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DEIFMERIRE WS . 2L X OBES
DENMIEHTZ 22125, X EOAHE Borel
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Stab(D(X)) #Z&LTHY, WO LI LH
RNz,

Theorem 1 Stab(D(X)) @ & & O % & 57
Stab'(D(X)) & Hom(K(D),C)) @ B % &
Py (X) 1z LT, ROWEBGHRIEES.

7 : Stab’(D(X)) — Pg (X)

> T, Stab!(D(X)) AHifETHNIE, K3 il
HOERFREDZRAHBUTO LS 12B 505,

0 = 71 (Py (X)) = Aut®(X) — Aut™(H*(X)) >0

Zo kS, wEMGMEBEET 5 L TEER
HzBfEcEs. FIZIE 3] TREA—LE]L D
K3 i D2 E VS 0 2 Stab’ (D(X))
MEESETH D, T (P (X)) PR L VEFE T T
EEENDZ WS TR hiz. LrL, —#
® K3 i xt LT, Stab' (D(X)) H3 S CTH
e vs MEIRRERTH B, Iz, TEMS
D BHEFEMEDR A SN TWAHIE LTIRD & 5 &
HLDONH 5.

f:X — Y = Spec(Clz,y, z]/(zy + 2"*1)) %
A, BRREZOB/NFRAMEL TS, 20
& D={E e DX)RfHLE=0} 95,
Stab(D) IXdEkE R HE LRI B [4, 5).
BEIE, 3] THLWohZZEWRMFED 7u—%
W % TILT, Stab(D) O HMAE 2 RE RN
ERLTW5,

% 3k

[1] Stability conditions on triangulated cat-
egories. Ann. of Math. (2), 166(2):317-
345,2007

[2] Bridgeland, Tom. "Stability conditions on
K3 surfaces." Duke Mathematical Journal
141.2 (2008): 241-291.

[3] Bayer, Arend, and Tom Bridgeland. "De-
rived automorphism groups of K3 sur-
faces of Picard rank 1." Duke Mathemati-
cal Journal 166.1 (2017): 75-124.

[4] Bridgeland, T. “Stability ~ Condi-
tions and  Kleinian  Singularities.”
International Mathematics Re-

search Notices, June 2009. Crossref,
https://doi.org/10.1093 /imrn/rnp081.

[5] Ishii, Akira et al. “Stability Conditions on
An-Singularities.” Journal of Differential
Geometry 84 (2010): 87-126.
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[1] Zhou, Xingyi, Dequan Wang, and Philipp

KrAdhenbAijhl. "Objects as points." arXiv
preprint arXiv:1904.07850 (2019).
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FEOWIE D HFE L, BEWIHCTY—F - 5
JHRRE XD IKEKRTHLVWETALZIBRT S Z
L HBEE LTV,

ERZERR

1. BEFIRCET 29—~ 4 2G0T -
TW3, 2. =& UFJ + 7 R MEE THHFFTT
DAY R=vyy T, HEE 225 e %8
fERIkDO U — ¥ - 5 VBRZEIGIFTORERH Z
CWHEEL. D TEETLIHEZ S TRVWHD
R zdE L, 3. @EESHT — X009 T
. FNRTNTITBIT 2 REFE T ROHEG | DALFL,

RATVRANI IV F v ) A RDHEDOERR Y,
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%2 T 20 EDH 5, £ 2T, i ZRR
ciTo 72 b, St EZELT2Y 7MY =
7E70rT IV E5E Python # HWTHEL
Joo 4. T BT, B L 727 — R IZHEDSWTY —
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S R D YUIMA Ry 7 —2 % HWTERL,
H#&E 225 Rk & e o HR 7 — 2 ont L& H
V=R« I 7HEERITIR o Tzo HEERIT X 5T
T2 XD BIERICR > TFL VD, EBIIIHEEE
KXo THhRDERBPTNTED, FEZBREH
BHTH S, £/, 5D Dobrev-Schaumburg
HeE B OZBEDTREMED BV T LB > T\ 3
CVWOBRLBEINTED, WMk Y —F -
S ZHKROEHIZOWTH G LTW3,

