT BN IR A, ELZE R BE L
A WKB s it A2 2 (8] ) EE R FATTRERS DA WKB 45 R B HERf 1% .

SRR T AH M AR

n

% :Sn’ix{, S —x, +2D¢ (1)
i, =—22 S 2DE (1)

= +
S"+x; S"+x

NREIL VARG (5D, SR JTIERIE R i Ae gt 45 R A WKB 458 ().
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2.2 , : 2.2
20 (a) . /1 1l | *II lI +| [ r: ]r Illri /) iy (b) El WKB path
. i} il d 2= =1
““Ibifferentiated -".'-g',,ll'llf **** ' \\ O 10_2
1.81 AR L mip
) St WA L ) N D=10"3
1.6 LW A 16 \\
x f 1 " YSaddle Vol x
1.47 {1 // 1.4 \
12“ﬁﬁw 7 A 12 \‘
v.of |l VW e e="| 20 LS
il ] "|| "..".' | Undifferentiated g |
1;|{| 1 [[{]2 A S A |
08635 05 075 1 08635 05 0.75 1
X1 X1

ARt UL I AL Bt AT AR L 1 5 SR Y, B A5 8 SO () M S (] o S i
a3 NI ARZS 55 [U‘M?’F MGETHRFE T Z B 7 1 WKB seUs AR S5 2R, HRH
5 B K ROBR B . AT BERYT R T A B S NSRS B 2 AR B, EEARE) AT
N ﬁ?&‘aiﬁiﬂﬁ’lkmﬁ ST PR AIFE e A IR BN Y, Lévy M Al REsdi I T Lévy B
P IREN I REH L AR o
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A Nonlinear Fluctuation-Dissipation Test for Markovian Systems

Dima Boriskovsky (Tel-Aviv University)

Markovian systems are an important class of stochastic models that can describe systems both
in and out of thermal equilibrium. Determining if some time-series data are Markovian is a
crucial first step in model building for nonequilibrium systems. One approach relies on
generalized fluctuation-dissipation relations, which connect the internal spontaneous
fluctuations of a system with its response to an external perturbation. However, in many specific
applications, the typical limited amount of experimental data is insufficient to conduct a proper
test. Here, they show how to overcome this challenge and enhance the ability to detect non-
Markovian behavior in time-series data.

Specifically, they present a generalized nonlinear fluctuation-dissipation relation, which applies
for Markovian systems that can be perturbed with a step stimulus of arbitrary strength.
Previously suggested fluctuation-dissipation relations are based on the linear response of a
system and require many measurements. A nonlinear relation holds for systems that are out of
equilibrium and for strong external perturbations. Therefore, its verification requires less data
than the standard linear relation. Using this nonlinear relation, they test for Markovian dynamics
with as little as half the amount of data typically required in a couple of model theoretical
systems and in an experimental system.

Their main result is the validation of the nonlinear fluctuation-dissipation relation and the
resulting substantial reduction in the number of trials required to test for Markovianity in all
three systems as compared to the linear fluctuation-dissipation relation. In addition, we show
that there is an optimal value of perturbation that provides the most sensitive test for
Markovianity. The main element for testing, a perturbation in the form of a step stimulus, is
already part of many experimental standard protocols for nonequilibrium systems. The method
could be used to reinspect systems for which linear-response-based fluctuation-dissipation
theorems have been tested in the past.

The idea can be extended to other stochastic nonequilbrium systems and to multidimensional
systems. The work lays the foundation for a simple, model-free, experimental classification of
diverse nonequilibrium systems in terms of their Markovian dynamics. Also, the required
statistics might be further minimized by optimizing the procedure and choosing different phase

durations of the protocol.
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=V
2023 £ 8 H 3 5% 5 5 YITP-YSF Symposium: Perspectives on Non-Equilibrium
Statistical Mechanics 7F H A5 #2137 )1 B W) B ST R G, ANt 32 H
()2 [l A E~P AT e 1 ) 2 s PR R, IR R HACSR AT 5t Wh N A &2 T 0
RGP NG B R Tz e, IR RSB R, &t ELIATH
REFIARAN I, BA G2 A
FEMR 2 E, RE S 2G50 e HH B2 Be W B 70T (Institute of Nuclear Physics
Academy of Sciences of Uzbekistan) f#]2## Mukhayo Rasulova {E J 4>~ “Evolution of a

quantum system of many particles interacting via the generalized Yukawa potential” [ % .

SR R R 2 R AR B R BT RGN, IR TR T S R A

—FIL SR . 5 EEEA OS] Schrodinger 7 FRFING B T, IRABFA T X
DN T BT RGNS SR AT XTI FERIS2 0 SoR 78, RS
BN T BRI

xF B 2 AN A R 5 H R 5 RGBT T TR AR S A R B AT
NHSRZ I . XL R G — A5 2 EATH) SGa )N S A IR, X
AT SRR AT AT iz NS SETT 5L, E5R8 T3 Z A B R B
WG TE « W T BT R GE AL I 3 FH B E BT (10 75 32 D S5 I 1) A 5 1Y Schrodinger
JitE. RAERBHEASE, KGRI ZRITN, BIEREEAILSRE . Bk
A PEANSIRBC LR - MRS AR ST, BRI 1 BATAH R SR AL (KR T
RGMBN 15, XK FPCE A S XSk, JREET S NBAH AR A R
e, VEEIEN] T R RS IR T3 St TR AR A A ME . F HARE VR
TG X RLRI SR AR T 32 LA T 2 45258

B TRGE XA NN R BT 2 . fER YU, et s
X 5RA% S ES A% T IR, A BT BRATT BEACAH ELAE A A B . SR, XTI S BT
B IR E T RGN BRI, ZAEE T2 AARRL 2 S 08 N« BIE 7T
XL RGP PAT I AR A T REV B T HORINED IR AUE B, s i AR 7l
WEFCH L N R EAE HRRE T R G — MEERRIWE S RKRIIZE 77
R EIE IR R 2 A AR AT, I AR LA R R R RN, JFBIE 7T BTt A
H 22 Z AP AR 2R
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Geometric thermodynamics: Nonequilibrium thermodynamics based on optimal

transport and information geometry

FERXAMRE S, Sosuke Ito ZdRELLE 1 Rk T AT 22 IR o3 ) AT B B K Re
Il LA T Fokker-Planck J7R2HAEPATAS, F2Hh T XS Z A K &R . Tto $2HIE
SRR UATREZE, BRI, XS B LRI AL 4 30 2 TR IR I 2R BL A
AR5 U B G — 4R Ak 1 IR A

BHARMRYL, B, EFEITR T4 % (entropy production) 1158 JLITHERE.
Wi E R (oA o) AT RABRAR A (E B J LA CGinformation geometry ) 7E ] f5 i _E I o
FESEEA b, WA R R P2 £ &2 (o, entropy production rate) &S] LA Ik >R fif 9 A
M 0] A )

P
o, =lim inf —KL( ”Q)
dit—0 Qe My(P) dt

Z(r+dt;r) = Qelj\r/llf(]P’)DKL (]P’ I Q)+O(d12)

Fihh, AEERR] TR A ZAE Fisher BB NN, X4t 715 A SR 1)
kg LA ) — AP R R . HE TR A BN Fisher /8 B —FX AL, TR H
T ATRENER R — A, RVG A2 2 SOU & PR ks 2 TR R &R o

Hk, FEF WL T BRI AR = A EZ KSR M T — DX N T Fokker-
Planck J7 A2 MBI AR, HOQ T WIMGME 2 % % P A ZE MR % 5 P, B A W] DA
L 2-Wasserstein 825 H, WA DL LA2-Wasserstein #4455 =25 H -

SO 12 (22 G S L L
,uTAT UuTAT

R RAEE R T R AL B o —— 1 F 5 72 2 2 (excess entropy production rate )
A= % (housekeeping entropy production rate) [FJ4H & X

e, VR I RS = Al R A T —AME B LR e A0 A% S 2 B R R 2 %
FH o e 7 A S AT DL I AR M 5 R ) R R R E BEAR B, ot Ry DLZS g A
W R A b A5 B U 5 A i B IR &R
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Scaling in driven fluids and the unreasonable effectiveness of Navier-Stokes-Fourier
equations

RS IEE R B HighiA K% (University of Granada) 1) Pablo Hurtado. #%4i
IR RS T VUBE A M R ANk i — FT ALK, VUM e A R 2 —. Pablo
Hurtado JEA&FLANIE K2R 7 27 Bt R v i — T B 51+ SR BT 70 i FEL R 7 5 RS
PR B2, o6 DU 3 R 458 bl RO B HAB R 3R T AH R 3L Fluctuations and
Large Deviations. Fourier’s Law and One-Dimensional Fluids. Gels and Soft Matter. Network
Synchronization. Metastability and Nucleation A1 Coarsening and Phase Separation %% .

