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0 Commercialized products(0By our mathemat-
ical theory of vision and visual illusions, we de-
signed illusion arts for a chocolate can sold by
Rokkatei and for a cover of the book ”Ekkyou
suru Sugaku” (Iwanami Publ.).

0 ExhibitionsO (1) 2013 Taipei Int’l Invention
Show & Technomart. (2) TechInnovation 2013.

(3) AUTM Asia 2013. (4) Mizuta Museum. (5)
Innovation Japan 2013. etc.

0 Moviel Supervision of a movie by Yokohama
Daisekai, Japan. The title is ”Optical Illusion
Laboratory”.

0 Mediald Our research was reported promi-
nently in the following newspapers: Ni-
honkeizai(2012), Yomiuri(2014,2012), Kyodot-
susin(2012), etc.

O Misc.dO We have established a new method for

analyzing visual illusions. We call it ”structure
analysis of visual illusions” (see our paper 2 in
B for details).
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and applications to image processing, in
Mathematical Progress in Expressive Im-
age Synthesis, MI Lecture Note Vol. 50,
2013, pp. 84-89.

2. 0000000000: 00000000
000000000 0000000055
(2012), 309-333.

3. H. Arai and S. Arai: Framelet analysis of
some geometrical illusions, Japan J. Indus-
try and Appl. Math., 27 (2010), 23-46.
(20130 00000000000000)

4. H. Arai and S. Arai: 2D tight framelets
with orientation selectivity suggested by
vision science, JSIAM Letters 1 (2009), 9-
12. (Invited Paper).
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Roughly speaking, an arc is a very small por-
tion of a curve and m-jet is an approximation
of order m of a small portion of a curve. The

space of arcs is the set of all arcs on a scheme

and the space of m-jets (jet scheme) is the set
of all m-jets on a scheme. These spaces have
the natural scheme structures and reflect the
properties of the base scheme. The space of
arcs and the space of m-jets was introduced in
a short preprint of 1968 by John Forbes Nash.
He posed a problem (called the Nash problem)
which predicts the existence of the bijection be-
tween the irreducible components of the set of
arcs passing through the singular locus and the
essential divisors of the resolutions of the singu-
larities. Recently, the theory of the arc space
has developed with many application to bira-
tional geometry.

Ishii associates a divisorial valuation to an ir-
reducible closed subset in the arc space and
studies the inclusion relation between two irre-
ducible closed subsets and proves that the in-
equality of the valuations implies the inclusion
of the corresponding irreducible subsets but the
converse does not hold in general. The codi-
mension of the irreducible subset is proved to
be written in terms of the Mather discrepancy
at the corresponding valuation.

It is a interesting problem how the proper-
ties of the jet schemes affect to the proper-
ties of the base scheme. She proves that the
scheme is non-singular if one of the jet schemes
is non-singular. It is also proved that the
scheme is non-singular if one of the trunca-
tion morphisms is flat. For a morphism of
schemes, if the induced morphism of the m-jet
schemes is isomorphic, then the morphism of
the schemes is isomorphic. But it is proved
that the isomorphisms of all jet schemes do
not imply the existence of an isomorphism of
the schemes. Some properties (Q-Gorenstein,
canonicity, log-canonicity, terminality, com-
plete intersection) of the jet scheme are inher-
ited by the base scheme. The evidence ob-
served by many people: “the jet schemes have
a property, then the base scheme has a better
property” leads a problem “if all jet schemes
have at worst rational singularities, then is the
base scheme non-singular?”. This problem is
answered negatively by using positive charac-

teristic method.



Usual discrepancy is defined on a normal Q-
Gorenstein variety. On the other hand, Mather
discrepancy, which has good properties in the
view point of jet scheme theory, and Jaco-
bian ideal can be used for describing singulari-
ties (non Q-Gorenstein, even non-normal sin-
gularities) instead of usual discrepancy. We
can see that many discussions go well, sim-
ilarly to usual discrepancy. By using this
Mather-Jacobian discrepancy, we can define
Then, we obtain that it

has many good properties as usual multiplier

a multiplier ideal.

ideal on a non-singular variety. 1 studied
“canonical singularities”, ”log-canonical singu-
larities” defined by using Mather-Jacobian dis-
crepancy and determined the canonical singu-
larities and log-canonical singularities up to di-
mension 2. I proved the Mather-Jacobian ver-
sion of Shokurov’s conjectures. I will study the
behavior of Mather-Jacobian singularities un-
der a deformation and apply it to the descent

problem to a regular scheme.
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St. Pure Math. 56, (2009), 187-199
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Sci. Canada. 32, (2010) 19-23
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Acad. Sci. Paris 348, (2010) 985-988
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Topology, Strasbourg 2009, TRMA Lec-
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Physics, 20, (2012), 39-49
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index one, J. Math. Sci. Univ. Tokyo. 19,
(2012), 135-138

6. S. Ishii: Introduction to arc spaces and
the Nash problem, Sugaku Expositions 25
(2012), no. 2, 221-242.
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(1), (2013), 89-111
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9. S. Ishii and A. Reguera: Singularities with
the highest Mather minimal log discrep-
ancy. Math. Zeit. 275, (3-4), (2013), 1255-
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12th International Workshop on Real and
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shop on Higher Dimensional Algebraic Ge-
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ity Symposium, 2013.12.11, Hanoi
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gust 24-28, 2009, Strasbourg, France
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(a) We are trying to find minimal hypersurfaces
in the symmetric domain of type IV, as many as
possible. This is an attempt to generalize the
project of the former year : ”investigation of
the cell decomposition of the Gottschling fun-
damental domain of the Siegel modular group
of genus 2 in the Siegel upper half space, from
differential geometric view-point”.

(b) The paper on the explict formula for the ra-
dial part of ”the matrix coefficients of the large
discrete series of SU(3,1)” is completed (joint
work with Hayata, T., Koseki,. H., Miyazaki
Tadashi) and submitted to a journal.

(c) We are trying to enhance and to rewrite
the formula formuas of various spherical func-
tions on Sp(2,R) and SU(2,2). This is partly
a joint work with Gon, Yasuro of Kyushi Univ.



(d) The joint paper with Taku Ishii : “Calcu-
lus of principal series Whittaker functions on
SL(n,R) “ is published in Journal of Func-
tional Analysis.

The way of research to have explicit integral
expression and power series expansion of prin-
cipal series Whittaker function was initiated by
Daniel Bump for SL(3,R) case, and general-
ized to SL(n,R) case by Eric Stade. We believe
that we can put a period in this direction. But

there are many new related other problems.
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Yuval Flicker (Department of Mathematics,
The Ohio State University, Columbus, USA)
Field: Automorphic forms, esp. Selberg trace
formula and its application

Talks: Counting automorphic representations,
I and II. (September, 2013)

Pierre Charollois (000 6 0 0) Field: Auto-
morphic forms

Talk: Explicit integral cocycles on GLn and

special values of p-adic partial zeta functions.
(October, 2013)

Dihua Jiang (School of Mathematics, Univer-
sity of Minnesota, Minneapolis, USA.)

Field: Automprphic forms, esp. L-functions
and related problems

Talks: A product of tensor product L-functions
of quasi-split classical groups of Hermitian
type, I and II. (Jan. 11, 2014)

Gombodorj Bayarmagnai: (National University
of Mongolia, Ulan-Baatar, Mongolia)

Field: Automorphic forms, esp. special func-
tions on Lie groups,

Talk: On the three dimensional Whittaker
functions on SU(2,2), Feb. 2, 2014,

Neven Grbac (Department of Mathematics,
University of Rijeka, Croatia)

Field: Automorphic forms, Eisnestein series
and residual spectrum,

Talk: The Franke filtration of spaces of auto-
morphic forms, Feb. 5, 2014
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1. Systems of fifth-order non-linear par-



tial differential equations describing sur-
faces which include several continuous
families of circles

We consider any C®-class surface in R?, which
includes several continuous families of circular
arcs. For example, any solid torus T? (4 fam-
ilies of circles), Blum’s cyclides (6 families of
circles). In the past years, with Professor N.
Takeuchi of Tokyo GAKUGEI Univ., we found
some systems of fifth-order non-linear partial
differential equations describing surfaces which
include several continuous families of circular
arcs, and proved the necessity and the suffi-
ciency of such systems. Further, for any sur-
face including two continuous families of circu-
lar arcs, we proved that our system of two par-
tial differential equations reduces to a finite sys-
tem of ordinary differential equations of poly-
nomial type for some five unknown functions of
one variable.

2. On the expression of the composition
of pseudodifferential operators by kernel
functions

We proved some decomposition theorem, which
is useful to see the compatibility of composi-
tions for analytic pseudodifferential operators
between kernel function expressions and coho-

mological expressions.
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360. (DOL 10.1016/j.bulsci.2012.09.002).
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(2011.1), 142-149.
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. A system of fifth-order nonlinear partial
differential equations and a surface which
contains many circles, Global COE Inter-
national Mini-Workshop of the University
of Tokyo in 2010 “Microlocal Analysis and
Partial Differential Equations”, November
2010.
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Following the work done in the previous
I went on the
One of the

main achievements is a discovery of higher-

academic year by myself,

study on Schwarzian derivatives.

dimensional Hill’s equation. As is well known,
in real dimension one there is 1-1 corre-
spondence between the quadratic differentials
and the projective structures via Hill’s equa-
tion, and this is one of the places where the
Schwarzian derivative shows up. It was real-
ized that such a correspondence survives even
in the higher dimensions. The higher dimen-
sional Schwarzian derive I rediscovered years
ago appears in this context again. Applications
not only to rigidity problems for group actions

but also to the theory of integrable systems are



expected. Also, I worked on stability of proper

discontinuity of group actions, as well.
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With Bischoff and Longo, we have proved that
Rehren’s construction producing the general-
ized Longo-Rehren subfactor and the full center
construction of Fuchs-Runkel-Schweigert coin-
cide for a Q-system arising from a modular ten-
sor category. This proves a conjecture of Kong
and Runkel. As an application, we have classi-
fied boundrary conditions in boundary confor-
mal field theory and clarified relations between
removing and adding a boundary.

With Bischoff, Longo and Rehren, we have also
studied and classified defects in boundary con-
formal field theory within the operator alge-

braic framework.
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The derived category of a weighted projective
space Plag,...,a,) is generated by > a; in-
vertible sheaves when it is regarded as a quo-
tient stack [(k"T1\ {0})/G..], and by n + 1
invertible sheaves when it is regarded as a quo-
tient stack [P"/]],Z/(a;)]. These invertible
sheaves are examples of exceptional objects.
But when we regard it as an algebraic variety
with singularities, the derived category is more
complicated since it has infinite homological di-
mension. I proved that the derived category of
a weighted projective plane is generated by ex-
ceptional objects defined over certain artinian
rings. Such objects are locally free sheaves ob-

tained from non-invertible reflexive sheaves by

non-commutative deformations.
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Campana, Luminy, France, October 7-11,
2013.

The derived category of toric wvarieties.
University of Milano, Italy, October 1,
2013.

Toric MMP and SOD. PRAGMATIC
2013, University of Catania, Italy, Septem-
ber 16-27, 2013.

. On tilting generators. Classification of Al-

gebraic Varieties and Related Topics, Ce-
traro, Italy, September 8-15, 2013.

. Derived categories in algebraic geometry.

The 6th Pacific Rim Conference on Math-
ematics, Sapporo, July 3-6, 2013.

. Some remarks on tilting generators. Bira-

tional Geometry and GIT, Wien, Austria,
May 21-24, 2013.

. Minimal models and Fourier-Mukai part-

ners. Conference on complex geometry in
memory of Hans Grauert, University of
Goettingen, Germany, September 17-20,
2012.

. Derived categories from the viewpoint of

the minimal model program. Algebraic and
Complex Geometry, Hannover, Germany,
September 10-14, 2012.

. Birational geometry and derived cate-

LMS-EPSRC Durham Symposia
”Interactions of birational geometry with
other fields”, England, July 2-7, 2012.

gories.

Derived categories in algebraic geometry.
Algebraic Geometry Conference, Chula-
longkorn University, Bangkok, Thailand,
December 19-23, 2011.
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1. Algebra and Number Theory

2. Mathematical Research Letters
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Organizers:

ties in Positive Characteristic.
59, 2013.
Yoshinori Gongyo,
Shunsuke Takagi. http://www.ms.u-
tokyo.ac.jp/documents/BGSP.pdf

November

Yujiro Kawamata,

. 5th Algebraic Geometry in East Asia.

Morningside Center of Mathematics, Bei-
jing, China, October 14-18, 2013. Sci-
Jungkai CHEN, Yu-
jiro KAWAMATA, JongHae KEUM, Xi-
aotao SUN and Stephen YAU. Organiz-
ing committee: Yifei CHEN and Baohua
FU. http://www.math.ac.cn/AGEA2013/
AGEA2013.htm

entific committee:

. Classification of algebraic surfaces and

compact complex manifolds. Grand
Hotel San Michele, Cetraro, Calabria,
Italy, September 9-14, 2013. Organiz-

ers: Fabrizio Catanese (Bayreuth), Lud-
mil Katzarkov (Wien), Yujiro Kawamata
(Tokyo), Roberto Pignatelli (Trento),
Gang Tian (Princeton), Alessandro Verra

(Roma III).

good
August 21-25, 2013.
Yoshinori Gongyo,

goooooao,
Organisers: Yujiro

Nat-
suo Saito, Kaori Suzuki, Shunsuke Tak-
agi.
cu.ac.jp/ natsuo/Tambara2013.html

Kawamata, Masanori Kobayashi,

http://www.math.info.hiroshima-

. The Second Pacific Rim Mathematical

Association (PRIMA) Congress. Shanghai
Jiao Tong University, China, June 24-28,
2013.

Scientific Committee: Alejandro



Adem, Federico Ardila, Marston Con-
der, David Eisenbud, Yakov Eliashberg,
Nassif Ghoussoub, Tony Guttmann,
Le Minh Ha, Shi Jin, Alejandro Jofre,
Yujiro Kawamata, JongHae Keum,
Doug Lind, Kyewon Koh Park, Shige
Peng, Jose Seade, Gang Tian, Tatiana
Toro.  http://www.math.info.hiroshima-

cu.ac.jp/ natsuo/Tambara2013.html

6. Complex Algebraic Geometry.  Math-
ematisches Forshungsinstitut Ober-
wolfach, Germany, 26 May—1 Jun,
2013.  Organizers: Fabrizio Catanese
(Bayreuth), Christopher Hacon
(Salt Lake City), Yujiro Kawamata
(Tokyo), Bernd Siebert (Hamburg).
http://www.mfo.de/occasion/1322/

WWW_view

7. The Commutative Algebra of Sin-
gularities in  Birational = Geometry.
MSRI  Berkeley, California, USA,
May 6-10, 2013.  Organizers: Craig
Huneke; Yujiro Kawamata; Mircea Mus-
tata; KE Smith; Keiichi Watanabe.
http://www.msri.org/workshops/639
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Nonlinear nonequilibrium phenomena appear
in various natural phenomena and understand-
ing these phenomena is important in various
science and technology. Among them nonlinear
parabolic equations describing nonlinear phe-
nomena are important to study. We studied
various properties of solutions and contributed
to understanding analytic properties of equa-

tions.

1. Navier-Stokes equations: Navier-Stokes
equations are fundamental equations of
fluid mechanics. They are widely used to
describe motion of incompressible viscous
Newtonian fluids. However, it is a famous
open problem whether or not a smooth
solution exists globally-in-time for three-
dimensional flow when the initial veloc-
ity is not necessarily small. This prob-
lem became one of the famous seven un-
solved mathematical problems posed by
Clay Institute in 2000. There are sev-
eral researches on what happens when the
smooth solution blows up in finite time.
Among them, it has been known since
1990s that the blow-up does not occur
when the vorticity direction is uniformly
continues. However, the statement is only
for solutions of finite energy. It excludes
almost periodic solutions. To overcome
this difficulty we introduce a new method
called a blow-up argument which is famil-
iar in geometric analysis and prove that
the blow-up does not occur for solutions
when the vorticity direction is uniformly
continuous even if th e solution is of infi-
nite energy provided that blow-up is type
I. The major reason is that solution is
asymptotically two-dimensional. Apply-
ing a blow-up argument a long-standing
open problem concerning analyticity of the
Stokes semigroup in spaces of bounded

functions for a bounded domain is solved.

2. Estimates on extinction time for total vari-
ation flow: The total variation flow is of-
ten used in image processing. It is a sin-
gular diffusion equation. It is also ap-

plied to describe growth of facets on a
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crystal surface from macroscopic point of
view. This equation is one of subdifferen-
tial equations. The behavior of solutions is
not well-studied especially for a fourth or-
der problem. It is expected that the solu-
tion vanishes in finite time but there were
no rigorous mathematical arguments. We
successfully derived an upper bound on the
extinction time by some norms of initial
data (when we impose the periodic bound-
ary condition.) Key mathematical ingre-
dients are (i) energy estimates (ii) interpo-
lation inequality involving negative order
derivatives (iii) growth of a weak norm of
the solutions. The interpolation inequal-
ity itself is interesting by itself. This is
extended to the Dirichlet problem.

. Free boundary problem: It is important to

know under what condition growing flat
face is formed for seeds of crystal. This
problem is fundamental in crystal growth.
We studied model with anisotropic Gibbs-
Thomson effect on crystal surfaces. Its
evolution equation includes subdifferential
of singular interfacial energy, which may
not be viewed as usual partial differential
equations. We proved that any solution
growing from small convex shape forms
flat part instantaneously when supersatu-

ration outside crystals is given.

B.ODOOO

1. Y. Giga, P. Gérka and P. Rybkall “Evo-

lution of regular bent rectangles by the
driven crystalline curvature flow in the
plane with a non-uniform forcing term”,
Advances in Differential Equations 18
Numbers 3-4 (2013) 201-242.

. K. Abe and Y. GigaO “Analyticity of the

Stokes semigroup in spaces of bounded
functions”, Acta Mathematica 211 no. 1
(2013) 1-46.

3. Y. Giga and N. Hamamuki(l “Hamilton-

Jacobi equations with discontinuous
source terms”, Commun. Partial Differen-
tial Equations 38 (2013), 199-243.
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10.

11.

Y. Giga, P. Goérka and P. Rybkall “Evo-
lution of regular bent rectangles by the
driven crystalline curvature flow in the
plane with a non-uniform forcing term”,
Advances in Differential Equations 18
Numbers 3-4 (2013), 201-242.

. Y. Giga and G. Pisante] “On represen-

tation of boundary integrals involving
the mean curvature for mean-convex do-
mains”, Proc. ERC Workshop on “Geom-
etry Partial Differential Equations” (eds.
M. Novaga et al.), Centro di Ricerca
Matematica Ennio De Giorgi (2013), 171
187.

. M.-H. Giga, Y. Giga and A. Nakayasull

“On general existence results for one-
dimensional singular diffusion equations
with spatially inhomogeneous driving
force”, Proc. ERC Workshop on “Geom-
etry Partial Differential Equations” (eds.
M. Novaga et al.), Centro di Ricerca
Matematica Ennio De Giorgi (2013), 145
170.

. M.-H. Giga and Y. Gigal “Ketshoseicho

mondai to Kyotokui Kakusan Hoteishiki”,
Tjokakusan no Suri, RIMS Kokytiroku (in
Japanese) 1857 (2013), 33-56.

. M.-H. Giga, Y. Giga and N. Pozar] “Nen-

seikai riron ni yoru Kyotokui Kakusan
Hoteishiki no sugaku kaiseki”, Ijokakusan
no Suri, RIMS Kokytroku (in Japanese)
1857 (2013), 57-77.

. M.-H. Giga and Y. Gigall “On the role

of kinetic and interfacial anisotropy in the
crystal growth theory”, Interface and Free
Boundaries 15 (2013), 429-450.

M.-H. Giga, Y. Giga, T. Ohtsuka and N.
Umeda “On behavior of signs for the heat
equation and a diffusion method for data
separation”, Comm. Pure Appl. Anal. 12
no. 5 (2013), 2277-2296.

Y. Giga, Q. Liu and H. Mitake[D “Singular
Neumann problems and large-time behav-

ior of solutions of noncoercive Hamilton-
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12.

1.

Jacobi equations”, Trans. Amer. Math.
Soc. 366 no. 4 (2014) 1905-1941.

M.-H. Giga, Y. Giga and P. RybkaO “A
Comparison Principle for Singular Diffu-
sion Equations with Spatially Inhomoge-
neous Driving Force for Graphs”, Archive
for Rational Mechanics and Analysis 211
Issue 2 (2014) 419-453.
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20120 70.

.go0od,0oo0boo0booboboobaon
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ooooooboon, 20120 70.

. A viscosity approach to total variation

flows of non-divergence type, ERC Work-
shop on Geometric Partial Differential
Equations, Centro di Ricerca Matematica
Ennio De Giorgi (Italy), 20120 90.

. Blow-up arguments and the Navier-Stokes

equations, 0 0000 OOOOOOODOO
2012, DO0O0O0oOOOOOoOOo, 20120 9
.

. On geometric regularity criteria for the

Navier-Stokes equations, Colloquium, So-
gang University (Korea), 20120 11 0.

. Analyticity of the Stokes semigroup in

space of bounded functions, Analysis Sem-
inar, Courant Institute of Mathematical
Sciences (USA), 20130 4 0.

. Analyticity of the Stokes semigroup in

spaces of bounded functions, CCMA PDEs
and Numerical Methods Seminar Series,
The Pennsylvania State University (USA),
20130 5 0.

. On a non-blow up criterion involving vor-

ticity direction under the non-slip bound-
ary condition for the three-dimensional
Navier-Stokes flow, The
Equations and Related Topics, University
of Oxford (UK), 20130 90.

Navier-Stokes
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1.

Total variation flow of non-divergence type
in multi-dimensional spaces and related
topics, Quasilinear PDEs and game the-
ory, Uppsala University (Sweden), 2013 O
120.

Boundary integrals involving the mean
curvature for mean-convex domains, Inter-
national Workshop on PDEs and Related
Topics in Nonlinear Problems, 0 0O 0O O,
20140 20.

go

The Navier-Stokes equations with spa-
tially non decaying data : OO DODODOO
OO00ooooooooooooooon
Oo0oooooooooooooooon
O000o0DooU0oOoooooooo@o
O O0ORoyal Academy of Engineering, UK,
20120 10 70-90)

. Evolution equations with very singular dif-

fusivity L I, I, IV : 00O 0O0OOCOOOO
O000oooooooooooooooon
goooooobooooboooobod
OooooooooOooOooUoooo(@Eo
O OO University of Pittsburgh, USA, 2013
04029050 20)

E.0DOOOOD

1.

000000 OO0 (SUZUKI Takuya):
Analyticity of semigroups generated by
higher order elliptic operators in spaces
of bounded functions on non smooth do-

mains.

. 000000 0O (NAMBA Tokinaga):

Homogenization of Hamilton-Jacobi equa-

tions under various conditions.

.000000 00 (YONEOKA Kenji):

gbooooooooobooboboboo
gooooooon.

00000000 O (ABE Ken): The

Stokes semigroup on non-decaying spaces.

.00000000 O (HAMAMUKI Nao):

A few topics related to maximum princi-

ples.
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6.

0000000 00 (HSU Pen-Yuan):
Liouville type theorems for the Navier-

Stokes equations and applications.
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. Yoshikazu Giga, Hitoshi Ishii and Antonio

Siconolfi, Weak KAM Theory and Related
Topics, Graduate School of Mathematical
Sciences, The University of Tokyo, 2013 O
10 150-180.

Matthias Hieber and
Edriss S. Titi, Geophysical Fluid Dy-
namics, Mathematisches Forschungsinsti-
tut Oberwolfach, 20130 20 170-230.

M. Elliott, Yoshikazu Giga,
Michael Hinze and Vanessa Styles, In-
terfaces and Free Boundaries: Analysis,
Control and Simulation, Mathematisches
Forschungsinstitut Oberwolfach, 2013 0 3

0240-300.

.0000,0000,0000,00000

ooboooooogo yv,00o000000
oooooo,20130 50 270-290.

.0000,0000,0000,0000

The 6th Pacific RIM Conference on Math-
ematics 2013, 00000 0C0O0OOOOOO,
20130 70 10-50.

.0000,0000,0000,00000

u,00o0o0o0oboano, 20130 70 290~
310.

.0000,0000,0000,0000,0

00,00000,00000,0000,0
000,0000,03800000000
00000000,00000000, 2013
080 210-230.
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Boundaries in Laplacian Growth Phenom-
ena and Related Topics, 00O O0OOOO,
20130 100 140-170.

Workshop on Free

.0000,0000,0000,00000
000000000 VI, 00000000
0D000O00,20130 100 300-110 1
0.
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1. Abstract and Applied Analysis
2. Advances in Differential Equations

. Advances in Mathematical Sciences and

Applications

. Boletim da Sociedade Paranaense de

Matematica

5. Calculus of Variations and Partial Differ-

ential Equations
. Differential and Integral Equations
. Hokkaido Mathematical Journal
. Interfaces and Free Boundaries
. Journal of Mathematical Fluid Mechanics
Mathematische Annalen

10.

11. Taiwanese Journal of Mathematics

G. 00O

1. 0000 (20100)

2. 00000000000 (20120)

H.OOOOODOOO

1. Matthias Hieber (Technische Universitét
Darmstadt)
0 O O OAnalysis of the simplified Ericksen-
Leslie model for liquid crystals, PDE O O
oo, bogoboooobooooog,
20130 70 230.

2. Bjorn Gustavsson (KTH Royal Institute of
Technology)
O 00O O Some applications of partial bal-
ayage, PDEDOOOOO, 0000000
doooooo, 20130 100 180.
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3. Armin Schikorra (MPI for Mathematics in
the Sciences, Leipzig)
0 O O OFractional harmonic maps and ap-
plications, PDEO DO OODOO, 00000
Oo0oOoooooo,20130 100 220.

. Reinhard Farwig (Technische Universitét
Darmstadt)
0 0O 0O O Optimal initial values and regu-
larity conditions of Besov space type for
weak solutions to the Navier-Stokes sys-
tem, PDEOOOOODO, 00000000
goooogo, 20130 110 120.

5. Mark Willkinson

supérieure - Paris)

(Ecole  normale
0 OO O Eigenvalue constraints and regu-
larity of Q-tensor Navier-Stokes dynamics,
PDEOOOOOO, 0000000000
ooo0,20130 110 130.
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(1) Wiener functional 00000000000
000ooo00
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I did research on the following topics.

(1) The characteristic function of quadratic
Wiener functionals.

(2) Numerical computation by Monte Carlo

methods for pricing Bermudan Derivatives.

B.OOOO

1. S. Kusuoka and Y. Morimoto Stochastic
mesh methods for Héormander type diffu-
sion processes, to appear in Advances in
Mathematical Economics ed. S.Kusuoka,
M.Maruyama vol.18 (2014).

2. S. Kusuokall Gaussian K-Scheme: Justifi-
cation for KLNV method, Mathematical



Economics ed. S.Kusuoka, M.Maruyama
vol.17 (2013), 71-120.

. S. Kusuoka and S. Liang[ Classical me-
chanical model of Brownian motion with
one particle coupled to a random wave
field, Stoch. Anal. Appl. 30 (2012), no. 3,
4937528.

. S. Kusuoka and T.NakashimdJA remark on
credit risk models and copula, Advances in
Mathematical Economics ed. S.Kusuoka,
M.Maruyama vol. 16 (2012), 53-84.

. S. Kusuokal A certain Limit of Iterated
CTE, Advances in Mathematical Eco-
nomics ed. S.Kusuoka, M.Maruyama vol.
13 (2010), 99-111.

. H. Fushiya and S.Kusuoka [0 Uniform Es-
timate for distributions of the sum of i.i.d.
random variables with fat tail, J. Math.
Sci. Univ. Tokyo 17(2010), 79-121.

. K. Kuwada, S. Kusuoka and Y. Tamurall
Large Deviation for stochastic line inte-
grals as LP current, Prob. Theory Related
Fields 147(2010), 649-674.

. S. Liang and S.Kusuokall A calassical me-
chanical model of Brownian motion with
plural particles , Reviews in Math. Physics
22(2010), 733-838.
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1. A remark on credit risk models and copula,

CREST and 4th Ritsumeikan-Frorence
Workshop on Risk, Simulation and related
Topics, 00000 APU(O0), 2012000

. Numerical Computation for the Expecta-
tion on Diffusion Processes, ICTAM 2011,
Vancouver, 20110 70

. Approximation of Expectation of Diffusion
Processes, Analysis, Stochastics, Applica-
tions, OO OOO, 20100 70O

. Approximation of Expectation of Diffusion
Processes with Dirichlet Boundary Condi-
tions, International Workshop on Mathe-

matical Finance: Topics on Leading-edge
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Numerical Procedures and Models, 0 OO
ooo,20100 20

5. Approximation of Expectation of Diffu-
sion Processes, Workshop on Computa-
tional Finance 00O 0O, 20090 8O
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1.Quantum symmetry in homological
representations of braid groups and the
space of conformal blocks

In conformal field theory derived from the
Wess-Zumino-Witten model on the Riemann
sphere, the conformal block bundle is a vector
bundle over the configuration space of points
on the Riemann sphere equipped with a flat
connection called the KZ connection. On
the other hand, homological representations of
braid groups are defined as the action of home-
omorphisms of a punctured disk on the homol-

ogy of an abelian covering of its configuration



space. These representations were extensively
studied by Krammer and Bigelow. Based on
solutions of the KZ equation expressed by hy-
pergeometric integrals, I proved that special-
izations of the homological representations of
braid groups are equivalent to the monodromy
of the KZ equation with values in the space
of null vectors in the tensor product of Verma
modules when the parameters are generic. I
described the action of quantum groups on the
space of homology with local coefficients and
recovered quantum symmetry in homological
representations. I also studied the case of res-
onance at infinity appearing in conformal field
theory and investigated the structure of inte-
gration cycles. In this case I described the sym-
metry by quantum groups at roots of unity. I
showed that the KZ equation is represented as
a differential equation satisfied by period inte-
grals for certain algebraic varieties, and is ex-

pressed as a Gauss-Manin connection.

2. Quantum representations of mapping
class groups at roots of unity

In conformal field theory, there is an action of
the mapping class groups on the space of con-
formal blocks defined by the monodromy rep-
resentation of a projectively flat connection for
a vector bundle over the moduli space of Rie-
mann surfaces. In a joint work with L. Fu-
nar we investigated the properties of the im-
ages of such quantum representations of map-
ping class groups. We make use of the structure
of image and kernel of Burau representations
of braid groups at roots of unity in relation
with Schwarz triangle groups. In particular,
we showed that the image of any Johnson sub-
group contains a non-abelian free group if the
genus and the level are sufficiently large. Fur-
thermore, we gave an answer to conjectures by
Squier concerning the kernel of Burau represen-
tations of braid groups at roots of unity. More-
over, we developed a method to construct sys-
tematically finite index subgroups of the map-
ping class groups and studied the abelianiza-
tions of such groups. We investigated the prob-
lem of Kazhdan property (T) for the mapping

class group.
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3. Morse-Novikov theory for hyperplane
arrangements

In a joint work with A. Pajitnov we developed
the circle-valued Morse theory for the comple-
ment of a complex hyperplane arrangement in
C". Based on Morse functions constructed by
P. Orlik and H. Terao, we showed that the com-
plement has the homotopy type of a space ob-
tained from a finite n-dimensional CW complex
fibered over a circle by attaching n-dimensional
cells. There have been many works concern-
ing the homology of a local system over the
complement of a hyperplane arrangement. We
focused on the Novikov homology attached to
an abelian representation of the fundamental
group of the complement and showed that the
Novikov homology vanishes except in dimen-
sion n for so called positive representations of
the fundamental group. This shows, in partic-
ular, that the weights defined by these repre-

sentation are non-resonant.

4. Massey products and twisted Novikov
homology

In another joint work with A. Pajitnov we in-
vestigated a relation between twisted Novikov
homology and homology with local coefficients.
Let X be a CW complex and p a finite di-
mensional complex representation of the funda-
mental group of X. Given a cohomology class
a € HYX,C) we consider the deformation
of p defined by v:(g9) = p(g) exp(t(a,g)). We
constructed a spectral sequence starting from
H*(X,p) converging to H*(X,v;) for generic
t, where the differentials are given by Massey
products. We showed that twisted Novikov ho-
mology for p and « is isomorphic to the homol-
ogy of the local system associated with ~; for
generic ¢t and that the jumping loci for « is the
union of finite number of integral hyperplanes
in H'(X,R). Moreover, we defined the notion
of “strongly formal” by encoding the cohomol-
ogy of local systems for the notion of formality
in rational homotopy theory. We studied this
notion in relation with non-abelian Hodge the-

ory.
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1. Analysis on non-symmetric spaces
This is a challenge to the global analysis on
homogeneous spaces beyond symmetric spaces.
1.A We introduced a notion of real spherical
manifolds in [11] with T.Oshima, and estab-
lished a geometric criterion for finite multiplic-
ities in the induced/restricted representations.
1.B a classification theory for certain real
spherical manifolds was given in [3].

1.C Jointly with Y. Benoist [2], we proved a cri-
terion for LP-temperedness of the regular repre-
sentation on G/H in the generality that G O H
are pair of reductive groups.

2. Analysis on minimal representations
Minimal representations are one of building
blocks of unitary representations. Classic ex-
amples are the Weil representation, and inten-
sive algebraic studies have been made since
1990s by many experts. In contrast, I pro-
posed yet another geometric approach to mini-
mal representations, by which we could expect
a fruitful theory on global analysis by mazimal
symmetries. It includes a conformal construc-
tion of minimal representations with B. @rsted
[Adv. Math. 2003]), a theory of unitary inver-
sion operator on the L?-model that generalizes
the Euclidean Fourier transform with G. Mano
([Memoirs of AMS, 1000, (2011)]), a deforma-
tion theory of the Fourier transform in [Com-
positio Math. 2012], a theory of new “special
functions” satisfying a certain ODE of order
four with G. Mano, Hilgert, and Mollers in [Ra-
manujan J. 2011], and a generalization of the
Schrodinger/Fock model in the framework of
the Jordan algebra [8], among others.

3. Multiplicity-free representations

The paper [7] gives a full proof of the propa-
gation theorem of multiplicity-freeness, which
produces various multiplicity-free results as
synthetic applications of the original theory of
visible actions on complex manifolds.

4. Discontinuous groups

Developing my continuing motif on discontin-

uous groups for non-Riemannian homogeneous



spaces, I initiated the study on discrete spec-
trum on locally non-Riemannian symmetric
spaces with F. Kassel [C. R. Acad. Paris 2011].
5. Restriction of representations

I accomplished with Y.Oshima the classifica-
tion of the triple (q,g,h) such that Zucker-
man’s derived functor modules Aq()\) decom-
pose discretely with respect to a reductive sym-
metric pair (g,h) in [Adv. Math. 2012] and
also some other small representations in [4]
In the category O, I have developed a sim-
ple and detailed study of discretely decompos-
Groups 2012], and
proposed an effective method to find singu-
lar vectors (‘F-method’ [6], [arXiv:1301.2111],
[arXiv:1303.3541] ).

able restrictions [Transf.
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20090 80 5-100 (with F. Gonzalez, T.
Kakehi and T. Oshima)

Scientific Committee, Conference in honor
of Takayuki Oda’s 60th birthday, O O O
0,20090 90 14-170O

ooooood, IPMU workshop: Quan-
tizations, integrable systems and represen-
tation theory, IPMU, OO DOODOODOOO
0,20090 110 5-60 (with M. Guest and
T. Kohno)

0000000, Representation Theory
and Harmonic Analysis, Oberwolfach,
Germany, 14-20 November 2010 (with B.
Krotz)

Scientific committee, Recent Develop-
ments in Harmonic Analysis and their
Applications, Marrakech, Morocco, 25-29

April 2011

O0O0D0000D0O, Branching Problems for
Unitary Representations, Max Planck In-
stitute for Mathematics Bonn, Germany,
25-29 July 2011 (with B. Qrsted and B.
Speh)

Scientific committee, Harmonic Analysis,
Operator Algebras and Representations,
CIRM, Luminy, France, 21-26 October
2012

0000000, Representations of Lie
Groups and Supergroups, Oberwolfach,
Germany, 10-16 March 2013 (with J.
Hilgert, K.-H. Neeb and T. Ratiu)

00000000 Session “Representation
Theory” in JSPS-DST Asian Academic
Seminar 2013: Discrete Mathematics & Its
Applications (O O OO O )0 the University
of Tokyo, Japan, 7 November, 2013.
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resentation Theory of Real Reductive
Groups, 0 0 015-18 February 2014, (with
T. Kubo, H. Matumoto and H. Sekiguchi).
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For an /-adic sheaf on an algebraic surface over
an algebraically closed field, I defined its char-
acteristic cycle as a cycle on the cotangent bun-
dle. The Euler number of an ¢-adic sheaf equals
the intersection number of the characteristic
cycle with the 0-section and the total number
of the space of vanishing cycles at an isolated
characteristic point to a morphism of a curve is
computed as the intersection number with the
section defined by the pull-back of a differential
form on the curve. This completes a result by
Deligne and Laumon around 1980. It is proved
by using recent results in ramification theory
together with an idea from rigid geometry.

Although a considerable amount of time was
wasted in reform of undergraduate education,

I managed to publish a textbook on calculus.

B.OOOO

1. K. Kato and T. Saito “Ramification the-
ory for varieties over a local field,” Publi-
cations Mathematiques, IHES. 117, Issue
1(2013), 1-178

T. Saito “The determinant and the dis-

criminant of a hypersurface of even dimen-
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sion,” Mathematical Research Letters. 19
(2012), no. 04, 855-871

. T. Saito “The second Stiefel-Whitney
classes of f-adic cohomology,” Journal fiir
die reine und angewandte Mathematik,
(2013), Issue 681, 101-147.

. T. Saito “Ramification of local fields with
imperfect residue fields I1I”, Mathematis-
che Annalen, 352, Issue 3 (2012), 567-580.