ZE R
[1] T Hayashi, N Yoshida, (2005)

variance estimation of non-synchronously ob-

“On co-

served diffusion processes,” Bernoulli 11 (2),
359-379
[2] M Hoffmann, M Rosenbaum, N Yoshida,

(2013) “Estimation of the lead-lag param-

eter from non-synchronous data,” Bernoulli
19 (2), 426-461
[3] Dobrislav Dobrev, Ernst Schaumburg,

(2016) "High-Frequency Cross-Market Trad-
ing:Model Free Measurement and Applica-

tions"
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2DWT, G. B. Folland, Harmonic Analysis in
Phase Space, Princeton University Press, 1989
Tt A TRIGR L 7.

Hilbert 22 L2(R") LMo ERE e #ITHE
e SR A3 72§ IEHE 4 B (R 1, KBRS
1% Heisenberg Lie A% ® % \ 1% Heisenberg #f
DRJ| L LTRRDRT I ENTES. T5LT
B 51 % Heisenberg BEOBER 2 =4V RH %
Schrodinger I & AR, X 512, Heisenberg #f
OHCOFRRBICEHT 2 Z 2T, Schrodinger
BhroXX TV 774 v 78O L2(RY) Foa=
RYREPEOLNE., ZNEARTVLIT 497
RE L IH, L2(R") OKRERMFMEEERT D
DrEZ NS, K2, Fourier B X XL
274 v ZRBWCEHNE., XXV IT 490K
BizowT, 20 L2(R") 5 X0 Fock 22/ Lo
Wik, B2, Siegel DYFMH - PR & —i%{t
SNTe— R B L DRIRIZ & 2 R L 7.
R LOFBMEHRLETE2HY ST V2R
WHD L*(R") Lo ERZE2RIEERICE L
THHE LT, ZD¥EET oscillator semigroup
LIRS, ERIPOITFE o KHALLTIERWY
23, oscillator semigroup (IEf#IZIEZ %% nor-
malize L72d D) 3 XX TSV o774 v 7 ERB%
AR b2 Wws ZenE . Oscillator
semigroup IZDWT, ZDM&4 DER, FHODHE
HOBHWERR, A& TV o774 v 7RELDHE
ROIEMHZERLE Z DFFAR &R FfE L 7.
XRFV I T 4 v 7 RBUT C BIBH#EE Mp(n, R)
DWVNERBITEA, D BBHIHEE O(p, q) (p+ ¢ 1 3M&
B, p,q>20Dp+q>4) HMNREDFE
L, ZHUCHT 2 EEROMEIHASN TV S.
7=2 2%, T. Kobayashi, B. Qrsted, “Analysis
on the minimal representation of O(p, ¢) I-1117,
Advances in Mathematics, 2003 1%, O(p,q) ®
WNRBD L2 £ 7 Ve L. BT ORER,
ZD &S BB ADHT, (72r 213 Fourier &
fucxntd ) HMRERHSHRO—RLeE 2
5ZTH5.

FIEAFER

1. L? HRAEAZORI%I DWW T, Workshop
on Actions of Reductive Groups and Global
Analysis, 7> 74 >, 2021 £ 8 A.
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NoxELVEBMNIHRZ D7DV L DDHET
HBMHAREBY =G, HDVIEKDELSLE
RE P E—IRIZDOWT ORI R FE I E 57z,
HARRIZEB LU R Z2 LIS RS,