A URAR 5 B A& IR B I A4 R R B FE AT Navier-Stokes-Fourier 77 F2 A& BEA M 7] @
b U I A AE A2 F T AN P LA P T o 12~ 1 P R U B0 2 e T B e B B A
PSS T2 —. XFFEIRA H Navier-Stokes-Fourier ik, 1% 7 FERE T
A AR RSP S PRI S o A 1487~ T 7T He 4 Navier-Stokes- Fourier [] @i}~
R ) — BT HIAR B T

Xf T ARLAE A TR S 33 (0 — fcdania R 8, M ATT R I FE AR 2 3 i A s
MBNRE IR EL, ZBNRES I & 2 AN T B R 5 BV ) 2 LU Z UGB AUE E . %
BN 735 AR TR F BT ) NE g 428 #1022 1AL R FEE R, 2R R AR A R 1 PR, B2 3 K 7K

A ] g At S 2R AT AR BEAT R ST LRSEAEL, & A A5 R A, T )
PRELERAS R TUESE, [FIRUER] 1 iAd sl B8y R AR e IR R 70 TR 1 5 SURs
YT E B R SRR, R B Rt 1 — AR AL IR B A o [ E i B)
I 77 1%

A1 1R (1) /2 Navier-Stokes- Fourier 77 F2 I BR-~FEa i, MITRERI AR 725 1A]
PR, R BT HUERAIIE Y] 7 AT ER PR B E A . XA AT IEA S R, i
PRRAR, JFFHBUE KAL) R SR 2 P R MEUE MR 5 22 K 22 ST B0y, i xd ik ik
TR, JoT LR E AR IUE BB TR RS B A A A, XA AT LA
FRSELIRA LIRS, WREHH IR RIS

AATIAR 5 B A 5 PR R SO A R
Infinite family of universal profiles for heat current statistics in Fourier’s law. Phys. Rev. E 99,
022134 (2019); arXiv:1810.10778.

A violation of universality in anomalous Fourier’s law. Nature Sci. Rep. 6, 38823 (2016);
arXiv:1506.03234. [pdf, Supp. Inf.]
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—

Langevin function emerged from Langevin equation as martingale mean drift
Ken Sekimoto

XA FEEERSERALS AR SOl R BRI . (B s Bl R R
#| 1 Langevin J7#2H1 Langevin R [A[IK R . 1@% Langevin 77725 I 734 2 [A] )
K F eIt Einstein X 5721 Langevin 77 R MRS HE . M 75 H #7521, Langevin
T3 REH A UL S P S R TR S AL ERAS BAT VS B~ AR % . b, Langevin J5 12 A%
T FERE, HAF R IUR 2 WA R N FE AR SRR TRy AR 5. FLik, IR0
TARREIN T 55—y, BB ARSI A AR g R . BACEEZAFLT
JUANERY o

BE, ASCHRH T VAR SR R . ARBENLRR Y, = A (X, ) B
FRIUBK A ARG . T 1R RSERS S — RS PR IS, JLPI R W a (x) AL SE AT, JF
WAL

(a*-v)&*+lAEz* ~0. 1)
2

Forba PR a(x) WIS P Xm0 =0

SUUCAIE T RIS 0082 . 04 RIS & FIEIER, J
7R [E 5 A A T 1.2 75 R HEAR DAL B B SR 6 — A TE DL SR B S R
2F

BEA ST LRSS IOAL, AP T TSR I R, FRHRI T RS 15 R ) 4o
MATN. BF (D) REE, uﬁﬂgﬁﬂﬁ@m&ww,yﬂﬁﬁi)ﬁ

- _dL(z)

va = L) LD TV, eton 1 i da =(1-67) W, 4T

dy x
Fokker-Planck 7479 38 —(1-a™)" - JAb, HAEAE LRSI 3 00 7 93,
JEARRE T 3K SMT A1AT 5 1 FOERS 1 P SR AIBE R -
:a;pziﬁmmﬁ,#%@Tgﬁﬂ@

WM RfiRE . B EERTT TR *HHTIEUE’JﬁuﬁﬁXT JIRERIFEN, XA B 1 B
TR B o
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Reference process x, has cross-over from Random to Ballistic trajectory
Simulation with C=x=1,d=2,Zg =0 (0<1<16)

7 1 =
S > Jo,

Drift dominates

Furthermore,

e o T
Drift converges: @ * (Z¢) — @, ; Ballistic irection G5, = «l-'.'ﬂT

Martingale convergence theorem: *If martingale & bounded = converges/ *

BRAE R T LA WD 757 46 4 2% 1 P VRS 7 % TRAS 2 )

WAh, REAAERT N2 T R I AT s B v DL — A S ? 24 H

TRAER BT XN, Horh B AR SRR 7 B I BEEEAS 2 I S B SR i
fLfend ?

S TR SR 08 T VRGOSR, R T IR RIS 017 B SR LA
IR X
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» ICERM-Mathematical and Scientific Machine Learning (Jun 5-9, 2023)

ICERM R 545
— BT
Title: Optimization-in-the-loop ML for energy and climate

FENE: X TAENA TR URA AR R, At 2 7 ER UK — Le R A
BIRNLERA 3] (ML) 59547 a] BE R B2 E A, (EX 87 S AR AR M AR P 2 S A
BE YR 1) T [ A7 (B L B L) AR R 2% B PR SR A o D TR ORI S R 1, VR B2 1 “ 78
IRAHLER 2217 HEZE, JFReRs 1 B WMl RE s BLTH BT Al TR S 20 R AT DR S AR AL
Fep AL Bl ZAESE AT T TR T SR ST AR A, iR AT 5 e 1R AE
) 2R GUAH DRI S E PEAREBIRAE 23R . B v] DLSRBLE TR S5 2 IR P it X
SRR 7 AR B A5E FHAS AR g P i R SR R

VB3 T B FL )2 power and energy system, BRIV X BIR 2 (R 5R 0@, 3845 I
WAL, teinsNReR, MBS, ZRESESE . I Bk ZAME T IR B ) R G H
R ERMYBE TR R, I B RAIRZ R RIIRE 250, &SRzl ikt
BARIRYE, RS e B R, P ARG B 5%

VB B ZoTRAE TR 7 S B RIR L8852 ST TR ROME SR, REZ00R, BNl
RFE AR I 0. BAREEARE I RS, N GARIRR KN
DR

JiiE— R PRl

FORAUR BB, MR s BOE PAE KKT st sc s 1 #F s 4
TR IR E RV E R LI I 2 T K 28, BT 2B i AR e PRV, SRABE e R K —
HoEA

JIE = AR

T FEN AR B T R GO AT L g 7 SR L

G IXAIR L 2 S TP RO LA T iR A & 7 WL 2 S AR SR A i B R 45 2R,
A DL G s o RN ) R G B BRI LIRS Y, RRERAN A &8 R4tk
FHAR, A AT LS B (10 g R ) ) S o ) 7L
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Learning Reduced Order Models for Blood Flow Simulations using Graph Neural
Networks
Luca Pegolotti Postdoctoral Researcher Marsden Lab, Stanford University

Hir: N8 —M B2 2% (MeshGraphNet B R ) B0 L R G MRS
JIEFHIIT I, XM ITIEAE AL PR A 00 ML) LART 65 A A0 2% AT Iy R B LR A0

B XM I R S AR R AV AR B IR ) e AR A L SR SR
ORI T TR TVE  ABE ST 34 BA B OO MV 5 0 R ) e MR T T & 1K
SR B B TGO MU RS TR T, I R AR S it S A 1) TR SR SRR