. A. Abbes and T. Saito “Ramification and
cleanliness”, Tohoku Mathematical Jour-
nal, Centennial Issue, 63 No. 4 (2011), 775-
853.

. A. Abbes and T. Saito
transform and epsilon factors”, Composi-
tio Mathematica, 146-6, (2010) 1507-1551.

“Local Fourier

7. T. Saito “Hilbert modular forms and p-
adic Hodge theory” Compositio Mathe-
matica, 145-5, (2009) 1081-1113.

. T. Saito “Wild ramification and the char-
acteristic cycle of an l-adic sheaf” Journal

de I'Institut de Mathematiques de Jussieu,
(2009) 8(4), 769-829

. A. Abbes and T. Saito “Analyse micro-
locale ¢-adique en caractéristique p > O:
Le cas d’un trait”, Publications RIMS 45-
1 (2009) 25-74
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1.1 000000000000 oooOooo
oo0ooodo 2040 10 110 004
O O Characteristic cycles of a constructible
sheaf on a surface, Arithmetic and Alge-
braic Geometry 2014, OO OOODOOO
20140 10 290

. The monodromy weight conjecture and
perfectoid spaces (after Peter Scholze), VI-
ASM Annual Meeting 2013, Hanoi, July
20-21, 2012.

. Wild ramification and the cotangent bun-
dle, 25/01/13 KIAS number theory sem-
inar, 20/02/13 IPMU Inter-desciprinary



. Introduction

Colloquim, 13/03/13 THES Seminaire de
mathematiques, 19/03/13 ENS a Lyon,
03/07/13 AMC 2013, Busan, 24/07/13
PANT (Pan Asia Number Theory) confer-
ence, VIASM,

to wild ramification of
schemes and sheaves,
School 2012: Ramification and Geometry
March 10-14, 2012, University of Arizona

in Tucson Uni Padova March 19-30, 2012

Arizona Winter

. Discriminant and determinant of a hyper-
surface of even dimension, 20110 7/27(0 )
doooboooo ooooo12300,00
000000 20110 8/2 (O)0Une apres-
midi de Geometrie Arithmetique a 'THES
12 septembre, 2011, 2011 Japan-Taiwan
Mini workshop on Arithmetic Algebraic
17-
19. Number theory seminar, University of
Chicago, 2012 Jan. 18, Arithmetic and Al-
of Tokyo,

Geometry and related topics, Nov.

gebraic Geometry 2012 Univ.
2012 Feb. 17.

. Discriminant and the determinant of a

complete intersection, Okinawa Shogaku,
10:00-11:20, Oct. 10, 2011, Workshop on
arithmetic geometry 2011

. Second Stiefel-Whitney class of ¢-adic co-
homology, 000D O0OOOOODOOO
20110 10 140 (O) Geometrie Arithme-
tique et motivique, CIRM, 19 septembre
2011. Galois Representations and Arith-
metic Geometry, Institut de Mathema-
tiques de Bordeaux, 15:15-16:15, July 11
2012. Orsay, 26-03-2013,

. An /-adic Riemann-Roch formula (joint
work with Kazuya Kato), Geometric Lang-
lands seminar, University of Chicago, 2012
Jan. 16, Conf. in honor of Jean-Marc
Fontaine, IHP O 0O O O, March 25, Reg-
ulator III, Barcelona O 0 0O O, July 20, O
O0o0ooooooo ooo 20100 12
060

. Wild ramification of schemes and sheaves,
ICM, Hyderabad O 0O O, August 27,
PANT, Kyoto O O, September 17, Witt
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vectors, foliations, and absolute de Rham
cohomology, Nagoya 0O O 2010 Nov 24,
Seoul-Tokyo Conference on Arithmetic
and Algebraic Geometry KIAS 0O 00O
2010 Nov. 26, Arithmetic and Algebraic
Geometry 2011 0 0O Jan. 22. 2010

10. Characteristic cycle of an ¢-adic sheaf, Ts-
inghua, Beijing 0 O, East Asia number
theory conference, 2009 Aug. 19-22.
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Let X be a submanifold in a projective space
PY. We consider the Gauss map from X to a
Grassmannian manifold G by assigning the tan-
gent plane to each point x € X. We can gen-
eralize this Gauss map by considering all linear



subspaces containing tangent planes, and can
describe a curvature of the embedded manifold
via these generalized Gauss maps. I gave an
effective estimate of the Pliicker degree in G of
these generalized Gauss map images in terms
of dim X, deg X and N.

B.OOOO
1. S. Takayama: “A  local ampleness
criterion  of torsion free sheaves”,
Bull. Sci. math. 137 (2013)
659-670.
2. G. Pacienza and S. Takayama: “On vol-

umes along subvarieties of line bundles
with non-negative Kodaira-litaka dimen-
sion”, Michigan Math. J. 60 (2011) 35-49.

. Ch. Mourougane and S. Takayama: “Ex-
tension of twisted Hodge metrics for
Ké&hler morphisms”, J. Differential Geom.
83 (2009) 131-161.

c.oooo

1. An effective birationality of pluricanonical
maps for a family of canonically polarized
manifolds over a curve, 00000000
ooooo,0o0o0000,20130 100.

. An effective birationality of pluricanonical
maps for a family of canonically polarized
manifolds over a curve, Complex Geome-
try Conference in honor of Professor Y.-
T. Siu’s 70th, KIAS, 00O, 00, 2013
as50.

. On complex geometry of pluricanonical
and adjoint bundles, 0000000000
gooog,oo0oono, 20130 20.

. Effective estimate on the number of defor-
mation types of families of canonically po-
larized manifolds over curves, 0 0 0 00O
oooopDoooooooooo,ogono
0,20120 30.

. Effective estimate on the number of de-
formation types of families of canonically
polarized manifolds over curves, Algebraic
Geometry in East Asia, 00 ,20110 110.
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. Metric positivity of higher direct images of
twisted sheaves of differential forms, RIMS
goodoooooooobooooodg
00,0000,2011090.

. On higher direct images of twisted sheaves
of differential forms, 6th Pacific RIM con-
ference, 10 OO, 20110 80O.

. Hodge metrics and the curvature of higher
direct image sheaves, ICM2010 Satellite
conference on Complex Geometry, Group
Actions and Moduli Spaces, Hyderabad,
India, 20100 80O.
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1. (00) OO0 00 (NOMURA Ryosuke):
Kahler-Ricei flow on minimal surfaces of

general type and its convergence.
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Takeshi Tsuji is working on p-adic Hodge the-
ory, p-adic cohomology and their applications.
In this academic year, he studied the cohomolo-
gies of p-adic étale perverse sheaves and arith-
metic D-modules on a smooth scheme over a
p-adic ring. In the case where the sheaves and
modules have singularities along the stratifica-
tion defined by a simple normal crossing divi-
sor, he had defined a notion of crystalline p-adic
perverse sheaves and had given a construction
of corresponding arithmetic D-modules (with
filtration and Frobenius) by reducing the prob-
lems to a theory for local systems on each stra-
tum (with a certain log structure). In this aca-
demic year, he further established a method
of computing cohomologies in terms of local
systems on the strata, which would allow us
to compare the two cohomologies. Concerning
the p-adic Simpson correspondence on a semi-
stable scheme over a p-adic ring, he finished
wring a paper on the construction of the sheaf
on Faltings site associated to a Higgs isocrys-
tal and a comparison of their cohomlogies. In
the process, he also accomplished a comparison
with another approach via torsors of deforma-
tions by A. Abbes and M. Gros, and studied a
characterization of generalized representations
arising from overconvergent Higgs isocrystals

by using a generalization of Sen’s theory.

B.OOOO

1. K. Bannai, S. Kobayashi and T. Tsuji,
On the de Rham and p-adic realizations
of the elliptic polylogarithm for CM elliptic
curves, Annales Scientifiques de 'ENS 43,
fascicule 2 (2010), 185-234.

2. T. Tsuji, On nearby cycles and D-modules
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of log schemes in characteristic p >
0, Compositio Mathematica 146 (2010),
1552-1616.

3. T. Tsuji, Purity for Hodge-Tate repre-
sentations, Mathematische Annalen 350
(2011), 829-866.

. L. Mlusie, C. Nakayama and T. Tsuji, On
log flat descent, Proceedings of the Japan
Academy 89, Ser. A, No. 1 (2013) 1-5.

5. T. Tsuji, Cohomology of Higgs crystals,
submitted.
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1. Arithmetic D-modules and weight spec-

tral sequences, Journées de Géométrie
Arithmétique de Rennes, Institut de
Recherche Mathématique de Rennes,

France 20090 70

2. Nearby cycles and D-modules of log
schemes in characteristic p > 0, East
Asia Number Theory Conference, 0 O O
0,20090 90

3. p-adic perverse sheaves and arithmetic

D-modules on a curve, Conférence de
Géométrie Arithmétique en [’honneur
de Jean-Marc Fontaine, Institute Henri

Poincaré, France 20100 3 0

. Semi-stable reduction and arithmetic D-
modules, Current trends in logarithmic ge-
ometry, Université Bordeaux 1, 2010 O 6
a

5. p-adic perverse sheaves and arithmetic D-
modules with singularities along a nor-
mal crossing divisor, Algebraische Zahlen-
theorie, Mathematisches Forschungsinsti-
tut Oberwolfach, Germany 2011 0 6 O

6. p-adic perverse sheaves and arithmetic D-
modules with singularities along a simple
normal crossing divisor, Arithmetic Geom-
etry week in Tokyo, 00O 00O, 20120 60
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1.

. Higgs crystals, Summer School:

. p-adic perverse sheaves and arithmetic D-

modules with singularities along a sim-
ple normal crossing divisor, Algebraic K-
theory and Arithmetic, Banach Center
Bedlewo, Poland, 20120 70

Higgs
bundles on p-adic curves and representa-
tion theory, the University of Mainz, 2012
09d

. The p-adic Simpson correspondence and

Higgs crystals, p-adic cohomology and its
applications to arithmetic geometry, 00 O
00,20120 100

The p-adic Simpson correspondence and
Higgs isocrystals, Conférence Théorie de
Hodge p-adique et Développements, THES,
France, 20130 90
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(0D0) 0000 (HIRANO Yuichi): Con-
gruences of Hilbert modular forms over
real quadratic fields and the special values

of L-functions.

. (00) 0000 (TAKIGUCHI Masahiko):

Periods of some two dimensional reducible
p-adic representations and non-de Rham

B-pairs.

. (00) 0000 (TAKEGAWA Hiroto):

On two-variable Iwasawa theory for
abelian extensions of imaginary quadratic

fields of degree divisible by p.

. (00)0000 (OYAMA Hidetoshi): PD

Higgs crystals and Higgs cohomology in

characteristic p.
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e [ studied on the group of real analytic dif-

feomorphisms. For U(1) fibered manifolds,
for manifolds admitting special semi-free
U(1) actions and for 2- or 3-dimensional
manifolds with nontrivial U(1) actions, we
show that the identity component of the
group of real analytic diffeomorphisms is a
perfect group. Herman showed the sim-
plicity of the identity component of the
group of real analytic diffeomorphisms of
tori 30 years ago and since that time there
had been no other real analytic manifolds
such that the identity component of the
group of real analytic diffeomorphisms is
perfect.

We show that any element of the identity
component of the group of C" diffeomor-
phisms Diff](R™)¢ of the n-dimensional
Euclidean space R™ with compact support
(1 £7r = o0, r#n+1)is written as a
product of two commutators. This state-
ment holds for the interior M™ of a com-
pact n-dimensional manifold which has a
handle decomposition only with handles of
indices not greater than (n—1)/2. For the
group Diftf" (M) of C" diffeomorphisms of a
compact manifold M, we show the follow-
ing for its identity component Diff" (M ).
For an even-dimensional compact mani-
fold M?™ with handle decomposition with-
out handles of the middle index m, any
element of Diff"(M?™), (1 < r < oo,
r # 2m+1) is written as a product of four
commutators. For an odd-dimensional
compact manifold M?™*! any element of
Diff"(M?™ )y (1 £ r < 00, 7 # 2m +
2) is written as a product of five com-
We showed also that For an
even-dimensional compact manifold M 2™
(2m > 6), Diff"(M?™)y (1 < r < oo,
r # 2m + 1) is uniformly perfect. We

mutators.

showed that for compact connected man-
ifolds M™ satisfying the condition above
for Diff" (M™)o to be uniformly perfect, the
group Diff"(M™)g is uniformly simple.

We showed that every element of the iden-

tity component Homeo(S™)q of the group
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. Takashi Tsuboi:

. Takashi Tsuboi:

. Takashi Tsuboi:

. Yoshihiro Ohta,

of homeomorphisms of the n-dimensional
sphere S™ can be written as one commu-
tator. We also showed that every ele-
ment of the group Homeo(u™) of homeo-
morphisms of the n-dimensional Menger
compact space u” can be written as one

commutator.

We proposed a new traffic model of RNA
polymerase II (RNAPII) on DNA dur-
ing transcription. According to its posi-
tion, an RNAPII protein molecule prefers
paths obeying two types of time-evolution
rules. One is an asymmetric simple exclu-
sion process (ASEP) along DNA, and the
other is a three-dimensional jump between
transit points in DNA where RNAPIIs are
staying.

B.OOOO

“Classifying spaces for
groupoid structures”, Foliations, Geom-
etry, and Topology: Paul Schweitzer
Festschrift, Contemporary Mathematics

498 (2009) 67-81.

“On the group of real
analytic diffeomorphisms”, Annales Scien-
tifiques de I’'Ecole Normale Supérieure, 49,
(2009) 601-651.

. Takashi Tsuboi: “On the uniform simplic-

ity of diffeomorphism groups”, Differen-
tial Geometry, Proceedings of the VIII In-
ternational Colloquium, Santiago de Com-
postela, 2008, World Scientific, Singapore
(2009) 43-55.

“On the uniform per-
fectness of the groups of diffeomorphisms
of even-dimensional manifolds”, Commen-
tarii Mathematici Helvetici, 87, (2012)
141-185. DOI: 10.4171/CMH/251

Akinobu
Yoichiro Wada, Yijun Ruan, Tatsuhiko
Kodama, Takashi Tsuboi, Tetsuji Toki-
hiro, and Sigeo Thara:

Nishiyama,

“Path-preference

cellular-automaton model for traffic flow



through transit points and its appli-
cation to the transcription process in
human cells” ,Physical Review E, 86,
(2012) 021918. DOI: 10.1103/Phys-

RevE.86.021918

. Takashi Tsuboi: “Homeomorphism groups

of commutator width one”, Proceedings

Amer. Math. Soc. 141, (2013) 1839-
1847. DOI: 10.1090/S0002-9939-2012-
11595-3
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. On the uniform perfectness of the group
of diffeomorphisms, Seminaire, Ecole Nor-
male Supeérieure de Lyon, France, 2009 [
60 2400
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dogooooood 20090 120 1300

. On the uniform perfectness of the group
of diffeomorphisms, Centro de Recerca
Matematica, Barcelona, Spain, 2010 O 7
O 130.
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ooooooo,201108030,40.

. Homeomorphism groups of commutator
width one, Poster at Geometry and Dy-
namics, Todai Forum, Ecole Normale
Supérieure de Lyon, 20110 100 170.

. Homeomorphism groups of commutator
width one, Plane Fields on Manifolds and
Diffeomorphisms Groups 2011, 00 OO0
oo0oooog20110 100 310.

. Homeomorphism groups of commutator
width one, Geometry in Dynamics -
Satellite Thematic Session, 6th European
Congress of Mathematics, Krakow, July 1,

2012

. Homeomorphism groups of commutator
width one, Seminar CalTech, December
17, 2012.
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Todai Forum 2011, Geometry and Dynam-
ics, ENS-Lyon, October 16 - 18, 2011, O
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Foliations 2012, June 24-30, 2012, Lodz,
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Asian Mathematical Conference, Busan,
June 30 - July 4, 2013, 00000000

Geometry and Foliations 2013, September
9-14, 2013, 00000000

Tokyo-Lyon Symposium, Geometry and
Dynamics 2013, September 15-16, 2013, O
ooooood

JSPS-DST Asian Academic Seminar 2013,
Discrete Mathematics & its Applications,
November 3 - 10, 2013, OO0 O O0OOO00O0O

H.OOOOODOOOO

e Gary Jensen (Washington University in
St.Louis) stayed from May 21 to May
27, 2013 and gave a talk titled ”Dupin
hypersurfaces in Lie sphere geometry”
in "Geometry and Analysis on Mani-
folds, A Memorial Symposium for Profes-
sor Shoshichi Kobayashi” on May 23.

e Szymon Walczak (Lodz University) stayed
from June 15 to July 14 and gave 4
FMSP Lectures on ”geometric applica-

tions of wasserstein distance”.

o Joergen E Andersen (Aarhus University)
stayed from July 15 to July 26, 2013 and
gave 3 lectures on moduli spaces and RNA

or protein.

e Michele Triestino (Ecole Normale Su-
perieure de Lyon) stayed from March 5 to
March 25 and worked on random dynam-
ical behaviour of circle diffeomorphisms,
with respect to the Brownian measures of

Malliavin and Shavgulidze.
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1. We construct surfaces whose images of cy-
cle maps from the Chow groups to their co-
homologies have big dimensions. To construct
elements in higher Chow groups, we consider
families of surfaces which have many lines. We
consider extensions of cohomologies associated
to these elements and compute the extension
classes arising from them. To compute them,
we use monodromy weight filtration and reduce
them to the local computations. To get the lo-
cal results, we use the monodromy actions on
the dilogarithmic function.

2. We study mixed Hodge structures arising
from cohomologies of surfaces related to hyper-
geometric functions of reducible exponets. We
introduce period map of reducible type and ob-
tain the inverse period map using theta func-
tions. These surfaces are realized as a covering
of the projective plane branching at configura-
To recover the configurations,
The pe-
riod map of this type has different tast from

tions of lines.

we need informations of extensions.

colassical ones.

3. We give an explicit formula of the degree
of the Plucker embedding of the Garssmann
varieities associated to vector bundles over al-
gebraic varieties. Using generating functions,
this formula can be written in beautiful form,

usind Kadel’s fomula for the Selberg integral.
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1. J. Broedel, O. Schlotterer, S. Stieberger
and T. Terasoma, All order alpha prime
-expansion of superstring trees from the

Drinfeld associator, Physical Review D (to

appear)
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1. Cohomological representation of
Grothendieck Teichmuller group, Re-

cent advances in Hodge theory: Period
Domains, Algebraic cycles, and Arith-
metic, UBC, Vancouver, 2013 O 6 O
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0.

. Hypergeometric identities and Brown-
Zagier identities, 00 O0O0O00O00O0O0O, O
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A construction of surfaces with non-trivial
Higher Chow groups, Arithmetic and Al-
gebraic Geometry, 0000000000
0,20140 10 270.

D.OO

1. 00001

E.00D00O0O0O0

1. (00)000 OO0 (SASAKI Tokio): An
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higher Chow group of a family of surfaces
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We study the distribution of singularities for
partial difference equations, in particular, the
bilinear and nonlinear form of the discrete
Korteweg-de Vries (dKdV) equation. By the
Laurent property, the irreducibility, and the co-
primeness of the terms of the bilinear dKdV
equation, we clarify the relationship of these
properties with the appearance of zeros in the
time evolution. The results are appliend to the
nonlinear dKdV equation and we formulate the
famous integrability criterion (singularity con-
finement test) for nonlinear partial difference
equations with respect to the co-primeness of

the terms.
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1. Masataka Kanki, Jun Mada and Tetsuji
Tokihiro: “Conserved quantities and gen-

eralized solutions of the ultradiscrete KAV



equation”, J. Phys. A: Math. Theor. 44
(2011) 145202 (15 pages).

. J. Mada and T. Tokihiro: “Two point cor-
relation functions for a periodic box-ball

system”, SIGMA 7, (2011) 027 (16 pages
).

. Keisuke Matsuya and Tetsuji Tokihiro:
“Existence and non-existence of global so-
lutions for a discrete semilinear heat equa-
tion 7, Discrete and Continuous Dynami-
cal Systems 31, (2011) 209-220 .

J. Satsuma and T. Toki-

“Direct ultradiscretization of Ai

. S. Isojima,
hiro:
and Bi functions and special solutions to
Painelevé 1T equation”, J. Phys. A: Math.
Theor. 45 (2012) 155203 (13 pages).

. Masataka Kanki, Jun Mada and Tetsuji
Tokihiro: “Soliton Solutions of a Gener-
alized Discrete KdV Equation”, J. Phys.
Soc. Jpn. 81 (2012) 084002 (5 pages).

. Yoshihiro Ohta, Akinobu
Yoichiro Wada, Yijun Ruan, Tatsuhiko
Kodama, Takashi Tsuboi, Tetsuji Toki-
hiro and Sigeo Thara: “A path preference

Nishiyama,

cellular-automaton model for traffic flow
through transit points and its application
to the transcription process in biology”,
Phys. Rev. E 86 (2012) 021918 (11pages).

. M. Kanki, J. Mada, K. M. Tamizhmani
and T. Tokihiro:
equation over finite fields”, J. Phys. A:
Math. Theor. 45 (2012) 342001 (8pages).

“Discrete Painleve II

. Masataka Kanki, Jun Mada and Tetsuji
Tokihiro: “Discrete Integrable Equations
over Finite Fields”, SIGMA 8 (2012) 054

(12pages).

. M. Kanki, J. Mada and T. Tokihiro : “The
space of initial conditions and the prop-
erty of an almost good reduction in dis-
crete [0 Painleve II equations over finite
fields” , Journal of Nonlinear Mathemat-
ical Physics, Vol. 20, Supplement 1 (2013)
101-109.
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10. M.Kanki, J.Mada and T.Tokihiro :

“Dis-
crete Painleve equations and discrete
KdV equations over finite fields” , RIMS
Kokyurou Bessatsu B41 (2013) 125-145.
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1. Box-Ball System and Toda equation, Ge-

ometric Aspects of Discrete and Ultra-
Discrete Integrable Systems, Department
of Mathematics, University of Glasgow,
UK, 30 March — 3 April (2009).

. Correlation function of periodic box-ball

system, China-Japan Joint Workshop on
Integrable Systems, Shaoxing, China, Jan-
uary 7-10 (2010).

. Correlation function for the periodic box-

ball system, Satellite cinference of ICM
2010, Integrable Systems and Geometry,
Pondicherry University, India, August 12-
17 (2010).

. On negative soliton solution to ultradis-

crete KdV equation, The Seventh IMACS
International Conference on Nonlinear
Evolution Equations and Wave Phenom-
ena: Computation and Theory, The Uni-
versity of Georgia, Athens, GA USA, April
04-07 (2011).

. Ultradiscrete KdV equation and Box-Ball

System, Tropical Geometry and Integrable
Systems, University of Glasgow, July 07-
08 (2011).

. Integrable Equations over Finite Fields,

Conference on Nonlinear Mathematical
Physics: Twenty Years of JNMP, Sophus
Lie Conference Center (Norway), July 4-
14th (2013)

. (1) Integrable difference equations over

finite fields, (2) Irreducibility and co-
primness of the discrete KAV equation
as functions of initial data, OO OO0 0O
000 2013, 000000 (Special week
seminar on integrable systems and re-
lated topics 2013), Institute of Mathemat-
ics, Academia Sinica (Taiwan), Oct.30th—
Nov.1st (2013).
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1. Prof. Alfred Ramani, (Dept. de Physique
Theorique, Ecole Polytechnique, France)
He gave a seminar: “On discrete Painlevé

equations” on Nov. 18th.

. Prof. Jon Nimmo, (Dept. of Mathemat-
ics, Glasgow University) He gave a semi-
nar: “The discrete Schrodinger equation for

compact support potentials” on Dec. 16th.
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3. Prof. Fon-che Liu, (Institute of Mathe-
matics, Academia Sinica, Taiwan) We dis-
cussed discretization of some sorts of par-

tial differential equations.
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I am studying partial differential equations ap-
pearing in the quantum mecanics (Schrodinger
Klein-Gordon

equations, etc.). The aim is to achieve deeper

equations, Dirac equations,
understanding of the mathematical structure of
quantum mechanics using functional analysis,
microlocal analysis, the concept of scattering,
probability theory, etc.

During this academic year, I have been mainly
working on the following topics: (1) Applica-
tions of the microlocal methods to the scatter-
ing theory for discrete Schrodinger equations;
(2) The high energy asymptotic distribution
of the spectrum of scattering matrices (in col-
laboration with A. Pushnitski (Kings College,
London)); (3) Applications of the semiclassi-
cal measure methods to Schrédinger equations
on non-compact manifolds, in particular Eu-
clidean spaces (in collaboration with F. Macia
(Madrid Tech. Univ.)).
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sity of states”. J. Stat. Phys. 149 (2012)
496-504.
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“Understanding the random
From ground-state
properties to localization”. Operator
Theory: Advances and Applications 224

(2012) 183-219.
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ifolds”. Analysis and PDE 6 (2013) 257—
286.

. M. Kohmoto, T. Koma and S. Naka-
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onant energies in the semiclassical limit”.
Trans. American Math. Soc. 366 (2014),
1725-1747.

. K. Horie and S. Nakamura: “Propagation

of singularities for Schrodinger equations
with modestly long range type potentials”.
Preprint 2013 May.

. S. Nakamura: “ A Remark on the Mourre

theory for two body Schrédinger opera-
tors”. Preprint 2013 May.
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. “Remarks on the spectral shift function

and the Friedel sum rule”, 2011 Oct. 26
(Workshop “Correlations and Interactions
for Random Quantum Systems”, 2011 Oct.
23 — 29, Oberwolfach)

. “Microlocal properties of scattering ma-

trices for Schrodinger equations on man-
ifolds”, March 15, 2012.

d’équations aux dérivées partielles, Univ.

(Séminaire

Rennes 1, France.)

. “Microlocal properties of scattering ma-

trices for Schrodinger operators on man-
ifolds”, July 6, 2012. (“The fourth Bir-
man Conference”, July 2 — 6, 2012, Euler
International Mathematical Institute, St.

Petersburg, Russia)

. “Microlocal singularities and scattering

theory for Schrodinger equations on man-
ifold”, August 3, 2012. (Plenary talk,
“International Congress on Mathematical
Physics 20127, August 6-11, 2012, Aal-
borg, Denmark)

. “Propagation of singularities for perturbed

harmonic oscillators and Landau Hamil-
tonian”, Oct. 2, 2012, Institut Mittag-
Leffler. (IML Program: “Hamiltonians in
Magnetic Fields”, 3 Sept. — 15 Dec., 2012).

singularities  for
Schrodinger equations with long range
perturbations”, June 19, 2013, Station
(Confer-

ence “Quantum chaos, resonances and

Biologique de Roscoff, France.

semi-classical measures”, June 17 — June
21, 2013).

singularities for
Schrodinger equations with long range
perturbations”, July 1, 2013, Sapporo.
(The 6th Pacific RIM Conference on
Mathematics 2013, Sapporo).



9. “Application of phase space analysis to the
scattering theory for continuous and dis-
crete Schrodinger equations”, August 21,
2013, Sapporo. (The 38th Sapporo Sym-
posium on Partial Differential Equations,
8/21-8/23).

10. “Applications of phase space analysis to
scattering theory for discrete Schrodinger
operators”, September 26, 2013, CIRM,
Marseille, France. (Conference “Microlo-
cal Analysis and Spectral Theory” in the
honor of Johannes Sjostrand. September
23-27, 2013).
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1. R. Froese (Univ. British Columbia,
Canada), 2013, 6/27-6/30.

2. A. Pushnitski (Kings College, UK), 2013,
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3. A. Klein (Univ. California, Irvine, USA),
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4. F. Macia (Madrid Tech. Univ., Spain),
2013, 12/10-12/28.

00 OO (HIRACHI Kengo)

A.0O00OO

goooo cROOOoOooOOOOOOOOOO
oboooboooobooboooog

gboboobobooboboboboboobo
Oo000opooooooon Q-primed 0o
000000 @prime00000O0O000O0OO
OO0000cROOOO0O0ODO Q-primed00O
gboboobobooboooooboobobo
oboobooboboobOoboboboboobo
00 Qprime 000000000000 100
OO0 GrahamOOOOOOOOODOOOOO
020000000000D0O0O000000 CR
uboooboooobobooood

000000000 Chiristian Litbbe 0 0 OO
oooooooobo UOooboooooooo
gbooooooboo40000000000D0O
00000 QUOOO0O0ooooooOooO0o
oboooboooobooboooog

I have been studying conformal and CR geome-
tries from the point of view of Parabolic geom-
etry. In this year, in collaboration with Yoshi-
hiko Matsumoto and Taiji Marugame, I have
studied the Q-prime curvature, which is defined
on the boundaries of strictly pseudoconvex do-
mains. We show that the total Q-prime curva-
ture (a CR invariant of the boundary defined by
the integral of @Q-prime curvature) agrees with
the renormalized volume of the domain with re-
spect to the complete Einstein-Kéahler metric.
We also write (1) the first variational formula
of the total @Q-prime curvature under the de-
formation of the domain in terms of Graham’s
obstruction function (2) the second variational
formula in terms of a CR invariant differential
operator, which is derived from the ambient
metric.

In conformal geometry, in collaboration with

Christian Liibbe, we defined Q-curvature for



Weyl connection and studied its properties. In
particular, we showed that, for 4-dimensional
conformal manifolds, the total @-curvature of
Weyl connection takes its minimal exactly for

the Levi-Civita connection.
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manifolds, Diff. Geom. Appl. 33 Suppl.
(2014), 213-245
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1. Integral invariants of Kahler class and
asymptotic expansion of the Bergman ker-
nels of powers of line bundle, Extremal
metrics : evolution equations and stabil-

ity, CIRM (France), Feburary 2011

.J000d0oo00ooooooooog, En-
counter with Mathematics, 00O OO0
o0o,20110 20

. Decomposition of critical GJMS operators
on CR manifolds, The Geometry of Differ-
ential Equations, The Australian National
University (Australia), 2011 0 2 O

. CR invariant powers of the sub-Laplacian

beyond the obstruction, International
workshop on complex variables and com-
plex geometry, Academia Sinica (Taiwan),

July 2012

. Invariant theory for the Szego kernel and
CR Q-curvature, The Interaction of Geom-
etry and Representation Theory. Explor-
ing new frontiers, ESI (Austria), Septem-
ber 2012
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. Ambient metric for even dimensional con-
formal structures, Recent Developments in
Conformal Geometry, University of Nantes
(France), October 2012

. Szego kernels on strictly pseudoconvex do-

mains and @Q-curvature, Analysis seminar,
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Aarhus University (Denmark), February
2013

9. Q-prime curvature in CR geometry, Con-
ference on geometrical analysis, Centre de
Recerca Mathematica (Spain), July 2013
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I studied obstructions to the existence of
Kahler-Einstein metrics, and related problems
in the field of geometry. The existence problem
of positive Kahler-Einstein metrics is closely re-
lated to that of Sasaki-Einstein metrics. How-
ever the existence problem of Sasaki-Finstein
metrics is more flexible in that it allows defor-
mations of contact structures. I proved a gen-
eral existence theorem of toric Sasaki-Einstein
metrics jointly with Hajime Ono and Guofang
Wang. This is equivalent to saying that Ricci-
flat toric Kébler cones are completely deter-
mined. We further studied examples of Chow
unstable Kahler-Einstein manifolds, construc-
tion of an eternal solution of Kéahler-Ricci soli-
ton, and the relation of the multiplier ideal
sheaves and Futaki invariant. From different
perspectives I studied the lower estimate of the
diameter of a compact shrinking Ricci soliton
and Futaki type invariants of locally confor-

mally Kédhler manifolds.

B.OOOO

1. A. Futaki, H. Ono and G. Wang : “Trans-
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ifolds and toric Sasaki-Einstein mani-
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semistability”, Advances in Math., 226
(2011), 254-284.

. A. Futaki :
Ricci-flat Kéahler cones”, Tohoku Math. J.
63 (2011), pp. 21-40.

“Momentum construction on

. A. Futaki and M.-T. Wang : “Construct-
ing Kahler-Ricci solitons from Sasaki-

Asian Journal of

Mathematics, 15(2011), 33-52.
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5. A. Futaki and Y. Sano : “Multiplier ideal
sheaves and integral invariants on toric
Fano manifolds”, Mathematische Annalen,
350(2011), 245-267.
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“Asymptotic Chow polysta-
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national Congress of Chinese Mathemati-
cians. Part 1, 2, 139-153, AMS/IP Stud.
Adv. Math., 51, pt. 1, 2, Amer. Math.
Soc., Providence, RI, 2012.

. A. Futaki and Y. Sano : “Multiplier ideal
sheaves and geometric problems”, Varia-
tional problems in differential geometry,
68-93, London Math. Soc. Lecture Note
Ser., 394, Cambridge Univ. Press, Cam-
bridge, 2012.

. A. Futaki and Y. Sano : “Lower diameter
bounds for compact shrinking Ricci soli-
tons”, Asian J. Math., 17(2013), No.1, 17-
31.

. A. Futaki, K.Hattori and L.Ornea : “An
integral invariant from the view point
of locally conformally Kéahler geometry”,
Manuscripta Math. 140 (2013), no. 1-2,
1-12.

10. A. Futaki, H.Z.Li and X.D.Li : “On the
first eigenvalue of the Witten-Laplacian
and the diameter of compact shrinking
solitons”, Ann. Global Anal. Geom. 44

(2013), no. 2, 105-114.
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2. Multiplier ideal sheaves and geometric
problems, 2010 Great Lakes Geometry
Conference, University of Wisconsin at
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5th Pacific Rim Confer-
ence on Mathematics, Stanford University,
June 28 - July 2, 2010. USA.
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geometry, International Congress of Chi-
nese Mathematicians, Tsinghua Univer-
sity, Beijing. December 17-22, 2010.

China.



10.

D.

1.

. Lower

diameter bounds for compact

shrinking solitons, Complex Geome-
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cones, Conformal and Kahler geometry,
Institut Henri Poincare, Paris, December
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Lower diameter bound for compact shrink-
ing solitons, The Asian Mathematical Con-
ference 2013, BEXCO, Busan, Korea, June
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Kardar-Parisi-Zhang (KPZ) equation, which
describes a fluctuation of interfaces, attracts
attentions. This is a kind of stochastic partial
differential equation which involves a divergent
term, so that it is difficult to give a mathe-
matical meaning to it. However, the Cole-Hopf
transform for its formal solution leads to a lin-
ear stochastic heat equation with a multiplica-
tive noise. I have shown that the distribution of
a geometric Brownian motion is invariant un-
der this linear stochastic heat equation. (Joint
work with J. Quastel)

I have studied the scaling limits for Gaussian
random fields with a weak pinning effect. If
the rate functional of the corresponding large
deviation principle admits a unique minimizer,
the law of large number holds for the scaled ran-
dom field and the limit is the unique minimizer.
However, non-trivial is the case where the min-
imizers are not unique. Such case is analyzed
and the minimizer, which appears in the limit,
is identified. (Joint work with E. Bolthausen).
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I have been studying 4-dimensional topology
and gauge theory, in particular an aspect of
gauge theory as infinite dimensional geometry.
My current interest is mainly how to deal with
noncompactness of moduli spaces.

(1) In a joint work with Tian-Jun Li, I formu-
lated the Seiberg-Witten Floer homotopy type
for a closed spin® 3-manifold Y provided a com-
pact spin® 4-manifold X such that Y bounds X
and the restriction map on the integral first co-
homology group is surjective.

(2) In a joint work with Shinichiroh Matsuo
we studied a new kind of perturbations of the
Seiberg-Witten equations, and gave an alterna-
tive simple unified proof of a series of integral
inequalities due to Lebrun, and also showed a
generalized inequality.

(3) In a joint work with Tian-Jun Li I formu-
lated Pin(2)-equivariant Seiberg-Witten Floer
K-cohomology, and, as an application, I gave
a 10/8-type inequality for compact spin 4-
manifolds with boundary when the boundary
is the disjoint union of rational homology 3-

spheres. We are now constructing a categorical



formulation of our results.

B.OOOO

1. H. Fujita, M. Furuta and T. Yoshida

“Torus fibrations and localization of index
I”, J. Math. Sci. Univ. Tokyo 17 (2010),
no. 1, 1-26

. M. Furua and Y. Kametani “Equivari-
ant version of Rochlin-type congruences”,
Journal of the Mathematical Society of
Japan 66 (2014), no. 1, 205-221.

. H. Fujita, M. Furuta and T. Yoshida
“Torus fibrations and localization of in-
dex IT” Local Index for Acyclic Compat-
ible System, Commun. Math. Phys. 326,
585633 (2014).

. H. Fujita, M. Furuta and T. Yoshida
“Torus fibrations and localization of index
IIT” Equivariant version and its applica-

tions, to appear in Commun. Math. Phys,
DOI: 10.1007/s00220-014-2039-4.