RILTF 4 X LEEE Pontrjagin-Thom D EE

772 T Pontrjagin 23R U 72 BRKH O 4 &+ € b
Ve EaRfvy « ZLAHOIGIE, %
(Z Thom 12 & D RNV T ¢ ALK L Thom A
NI LDEREPE-—REONITIZHREL, T
DFERWBLE TIE Pontrjagin-Thom D 5EH &
EhTws, 72 Z0EHOGEHIZHVWS NS
#2214 7 8 /E 1% Pontrjagin-Thom ik & L T
BLUEH, BAZTOWD2OFHMRDHFIZL
EUIREYS T 5. ZOMEAREZE LSk
JEDD & FHEZ0H, L5 Z ICFTFEF R
flzmE, —foMEZ M > Thom AR k
Z L2 DWW T O Pontrjagin-Thom &M DFEHH %
FEU. LI ZOBREIT DWW THMIZFLR X
N7z [Rudyak, Y. B. (1998). On Thom Spectra,
Orientability, and Cobordism. Springer.] D
4 Z=akEH L 7.

RERE ME—BE Adams AR MLERFY
EiR®D Thom ARZ b7 AZETHFENO L
DOBEDIT LMY, AT T LAO— BT AR
OHLERE b E—EOBEIZONTOEEITH
W7z, %7z, Pontrjagin-Thom & 538 1y
e FE MY —NALEZFEO DT 2IEEH
BEERTHDDITHL, ZOFHEATIEIRIL
T A ALBHOEARNZZEREZ D 25T HbIF TR
V. ZORIZDOWT Adams AT M OVRSIEHE
AR AEmEREEL, INHPERZEIRLVTF 4+ X
LR ERIZEIE T 5.
IHOUVEZEREPNE—@ADT T —F &
ULTRBEEZ T RBBEIN O TV
A, TITIEES BN ERTH S [Adams,
J. F. (1974). Stable homotopy and generalised
homology. The University of Chicago Press.] %
SFI, EFE M —BEOMEL Adams AR
7 MVRII DK AT 5 72,

EFIE

Adams IZ& B ART N T L OB ORI TIZ W<
OhDEMERFE RPN TE D, GO
WCBWTHRESEMES. ZOMERRT 57720
2, KOBEARTHEVRTVWARS N T LOEDE
EVRHONTVWS, ZhEZEIZ & 2AWVHEIC
WAz, TDHOUHENE U TETIVEOH %
FAE. ETOVEOEIL, BR4KRE MY -G
RS 57-0DILEFFEE L ToRE Z#H > T
B, ZOFEFZL - THARWARE Y-
BEOOREBAHEER/THI LN TELLE
ATW5.
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1. Atiyah-Singer O EHUEH, M Ro Y —#H A
£ 3IF—2021, AV 51,2021 £ 9 H



=% #X (MIYAKE Shota )
BERIPEOR BRI ER BLIE 1 E

T ZEmE e

MR R E KRB IZONTHEMEMANHET 58
BORTH+ARE MR ER > SI&~ Bl
R 7D & 5 12HR D 5E S MWE & W s et & S,
Z OB IFEEL Y & B BRE RS, YR
o T EIEFICKREREEEEETDEI LS
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EEEEEREDZ LA S NT WS, KRk
13 Z OFER & BR800 2 DL EDB & IR
H5ZLEABLTHEDOTHY, HTEERELARE
DI EBFER R E A L M2 IR 1% E %
R=d, BHGDVHMENTOWRVEFZERD
e Tid. N HOR 1% ZBHOE R T % E£D
2O TAR—IHRL, BT TAR—% LR T
AR T AR =R EWRIEN D FIEIZ & 0 R
PITONTE 72, & ZAPEREGVHINE NG
B R T 3b A EAEA 2 TR <G
2k BB E T D — 5 CIRME R 1R - A
BAEHOREDA%EZIT B0, 7 FAX—NT
FEEOEL L 220 T B EA AR e Ao T
%, AT ETIRLOEELRE LT, MK
T BHEE D 2 R TIZ AT ERL T 1 E % N A 72
3R OILEERMERMBICE D A TE D, ik
DT AR—=DIROFIEIZ L ZWNEERRTS5Z
LERATVES,
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FAN Linghu
Graduate School of Mathematical Sciences, M1