QT A 3 R X 25 R R 58 (Reduced Order Model), RJ LAHERA 54
R € IKE Rt — 4B PUE TP A iR ah 15 AR B AL, To i F R 2% 12
B F AT SRR PAFHERA AL RAEE R o 1 M ZEAE S AIASE LT AR AN 5
ZAGTE: SR RS A DURA S DR L85 U R SRR T IR A A B Hs g R 2 B o
GINEAE O LS EERUNTALL U FRITERAE L, 4 DO ML 0 S8 il e A VR 97
il

XFEREIBTFERI R A FE T Bl T K BB R I A 23l ) S AR T R i 75 4
B TSI, AR ECE BB RRAS B BRI A, AESCPRN A R, BT B
B AEAEAR AT 2, oA BTG 7 A% B 2B 8 5 2R 2 B B A Y B 5 5 SEfn g 5t
AT R T 0 MR G T, R B RIS ) 2 S SE R A 7 — A2 4l

FHIRVE SCHEFE:  https://arxiv.org/abs/2303.07310
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ICERM & B4

— 5 RN

Machine-Learned Finite Element Exterior Calculus for Linear and Nonlinear Problems
Jonas Actor

MEAT AR B v OR ST L S AR . ORI B b, ST R
R ECHE RV B AR AR R . W R 7 R R I o ST O SR AR R 2%, e A T TS
YrE (s BRI EFITE 4% (PINND. #ERfEIERYIBIAE ., BIIRGS MM ZE, STl T-1%
GBS, B RBUAM . B, ot —A e e EE BN I TR R A
W) PREVIEZHR . T HEFTabR. JoIRS S5 SORS i B Aty 2 B B 2 & A2 A iR ik
AU HEZR B A o BEALAS o SIAEZR SR 1 JUAT P S Bk, DA 2 o 1 5 s AT U 25,
M A Bl PR IR AR, (A RS B OR B PSR o AR R G A W] AT B R B Y
ARRICAMNERE S, BAT P TE SR A B9 & PR e 23 ) .

AR ARSI IR T I SHL5 SIES &, AT ATRAMILES 7 ST EOREE F L
FAERIBRIE . S5 ARG BB TNEH BN &2 2] R, BV RS A SE 4 (R 45

RO SCHR -
1. Data-Driven Whitney Forms for Structure-Preserving Control Volume Analysis
2. Enforcing exact physics in scientific machine learning: a data-driven exterior calculus on
graphs
3. Polynomial-Spline Neural Networks with Exact Integrals

4. Greedy Fiedler Spectral Partitioning for Data-driven Discrete Exterior Calculus
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ICERM & B4

—HH
On Learning Operators

Siddhartha Mishra #2722 HH R T 2208, N HECAIE B B0 « X e 1
R 5 )T IS T 2 ) BB IEAE OB AR 2 20 L T B 40 7 R 0 £ a1
SR, RT3 25 ST I DR S ATY SRR = P2 B RALE

MATIA N, — AR AORS 2R B i N A AT AL BRI AN e Rl e w7 )
HEZE, SO EIMEFTE X PNEL B SN LR, DS A S M IEIEY ], Mk
AR BRI . i, AT S 78 i b AR ZE BEAG, I X T MM R4
T (ReNOs), IS8 H F 1t HH >R LAS il e i — Foh 0l 4 iR 2R B H S M X R o A7)
WA T LR ILE % SIHESE 2 15 2 ReNOs. ZRJEHEH T — Mo sl & 121, %
RS T (CNOs), XS 79751 B ReNOs. fBAITIER T CNOs B8 LA 75 (K4
BT R H KBRS A FEME T dhgh, A Td i BUE S50 CNOs 5ELA MH 7%
SJEOERAT TR ER] TAES R T RE T, CNOs FIPERER A 54 ).

KRR 53], B TR E TS MR, T T REHE TR, DETR
AR MRS S LS ) BROEAME T, XRBERT, RA%EIRELEAMET,
A REIER X EHSEI T HE TN E .

MG I F B, FWATERE BN WJE B LRI 503 A R Rk
BATERN 0 A, X — MR T B AR R, b ATt 2 A B T
SINTH IR HESE . B A WL (IR, EMRIUE % o) H T R % ) B EHOE
R, S T — RS ) T a .

fle T & M TAE 2 A FTHEI®LXH T ArXivi2302.01178v2 Al
ArXiv:2305.19913v1.
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ICERM #4845

E— B EI

Operator Learning For Solving PDE-related Problems
Zecheng Zhang

AR EER B S AT 2K A# PDE W T i BRI B E 1 S H AT
R AT AR =5 . 55— N2 T RS S50 PDE. 140X T Burgers 752, W]
DL WA B & A 2 A R Bt . S5 AN Tl i R S8. Hnml LA U 5
T B T 2RI 2 RERT  H, 5575 5T T e ) — L kK
Horp— At 2 A 22

T AN HE R SO VF XS PN A ) A N PRI AN ) B EE BEATRAE o 22 R T AS ] i s R4l
PEPRFIASE R 2, T LIRS KA IRIE R . DRI, ZERSECA R, A T
—# DeepONet 1 RAESE . IZHEZLA) ™ A YR T — M U 3~ 7%, Jl:

G(u)(x) = Z ‘A (x)g(z Py;)

Ferb g, (x) ol s B (B — 28 TT 22 ST B R . p, BN BRI B A — 43 B
Be5. g RARAIERE. XA LI BUE encoder-decoder FIS5H) . 1 264X AN u 12
SR MRYEZEE], 135w PR AL SRR AT BN AN AT 22 ST B iR B g, () » RSB
BRI FFOG A H R o SR T M M 2% 7

G,(u)(x)= Z a ((qk Y x+ bf )a, (;tTWyz’k (ay (Wyl’ky + b;‘ )

k=1

General Basis Enhanced Learning (Bel)

W}o(Wly + b}) :i= p*
W'o(W'y + bY) := p"

lg(Pu)]"ax(Qx + b)

Outputs

Nonlinear nets:

(c!)Ta(WPu + bY)
Concatenate output to
. < __________________ >
(cK)Ta(WKPu + b¥)

Nonliner nets

Figure: The network replaces the nonlinear function a, in Figure 3 with a

network. ¢/ € R/, and W/ € R'*C and b’ € R/.
11/21
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Fe T AT o SO G R R A 2 X 28 37, — PR R RS B m il 70 77 R 1 JC A% i
LE TR o PRI RS AL VA I 2R AN 75 200 4\ R HO3E AT R E ) Bk
. EEHEAFR N “BelNet” (The basis enhanced learning network) .

BelNet ALK I R B BV AE S (B, R E A%t R . T T2 R 251 % 1
BRI TR T NS AT IR ) o S MBI 53 S 28 4B pR B g ARSI ME R .
FF, MBS b, W 7RISR TR SCGERIEER . &5, ISR T AERALER
ARG NEW] T, BelNet BAE H AT IS EMERERI

R E, A NEAFZITEAT L TR ksh ) R b S G R0 HT I — L 0]
B 0] PLIE F B3R Fokker-Planck 75 2 M T #1 & 21 SDE (#4535 .

| 44 |



F¥#4% L F gop
; CenterforMathematicaISj;iences 2023 Autumn

» IUTAM Symposium on Data-driven Nonlinear and Stochastic Dynamics with the

Control

IUTAM KT HAR R HAELEMBENL SN 1 2 5 EH P a— W B4
— it

IUTAM K88l X ah U AF e MBENL B 2 S izl =T 6 H 5 5——6 H 9
5T BRI P 2 BRSNS 24T, W PR T R IR, VE B AR BRI TR B
AW 2 B AR AR E A BE L5 7727 th Bl SRS iR i el it g, DR HEAE
KAV RS o

5B URRBEFENINE RS BERIEIREE . FHEARN. AR RE 14k
LA B0 77 R ST A ANl AN B i L, AR VERTRE AL R S Sl sh R0, 4
&SRB 7 BT ANBUE T AR RV EBEHL R G855 2D T EEAnoR B e R U it FE i
AR AR BRI BRAIT ST Jiirgen Kurths 0% 45 & Wi <405 3R 50 K] 31 ) R0 2
AN FEL DX 2% (RO R DRASE Y, SR A ke R IR o L5 1) i L 2 B i e Al ) A AR
Ry R P EREEB RS R BRIE BBE AN T RT3 i R R A AT g, T
W T AR AR R 2 P ) S A T RSO R i s oK B BT TR K B R e 282 I 24
T ZE B N T BEN U TR 5 1 B4 i JL%E . X BUBITRIE B iR o 3h 1y, S
LR H QIR TERCR, (et 17 of R Z B SR AETEr . B O Bre i B 28 1F
W, miEEIm. HEASE L. TR . MBI B 3 AT IR R AR
o