. M. Furuta, Y. Kametani, H. Matsue and
N. Minami:

Witten invariants and Pin bordisms”,

“Stable-homotopy Seiberg-

. An

. Two variants of the 10/8 inequality, Work-

shop and Conference on the Topology and
Invariants of Smooth 4-Manifolds, Univer-

sity of Minnesota, July to August, 2013

@)

. Seiberg-Witten Floer K cohomology and a

10/8-type inequality for spin 4-manifolds
with boundaries, Geometry and topology
of smooth 4-manifolds, Max Planck Insti-
tute for Mathematics, Bonn, June, 2013

(@)
introductions theories,

2013 SNU-KIAS Topology Winter School,
Muju, December, 2012, (00 )

to gauge

.gobobobooobooooooooon

gboooboobo120 20120

.0d

1. 0000 nD:0000000000000

gooood

.0gboooocooboob - ooooboooboooon

gooooooooobobobooboo
uboooboobobobobobooobooo

preprint. 0Mmooooooooooo

6. M. Furuta and Y. Kametani: “Equivariant
maps and KO*-degree”, arXiv:0502511v2
preprint.

3. 000000oon I, oooooo 11
Borsuku-Ulam OO O OOOOODOOOO
oooooogo

7. M. Furuta and S. Matsuo, “The perturaba-

. . . . 4. 000 XH, 0000000 :000000
tion for the Seiberg-Witten equations re-

O0o0oo0oobo0o0o0 ooooooo400

visited”, in preparation
ooooo

c.oogg
E.0O0DOOOOO

1. J00000DOOooooo,080 O0Ood
000000000 OoOoo ooooo
0000, February, 2014

1. (000D0)0000 (SHIMIZU Tatsuro):
A construction of a universal finite type

invariant of homology 3-spheres
2. , Dirac operators on spin 4-manifolds and &Y 5P

mod 2 index, Topological Phases in Spin-

tronics, AIMR 0O 0O 0O O, February, 2014 Fobooooon

3. A TQFT for spin 4-manifolds associated

with Pin(2)-equivariant Seiberg-Witten
the Fourth Tsinghua-
Sanya International Mathematics Forum,
December, 2013 (00 )

1. MSJ Memoir 00O OO0

2. Journal of Mathematical Sciences, The

Floer K-group,
sroup University of Tokyo 0 00O O

o1



0 O O (MATANO Hiroshi)

A 0000

gboboobobobobobobooboona
oboooooooooobooooooog odg
obobooboboboboboboobooDo
oboboooooooboooooooboobog
gbooobooobooboooooobbooboon
ooooooooooon.

() KPPOOOODOOOOOOOOOOOO
oooooooooob 2000 KePOOO
gbooooocooooobooboboo
gboboooocooooooobooboo
obooooocooooooobobon
gboboooooooooooboboo
gboboobobobobobooboo
oboboooocooooooobobon
O0o0ooooooooooo [1)joo

(2) 000 Stefan 000000000000
oooobooo KpPOOOODOOOOO
00010 Stefan 000000 O0OOCCOO
oboboooooooooooboobon
oboooooooooooobobon
obooooobooooooooobooboo
gbooooooooooobooboboo
000000000000 oo 200

gbooooobooooobobooooooo

(3) 00 10000000000000000
0000000000000000000
0000 ROO0OO0O0O0O0O0O0O0O0O0OOO0
Heavisidle 10 000000000000
0000000000000000000
0000000000000000000
00000 (300

(4 D00D0D0O0O0D0O0OO0O0O0ODOOOOUOOD
gboooooog 20000000000
oooooooooboooooooooooo
oobooobboooooobboooooog
gbooooocooooobooboboo
oboboooocooooooobobon
obooooooooooboooboobobon
gboooooooobobooooboboo
Oo0D0O00000OD0O0o0ooOD0O “virtual
pinning”’0 0000000 [4)00

(5) 000D0O0OO0OO0D0D0DD00000O0O0
000D00mMmOoo (5|00

() 0000000000 D000000000
00000mMmO0 (600

(7) Allen-Cahn 0000000000000
0oo [7)o

(8) 0000000000000 O0OmMO0
[8])-

(9) 30000000000000000000
0oo [9)o0

My research is concerned mainly with nonlinear
partial differential equations of the elliptic and
parabolic types (including pseudo-differential
equations). The goal is to study qualitative
properties of solutions from the point of view
of dynamical systems, and to analyze various
kinds of singularities that arise in those equa-
tions. I also work on homogenization problems.

Here are what I have done this year:

(1) Maximizing the spreading speed in
the KPP equation: We considered a
KPP type diffusion equation on R? whose
nonlinearity has a spatially heterogeneous
coefficient with a periodic stripe pattern.
We showed that the maximal spreading
speed of the front is achieved when the co-
efficient is a periodically arrayed singular

line measures ([1]).

(2) Regularity and asymptotic behavior
of solutuions of a nonlinear Stefan
problem: We studied a one-phase Stefan
problem for a KPP type nonlinear diffu-
sion equation in R™. Among other things
we proved that the free bounday always
becoms smooth in finite time and that its

shape converges to a sphere as t — oo ([2]).

Here are other topics I studied recently:

(3) Propagating terrace in 1D nonlin-
ear diffusion equations: We considered
semilinear diffusion equations on R with
spatially periodic multistable nonlineari-
ties, and proved that solutions with Heav-
iside function type intial data converges

to what we call a “propagating terrace”,



which consists of a layer of multiple fronts

that propagate at different speeds ([3]).

Traveling waves in spatially non-
periodic media: We studied the prop-
erties of traveling waves that appear in
a curvature dependent montion of planar
curves in a 2-dimensional infinite cylin-
der with sawtoothed boundary. Among
other things we showed that the travel-
ing waves have well-defined average speed
if the boundary shape is spatially ergodic.
We also showed that there can exist a pe-
culiar traveling wave whose average speed
is zero if the boundary shape is spatially
non-periodic. We named this latter phe-

nomenon “virtual pinning” ([4]).

Dimension of the unstable set in de-
generate diffusion equations: ([5]).
This result reveals an intriguing contrast
between the dynamical structure of degen-
erate diffusion equations and that of non-

degenerate ones.

Profile of the transition layer near
the singular limit of a nonlinear dif-

fusion equation: ([6]).

Asymptotic stability of planar waves
in the Allen-Cahn equation: ([7]).

Blow-up in supercritical nonlinear

heat equations: ([8]).

Mathematical analysis of a 3D model

in cellular electrophysiology: ([9]).
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Outline of research activities:
My recent research is mainly concerned with
subvarieties and vector bundles on algebraic va-

rieties.

Let

C be an irreducible curve on a minimal

1. Curves on algebraic surfaces.

algebraic surface X of general type de-
A well

known conjecture due to Green-Griffiths-Lang

fined over the complex numbers.

suggests that the canonical degree CKx
should be bounded from above by a certain
function L(g(C), K2, ca(X)) of the geometric
genus g(C)) and of the topological invariants
K2, co(X). Under the assumption K2 > co(X),
the orbibundle Bogomolov-Miyaoka-Yau in-
equality c1(Q(aC))? < 3c2({aC)) with a suit-
able choice of parameter a gives an explicit
funcrtion L(g(C), K2, ca(X)), which is an op-
timal upper bound of CK in general (Miyaoka
2008). By replacing C with reducible curves, I
found that the same method gives an estimate
of the numbers of lines and conics on a polar-
ized K3 surface (X, H) or on a canonically po-
larized surface (X, K) of general type. For ex-
ample, when the degree H? is sufficiently high,

the number of lines on a polarized K3 surface

o6

(X, H) is at most 24. Currently I try to give a
bound of CKx in the case where K% > ca(X)

may fail.

2. Higgs bundles. A Higgs bundle is a vector
bundle together with an action of the tensor al-
gebra Sym © generated by the tangent sheaf ©.
There are deep results on Higgs bundles due to
N. Hitchin, C. Simpson and T. Mochizuki, all
of which being based on differential geometry.
I tried to reconstruct the theory of Higgs bun-
dles in a purely algebraic terms, showing that a
Higgs bundles are decomposed to direct sum of
components with respect to eigen-forms of the
Higgs field and that each component is embed-
ded into standard Higgs bundles. So far, I have
proved that the semistability of Higgs bundles
is preserved by basic procedures like restriction
to general, sufficiently ample hypersurfaces and

taking tensor products. O

B.OOOO
1. Y. Miyaoka : ““Counting lines and conics
on a surface”, Publ. RIMS 45 (2009), 919

- 923.

2. Y. Miyaokal ““Stable Higgs bundles with
trivial Chern classes. Several examples”,
Proc. Steklov Inst Math. 264 (2009), 123
- 130.

3. Y. Miyaoka : ““The orbibundle Miyaoka-
Yau-Sakai
Bogomolov-McQuillan therorem”,
RIMS 44 (2008), 403 — 417.

inequality and an effective
Publ.

c.oooog

1. The Bogomolov inequality for semistable
Higgs bundles, KIAS, Seoul, 20100 110

2. 0000 Bogomolov 00 O O O Miyaoka-Yau
OO00oDoDooOoooooooooooon
goooboooz200000

3. On the structure of Higgs bundles, Alge-
braic geometry in characteristic p, 0 0O O
gooo2010000

. Thirty years of the Bogomlov-Miyaoka-
Yau inequalities, Invariants in Algebraic
Geometry, 000000020090 110
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My research field is inverse problems in mathe-
matical sciences. O In particular, I am studiyng
determination of parameters such as coeffi-
cients, nonhomogeneous terms in evolution
equations and determination of shapes of do-
mains from overdetermining data.

1. I published 14 refereed journal articles in
2013 with coauthors.

The Dirichlet-to-Neumann map is a common
formulation of the coefficint inverse problem for
stationary partial differential equations such as
elliptic systems Continuing the research initi-
ated by [1] published in 2010, I have studied the
uniquenss in inverse boundary value problems
by Dirichlet-to-Neumann map on subboundary
([13], [22], [23]). In particular, [13] is a survey
paper for uniqueness results with novel results
in 3D cases

For proving the uniqueness and the conditional
stability for inverse problems of determining
spatially varying coefficients in evolutionary

equations by means of finite numbers of obser-



vations of solutions in subboundaries or subdo-
mains, as key tools we can use Carleman es-
timates which are weighted L? estimates. In-
deed a method by Carleman estimate is a pow-
erful mathematical methodology for such in-
verse problems, and I have been working many
years. In 2013, I have published [11], [12], [14]
for equations in mathematical physics.

For fractional diffusion equations modelling
anomalous diffusion in heterogeneous media, I
published papers [15]-[18], [20]-[21], which are
concerned with theoretical and numerical as-
pects.

Moreover [19] and [24] established novel numer-
ical methods for inverse problems.

2. I have applied mathematics in oder to solve
problems in the real world such as industry.
Mathematics is not only a system of theories
but also is powerful machinery for solutions
of practical problems, by its character of ab-
straction and generalization. Moreover by ap-
plications, one expects more development of
mathematics itself. In 2013 I extended activ-
ities of the mathematics for industry. I am
one of the main organizers of ”Study Group
Workshop for Solving Problems from Indus-
try” in August of 2013 and February, March of
2014 within FMSP and GCOE Programs of the
Graduate School. The former was co-organized
with Institute of Mathematics for Industry of
Kyushu University. In total 11 companies pro-
posed problems and the participants composed
mainly of graduate students have worked to-
wards practical solutions. Moreover I have con-

tinued joint research projects with companies.

B.OOOO

1. O. Imanuvilov, G. Uhlmann and M. Ya-
“The Calderon problem with
partial data in two dimensions”, J. Amer.
Math. Soc. 23 (2010) 655-691.

mamoto:

2. O. Imanuvilov, G. Uhlmann and M. Ya-
mamoto: “Partial Cauchy data for general
second order elliptic operators in two di-
mensions”, Publ. Res. Inst. Math. Sci. 48
(2012) 971-1055.

3. A. Kawamoto and M. Yamamoto: “Deter-
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10.

11.

. M. Yamamoto and Y. Zhang:

. O.

. O. Imanuvilov and M. Yamamoto:

. Y. Liu,

mination of an electromagnetic potential
for the Dirac equation”, Inverse Problems
28 (2012) 115012, 26 pp.

“Condi-
tional stability in determining a zeroth-
order coefficient in a half-order frac-
tional diffusion equation by a Carleman
estimate”, Inverse Problems 28 (2012)

105010, 10 pp.

. M. Cristofol, P. Gaitan, H. Ramoul and

M. Yamamoto: “Identification of two co-
efficients with data of one component for a
nonlinear parabolic system”, Appl. Anal.

91 (2012) 2073-2081.

Imanuvilov and M. Yamamoto:
“Inverse boundary value problem for
Schrédinger equation in two dimensions”,

SIAM J. Math. Anal. 44 (2012) 1333-1339.

“In-
verse problem by Cauchy data on an ar-
bitrary sub-boundary for systems of ellip-
tic equations”, Inverse Problems 28 (2012)
095015, 30 pp.

X. Xu and M. Yamamoto:
“Growth rate modeling and identification
in the crystallization of polymers”, Inverse
Problems 28 (2012) 095008, 13 pp.

. P. Cannarsa, J. Tort and M. Yamamoto:

“Unique continuation and approximate
controllability for a degenerate parabolic
equation”, Appl. Anal. 91 (2012) 1409-
1425.

M. Bellassoued and M. Yamamoto: “Car-
leman estimate with second large param-
eter for second order hyperbolic operators
in a Riemannian manifold and applications
in thermoelasticity cases”, Appl. Anal. 91
(2012) 35-67.

S. Li “An

verse problem for Maxwell’s equations

and M. Yamamoto: in-

in isotropic and non-stationary media”,
Appl. Anal. 92 (2013) 2335-2356.
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20.

. M. Choulli, O. Imanuvilov, J.-P. Puel
and M. Yamamoto: “Inverse source prob-
lem for linearized Navier-Stokes equations
with data in arbitrary sub-domain”, Appl.
Anal. 92 (2013) 2127-2143.

0.

“Uniqueness for inverse boundary value

Imanuvilov and M. Yamamoto:
problems by Dirichlet-to-Neumann map
on subboundaries”, Milan J. Math. 81
(2013) 187-258.

M. Bellassoued and M. Yamamoto: “Car-
leman estimate and inverse source problem
for Biot’s equations describing wave propa-
gation in porous media”, Inverse Problems
29 (2013) 115002, 20 pp.

W. Wang, M. Yamamoto and B. Han:
“Numerical method in reproducing kernel
space for an inverse source problem for
the fractional diffusion equation”, Inverse
Problems 29 (2013) 095009, 15 pp.

L. Ling and M. Yamamoto: “Numerical
simulations for space-time fractional diffu-
sion equations”, Int. J. Comput. Methods

10 (2013) 1341001, 13 pp.

L. Miller and M. Yamamoto: “Coefficient
inverse problem for a fractional diffusion
equation”, Inverse Problems 29 (2013)
075013, 8 pp.

Y. Hatano, J. Nakagawa, S. Wang and
M. Yamamoto: “Determination of order
in fractional diffusion equation”, J. Math-

for-Ind. 5A (2013) 51-57.

J. Wen, M. Yamamoto and T. Wei:
“Simultaneous determination of a time-
dependent heat source and the initial tem-
perature in an inverse heat conduction
problem”, Inverse Probl. Sci. Eng. 21

(2013) 485-499.

Y. Luchko, W. Rundell, M. Yamamoto and
L. Zuo:

of an unknown semilinear term in a time-

“Uniqueness and reconstruction

fractional reaction-diffusion equation”, In-
verse Problems 29 (2013) 065019, 16 pp.
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. G. Li, D. Zhang, X. Jia and M. Ya-

mamoto: “Simultaneous inversion for the
space-dependent diffusion coefficient and
the fractional order in the time-fractional
diffusion equation”, Inverse Problems 29

(2013) 065014, 36 pp.

“In_

verse boundary value problem for the

O. Imanuvilov and M. Yamamoto:

Schrodinger equation in a cylindrical do-
main by partial boundary data”, Inverse
Problems 29 (2013) 045002, 8 pp.

and M. Yamamoto:

0.

“Unique determination of potentials and

Imanuvilov

semilinear terms of semilinear elliptic
equations from partial Cauchy data”, J.
Inverse Ill-Posed Probl. 21 (2013) 85-108.

W. Wang, B. Han and M. Yamamoto: “In-
verse heat problem of determining time-
dependent source parameter in reproduc-
ing kernel space”, Nonlinear Anal. Real

World Appl. 14 (2013) 875-887.

oood

. "Inverse hyperbolic problem by a finite
time of observations with arbitrary ini-
tial values”, International Conference on
Mathematical Control Theory, 17 May
2009, Academy of Mathematics and Sys-
tems Science, Chinese Academy of Sci-
ences, Beijing, 00, 0000.

. "Inverse problems for diffusion equations
Chemnitz - RI-
CAM Symposium on Inverse Problems,
15 July 2009, Johann Radon Institute for
Computational and Applied Mathematics
(RICAM) Austrian Academy of Sciences,
Linz, 0OOOQOOOOOOO.

of fractional orders” ,

. "Practice of industrial mathematics re-
lated with the steel manufacturing pro-
The 7th International ISAAC
Congress, 16 July 2009, Imperial College
of London, 000000000 (OCCAM
Lecture on Applied Mathematics).
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strass Institute for Applied Analysis and
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shop on Advances and Trends in Integral
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terbational Conference on Inverse Prob-
lems, Wuhan University, Wuhan, 0 0 00O
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lems of Mathematical Physics, Novosi-
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systems: the effect of the index of conden-
sation of complex sequences”d 0 0O 0O 0O
oo

4. Dr. Lucie Baudouin (LAAS-CNRS, equipe
MAC), GCOEOO0OO:20140 30 110,
”Inverse problem for the waves : stability
and convergence matters” 0000000
oo0ooooooooooooooodg

5. Professor Kazufumi Ito (North Carolina
State Univ.), GCOE D OO00020140 3
O 14 0, ”A new finite difference scheme
based on staggered grids for Navier Stokes
equations”’”0 0 00000000 O0OO
000020140 30 1000 140000
od

googood

gboboobooboooooboood
obooooOoboooobooon

OO0 00 (YOSHIDA Nakahiro)
A.000OO

1. 000b0b0bobooooooobooon
obooooooooboo

2. 0000000000Db0O0bOoDbDOO

61

10.

11.

12.

13.

14.

.gboboboooooooooobooobooon

oooobooooo

.ggboobooboobooboooboo

.gboboboooooooooooooon

ugboobooboooobogboaoboan

. HYOOOODODOOO0Oooooooooboo

gbooobOooooooobooon

Lgogoobooooboobooooboooon

O00000O0Ooooooo (YUIMAILO
gooooo

gboooboobon
oooobooooo

gboboobooboobboooboon
ooo

obooooooooooboobooboobon
oooooooooboobobobooboo
obooobooooooao

oboooboooooobooboooog

uboooooooooooooboboo
oboooobooooboobooooooo

gbooobooboooboboobooboon

. Asymptotic expansion for a martingale

that has a mixed normal limit distribution

. Higher-order approximation of the distri-

bution of the power variation

. Construction of a quasi likelihood analysis

(QLA) for the volatility parameter under

the finite time discrete sampling scheme

. Nondegeneracy of the statistical random

field and QLA

. Limit theorems for a nonsynchronous co-

variance estimator under general depen-

dent sampling schemes

. An application of the Hayashi-Yoshida es-

timator to finance: the lead-lag estimation

in the market
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11.
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14.

. Statistical package for simulation and sta-

tistical analysis for stochastic differential
equations (YUIMA II Project)

. Hybrid methods in the asymptotic scheme

. Machine learning and approximation of

the distribution

Adaptive estimation methods for stochas-

tic differential equations

Asymptotic behavior of the resolvent asso-
ciated with the association matrix of the

nonsynchronous sampling

Limit theorems and asymptotic expansion

for the conditional distribution

Theory of ultra high frequency data anal-
ysis: point processes, lead-lag, and limit

order book

Prediction and model selection for volatil-

ity
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1. T. Hayashi and N.
Yoshida: “Nonsynchronous covariation

. N. Yoshida

process and limit theorems”, Stochastic
Processes and their Applications, 121, 10
(2011) 2416-2454

. S. M. Iacus and N. Yoshida:“Estimation

for the change point of the volatility in a
stochastic differential equation”, Stochas-
tic Processes and their Applications, 122,
3 (2012) 1068-1092

. M. Uchida and N. Yoshida :“Adaptive

estimation of an ergodic diffusion pro-
cess based on sampled data”, Stochastic
Processes and their Applications, 122, 8
(2012) 2885-2924

:“Statistical inference for
volatility and related limit theorems”, In
F. Abergel, J-P Bouchaud, T. Foucault,
C-A Lehalle, M. Rosenbaum (eds) Market
Microstructure, Chap. 4, (2012) 87-114,

Wiley
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. M. Hoffmann, M. Rosenbaum and N.
Yoshida: “Estimation of the lead-lag pa-
data”,
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. N.  Yoshida: “Martingale in
mixed normal limit”, Stochastic Processes
and their Applications, 123, 3, 887-933

(2013)
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. M. Uchida and N. Yoshida :“Quasi likeli-
hood analysis of volatility and nondegener-
acy of statistical random field”, Stochastic
Processes and their Applications, 123, 7
(2013) 28512876

. H. Masuda and N. Yoshida: “Edgeworth
expansion for the integrated Lévy driven
Ornstein-Uhlenbeck process”, Electronic
Communications in Probability, 18, no. 94
(2013) 1-10

. YUIMA Project Team: “The YUIMA
Project: A Computational Framework for
Simulation and Inference of Stochastic
Dierential Equations”, to appear in Jour-

nal of Statistical Software

T. Ogihara and N. Yoshida:

likelihood analysis for nonsynchronously

“Quasi-

observed diffusion processes”, to appear
in Stochastic Processes and their Applica-
tions (2014)
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I studied secondary characteristic classes of
transversely holomorphic foliations as well as
the Fatou-Julia decomposition of pseudosemi-

groups.
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the Bott class and the Schwarzian deriva-
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416.
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. On Fatou-Julia decompositions of complex
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0, 2013/9/9.

. Construction of secondary characteristic
classes for foliations using the Chern-Weil
theory, BGamma School, OO OO OO
00, 2013/9/18,19.

. Autour de la décomposition de Fatou-
de “Théorie

syetemes dynamiques”,

Julia, Groupe travaille
et
Département de Mathématiques d’Orsay

(Paris), 2013/11/4,0000000.

ergodique

. Autour de la décomposition de Fatou-
Julia, Séminaires de Géométrie analytique,
Institut de recherche mathématique de
Rennes (Rennes), 2013/11/28, 00O OO
ooo.

10. Quelques exemples de décomposition de
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Séminaire (Systémes Dynamiques), In-
stitut de Mathématiques de
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School of Mathematical Sciences, Univer-
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Bertrand Deroin, Université Paris-Sud( 9/5-
190who gave invited lectures at ‘Geometry and
Foliations 2013’ (GF2013) titled as “Brownian
motion on foliated complex surfaces, Lyapunov
exponents and applications” (9/10,12,13), and
an FMSP lecture “Dominating representations
by Fuchsian ones” (9/7). At GF2013, a series
of lectures on holomorphic foliations especially
The

FMSP lecture was on the translation lengths of

using probabilistic methods was given.

representations of a surface groups in CAT(—1)

spaces.
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I study the technology for computer network
operation and network applications.
Recently, the most important issue in the cam-

pus network operation is the information secu-



rity control. In this year most of my time was

consumed in the study and analysis of various

security threats (including information ethics

issues) and the implementation of the informa-

tion security policy in the university.
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IEEE International Conference on Ubi-
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. Program Committee member, The 7th

IEEE International Conference on Ubi-
media Computing (U-Media 2014).

Technical Program Committee member,
The 27th of the International Conference
on Information Networking (ICOIN 2013).

Technical Program Committee member,
The 28th of the International Conference
on Information Networking (ICOIN 2014).

Program Committee member, The T7th
FTRA International Conference on Multi-
media and Ubiquitous Engineering (MUE
2013).

Organizing Committee member, The 34th
Annual Meeting of the TeX Users Group
(TUG 2013).

Program Committee member, The 2nd In-
ternational Conference on 3D Converged
IT and Optical Communications (3DOC
2013).

Technical Program Committee member,
Fast Abstract Special Session, The 37th
Annual International Computer Software
and Applications Conference (COMPSAC
2013).

Technical Program Committee member,
The 6th International Conference on Ubig-
uitous and Future Networks (ICUFN
2014).

Technical Program Committee member,
The International Conference on Ad-
vanced Technologies for Communications
2014 (ATC’14).



18. Technical Program Committee member,
The Fourth International Workshop on
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In mathematical population dynamics, our fun-
damental dogma is that the basic reproduction
number R is working as a threshold value to
determines the essential dynamics. From this
point of view, we have studied 4 topics as fol-

lows:

1. Endemic threshold results for an age-
structured SIS epidemic model with

periodic parameters

The main contribution of this paper is to
obtain a threshold value for the existence
and uniqueness of a nontrivial endemic pe-
riodic solution of an age-structured SIS
epidemic model with periodic parame-
ters. Under the assumption of the weak
ergodicity of a mnonautonomous Lotka-
McKendrick system, we formulate a nor-
malized system for an infected population
as an initial boundary value problem of
a partial differential equation. The exis-
tence problem for endemic periodic solu-
tions is reduced to a fixed point problem
of a nonlinear integral operator acting on
a Banach space of locally integrable peri-
odic L'-valued functions. We prove that
the spectral radius of the Fréchet deriva-
tive of the integral operator at zero plays
the role of a threshold for the existence and
uniqueness of a nontrivial fixed point of the
operator corresponding to a nontrivial pe-
riodic solution of the original differential
equation in a weak sense. If the Malthu-
sian parameter of the host population is
equal to zero, our threshold value is equal
to the well-known epidemiological thresh-
old value, the basic reproduction number
Ry. However, if it is not the case, then two
threshold values are different from each
other and we have to pay attention on their

actual biological implications.



2. A multi-group SIR epidemic model

with age structure

This paper provides the first detailed anal-
ysis of a multi-group SIR epidemic model
with age structure, which is given by a
nonlinear system of 3n partial differential
equations. The basic reproduction num-
ber Ry is obtained as the spectral radius
of the next generation operator, and it is
shown that if Ry < 1, then the disease-
free equilibrium is globally asymptotically
stable, while if Ry > 1, then an endemic
equilibrium exists. The global asymptotic
stability of the endemic equilibrium is also
shown under additional assumptions such
that the transmission coefficient is inde-
pendent from the age of infective individ-
uals and the mortality and removal rates
are constant. To our knowledge, this is
the first paper which applies the previous
method of Lyapunov functional and graph
theory to a multi-dimensional PDE sys-

tem.

. Demographic modeling of transient

amplifying cell population growth

Quantitative measurement for the timings
of cell division and death with the appli-
cation of mathematical models is a stan-
dard way to esti- mate kinetic parame-
ters of cellular proliferation. On the basis
of label-based measurement data, several
quantitative mathematical models describ-
ing short- term dynamics of transient cel-
lular proliferation have been proposed and
ex- tensively studied. In the present paper,
we show that existing mathematical mod-
els for cell population growth can be refor-
mulated as a specific case of gen- eration
progression models, a variant of parity pro-
gression models developed in mathemati-
cal demography. Generation progression
ratio (GPR) is defined for a generation
progression model as an expected ratio of
population increase or decrease via cell di-
vision. We also apply a stochastic simu-
lation algorithm which is capable of rep-

resenting the population growth dynam-
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ics of transient amplifying cells for various
inter-event time distributions of cell divi-
sion and death. Demographic modeling
and the application of stochastic simula-
tion algorithm presented here can be used
as a unified platform to systematically in-
vestigate the short term dynamics of cell

population growth.

. Cost-effective length and timing of

school closure during an influenza

pandemic depend on the severity

There has been a variation in published
opinions toward the effectiveness of school
closure which is implemented reactively
when substantial influenza transmissions
are seen at schools. Parameterizing an age-
structured epidemic model using published
estimates of the pandemic HIN1-2009 and
accounting for the cost effectiveness, we
examined if the timing and length of school

closure could be optimized.

Age-structured renewal equation was em-
ployed to describe the epidemic dynam-
School

closure was assumed to take place only

ics of an influenza pandemic.

once during the course of the pandemic,
abruptly reducing child-to-child transmis-
sion for a fixed length of time and also
influencing the transmission between chil-
Public health effective-

ness was measured by reduction in the cu-

dren and adults.

mulative incidence, and cost effectiveness
was also examined by calculating the incre-
mental cost effectiveness ratio and adopt-
ing a threshold of 1.0 x
Yen/life-year.

107 Japanese

School closure at the epidemic peak ap-
peared to yield the largest reduction in the
final size, while the time of epidemic peak
was shown to depend on the transmissibil-
ity. As the length of school closure was
extended, we observed larger reduction in
the cumulative incidence. Nevertheless,
the cost effectiveness analysis showed that
the cost of our school closure scenario with

the parameters derived from H1N1-2009



was not justifiable. If the risk of death is
three times or greater than that of HIN1-
2009, the school closure could be regarded

as cost effective.

There is no fixed timing and duration of
school closure that can be recommended
as universal guideline for different types
of influenza viruses. The effectiveness of
school closure depends on the transmission
dynamics of a particular influenza virus
strain, especially the virulence (i.e. the in-

fection fatality risk).
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We studied a geometric realization of the lo-
cal Langlands correspondence. More specifi-
cally, we constructed a family of affinoids in
the Lubin-Tate perfectoid space, which is a
limit space of Lubin-Tate spaces, and proved
that the cohomology of the reductions realizes
the local Langlands correspondence and the lo-
cal Jacquet-Langlands correspondence for the
epipelagic representations in the tame case. We
constructed such a family of affinoids also in
the wild case, and proved that the cohomology
of the reductions realizes the local Langlands

correspondence up to an unramified twist.
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I am working on Equilibrium, Nonequilibrium
statistical mechanics of quantum systems, us-
ing operator algebra theory. About nonequilib-
rium systems, I mainly worked on a state called
NESS(Nonequilibrium steady state), which is a
steady state far from equilibrium. In particu-
lar, I proved Green-Kubo formula with Prof.
V.Jaksic and Prof. C.A.Pillet, under some
physically reasonable conditions. By using this
result, we could prove Green-Kubo formula for
locally interacting Fermion systems and spin
Fermion systems. Furthermore, Prof. V.Jaksic,
Prof. C.A.Pillet, and Prof. R.Seiringer showed
some function that appear in nonequilibrium
statistical mechanics can be seen as a rate func-
tion of a hypothesis testing.

About equilibrium states, I am studying proba-
bility distributions in quantum systems. I stud-
ied one dimensional quantum spin model, and
showed large deviation principle.

Using the large deviation principle for joint dis-
tributions in quantum spin systems with re-
spect to the trace state, I showed that macro-
scopic observables can be approximated by

commuting matrices in the norm topology.
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One of the central issues of string theories is
to understand “dualities” — quantum theoretic
equivalence among physical systems with dif-
ferent origin. Recent studies revealed that the
space of physical states have the structure of
triangulated categories. Their partition func-
tions = generating functions of the states are
of crucial importance. Dualities predict mys-
terious connections among invariants of vari-
ous branch of mathematics, such as Donaldson-
Thomas, Gromov-Witten, Chern-Simons, etc.
Quivers (oriented graphs) and their mutations
are ubiquitous in these branch of mathematical
physics. They play a key role in various situa-
tions; wall-crossing phenomena, gluing of ideal
tetrahedra, etc.

In a recent joint work with Yuji Terashima
(Tokyo Institute of Technology), we introduced
a partition q-series Z(vy) for a quiver mutation
loop v (a loop in a quiver exchange graph in
cluster algebra terminology). This has follow-
ing remarkable properties: (1) Z(v) is invariant
under “inversion” and “cyclic shift” of ~; so it
may be regarded as a monodromy invariant.
(2) Z(v) satisfies pentagon identities, similar
to those for quantum dilogarithms. (3) If the
quivers are of Dynkin type or square products
thereof, they reproduce so-called parafermionic
(quasi-particle) character formulas of certain
modules associated with affine Lie algebras.
They enjoy nice modular properties as expected
from the conformal field theory point of view.
The definition of Z(vy) requires only combina-
torial data of quivers and mutation loops, and
completely independent of the details of the
problem. It is hoped that a deeper understand-
ing of the partition g-series shed new lights on

dualities and quantization.
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My primary interest has been in clarifying the
topology of the moduli space of compact Rie-
mann surfaces. The Goldman-Turaev Lie bial-
gebra and the Lie algebra of symplectic deriva-
tions play a central role in my research. In a
joint work with Yusuke Kuno (Tsuda College),
we discovered a Lie algebra homomorphism of
the Goldman Lie algebra of a compact surface
with 1 boundary component into the Lie al-
gebra of symplectic derivations. Starting from
this discovery,

(1) (a joint work with Kuno) We obtained an

explicit formula of the Dehn twist action on the
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“completed groupoid ring” of the fundamen-
tal groupoid of any oriented connected surface
with non-empty boundary. This generalizes the
classical Picard-Lefschetz formula and some of
Morita’s explicit computations of (extended)
Johnson homomorphisms [B1] [B6]. The orig-
inal formula obtained for the case where the
boundary is connected was due to us [B1], while
another generalization of our formula was given
independently by Massuyeau and Turaev (to
appear in: Ann. Inst. Fourier).

(2) (a joint work with Kuno) We proved the
center of the Goldman Lie algebra of a sur-
face of infinite genus with 1 end is spanned
by the trivial loop. A similar result for closed
surfaces was conjectured by Chas and Sullivan,
and proved by Etingof [B2].

(3) (a joint work with Kuno) For any compact
connected oriented surface with non-empty
boundary, we proved that the stabilizer of all
boundary loops in the derivation Lie algebra
of the “completed groupoid ring” of the funda-
mental groupoid of the surface is isomorphic to
a completion of the Goldman Lie algebra. As
an application, we discovered a natural embed-
ding of the largest Torelli group in the sense of
Putman into the completed Goldman Lie alge-
bra, which can be regarded as a more natural
and more geometric variant of the Johnson ho-
momorphisms of the Torelli group.

(4) (a joint work with Kuno) We showed
the free vector space over the fundamental
groupoid on a compact borderd oriented sur-
face is a Goldman-Turaev involutive bimodule.
As an application, we found out a geometric
constraint on the image of the Johnson homo-
morphism of the largest Torelli group [B7]. For
example, all the Morita traces are outside of
our constraint.

(5) Based on the notion of regular homotopy
of immersed loops, we introduce a refinement
of the Goldman-Turaev Lie bialgebra. This in-
duces a stronger constraint on the image of the
Johnson homomorphism than that introduced
in (4). In the case where the boundary is con-
nected, it includes the Enomoto-Satoh traces,

while the divergence cocycle in the Kashiwara-



Vergne problem appears in the genus 0 case.
(6) (a joint work with T. Ishida (Univ. Tokyo))
We studied some relation between the Lie alge-
bra of polynomial vector fields on the line and
the Lie algebra associated to a nonsymmetric
operad, in particular, the Lie algebra of rooted
planar trees [B3].

(7) (a joint work with Kuno and K. Toda (Univ.
Tokyo)) The rational group ring of the integral
first homology group of a closed oriented sur-
face of genus g admits a structure of a Poisson-
Lie algebra. We proved that the minimum
number of the generators of the Lie algebra con-
sisting of homology classes is 2¢g + 2 [B4].

My other approaches to the topology of Rie-
mann surfaces include

(8) (a joint work with A. Bene and R. Penner)
We constructed a Magnus expansion canon-
ically constructed from trivalent fat graphs,
which induces the Morita-Penner cocycle for

the extended first Johnson homomorphism.[B5]
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My current research theme is development of
numerical schemes to solve PDEs using com-
puters, in addition to verification of them and
their feasibility. Discretization of PDEs using
finite element, finite difference, and finite vol-
ume methods is the central concern of my re-
search. Some associated themes are the stabil-
ity of solutions (numerical and approximate)
and analysis of the asymptotic dependence of
errors on discretization parameters (a priori
analysis).

1) Blood flow simulation in the large arteries
highly dependents on outflow boundary condi-
tions. The common outflow boundary condi-
tions including a prescribed constant pressure
or traction, a prescribed velocity profiles, and a

so-called do-nothing conditions are known to be



numerically unstable for high Reynolds num-
ber flow. Moreover, we are unable to obtain
the energy inequality with all those boundary
conditions. This disadvantage causes numerical
instability in instationary 3D simulations. To
tackle this problem, we propose a new approach
based on a unilateral open boundary condition.
In this year, we concentrated our attention to
a model Stokes problem and studied the well-
posedness, penalty problems, and finite element
approximations. This is a joint work with H.
Suito, K. Takizawa, T. Kashiwabara G. Zhou,
and Y. Sugitani.

2) The solution of a one-dimensional nonlinear
wave equation uy = Uy, +ulu[P~L, p > 1 blows
up in finite time if the initial data are large
enough. The aim of this work is to calculate
the blow up time by numerical method. To this
end, we reformulated the equation into a first-
order system and proposed a linearly-implicit
finite difference scheme. Under some reason-
able assumptions, we proved the convergence
of the finite difference solution and numerical
blow up time. This is a joint work with T.
Sasaki.

3) I intoroduced discrete Sobolev norms in
terms of fractional powers of the discrete Lapla-
cian and proved some discrete Sobolev inequal-
ities. As an application, I studied L* theory
to the finite element approximation of the heat

equation.

B.OOOO

1. K. Ohmori and N. Saito:

on the flux-free finite-element method for

“Some remarks

Journal of
Comput. Appl. Math. 232 (2009) 127-
138.

immiscible two-fluid flows”,

2. N. Saito:
schemes for the Keller-Segel system and
numerical RIMS Kokytroku
Bessatsu, B15 (2009) 125-146.

“Conservative numerical

results”,

3. OO0 0OO0“Keller-Segel DO O OOODOO7,
0000 19 (2009) 65-74.

.ooooo“ooooooooor, g 33
ooooobooboooooboooob20110

79

5. N. Saito:

tive finite-element approximation for the

“Error analysis of a conserva-

Keller-Segel system of chemotaxis”, Com-
munications on Pure and Applied Analy-
sis, 11 (2012) 339-364.

6. G. Zhou and N. Saito:

fictitious domain method with penalty for

“Analysis of the

elliptic problems”, Japan Journal of Indus-
trial and Applied Mathematics, 31 (2014)
57-85.

c.oooo

1. Maximum-norm error estimate of the finite
volume approximation for a convection-
diffusion equation, The 7th International
Congress on Industrial and Applied Math-
ematics (ICIAM 2011), Vancouver Con-
vention Centre, Vancouver, Canada, 2011
gr74d.

2. 0000000000 (I.ooooooo
OOoDO0OO0Oood, II. Keller-Segel 0 O
o0ooooooooo),000o, o 33
gobooobooooboo,ond, 20110 8
oo

3. Some nonlinear unilateral boundary con-
ditions for the Navier-Stokes and Stokes

equations: Theory and approximation,
2011 NIMS Hot Topic Workshop on Fluid
Dynamics: Vortex Dynamics, Biofluids

and Related Fields, Daejeon, South Korea,
20110 120.