Summary of Research

McKay correspondence is named after J.
McKay' s wise observation of a bijection be-
tween finite subgroups G of SL(2,C) and the
corresponded Dynkin diagrams in terms of rep-
resentation theory. So far, McKay correspon-
dence has been developed as series of correspon-
dences between representation theory of finite
groups and geometrical property of the corre-
sponded quotient varieties, especially for the
resolution of their singularities. One way to
generalize McKay correspondence is to change
the dimension considering about the special lin-
ear group, and the 3-dimensional case has been
solved in recent decades. Also, by changing
the field the correspondence and some related
results hold over, an idea of generalization of
McKay correspondence is to work on fields of
positive characteristic, part of which is known
as the wild McKay correspondence.

Crepant resolution of singularities takes an im-
portant part in the results of McKay corre-
spondence in characteristic 0: if a quotient sin-
gularity X = C"/G given by a finite group
G C SL(n,C) has a crepant resolution X, then
the (topological) Euler number of X is equal to
the number of conjugacy classes of G. In the
recent results of wild McKay correspondence,
the importance of crepant resolutions also has
been shown. In wild case McKay correspon-
dence would have a nice form when there exists
a crepant resolution. Therefore, it is worth-
while to consider about crepant resolution of
singularities in positive characteristic as a prob-
lem in wild McKay correspondence.

The title of my research is ’On the construc-
tion of crepant resolutions of singularities in
positive characteristic’. As it says, in my re-
search this year I have studied some existent
results on related topics. For instance, as
the introduction to this field, I started my re-

search from reading several basic textbooks on

algebraic geometry, singularity theory and al-
gebraic number theory respectively. Taking
the textbooks above as inference, I became
able to read some recent papers on the related
fields, such as motivic integration and stringy
motives, 3-dimensional McKay correspondence
and p-cyclic McKay correspondence. Mean-
while, I have studied a series of examples on
the construction of crepant resolutions, such
as Ito’s construction for monomial types in 3-
dimensional case (1994), Roan’s construction
for the quotient singularity given by As in 3-
dimensional case (1994) and Yamamoto’s con-
struction for the quotient singularity given by
S3 in 3-dimensional case with p = 3 (2021).
By studying theory and examples at the same
time, I have tried to find the topic that I can
start my own research from.

For the further research, it would be conducted
from the basic computation of concrete exam-
ples. Precisely, I would continue my research by
computing the blow-up of several quotient vari-
eties, including 2p-dimensional p-cyclic case (p
is general), 3-dimensional As case (p = 3) and a
specific 6-dimensional case (p = 7). The way to
construct crepant resolution by blow-up would
be applied for these cases to verify whether
they are still available, and such computation
would help understand the essential difference
between 0-characteristic case and positive char-
acteristic case. It would be also possible to dis-
cuss about more general problems after work-
ing on these examples, and that would be the

ultimate goal of this research.
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I took the course 'Frontiers of Mathematical
Sciences and Society 1T’ to learn about the way
people apply mathematics in production and

life in the autumn semester of 2021.
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Sparse grid is known as a cost reduction

R

method in high dimensional(d-dimensional)
function approximation. The essence of sparse
grid is a choice of finite number of basis used in
the approximation. Consider an approximation
of f:R% — R with basis 07 5 () by

T) ~ Z Z A7 507 (T)
jeg meMs;
where J(C NZ) and M;(C 73) are finite sets
and specify basis used in approximation. In
many cases, when dimension d is high, approx-
imation algorithm often suffers from curse of di-
mensionality. So, J and M 7 need to be chosen
so that computational cost is minimized when
approximation error is given. The main moti-
vation in this research is to construct a good
sparse grid to solve this eigenvalue problem of

following Hamilton operator H.