RO N G 2H R T — MRANRS B 3K sh AR L P A1 BELSh 70 2 542
Sl 5REE U FRBIIITICRAR . SCRAEmAENL FIER R IXREXTHZA
SR AR 32— 20 R R AN N 7 AR RN R R i

XEANE, ZI AR GFEEAR, SHe RG22 W 4Rk & A B T
RSB T RE ST B R B SER N AT o BT 25 B ANIRIBORIE 98 77 100 25 3 JOBT O A8 2 A1
%, A ARSI TAF. ot HETAEARKB AN S, 5ahb A if
Fid e, %R %

H
&5
AN

Data-driven identification of variational equations and intrinsic structures

Yong Wang
Hbr: @R EISHEZR IR AN R G, B Bodls IXzh 53 A B B il sl 42 7 Oy
REFI A FE S

B B i MR R FE A LR S, DeEr eIt REE, TN AT
PSR
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QIR A E%, DIARIEATTR T — M3 R EE IXsh r B e R, B EeE
AT, MIERERR Y, MR R, o #oysR g — 4k e L ARBU R &
Ko ST B IS Y B E FR I A B, DTV AR PR T B SR, X I
FEE. ETRRINIES K, 535 —Fh Bl BK s 75 28 hi-Fit% B H 7 BRI A B — R
MR, HETIESHERDEEHE TR Bhitd i H % O T4t
ARG, —HRIFARHIHE, HEEFRN R o B mT DU ] S Asa il ok 2 1 22 s
RGAT N, BT S R BE AR E 1

XA FCRY R A ST RNRIT A BB R 51 5 ik AT PASE I BE B 4 A B4R | H
by, Bedn TR BB o AR LA T RE B A NS R BT AR AR A T RAR B H HESE
W, LT Kramers-Moyal A 2R 1O TIER AT HUEREIE B o Xt 7 —Fh“-F
7. X T EARIRE 7, TR RGER KN T R WAL EE U, MR T R G, AT
FI YR AR B S ) 5 B R SE I B 2R (1) B A .

FHRIL L
https://www.sciencedirect.com/science/article/abs/pii/S0022509619306246
https://www.sciencedirect.com/science/article/abs/pii/S002250962200304
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IUTAM <855

—HH

2023 5 6 H 4 H&E 2023 £ 6 10 H, 5. BB AR K, EEHZS
Bn'Y International Union of Theoretical and Applied Mechanics )& i) — M FIBENLZ) 1 R Gt
SRR FE R T 2 Symposium on Data-driven Nonlinear and Stochastic Dynamics
with the Control. iX@&—MEPREU, %W HE, WEEMMTRAEL MBS /1
PR IRBN T E RO, MRS R . fES 2 Hl, BATILIRZL T —
A poster, A ERLIER/NEAT, —EIIRRE, Bk R,

2 E, FIER] T1Z Kurths. Stepan 2R KM, XEEZITIEK, X H KR
RGBSR, Yotk KERKAER, TR XL T ARG R T T4 IR IR e R A — K
4N W B MR, JRA B IS B s R IR R T, B I R A e R B RLE
XTH CHRREEA TR BT, EAEER RS 5 A IS sk 1. ik
& _EROGHIBEE 5 FRATTF I 20 AR A Sl 1) B2 i 58 AN —

W, TATER] T RaHA, REHEANKZEZINI, CLRZEZI0 R R e A
Jihte 2 BOHE, FATERM NI AT TR RIS S R, ERZ . Rl E
P 5 5 ATR G B R L, R EE LA O ], ORIl A2 A8 I 2 i o A 138
BRI RE, TR AR, AT DORIE T A N, TR A R, R R S B
INEERR, Eha e A — R .

FEh, W EIRE AR TANFE X 2 0M, FRAA TS T sl i #, RECT
it T AR . AFE R SRR E R . B2 ER A Bl , Wil A8
M 2 LU R P R X T BT A Ry, 985 A 211 w14 T A L SR RN 2 % B oK gk 2 Pl
R BRI R I L R IR g, ME MR M A, bk
JIHER, EFHE R E A TGS, EECEMEL . &a, IR & A b ImgH P
KZoZ2 W T T — T EWNAMEE RSB0 LR A, FRERaF AT LR,

KR WA RS — I BEE B O PR fast talk, 18 133X 0 P AOX IR,
WIRZAE 22 7 B CRAERESS M A i s S M. REEAEPRERIES, RA
AGEEXES, ReVrEEmN ANMIRY, g RE | SRR, 4GP Ty
ARAZI, ARRARBE, FTTESE, PR EDREARIREE. 5156, XX fast talk i&
A AN A, V52— 2 AL ) TR E S AR AR AL ), R ARATT 2 AR S
BT, H SR B A SCI TAE, A FHBUF e A TR R, B
85050, B R — A IR

5, BRI BCE AN m i A 9 AR L 5 S, 5 ML RS It ik 2513,
ALIRIAE T IR E R NAR AR
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Dimension-reduced probability density evolution equations: A physically or physics-

informed data driven approach

MR bes2 i A5 R R TR e i TR R 2R, WA 3Im, R RTT
EPSEEyAl IR DA ST ol N Y e A G R IS B | 327 R e X B C A S S IS
JIF R TREGERE R FEAUAE S 73 B 55 470 5 ] SE PR A e s LA B . PR2E X
YT U B0 5 R ) B B ) B S s B 5 12 A ) R A 2 VR A T AR

WREIMWT 7T H B2R m 4eAF AR BEN L ) R Gt, Pl A5 B2 s B 75 FE R4
K4 R o RgE, E2R—4E0718, Ralnd YIRS 7 VA B EE B kS Y
TIEARK A o

XA IEAUE R T NN 77 F G0 3 LUK e e v 4 v, 7 R0 S bt a3
PaIKaN 7RI A 7 HARHEA, AT AT T H B B 50 W R 18 T2 BB ) R G R 4 AT EL

=

EHo
e 2 M3 55 P AL T AR AE B BV ONBEE BRI 35, i SN R TR i
{H BBt NSl B2 B B TSR AR A S AR e R A5 IR . IXAESE AR RS ERE TR
L SR R H A SR 2 7 v 1 o RS

X —AmdE IR EBELEN 7 R4, BR2IMARA TRiE 7 — Aol it 7, i B
YENE 5 PR AL T AR AR B 2 et IR R MR SR B, NTTIEAS AT S AT iR e B 1
Y S ARSI TR S A Tt 0 B B B AN T A4 1) o 3K S BRI SRR () AR
RS TRl A R R AE A SRR B R, AT I S PR S i i A
SRVEAL 1 ] FERL AR BEAS B IEA ARG AR o 18I 0 2R 1 45 A AR B ATL IR A R AR
BLM 273 BT A 0] S8 BE DAL SEAF),  BaIE 73X M7 VA R HERR PRI e

XA R YEAL PR ) AR AT RE AT DU T IRILAE M) =4 Navier-Stokes J7 R KM, K =
4k Navier-Stokes J7 2[R @ [F 4 4k, XEIREZRE D, I M g a5
M.