.obo0oboboooocoooooooboon
oOoooOooooooRrRIMSOODOOO
ggoboobooooz20120 20 13-1500
obooobooooooao

5. 0000: 00000bOoboooooobo
ubooooooobooobooo, oo
00020120 0000000000000
20120 30 262900000000000
ooooo

6. N. Saito: Finite volume approximation for
fast diffusion equations, The 8th East Asia
SIAM Conference (EASIAM2012), June
25-27, 2012, National Taiwan University,
Taipei.



. N. Saito: Discrete extinction phenomenon
in fast diffusion equations, The 4th CJK:
The 4th China-Japan-Korea Conference
on Numerical Mathematics, August 25-28,
2012, Piazza Omi, Shiga.

. 0000000 SebolevOOOOOOODO
uboboobobob 0ooooobooo
oob0020130 120 1300000000
oooood

. N. Saito and G. Zhou: A unilateral open
boundary condition for the Navier-Stokes
equations, SIAM Conference on Analysis
of Partial Differential Equations (PD13),
December 7-10, 2013, Hilton Orlando
Lake Buena Vista, Orlando.

10. N. Saito: Energy inequalities and outflow
boundary conditions for the Navier-Stokes
equations, Advances in Computational
Fluid-Structure Interaction and Flow Sim-
ulation, March 19-21, 2014, Green Com-
puting Systems Research and Develop-
ment Center, Waseda University, Tokyo.
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(1) Geometrical representation theory of Quan-
tum groups ; We study the crystal base in ge-
ometrical way. Starting from a finite oriented
graph (= quiver), we construct an algebraic va-
This is called a

quiver variety. We consider some Lagrangian

riety associated to a quiver.

subvarieties of the cotangent bundle of quiver
varieties and define a crystal structure on the
set of their irreducible components. Moreover,
we prove that it is isomorphic to the crystal as-
sociated with quantum groups. In the similar
way, the crystal associated with highest weight
irreducible representations of quantum groups
are realized geometrically. As an application,
we completely determine the chracteristic va-
rieties of intersection cohomology complexes of
Schubert varieties in type Ar.

(2) Structure of the module categories of Quan-
tum groups ; We study the tensor structure of
the category of finite dimensional modules of
the restricted quantum enveloping algebra as-
sociated to sly. Indecomposable decomposition
of all tensor products of modules over this alge-
bra is completely determined in explicit formu-
las. As a by-product, we show that the module
category of the restricted quantum enveloping
algebra associated to sls is not a braided tensor
category.

(3) Representation theory of elliptic Hecke al-
gebras and its applications ; We define a family
of new algebras so-called elliptic Hecke algebras
associated with elliptic root systems and prove
a comparison theorem between elliptic Hecke
algebras and double affine Hecke algebras. O
As an application, we study multi-variable or-
thogonal polynomials and q-KZ equations by
using representation theory of elliptic Hecke al-

gebras.
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My research interest is in theory of differential
and difference equations in complex domains.
In particular, I have been studying special func-
tions and integrable systems in this field.
Recent results are as follows:

1. We defined a class of algebraic (but not bi-
rational) symmetry of the Painlevé equations.
We call them folding transformations and we
classified all of them up to birational equiva-
lence (joint work with TSUDA Teruhisa and
OKAMOTO Kazuo).

2. We studied theory of monodromy preserving
deformation, algebraic solutions, irreducibility,
and spaces of the initial conditions with respect
to special types of the third Painlevé equation
(joint work with OHYAMA Yousuke, KAWA-
MUKO Hiroyuki and OKAMOTO Kazuo).

3. As an attempt to classify the 4-dimensional
Painlevé type equations, all of 4 equations
which is obtained from deformation theory of
Fuchsian equations, were formulated and ex-
pressed in the form of Hamiltonian systems.

4. We gave a correspondence between 22 4-
dimensional Painlevé type equations and Fuch-
sian and non-Fuchsian linear differential equa-
tions.  This is obtained from a degenera-
tion scheme of the 4 4-dimensional Painlevé
type equaitons which is calculated from de-
formation theory of Fuchsian equations. This
study contains only unramified case, and ram-
ified case would be another story (joint work
with KAWAKAMI Hiroshi and NAKAMURA
Akane).

5. We gave a classification of Hamitonian sys-

tems corresponding to Oguiso-Shioda’s calssi-
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We also

construct a kind of Béacklund transformations

fication of rational elliptic surfaces.

of the Hamiltonian systems.
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2. H. Kawakami,
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dimensional Painlevé-type equations, Al-

A. Nakamura,

gebraic and Geometric Aspects of Inte-
grable Systems and Random Matrices,
AMS Comtemporary Mathematics 593
(2013), 143-162.
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ematics Meetings AMS Special Session
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The theory of the graph homology due to Kont-
sevich gives a deep connection between the ho-
mology of symplectic derivation Lie algebras
of various types of free algebras and the co-
homology of the corresponding moduli spaces.
However, there have been known only a few

results on explicit computations for these ho-
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mology groups because the size of the complex
is enormous.

This academic year, in a joint work with
Shigeyuki Morita and Masaaki Suzuki, we stud-
ied the structure of the symplectic derivation
Lie algebra of the free Lie algebra by using the
symplectic representation theory. More specif-
ically, with a help of super computer, we inves-
tigated the chain complex of the Lie algebra to
compute the Euler characteristic of the outer
automorphism group of the free group of rank
11. We also investigated the symplectic invari-
ant part of the Lie algebra by using the orthog-
onal direct sum decomposition with respect to
certain natural metric, which gave us a deeper
understanding of the degree 6 part of the Lie al-
gebra including information on the Johnson ho-
momorphism and the Enomoto-Satoh obstruc-
tion. This result is also applicable to higher
degree cases.

In addition, we studied the associative case.
In this case, Gorsky’s formula on the equiv-
ariant Euler characteristics of moduli spaces of
punctured Riemann surfaces plays an impor-
tant role. We observed much data on this for-
mula obtained by computer experiments and
formulated a conjecture on its asymptotic be-
havior. So far, a partial answer to it has been
obtained.
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view”, Algebraic & Geometric Topology
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Mathematics 36, Number 1 (2013), 85—
111.
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“Abelianizations of derivation Lie algebras
of the free associative algebra and the free
Lie algebra”, Duke Mathematical Journal
162, Number 5 (2013), 965-1002.

. T. Sakasai, S. Morita and M. Suzuki :
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arXiv:math.AT/1207.4350
(2012). To appear in Quantum Topology.
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I studied the following on p-adic differential
equations and overconvergent isocrystals.

(1)
nected smooth variety over a field k of charac-
teristic p > 0 with X \ X a connected smooth

For an open immersion X C X of con-

divisor and an overconvergent isocrystal £ on
(X, X), I proved that the differential Artin con-
ductor of £ is equal to that of the restrction i*€
of £ by most transversal locally closed immer-
: (C,0) = (X, X) from curves. This

result strengthens the result obtained until the

sions 1

last academic year. The paper is now in prepa-
ration.

(2) Let V a complete discrete valuation ring of
mixed characteristic (0,p), X C X an open im-
mersion of semistable schemes over V with X
proper over V and D := X \ X a relative nor-
mal crossing divisor. In this situation, if we fix
a set ¥ C Z,/Z with appropriate p-adic non-
Liouvilleness, we have a fully faithful functor
from the category of X-unipotent log overcon-
vergent isocrystals on the special fiber of X to
the category of X-unipotent modules with in-
tegrable connections on the generic fiber of X,
which is the compositions of log extension func-
tor, algebraization functor and restriction func-
tor. I proved that, under the assumption that X
forms a group, this functor is compatible with
tensor products and induces the surjection on
the corresponding Tannaka duals. (Joint work
with V. Di Proietto.) I finished writing a paper
on it.

Also, I studied the following on modules with
integrable log connection on log varieties of
characteristic 0.

(3) Let (k,N) be a standard log point of
characteristic 0 and (X, M) — (k, N) a quasi-
projective simple normal crossing log variety
over (k,N), I constructed purely algebraically
the exact sequence

T (X, M)/ (k, N)) = 7% (X, M)/k)

— 7R (k,N)/k) = 1
of de Rham fundamental groups which are de-
fined as Tannaka duals of certain categories of
modules with integrable log connection. Also,

I proved the injectivity of the first map for

pro-solvable quotients in purely algebraic way.



(Joint work with V. Di Proietto.) The paper is

now in preparation.
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I mainly studied evolution equations by meth-
ods of the functional analysis. I considered the
existence, uniqueness and the large time behav-
ior of global solutions to nonlinear systems of
the Schrodinger equations, in particular, the
Hartee-Fock type equation with a long-range
potentials. I also studied the theory of evolu-
tion equations of “the hyperbolic type” and its

application to partial differential equations.
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Mathematical Society of Japan 61 (2009),
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“Dispersive global solu-
tions to the time-dependent Hartree-Fock
type equation with a long-range poten-
tial”, Journal of Mathematical Sciences,
The University of Tokyo 16 (2009), 239-
267.
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I studied the tensor representation of the Fock
representation of the Hopf algebra found by
Ding and Iohara. On this space, we have a
natural integrable structure, and we can intro-
duce a canonical basis defined as the complete
set of the simultaneous eigenvectors of the com-
muting Hamiltonians. One can normalize the
basis vectors through a nontrivial systematic
method in such a way that we recover the in-
tegral forms of the Macdonald polynomials for
the single Fock case. We can construct some
difference analogues of the primary fields and
their descendants of the conformal field theory.
In some cases we can derive difference equa-
tions for the matrix elements of such deformed
primary fields, and we can identify them with
the Macdonald difference operators.

It is known that Laumon’s space of quasi-flags
is a small resolution of singularity of Drinfeld’s
quasi-maps space for type A. We studied the
Euler characteristics of the twisted de Rham
complex of the Laumon space in the equivariant
K-theory setting, and proved that their gener-
ating functions are the joint eigenfunction of

the Macdonald difference operators. (Collabo-



ration with H. Awata, B. Feigin.)
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Shiraishi and S. Yanagida, A commutative
algebra on degenerate CP' and Macdonald
polynomials, J. Math. Phys. 50 (2009),
no. 9, 095215, 42 pp.
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42 (2009), no. 40, 404018, 15 pp.
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Quantum algebraic approach to refined
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nomials, Laumon spaces and perverse co-
herent sheaves, Contemp. Math., 610

(2014) 23-41.
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France, June 23, 2010.

. Vertex operators, Nekrasov partition func-
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. Elliptic hypergeometric series, Ruijsenaars
operator and Heine’s transformation for-
mula, Elliptic Integrable Systems and Hy-
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through 19 Jul 2013, Lorents Center,
Netherlands.

. On Askey-Wilson polynomials, Represen-
tation Theory and applications to Combi-
natorics, Geometry and Quantum Physics,
International Conference dedicated to the
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ber 13-19, 2013, Higher School of Eco-
nomics, Independent University of Moscow

(Moscow, Russia).
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I have been studying so called the Penrose



transform, which originated in mathematical
physics. My view point is based on represen-
tation theory of semisimple Lie groups, espe-
cially, a geometric realization of singular (infi-
nite dimensional) representations via the Pen-
rose transform. Our main concern is with the
characterization of the image of the Penrose
transform by means of a system of partial dif-
ferential equations on the cycle space, e.g., a
generalization of the Gauss—Aomoto-Gelfand
hypergeometric differential equations to higher
degree.

In [1] T discussed intertwining operators be-
tween Dolbeault cohomologies on two indefinite
Grassmannian manifolds, and studied a condi-
tion on the possible parameters in connection
with singular representations. I have extended
my previous results to non-tube domains of
type AIIl [4], and found explicit branching
laws with respect to symmetric pairs of cer-
tain family of infinite-dimensional representa-
tions which are realized in the spaces of Dol-
beault cohomologies on noncompact complex

homogeneous manifolds [2,3].
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34.

4. H. Sekiguchi :
definite Grassmann manifolds”, Internat.
J. Math., 22 (2011) 47-65.

“Penrose transform for in-

5. H. Sekiguchi : OO0 QO0QO0Q0QOO,0000,
0000 (eds. OO0OOO,000,000
0,0000), (to appear).

c.ooon

1. Penrose transform between symmetric
spaces, The-
ory/Lie Theory, The Asian Mathematical
Conference(AMC2013) BEXCO, Busan,
Korea, June 30-July4, 2013.

Algebra/Representation

2. Penrose transform between symmetric
spaces, 2012 Joint Mathematics Meetings,
John B. Hynes Veterans Memorial Con-
vention Center, Boston Marriott Hotel,
and Boston Sheraton Hotel, Boston, MA,
U.S.A., January 4-7, 2012 “AMS Special
Session on Radon Transforms and Geo-
metric Analysis in Honor of Sigurdur Hel-
gason” (2012.1.6-7).

3. Penrose transform between symmetric
spaces, International conference in honor
of Toshio Oshima’s 60th birthday “Differ-
ential Equations and Symmetric Spaces”,
The University of Tokyo, Japan, 2009 O 1
O.
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with applications in Geometry and Analy-
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Bhargav Bhatt, Karl Schwede 0000000
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00000 p0O000O00O0 FOOOOOOO
00000 oo00ooooooooog Calabi-
YaoOOOOOOOOOOOOO

Tommaso de Fernex, Roi Docampo, Kevin
Tucker 000000000 D0OO0ODOOOODOO
OO000D0DDOO0O00000000Ode Fernex-
HaconOOOOOOOODOOOO Q-Gorenstein
gobdooboooouoooooooboooa
ooooodooooOOoooooooogooooo
O0000de Fernex-HaconO OO OOOOOO
0000000000D00000 Q-Gorenstein
gooooooood

I have written three papers this year.

In the joint work with Bhargav Bhatt and Karl
Schwede, we studied a relationship between the
weak ordinarity conjecture and F'-singularities.
We proved that the weak ordinarity conjecture
holds if and only if the modulo p reductions
of Du Bois singularities are F-injective for in-
finitely many p.

In the joint work with Yoshinori Gongyo, we

studied properties of globally F-split varieties.

92

We proved that if the modulo p reduction of
a normal projective surface X over an alge-
braically closed field of characteristic zero is
globally F-split for infinitely many p, then X
is log Calabi-Yau.

It has known that test ideals correspond to
multiplier ideals on Q-Gorenstein varieties, and
it is natural to ask what if the variety is not
Q-Gorenstein. de Fernex and Hacon general-
ized the notion of multiplier ideals to the case
of non-Q-Gorenstein normal varieties, whereas
test ideals can be defined on any normal vari-
eties over a field of positive characteristic. In
the joint work with Tommaso de Fernex, Roi
Docampo and Kevin Tucker, we proved a cor-
respondence between multiplier ideals in the
sense of de Fernex-Hacon and test ideals on nu-

merically Q-Gorenstein varieties.

B.OOOO

1. T. de Fernex, R. Docampo, S. Takagi and
K. Tucker: “Comparing multiplier ideals
to test ideals on numerically Q-Gorenstein
varieties”, arXiv:1401.7946, submitted.

2. 0000,0000: “FO00 20000
00000000000 ?,0000000
00, 66 (2014), no.1, 1-30.

3. B. Bhatt, K. Schwede and S. Takagi:

“The weak ordinarity conjecture and F-

singularities”, arXiv:1307.3763, submit-
ted.
4. Y. Gongyo and S. Takagi: “Surfaces

of globally F-regular and F-split type”,
arXiv:1305.3056, submitted.

5. Y. Gongyo, S. Okawa, A. Sannai and S.
Takagi: “Characterization of varieties of
Fano type via singularities of Cox rings”,

to appear in J. Algebraic. Geom.

6. O. Fujino and S. Takagi: “On the F-
purity of isolated log canonical singulari-
ties”, Compositio Math. 149 (2013), no.9,
1495-1510.

7. S. Takagi:
spondence between log canonicity and F-

“Adjoint ideals and a corre-



purity”, Algebra Number Theory 7 (2013),
917-942.

. S. Takagi: “Subadditivity formula for mul-
tiplier ideals associated to log pairs”, Proc.
Amer. Math. Soc. 141 (2013), 93-102.

. O. Fujino, K. Schwede and S. Takagi:
“Supplements to non-lc ideal sheaves”,
RIMS Kokyuroku Bessatsu, B24, Res.
Inst. Math. Sci., Kyoto, 2011, 1-46.

10. C. Huneke, S. Takagi and K.-i. Watanabe:
“Multiplicity bounds in graded rings”, Ky-

oto J. math. 51 (2011), 127-147.
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1. Nilpotency of Frobenius and divisor class
groups, U 3 0000000 OOO0O,
RIMS, 20130 120.

L FOOO0OO0OO0OO0OOOOOO0OOOO0O0O,
20130 00000000000,00000,
20130 900

. A geometric interpretation of 3-dimen-
sional F-regular graded rings, Commuta-
tive Algebra and its Interaction with Alge-
braic Geometry, CIRM, France, 2013 0 7
O.

. Globally F-regular and Frobenius split
surfaces, The Commutative Algebra of
Singularities in Birational Geometry: Mul-
tiplier Ideals, Jets, Valuations, and
Positive Characteristic Methods, MSRI,
U.S.A, 20130 50.

5. A correspondence between F-singularities
and singularities in the minimal model
program, The minimal model program
in characteristic p, American Institute of
Mathematics, U.S.A, 20130 50.
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4000000000000 000O0O0000
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O000 Enriques00 X OOOOOOOOO
OO0 yOOOOO Y O Artin-Mumford double
soid D00 00000XOYOooooooo
0000 Fourier-Mukai 0 00O O0O0OOOO

I have been working with Shinobu Hosono.

Let V be a four-dimentional vector space. For
the second symmetric product S2P(V') of P(V)
embedded in P(S?V), we conjecture that its ho-
mological projective dual is the double cover )
of P(S?V*) branched along the quartic hyper-
surface defined by the determinant of the 4 x 4

symmetric matrix. Around this conjecture, we



studied relationship between mutually orthog-
onal linear sections of S2P(V) and ).

An codimension 3 linear section W of S?P(V)
is an Fano-Enriques 3-fold having Enriques sur-
faces as hyperplane sections. It orthogonal lin-
ear section S of )V is a degree two del Pezzo sur-
face. We established the relationship between
the derived categories of W and S.

An codimension 4 linear section X of S?P(V)
is an Enriques surface of Reye congruence. It
orthogonal linear section Y of ) is known as
Artin-Mumford double solid. We constructed
the kernel of a Fourier-Mukai functor which re-

lates the derived categories of X and Y.

B.OOOO

1. Hiromichi Takagi and Francesco Zucconi:
“Geometries of lines and conics on the
quintic del Pezzo threefold and its applica-
tion to varieties of power sums”, Michigan
Math. J. 61 (2012) 19-62.

2. Hiromichi Takagi and Francesco Zucconi:
“Spin curves and Scorza quartics”, Math.
Ann. 349 (2011), no. 3, 623-645.

3. Hiromichi Takagi and Francesco Zucconi:
“The moduli space of genus 4 spin curves is
rational”, Adv. in Math., 231, 2413-2449.

4. Shinobu Hosono and Hiromichi Takagi:
“Mirror symmetry and projective geome-
try of Reye congruences I”, J. Algebraic
Geom. 23 (2014), 279-312.

5. Yosuke Goto and Hiromichi Takagi* On
the classification of smooth Fano 4-folds
with two (3; 1)-type extremal contractions,
preprint (2011)

6. Shinobu Hosono and Hiromichi Takagi:
“Determinantal Quintics and Mirror Sym-
metry of Reye Congruences”, to appear in

Communications in Mathematical Physics.

7. Shinobu Hosono and Hiromichi Takagi:
“Duality between S?P* and the Dou-
ble Quintic Symmetroid”, preprint (2012)
arXiv:1302.5881

8. Shinobu Hosono and Hiromichi Takagi:
“Double quintic symmetroids, Reye con-
gruences, and their derived equivalence”,
preprint (2012) arXiv:1302.5883
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gruences, and their derived equivalence,
GCOE research activity “Seminar weeks
on Calabi-Yau manifolds, mirror symme-
try, and derived categories”, D OO0 OO
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7. Reye OUODO0OODO, 0000000000
gogogg,oboobbobbb, 20130 100
240
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ooo20130 120 180
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A 000D

0 0O, Brauer diagram [0 updown tableau [ O O
0000 Stanley/Sundaram 00 00,0000
000 symplectic form O flag0 0000000
goooodboooobouoooboooooa
00 (“Brauer diagrams, updown tableaux and
nilpotent matrices”, J. Algebraic Combin. 14
(2001), 229-267) O, 0000 00O, Springer
000000000 Steinberg 0000000
Trapa 00O 0O O, Brauer diagram 0 0O 000
Oo00oo0ooooooooooooooon
000 [C1-2, C3 (1)]. OO0, Trapa 0000
goooooooooouooboooooo, a
O 0 Robinson—Schensted 0 0000 O0O0OO
O. 00,00 Mp0000 vO Littlewood—
Richardson tableau 00, Grassmann O 0 0 0O
goooodboooooooooooooooa
00 parametrize 0 0 ([C3 (2)]). Azenhas OO
000, pd 00000 Littlewood-Richardon
tableau 0 DO O0OO0, 0000000000
oo0oooUoooooooooooooooo
00000000000 ([C4-5]). OOOOO
O, Azenhas 0000000 DOOO0DOOOO
OO tableau switching O O OO0 0000000
00000000 0O0OO, Azenhas OO OO
OO0000000D0D0oO000. 0000 hiveO
0000000000 Azenhas, KingOD OO QO
gooooooooobobb.ooo,ooa
OO0000000D0 flagOh0O0O0O0O0OOO0OO
00000000, 00 abelpO0O0O0ooonO
dodooo “coo0o’oopoooooood
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oo.

In relation to my former study on a ge-
ometric interpretation of Stanley and Sun-
daram’s correspondence between the Brauer di-
agrams and the updown tableaux by construct-
ing an algebraic variety concerning nilpon-
tent linear transformations, symplectic forms,
and complete flags (“Brauer diagrams, updown
tableaux and nilpotent matrices”, J. Algebraic
Combin. 14 (2001), 229-267), some progress
has been made on the study of the correspon-
dence between the Brauer diagrams and the
standard tableaux with even column lengths,
given by Trapa using Springer’s generalized
Steinberg variety [C1-2, C3 (1)].

ular, a correspondence similar to Trapa’s for

In partic-

the algebraic variety mentioned above produces
a part of the ordinary Robinson—Schensted
corerspondence. In another direction, the
Littlewood—Richardson tableaux of shape \/u
and weight v parametrize the irreducible com-
ponents of a certain algebraic variety defined
using the Grassmannian and a nilpotent lin-
ear transformation ([C3 (2)]). The bijection
between the Littlewood-Richardson tableaux
switching p and v, as described by Azenhas,
has been shown to coincide with the bijec-
tion between the irreducible components in-
duced by a natural correspondence between the
dual Grassmannians ([C4-5]). A combinatorial
proof of the involutiveness of Azenhas’ bijection
as well as the coincidence of Azenhas’ bijection
with another one based on tableau switching-
has been completed by following her method
up to a certain point. These are being incor-
porated into collaborations with Azenhas and
King using the notion of hives. Also in progress
is the study of the set of composition series of
a finite abelian p-group and its “scalar exten-
sions” , which have a structure similar to the va-
riety of flags fixed by a unipotent linear trans-

formation.

c.oooo

1. The Jordan types of certain nilpotent ma-
trices, 2009 NIMS Hot Topics Workshop



in Algebraic Combinatorics, KAIST, Dae-
jeon (Republic of Korea), December 2009.

2. — 0000, February 2010.

3. () 0000000000 Jordan DO OO
O, (2) Littlewood—Richardson 00 0 OO
oooooooboooboo,b0oo0ooo
gooob2o0000bboog,bbog,
March 2010.

. A module model for Azenhas’ bijection,
Algebra and Combinatorics Seminar, Uni-
versidade de Coimbra, July 2010.

5. —, 65eéme Séminaire Lotharingien de Com-

binatoire, Strobl (Austria), September

2010.
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oooooooodo. ogooooooo
000000 The involutive nature of the
Littlewood—Richardson commutativity bi-
jection (O. Azenhas, I. Terada 000 00O
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[D0O0O000000] Alternating sign
matrices, primed shifted tableaux and
Tokuyama factorisation theorems, Lie O
Oo00o0oodDooo,00ooogoooo
0O,0000,000 November, 2013.

000 O (HASEGAWA Ryu)

A 0000

()00oU00O00O0oOooOoooUOoOooOn
oboobood: ooooo0o,0b00b000000
obobgoooobooboobooobo. boobo
obooboobobooboboboboobobo
oboobooo. oooobooooboooobo
ooboboooooooooooooo,bbooa
goboogoooooooob.oooobog,o
gooooocooobooooobooooon, o
bobooboobobobobobobobo
oo.0000ooo,00boo0ooboooobooa
gbobooboobobobobobobobo
uo.o0o00o0ooooobo,bboooooobooo
obobooboobOoboboobobobobo
Oo,000b0ob0obocbo0. ooooboog,
oooboooooboo,booooooboooo
boboobooboobobobobobobo
oooog.

(2000000000 0O0OOOO: DOOo
oooooooooooooooo,obood
gooooooooobooo,0ooobooo
goooO,0boo00o0oo0obobobooooa
oboboobobOobobobobobobo
gboboobobooboboboboboDbo
oboobooboboobobobobobobo
gbobooooooboobobobobobo
obobOobobOobobooboboboono
gobooooooboobobooooobooooobo
bobooboboobobobobobobo
oboboobobobooboobobobobo
obobOobobOoboboobobobobo
oooobobooooboobooooog

(3)0000oo0ooO0o0oooooooo: Oooo



gboboobobobobobobobobd
gbobOobooboobooboboboboonoag
ooooobooooooooooooboboobooog
gboboobobobobooboboboona
gbobooboboobobooboboboona
Oo,0000b0ocobooobo,boooooog
goooooooooooobobooboobo
gbobooooobobo. oobooboobd
gbooooboobboooooooooba
obobooboboobobobobobooonog
obobooboooobooobobooboobag
gboboboboobobobobobonba
obobOoooooobooooooobona
obobooobooooooooooooboooDo
obobooboobobobobobobooo
gbobobobobobobobobonba
oooooooo

(1) Studies on the semantics of computational
system based on a method of combinatorial
enumeration: The theory of analytic functors
is originally introduced in the field of enumer-
ative combinatorics. In addition they are use-
ful to build the semantics of type systems, as
they share the required properties in the tra-
ditional denotational semantics based on the
domain theory. Since mathematical methods
of enumerative combinatorics are applicable to
the semantics, the analytic functors serve as
a machinery for exploration of the structures
of the semantics. In other terms, we can re-
duce the properties of computational systems
to the problems of enumerative combinatorics.
We build models of the linear logic and a new
computational system based on the categori-
cal semantics, and we analyze the structures
Via these

methods, we can carry out the studies on the

of the models using our methods.

syntactic structures of computational systems
through the mathematical studies on the prop-

erties of the semantics.

(2) Studies on computational systems having
first-class continuation: First-class continua-
tion has been investigated as a means to jus-
tify the computational constructs having side-
effects, such as non-local exits, in the frame-

work of the theory of types. We study call-

by-value calculi fulfilling completeness with re-
spect to the continuation-passing style seman-
tics. By means of the completeness result, we
can import computational properties of the sys-
tem from those of the lambda calculus. We
dub this method “proof by parasitism” and de-
velop it systematically to estabilish various fun-
damental properties. Furthermore, we provide
the static characterizations of dynamic proper-
ties of the system, using type-theoretic disci-
plines. The results are extended to the systems

having delimited control operators.

(3) Studies on implementation using opera-
tional semantics: Compilation of a program-
ming language is a complicated operation
translating source codes into the language of
(virtual) machines. We research on justifying
the processes of compilation mathematically,
in idealized and simplified setting. An ordi-
nary approach to compilation takes a sequence
of language translations from the source lan-
guage to the machine-level one. During the
process, various methods of optimization are
interweaved. We propose an approach to real-
ize optimization as a transformation of the op-
erational semantics of machines. The idea is to
reinterpret the compilation as a translation of
machines rather than that of languages. This
method has an advantage that the core part of
the language translations is completed essen-
tially in a single pass. Moreover, the methods
of optimization are mathematically justified by
verifying correctness of the transformations of

operational semantics.

B.OOOO

1. Makoto Tatsuta, Ken-etsu Fujita, Ryu
Hasegawa, Hiroshi Nakano: Inhabitation
of polymorphic and existential types, An-
nals of Pure and Applied Logic, Volume
161, Issue 11, August 2010, Pages 1390-
1399.
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ood.
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0000000000f000 100000
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00000000oooooooooooooo
Ooooooooooooooooogoooo
000 Cc'00000000000000000

For diffeomorphisms f exhibiting C'' Newhouse
phenomena, a sufficient condition for the ob-
servability of infinitely many sinks for f or f—*
was considered from the generic viewpoint. In
other words, a C'! generic theorem, either there
exist observable infinitely many sinks or sinks
with large periods are all pathological, was con-

sidered.
B.OOOO
1. S. Hayashi: “An extension of the ergodic

closing lemma”, Ergodic Theory Dynam.
Systems 30 (2010) 773-808.
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2. S. Hayashi: “Applications of Maiié’s C?
connecting lemma ”, Proc. Amer. Math.
Soc. 138 (2010) 1371-1385.

. S. Hayashi:

for diffeomorphisms: hyperbolicity or zero

“A C? generic trichotomy

Lyapunov exponents or the C! creation
of homoclinic bifurcations ”, to appear in
Trans. Amer. Math. Soc..
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1. A few measure theoretical perturbation
theorems, 0000000, 00O0O00OO
0000, 20090 10.

. A C? generic trichotomy for diffeomor-
phisms, 0O O0O0OOO, OOOOOO,
20110 10.

A (O? generic obstruction to hyperbolic-
ity for diffeomorphisms with dominated
splittings, “Beyond Uniform Hyperbolicity
2011” Marseilles, France, May 2011.

On the C''-creation of good periodic orbits,
Todai Forum 2011 “Geometry and Dy-
namics” ENS-Lyon, France, October 2011.

. On the creation of observable periodic or-
bits for diffeomorphisms, RIMS 00O 0O 0O
gooooooooooooooooo,d
ooo 20110 110.

On the observability of periodic orbits for
diffeomorphisms, OO0 0000000, O
oodgd 20120 10.

On the observability of periodic orbits for
diffeomorphisms, Conference in Dynami-
cal Systems, Trieste, Italy, June 2012.

On infinitely many observable sinks for dif-
feomorphisms, RIMSO OO OOOOOOO
OO0 0000 20140 10.
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It is about 20 years since the discovery of mir-
ror symmetry of Calabi-Yau manifolds. Sev-
eral mathematical (and abstract) proposals to-
ward the full understanding of the symmetry
are available now, and they are motivating re-
lated mathematical studies. On the other hand,
from the early stage of the mirror symmetry,
it has been known that, for Calabi-Yau hyper-
surfaces or complete intersections in toric vari-
eties, the symmetry can be realized in a combi-
natorial way, and also there are concrete ways
to calculate related invariants such as Gromov-
Witten invariants. I have been studying mirror
symmetry from the latter explicit and calcula-
tional viewpoints to obtain some useful insights
to the general and abstract proposals.

Recently, I have been studying with Hiromich
Takagi about the projective geometry and the
derived category of Reye congruences. In
March, 2013, we have published two articles;
“Duality between S?P* and the double quin-
tic symmetroids” and “Double quintic sym-
metroids, Reye congruences, and their derived
equivalence”. These articles are based on the
detailed studies on the birational geometry of
the double quintic symmetroids. After publish-
ing two articles, it turned out that we can re-
place some of our abstract descriptions by very
explicit constructions (of resolutions of singu-
larities). Based on this, we have been able
to make our arguments considerably concise.
Also, it was pointed out by physicists that
our Calabi-Yau manifolds of three dimensional
Reye congruences admit nice descriptions in
terms of the so-called linear sigma models in
physics. Recently, calculational methods for
the partition functions of the linear sigma mod-
els have been developing in physics. I'm try-
ing to interpret our results on the derived cat-
egories and mirror symmetry into these devel-

opments in physics.
B.OOOO

1. S. Hosono and Y. Konishi, Higher genus



Gromov-Witten invariants of the Grass-
mannian, and the Pfaffian Calabi-Yau 3-
folds, Adv. Theor. Math. Phys. 13
(2009), 1-33.

. S. Hosono, BCOV ring and holomorphic
anomaly equation, Advanced Studies in
Pure Mathematics 59 (2010),79-110.

. S. Hosono and H. Takagi, Mirror Symme-
try and Projective Geometry of Reye Con-
gruences I, J. Alg. Geom. 23 (2014), 279-
312.

. S. Hosono and H. Takagi, Determinantal
quintics and mirror symmetry of Reye con-
gruence , to appear in Commun. Math.
Phys. (2014).

c.oooo

. On the mirror symmetry of Reye congru-
ence Calabi-Yau 3 folds, at “Tokyo-Seul
Conference 20117 (2011, Dec.2-3, Tokyo);
at BIRS workshop “Hodge theory and
string duality” (2011, Dec.4-9, Banff).

. Differential rings over the moduli spaces
of Calabi-Yau manifolds, at TMU work-
shop “Workshop on Isomonodromic defor-
mations and related topics” (2012, Jan.27,
ooo).

. Mirror symmetry of some determinantal
quintics, at ”Mirror Symmetry and Re-
lated Topics”, the Kunming University of
Science and Technology (KUST) (2012,
Aug. 20-24).

. Mirror symmetry of determinantal quin-
tics in P*, at Physics Department Semi-
nar, Brandeis University (2012, Nov.13).

. Calabi-Yau threefolds of Reye congru-
ences, at Mathematics Department Sem-
inar, Brandeis University (2012, Nov.15).

. Fourier-Mukai partners, mirror symmetry,
and BPS numbers, at the ”Seminar weeks
on Calabi-Yau manifolds, mirror symme-
try, and derived categories” (2013, Feb.15—
23), Komaba, Tokyo.
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. BPS numbers and projective geometry of

Reye congruences, at the workshop “The
Geometry of Topological D-Branes, Cat-
egories, and Applications”, The Erwin
Schrodinger Institute, (2013, May 13-17),

Vienna.

. Mirror symmetry of determinantal quin-

tics, at the workshop “Workshop on Mod-
ular forms around string theory”, Fields
Institute, (2013, Sep. 16-20), Toronto; O
000000 ooodoooogogoooo
0 O (2013, Dec.24-26), Kyoto.

. Differential rings over the moduli spaces of

Calabi- Yau manifolds II, at the workshop
“Isomonodromic deformations and related
topics”, Waseda University, (2013, Nov.
22 —23), Tokyo.

Mirror symmetry of determinantal quin-
tics and Calabi-Yau manifolds of Reye
congruences, at the workshop “Calabi-Yau
Geometry and Mirror Symmetry”, Na-
tional Taiwan University, (2014, Jan. 6-
10), Taipei.
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H. Jockers (University of Bonn), ” Characteris-
tic classes from 2d renormalized sigma-models”
(Kavli IPMU Komaba Seminar, Jan.30,2014).

00 O (MATSUO Atsushi)

A 0000

oo0DOo0oooooooOoogooooooogo
O00o0o0ooooooooooooooon
O0000ooDoooo0oooooooDooo
Oo0oooooooooooooooooon
oo00oooUooDoooooooooooooono
Oo00oo0ooooooooooooooon
oooooooog
gooooOoooooooooooooog
Oo00oo0ooooooooooooooon
oo0oooOooOooooOoooooogoooon
Oo00ooooDooooooooooooon
oo0ooooooooooooooooooon
Oo00oo0ooooooooooooooon
O00o00oDooooooooooooon
Oo0o00ooo0oooooooooooooon
goooooooooooooooooodg
Oo00oo0ooooooooooooooon
O00oO0ooo0oooOooooooooon
Oo0Do0ooooooooooooooooon
O0000oooooooooogooooDoooo
Oo00oo0ooooooooooooooon
O00ooooooooooooooooon
go0ooDOo0ooooooooooogoooooo
oo0DoDO00ooooooDooooooogoooon
OO0DO000oooODOooooooooooon
Oo000oooooooooooooooooo
gooooooooooouooooooodg
o00oo0ooDooooooooooooon
O000oo00Dooooooooooooon
Oo0oooooooooooooooooon
000ooodgdggooooooooooooo
OO00oo00ooooooooooooooon
O00o00o0oooooooooooooon
Oooooooooooooooooooon
oooooUoooooooooooooooo
oo0o0ooooooooooooooooon
ocoooooooo
goopoooooOoOooooooooog
O Workshop on Majorana Theory, the Monster

101

and Beyond0 OO OOOOOOOOOOOOO
oooooUooooooooooooogogo
000000 Marojara caleculus 0O OO OO
ooooOooooooooooooooOooo
Oooooooooooooooooooog
OoodUoOoooooooUoOoOoooooOgo
oo0oooOooOOoODOODODOOOOOOO

I am interested in mathematical aspects of two-
dimensional conformal field theories, especialy
in the automorphism groups of vertex operator
algebras and the properties of conformal field
theories associated with vertex operator alge-
bras.

A vertex operator algebra is an algebraic
system in which the concept of operator
product expansion in theoretical physics is
encoded.  Highest weigt representations of
infinite-dimensional Lie algebras such as the Vi-
rasoro algebra and the affine Kac-Moody Lie
algebras are described by means of vertex op-
erator algebras. One of the most important ex-
amples of vertex operator algebras is the moon-
shine module on which the Monster, the largest
sporadic finite simple group, acts as the auto-
morphism group.

Many interesting finite groups actually arise
as the automorphism groups of vertex operator
algebras. In my past research, I determined
the structure of such automorphism groups in
some examples and discovered certain general
properties of the vertex operator algebras with
large autormorphism groups. It turned out
that the properties impose severe restrictions
on the structures of such vertex operator alge-
bras and, by considering the case of the moon-
shine module, one can study the action of the
Monster.