H =
1 N N K Z, N 1
LAYt 2 )
i= i=1v= i,j=1i#£j

H appears in Schrodinger equation for a system
(High dimen-

The eigen function of this

where each particles interact.
sional problems!)
Hamilton operator H is knwon to have follow-

ing properties.

e shows exponential decay
e included in H>! = (H', H!! )o.2

mix mix

(For more detail, read Kreusler, H. and
Yserentant, H. The mixed regularity of elec-
tronic wave functions in fractional order and
weighted Sobolev spaces.) Though the precise
definition of H
derstand H

Sobolev space and Sobolev space with mixed

., is omitted here, you only un-

., is a real interpolation of normal

derivative and its structure of smoothness is a
little complex. "A good sparse grid" to solve

this eigenvalue problem is a sparse grid capture

two features of eigenfunctions (i) exponential
decay (ii) complex smoothness structure Hmzlx
We focus on Besov space to obtain a good
sparse grid for two reasons. (1) Besov space is
a generalization of Sobolev space. (2) Wavelet
characterization of Besov space is useful for
construction of sparse grid. In this research,

define a new function space VBJ“’ by

1/q

— s(Na ||p-

17y g = | D2 297 |25 <o
jeNd

where & is a norm on N and ||-|| .» is a exponen-

tially weighted LP-norm. Due to the following

results, VBg;Z” is a generalization of classical

Besov space By’ and Besov space with mixed
derivative M Bg:;”.

Main result 1

« VByY" ~ MBSY, VByli=" ~ Byw
. If 61 < by, (VBJLY, VB2, =

v BL-0)01+05>,w

p,q

Note that H%!

mix

can be expressed by VBg’Q
with a certain §. Under certain assumptions,
a functions f € VB
f = Z]‘eNg Y o mezd /\f,mdjj,m where Q/ijm is a
wavelet. In this case, we prove following char-

has wavelet expansion

acterization of || f[|,, gs.w.
P,q

Main result 2

q 1/q

Z 25(5')q Z )‘j,mxj',m

= d nezd
JENO me Lﬁ,

”fHVBgﬂ ~

By using this relation, we obtain following error

estimate of approxiamtion by wavelet

||f_ Z Z )\f,ﬁqpf,ﬁ“l”VBg}dl

JENg meM;
1/
|Qj‘,m‘ :
w(Q;,m)

Compute /\/l]v so that the esti-

max | 2= 62()—61(2))

ZoNd
JENG

when 61 < ds.
mate on the right side above is bounded by a
given error, then we obtain the following sparse
grid(K 1).

function w(zx)

This grid is obtained when weight

= €l952l Each grid represents

one basis and the size of grid means the scale



——

of basis there. Smaller scale leads to precise
but high computational approximation. You
will see precise approximation around the ori-
gin where effect of weight is low and coarser
approximation far away from the origin where

the effect of weight function is high.

HEHFER
1. (RRTE) B EEEA ERERY 7 22
DY z—TVLy b KB BEEGR
UANDISH, BHASHBEER 5 18 [
HEEERER, AV T4 VB, 2022 3
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(f& L5 ) Towards a topological interpreta-
tion of the Legendrain contact homology of unit
conormal bundles (BAIRELHRHDIL Y ¥ » R
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DA & WHEE C* B2 £ D modular flow (2T
% KMS-weight @ — &Mk & OBIRIZDWT H
7z, HEEEE TR C* B CHG) DR
B C|G] LCHRAIGOBREZE D B4 /I
Ko TERBR ML —ANELN, G A C* BiiFE
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XTIA Xiaokun