5 bk s s AR I/E# SCEE . Equation governing the probability density evolution of

multi-dimensional linear fractional differential systems subject to Gaussian white noise
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—— BRI
fE6 A5 H-6 H9H, ST % IUTAM2023 2. fE&W, RBGRTRZ
BIVRIENIR, WINIR TR Z B A .
FEAR T, BN EBCOAERZI 2 P8 A6 TV K 2 55 22 AN B S 22 T 4R 5
VT B Z MRS 2 Z 3 2% SDE #44k Fokker-Planck J7F2, #4 5 FFI F #4845 4n
DNN 3Kfi# PDE. Ath$e FIE S8 1 5 K5 118 715 77 2K B A A BE 225K i PDE, N5k
XA B, ABATTHEH T KD-tree ORI . 1248800 R B I /D 8 I REAS B X AR 4
X IHEAT 2 5, 45 2 65E S BOR 2 /L, G T I3 — A AR 7315 2R 1) Fokker-
Planck 77 F2MIfi#. BbAh, VRZITHRE], ARATH BTA s IRAEECR MR R R, PR
7 ) o FTARATT R AR 26 A R A ) @ o S 22 DT AR 75 2 B 1 A FH 58l SR s AL 2%
S S BRI A T 2 8h )1 R S8 . e R LT Takens 2, MR EdREATEWL, I
RS B — N2 SDE J7 B2 1) R G it B HE 7S (8], FEAH FE 5] 17 I A AN
I P ARG Ot . kA, FET Neural ODE #5228, A28 — T (1) B GEIR I 8L IR FE
PR L, H a2 AR5 2 (Neural Delay Differential Equation), fE1T
SRCRH N (R0 FEE IS, AAT Tt A5 P e i SR R VR 2 ST JE IR By 7 %o 1% 7 mT LA RO A
YEAHZS (8] BRI AT UM BAEAE I REIR B ) 28y, I Has 2 1 bRy B G Bl 1. 5
b, PRE DTN BEATLIN i 3k 7 77 R 5 B ATL e D0 428 o 45 6 SR e 428 1] ) L

oo VFRZIMRE: A WRZINHRE
AL, FRAAE BN AN 18] 5 AR S IR S kAT 1 38im. Herh, fERIZE47 )M
WA I L B T R R B M S A, I YL AE B3R B R PR Y T DS
ODEsolver K% HARESL T AR, RWFKERLZIMACH T kuramoto A, LK OM
W2 BRI KA 22 2 (B RTBR 3R o R T FRA R A OM V2 R A1 J 2% F8 e A1 PT RE e 72 LI 1)
FHER IR AT REE 4o J4h, IR TR 29 55 2 IR A A AEAT T
IR PE22AT, BRI KK AT Ak T B IR sh I BE L 5h 71 R R S8 5 IS5 &
IJ7 1A, ABATTH ) R 4 1 IR A 7 5, SKA# Fokker-Planck J5 1%, 5% SIMR4ES) /) RGEHY
1THE. RRNBARREZ ]G4 T —T7m 5l .
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Analysis of stochastic dynamical systems based on large deviation theory and data-driven
theory
——RENZIR S B4

REMEZNG T TTHIAR, — DI EKn 2 B AR S, IR
FLRNFH - BEAUAE TR 5 R 2R e L, 53 Ab T T A2 AR P 58080 B ) VR R g ok BE AL 5T
DI Z G 1) e A 398 3% i) e

FETC BRI PR Ge AR ) AT g s 51 . BRIk, AREIA4H T —
Fofr e P A T AT IR S AR T AL B8 o XA B i 1 4 31— A AU E PR R
DGO IR S E ITERSEI . FERXMHEZRTS, ARATESL T —MEBIR G R4
KA SFA O FURIE R, TR T — AR BEREAR AL RS, 0 b R 32 38 B
MERRG & &, SRR P BIRIIE 2B A] DLE &30 P 54 R 400
JIH I M & KRG, GFE R R SRR AT A FE T2 kS
HH AR R AT ] B A RO I ey 7 51 IR

1.2 Phase reduction of noise-induced coherent system
|
| Phase reduction
| i
§(t) =w +Z(0) - P(8,t)

Adjoint method for
Phase sensitivity function

022
...

AR I

BEXT T HAR IS 7, REINNAE T —F TR A B AR Lévy B BENL2)
JIZ GBI EE . R REY B R BN EUE 7. b, WIS EHES T R
W23 BT B A B AR SR R BRI L ISR B R B 30 X T HUE T, HERT
PO RGN B BN — AR AR, I R BB AL SR AT X LR A PR AR
%% Chapman-Kolmogorov J7F2HE ST A &, FETRBIBKIIEERS,  A] DL B AR AR 46 i 7 mT
AT 21 A CHE 5 AT S 4E AR G BT AR S 1t 2 ORI e 7 s R ik 0, BPAR A 20k it 55
HBEINRE o TH RS RECHY BUR B i T HE 5 DU R M 5 B O SRt TR A g
By R B FRIR A Horh, FERE MRS P A OC I HE SR Fokker-Planck 772 . [FII, 18
ik ) FH 2 o ) ik 22 U DUV A% R BRI BUR B, MR H R RS RECN Y 8 R
A9 SR AR s e AR ) e /) — e ) L
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[1] Yang Li, Jingiao Duan, A data-driven approach for discovering stochastic dynamical
systems with non-Gaussian Lévy noise, Physica D: Nonlinear Phenomena, Volume 417, 2021,
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UEBH T 7EREE sources I[P Euler-Poisson /T FEMIIELYE Jeans ANfaE e, RG24
sources M1 ARG 5 B 2L, EAR R o] 5 L4 sources, (H 2 ML &AL TR K
A2, AR source FEEN T A & LM H I TAE, 5 17 1200 2 511 latex FA,
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Qualifying Exams FHER

Test of English for Math Writing

Center for Mathematical Sciences

Huazhong University of Science and Technology

July 2023

Total: 100 points.
Part A:

For each statement, please provide a better version, by correcting grammar mistakes and/or

improving the writing style. Two points for each problem. No partial credits.

1.

2
3.
4
5

10.
11.
12.
13.
14.

15.
16.

17.

This is function that is used to estimate the upper bound for the probability.
We take D is a bounded domain.

This paper considers a special dynamical system.

Cam. University Press.

Title:
Transition Phenomena for Neuronal system under noise

This result is good, see Duan [1].

We obtain the corresponding spectral gap approaches to infinity as the delay tends to
Zero.

Take 4=8,wehave B>0.

This work was partly supported by the NSFC grant No. 888999.

This is a good paper has many figures.

We verify our algorithm is effective by estimating the error.

We would like to suggest possible reviewers are: John Doe and Mike Doe.

We assume that the stochastic differential equation (1) has unique strong solution?

Doctoral Thesis Title:
Transition phenomena for Neuron Systems driven by noise

By the Theorem 1, we know that 4 =88.

Take every x € B, we have x, <b-—¢

In the proof of Lemma 3.1, one trick has been used here is to realize that
A+B=100%.
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18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.
30.

31.

32.

33.
34.

35.

F ¥ ##X T gepin
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Note that z(t) is continuous differentiable.

We first show a result A4, then we proved a result B, and finally a result C was
demonstrated.

Denote the remaining terms by A[ y,z] , we have A4=288.

Since the quantities {X 0 X P2 Yz),T /} are given. We now prove Theorem 1.

We will use the mean exit time, escape probability and Maximal likely trajectory to
help quantify stochastic dynamics.

We consider orbit from x to y.

I have read paper about Onsager-Machlup action functional.

This is trajectory for a dynamical system.

f(x) isalso equal to the gradient of potential function V.

The most probable transition pathways are computed by numerically solving two point
boundary value problem.

While it does not display the superiority on operation time for the estimation method
based on the Wong-Zakai reduced system compared to that based on the original
reduced system.

This is a path connects 4 and B.

These are trajectories for dynamical system.
. . 2
Thus, we need more carefully estimations on the ||u|| -

So to find the most probable transition path u,, one is supposed to find it satisfies the

following condition.

There may be several paths satisfy (1) and (2).

It is true for every 7, <7 <T7,.

For every 0 < € <1, we conclude that g(e)=10.

Part B:

Translate this Preface into Chinese (15 points).

A glance at the table of contents will reveal that this textbook treats topics in analysis at

the “Advanced Calculus” level. The aim has been to provide a development of the subject which

is honest, rigorous, up to date, and, at the same time, not too pedantic. The book provides a

transition from elementary calculus to advanced courses in real and complex function theory,

and it introduces the reader to some of the abstract thinking that pervades modern analysis.
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Point set topology is developed in the setting of general metric spaces as well as in

Euclidean n-space, and two new chapters have been added on Lebesgue integration. The
material on line integrals, vector analysis, and surface integrals has been deleted. The order of
some chapters has been rearranged, many sections have been completely rewritten, and several
new exercises have been added.