My research of conformal field theories asso-
ciated with vertex operator algebras aims at re-
vealing the way how the good properties of con-
formal field theories as expected in mathemat-
ical physics are related to the properties of the
underlying vertex operator algebras. In a joint
work with K. Nagatomo and A. Tsuchiya, we
discovered a nice condition on a vertex operator

algebra given in terms of its universal envelop-



ing algebra. The condition leads to an impor-
tant finiteness of the module category viewed as
an abelian category, which enabled us to derive
some important consequences.

This year, I visited London and attended
the workshop entitled “Workshop on Majorana
Theory, the Monster and Beyond”, and dis-
cussed with other participants on Majorana
calculus which generalizes and tries to classify
the action of a group on a vertex operator al-
gebra of a particular type certain type. When
the group is a 3-transposition group, stucy of
such an action is originated in my past research.
Further developments in this direction should

be expected.

B.ODOOO

1. A. Matsuo, K. Nagatomo and A. Tsuchiya:
“Quasi-finite algebras graded by Hamil-
tonian and vertex operator algebras”, in:
Moonshine - The First Quarter Century
and Beyond, Proceedings of a Workshop
on the Moonshine Conjectures and Ver-
tex Algebras, London Mathematical So-
ciety Lecture Note Series No. 372, Cam-
bridge University Press, 2010.

2. 00 0:“00DbDbOO0oO0ooobooor, o222
gbooooOooooooboo, 2011,

3. 00 0: 00 —0O0OOOOO —,00
oo 20110 5000000000, 2011.

4. 00 0O: “CCO0D0OO0O0DOOoOOO”,0DO0
Ugoobooboobob,obob, 2009

c.oogg

1. Topics on Vertex Opeartor Algebras with

Exceptional Symmetries. Workshop on
Majorana Theory, the Monster and Be-
yond. Imperial College, London, UK,

September, 2013.

2. 00000000O00OO0OOO. O 2200
00000000000o0ooooooon
August 2010.

3. Topics in the theory of vertex operators
and the monster. 0 O O O O Tokyo-Seoul
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Conference in Mathematics, Representa-
tion TheoryOO OO OOOOOOOOOO
0 O O December 2009.

4. Introduction to CFT and VOA. DO OO
O Algebras, Groups and Geometries 2009 in
Tambarall, OO0 000000 OOOOOO
O O August 2009.

5. J0000o0obobooobob. oboooo
00000000, February 2009.

6. On the transformation property of the Lie
algebras associated with vertex operator
algebras. International conference on ver-
tex operator algebras and related areas.
Illinois State University, Normal, Ilinoi,
USA, July, 2008.
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[1] Hisayosi Matumoto, On the homomor-
phisms between scalar generalized Verma mod-
ules, arXive;1205.6748 (0 O O Compositio
Math. OO O OOO

c.oooog

. On homomorphisms between scalar gen-
eralized Verma modules, Mini-Workshop
on Representation Theory, Univercsity of
Tokyo September 2008.

. On homomorphisms between scalar gen-
eralized Verma modules, Conference in
honor of Toshio Oshima’s 60th birthday
"Differential Equations and Symmetric

Spaces, University Tokyo, January 2009.

. On homomorphisms between scalar gen-
eralized Verma modules, The 8th Work-
shop on Nilpotent Orbits and Represen-
tation Theory, Ogoto Shiga Japan, March
2009.

. On exisitence of homomorphisms between
generfalized Verma modules, ” Representa-
tion Theory of Real Reductive Groups”,
University of Utah, July 2009.

. On a finite W-algebra module structure
on the space of continuous Whittaker vec-
tors for an irreducible Harish-Chandra
modules, ”The 9th Workshop on Nilpo-
tent Orbits and Representation Theory”,
Hokkaido University, Feburary 2010.

. Whittaker modules and vectors associated
with the Jacobi parabolic subalgebras,
”The 10th Workshop on Nilpotent Orbits
and Representation Theory”, Kyushu Uni-
versity, Feburary 2011.

. 00 Whittaker modules and vectors associ-
ated with the Jacobi parabolic subalge-
bras, 72011 Nankai International Work-

shop on Representation Theory and Har-
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2.

monic Analysis”, Nankai University June
2012.
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I am interested in the qualitative properties of
the solutions of nonlinear elliptic PDEs includ-
ing the existence and nonexistence of the solu-
tions, the multiplicity of the solutions, shapes
of the solutions, and the Morse index of the

solution. Recent topics are following:

Bifurcation diagram of supercritical
problems [1,2,3]: I determined bifurca-
tion diagrams of the radial solutions of su-
percritical Neumann and Dirichlet equa-

tions in a ball, using techniques of ODEs.

. Secondary bifurcations [4]: I proved

that the branch of radial solutions of
e2Agnvu — u + uP = 0 has infinitely many

secondary bifurcation points.

Analytic imperfect bifurcation theo-
rem [5]: An analytic imperfect bifurca-
tion theorem whose assumptions are easy
to check was obtained. I applied the theo-
rem to a domain perturbation problem and
showed that the imperfect bifurcation oc-
curs for branches of solutions of the Liou-

ville equation on an annulus.



4. Shapes

of the

eigenfunctions

Neumann second
and the nonlinear
“hot spots” conjecture [6,8]: In [6]
I constructed a convex domain such that
many “hot spots” exist on the boundary.
In [8] I proved the nonlinear “hot spots”

conjecture on a geodesic ball of S? and H?.

. Bifurcation diagrams of subcritical
Neumann problems [7]: I studied the
branch of radial solutions of a subcritical
Neumann problem in a ball and obtained
the monotonicity of the first eigenvalue of

the linearization.

B.OOOO

1. Y. Miyamoto, “Structure of the positive

radial solutions for the supercritical Neu-
mann problem e Au—u+4u? = 0 in a ball”,
UTMS Preprint Series 2013-6.

. Y. Miyamoto, “Structure of the positive
solutions for supercritical elliptic equa-
tions in a ball”, to appear in J. Math.
Pures Appl.

. Y. Miyamoto, “Classification of bifurca-
tion diagrams for elliptic equations with
exponential growth in a ball”, to appear
in Ann. Mat. Pura Appl.

. Y. Miyamoto, “Symmetry breaking bifur-

cation from solutions concentrating on the

equator of S™”, J. Anal. Math. 121
(2013), 353-381.
. T. Kan and Y. Miyamoto, “Analytic

imperfect bifurcation theorem and the
Liouville-Gel’fand equation on a perturbed
annular domain”, Math. Nachr. 286

(2013), 1142-1166.

. Y. Miyamoto, “A planar convex domain
with many isolated "hot spots” on the
boundary”, Jpn. J. Ind. Appl. Math. 30
(2013), 145-164.

. Y. Miyamoto and K. Yagasaki, “Mono-
tonicity of the first eigenvalue and the

global bifurcation diagram for the branch
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of interior peak solutions”, J. Differential
Equations 254 (2013), 342-367.

8. Y. Miyamoto, “The nonlinear “hot spots”

conjecture in balls of S? and H2”, Proceed-
ings on Sino-Japan Conference of Young
Mathematicians on Emerging Topics on
Differential Equations and their Applica-
tions, 108-119, Edited by Hua Chen, Yim-

ing Long and Yasumasa Nishiura, Nankai

Ser. Pure Appl. Math. Theoret. Phys.
10, World Sci. Publ., Hackensack, NJ,
2012.

c.ooon

. Stable patterns and the nonlinear ”hot

spots” conjecture, 0000000, 000
O, May 2013.

. Structure of the positive radial solutions

for a supercritical Neumann problem in a
bal,l 0 20000000000,0000
OO00000d, September, 2013.

. Structure of the positive radial solutions

for a supercritical Neumann problem in a
ball, Workshop on Nonlinear PDE -Japan-
China Joint Project for Young Mathemati-
cians, 0 0 OO, October 2013.

. Stable patterns and Morse index one so-

lutions, AIMS Conference, Orland (USA),
July 2012.

. Stable patterns and solutions with Morse

index one, Emerging Topics on Differen-
tial Equations and their Applications —
Sino-Japan Conference of Young Mathe-
maticians, Chern Institute of Mathemat-
ics, 0000 (O0O) December 2011.

. Stable patterns and solutions with Morse

index one, 4th MSJ-SI, Nonlinear Dynam-
ics in Partial Differential Equations, O 0
OO00O00oOgoog, September 2011.

. Nonradial maximizers for a Hénon type

problem and symmetry breaking bifur-

cations for a Liouville-Gel'fand equa-



tion with a vanishing coefficient, Sec-
ond Italian-Japanese Workshop geometric
properties for parabolic and elliptic PDE’s,

Cortona (Italy), June 2011.

. Stable patterns for shadow systems and
a nonlinear “hot spots” conjecture, 1st
Italian-Japanese workshop on geometric
properties for parabolic and elliptic PDE’s,
0000, June 2009.
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It is not easy to understand a topology on a
non-Hausdorff space by intuition. So, I had in-
troduced a method ‘Topological Blow-up’. By
the method, one can understand topology on
non-Hausdorff spaces.

Let X be a (not necessarily Hausdorff) locally
compact space. From the topology on X, one
can define a locally compact Hausdorff space

Y, and a map
n:2% = 2Y,

Then the pair (n,Y) has complete information
on the topology on X. This means not only
that one can recover the original topology from
(n,Y), but one can understand intuitively the

topology on X.
B.OODOO

1. T. Yoshino:
discontinuous groups”, Mathematicsches
Forschungsinstitut Oberwolfach 25, (2010)
34-37.

“Topological blow-up and

. T. Yoshino: “Deformation spaces of com-
pact Clifford-Klein forms of homogeneous
spaces of Heisenberg groups”, Representa-
tion theory an analysis on homogeneous

spaces,
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1. On Topological blow-up, Group Actions
with applications in Geometry and Analy-
sis (D000 Reims) 20130 60.

. On Topological blow-up, The Asian Math-
ematical conference 2013 (00O 0O 0) 2013
ge6,70.

. On

and Harmonic Analysis

Topological blow-up, Geometric
on Homoge-

neous Spaces and Applications (The 3rd



Tunisian-Japanese Conferenc) (000 O
O Sousse) 20130 120
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The research I conducted over the past year
was mainly concerned with the following top-
ics in mathematical physics and mathematical

modelling:

e [ extended and generalised some of the re-
sults I obtained several years ago (in col-
laboration with M. Hattori) on symmetry
constraints for the Hirota-Miwa equation.
These results, including integrable discrete
versions of Melnikov systems and reduc-
tions thereof, will be published in a forth-
coming paper (to appear in the Journal of

Mathematical Sciences).

e Continuing our work on the solutions of
the ultradiscrete Sine-Gordon equation, we
tried to extend our results on the soliton
interactions in this system, to the case of
rational (and real) initial conditions. This
led us to several interesting results con-
cerning the general solution of the Cauchy
problem for the ultradiscrete Sine-Gordon
equation (restricted to the integers) and
concerning the precise origins of the inter-
action properties of its solutions (over the

real numbers in general), which we found



to lie in positive-definite dispersive solu-
tions for the original discrete SG equation.
A paper reporting on the latter results will
appear shortly in Journal of Physics A.
(Joint work with A. Ramani and B. Gram-

maticos.)

In collaboration with J.J.C. Nimmo, I es-
tablished a simple link between the action-
angle variables that arise naturally in the
IST scheme for the ultradiscrete KdV
equation I discovered a couple of years ago,
and action-angle variables that can be ob-
tained from a particular version of the so-
called ‘rigged-configuration’ algorithm -
a representation theoretical /combinatorial
technique — for the Box&Ball evolution for
the ud-KdV equation. A paper explaining

these results is in preparation.

I also studied discretisations of the so-
called Schrodinger-Newton and Choquard
equations (which appear in various set-
tings in theoretical physics), in order to
study the qualitative behaviour of the so-
lutions of these equations. Moreover, we
performed extensive numerical simulations
on a model describing an approximate dy-
namics for the Schrodinger-Newton equa-
tion and of certain generalisations thereof
which describe the evolution of mesoscopic
quantum objects under the influence of
multiple sources of decoherence, includ-
ing environmental sources. Two papers on
these topics are currently in preparation.
(Joint work with T. Durt and S. Colin.)
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0000007 m00000000000
000 -0000000 -0,00000
000000000000 No.22A0-S8
(2011) 13-22.

. A. Ramani, B. Grammaticos and R.
Willox: “Generalised QRT mappings with
periodic coefficients”, Nonlinearity 24
(2011) 113-126.

. B. Grammaticos, A. Ramani and R.
Willox:  “Folding transformations and
HKY mappings”, Journal of Nonlinear
Mathematical Physics 18 (2011) 75-85.

A. Ramani, C.

Scimiterna and R. Willox: “Miura
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1. Designing and Development a Video

110

Streaming System that Learners can
Freely Zoom into any Area of Blackboards
They Want

. Depelopment of distance learning system

. Research study on preservation, conserva-
tion and exhibition of mathematics mate-

rial
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. Number theory. On the components di-
viding the degrees of the class numbers of

algebraic number fields.

. Characterization of representations of fi-

nite groups by their character values.
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I have studied the difference between locally
linear group actions and smooth ones on 4-
manifolds.

I proved the following theorem by purely alge-
braic method a few years ago.

Theorem. Let p be a odd prime number. If
the cyclic group Z, acts pseudofreely but not
freely, and locally linearly on a closed, oriented,
spin topological 4-manifold X, then there exists
a complex linear virtual representation whose
character satisfies the G-spin formula for the
fixed point data of the action and whose virtual
dimension is equal to —o(X)/8.

Moreover, if o(X)/8 is even then the repre-
sentation has a structure of quaternionic linear

representation.

I have been trying to prove topologically the
theorem for two years, but I have made no

progress yet.
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1. K. Kiyono :
tions on spin 4-manifolds”, Algebr. Geom.
Topol. 11 (2011) 1345-1359
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I have been trying to have a better understand-
ing of various topological invariants associated
with topological field theories from the view-
point of ”Bo-kuukan”. For that purpose, I have
been studying the structure of the semi-infinite
equivariant cohomology and “the semi-infinite
equivariant K group” of the loop space of a

symplectic manifold. In the last few years, I
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found that there exists a natural action of dif-
ference operators on the equivariant K group of
the loop space of a symplectic manifold, and I
obtained the corresponding difference equation
and its solutions in the case of a toric manifold
and its complete intersection. As a result, I
found that the difference equation and its solu-
tion so obtained are a kind of ”qg-analogue” of
the differential equation and its solutions asso-
ciated with their quantum cohomology. Using
my formulation, the same consideration seems
to be possible also in the case of the equivariant
elliptic cohomology, and I have been studying
to clarify what kind of structures we obtain in

this case.
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In this academic year I collaborated with sev-
eral people in the papers [3], [8], [9], [10]. First,
in [3] we studied one of characterization of vari-
eties of Fano type, that is ”for a normal projec-
tive variety with big canonical divisor, the anti-
canonical model has only log terminal singular-
ities if and only if it is of Fano type ”. The main
ingredient of the proof is a kind of the applica-
tion of the MMP. In the papers [8], [9], [10] we
studied Algebraic Geometry in positive char-
acteristics which is one of the hottest topic of
higher dimensional algebraic geometry in this
year. In [8], I studied on algebraic surfaces with
Professor Shunsuke Takagi. We prove that ”if
complex projective surfaces satisfy that the re-
ductions of the surfaces modulo very general
positive characteristics have Frobenius splitting
properties for the structure sheaves, then these
are Calabi—Yau type ”. The proof of this the-
orem is very technical. The paper [9] is one of
the collaboration of the AIM meeting. One of
the theorem is that "every globally F-regular
three folds in char. > 11 are rationally chain
connected”. This result is a kind of positive
characteristics analogue of the result by Zhang,
Hacon—M°Kernan, which says that every com-
plex varieties of Fano type are rationally con-

nected. Finally in [10] we show "fix a finite
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subset of the rational number field. Then for
a sufficiently large prime number p which de-
pends on the finite set, it holds that every klt
surface pair over char. p with the coefficients
We

showed this theorem for the logarithmic gener-

in the finite set are strongly F-regular”.

alization of Hacon—Xu’s result of the existence
of 3-dimensional flips in char. > 7. Indeed we
showed that ”"Fix a finite subset of the ratio-
nal number field. Then for a sufficiently large
prime number p which depends on the finite
set, there exists log flips for a 3-dimensional
DLT pair with the coefficients in the finite set”.
However, during the preparation of this paper,
Professor Caucher Birkar proved much stronger
result than this existence of log flips by the
Thus the only

above surface result becomes new.

quite different proof as ours.
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Geom. 22 (2013), 549-564

. Y. Gongyo and B. Lehmann O “Reduction
maps and minimal model theory”, Com-
positio Math. 149 (2013), No.2, 295-308.

. P. Cascini and Y. Gongyo 0 “On the anti-
canonical ring and varieties of Fano type”
Saitama Math J., 30 (2014), 1-12.

. O. Fujino and Y. GongyoO “Log pluri-
canonical representations and the abun-
dance conjecture” to appear in Compositio
Math.

. Y. Gongyo, S. Okawa, A. Sannai, and S.
Takagill “Characterizaton of varieties of
Fano type via singularities of Cox rings”

to appear in J. Algebraic Geom.

. Y. Gongyo :“Remarks on the non-
vanishing conjecture”, to appear in the
proceeding of Algebraic geometry in East

Asia, Taipei,

. O. Fujino and Y. Gongyo : “On log
canonical rings” to appear in ASPM, Prof.

Kawamata’s 60 volume.
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Y. Gongyo and S. Takagi : “Surface of glob-
ally F-regular and F-split type” preprint
(2013),

Z. Li, 7Z. Patakfalvi, K.
Schwede, H. Tanaka, and H. R. Zong
:“On rationally connectedness of globally
F-regular threefolds” preprint (2013),

P. Cascini, Y. Gongyo, and K. Schwede
:“Uniformbounds for strongly F-regular

surfaces” preprint (2014) .
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“On the moduli b-divisors of lc-trivial fi-
brations”, Workshop on birational geom-
etry, the University of Tokyo, 2013. Jan.
18.

. “Characterization of varieties of Fano type

via singularities of Cox rings”, Higher Di-
mensional Algebraic Geometry, National
Taiwan University, 0 0O, OO, March

2013.

“On varieties of globally F-regular and F-
split type”, Workshop: Characteristic p
methods in Algebraic Geometry, London,
Imperial College London, UK, April 2-5,
2013.

“Surface of globally F-split type”, Work-
shop in Algebraic Geometry London, Im-
perial College London, UK, May 22-24,
2013.

“Characterization of varieties of Fano type
Math-

ematisches Forschungsinstitut Oberwol-

via singularities of Cox rings”,

fach, Germany, ”Complex Algebraic Ge-
ometry”, 2013. May. 26—June 1st

“Finiteness of log pluricanonical represen-
tations” ,Workshop on Algebaraic Geome-
try, Edge days, Edinburgh, UK, June 7-9,
2013.

“Surface of globally F-split type”, Com-
plex Geometry, IMS, Singapore, 25th Jul.
-5th Aug., 2013.
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1. Junyan Cao, Study of Kahler geometry,

2. Diletta Martinelli, Study of birational ge-
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3. Jakub Witaszek, Study of birational geom-

etry in positive characteristics,

4. 0000, Study of the deformations of sin-
gular Fano 3-folds,

5. Florin Ambro, Study of injectivity theo-

rems.
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Transcription is a fundamental cellular process
in which the RNA polymerase enzymes play a
central role. In eukaryotes, RNA polymerase I1
(RNAPII) is responsible for this process, and
genome-wide studies show that transcription
by RNAPII is dynamically regulated. Due to
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the experimental difficulty in molecular biologi-
cal approach, the picture of the gene transcrip-
tion remains snapshot rather than dynamical
views. Therefore, to reveal the principles of
transcription, the mathematical modeling and
simulation by fusing spatiotemporal deep anal-
ysis of real data are crucial.

By the cellular automaton (CA) simulation of
the mobility of RNAPII over long distances, we
found that the RNAPII molecules move as a
free flow state, though there exist regions of
reduced velocity, as far as the time interval be-
tween nearest RNAPII molecules is larger than
the time required for an RNAPII passing the
exclusion length in the reduction region. If the
reduction is strong enough to reach a certain
threshold, a transition occurs from the free flow
state to the states with congested and repeti-
tive flows.

On the other hand, by combining next gen-
eration sequencing and chromosome conforma-
tion capture (3C), it becomes evident that chro-
matin domains which represent the transcrip-
tion basic structural units move dynamically
within the nucleus. Therefore, it is required to
apply this dynamical movement and configura-
tional changes to the CA model.

We previously identified transitions of RNAPII
in the spatial configuration of DNA. Our formu-
lation was extending the asymmetric simple ex-
clusion process (ASEP) and derived an analyt-
ical expression for the dwell time distribution
of the RNAPIIs during transcription. Also, we
adopt the RNAPII transfer methods by map-
ping n forward (or backward) jump routes and
m proximal points. Then we show that the sim-
ulation results of this model are consistent with
the experimental findings for actual gene tran-
scriptions. After that, we will make a detailed
comparison of the results from the realistic sim-
ulation for a specific gene with the experimental
data obtained here. Studies in this model also
emphasize RNAPII flow stability and a fault

tolerant system of the gene transcription.
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transit points and its application to the
transcription process in human cells”,

Physical Review E 86, 021918, (2012) [11
pages|.

Kawamura T, Ogawa Y, Nakamura Y,
Nakamizo S, Ohta Y et al.00 “Severe der-
matitis with loss of epidermal Langer-
hans cells in human and mouse zinc de-
ficiency” The Journal of Clinical Investi-
gation, 122(2) (2012) 722-732.

. Ohta Y, Kodama T and Ihara 91“Cellular-
automaton model of the cooperative dy-
namics of RNA polymerase II during tran-
scription in human cells”, Physical Review
E 84, 041922 (2011) [15 pages].

. Kanki Y, Kohro T, Jiang S, Tsut-
sumi S, Mimura I, Suehiro J, Wada
Y, Ohta Y et al.0 “Epigenetically co-
ordinated GATA2 binding is necessary
for endothelium-specific endomucin ex-
pression”, The EMBO Journal, 30, (2011)
2582-2595.

. Daigo K, Kawamura T, Ohta Y et al.O
“Proteomic analysis of native hepatocyte
(HNF4 a ) isoforms,

phosphorylation status, and interactive co-

nuclear factor-4 a

factors”, The Journal of Biological Chem-
istry, Vol.286, No.1, (2011) 674-686.

. Papantonis A, Larkin JD, Wada Y, Ohta
Y, Thara S, Kodama T and Cook PR “Ac-
tive RNA Polymerases: Mobile or Immo-
bile Molecular Machines?”, PLoS Biology,
Volume 8, Issue 7, (2010) ¢1000419.

. Wada Y and Ohta Y et al.0 “A Wave of
Nascent Transcription on Activated Hu-
man Genes”, Proceedings of the National
Academy of Sciences, 106 (43): (2009)
18357-61.
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I researched on simple groups that are not uni-
formly simple. I showed the infinite altenating
group with a pseudometric that evaluate the
simpleness, is quasiisometric to the half line.

Shigenori Matsumoto and I studied on dynam-
ical systems by diffeomophisms on a circle, and
constructed C'-diffeomorphisms of the circle
which admit measurable fundamental domains.
Kentaro Mikami, Yasuharu Nakae and I ex-

cuted a calculation on characteristic classes of



formal Hamiltonian vector fields of symplectic
R2.

I took part in a project “Translational Systems
Biology and Medicine Initiative” from Novem-
ber 2007 and “Molecular Dynamics for An-
tibody Drug Development” from April 2010,
where I study mathematical models for bioin-
formatics. From April 2013, I take part in a
project “Institute for Biology and Mathematics
of Dynamical Cell Processes”. I study mathe-
matical models for biopolymers to reveal the

mechanism of transcription.

B.OOOO
1. Hiroki KODAMA, Yoshihiko MIT-
SUMATSU, Shigeaki MIYOSHI and

Atsuhide MORI: “On Thurston’s inequal-
ity for spinnable foliations”, Foliations,
Geometry, and Topology: Paul Schweitzer
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Soc. 141 (2013), 2061-2067
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Over the last few years I have been contributing
to the development of the theory of entropy for

actions of sofic groups, which was pioneered by



L. Bowen in 2008. As shown by Bowen and by
H. Li and myself, sofic entropy extends the clas-
sical notions of entropy for measure-preserving
actions on probability spaces and continuous
actions on compact spaces, but does so from
a rather different perspective that is more in
line with Boltzmann’s idea of counting discrete
models in statistical mechanics than with Shan-
non’s theory of information. This new entropy
theory was used by Bowen to classify Bernoulli
actions over nontorsion sofic groups, extending
celebrated results of Ornstein and of Ornstein
and Weiss in the settings of single transfor-
mations and amenable acting groups, respec-
tively. The next step is to understand the
For

amenable acting groups, factors of Bernoulli ac-

entropy of factors of Bernoulli actions.

tions are again Bernoulli by the work of Orstein
and Weiss. This is not longer true for many
nonamenable groups as a consequence of coho-
mology computations in Popa’s deformation-
rigidity theory. Nevertheless, I showed that
Bernoulli actions of sofic groups have com-
pletely positive entropy in the sense that every
nontrivial factor has positive entropy. I also
used this fact to prove that nontrivial factors
of Bernoulli actions of free groups with finite
generator have positive f-invariant, answering
a question of Bowen.

In another direction, M. Lupini, N.C. Phillips,
and I have studied the Borel complexity of the
automorphism group of Z-stable C*-algebras,
which play a central role in the classifica-
tion program for simple separable nuclear C*-
algebras. We showed that the action of the au-
tomorphism group of the Jiang-Su algebra Z
on itself is generically turbulent, and then used
this to deduce that the automorphisms of any
separable Z-stable C*-algebra are not classifi-
able by countable structures. We were also able
to apply similar techniques to reach the same
conclusion for the automorphism groups of Mc-

Duff factors and free group factors.
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Soc. 100 (2010), 459-484.
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135 (2013), 721-761.
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632.
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dependence and sofic entropy”. Comm.
Math. Stat. 1 (2013), 213-257.

9. K. J. Dykema, D. Kerr, and M. Pichot:
“Sofic dimension for discrete measured
groupoids”, Trans. Amer. Math. Soc., 266
(2014), 70-748.

10. D. Kerr: “Bernoulli actions of sofic groups
have completely positive entropy”. To ap-
pear in Israel J. Math., 10 pages.
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C*-algebras. Operator Algebras Spring
Program, East China Normal University,

Shanghai, April 2013.
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. Turbulence and classification in dynam-

ics and operator algebras. North Ameri-
can Annual Meeting of the Association for
Symbolic Logic (plenary talk), Waterloo,
Canada, May 2013.

. Turbulence in automorphism groups of nu-

clear C*-algebras. Workshop on Opera-
tor Algebras - Takesaki 80, University of

Tokyo, May 2013.

. Lecture series, Focus Program on Noncom-

mutative Geometry and Quantum Groups,
Fields Institute, Toronto, June 2013.

Bernoulli actions: randomness, malleabil-
Von

Neumann Algebras and Measurable Group

ity, and periodic approximation.

Theory, Leuven, Belgium, July 2013.

. Lecture series, Dynamics, Geometry, and

Operator Algebras, Texas A&M Univer-
sity, August 2013.

. Bernoulli actions and sofic entropy. Group

Theory, Measure, and Asymptotic Invari-
ants, Mathematisches Forschungsinstitut
Oberwolfach, Germany, August 2013.

Borel

groups.

complexity and automorphism
C*-Algebren, Mathematisches
Forschungsinstitut ~ Oberwolfach,  Ger-

many, August 2013.

Lecture series, Topics in Operator Alge-
bras and Applications, ICMAT, Madrid,
September 2013.

Bernoulli actions and sofic entropy. West
Coast Operator Algebras Symposium, UC
Davis, October 2013.

Borel

groups. Descriptive Set Theory in Paris,

complexity and automorphism
Institut de Mathématiques de Jussieu,

Paris, December 2013.

go

Graduate course on “Entropy, Dynam-
ics, and Operator Algebras”. Topics of
the course included measure and topolog-

ical entropy for actions of amenable and
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sofic groups, combinatorial independence,
mean dimension, crossed products, nuclear
dimension and the classification of C*-

algebras, and algebraic actions.
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. Member, Canadian Mathematical Society.

. Coorganizer of the Concentration Week

“Dynamics, Geometry, and Operator Al-
gebras”, Texas A&M University, August
5-9, 2013.

. Coorganizer of the “Arbeitsgemeinschaft:

Sofic Entropy”, Oberwolfach, October 6-
12, 2013.

. Coorganizer of “SUMIRFAS (Summer In-

formal Regional Functional Analysis Semi-
nar)”, Texas A&M University, August 2-4,
2013.



00000 (Project Research Associates)

00 OO0 (UESAKA Masaaki)

A.000OO

OO0DO000oooDOoooooDoogoooon
0000000000 000000 double poros-
ity media 00 O 0 O O strongly heterogenous me-
diad00OQ0OQoOOoOoooooooooooooo
gobooobooobboooobooboboa
godoobooooouooooboooooa
oo00oooUooDoooooooooooooono
0o0o00o0ooopoooooooooooooo
goodobobooooonoobooooboooaa
gobdooboooobooooooooboooa
oo0oooooooooooooooon

000000000000 0000 double
porosity media0 0 0000000000000
ooooOO0o0oooooooooooogoooo
0000000000000 0OOOMy reseach

interest in this academic year is the homoge-
nization. Especially, I focused on the homog-
enization of double porosity media (strongly
heterogeneous media). Double porosity media
contains the extremely stiff media and soft me-
dia and the ratio of the coefficients of these
two media depend on the periodicity of micro-
structure. It is well known that non-local effect
and band gaps occurs in the homogenization of
this type of media. In the viewpoint of appli-
cation, this problem is important on the devel-
opment of new material.

I consider the homogenization problem in dou-
ble porosity media which is very thin in one-
direction. I find that the limit equation varies
by the relationship between the thickness and

the periodicity of micro-structure.
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e Masaaki Uesaka, Homogenization in a thin
layer with an oscillating interface and

highly contrast coefficients, in preparation.
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The purpose of my research is to analyze var-
ious models appearing in condensed matter

physics in a mathematically rigorous way or



by means of numerical methods with a math-
ematical guarantee. In this academic year I
continued working on the rigorous construction
of many-electron systems at positive tempera-
ture. I especially focused on the construction
of many-electron systems in low temperatures,
which cannot be reached by the perturbative
expansion with respect to the coupling constant
or the multi-scale integration over the Matsub-
ara frequency I have worked on so far. The es-
sential problem in this direction is to prove the
convergence of the multi-scale expansion on the
momentum space called the infrared integra-
tion. By inductive arguments I proved the con-
vergence properties of the multi-scale expan-
sions spreading from the ultra-violet region of
the Matsubara frequency to the infrared region

of the momentum space.
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time four-point correlation functions in the
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tice”, Ann. Henri Poincaré, Online First,
DOI 10.1007/s00023-013-0278-0.
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There exist two fundamental ways to investi-
gate nonequilibrium systems out of equilibrium
statistical mechanics by introducing time evo-
lution. One is to exploit hydrodynamic equa-
tions for the statistical mechanical quantities,
eg. temperature, pressure and entropy, which
is the so-called hydrodynamic limit. The other
is to introduce the transition probability among
the points of the phase space, which means that
one defines a markov process for the probabil-
ity measure on the phase space. (The markov
property should be considered in view of the
causality of mechanics.) The latter way is

based on the master equation:

0

o Plwit) = > [w(w = w)PW'st)

w’

— w(w — W) P(w;t)].

The master equation is defined with the transi-
tion probabilities w(w’ — w) between the states
w. In general, one gives the transition prob-
abilities so that the master equation admits
an equilibrium state as the stationary solution,
ie., %P(w;t) = 0. That is, we have focussed
only on the relaxation process to equilibrium.
Recently, I come to have an imagination to a
kind of master equations with hypergeometric

solutions when I compare the master equation
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of the zero-range process,

f)

0
ot (w;
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with the contiguity relation of the genenral hy-

pergeometric function,
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0
20 ——— 2 —
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=a;F(z,a+¢e; —€5;7).

My future work will be classification of the
nonequilibrium statistical mechanical systems
with an exact hypergeometric solution of the

master equation.
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In a joint work with Yuji Terashima (Tokyo
Institute of Technology) we applied cluster al-
gebras to a study of topological invariants of
On the basis of the higher Te-

ichmiiler theory due to Fock and Goncharv,

3-manifolds.

character varieties of a punctured surface are
parameterized by cluster algebras associated to
ideal triangulations on the surface. First as an
extension of the Porti torsion we introduced

a certain non-acyclic torsion invariant associ-



ated to a general projective representation of
the fundamental group. The torsion invariant
induces a rational function on the PGL,(C)-
character variety. Next for mapping tori of a
puctured surface we presented a formula de-
scribing the rational function in terms of cluster
algebras for the surface.

Culler and Shalen have established a way
to construct incompressible surfaces in a 3-
manifold from an ideal point of the SLy(C)-
character variety. I studied an extension of
Culler-Shalen theory in view of the behavior of
twisted Alexander polynomials of 3-manifolds
as linear representations of the fundamental
The coefficients of twisted

Alexander polynomials of a 1st cohomology

group changes.

class induce regular functions of the SLo(C)-
character variety. I proved that the function
of the highest degree has a finite value at an
ideal point which gives a Thurston norm min-
imizing surface dual to the cohomology class.
It implies a partial affirmative answer to a con-
jecture by Dunfield, Friedl and Jackson on the
twisted Alexander polynomials of knots associ-

ated to SLs(C)-representations.
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As a project that I have worked on this year,
I could first raise my study on explicit con-
struction of homomorphisms between general-
ized Verma modules. In my Ph.D thesis, there
were three cases left open. I have closed these
three cases this year. The results were recently
published in SIGMA Symmetry Integrability
Geom. Methods Appl., ([3]).

Besides the project mentioned above, I have
worked on covariant differential operators be-
tween certain vector bundles. This is a joint
work with Prof. T. Kobayashi from this depart-
ment and Prof. M. Pevzner from Université de
Reims-Champagne-Ardenne, France. We are
planning to write a preprint on the project in

the near future.
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The Morrey spaces, which were introduced by
C. Morrey in order to study regularity ques-
tions which appear in the Calculus of Varia-
tions, describe local regularity more precisely
than Lebesgue spaces and widely use not only
harmonic analysis but also partial differential
equations.

Around thirty years ago, block spaces, which
are the predual of Morrey spaces, had been
considered. However, it seems that there is no
proof that block spaces satisfy the Fatou prop-
erty. In my research, the Fatou property for
block spaces is verified and the predual of block
spaces is characterized.

There have been known two generalized Orlicz-

Morrey spaces. One is defineed earlier by Nakai
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and the other is by Sugano, Sawano and my-
self. In my research, the differences between
these two spaces in some typical cases are in-
vestigated. The arguments rely upon property
of the characteristic function of the Cantor set.
A description of all the admissible weights sim-
ilar to the Muckenhoupt class A, is an open
problem for the weighted Morrey spaces. In
my research, necessary condition and sufficient
condition for two-weight norm inequalities on
Morrey spaces to hold are given for the Hardy-
Littlewood maximal operator. Necessary and
sufficient condition is also verified for the power
weights.

Lastly, as a my continued work of the Kakeya
problem, we verify that the Kakeya (Nikodym)
maximal operator Ky, N > 1, is bounded
on the variable Lebesgue space LP()(R?) when
the exponent function p(-) is N-modified locally
log-Holder continuous and log-Holder continu-

ous at infinity.

B.OODOO
1. Gala S., Ragusa M., Sawano Y. and
Tanaka H.:  “Uniqueness criterion of

weak solutions for the dissipative quasi-
geostrophic equations in Orlicz-Morrey
spaces”, Appl. Anal. 93 (2014), no. 2,
356—368.

. Tanaka H. and Terasawa Y.: “Positive op-
erators and maximal operators in a fil-
tered measure space”, J. Funct. Anal.,

264 (2013), no. 4, 920-946.

. Tanaka H. and Terasawa Y.: “A character-
ization for the boundedness of positive op-
erators in a filtered measure space”, Arch.
Math. (Basel), 101 (2013), no. 6, 559-568.

. Gala S., Sawano Y. and Tanaka H.OO “On
the uniqueness of weak solutions of the
3D MHD equations in the Orlicz-Morrey
space”, Appl. Anal., 92 (2013), no. 4, 776—
783.

. Tanaka H. and Gunawan H.O “The local
trace inequality for potential type integral
operators”, Potential Anal., 38 (2013),
no.2, 653-681.



. Tanaka HO “Two-weight norm inequalities
for potential type integral operators in the
case p > ¢q > 0 and p > 17, Studia Math.,
216 (2013), no. 1, 1-15.

. Saito H. and Tanaka H.: “Directional max-
imal operators and radial weights on the

plane”, Bull. Austral. Math. Soc., online.

. Tanaka H.: “A characterization of two-

weight trace inequalities for positive
dyadic operators in the upper triangle

case”, Potential Anal., online.
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spaces”, to appear in Z. Anal. Anwend..
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property of block spaces”, submitted.

10. Sawano Y. and Tanaka H.:

11. Gala S., Sawano Y. and Tanaka H.: “A
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spaces”, submitted.
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on Morrey spaces”: submitted.

14. Sawano Y., Shimomura T. and Tanaka H.:
“A remark on modified Morrey spaces on

metric measure spaces”, submitted.
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equalities for positive dyadic operators in
the upper triangle case”, 1st East Asian
Conference in Harmonic analysis and Ap-
plications, Seoul (2013), Koria.

“A characterization for the boundedness
of positive operators in a filtered measure
space”, Harmonic Analysis and its Appli-
cations at Tokyo 2012.