Summary of Research

According to the Givental-Teleman reconstruc-
tion, the generating function is expressed in
terms of a differential operator, constructed
from Dubrovin connection, and a product of
tau-functions of the KdV hierarchy. These tau-
functions come from the generating function of
Gromov-Witten invariants for the point. One
of the problems in general that we would like
to solve is to construct a system of Hirota bi-
linear equations for the total descendent poten-
tial. In fact, there is a general construction of
vertex operators suggested by Givental in his
paper. Givental’s construction is straightfor-
ward to generalize for any semi-simple Frobe-
nius manifold.The vertex operators correspond-
ing to reflection vectors are the ones that con-
jugate to the vertex operators for the KdV hi-
erarchy. Therefore we expect that the vertex
operators corresponding to the reflection vec-
tors would play a key role in constructing Hi-
rota quadratic equations. Hence, it comes our
interest in classifying reflection vectors corre-
sponding to semi-simple Frobenius manifolds.
We expect that vertex operators corresponding
to reflection vector should be used to construct
integrable hierarchies in the form of Hirota bi-
linear equations for the total descendent poten-
tial of Givental. We find all the reflection in a
special case. The technic we used in special

case can be generalized to the general case.

WINGS-FMSP activities

1. I reported my progress of FMSP program
with my second supervisor last year and
got some advises from my second supervi-
SOT.

2. I take the course Frontiers of Mathemat-
ical Sciences and Society III. The topic I
chose is machine learning. I am planning
to figure out whither I can use some geo-
metric technic to compute the Weiserstain

distance which is a very useful tool in ma-

chine learning.
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1. Tasuki Kinjo. Dimensional reduction in
cohomological Donaldson-Thomas theory.
Compositio Mathematica 158.1 (2022):
123-167.

2. Tasuki Kinjo. Virtual classes via vanish-
ing cycles. arXiv preprint arXiv:2109.06468
(2021).

3. Tasuki Kinjo and Naruki Masuda. Global
critical chart for local Calabi-Yau three-
folds. arXiv preprint arXiv:2112.10052
(2021).

4. Tasuki Kinjo and Naoki Koseki. Cohomo-
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preprint arXiv:2112.10053 (2021).
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logical Donaldson—Thomas theory
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4. Virtual classes via vanishing cycles, As-
pects of Mirror Symmetry 2021. Zoom.
2021 % 8 A 20 H.

5. Virtual classes via vanishing cycles, KIAS
geometry seminar (online), Korea Institute
For Advanced Study. 2021 £ 10 A 14 H.

6. Virtual classes via vanishing cycles, Alge-
braic Geometry Seminar (online), Oxford
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Summary of Research

My research this year is divided into the follow-
ing two parts.

(1) Free probability theory and its applications.
This year I have been involved in the course,
Frontiers of Mathematical Sciences and Society
III, to study and solve questions about natu-
ral disasters such as floods and their influences.
Therefore, I started to study free probability
theory, random matrix theory and their appli-
cations to econophysics.

Free probability was initiated by Voiculescu in
order to study the (non-)isomorphisms of free
group factors. Roughly speaking, it studies
non-commutative random variables which can
be viewed as a generalization of classical prob-
ability theory. The theory is then found to be
very effective when dealing very large quanti-
ties of data(random variables) and widely stud-
ied in the fields of data analysis and statistical
theory.

I have studied part of the theory from the per-
spective of operator algebras and now studying
its applications to random matrices through the
book, A First Course in Random Matriz The-
ory, for Physicists, Engineers and Data Scien-
tists, in order to do some collaborative research
with other group members.

(2) Further study of ultraproducts and W*-
tensor categories.

I also further studied the problem about index
of central sequence subalgebra in my master
thesis. However, as the study of free proba-
bility theory is simultaneously conducted, the
problem has not been solved due to the limit of
time.

Another part of my research in operator alge-
bras is the study of C*/W*-tensor categories.
I was suggested by my supervisor to study a
recent paper about tensor categories and Q-
systems, which provides an algebraic method

to reconsider the generalized version x(M) of

Connes’ characteristic group of a von Neumann
algebra M and gives an interesting braiding
structure on this tensor category.

Further studies on the above two topics will be

taken into consideration later.

WINGS-FMSP activities

Frontiers of Mathematical Sciences and Society
ITI.
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