The development of Lebesgue integration follows the Riesz-Nagy approach which focuses
directly on functions and their integrals and does not depend on measure theory. The treatment
here is simplified, spread out, and somewhat rearranged for presentation at the undergraduate

level.

Part C:
Translate this Abstract into Chinese (15 points).

We consider 7 —linear Nambu brackets in dimension N higher than 7. Starting from
a Hamiltonian system with a Poisson bracket and K Casimir invariants defined in the phase
space of dimension N =K +2M , where M is the number of effective degrees of freedom,
we investigate a necessary and sufficient condition for this system to possess # —linear Nambu
brackets. For the case of 7 =3, by looking for the possible solutions to the fundamental identity,
the condition is found to be N = K +2, i.e., the system should have effectively one degree of
freedom. Locally, it is shown that there is only one fundamental solution, up to a local change
of variables, and this solution is the canonical Nambu bracket, generated by Levi—Civita tensors.

These results generalize to the case of n (2 4) —linear Nambu brackets.
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Classical Mechanics Qualifying Exam

Center for Mathematical Sciences

Huazhong University of Science and Technology

Note: This exam covers the book “Mathematical Physics Classical Mechanics” Chapters

1-13, by A. Knauf.

l.

(10 points) On the phase space M :=C, consider, for a parameter )\e(C\{O} , the
mappings @, :M — M, ®,(m):=Nm,with teZ.

Show:
(a) These mappings form a continuous dynamical system, and 0 e M is a fixed point.

(b) This fixed point is Lyapunov-stable if and only if |)\| <l1.
(c) The fixed point is asymptotically stable if and only if |)\| <lI.

(10 points) Sketch the graphs of the velocity functions f :R — R with
2 2
/i (x):= (x2 —1) ) (x):= (x2 +1) )

Determine the fixed points and the minimal invariant sets of the differential equations
X= f,(x) Without solving the differential equations explicitly, describe the qualitative

behavior of their solutions x,(¢,x,) fortimes ¢ and initial value x,.

(10 points) Let (E ,w) be a symplectic vector space. Prove that
(a). If AeCis an eigenvalue of uesp(E,w) with (algebraic) multiplicity & , then

~N A, —A are also eigenvalues of multiplicity & .
(b). If 0 is an eigenvalue of u € 5p(E ,w) , then its multiplicity is even.

(10 points) Let (E,«w) be a symplectic vector space.

(a) Show that for any two vectors v,weFE \{0} , there is a symplectic mapping
feSp(E,w) forwhich f(v)=w.

(b) Show by counterexample that, for dim(E ) > 2, an arbitrary 2-dimensional subspace
F of (E ,a}) cannot be mapped by symplectic mapping f € Sp(E,a)) on an arbitrary

2-dimensional subspace F'.

(10 points) We consider the single linear, time dependent differential equation
(t)=-f(t)x(t) (1eR)

with continuous, T -periodic f:R —[0,0),7>0 , hence f(t+7)=/(¢) . This

differential equation is equivalent to a Hamiltonian system with time dependent

Hamiltonian

H:R xR’ %R,H(t,xl,xz)::%xf +%f(t)x22.

(a) Show that the linear mappings @, : R’ — R*, @, (x(O)) =x(t),t € R, defined by the
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Hamiltonian flow do not in general form a group, due to the time dependence of f.
(b) Show that @, =® o®d, for all seR . It then follows that the mappings

O = (CDT)n ,ne€Z, form a group.

(10 points) Let H:R‘ - R be convex and
H :R' > RU{+0},H (¢q):= sude(<p,q>—H(p))

the Legendre transform of H . "

(a) Show: If H(p) :%”p”r with re(1,), then H"(q) :énq

*, with l+l:1.
ros

(b) Now choose H (p)= %< p.Ap)+(b, p)+c with a symmetric, positive definite matrix

A,beR? and ceR.Determine H .

Remark: This formula is used for the Legendre transform of the Lagrangian that describes
the motion in an electromagnetic field, see Exercise 8.8 (b).

(10 points) A bead with mass m slides without friction under the influence of acceleration

. . 1 . .
of gravity g on a parabolic wire of the form z =§a2x2, where the z -axis points

vertically upwards. The wire rotates with a constant angular velocity « aboutthe Zz -axis.
(a) Calculate the Hamiltonian H .

(b) Investigate the stability of the point (0,0) by means of the linearization of the
Hamiltonian vector field X, .

(c) Show that for ga® >’ (i.e., slow rotation) and energy E, the bead performs a
periodic motion with period

T:@IZ(1+a4fsin2(0)j dé
B B

with p’ :%(gaz —wz).

(10 points) Let B=(B,,B,,B, )T eC” (RZ,R3) a location dependent magnetic field, i.e.,
a divergence free vector field, div(B)=0. The 2-form «j, € Q*(P) on the phase space
P:=R} xR} will be defined by

3
Wy =)+ Bidq, Adq, + B,dq, Adg, + Bdg, ndg, with = dg, Adv,

i=1

(a) Show that «j, isa symplectic formon P.
(b) For vector fields X,Y: P — R°, calculate the function «, (X,Y):P >R.

: , calculate the 1-form dH and dH (Y ) Find the

(c) For H:P—)]R,H(q,u):z%”u

unique solution X, of the equation «j(X,.,Y)=dH(Y), where Y:P—>R’ are

arbitrary vector fields.
(d) Write out the Hamiltonian differential equation x =X, (x) in position and velocity
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coordinates x=(gq,v)€P.

9. (10 points) (a) In notation adjusted for d =2, show that the Laplace-Runge-Lenz vector
ﬁ:f’—)Rz,ﬁ(p,q)::LA(p,q)( P ]—Zi
) 4
is constant in time and points in the direction of the pericenter.
P
1+ecos(p—g,)

(a) Show that Hﬁ”/ Z=e, where e is the eccentricity from R(¢)=

By

(P5.(1.7)). Prove Equation (1.7) for the conic by using 4.

10. (10 points) Let the support of the potential V € C* (Rd,R),V #0 be contained in a ball
of radius R, and let

b

[].. = sup[¥ ()
qeR
(a) Show that for all £ > ||V| . » with the maximum and minimum speeds

Ope =AU E V], )0 =y 2(E-[.)

the rate of change of direction for a particle with energy E in the potential can be
estimated by

(b) Show furthermore that for times €| 0,

vr|, = sup Iv7(q)|.
geR

a6 vVl

dr|” o

2b, .
V’ﬁl" ], the distance traveled by the particle

satisfies the two-sided estimate

Oét(umm L, tjé”q(t)—q(O)”Sumax .

~

Notes:
1: (P20) 2.22 Exercise (Stability)
2: (P37) 3.12 Exercises (Single Differential Equations of First Order)
3: (P110) Theorem (Symplectic Algebra)
4: (P127) 6.45 Exercise (Symplectic Mappings and Subspaces)
5: (P140) 7.4 Exercise (Strong Stability)
6: (P158) 8.5 Exercise (Legendre Transform)
7: (P164) 8.12 Exercise (Bead on a Wire)
8: (P220) 10.8 Exercise (Particles in a Magnetic Field)
9: (P258) 11.22 Exercise (Laplace-Runge-Lenz Vector)
10: (P298) 12.24 Exercise (Scattering at High Energies)
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Celebrity Stories % AN #(E

Bl PAHLRESR

%% (1939.11.10—2023.10.22)

Wik, Lo, Bers, T EBEAR S RGREETT U S . 1980 42
B rh ERHEBE B

fERE, #RERARAREE,

1977 4, M4 55 CNRBIRD SKRRCKPRE A, YRSV RIR > 7818, —%
ZIa A ORI RS, 2 960 J57 “70 J5 7 HidA EARE N it
jiss

3FE, MARHIEPRIB SRR (Bit), 2 HRERKIB L.

BHEF B R B NG BRI, #2R 41 Z el B 7 N i

FENDCAMEAE L — DRI 37, BEMSS EARDERD], s W
S ARIHIEAN .

A5, M EHR “BR7, ZAIFARZ. 5 FRTHBRE (Bt —0/
ViR ) e —— ARG T e .

REEWRKE, £HT, R, THRRSEHE NBA LRI ANAEEH, Rk H R
HoE “CPENER —— “YEAET P RAEERI T 7. X2 AT DE HA RS
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PRI KB 5 — 18, MR HORERRE —A “ 37 BN,
——RIEER, POEE, TR E M.