“Morrey spaces and weights”, Harmonic
Analysis and its Applications at Nara
2011.
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4. “Fractional integral operators and Morrey
spaces with small parameters”, Harmonic
Analysis and its Applications at Pohang
(2009), Koria.
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Our aim is to study the geometric realization
of the local Langlands correspondence (LLC)
and the local Jacquet-Langlands correspon-
dence (LJLC) for GLj. More concretely, it is
to define a family of affinoids in the Lubin-Tate
perfectoid space defined by Scholze-Weinstein,



compute the reductions of them and study the
middle cohomology of them. An epipelagic rep-
resentation means a supercuspidal representa-
tion GL; of conductor h + 1.

a family of affinoids and compute the reduc-

We construct

tions whose cohomology realizes the LLC and
the LJLC for these representations. In essen-
tially tame case, the reduction is isomorphic
to an Aritn-Schreier variety. In this case, we
completely prove the LLC and the LJLC for
epipelagic representations. In the wild case, we
find a family of affinoids and compute the re-
ductions of them, and prove the LLC and the
LJLC for epipelagic representations up to un-
ramifed twists. Nowadays, we study to remove

the ambiguity of the unramified twists.

B.OODOO

1. T. Tsushima, Stable reduction of Xg(p?),
to appear in Journal fur die reine und ange-
wandte Mathematik, ISSN (Online), DOLI:
10.1515/crelle-2013-0081.

2. N. Imai and T. Tsushima, Action of Hecke
operators on cohomology of modular curves of
level two, Math. Z. 273, No. 3-4, 1139-1159
(2013).

3. T. Tsushima, On the stable reduction of
Xo(5%) and Xo(7%), RIMS Kokyuroku Bessatsu
B32, 205-228 (2012).

4. T. Tsushima, On localizations of the charac-
teristic classes of ¢-adic sheaves and conductor
formula in characteristic p > 0, Math. Z. 269,
No. 1-2, 411-447 (2011).

5. T. Tsushima, Elementary computation of
ramified components of the Jacobi sum Hecke
characters, J. Number Theory 130, No. 9,
1932-1938 (2010).

6. T. Tsushima, On localizations of the charac-
teristic classes of f-adic sheaves of rank 1, RIMS
Kokyuroku Bessatsu B12, 193-207 (2009).
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T. Tsushima, Good reduction of ramified

Korea-Japan Joint Seminar on Number Theory
and Related Topics in January 21-24, 2013.
2. T. Tsushima, Good reduction of ramified

affinoids in the Lubin-Tate perfectoid space,
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Automorphic Functions and Arithmetic Geom-
etry: A symposium for Prof. L. Lafforgue’s
visit, in Kyushu University, 26 April - 28 April
2013.

3. T. Tsushima, Good reduction of ramified
affinoids in the Lubin-Tate perfectoid space, in
the Asian Mathematical Conference in Korea,
June 3-July 4, 2013.
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Recently, I study initial-boundary-value prob-
lems of non-Newtonian fluids.  There are
various kinds of non-Newtonian fluids and I
mainly study power-law fluids. In the last aca-
demic year, I obtained results about solvabil-
ity of diffuse interface model of two power-law
fluids with the same densities(Abels-Diening-
Terasawa, '14). In this academic year, I study
solvability of a diffuse interface model of two
power-law fluids with different densities, but,
didn’t get results so far. I also collect infor-
mations about two-weight estimates of singular
integral operators, related with maximal regu-

larity estimates of parabolic equations.

B.OOOO

1. H. Abels and Y. Terasawa: “On Stokes op-



. H.  Abels

erators with variable viscosity in bounded
and unbounded domains”, Math. Ann.
344 (2009) 381-429.

and Y.

Navier-Stokes

Terasawa: “Non-
homogeneous systems
with order-parameter dependent stresses”,
Math. Meth. Appl. Sci. 33 (2010)

1532-1544.

. Y. Terasawa and N. Yoshida: “Stochastic
Power Law Fluids: Existence and Unique-
ness of Weak Solutions”, Ann. of Appl.

Prob. 21 (2011) 1827-1859.

. M. Bulicek, J. Mélek and Y. Terasawa: “On
Hausdorff dimension of blow-up times
relavant to weak solutions of general-
ized Navier-Stokes fluids”, Gakuto Inter-
national Series Mathematical Sciences and
Applications, 35 - in memory of Professor
Tetsuro Miyakawa -, (2011) 116-129.

. H. Tanaka and Y. Terasawa: “Positive op-
erators and maximal operators in a filtered
measure space”, J. Funct. Anal. 264

(2013) 920-946.

. H. Abels, L. Diening and Y. Tera-
sawa: “Existence of weak solutions for a
diffuse interface model of non-Newtonian
two-phase flows”, Nonlinear Anal. Real

World Appl. 15 (2014) 149-157.
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. On a diffuse interface model for non-
Newtonian two-phase flows with matched
densities, Seoul-Tokyo Conference on ellip-
tic and parabolic PDEs with matched den-
sities, KIAS, Seoul, Korea, 20120 11 0.

. On a diffuse interface model for non-

Newtonian two-phase flows with matched
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Conference on the Mathematical Fluid Dy-
namics - on the occasion of Professor
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I am studying about structures of solutions
for the soliton equations and applications of
cellular-automaton model. The main results

are as follows:
1. Vertex operators and backgrounds

We proposed a recursive representation of so-
lutions which is considered as an ultradiscrete
analogue of the vertex operator. We also pro-
posed a class of solutions called “backgrounds”
and proved that we can apply our recursive
representation to these solutions. By virtue of
these results, we have proposed the method to
solve the initial value problem of the ultradis-
crete KdV equation, which can be considered
as an ultradiscrete analogue of the inverse scat-
tering method for ordinary soliton equations
(Joint work with Prof. R. Willox, Prof. J. Sat-
suma, Prof. A. Ramani and Prof. B. Gram-

maticos).

2. Combinatorial representations
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We have expressed the soliton solution for the
ultradiscrete Toda molecule equation as the
minimal weight flow of the planar graph and
proven that it solves the equation according
to its structure. We also expressed pseudo-
periodic solutions of the ultradiscrete KdV
equation as a maximum of a discrete quadratic
form and proved that these solutions really
solve the equation by employing discrete con-

vex analysis.

3. Dynamics of transcriptional cellular-

automaton models

By observing limit cycles, we studied about
some exact behavior for the simplest version of
the path-preference model, which is a cellular-
automaton model expressing the dynamics of

the transcription and presented by Ohta et al.
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1. Y. Nakata: “Vertex operator for the ultra-
discrete KdV equation”, J. Phys. A: Math.
Theor., 42:412001 (6pp), 2009.

. Y. Nakata: “Vertex operator for the non-
autonomous ultradiscrete KP equation”,
Submitted.
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“Vertex operators and back-

. R. Willox, Y. Nakata, J. Satsuma, A. Ra-
mani and B. Grammaticos: “Solving the
ultradiscrete KdV equation”, J. Phys. A:
Math. Theor., 43:482003 (7pp), 2010.

. Y. Nakata: “Solutions to the ultradiscrete
Toda molecule equation expressed as min-
imum weight flows of planar graphs”, J.
Phys. A: Math. Theor., 44:295204 (15pp),
2011.

. Y. Nakata: “Solutions to the ultradiscrete
KdV equation expressed as the maximum
A:

of a quadratic function”, J. Phys.
Math. Theor. 46 (2013) 265203.



7. Y. Nakata: “Solutions to the ultradiscrete
KP hierarchy and its reductions”, J. Phys.
A: Math. Theor. 46 (2013) 465202.
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My research interests are surface knots and sur-
face braids, which are surfaces embedded in the
4-dimensional space.

I considered a satellite construction of a sur-
face link called a 2-dimensional braid over an
oriented surface link. I introduced the notions
of an m-chart on a surface diagram and its
presenting 2-dimensional braid, and Roseman
moves for surface diagrams with m-charts, and
I showed that a 2-dimensional braid over an ori-
ented surface link F' is presented by an m-chart
on a surface diagram of F', and 2-dimensional
braids are equivalent if their surface diagrams

with m-charts are related by a finite sequence of



Roseman moves (B-3). Further, we considered
abelian surface links, i.e. surface links whose
link groups are free abelian groups, and we
gave infinitely many examples of abelian sur-
face links of rank three (B-2) or four (B-1).
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1. Tetsuya Ito and Inasa Nakamura: “On sur-
face links whose link groups are abelian”,
arXiv:1302.2290, to appear in Math. Proc.
Camb. Phil. Soc.

2. Inasa Nakamura: “Surface links with free
abelian groups”, J. Math. Soc. Japan 66
No. 1 (2014), 247-256.

3. Inasa Nakamura: “Satellites of an oriented
surface link and their local moves”, Topol-
ogy Appl. 164 (2014), 113-124.

4. Inasa Nakamura: “Unknotting numbers
and triple point cancelling numbers of
torus-covering knots”, J. Knot Theory
Ramifications 22, No. 3, 1350010, 28 p.
(2013).

5. Inasa Nakamura: “Unknotting the spun
T2-knot of a classical torus knot”, Osaka
J. Math. 49 (2012), 875-899.

6. Inasa Nakamura: “Braiding surface links
which are coverings over the standard
torus”, J. Knot Theory Ramifications 21,
No. 1, Article ID 1250011, 25 p. (2012).

7. Inasa Nakamura: “Triple linking numbers
and triple point numbers of certain 72-
links”, Topology Appl. 159 (2012), 1439-
1447.

8. Inasa Nakamura: “Surface links which are
coverings over the standard torus”, Algebr.
Geom. Topol. 11 (2011), 1497-1540.

9. Inasa Nakamura: “Unknotting singular
charts with no black vertices by reducing
node-pairs”, J. Knot Theory Ramifications
19, No.9 (2010), 1135-1144.
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In this year, I have mainly focused on two re-
search subjects. They are the interdisciplinary
researches between theoretical physics, biology,
and mathematics.

In the

physics and mathematics, I have studied on

interdisciplinary research between
the new relation between the quantum knot in-
variants and the matrix models on basis of the
topological recursion technique. The asymp-
totic study of the colored Jones polynomial
have been brought some novel developments
of the theoretical physics. They are mainly
based on the remarkable results of the low di-
mensional topology such as the volume conjec-
ture and AJ conjecture. In my former work in
collaboration with R. Dijkgraaf and M. Man-
abe, we proposed a conjecture on the relation
between the colored Jones polynomial and the
partition function of the open topological string
on basis of the knot invariant that is known as
A-polynomial. In recent years, this conjecture
is studied in detail, and novel developments
have been reported.

In this year, I have studied the extension of
our conjecture to the colored HOMFLY poly-
nomial. In the striking works of Aganagic-Vafa,
the physical derivation of our conjecture is pro-

posed on basis of the local mirror symmetry.



This proposal including the derivation of our
conjecture for the colored Jones polynomial as
a special case. But this proposal has not been
studied explicitly.

As the first step toward the deeper understand-
ing of this proposal, I have studied the asymp-
totic expansion of the colored HOMFLY poly-
nomial for the trefoil knot. In the topological
recursion, it is known that there are some am-
biguities coming from the “non-perturbative ef-
fects”. In the case of the colored Jones polyno-
mial, this ambiguity is fixed by Borot-Eynard’s
beautiful work, and the asymptotic expansion
of the colored Jones polynomial is correctly re-
covered from the topological recursion.

I have applied the same prescription of Borot-
Eynard’s study for the colored HOMFLY poly-
nomial of the trefoil knot. As a result of
some detailed computations, it is found that
some other prescription to control the non-
perturbative effects in the topological recursion
is needed to recover the colored HOMFLY poly-
nomial correctly. This result is reported in the
proceedings of ILDT 2013, and pointed out the
problem manifestly.

On the other hand, I have also explored the
interdisciplinary research between biology and
mathematics about the subject of 3D structure
of RNA. In the research of life science, the re-
lation between the 3D structure of RNA and
its functions / gene expressions is highly inter-
ested, and such information will innovate the
research of the drug discovery. In the prior re-
search by J. E. Andersen, et. al., the topolog-
ical structure of RNA is characterized by the
fat graph, and the algorithm to find the genus
for the 3D configuration of the RNA has been
developed. In their research, a matrix model
is proposed to count the number of chord dia-
grams systematically.

In this year, I have studied the refinement of
the counting problem to include the effect of
the unoriented configurations on basis of the
B-deformed RNA matrix model.

known that the [-deformation of the matrix

It is well

model gives rise to the unoriented topology

of fat graphs. On basis of this fact, we also
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counted the unoriented fat graphs for RNA ma-
trix model systematically. Presently communi-
cating with J. E. Andersen, we are exploring
this problem to higher orders, and we aim to
unveil the integrable structure behind the (-
deformed RNA matrix model, and new charac-

terization of the topology of RNA.

B.OOOO

1. H. Fuji “The colored HOMFLY ho-
mology and super-A-polynomial,” Intelli-

gence of Low-dimensional Topology, RIMS
Kokytroku, No.1866, 45-68.

c.oood

1. “The colored HOMFLY homology and
super-A-polynomial” Intelligence of Low-
dimensional Topology, DO O OOODOO

ooo 20130 500

. “The volume conjecture and super-A-
polynomial” SMS - 2012 - Université de
Montréal 20130 6 O O
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I studied about line bundles on algebraic vari-
eties.

O (joint work with Yusaku Tiba) For a curve C
on a quadric or a cubic surface S, we studied
when S\ C is Kobayashi hyperbolically imbed-
ded into S.

O1 studied Quot schemes of trivial bundles
on P! in view of birational geometry. I con-
structed small Q-factorial modifications of the
Quot schemes as moduli spaces, and showed
that the Quot schemes are Mori dream spaces.
O (joint work with Katsuhisa Furukawa) We
studied Gauss maps of toric varieties embedded
in projective spaces. We described the Gauss
maps as toric morphisms, and gave their im-

ages, general fibers, etc. explicitly.

B.OOOO

1. A. TtoO “Seshadri constants via toric de-
generations”, to appear in J. Reine Angew.
Math.

. A. TtoO “Okounkov bodies and Seshadri
constants”, Adv. in Math. 241 (2013),
246-262.

3. A. TtoO “Algebro-geometric characteriza-
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tion of Cayley polytopes”, submitted.

4. A. Tto and M. Miurall “Seshadri con-
stants and degrees of defining polynomi-
als”, Math. Ann. 358 (2014), no. 1, 465
476.

. A Tto:

with Picard number two”, to appear in

“Examples of Mori dream spaces

Manuscripta Math.

A. Tto and Yusaku Tiba :

quadric and cubic surfaces whose com-

“Curves in

plements are Kobayashi hyperbolically
imbedded”, Inst.

Fourier.

to appear in Ann.

7. K. Furukawa and A. Ito : “Gauss maps of
toric varieties, arXiv:1403.0793.

c.oooo

. Examples of Mori dream spaces with
Picard number two, 4th Workshop on
Higher Dimensional Algebraic Geometry,
National Taiwan University, Taiwan, 2013
O30.

. Totaro 0 Moving codimension-one subva-
rieties over finite fields 000, 00000
ooooo0o0oo0O0,20130 80.

. Small Q-factorial modifications of Quot
schemes of trivial bundles on P!, 5th Alge-
braic Geometry in East Asia, Institute of
Mathematics, AMSS, China, 20130 100 .

. Small Q-factorial modifications of Quot
schemes of trivial bundles on P', O 00O
goooooooOoOoOoOo,oooo00o00
ooooooobooo, 20140 10.

. Examples of Mori dream spaces with Pi-
card number two 0 26000000000,
ooooogdo, 20140 10.
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I have been working inverse problems for par-
tial differential equations. More precisely, I
have been studying the Carleman estimate and
its applications for inverse problems and con-
trol theory. In particular, I am interested in
the Bukhgeim-Klibanov method which use Car-
leman estimates to derive the uniqueness and
the conditonaly stability for inverse problems of
determining souce terms or coefficients in par-
tial differential equations.

This year, I continued studying inverse source
problems and Carleman estimates for the linear

degenerate parabolic equations.

B.OOOO
1. Atsushi Kawamoto and Masahiro Ya-
mamoto : “Determination of an electro-

magnetic potential for the Dirac equa-
tion”, Inverse Problems 28 (2012) 115012

(26pp).
c.0o00o

1. Inverse problems for linear degenerate
parabolic equations, Seoul-Tokyo Confer-
ence on Elliptic and Parabolic PDEs and
Related Topics, KIAS(Korea Institute for
Advanced Study), Seoul, Korea, December
2012. (poster session)

. Inverse problems for linear degenerate
parabolic equations, International Confer-
ence on Inverse Problems and Related

Topics 2012, Southeast University, Nan-
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jing, China, October 2012. (Invited ple-
nary talk)

Laguoboboooboobbooboobad
gooooboobooo,oobo oo
goboob,bobooobo booboob,
20110 20.

. Determination of an electromagnetic po-
tential for the Dirac equation, Thematic
day on Inverse Problems, Institut Henri

Poincare, France, November 2010.
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This year I have studied nonlinear partial dif-
ferential equations as models for the spread of
infectious diseases. In particular, I have fo-
cused on time-periodic models for seasonal in-
fectious diseases and multi-group models for
diseases depended on the heterogeneity (e.g.,
sex, age, position) of each individual. I have
clarified that the basic reproduction number
Ry, which is a well-known epidemiological
threshold value, can play an important role
that determines the existence, uniqueness and
asymptotic stability of equilibrium solutions in

each of these models.

B.OOOO

1. T. KuniyalO “Existence of a nontrivial pe-
riodic solution in an age-structured SIR
epidemic model with time periodic coef-
ficients”, Appl. Math. Lett. 27 (2014) 15—
20.



10.

. Y. Muroya, H. Li and T. Kuniyall “Com-
plete global analysis of an SIRS epidemic
model with graded cure and incomplete re-
covery rates”, J. Math. Anal. Appl. 410
(2014) 719-732.

. T. Kuniya and M. Iannellil “RO and the
global behavior of an age-structured SIS
epidemic model with periodicity and ver-
tical transmission”, Math. Biosci. Eng., in

press.

. T. Kuniya and H. Inabd] “Endemic thresh-
old results for an age-structured SIS epi-
demic model with periodic parameters”, J.
Math. Anal. Appl. 402 (2013) 477-492.

. Y. Muroya, Y. Enatsu and T. Kuniyall
“Global stability for a multi-group SIRS
epidemic model with varying population
sizes”, Nomnlinear Anal. RWA 14 (2013)
1693-1704.

. Y. Muroya, Y. Enatsu and T. Kuniyall
“Global stability of extended multi-group
SIR epidemic models with patches through
migration and cross patch infection”, Acta
Mathematica Scientia 33 (2013) 341-361.

. T. Kuniyal “Global stability of a multi-
group SVIR epidemic model”, Nonlinear
Anal. RWA 14 (2013) 1135-1143.

. T. Kuniya and Y. Nakatall “Permanence
and extinction for a nonautotnomous
SEIRS epidemic model”, Appl. Math.
Comput. 218 (2012) 9321-9331.

. T. Kuniyad “Global

with a discretization approach for an

stability analysis

age-structured multigroup SIR epidemic
model”, Nonlinear Anal. RWA 12 (2011)
2640-2655.

Y. Nakata and T. Kuniyd] “Global dynam-
ics of a class of SEIRS epidemic models in
a periodic environment”, J. Math. Anal.
Appl. 363 (2010) 230-237.
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. Invariance principle and Lyapunov func-

tionals for age-structured population mod-
els, International Workshop on Biomathe-
matics Modelling and Its Dynamical Anal-
ysis, Harbin, China, January 2014.
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. Age-structured SIS models with periodic-

ity, The Fourth Conference on Computa-
tional and Mathematical Population Dy-
namics, Taiyuan, China, May 2013.

. Analysis for a class of periodic SIS epi-

demic models with age-structure, 36th An-
nual Texas Partial Differential Equations
Conference, Texas, USA, March 2013.

results for
an age-structured periodic SIS epidemic
model, 2012 C-J-K International Confer-
ence on Mathematical Biology, Busan, Ko-

rea, May 2012.

Threshold dynamics of an age-structured
SIS epidemic model with seasonal fluc-
tuation, Third International Conference
on Infectious Disease Dynamics, Boston,
USA, November 2011.
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I'm working on CR geometry, in particular on
its connection with asymptotically complex hy-
perbolic (ACH) metrics.

On bounded strictly pseudoconvex domains in
C™ (n > 2), metrics such as the Bergman met-
ric and the complete Kéahler-Einstein metric
with negative scalar curvature diverge at the
boundary in such a way that it recovers the CR
structure on the boundary. Metrics of similar
character are called ACH metrics in general.
I'm interested in the relationship between the
CR structure and analytic properties of ACH

metrics. Actually, the class of CR structures
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within the scope here is wider than the clas-
sical one; the boundary allows partially inte-
grable CR structures. It is worth mentioning
that the normal Cartan connection can be con-
structed exactly for such structures by the the-
ory of parabolic geometries.

This year, I worked on invariant differential op-
erators and Q-curvature of partially integrable
CR structures and published a preprint ([1] in
Section B). The main results are as follows. (1)
A family of invariant differential operators is
constructed as Dirichlet-to-Neumann-type op-
erators associated to ACH-Einstein metrics; Q-
curvature is also defined by this argument. (2)
The total integral of the Q-curvature on com-
pact manifolds is a CR-invariant, which has
nontrivial variation under deformations of CR
structures. (3) The linearized obstruction op-
erator, which gives the second variation of the
total @Q-curvature, has some remarkable prop-
erties in relation with the CR deformation com-

plex.

B.OOOO

1. Y. Matsumoto: “GJMS operators, Q-
curvature, and obstruction tensor of par-
tially integrable CR manifolds”, O 0 00O
oo,

http://arxiv.org/abs/1402.4110.

2. 00000 “Asymptotically complex hyper-
bolic Einstein metrics and CR geometry”,
OoooooooDooDpooooooo,
2013.

3. Y. Matsumoto: “Asymptotics of ACH-
Einstein metrics”, J. Geom. Anal. 0 0O O

un

4. Y. Matsumoto: “A GJMS construction for
2-tensors and the second variation of the
total Q-curvature”, Pacific J. Math. 262
(2013) 437-455.

5. 000 00O “Asymptotic analysis of ACH-
Einstein metrics”, 00000000000
goooood, 2010.
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I have used mathematics to create an interdis-
ciplinary platform for dealing with the prob-
lems of industry and society. This is the con-
cept of mathematical innovation: (1)Clarifica-
tion of the principle of the problem by look-
ing at the real-world problemin an abstracted
framework using mathematics (2)Reconstruc-
tion of the existing technical concept based on
the constructed framework and creating new
technological concept by “ think from zero”
using mathematics (3) Applying the technol-
ogy and attempting to promote it 0 among
the manufacturing field and society, and lead-
ing them to innovation. With my domestic and
international networks, I propose an appropri-
ate technology toward industrial needs at the
fastest speed in the world using cutting-edge

mathematical theories.

B.OOOO

1. M. Suzuki, K. Katsuki, J. Imura, J. Nak-
agawa, T. Kurokawa and K. Aihara: “Si-
multaneous optimization of slab permuta-
tion scheduling and heat controlling for

a reheating furnace”, Journal of Process
Control 24 (2014) 225-238.

2. J. Nakagawa and M. Yamamoto: “Culti-
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vating an Interface Through Collaborative
Research Between Engineers in Nippon
Steel & Sumitomo Metal O Corporation
and Mathematicians in University”, Ed-
ucational Interfaces between Mathematics
and Industry, Springer International Pub-
lishing Switzerland (2013).

. K. Aihara, K, Ito, J, Nakagawa, and

T. Takeuchi: “Optimal Control Laws for
Traffic Flow”, Applied Mathematics Let-
ters 26 (2013) 617-623.

. J. Nakagawa, G. Nakamura, S. Sasayama

and H. Wang: “Local maxima of so-
lutions to some nonsymmetric reaction-
diffusion systems”, Submitted to Mathe-
matical Methods in the Applied Sciences

(2012).

.goobo,0bgob: “00obobgooboo

0,0000000000000007,0
0000, 51,2020 900.

. M. Suzuki, K. Katsuki, J. Imura, J. Naka-

gawa, T. Kurokawa and K. Aihara: “Mod-
eling and real-time heating control of a re-
heating furnace using an advection equa-
tion”, Proceedings of the SICE Annual
Conference (2011) 842-848.

7. Y. Wang, J. Cheng, M. Yamamoto and J.

Nakagawa:“A numerical method for solv-
ing the inverse heat conduction problem
without initial value”, Inverse Problems in
Science and Engineering 18 (2010) 655-
671.

. J. Cheng, J. Nakagawa, M. Yamamoto

and T Yamazaki:“Uniqueness in an in-
verse problem for one-dimensional frac-
tional diffusion equation”, Inverse Prob-
lems 25 (2009) 119-132.

. J. Nakagawa and M. Yamamoto: “Bilat-

eral practice of industrial mathematics in



steel making process”, Journal of Math-
for-industry 1 (2009B-9) 157-163.

10. J. Nakagawa, K. Sakamoto and M. Ya-

mamoto:  “Overview to mathematical
analysis for fractional diffusion equations-
new mathematical aspects motivated by
Journal for

industrial collaboration”,

Math-for-industry 1 (2009B-9) 157-163.
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3.0000,0000,0000,000
0, 0000000000000000
000000000000000O000,
SY0002/13,/0000-1106, SICEO 00000
0ooo0 (2013).

4. J. Nakagawa, Mathematical Core Tech-
nology for a Traffic Flow System Using
the Model Predictive Control of large and
Complex Networks, Colloquium on Com-
binatorics, Technische Universitdt Berlin,
Germany, 2012.11.16-17.

5. J. Nakagawa, K. Aihara, Mathematical
Core Technology for a Traffic Flow Sys-
tem Using the Model Predictive Control
of large and Complex Networks, Forum
“  Math-For-Industry ” 2012, October 22-
26, Fukuoka, Japan.

6. J. Nakagawa, “
ciplinary Platform O for Taking Aim
at Mathematical Innovation” , ESF-JSPS

Frontier Science Conference, Mathematics

Creating an Interdis-

for Innovation: Large and Complex Sys-
tems (2012).

7. 0000,0000000000000D0AO
goooboooooooooboog,oro
goooooo,obd, 2012.5.19.
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8. J. Nakagawa, Creating an Interdisciplinary
Platform O for Taking Aim at Mathemati-
cal Innovation -A Case of Soil Contamina-
tion, Forum“ Math-For-Industry ” 2011,
October 24-27, Hawaii, USA.
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We are studying on the models for measuring
market risk and credit risk. We have studied
the counterparty credit risk model for Credit

Value Adjustment O of a netted portfolio.

D.O0O

1. 00000000 1000000 XBOOO
ooooooboo - 0oooooooooo
oooooooooooooooooooo



gooooooooooobooooooooo
O000o0o0o0oooUooooooo. (o
O00ooo4000000)

.gobo0obobooo nmoobobooooon
U:00b0o00boobooboboon
gboooooooooboooobooboo
00000o0oU00o0oooooo@ooo
004000000)

00 O (NOHARA Tsutomu)

A.0D0DODO

(H)OoOooOoooooOooooooooog
good
obobOobobOoboboboboboonoa
gbooooooooboobobobobobo
ooOd. ooooboooooooobooobag
goboobooboooobooob.oboo,od
oobooooooboooooooo,oboboog
gooooooog.
(2) 0000000000000 0O00000
ooooooooboi1voooJv.oooooo
obobooboboobobobobobooonog
O,0000000000000b0ob0b0000g.
goooooo,ob,booboooooog
gboboobobooboboboboboona
oooooboooooboooboooooog.
3)000000000o0oooooogg
goooog
obobOobobOoboboboboboonoa
oobobooooobooooooobooboooon, o
oboboobobobobobobobooo
gbobobobooboboboboboona
ooooooobooooooon.

(1)Analysis of oscillation phenomena in nonlin-
ear ordinary differential equations and its appli-
cations : Oscillations arising in nonlinear ordi-
nary differential equations are important phe-
nomena in many engineering fields as well as in
mathematics. Ordinary differential equations
with higher order nonlinear terms are studied
in viewpoint of engineering phenomena. Math-
ematical models in biology and ecology are also
studied.

(2)New approach of Poncelet’s closure theorem
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using analytic geometry : FEuler, Fuss, Steiner
and some other historical mathematicians de-
veloped the relations of Poncelet’s closure theo-
rem after the proof of the theorem using projec-
tive geometry by J-V. Poncelet himself in 19th
century. We study the relations in Poncelet’s
closure theorem using analytic geometry.

(3)Order reduction of nonlinear partial differ-
ential equations using multiple scale analysis :
Modelling of macroscopic phenomena in ocean
waves and/or oscillations of elastic plates is
studied using multiple scale analysis and also
the comparison with the retarded equations

and real phenomena is studied.

B.OOOO

1. 0000000000000--- 00000
00000000000, 0000000
(2013)0 225 0 O
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“The
Nonlinear Schrodinger Equation Created
by the Vibrations of an Elastic Plate and

its Dimensinal Expansion”, Discrete abd

. S. Kanagawa and B. T. Nohara :

Continuous Dynamical Systems, Supple-
ment 2-13, (2013) 415-426

. B. T. Nohara and A. Arimoto :
relations of Poncelet’s porism for two el-
88, Ser.A

“Some

lipses”, Proc. Japan Acad.
(2012) 85-90.

. B. T. Nohara and A. Arimoto : “Periodic
Solutions of the Duffing Equation with the
Square Wave External Force”, Theoretical
and Applied Mechanics JAPAN, 60 (2011)
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Graphene is a two-dimensional crystal of car-
bon atoms in a honeycomb lattice. Due to
the fascinating physical properties, graphene
has a vast range of potential applications.
Furthermore, recently, research on fabricat-
ing heterostructures of graphene with other
two-dimensional crystals having unique prop-
erties is becoming active because these het-
erostructures would offer opportunities to cre-
ate new functions. Hexagonal boron nitride
(h-BN) is an insulating material structurally
similar to graphite, and, aiming at produc-
ing graphene/BN heterostructures, we are try-
ing to establish methods of growing large-scale,
high-quality h-BN. We grew h-BN films on het-
eroepitaxial Co(0001) sputtered on a sapphire
substrate by chemical vapor deposition (CVD)

with ammonia-borane (NH3-BHj3) used as BN
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precursors. Low-energy electron microscopy
(LEEM) was used to determine the number of
layers and crystal orientation of the h-BN films.
Based on the LEEM results, we found that
the growth of h-BN is self-limiting at mono-
layer on heteroepitaxial Co films, and therefore
monolayer h-BN can be grown reproducibly.
However, the monolayer h-BN is always poly-
crystalline consisting of two oppositely oriented
h-BN domains.

single crystal h-BN. In addition, we also pro-

We need further studies for

duced graphene/BN heterostructures by trans-
ferring graphene separately grown on Cu by
CVD onto monolayer h-BN. We showed using
LEEM that the low-energy electron reflectiv-
ity spectra can be used to determine the total
number of graphene/BN layers and to extract

information about the stacking sequence.
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We try to mathematically understand the
learning mechanism of biological systems, and
to apply it to a variety of problems in the field
of engineering. Particularly, we focus on statis-
tical learning, which enables us to capture the
probabilistic structure inside a large amount of
data, and analyze dynamics and convergence
property of various learning algorithms. We are
also interested in generating mechanisms of bi-
ological signals such as EEG (electroencephalo-
gram), EMG (electromyogram), and voice, and
we study on signal processing methods suitable

for analyzing them.
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I have studied the Navier-Stokes equations in
spaces of bounded functions. For the analy-
sis of the nonlinear Navier-Stokes equations, a
regularizing effect of the linearized Stokes flow
plays a very important role. I have proved
that the Stokes semigroup is an analytic semi-
group on spaces of bounded functions for vari-
ous kinds of domains such as bounded domains
and exterior domains by showing some a pri-
ori estimates for solutions of the non-stationary
Stokes equations and the corresponding resol-

vent equations.
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An arithmetic volume of an arithmetic R-
divisor is a biratiomal invariant that counts the
asymptotic numbers of the small sections, and
it is known that it has a Brunn-Minkowski type
concavity property. In paper 1, I studied this
property in detail. I showed an analogue of
the Teissier-Khovanskii inequality and reduced
the Brunn-Minkowsky inequality to a Fujita
type approximation. I also proved an arith-
metic analogue of the Diskant inequality in the
convex geometry, and obtained some equality
conditions for the Brunn-Minkowsky inequal-
ity. It is known that a Bertini type theorem
holds for ample Hermitian line bundles in the
context of Arakelov geometry. In paper 2, I
generalized this result to the case of arithmeti-
cally free arithmetic linear series. To arithmetic
R-divisors, we can associate an Okounkov body
and a concave function on it, and we can repre-
sent the arithmetic volume as an integration of
the concave function. In paper 3, I proved that
the infimum of this concave function is given
by the infimum of the heights of rational points

provided that the divisor is vertically nef.
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My research interests are in the study of the
topology of the complement of discriminant di-
visors of semi-versal deformation of isolated hy-
persurface singularities. It is believed that the
homotopy groups of the discriminant varieties
have nice properties. Until now, complete re-
sults have only been obtained for rational dou-
ble points. The main aim of my study is to
understand the homotopical properties for the

case of unimodular singularities.

B.OOOO

1. K. Saito and T. Ishibed Monoids in the
fundamental groups of the complement of
logarithmic free divisors in C3, Journal of
Algebra 344 (2011), 137-160.

2. T. Ishibd]On the monoid in the fundamen-
tal group of type Bj;, Hiroshima Mathe-
matical Journal Vol.42 No.1(March) 2012,
99-114.

. T. IshibeO Infinite examples of cancella-
tive monoids that do not always have least
common multiple, to appear in Vietnam

Journal of Mathematics 62.
c.oooo

1. Monoids in the fundamental groups of
the complement of logarithmic free divi-
sors in C3, Topology of singularities and
O related topics, O OO O, 2010/3/22-
2010/3/26.

2. Monoids in the fundamental groups of the
complement of logarithmic free divisors in
C3, Workshop on Free Divisors, 0 0 0O
00, 2011/5/31-2011/6/4.



3. The skew growth function N(t) for the
monoid of type Bii and others, Topology
of singularities and O related topics 111, O
00O, 2012/3/26-2012/3/30.

4. Monoids in the fundamental groups of
the complement of logarithmic free divi-
sors in C3, Geometry of lattices and in-
finite dimensional Lie algebras, IPMU 0O ,
2010/3/17-2010/3/19.

5. The word problem in the fundamental
groups of the complement of the complex-
ified real line arrangement with no parallel
lines, 00 00O0OOO0OODOO, 0000,
2010/9/15-2010/9/18.

6. A Zariski-van Kampen presentation of
elliptic Artin groupd Branched Cover-
ings, Degenerations,and Related Topics,
Branched Coverings,
Related Topics, 0O 0O 0O O,
2011/3/10.

Degenerations,and
2011/3/7-

7. Infinite examples of non-Garside monoids
having fundamental elements, Extended
root systems and fundamental groups,
Kavli IPMU O, 2012/2/13-2012/2/17.

8. Infinite examples of cancellative monoids
that do not always have least com-
mon multiple, Workshop on Free Divisors
and Differential Equations, 00 0O 00O,
2012/11/5-2012/11/10.

9. Toward a generalization of the theory
of Artin groups, Japanese Tukish Joint
Geometry Meeting, O 0O 0O, 2013/11/21-
2013/11/24.

10. On the conjugacy problem for non-Garside
groups, The mini-symposium (Japanese
Tukish Joint Geometry Meeting), 00O,
2013/11/25-2013/11/26.

OO0 OO (ISONO Yusuke)

A. 0000

oboboobobobobobooboooonogd
obobooboboboboboboboobo

0000000000 DbOO0oO0ooDbOOoOoooOoa
OCartan OO0 O0OO0DODOODOOOOOOOO
dooodooooooooooooooooa
20000000000000000DOO00OOD
000000000000 00d De Commer—
Freslon-00000000000000OO [3]00
0doDodoooooooooooooooooa
00000oo00o0O0d Cartan0 OO0 OOOOO
oooooon

0000 4000000ouoouoooooo
dooo0dDooo0odooDoooooooogao
000000 DOO00D0DbOOoOooDbOoOoooOoa
0o0DOo000oDOo0oOoooOoooobooooobooa
odoooodoooooooooooooooao
0000000000000 00000d-Popa
000O0000oOooDobOOoOooOoOooooOoa
0oo00oOoobooooooaon

We studied von Neumann algebras associated
with free quantum groups, which are most im-
portant examples of non-amenable quantum
groups. Last year, we already gave a useful
sufficient condition on these algebras for hav-
ing no Cartan subalgebras [2]. In [3] we con-
tinued this work and proved that free quantum
group von Neumann algebras satisfy this con-
dition, together with the work of De Commer—
Freslon—Yamashita on weak amenability.

In [4] we gave another structural theorem on
free quantum group von Neumann algebras.
We proved that tensor products of these al-
gebras remember the number of tensor com-
ponents and, under some appropriate assump-
tions, they completely remember each tensor

component.

B.OOOO

1. Weak Exactness for C*-algebras and Ap-
plication to Condition (AO), J. Funct.
Anal. 264 (2013) 964-998.

2. Examples of factors which have no Car-
tan subalgebras, to appear in Trans. Amer.
Math. Soc.

3. On Dbi-exactness of discrete quantum

groups, preprint. Arxiv1308.5103.

4. Some prime factorization results for



free quantum group factors,
ArXiv:1401.6923.

preprint.

c.oooo

10.