P’d

2002 4E 8 H, Makid Ui SE&ROEG¥.

1985 4, HARKT. KTCHEAMAFTEEXNAR. wRHE
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Bkl REENE 2 I, SO IR LR B4 W

ZESCOMAT TS T R SRS AT, AT AT 80 B 2 NEAEH RN HIHTIE . R4
K HE g3vh, MR ol “ AT — et £ 7.7

FEAR, MEHORE. ZCHR— 85 E .

VERAE RGBT 78 i CLL T SR8 o) FH 2 1 [F 5, R Ui« X — 107,
ZESOMR B 5 B A o R AR T g At 1 B B ——

HMNFEARHZEEN G, FOREEGE VRN BE ZERE, #1520k
% OB RS s ORMRSE iR, sk RIS g 2

AR 1978 4, HEUSREERIER. BE 1 H, FEE (AR ERKER
o0 (EHEEAMEARY, BAE “HFIKE” MES.

PR b, B BRI, MR sKTRERE R CEBE” SAERRIR TR

1977 %2 H 26 H, ( ARBD) KPR EERIE (k. 5k 5078 R B R 3R
REZERR). X — Rt UKk, Bk, KRR S T I A E A KAk
PN AT

“PrASE, WK RS 7O, A M R SR EN. 7 1965
A A [ R R A B 23 B B 2 P, — AL S AR IR B 20 DU 1 25 SOk
JUT SRR AR TRHER “UKKHER” AZIRAME

HAEIEE AT L E FRC 2 B . LB R A K TR K2 1978 2N
mE N, A EEE — AE R PR R R R R — AR, ik
SRR IAEP TS g2

M SR I AR B B A b iR e i, AT R R SRR S BL SR U, B AR
AR JEAE 36 [ Hy g 0] TR I — R R et

1976 4 5 H , T 3L E A e HECE AR RISk VT« X2 — IR EA P =
Xy, Hr ERGLRK, TSR AE R AR E TR T

FEVRH 9 A B2 5K, AL Ben  SRAB A « 22 50 22 BURAE K. EDRS O
217 60 ZIhd, MR E APz —,

MR R, AR BRI E, BPEMAR. KB TAE “both deep and new”
(BRRZIDOH B0, “TPMAAIRR” 52 50 2RI FAER /0T, BREUE 7 A0 B2 e
P2 R B RUR

A H 3B, KRV M S5 R EHES 1 100 2 iU g5kt SO HECR 5Bk
Syl B LR AR R UE TR PN B b — . RS AL O I 5 TP ISR (S E4L
22> ) (The Notices of AMS) |
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E PN FEATIRIEAN G, S0 “3CE” 4, AR E A X R 1 ?

AR “ AR R .

1966 4, 45 5K E R FT AL Bl e SCRILR B N B B, “3C” JHIR T
B S0 A 2 T

RS ELBRFIR, RO SR AN, Al B AN BR e T 2 AR A AB 2%, o — DY T
ORI R IR ], SR TIREE fi 5. HEemt 7.

HAMNFBAM A2 7. BHE 1972 4, J& LB R BB R TR, XAK
—2BES. AR, BRI EIRE TR LR, KRB LA RE, A
H kIR it 7t .

B — NI AE TN EIK, A TSNS T “HAEH”, 5 EEIR
NEREBEHNEERPFET, REENES.

(EAR AT BEBOZ R - A A R IR 20 Lik s, EasEgh) U, 2 NIZfEdbEs
Tk K2z EFEARERER B, M R AT PA R I (AR Z2iRS 1 85 . AR TE Bt x4,
NHEMT K e B, PeTHF A, Il R —#E, & ERBUI R —
1976 4 L R, OGRS B B B (Bl , R R e L UTIR A
BT

DUONERCN, B ARREL. i is it dn i o% S8k

CEEFEIAEL T, AR AR RHRIT? 7 295, mx ChERR) 32
BB, MR N AR 7

BRSSO ABIE BB —— B E AT R, SRR
B, MR, BN 1956 IR S A 4, ESAEASFER R 2601 T 5t
GFRAEL, FESW AR E T3 MR S (et W, FABEEPT T
PRI 1962 5, &xf—IHH T 6 AT RRPOREAEAT A, R PUEEN 4 4.
&, ALREUA IR R RS L, WA 10 B BItFiA Rk, RATC 280
BIRITRIHY 1 AtE AR gREfi? 7

it

VUK, MAR. KR RERIECER, BR TAT GBI IS 4, S T ST
PRI “22 iR 7,

RRDOK, FEEAF TR, BerxBa . BP P YRR, WIS
. OBESE. PHER. M5GHE, B sREEAGE N A

AR NI, REPOR @S #, HE “ARes BRI, (HZ 5iR%7. 4
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Popular Mathematics E{ZZ#[ 15 &

ICERM: 10 years later
BAHHELRH AT 2013-2023

(JEC558E: https://euromathsoc.org/magazine/articles/15 1#cite )

——Benoit Pausader (Brown University, Providence, USA)
Update on the Institute for Computational and Experimental Research in Mathematics

Ten years ago, in the September 2013 issue of the Newsletter of the EMS, an article presented
the newly opened Institute for Computational and Experimental Research in Mathematics
(ICERM). This once fledgling center has now grown into a mature institute, and this article
aims to reintroduce ICERM to the international mathematical community, provide an update on
its achievements over the last decade, and encourage mathematical scientists of all stages to

participate in its future.

@ ICErm

Since its opening in Fall 2011, ICERM has run 23 semester programs, 74 topical workshops,

&
g

36 public lectures, 12 summer training programs for graduate students and multiple other events.
Despite the tumultuous last few years that have forced the organizational team to navigate safety
concerns, evolutions in the job market, growing awareness of the climate and social impact of
research, ICERM has developed a robust operation that supports organizers as they carry out
mathematically rigorous, bold, large-scale programs. With guaranteed funding at least until
2025, ICERM encourages all mathematicians to apply to participate in one of the already

planned programs, or to propose an ambitious new one.
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ICERM is located on the top floors of a modern building on the waterfront in downtown Providence.

What is ICERM?

ICERM is an institute with core funding from the National Science Foundation (NSF), located
in Providence, Rhode Island. Its principal focus is to bring together pure and applied
mathematicians from all specialties and all institutions through a variety of programs. At
ICERM, participants come together to collaborate, share, and develop ideas and experiments,

and formulate and test conjectures to expand the boundaries of science.

Among all NSF institutes, [CERM is uniquely focused on experiments in both pure and applied
mathematics. Its mission is to “support and broaden the relationship between mathematics and
computation: specifically, to expand the use of computational and experimental methods in
mathematics, support theoretical advances related to computation, and address problems posed
by the existence and use of the computer through mathematical tools, research and innovation.”
As such it seeks, in particular, to disseminate new computer-based tools and to accompany and
facilitate emerging topics in mathematics. Its location on the East coast, integrated into one of
the largest scientific eco-systems in the world, allows ICERM to stay at the forefront of recent

developments and trends.

ICERM is especially devoted to nurturing young researchers in mathematics. In addition to a

few institute postdocs, who stay for a year, each semester program supports a large number of
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6-months-long postdocs and the program gives a chance to meet and interact with many

important people in the corresponding field who can become future colleagues, collaborators
or employers. Throughout the year, professional development events are organized about all

aspects of academic life and work, as well as about life outside of academia.

ICERM’s Fall 2019 semester program “Illustrating Mathematics” included an art exhibition for researchers.

ICERM’s amenities

ICERM occupies about 1,800 square meters on the top two floors of a modern glass building
overlooking the waterfront, near downtown Providence, RI. It is centrally located near the train
station, restaurants, and the Brown University campus. It is an ideal place for lectures and
collaboration, with a large, welcoming communal space and an auditorium that can
accommodate 120 people and is fully equipped for online recording and participation. In
addition, it contains a conference room, a lecture room and 25 offices for long-term participants
in a lower story, with floor to ceiling blackboard-paint on the walls to allow the free flow of
ideas and spontaneous discussions and collaborations. For special programs, additional

resources can be secured (such as 3D printers for a semester focused on art and mathematics).

The institute provides all long-term visitors with access to a broad range of compilers,
numerical libraries, mathematical problem-solving environments, visualization software,
statistical packages, and productivity software hosted in a virtual desktop and/or terminal based
environment. Additionally, all long-term visitors are given exploratory level access to Brown’s

high performance computing resources. The goal is to provide participants with a wide variety
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of tools to experiment with and allow them to sample options that may not be otherwise familiar,

in order to maximize potential avenues for research.

In addition, ICERM’s IT team works with program organizers to tailor technical offerings to
support their vision. This may include leveraging resources at Brown in a customized way, like
reserving GPU nodes for computer operations or standing up containerized environments,
utilizing cloud-based services like CoCalc and Overleaf, standing up custom systems using
Microsoft Azure or Amazon Web Services, or acquiring and supporting physical tools such as

3D printers and VR headsets.

Global pandemics notwithstanding, most programs are in person. However, talks are streamed

live on the website, where many recordings of past presentations can also be found.

Programming at ICERM

ICERM hosts a variety of events whose formats vary from one-day meetings to semester-long
programs. The following are the principal types of activities, usually involving participants

from all over the world.

Semester programs are the backbone of the institute. Programs are selected from applications
made by teams of mathematicians from anywhere in the world, and typically organized 2 to 3
years in advance. They bring together about 20 senior participants and a similar number of
junior participants who stay in residence for the semester, and about 100 shorter-term visitors,

who stay from a few days to a few weeks.

Topical workshops are the shorter, smaller equivalent of the semester programs. They are
organized 12 to 18 months in advance and bring together about 30 specialists for a week of

conference, collaboration, discussion and/or training.
Hot topic workshops are ICERM’s rapid-response mechanism to host workshops that can be
organized in a matter of weeks to keep up with, and maximize the impact of, a recent

breakthrough.

Collaborate@ICERM brings together about 3 to 6 researchers to meet in person to continue an
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existing collaboration. This is an ideal setting to finish or expand on a collaboration initiated

during one of the other ICERM programs.

Summer@ICERM is an eight-week summer program where 2 to 4 faculty organizers lead a

team of about 20 undergraduate students on a research project.

Public lectures invite an expert to speak to a large audience on a topic relevant to non-

mathematicians to spread awareness of, and interest in, mathematics in the broader public.

Early-career researchers gather for a poster session in ICERM’s communal space.

ICERM is administratively part of Brown University and ICERM’s Director, Brendan Hassett,
is a permanent faculty member of Brown. From a scientific standpoint, ICERM is largely
independent of the university (and the mathematics and applied mathematics departments
within) and has a mission to serve the broader community of mathematicians in the US and
beyond. The focus on research topics of international significance is guaranteed by Advisory

Boards whose members are not affiliated with the university.

ICERM in numbers

As per geography, many (about two-thirds) of ICERM visitors are from America, but the rest
come from overseas, principally Europe (more than 20%), and participants and organizers from
all over the world are welcome. ICERM is primarily devoted to the whole mathematical
community but brings mathematics to the local population through public lectures and the

GirlsGetMath@ICERM programs.
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ICERM can and has partnered with other institutes throughout the world and has helped

organize events in India, Japan, Singapore, and South Africa.

High school students in [ICERM’s GirlsGetMath program play cards in the ICERM communal space.

The institute actively promotes diversity during all its events. It regularly hosts the Blackwell—-
Tapia conference (in 2012 and 2018) as well as the Modern Math Workshop (in 2011, 2013 and
2017), and the Conference for African American Researchers in the Mathematical Sciences
(2015). The institute is interested in all topics in interaction with mathematics. The themes of
past workshops have ranged from “Computational Aspects of the Langlands Program” to
“Illustrating Mathematics,” from “Computational Biology” to “Knot Theory,” and from “Data
Science and Social Justice,” to “Global Arithmetic Dynamics” and “Computational Aspects of

Water Waves.” No topic is off the table!
= E=D |

Participants attend a workshop in ICERM’s Lecture Hall.
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Organizing a semester

Most ICERM activities are relatively easy to organize, thanks to the support of the experienced
team of full-time staff. Semester programs are the most demanding for the organizers, but

typically follow several steps that we outline below.

(1) The most important task is to bring together a team of (6—10) organizers around a current
mathematical topic. When planning, organizers should consider other institutes’ programming
schedules, so that as many researchers in the field as possible will be able to attend. Workshops
should strike a good balance between theory and application. A diverse group of organizers is

encouraged.

(i1) The organizers submit a proposal to the Scientific Advisory Board. Once a program is
accepted and there has been an opportunity for feedback, a date will be agreed upon. Programs

typically occur two years after acceptance.

(ii1) Over the next year, the organizers start to advertise the program and converge on a list of
senior participants. The main challenge at this stage is to informally secure the presence of key
long-term participants and to make sure that young mathematicians are aware of the application

timeline for the postdoctoral positions.

(iv) About a year before the start of the program, invitations are sent to most participants to
secure their stay. Accepted postdoctoral fellows are notified in the spring before the program

(ICERM postdocs are selected from a pool of applicants on Mathjobs.org).

(v) Around this time the general structure of the program is also finalized. Usually, a program
is structured around 3 week-long workshops. The themes and organizing teams of these
workshops are decided. In addition, appropriate steps for ensuring a diversity of participants

and promoting the development of junior attendees are put in place.

(vi) About 6 months before the beginning of the program, invitations are sent for the workshops,

and to short-term participants.

(vii) At the beginning of the semester, the organizers finalize additional events taking place
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outside of the workshop weeks, e.g., regular seminars throughout the semester and working

groups. They also assign mentors to each of the junior participants.

(viii) Throughout the semester, the ICERM staff will organize regular activities and career-

building events for the junior participants.

Many of ICERM’s walls double as workspaces for researchers.

These broad guidelines are flexible and can be adapted depending on the needs of the program.
For instance, a program with a significant industry interface where the people concerned may
not be able to come to Providence for an extended time can involve Research Clusters, which

are intensive, several weeks-long events more adapted to the industry timeline.

Conclusions

We hope that this article inspires mathematicians to participate in or organize a program at
ICERM. All areas of mathematics, especially nascent and developing mathematical fields, are
supported. One of the goals of ICERM is to nurture experiments, help produce conjectures or
look for counterexamples and set up standards for explorations of new mathematics. [CERM is

the perfect place to explore and create new horizons in mathematics!
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Flow Proof Helps Mathematicians Find Stability in Chaos
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How to Draw a Flow

Mathematicians think about dynamical systems (like
a pendulum) geometrically in order to understand them.

A SWINGING PENDULUM
A pendulum’s motion is
defined in terms of angle o Angle

and You can
map this as a trajectory \.
in a two-dimensional

“state space.”

TRAJECTORIES MAP THE FLOW

Motion State space
A “flow" represents all possible motions of the pendulum as infinitely
many ftrajectories
\\_. Begins at rest i E—
Angle

Fast counterclockwise
Hits max speed spinning

7 at bottom J
L Je—

Momentarily e

/ pauses - 7 - "»-._\
N and reverses : L !/’ k N\ Angle
/ \

Ellipses represent

oscillating pendulums

\ 7
b 7
Max speed N rd
§ again, going 3 \-.‘,__7__7_ -
"\‘ the other way :

Here we go \
\. again : ; Fast clockwise
|~ _ spinning

A pendulum without friction would oscillate forever, retracing this
trajectory in the state space.
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HEARG RO MR IR AR s IE S B sl . ARSI, XM AR ENEL
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2RI RG AR, KB T MR OSBRI FORR R UK, Hr
ZAT— B BT X147

B T 2R R D, IR ANAR E YEAE M 2k i h ¥ = E 3= AL, BRUNE IR AE £ 5 AE
— LA I 2 ARAE KA BE b 22 ) i 28— B SR A Hi

Trajectory

At any given point on an Anosov flow, trajectories converge in one direction (shown in
blue) and diverge in the other (shown in red). This converging and diverging behavior
occurs at every point in the Anosov flow, giving rise to many other properties of
interest.
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Why Mathematicians Re-Prove What They Already Know

N 2B EXEBIGER NI CERAER AR

B SCHE%

https://www.quantamagazine.org/why-mathematicians-re-prove-what-they-already-know-
20230426/)
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The Deep Link Equating Math Proofs and Computer Programs
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