. Strong solidity of II;

. Examples of factors which have no Car-

tan subalgebrast Operator algebra semi-
nar(d Institute of Mathematics of Jussieu
(France)J 20120 1100

. IT; factors of universal discrete quantum

groups have no Cartan subalgebrast The
Annual Christmas Conference of the Non
Commutative Geometry GDRO University
of Lorraine (France)d 20120 1200

factors of free
orthogonal and unitary quantum groupsO
Approximation properties for quantum
groups University  of
(France)J 20130 300

Cergy-Pontoise

. Non weakly amenable groupd Working

Group: Around the geometric group the-
ory[ Institute of Mathematics of Jussieu
(France)J 20130 300

. Strong solidity of II; factors of free quan-

tum groups Von Neumann algebras and
Measurable group theory[ University of
Leuven (Belgium)O 20130 700

. Some prime factorization results for free

quantum group factors( Operator algebra
seminar( University of Leuven (Belgium)O
20130 800

. Strong solidity of II; factors of free quan-

tum groupsO RIMS OO 0OO0O0OO0OO0O
20130 900

. Introduction to rigidity theory of von Neu-

mann algebras00 480000000000
000 0OO0D0O0OO0bOooogoog201309
01900

. Strong solidity of II; factors of free quan-

tum groupsU 00O 0O0OOOOOOO2013
oo

Some prime factorization results for free
quantum group factors00 00000 OO0
gogooo20130 1000
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A.000OO

gobobooobooodbooobooobooa
goooobboooooooooooooog.
gooo,0b0ooobogoog, vector pop-
ulation OO DDOODODODOOODOOOOOOO
000 SIRS (Susceptible-Infected-Recovered-
Susceptible) 00O O000O0O0OOO, (D000
0000000000 O0)00ooooooo
ddddoooooooooooooooo
goooooooobobuoooo. ooooo,
oo ooo
dddooooooooooooooooo
ooo0o,000booboboooooboobood
goooooboooo, boooboooa
000000000 Yang, Xiao (2010) 0 OO
ooobooooboo.ooo,boooboood
gooooooooobooooboooboa
00000 Hepf OODOODOOOO,00000
O000000O000oooO0 (oooooon)
0oDOooooooooo. SIRSOoooooad
SEIRSO0000D000,000000 cyclic
goodoboooobooooboooobooa
0000D00D000000000 open problem
ooodo,0booo0ooooooooo.

My research is devoted to the stability analysis
of equilibria of epidemiological models governed
by a class of delay differential equations. In the
current year, we establish a characterization for
an incidence rate in an SIRS epidemic model,
which shows that nonmonotonicity with delay
in the incidence rate is necessary for destabi-
lization of the endemic equilibrium. By inves-
tigating the location of complex roots of the
characteristic equation, our results greatly im-
prove a stability condition obtained in Yang, D.
Xiao (2010). It is also proven that as increasing
a parameter, measuring saturation effect, the
number of infective individuals at the endemic
steady state decreases, while the equilibrium
There

are still open questions to be solved concern-

can be unstable via Hopf bifurcation.



ing stability of equilibria for a class of epidemic
models with cyclic structures such as SIRS epi-

demic models and SEIRS epidemic models.

B.OOOO

1. Y. Enatsu and Y. Nakatald “Stability and
bifurcation analysis of epidemic models
with saturated incidence rates: an appli-
cation to a nonmonotone incidence rate”,

Math. Biosci. Eng. in press.

2. Y. Muroya and Y. Enatsul] “A discrete-
time analogue preserving the global stabil-
ity of a continuous SEIS epidemic model”,
J. Diff. Equ. Appl. 19 (2013) 1463-1482.

3. Y. Muroya, Y. Enatsu and H. Li0J “Global
stability of a delayed HTLV-I infection
model with a class of nonlinear incidence
rate and CTLs immune response”, Appl.
Math. Comp. 219 (2013) 10559-10573.

4. Y. Enatsull “Asymptotic behavior of
epidemic models governed by logistic
growth”, Proceedings of Seminar on
Partial Differential Equations in Osaka
2012 in honor of Professor Hiroki Tanabe’s
80th birthday (2013) 55-64.

5. Y. Enatsu and Y. Muroyall “A sim-
ple discrete-time analogue preserving the
global stability of a continuous-time SIRS
epidemic model”, Int. J. Biomath. 6
(2013) 1350001-1350017.

6. Y. Muroya, Y. Enatsu and T. Kuniyal
“Global stability of extended multi-group
SIR epidemic models with patches through
migration and cross patch infection”, Acta
Math. Sci. 33 (2013) 341-361.

7. Y. Muroya, Y. Enatsu and T. Kuniyall
“Global stability for a multi-group SIRS
epidemic model with varying population
sizes”, Nonlinear Anal. RWA 14 (2013)
1693-1704.

8. Y. Enatsu, Y. Nakata, Y. Muroya, G. Izzo
and A. Vecchioll “Global dynamics of dif-
ference equations for SIR epidemic models
with a class of nonlinear incidence rates”,
J. Diff. Equ. Appl. 18 (2012) 1163-1181.
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9. Y. Enatsu, Y. Nakata and Y. Muroyal

“Lyapunov functional techniques for the
global stability analysis of a delayed SIRS
epidemic model”, Nonlinear Anal. RWA
13 (2012) 2120-2133.

10. Y. Enatsul “Lyapunov functional tech-

niques on the global stability of equilib-
ria of SIS epidemic models with delays”,
Analysis on non-equilibria and nonlinear
phenomena: from the evolution equations
point of view, RIMS Kokyuroku 1792
(2011) 118-130.

c.oooo

1. Incidence rate O OO0 O O0O0OOO0OOOO

gooooooooooooooobooo, o
oobobobobobobo,oobooo
ooooobooo, 20130 100.

. Threshold dynamics for compartmental

epidemic models with delays and related
problems,; 2013 NIMS-KMRS PDE Con-
ference on reaction diffusion equations for
ecology and related problems, KAIST (Ko-
rea Advanced Institute of Science and
Technology), Korea, 20130 100 .

Loabobbgggoooboooabobood

oooooooboo,023000000
ooooo,0ooooooobon, 2013
o9nQ.

. Monotonicity of the incidence function for

disease transmission models with delays,
Dynamical System Modeling and Stability
Investigation, Taras Shevchenko National
University of Kiev, Ukraine, 2013 0 5 0.

. Global stability of a positive equilibrium

for delayed epidemic models and IVGTT
models with nonlinear incidence rates,
GCOE Tutorial Workshop “Biomathemat-
ics of Structured Populations” with a
Mini-Symposium in Honor of Professor
Yasuhiro Takeuchi, University of Tokyo,
Japan. 20120 100.

. Asymptotic stability for epidemic models

with time delays and monotonicity of the



incidence function, 0 2200000000
oboo,00bo0cbooooooboo,2012d 9
.

7. Asymptotic behavior of solutions of epi-
demic models with delays, The 9th AIMS
Conference on Dynamical Systems, Differ-
ential Equations and Application, Hyatt
Regency Grand Cypress, Florida, United
States of America, 20120 70.

. ubbuuboobboobgooboann
goo,00000b0 2011 0000,00¢0
o0 ooooobooo, 20110 30.

9. 000O0bOO0OO0OO0OO0O0OO0OoOoOooOO0onOag
ooooooooo,0 320000000
goooo,0000 o0ooo0g, 201008
a.

10. Global stability for a class of epidemic
models with delays and a nonlinear inci-
dence rate, The 8th AIMS conference on
Dynamical systems, Differential equations
and Applications, Dresden University of
Technology, Germany, 2010 0 50 .

000 O (OHKUBO Shun)
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000000000000 4Mmoooooo
00O00DoDODODbOO0O000O000 de Rham O
0O VIOOOOKedlayaODOOOOO (¢,V)-O0O
Ngr(V)OOOOOODOOOODODOOOODDODO
OO0 Berger OO0 Ngqg OOQOOOQOOQOOOOO
000 Marmora 00 OOODODOOO0O Ngr
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000000000000 BrinonOOOOOO
O0Sen 00000000 DODOOOOODOO
ooooooooooooo
3.00p0000000 log-growthOOOODO
O BIp00000O0O00O0

Dy — y(l‘) + G,H_ly('uil) 4o+ apy = 0

O0000a; € Zp[[2]][p™]100 Qplz]] DO OO
000ooooooooo0dDbworkOOODODO y
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log-growth Newton 0000000000000
0000 Andrée 00000000 André O log-
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In this academic year, toward to applications
of p-adic differential equations to the relative
p-adic Hodge theory, I studied p-adic Hodge
theory and p-adic differential equations individ-
ually.

1. (p, V)-modules associated to de Rham rep-
resentations and its ramification property (pa-
per [4]):

For a de Rham representation V' over a com-
plete discrete valuation field with a non-perfect
residue field, we construct (p,V)-modules
Ngr(V) in the sense of Kedlaya, which gener-
alize Berger’s functor Ngr. We also prove the
compatibility of the functor Ngg with Abbes-
Saito’s ramification theory, which generalize
Marmora’s result.

2. On the image of p-adic representations (pa-
per [2)):

Sen describes the Lie algebra corresponding to
the image of a p-adic representation in terms of
Sen’s operator. We generalize Sen’s result to a
complete discrete valuation field, whose residue
field is not necessary perfect, using Brinon’s op-
erators.

3. A calculation of the log-growth of a p-adic
differential equation (paper [3]):

If a p-adic linear ordinary differential equation
Dy — y(/‘) + au—ly(‘uil) + e + aoy = O

for a; € Z,|[z]][p™!] has a full set of solutions y
in Q,[[z]], then Dwork proved that y has a log-
arithmic growth (log-growth) at the boundary.
He also conjectured a specialization conjecture
on the log-growth Newton polygons, which is
solved by André recently. André asked whether
or not the end-points of the log-growth Newton

polygons coincide. In this paper, we answer
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André’s question negatively by construction a

simple counterexample of rank 2.

B.OOOO

1. S. Ohkubo “The p-adic monodromy the-
orem in the imperfect residue field case”,
Algebra and Number Theory 7 (2013), No.
8, 1977-2037.

. S. OhkuboO “On Lie algebras arising from
p-adic representations in the imperfect
residue field case”, to appear in Journal
of Algebra, arXiv:1307.8107.

. S. Ohkubol “A note on
growth Newton polygons of p-adic dif-

logarithmic

ferential equations”, International Math-
2014; doi:
10.1093/imrn/rnu017, arXiv:1312.7789.

ematics Research Notices

. S. OhkuboO “On differential modules as-
Rham

residue field case”,

sociated to de
in the imperfect
arXiv:1307.8110, submitted.

representations

00 0O (KANKI Masataka)

A.000OO

OoO0O00000O0 modpOOO0O00OO0OOO
ocooooboobobooKkdvoooooDDDODOO
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000000000000 co-primeness(00 0
0o0o0o0)ooooooooooooooo
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oooooooooooooooooooono
oooooooooooooobooooooono
ocooooooooooooooooo

I studied the reduction modulo prime and the
singularity distribution of the discrete inte-
grable equations. In collaboration with T.
Tokihiro (Univ. Tokyo) and J. Mada (Nihon
Univ.), I proved a kind of co-primeness prop-
erty of nonlinear discrete KdV equation, using
the ‘singularity confinement test’ for bilinear
discrete KAV equation. We conjecture through
several examples that this co-primeness prop-
erty is closely related to the integrability of dis-

crete equations.
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B.ODOOO

1.

10.

. M. Kanki, J. Mada, T. Tokihiro:

M. Kanki, J. Mada and T. Tokihird] “Con-
served quantities and generalized solutions
of the discrete KdV equation”, J. Phys. A:
Math. Theor. 44 (2011) 145202 13pp.

. M. Kanki]“The generalized periodic ultra-

discrete KdV equation and its background
solutions”, J. Math. Sci. Univ. Tokyo 18
(2011) p269-p298.

oooo,000,00000¢“SpiraldO0
000000 Kdvoooooooood
oo, 00o00ooon 23AO-S7(2012)
p54-—p5H9.

M. Kanki, J. Mada and T. Tokihiro[
“Discrete integrable equations over finite
fields”, SIGMA 8 (2012) 054 12pp.

“Soli-
ton solutions of a generalized discrete KdV
equation”, J. Phys. Soc. Jpn. 81 (2012)
084002 5pp.

. M. Kanki, J. Mada, K. M. Tamizhmani

and T. Tokihiro: “Discrete Painlevé II

equation over finite fields”, J. Phys. A:
Math. Theor. 45 (2012) 342001 8pp.
. M. Kanki, J. Mada, T. Tokihiro: “The

space of initial conditions and the property
of an almost good reduction in discrete
Painlevé II equations over finite fields”, J.
Nonlin. Math. Phys. 20 sup 1 (2013)
p101-p109.

M. Kanki: “Integrability of discrete equa-
tions modulo a prime”, SIGMA 9 (2013)
056 8pp.

. M. Kanki, J. Mada, T. Tokihiro: “Discrete

Painlevé equations and discrete KdV equa-
tion over finite fields”, RIMS Kokyuroku
Bessatsu B41 (2013) p125-p145.

M. Kanki, J. Mada, T. Tokihiro: “Singu-
larities of the discrete KdV equation and
the Laurent property”, J. Phys. A: Math.
Theor. 47 (2014) 065201 12pp.



c.ooog

. Discrete integrable equations over finite
fields, NEEDS2012, Chania, Greece, 2012
o70.

. Discrete Painlevé equations modulo a
prime number, Various Aspects on the
Painlevé Equations, 00000, 2012 O
1 0.

.pdb00b0o0oooobooboooooon,
gobooooobooo,obo, 20130 3
a.

. Discrete integrable equations over finite
fields and their solutions, The 8th IMACS
International Conference on Nonlinear
Evolution Equations and Wave Phenom-
ena, Georgia, USA, 20130 3 0.

. Integrability of discrete systems over finite
fields, Discrete Integrable Systems - Follow
up Meeting, Cambridge, UK, 20130 70.

. Integrability of discrete equations over fi-
nite fields, Nonlinear Waves Seminar, Col-
orado, USA, 20130 70.

Lobooogoobooooobobdpbbogd
go,bo0bgooboobo,oon, 2013
goag.

.pudbboboooobbooaoobobogad
g,0b0oogoobobooog,bbn, 2013
goag.

. Discrete integrable equations and their
possible relation to number theory and
graph theory, JSPS-DST Asian Academic
Seminar: Discrete Mathematics & its Ap-
plications, 0 0, 20130 11 0.

10. Discrete integrable equations over finite
fields, Joint iBMath & QGM Workshop:
Geometry and topology of macromolecule
folding, Arhus, Denmark, 20130 12 0.

G. 00O

1. 0g0oooooobo,ob, 20110 30.
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2. Excellent Presentation Award, JSPS-DST
Asian Academic Seminar, 00,2013 0 11
0. (S. Giri, S. Madeswaran, S. Nandi, It
Sokly OO OQO)

00 00 (SANNAI Akiyoshi)

A.0DODOO
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o0od0ooooooooo F-ocoooooa
O Frobeniuvs 00 OO D00OO0OO0OOCOODOODOO
gbodooooooooobobouoobood
gooobooooooooooooooooog
0o0o0ooooooooooooooooood
O Frobenius O O Grothendieck-trace 0 O 0O O
0000000000000 Grothendieck-trace
000000000000 dual F-signature 0 O
000000o0o0oO0000 oooogogr-o
O00000000000000 canonical module
00000000000000 dual F-signature
000000 basering0 0000000 OOO
0000 Gorenstein OF-000000O00O0O
goooooo

Frobenius map is a fundamental tool in Al-
gebraic geometry in positive characteristic.
Classes of singularities defined by Frobenius
map play important role in minimal model
theory in positive characteristic, and will
This year, I studied

Grotherndieck-trace of Frobenius maps on local

be important class.
rings of positive characteristic. Concretely, I
defined the dual F-signature by using the num-
ber which reflects the intensity of subjectivity
of the trace map, characterized the regularity
and F-rationality of local rings by the positiv-
We can define the dual F-

signature of arbitrary module. By considering

ity of the value.

the value of the dual F-signature of base ring,
we can also characterize the Gorensteinness and

F-regularity of local rings.

B.OOOO
1, Akiyoshi Sannai and Kei-ichi Watanabe, F-

signature of graded Gorenstein rings, Jour-
nal of Pure and Applied Algebra 215 (2011)
219072195 2, Shihoko Ishii, Akiyoshi San-



nai and Kei-ichi Watanabe, Jet schemes of
homogeneous hypersurfaces, published in the
Proceedings of fifth Franco-Japanese Confer-
ence of Singularities 39-50 3, Akiyoshi San-
nai and Anurag K. Singh,Galois extensions,
plus closure, and maps on local cohomology,
Advances in Mathematics 229 (2012) 1847-
1861 4, Yoshinori Gongyo, Shinnosuke Okawa,
Akiyoshi Sannai and Shunsuke Takagi Charac-
terization of varieties of Fano type via singu-
larities of Cox rings to appear in Journal of
Algebraic Geometry 5, Akiyoshi Sannai, Dual
F-signature, to appear in International Math-
ematics Reseach Notices 6, Satoshi Mochizuki
and Akiyoshi Sannai, Generalized Koszul res-
olutions, to appear in Tokyo mathematical
journal Preprints 7, Akiyoshi Sannai, F-purity
of symbolic Rees rings, Submitted 8, Satoshi
Mochizuki and Akiyoshi Sannai, Homotopy in-
variance of higher K-theory for abelian cate-

gories, Submitted
c.0oO0on

1, Characterizations of F-singularities, O O O
doooooooog, 20120 60 2, Dual F-
signature, Korea-Japan Joint Conference in Al-
gebraic Geometry, 20120 8 O 3, Characteriza-
tion of varieties of Fano type via Cox rings, The
7th Japan-Vietnam Joint Seminar on Commu-
tative Algebra, 2012 0 120 4, A criterion for
F-regularity of symbolic Rees rings, 0 0O 00O
ogooooo, 20130 1065, F-O000000
gooobo,00ooo 20130004, 20130
30 6, A characterization of log Fano varieties,
ooooooono, 20120 30 7, symbolic Rees
00 CoxODOODOOO,01100000000
gooooo, 20130 30

8, Dual F-signature, The commutative algebra
of singularity in birational geometry, 2013 0 5
0

9,J000000DOO0OO F-ODOO,000
ooooooooo, 20130 60

10, F-singularity and F-rational points, 0 O O
oooooooo, 20130 70

00 O (TANIMOTO Yoh)
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00000000000 ooooooooooo
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Bischoff 0 0 O O Longo-Witten 000000
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40000000000D00WignerOOOO OO
cooboOobOoOOoDOOoOoOoOOoOoOooOoOono
oooooooooooo
Cadamuwro OO0 O 0OOO0OO0O SOOOOOO
o000 200000000000000000
000000000o0ooUoUoO (oo)o

We constructed and partially constructed
operator-algebraic models (Haag-Kastler nets)
of two-dimensional quantum field theory. As
for four dimensional models, we assumed con-
formal invariance and studied restrictions on
nets.

We revised the paper on construction of two-
dimensional Haag-Kastler net through inner
Symimetry.

With Bischoff, we constructed new two-
dimensional wedge-local nets through Longo-
Witten endomorphisms. These models contain
several species of particles and are character-
ized by three different S-matrices.

In four-dimensional conformal field theory, we
proved that, if a model contains massless par-
ticles in the sense of Wigner, then they are the
free field.

With Cadamuro, we constructed wedge-local
fields for certain two-dimensional integrable
quantum field theory with S-matrix which has

poles (in preparation).

B.ODOOO

1. W.Dybalski, Y. Tanimoto. “Infraparticles
with superselected direction of motion in

two- dimensional conformal field theory”,
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10.

. Y. Tanimoto.

. M. Bischoff, Y. Tanimoto.

. W. Dybalski, Y. Tanimoto.

. Y. Tanimoto.

. M. Bischoff, Y. Tanimoto.

Commun. Math. Phys. Vol. 311, No. 2
(2012), 457-490.

“Noninteraction of waves in
two-dimensional conformal field theory”,
Commun. Math. Phys. Vol. 314, No. 2
(2012), 419-441.

Y. Tanimoto. “Construction of wedge-
local nets of observables through Longo-
Witten endomorphisms”, Commun. Math.

Phys. Vol. 314, No. 2 (2012), 443—-469.

P. Camassa, R. Longo, Y. Tanimoto, M.
Weiner.  “Thermal states in conformal
QFT I1”, Commun. Math. Phys. Vol. 315,

No. 3 (2012), 771-802.

“Construction
of wedge-local nets of observables through
Longo-Witten endomorphisms. 11”7, Com-
mun. Math. Phys. Vol. 317, No. 3 (2013),
667-695.

“Asymptotic
completenes with respect to infraparticles
in two- dimensional conformal field the-
ory”, Lett. Math. Phys Vol. 103, Issue 11
(2013), 1223-1241. .

. G. Lechner, J. Schlemmer, Y. Tanimoto.

“On the equivalence of two deformation
schemes in quantum field theory”, Lett.
Math. Phys. Vol. 103, Issue 4 (2013), 421—
437.

“Construction of two-
dimensional quantum field models through
Longo-Witten endomorphisms”, to appear

in Forum of Mathematics, Sigma

“Integrable
QFT and Longo-Witten endomorphisms”,
arXiv:1305.2171

Y. Tanimoto. “Wigner particles in confor-
mal field theory are free”, arXiv:1310.4744

c.oogod

1.

Operator-algebraic construction of two-
dimensional CFT (0000, OO Premio
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10.

Cuozzo), Giornata di Dipartimento, Uni-
versity of Rome “Tor Vergata”, 2012 O
120

. Construction of two-dimensional quantum

field models through Longo-Witten endo-
morphisms, 00000 00O O, University
of Rome “Tor Vergata”, 20130 30

. Wigner particles in conformal field theory

are free, Workshop “Foundations and Con-
structive aspects of QFT”, Wuppertal Uni-
versity, 20120 50

. Ground state representations of loop alge-

bras, (0000 ), Lie 00000, Erlangen-
Niirnberg University, 2013 0 50O

. Operator algebraic construction of two-

dimensional quantum field models (O
000), Conference “Mathematics and
Quantum Physics”, Accademia dei Lincei,
Rome, OO OO, 20130 70

. Massless Wigner particles in conformal

field theory are free, operator algebras
seminar, University of Rome ”Tor Ver-
gata”, 20130 10 0O

. Operator algebraic construction of two-

dimensional quantum field models (0O O
0 ), mathematical physics workshop, Insti-
tute for Theoretical Physics, ETH Ziirich,
ood, 20130 110

. Operator algebraic construction of two-

dimensional quantum field models (O O
0 0 ), mathematical physics seminar, Uni-
versity of Bristol, 2013 0 12 O

. Keil-lokale Felder in integrablen Modellen

mit gebundenen Zustanden, mathematical
physics seminar, Géttingen University, De-
cember 2013 0 120

Wedge-local fields in integrable models
with bound states, 0 00O 00O0O0OOO,
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I have studied on the noncompactness of hyper-
Kahler quotients. The hyper-Kahler quotient
method yields a lot of families of hyper-Kahler
manifolds. Such examples are konwn to be non-
compact except some trivial case. I have shown
that supposing a compact Lie group acts on
a hyper-Kahler manifold with a trivial K&hler
class in the trihamiltonian way, the hyper-
Kahler quotient becomes always noncompact if

it is smooth and has a positive dimension.

B.OOOO

1. K. Hattorl] “A rigidity theorem for quater-
nionic Kéahler structures”, International
Journal of Mathematics, 20 (2009) 1397-
1419.

. K. Hattorid “The volume growth of hyper-
Kahler manifolds of type A,”, Journal of
geometric analysis, Journal of Geometric
Analysis, Vol. 21, No. 4, 920-949 (2011).
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3. A. Futaki, K. Hattori, L. Ornea :“An
integral invariant from the view point
of locally conformally Kéahler geometry”,
Manuscripta Mathematica, Vol. 140, Issue
1-2, (2013) 1-12.

. A. Futaki, K. Hattori, H. Yamamoto : “An
integral invariant from the view point of
locally conformally Kéhler geometry”, to

appear in Osaka Journal of Mathematics.

. K. Hattori :“The holomorphic symplectic
structures on hyper-Kahler manifolds of
type A", to appear in Advances in Ge-

ometry.
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000002013.5.16.

. A generalization of Taub-NUT deforma-
tions, International Workshop on Special
Geometry and Minimal Submanifolds, O
00O, 2013.8.9.
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0b00o0b0o0o0o0obD0ObDO2013.8.26.
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0o0ooo2013.10.21.

. Taub-NUT type on Hilbert
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. On hyperkéhler metrics on holomorphic
cotangent bundles on complex reductive
Lie groups0 00 O00OOOOOODOOOO
00 02013.11.25.

. A generalization of Taub-NUT deforma-
tions, Tokyo-Seoul Conference in Mathe-
matics -Differential Geometry-, D000 OO
2013.11.30.
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10. The noncompactness of hyper-Kéahler quo-
tients, Progress of geometric structures on
manifold, 000 O, 2014.3.5.
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I studied an improvement of the level set
method for Hamilton-Jacobi equations. I intro-
duced two kinds of improved level set equations
on the basis of a signed distance function to an
interface and proved that, globally in time, the
slope of solutions of the initial value problems
is preserved near the interface which is given as

the zero level set of the solutions.

B.OOOO

1. Y. Giga and N. Hamamukill “Hamilton-

Jacobi equations with discontinuous
source terms”, Comm. Partial Differential

Equations 38 (2013) 199-243.

. N. Hamamuki : “On large time behavior of
Hamilton-Jacobi equations with discontin-
uous source terms”’, GAKUTO Internat.
Ser. Math. Sci. Appl. 36 (2013), Nonlin-
ear Analysis in Interdisciplinary Sciences,
83-112.

. N. Hamamuki : “Asymptotically self-
similar solutions to curvature flow equa-
tions with prescribed contact angle”,

Oberwolfach Rep. 10 (2013) 897-898.

. N. Hamamuki : “Asymptotically self-
similar solutions to curvature flow equa-

tions with prescribed contact angle and
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their applications to groove profiles due
to evaporation-condensation”, Adv. Dif-
ferential Equations 19 (2014) 317-358.

. Y. Giga, N. Hamamuki and A. Nakayasu

“Eikonal equations in metric spaces”,

to appear in Trans. Amer. Math. Soc.,

Hokkaido University Preprint Series in
Mathematics # 991.

. N. Hamamuki : “A discrete isoperimet-
ric inequality on lattices”, preprint, UTMS

Preprint Series 2012-16.
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ference on Mathematics 2013, D00 00O
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Di Proietto Valentina

A. Summary of Research

In this year my main project was joint with A.
Shiho: we studied a version of the homotopy
exact sequence for the logarithmic de Rham
fundamental group.

Let K be a field of characteristic 0, and let
X* a quasi projective normal crossing vari-
ety over the log point K*. We considered the
group scheme 71 (X */K) defined as the Tan-
nakian dual of the category of locally free Ox-
modules endowed with a integrable connection
with nilpotent residue (analogously we defined
m (XX /K*) and m (K> /K)). We proved that
the morphism f : X* — K* induces a surjec-
tive map m (X */K) — m (K*/K). Moreover
the kernel of that map can be identified with
the image of 71 (X*/K*) in m (X*/K).

We looked at the map m(X*/K*) —
71 (X*/K) and we proved that, if X* is of di-
mension 1, it induces an injective map on the
maximal solvable quotients of the groups.

Our proofs are completely algebraic.

B. List of Publications
Articles

1. V. Di Proietto,
equations on semistable varieties”, Ph.D.

“On p-adic differential
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Thesis, Universita degli Studi di Padova,
(2009).

. V. Di
tial equations on semistable varieties”,
Mathematische Zeitschrift, Volume 274, 3
(2013), Page 1047-1091.

Proietto, “On p-adic differen-

. V. Di Proietto, “Kernel of the monodromy
operator for semistable curves”, to ap-
pear in proceedings of “Algebraic Number
Theory and Related Topics 2011”7, RIMS,

Kokyuroku Bessatsu.

. B. Chiarellotto, R. Coleman, V. Di Proi-
etto, A. Iovita, “Kernel of the monodromy
operator for semistable curves”, to appear
in Journal fr die reine und angewandte
Mathematik.

. V. Di Proietto, A. Shiho, “On p-adic dif-
ferential equations on semistable varieties
117 ) submitted, arXiv:1402.0720.

C. Selected talks 2008 — 2013.

. On p-adic differential equations
July 23-th 2008,

“The 7th conference of number theory in

on

semistable varieties,

Hiroshima”, Hiroshima, Japan.

. On p-adic differential equations
June 24-th 2010,

Current trends

on
semistable varieties,
“Log Conf 2010:

logarithmic geometry”, Bordeaux, France.

in

. An algebrization functor for certain p-
adic differential equations, November 8-th
2010, “Berkovich Spaces and p-adic Dif-
ferential Equations”, IRMA Strasbourg,

France.

. Kernel of the monodromy operator for
semistable curves, “Algebraic Number
Theory and Related Topics”, November

28-th 2011, RIMS, Kyoto, Japan.

. On a p-adic invariant cycles theorem,
September 25-th 2012, “Rational points on
curves: a p-adic and computational per-
spective”, Mathematical Institute, Univer-
sity of Oxford, Oxford, UK.



6. On a p-adic invariant cycles theorem, Oc-
tober 29-th 2012, “p-adic cohomology and
its applications to arithmetic geometry”,

Tohoku University, Sendai, Japan.

. On a p-adic invariant cycles theorem, Au-
gust 8-th 2013, “ISAAC 2013: 9th Inter-
national Congress. Session 22: Analytic

Methods in Complex Geometry” Pedagog-

ical University of Cracow, Poland.

GILETTI Thomas

A. Summary of Research

The focus of my research is the study of
reaction-diffusion partial differential equations.
By exhibiting propagating patterns known as
traveling waves, those equations typically de-
scribe propagation phenomena that appear in
many fields of natural and physical sciences.
Mathematical analysis provides a great deal of
qualitative and quantitative information, and is
therefore essential in the understanding of such
processes.

In the past few years, I took interest in vari-
ous problems related to this field. During my
stay in Tokyo, I collaborated with Professor
Matano on the study of reaction-diffusion equa-
tions with nonstandard nonlinearities in the
spatially periodic framework. We exhibited in-
tricate dynamics where the profile of solutions
converge to a stack of several traveling waves
which we call a propagating terrace [5,8]. Our

4

main tool is the “zero-number” argument, that
states that the number of zeros of solutions of
a linear parabolic equation in one-dimensional
spatial domains decreases with respect to time.
I also used this argument in some other on-
going projects, such as the study of conver-
gence to KPP traveling waves [7], or of spread-
ing with oscillating initial data in combustion
models [11].

Together with Professor Ducrot from the Uni-
versity of Bordeaux, Professor Matano and I
also investigated a large class of diffusive prey-
predator systems, with arbitrary diffusivity ra-

tio. Because such systems do not satisfy a com-
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parison principle, there were very few results
on the spreading properties of solutions of the
Cauchy problem. To our knowledge, our up-
coming work [9] provides the first spreading re-
sult for compactly supported initial data. An
intriguing fact is that the spreading speeds of
the two species may differ in some situations.

Finally, with Maolin Zhou from the Univer-
sity of Tokyo, and Professors Chen and Lou,
we studied a reaction-diffusion in a half-line
domain with general Robin boundary condi-
tions. Similarly to what had been previously
shown by Professors Du and Matano in one-
dimensional domains, we exhibited some sharp
threshold with respect to the size of the initial
datum, between the only two reasonable out-

comes that are extinction and spreading.

B. List of Publications
Articles

1. T. Giletti, “KPP reaction-diffusion equa-
tions with a non-linear loss inside a cylin-
der”, Nonlinearity 23 (2010), 2307-2332.

. T. Giletti, “KPP reaction-diffusion sys-

tems with loss inside a cylinder: con-
vergence toward the problem with Robin
Math.

boundary conditions”, Comm.

Sci. 9, no. 4 (2011), 1177-1201.

T. Giletti, F. Hamel and
L. Roques, “Inside dynamics of pulled and
pushed fronts”, J. Math. Pures Appl. 98,
no. 4 (2012), 428-449.

. J. Garnier,

. J. Garnier, T. Giletti and G. Nadin, “Max-
imal and minimal spreading speeds for
reaction-diffusion equations in nonperiodic
slowly varying media”, J. Dyn. Diff.

Eq. 24, no. 3 (2012), 521-538.

. A. Ducrot, T. Giletti and H. Matano, “Ex-
istence and convergence to a propagat-
ing terrace in one-dimensional reaction-
diffusion equations”, to appear in Trans.
Amer. Math. Soc.

. A. Ducrot and T. Giletti, “Convergence
to a pulsating travelling wave for an epi-

demic reaction-diffusion system with non-



diffusive susceptible population”, to ap-

pear in J. Math. Biology.

. T. Giletti, “Convergence to pulsating trav-
eling waves with minimal speed in some
KPP heterogeneous problems”, to appear

Var.

in Calc. Partial Differential Equa-

tions.

. T. Giletti and H. Matano, “Existence
and uniqueness of propagating terraces”,

preprint.

. A. Ducrot, T. Giletti and H. Matano,

“Spreading speeds for some two-

component reaction-diffusion systems”,

preprint.

10. X. Chen, B. Lou, M. Zhou and T. Giletti
“Long time behavior of solutions of a
reaction-diffusion equation on unbounded
intervals with Robin boundary condi-

tions”, preprint.

11. T. Giletti and F. Hamel, “Spreading in a
combustion reaction-diffusion model from

oscillating initial data”, preprint.

C. Selected talks 2008 — 2013.

1. “KPP

losses”:

reaction-diffusion systems with

Seminar of Mathematics for the industry
and physics, IMT Toulouse, France, Jan-
uary 2011;

Applied analysis seminar, University of
Tokyo, February 2011;

Mathematics and life sciences seminar,
IMB Bordeaux, France, February 2012.

“Existence and convergence to a propagat-

ing terrace”:

of

diffusion equations and related systems,

Workshop on dynamics reaction-

Grenoble, France, September 2011;

Reaction-diffusion systems in mathemat-
ics and the life sciences: A confer-
ence in honor of Jacques Demongeot and
Masayasu Mimura, Montpellier, France,

September 2011;

166

Workshop  Acsiom,
France, May 2012;

I3M  Montpellier,

Seminar of Mathematics for the industry
and physics, IMT Toulouse, France, June
2012.

“On the uniqueness of the spreading speed

in KPP heterogeneous media”:

Modeling and analysis in the life sciences:
A ReaDiLab conference in Tokyo, Univer-
sity of Tokyo, November 2011.

“Convergence to KPP traveling waves”:

Seminar of Mathematics of the University

of Kanazawa, June 2013.

ooooboobooboboboon
(MORAGA Ferrandiz Carlos )

A.0D0DOO

The set of isotopy classes of non-singular closed
1-forms lying on a fixed class u of the De
Rham cohomology H!(M;R) of a closed man-
ifold M is nowadays poorly understood, apart
from some special cases. In dimension 3 there is
only one such class, if any. However, when the
dimension of M is bigger than 6, some exam-
ples with infinitely many such isotopy classes
are known. This richness comes from pseudo-
isotopy type obstructions.

In my Ph.D. Thesis (ref.4), I gave the founda-
tions of a theory which should produce a lower
estimate on the number of different isotopy
classes for pairs (M, u), for u containing non-
singular representatives and M being a smooth
manifold of dimension at least 6.

During the last academic year, I have been con-
centrated in developing this theory. Briefly de-
scribed, from a bifurcation analysis on generic
paths (a)seo,1] of closed 1-forms joining two
non-singular representatives «g, a1, one can re-
cover an element X7, belonging to a Whitehead-
type group which depends on the class v and
on a real number L big enough. The element
Y1, is well defined up to homotopy of the path —
relatively to its extremities — and gives so an ob-

struction living in the mentioned group, which



we note by Why(u, L). Moreover, any element
of this Whitehead group can be realized by a
generic path, and the cardinal of Why(u, L)
gives thus a lower estimate to the amount of
isotopy classes of non-singular closed 1-forms.
This obstruction will appear on reference 1.

In order to apply the main techniques of ref.
4, one need a technical condition: the path of
closed 1-forms is required to contain no center
(zeroes of extremal indices) at all. This situa-
tion can be achieved by a preliminary deforma-
tion which is explained on reference 3. More-
over, some of the ideas of the latter reference
are useful to concentrate the critical indices of
the path in a narrower range; this is also used

in ref. 1.

The isotopy problem of non-singular closed 1-
forms is closely related to that of studying iso-
topy classes of non-singular functions on a h-
cobordism (W; Nt N7).

ial h-cbordisms was realized by Hatcher and

This work on triv-

Wagoner on the seventies; their strategy can
somehow be applied in the context of closed 1-
forms. They obtained an obstruction on the
group Why(m N7), when the primary White-
head torsion 7(W;N~) € Why(mN~) van-
ishes.

In parallel to the framework of real-valued func-
tions on h-cobordisms, the starting point of the
theory presented on ref. 4 is the vanishing of
Latour’s torsion 7(u) € Whi(u), since it is a
necessary condition for the existence of non-
singular closed 1-forms on u. The latter tor-
sion can be understood as a generalization of
the torsion for h-cobordisms. I have recently
given an explanation of the relation between
the s-cobordism and Latour’s theorems in ref.
2.

B.OOOO

1. C. Moraga Ferrandiz: “Obstructions to
isotopy of non-singular closed 1-forms in

a cohomology class”, Work in progress.

. C. Moraga Ferrandiz: “The s-cobordism
theorem seen as a particular case of La-

tour’s theorem”, (December 2013). Arxiv
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reference: 1312.2564.

. C. Moraga Ferrandiz: “Elimination of ex-
tremal index zeroes from generic paths
of closed 1-forms”, to appear in Math.
Zeitschrift (June 2013). Arxiv reference:
1303.5918.

. C. Moraga Ferrandiz: “Contribution a une
théorie de Morse-Novikov a parametre”,
PhD. Thesis (October 2012). TEL refer-
ence: 00768575.
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Comparison of the s-cobordism and La-
tour’s theorems, for the “Kohno’s Students
Seminar”.

Graduate School of Mathematics of the
University of Tokyo, December 2013.

The isotopy problem of non-singular closed
1-forms, for the “Tuesday Topology Semi-
nar”.

Graduate School of Mathematics of the

University of Tokyo, November 2013.

El problema de isotopda de 1-formas cer-
radas no singulares, for the “RSME 2013
Conference”.

University of Santiago de Compostela,
January 2013.

Variétés symplectiques et de Kéhler. For-
malité de Kahler compact, for the “Young
Topologists Workshop on Rational Homo-
topy”.

University of Nice, December 2012.

Proof of the h-cobordism theorem, for the
“Working group on Symplectic Geome-

try”.
University of Nantes, December 2012.

SILANTYEV Alexey

A.0O0O0O
We investigate the algebraic properties of ¢-
analogues of the Manin matrices. The Manin

matrices (their g-analogues) can be considered



as graded algebra homomorphisms acting on
the algebras of the commuting (¢-commuting)
variables. Following Manin ideas one can con-
sider a generalization of these matrices for ar-
bitrary quadratic algebra. We investigate these
matrices from algebraical point of view and, in
particular, interpret them in terms of the cate-
gory theory.

Following our recent work on generalized
Macdonald-Ruijsenaars systems I have now
started investigation of the kernel functions
for these operators. These functions satisfy
the kernel identities for a pair of the gener-
alized Macdonald-Ruijsenaars operators (with
the same or different numbers of particles).
They proved to be useful for understanding
the eigenfunctions of the usual Macdonald-
Ruijsenaars operators in the work of Y. Ko-
mori, M. Noumi and J. Shiraishi.

We have established a remarkable connection
between the theory of Frobenius manifolds
and the representation theory of the rational
Cherednik algebra (a degeneration of Double
Affine Hecke Algebra (DAHA)). In 1979 Kyoji
Saito constructed a flat metric on the space of
orbits of a finite Coxeter group. We use the
Saito flat coordinates to describe special sub-
modules in the polynomial representation of
the rational Cherednik algebras. We exploit the
almost duality between Frobenius and almost
Frobenius manifolds, it gives a construction of
singular polynomials generating submodules in
terms of the Saito flat coordinates.

We studied the representation theory of the
Ding-Iohara algebra, and compared it with the
ordinary conformal field theory. Analogues of
primary fields are found. Some difference equa-
tions for the matrix elements of these opera-
tors are identified with the Macdonald differ-

ence equations.
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1. A. Silantyev[ “Transition function for the
Toda chain”, Theoretical and Mathemati-

cal Physics, 150:3, 315-331, 2007.
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Journal of Generalized Lie Theory and Ap-
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4. S. Pakuliak, V. Rubtsov, A. Silantyev
“SOS model partition function and the el-
liptic weight functions”, J. Phys. A: Math.
Theor., 41, 295204, 22pp , 2008.

5. V. Rubtsov, A. Silantyev, D. Talalaevl
“Manin Matrices, Quantum Elliptic Com-
mutative Families and Characteristic Poly-
nomial of Elliptic Gaudin model”, SIGMA
5, 110, 22 pages, 2009.

6. A. Oskin, S. Pakuliak, A. Silantyev(] “On
the universal weight function for the quan-
tum affine algebra Uq(gAln)” , St. Peters-
burg Math. J., 21, no. 4, 651-680, 2010.

7. M. Feigin, A. Silantyev “General-
ized Macdonald-Ruijsenaars systems”,
Adv. Math., 250, (2014),144-192,
arXiv:1102.3903.

8. M. Feigin, A. SilantyevO “Singular poly-
nomials from orbit spaces”, Compositio
Mathematica, 148, issue 06, (2012), 1867-
1879, arXiv:1110.1946.

9. A. Chervov, G. Falqui, V. Rubtsov, A.
Silantyev(d “Algebraic properties of Manin
matrices II: g¢-analogues and integrable
systems, accepted in ” Advances in Applied
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tems and Double Affine Hecke Algebras,
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at ‘Quantum Integrable Discrete systems’,
Isaac Newton Institute for Mathematical
Sciences, Cambridge, UK, 23-27 March,
20009.

. Generalized Macdonald-Ruijsenaars sys-
tems and Double Affine Hecke Algebras,
at ‘Integrable Systems and Quantum Sym-
metries’, Prague, Czech Republic, 19-20
June, 2009.

. Double Affine Hecke Algebras and Gen-
eralized Macdonald-Ruijsenaars systems,
(a poster and a short report) at ‘ARTIN
(Algebra and Representation Theory in
the North)/Integrable Systems Work-
shop’, The University of Glasgow, UK, 23—
24 April 2010.

. Generalized Macdonald-Ruijsenaars sys-
tems and Double Affine Hecke Algebras,
at the one-day workshop ’Journée Quan-
tique des jeunes’, LAREMA, Université
d’Angers, France, 13 December 2010

. Generalized Macdonald-Ruijsenaars sys-
tems and Double Affine Hecke Algebras,
at International Workshop on Tropical and
Quantum Geometries, RIMS, The Univer-
sity of Kyoto, 11-17 February 2012.

. Singular polynomials for Cherednik alge-
bras form Saito polynomials, The Univer-
sity of Kobe, Japan, 8 February 2012.

. Manin matrices and quantum integrable
systems, The University of Tokyo, Japan,
1 December 2012.

. Manin matrices and quantum integrable
systems, The University of Leeds, UK, 1
February 2013.

. Generalized Calogero-Moser type systems
and Cherednik Algebras, The University of
Tokyo, Japan, 16 February 2013.
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My research work is the theory of analytic
semigroups and the higher order curvature flow
equations. I studied the existence problem for
the surface diffusion equation with nonlinear
boundary conditions in one-dimensional. I also
studied the facet nucleation problem for the

singular-diffusion equation.
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order curvature flow equations”, Adv.
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“Facet evolution

sion”, preprint.
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Life history of organisms is exposed to un-
certainty generated by internal and external
stochasticities. Internal stochasticity is gener-
ated by the dispersion of each individual life
history, such as dispersion of food intake, ge-
netic character and size growth rate, whereas
external stochasticity is due to the environ-
ment. It is known that the external stochas-
ticity tends to affect population growth rate
negatively. It has been shown in a recent the-
oretical study using structured linear demo-
graphic models that internal stochasticity can
affect population growth rate positively or neg-
atively. However, internal stochasticity has not
been the main subject of researches.

From viewpoints of partial differential equation
and stochastic analysis, This study theorizes
about a mathematical model unifying evolu-
tion of life history into population dynamics by
using linear demographic models with internal
stochasticity. Then, the key point of our anal-

ysis is the following equation,

g%wha@»—ggg{ﬁﬁ}+A]wha@g}:0
Wy () = F (2)

P (-T) = /OO‘ da ﬁ})\’a (3;‘) =1.

Let H? be a second order elliptic differential op-
erator generated by life history models based on
stochastic differential equation (such as body
size growth rate, mortality, and so on), and v be
a control parameter of life history. The effect of
internal stochasticity on life history appears in
second order term in the operator. Wy , () sat-
isfying this equation represents an expectation
of the product of fertility and survivorship with
exp{—Aa} at age a in an adaptive organism,
and 0 which is v satisfying the equation is called
optimal life schedule. This is interpreted as the
adaptive strategy in evolution. Setting Xis A
satisfying the last line of the above equation, it

is called intrinsic rate of natural increase and



represents the asymptotical population growth
rate of the organism. The main subject of this
study is to analyze how internal stochasticity

affects ¥ and A in organisms.
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This work is concerned with analysis of gen-
eralized solutions for some nonlinear evolution
equations with singular diffusivities.

We are interested in a singular anisotropic cur-
vature flow. In evolving curves governed by
singular interfacial energy density with cor-
ners, we often observe that a flat portion called
a facet appears. Such a phenomena can be
described as a nonlinear degenerate singular
parabolic partial differential equation of second
order. If the external force to the interface is
spatially constant, facets stay as facets. How-
ever, the external force depends on the space,
some facets may bend and the behavior of the
evolving curves become more complicated. In
this situation we proved the comparison prin-
ciple and the existence of the viscosity solu-
tion, when the interface of evolving curve can
be written as a graph of a function.

Besides this work we also studied a crystalline
flow equation in a plane with constant driving
force. We proved that if initial shape is con-
vex and slightly larger than critical shape to

grow, then after a very short time it becomes



fully faceted and it is similar to the Wulff shape
of the interfacial energy density, provided that
it has some rotational symmetry like regular
hexagon.

On the other hand, we also focused on a sur-
face diffusion flow with very singular interfa-
cial energy in crystal growth, which is a forth
order nonlinear partial differential equations.
We first studied a property of discontinuous
solution by a very singular interfacial energy
whose growth order is less than or equal to
one. Nextly, for crystalline energy density we
derived an ODE system with a system of al-
gebraic equations to describe the solution and
local-in-time unique solvability of the solution
for an initial curve in a special family of piece-
wise linear function.

Other than these works we also studied serfsim-
ilar solutions. A selfsimilar solution is, roughly
speaking, a solution invariant under a scaling
transformation that does not change the equa-
tion. For some nonlinear partial differential
equations of diffusion type, we wrote a book in-
cluding an easier way to prove that certain self-
similar solutions asymptotically approximate
the typical behavior of those solutions, as well

as basic tools in analysis.
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I investigated a relation between sequences of
the weighted arithmetic-geometric mean , ellip-
tic curves, and the hypergeometric series. My
research is based on the relation which Gauss
discovered between the arithmetic-geometric
mean, the hypergeometric series, and the pe-
riods of the Legendre elliptic curves.

According to Ramanujan, another three hyper-
geometric series have the formulas similar to
Gauss’ result. Borwein and Borwein general-
ized the sequences of the arithmetic-geometric
mean to relate them to hypergeometric series.
In this academic year, I obtained a convergence
condition of the sequences of the weighted
arithmetic-geometric mean on a p-adic field
corresponding to the hypergeometric series. I
would like to relate the hypergeometric series
and the sequences of the weighted arithmetic-
geometric mean to elliptic curves in a weighted
projective space. I found that one of the se-
quences of the weighted arithmetic-geometric
mean corresponds to the Hessian elliptic curve,
and obtained the result similar to [2] under
some assumptions. The result is in preparation

now.
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In probability theory, “random walk” is a
model describing particles moving randomly,
and this has been studied since a long time ago.
The following is “the simple random walk on
the square lattice”, which is one of the simplest
example of random walks:

To begin with, we put probabilities on sites of
the square lattice (these are called transition
probabilities). These play the role of probabili-
ties that the random walk at a site moves to its
nearest neighbors. We now consider the case
where all transition probabilities are equal to
1/4. The simple random walk on the square
lattice is a random walk on the square lattice
following these transition probabilities.

In this model, it is important that transition
probabilities as external factors never change
once we put these on the square lattice at the
beginning. On the other hand, we consider
the case where new transition probabilities (dif-
fer from the first stated ones) are put on sites
where the random walk pass through. In this
case, motion of the random walk is affected
by new changed transition probabilities asso-
ciated with the random walk path itself. We
call such random walks influenced by random
external factors “random walks in random en-
vironments”. In the above explanation, we
only treat dimension two, but one can also con-
sider the higher dimension models. Thus, this
model is useful for describing some natural phe-
nomenon, for example, stock price declines, be-
havior of an electron and the heat to be active

in the material in which impurities are mixed,



and so on.

The reporter has investigated behavior of ran-
dom walks in random environments as follows.
(1) Invariance principle: This claims the phe-
nomenon that a scaled random walk converges
to a Brownian motion. The reporter showed
that a random walk with long range jumps in
random environments satisfies this principle.
(2) Large deviation principle: This claims the
phenomenon that the probability that a ran-
dom walk greatly deviates from the average
behavior of itself decays exponentially. The
reporter proved that some models of random
walks in random environments satisfy the large

deviation principle.
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I have studied on the theme “Geometry and
A

ruled surface in Euclidean 3-space R? is called

Topology of Surfaces with Singularities”.

developable if it has zero Gaussian curvature.
In my previous work, I researched behaviors
of topologies and singularities of “developable
Mobius strips” on such surfaces. Moreover, in
a joint work, intrinsic invariants and isometric
deformations of cross cap singularities were in-
vestigated. Taking the above works as a base,
I advanced the research of the following topics:
(Developable strips in spaces of constant
curvature) In my previous work, I gave a
necessary and sufficient condition for the iso-
topy types of developable closed strips along
an arbitrarily given real-analytic knot v in a
3-dimensional spaceform. Especially, I proved
that if the torsion of 7 is not identically zero but
never positive, then there exists a lower bound
Ay € (1/2)Z so that the twisting number of
a developable strip along v can be any value
greater than or equal to A, but cannot ever be
less than A,. In the present study, I general-
ize it for any 3-space M? of constant curvature
which might be non-simply connected. The key
of the idea is to take a sufficiently small tubular
neighborhood €2, of v and to consider the iso-
topy types of developable closed strips in 2.
As a consequence, if €2, is orientable, then it

can be quite naturally generalized for M3. On



the other hand, if €2, is non-orientable, then
we obtain a somewhat different result as fol-
lows; (a) when the torsion function of v van-
ishes identically, any developable strip along
has only zero twisting number, and (b) other-
wise it allows all twisting number.

(Isometric deformations of cross caps)
This is a joint work with Masaaki Umehara
and Kotaro Yamada. A singular point p € R?
of a map germ f : (R%,p) — R3 is called
a cuspidal edge if f is right-left equivalent to
(u,v) = (u,v%,v3) at the origin. In this
study, we consider isometric deformations of
real-analytic cudpidal edges, and show the fol-

lowing results:

e A generic cuspidal edge allows non-trivial
isometric deformations near its singulari-

ties.

For a given generic cuspidal edge f, there
exists a unique planar cuspidal edge g
up to congruence satisfying the following
properties; (a) f and g induce the same
first fundamental form, and (b) the cur-
vature function of the singular curve of g
coincides with that of f. Here, a cuspidal
edge is called planar if its singular curve

lies in a plane in R3.

If a given generic cuspidal edge f is neither
planar nor symmetric, then there exists
another isometric cuspidal edge whose sin-
gular curve coincides with that of f, where
the “symmetric” means that the image of
the singular curve of f is symmetrical with

respect to a point.

We prepare for a preprint of these results.

B.OODOO

1. K. Naokawald “Negatively curved Mobius
strips on given knots”, J. Knot Theory
Ramifications 22 (2013), 1350023, 12 pp.

. M. Hasegawa, A. Honda, K. Naokawa,
M. Umehara, K. Yamadd]“Intrinsic invari-
ants of cross caps”, Selecta Math (2013),
DOI:10.1007/s00029-013-0134-6.
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3. K. Naokawall “Extrinsically flat Mobius
strips on given knots in 3-dimensional
spaceforms”, Tohoku Math. J. 65 (2013),
341-356.

. K. Naokawall “Singularities of the asymp-
totic completion of developable Mobius
strips”, Osaka J. Math 50 (2013), 425-437.

. K. Naokawal] “Singularities on flat Mébius
strips in Euclidean 3-space (3 O O Euclid
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RIMS Kékytroku Bessatsu B38 (2013),
139-151.
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I have given a number of talks based on the re-
sults obtained by the research supported by the
present grant, Grant-in-Aid for Scientific Re-
search (B) 23340029 for a better global recog-
nition of the achieved works of the program. I
published two books (in Japanese and in En-
glish) which contain the results of the present
and the former research programs, and the fun-
damental part of the theory. Three reseach pa-
pers were published in 2013(+14).

My research was focused on the problem to
establish the second main theorem (S.M.T.)
with truncated counting function of level one
for entire holomorphic curves f into algebraic
varieties, and a geometric intersection theory
on Stein spaces. Joint with J. Winkelmann
(Bochum) and K. Yamanoi (T.I.T.) I obtained
an S.M.T. for an algebraic variety which is a
ramified cover of a semi-abelian variety. An ap-
plication to the algebraic degeneracy problem
for holomorphic curves into algebraic varieties
had been obtained for X with £(X) = g(X) =
dim X. Let D be a general hypersurface of a
semi-abelian variety A. Then jointly with P.
Corvaja (Udine) we proved that the isomor-
phism class of a polarized semi-abelian variety
(A, D) is essentially determined by the germ
of the discrete points distribution, j“l(D)OO
at the infinity. Also, the Zariski denseness of
f(C)N D in D was obtained. I obtained a
second main theorem for holomorphic curves
by means of a differentiable connection on the
holomorphic tangent bundle, which gives geo-
metric proof of Cartan’s second main theorem.
Jointly with J. Winkelmann we found a new
phenomenon of the value distribution of holo-
morphic maps into a kéhler or non-kéhler com-
pact manifold. Jointly with M. Abe (Hiroshima
Univ.) and S. Hamano (Fukushima Univ.) we
solved Oka’s extra-zero problem with some new
examples. I also found a new simple proof of

Oka’s Theorem (IX) on Riemann domains.
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York-Dordrecht-London,, 2014.

.g0oooooooboobobo oooo

0000000O00-Opp. x+358, 000
0,00, 20130

. Noguchi, J., Winkelmann, J. and Ya-
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Joint Congress, Hue 2012, Vietnam J.
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519-525.
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Math. Z. 275 (2013), 79-89.
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Theorem (Oka IX), J. Math. Sci. Univ.
Tokyo 19 (2012), 1-15.
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meromorphic maps and rationality of the
image space, J. Math. Soc. Jpn. 64 No. 4
(2012), 1169-1180.

. Corvaja, P. and Noguchi, J., A new unic-
ity theorem and Erdos’ problem for po-
larized semi-abelian varieties, Math. Ann.
353 (2012), 439-464.

. Noguchi, J., Connections and the second
main theorem for holomorphic curves, J.
Math. Sci. Univ. Tokyo 18 (2011), 155—
180.

. Noguchi, J., Value distribution and distri-
bution of rational points, Spectral Analy-
sis in Geometry and Number Theory, Ed.
M. Kotani et 4l, Contemp. Math. 484, pp.
165-176, Amer. Math. Soc., Rohde Island,
2009.
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E.N.S. Pisa, Italy.

. J. Noguchi, Entire curves, logarithmic dif-

ferentials and related topics, Joint Con-
ference of Vietnamese Mathematical So-
ciety and Mathematical Society of France
24th (20-24) August 2012, Hue University,

Vietnum.

. J. Noguchi, Recent topics on entire curves

and meromorhphic mappings, Hayama
Symposium on Complex Analysis in Sev-
eral Variables 24th (21-24) July 2012,

Japan.

. J. Noguchi, Lemma on logarithmic dif-

ferentials and some related topics, Work-
shop on Frontiers of Nevanlinna Theory

4: Nevanlinna theory and number theory,



18th (18-20) June 2012, University College
London, U.K.

10. J. Noguchi, Entire curves into semi-abelian
varieties and related topics, Inernational
Conference on Nevanlinna Theory and
Complex Geometry, 14th (14-18) March
2012, University of Notre Dame (Indiana),

U.S.A.
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. Nagoya Mathematical Journal (Graduate
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Lefschetz fibrations, or Lefschetz pencils in
4 dimensional topology are deeply related to
the studies of algebraic surfaces, symplectic
4-manifolds, contact 3-manifolds, and so on.
Moreover, via their monodromies, Lefschetz fi-
brations correspond to some type of relations
among Dehn twists in surface mapping class
groups, so we can study them in a combinato-
rial way. In this year, I have focused on this
combinatorial method, to provide a fine per-
spective that uniformly deals —in a combinato-
rial sense— with some well-known typical rela-
tions among Dehn twists. Then, based on the
perspective I was able to construct various new
relations, some of which give an unusual kind
of Lefschetz fibrations while the others give im-
portant information of a typical type of Lef-
schetz fibrations. More detailed explanations
are followed.

In the first place, I paid attention to the fact
that any relation among Dehn twists is, in prin-
ciple, created by only using the 2-chain rela-
tions, the lantern relations and the braid re-
lations. Among them, the 2-chain relations
and the lantern relations are considered more
essential, so I introduced the notion of CL-
decomposition for any relation, which is a de-
At that

time I also found that CL-decompositions and

composition to these two relations.

Chern numbers of Lefschetz fibrations are well
related. Then, I succeeded to give concrete CL-
decompositions for some of the most typical re-
lations, namely, the hyperelliptic relations, the
k-chain relations and the Cadavid-Korkmaz re-
lations. At the same time combinatorial rela-
tions among those relations were also given in
a very simple form.

These studies make us better understood the
combinatorial structures of the fundamental re-

lations. Furthermore, by making advantage of
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these structures I got various ways to construct
new relations. Two types of relations among
those new relations had especially big impacts.
The first ones are the relations that give the
monodromies of non-holomorphic Lefschetz fi-
brations with (—1)-sections. In other words,
we obtained non-holomorphic Lefschetz pen-
cils. This is interesting because Lefschetz pen-
cils originally arised from the study of algebraic
surfaces. This is a joint work with Naoyuki
Monden and Ryoma Kobayashi.

The other ones give monodromies that spec-
ify the biggest number of (—1)-sections of the
Cadavid-Korkmaz Lefschetz fibrations, which
are among the most fundamental Lefschetz fi-
brations. This gives the best answer to the
long-pending question how many (—1)-sections
the Cadavid-Korkmaz Lefschetz fibrations can
have.

Many of the new relations that I constructed
can be “combined” together to make further

new relations, which are left for future work.
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1. N. Hamadal “Upper bounds for the min-
imal number of singular fibers in a Lef-
schetz fibration over the torus”, Michigan

Math. J., to appear.
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Development of new statistical models for di-
rectional time series data in the classes of
nonstationary linear time series models and
Hidden Markov Models with their theoretical
backgrounds. Applications of the models to
forecasting problems on several spatiotemporal

phenomena relating to meteorology and biol-
ogy.
B.OOOO

1. T. Hokimotod “Predicting the distribution
of transitional sea surface level based on
Hidden Markov Model”, The 10th China-
Japan Symposium on Statistics (2010) 98-
101.

. T. Hokimoto and K. Shimizul“Application
of hidden markov model for the sea state
analysis”, NEDETAS Conference (2011)
65—66.

. T. Hokimotod “Prediction of wave height
based on the monitoring of surface wind”,
Oceanography (ed. Marco Marcelli), In-
Tech, Rijeka, Croatia (2012) Chap.8.

Oo0o0 DO,00 000“00O00bobo0o0
ocoooooooooooooorooo
00600 O 10 (2012) 73-91.

. T. Hokimoto “A statistical approach for
wave height prediction based on spa-
tiotemporal variation of surface wind”,
Oceanography Research (ed. Enrico Zam-
bianchi), InTech, Rijeka, Croatia (2013).

. T. Hokimoto
non-homogeneous Hidden Markov
Model the distribu-
tion of sea surface elevation”, Journal
of Applied Statistics (2013) DOIO
10.1080/02664763.2013.839634.

and K. Shimizull “A

for predicting

. T. Hokimoto and H. Kiyofuji “Effect of
regime switching on behavior of albacore
under the influence of phytoplankton con-

centration”, Stochastic Environmental Re-



search and Risk Assessment (2013) DOIO
10.1007/s00477-013-0816-9.

c.oogoo

1.

10.

oboboooocooooooobobon
gogoboboobobogoodoao,bogoaon
gboogoboooooogon, 2090 90.

.gooooooooooooo:-00000

ooboo,b000b0000000,20100 9
.

. Predicting the distribution of transitional

sea surface level based on Hidden Markov
Model, The 10th China-Japan Symposium
on Statistics, China, 20100 10 0.

. Application of hidden markov model for

the sea state analysis, NEDETAS Confer-
ence, Turkey, 20110 50.

gboobooobooooogoooboboo
gboboobobo,0bo0bobobob,
20110 90.

. A Hidden Markov Model for directional

time series data, Statistical Analysis and
Related Topics: Theory, Methodology and
Data Analysis, The University of Tokyo
20110 120.

.gbobobooboobooboooooooon

oooo,000000,20120 50.

0000000000000000000
00000000000,00000000
00o,20120 90.

.gobobooobooooboooooooobooon,

Statistical Analysis and Related Topics:
Theory, Methodology and Data Analysis,
The University of Tokyo, 20120 12 0.

Effect of regime switching on behavior
of albacore under the influence of phyto-
plankton concentration, 0 0000000
O00000000000o0oooooog,
20130 11 0.

186

00 00 (MATSUYA Keisuke)

A 0000
obooooooobooboooooog.

. 00 Gray-Scott OO QOQOOODODODDODOO

OO000. Gray-Secott 00 OO0 OOOOO
obooooooooobooboboooboo
0000000, 00 Gray-Scott DO OO
OOO000D0D Gray-ScottOOoOOOOO
goboobooboboooooooooon.

.gbo0obobooooooobooobooobooon

obobooooooooooooog. o
ooooo,00bb0000obooogo
oobooobooooooboooboon.
gbooooooobooboboboboo
oooog.

I studied following two themes in this year.

1.

I studied convergence of solutions for the
Gray-Scott

model is reaction-diffusion system known

discrete Gray-Scott model.

as a variant of the autocatalytic model.
I proved that solutions of discrete Gray-
Scott model converge to solutions of dis-
crete Gray-Scott model with two assump-
tion. One is a boundedness of solutions
for discrete Gray-Scott model and another
is an existence of solutions for Gray-Scott

model.

. We constructed mathematical models of

angiogenesis and simulated the models.
The models represent motions of endothe-
lial cells. This work is joint work with Prof.
Tetsuji Tokihiro and the medical depart-

ment.
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00000000000 HigsonOOODOOOO
ubobooooo. oboboooooboooba
U,0o0b0o0boobooboobgoonog
oboooobooooboooboooobooooog,
oboboooooboobobooooobo. o
Oo00ooo00d, GromovOOOOOOOO
gobooooooobooboooooog.
obO,000000000000000,000
oboboobobobobobobobooo
gooooooboooo.

I study quasi-isometric invariant properties on
metric spaces from a viewpoint of general topol-
ogy. Higson, Pedersen and Roe defined the
coarse structure to treat large scale properties
of spaces in more general settings. This is just
considered to be the dual of the uniform struc-
ture. As a typical example of a coarse struc-
ture different from one which describes quasi-
isometric invariance, they gave the topological
coarse structure induced from a compactifica-
tion of the space. After that, N. Wright intro-
duced the Cy coarse structure as the subsets in
the domain of a metric function vanishing at
infinity.

In our research, it was shown that these
two coarse structures are essentially identical.
Moreover, we proved that the coarse category
of these spaces is equivarent to the category
of their boundaries at infinity (called the Hig-
son corona) which coincides with the category
of all compact metrizable spaces and continu-
ous maps. We also discussed a generalization
of Cy structures for uniform spaces and a re-
lation between these Higson compactifications
and Smirnov compactisications. These are joint
works with Atsushi Yamashita and Takamitsu
Yamauchi.

A coarse action on an underlying space natu-
rally induces a topological action on its Higson
corona. To understand their relation, we inves-
tigated a condition of a coarse map on the un-
derlying space which induces a fixed point free
homeomorphism on the corona. Then, we gave

a necessary and sufficient condition in the case
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of the topological coarse structures. A simi-
lar condition about quasi-isometric embeddings
are also given in the case of any Gromov hy-
perbolic space and Euclidean space. We also
considered the way to express the fixed points
set of a map on the corona by the accumula-
tion points of a closed discrete subset in the

underlying set.

B.OOOO

1. T. Banakh, K. Mine and K. Sakai: “Clas-
sifying homeomorphism groups of infinite
graphs”, Topology Appl. 156 (2009)

2845-2869.

. T. Banakh, K. Mine, K. Sakai and T. Ya-
gasaki: “Spaces of maps into topological
group with the Whitney topology”, Topol-
ogy Appl. 157 (2010) 1110-1117.

K. Mine and K. Sakai:
plexes and open subsets of non-separable
LF-spaces”, Canad. J. Math. 63 (2011)
436-459.

“Simplicial com-

. T. Banakh, K. Mine, K. Sakai and T. Ya-
gasaki: “Homeomorphism and diffeomor-
phism groups of non-compact manifolds
with the Whitney topology”, Topology
Proc. 37 (2011) 61-93.

. K. Mine, K. Sakai T. Yagasaki and A. Ya-
mashita: “Topological type of the group of
uniform homeomorphisms of the real line”,
Topology Appl. 158 (2011) 572-581.

K. Mine:
compactifications”, Colloq. Math.
(2011) 93-101.

“Approximation theorems for
122

. K. Mine and K. Sakai:
simplicial complexes preserving the metric
topology”, Canad. Math. Bull. 55 (2012)
157-163.

“Subdivisions of

. T. Banakh, K. Mine, D. Repovs, K. Sakai,
T. Yagasaki:
groups which are (locally) homeomorphic
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“Detecting topological

to LF-spaces”, Topology Appl.
(2013), 2272-2284.



9. T. Banakh, K. Mine, K. Sakai, T. Ya-

gasaki: “On homeomorphism groups of
non-compact surfaces, endowed with the
Whitney topology”, Topology Appl., to

appear.

c.oogoo

1. 00o00oooooboooooooobooon,
gse000000000000O0,0000
0,20090 80.

. Approximation theorems for compactifi-
cations, International Conference Japan-
Mexico on Topology and its Applications,
Colima, Mexico, 20100 90.

. Infinite-dimensional manifolds and func-
tion spaces, Reserch on preserver problems
concerning to Banach algebras and its ap-
plications, 00 OO0 O0O00OO0O0O0O, 2011
0110.

. Topological type of open subsets of LF-
spaces, 00O O0O00O0OOOOOOOO,O
OoDo0oooooooooono, 20120
10 0.

. Coarse000O0OOOOOO, 0000000
ooooooobboo,00o00,20130 7
g.

Metric compactifications and coarse struc-
ture, 28th Summer Conference on Topol-
ogy and its Applications, Nipissin 0 O,
North Bay, Canada, 20130 70.

. Subdivisions of simplicial complexes pre-
serving the metric topology, International
Conference on Topology and Geometry
2013, 0000,20130 90.

. Approximation Theorems for compactifi-
cations, 5th Waseda Geometric topology
meeting, 00000, 20130 90.

. Homeomorphism of a Higson corona and
its fixed points, OO0 O0O0O0OO0OOO
goO0,0b0b00b0b0obOoboboo,
20130 100.
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10. Higson OO OOOO0ODOOOOOOOO,O
obooooooooooboobooboobon
obgo,00b000000000b, 20130
100.
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0000 (YOKOYAMA Satoshi)

A.000OO

0000000oO0oOo0o0o0o0oooooooo
0000000 1) 000000000 Navier-
StokesOEuler 0 00 0 O martingale solution 0 O
000002 000000ooo0oooOn
00000000oOOoOoooOoooooos) o
000000000 white noised 00O Allen-
Cahn0000000000000O0OOOODODOO

I study solutions to stochastic partial differ-
ential equations. These days I am studying
1) martingale solutions of stochastic Navier-
Stokes and Euler equations, 2) the solutions of
stochastic differential equations a vapor bubble
moving in a radial symmetrically running fluid
satisfies, 3)the singular limit of the solutions
to stochastic Allen-Cahn equations with a one-
parameter white noise under the condition of

the conserved volume.

B.OOOO

. S. Yokoyama, “Construction of weak solu-
tions of a certain stochastic Navier-Stokes
equations, An International Journal of

probability and Stochastic Processes,

DOI:10.1080/17442508.2013.848864.

. T. Funaki, M. Ohnawa, Y. Suzuki and
S. Yokoyama “Existence and uniqueness
of solutions to stochastic Rayleigh-Plesset

equation, submitted.

. S. Yokoyama “Two-dimensional Stochas-
tic Navier-Stokes Equations derived from
a certain Variational Problem, RIMS O O
00O r7’000000000” 000 1875.



4. W. Stannat and S. Yokoyama “Weak so-
lutions of non coercive stochastic Navier-

Stokes equations in R2, submitted.

c.oooo

. Existence of LZ-solution of stochastic
Navier-Stokes equations appearing in vari-
ational setting, Mathematical Fluid Dy-
namics Seminar, TU-Darmstadt, 2010 O
11 0.

. Construction of weak solutions of a certain
stochastic Navier-Stokes equation, Math-
ematical Fluid Dynamics Seminar, TU-
Darmstadt, 20110 90.

. Construction of weak solutions of a cer-
tain stochastic Navier-Stokes equation, [
40 J00oOoooooooobo,ooon
0,20110 11 0.

. Two-dimensional Stochastic Navier-Stokes
equations derived from a certain varia-
tional problem, RIMSOOOOOOOOO
ooooo,ooo0,20130 20.

. Existence and uniqueness of solutions to
stochastic Rayleigh-Plesset equation, O O
ooooooooooooooooo,oon
0o0o,20130 100.

. Solutions of stochastic Rayleigh-Plesset
equations, 1000000 O0OOOOOOO
0000 Xoooooooooooooo,
oooooo, 20140 10.

. Martingale solutions for some Stochas-
tic Euler equations, Winter Seminar and
Klausurtagung ”Fluids and Snow”, Chalet
Giersch, La Clusaz, France, 20140 1 0.

0000 (BAO Yuanyuan)

A. 0000
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0000000000000 0D0OAlexander O
00000000 Heegaard Floer DO OO OO
00o0o0o0oooooooooooooogo
ooooooooo

000000000 Heegaard Floer OO OO 0O
0000000000000 00D0 Heegaard Floer
00000000ooooooooooooo
O0000000O000000O00OO Heegaard
FleerOOOOOOOOODOO

My research area is knot theory in low-
dimensional topology. The discovery of quan-
tum invariants (usually expressed as polyno-
mial invariants) in 1980s was regarded as an
unprecedented progress in knot theory. Af-
ter 2000, Khovanov defined Khovanov homol-
ogy, and Ozsvath and Szabé defined Heegaard
Floer homology. These two homologies are cat-
egorifications of the Jones polynomial and the
Alexander polynomial, respectively. For this
reason, the study on knot homology has been
extensively proceeded recent years.

I have been interested in Heegaard Floer ho-
mology in past years. I studied this homology
for some satellite knots, and also studied knot
unknotting operations using this homology. In
a recent paper, I defined a Heegaard Floer ho-

mology for bipartite graphs.
B.OODOO

1. Yuanyuan Bao: On knots having zero neg-
ative unknotting number, Indiana Univer-
sity Mathematics Journal, accepted for

publication.

2. Yuanyuan Bao: A note on knots with
H(2)-unknotting number one, Osaka Jour-
nal of Mathematics, accepted for publica-

tion.

3. Yuanyuan Baoll A Heegaard Floer ho-
mology for bipartite spatial graphs and its
properties, 0 6000000000000
oogo, 2013.

4. Yuanyuan Bao: H(2)-unknotting opera-
tion related to 2-bridge links, Topology
and Its Application, 159 (2012) 2158

2167.



5. Yuanyuan Bao: On the knot Floer homol-

ogy of a class of satellite knots, Journal
of Knot Theory and Its Ramifications, 21
No. 4 (2012) 1-29.

c.0DoOoo

1. A Heegaard Floer homology for bipartite

spatial graphs and its properties, 0 600 O
00ooooooooooooooo, 2013
O80O.

. Introduction to Heegaard Floer homology,
0000000000 Dalian University of
Technology, 2012 0 12 0.

. Polynomial splittings of Ozsvath and
Szabd’ s correction terms, 0 0 0 00O 2012
OO0oooooog,0oooog, 2012
O50.

. Finite negative unknotting number and
Heegaard Floer homology, The 8th East
Asian School of Knots and Related Top-
ics, KAIST, Daejeon, 00, 20120 10.

. Polynomial splittings of Ozsvath and
Szabd ' s correction terms, Circle-valued
Morse theory and Alexander invariants, O
ooo,20110 110.

. On the knot Floer homology of some satel-
lite knots, Topology Seminar, Indiana Uni-
versity, 2011 0 8 0.

. Ozsvath and Szabd ' s correction term and

its topological applications, Quantum In-
variants of knots and Their Categorifica-
tions, 00000, 20110 80.

. An introduction to combinatorial link

Floer homology, Winter workshop 2009 on
Low-dimensional Topology and its Ramifi-
cations, 1O OO, 20090 20.

POZAR Norbert

A.00DOO

1. With Mi-Ho Giga and Yoshikazu Giga, de-

veloped a theory of viscosity solutions on
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a periodic domain in an arbitrary dimen-
sion for a model of crystal growth, given as
the total variation flow of a crystalline en-
ergy. The comparison principle and the ex-
istence of solutions via an approximation
by regularized problems have been estab-
lished. The results have been published.
Extension of these results to a general level
set formulation of a motion by anisotropic
crystalline mean curvature is in prepara-

tion.

. Established a homogenization result for a

nonlocal free boundary problem of a Hele-
Shaw type in a spatiotemporal media, in-
cluding the uniform convergence of the free
boundaries in the homogenization limit.
The problem serves as a model of an in-
compressible pressure driven flow through
porous medium. The results have been

submitted for publication.

. With Inwon Kim (UCLA) continued the

investigation of a homogenization limit
for the G-equation with mean curvature,
which is a well-known model of a flame
propagation in turbulent media. The goal
of this work is the extension of the homoge-
nization theory to free boundary problems
with a mean curvature since the available
results of the theory have only been able
to address the simplified model of the G-

equation without a mean curvature.

B.OOOO

1. I. Kim and N. Pozar[ “Viscosity solutions

for the two-phase Stefan problem”, Comm.
Partial Differential Equations 36 (2011)
no. 1, 42—66.

. N. Pozar[ “Long-time behavior of a Hele-

Shaw type problem in random media”, In-
terfaces Free Bound. 13 (2011) no. 3, 373
395.

. I. Kim and N. Pozar( “Nonlinear elliptic-

parabolic problems”, Arch. Rational
Mech. Anal. (2013) doi:10.1007/s00205-
013-0663-3.



4. M.-H. Giga, Y. Giga and N. Pozar: “Peri-

odic total variation flow of non-divergence
type in R®”, J. Math. Pures Appl. (2013)
doi:10.1016/j.matpur.2013.11.007.

. M.-H. Giga, Y. Giga and N. Pozar:
“Anisotropic total variation flow of non-
divergence type on a higher dimensional
torus”, Adv. Math. Sci. Appl. 21 (2013)

no. 1.

c.0oO0on

1. A Viscosity Approach to Total Varia-

tion Flows of Non-Divergence Type, 5th
Polish-Japanese Days on Nonlinear Anal-
ysis in Interdisciplinary Sciences - Model-
ings, Theory and Simulations, 0 O, 2012
0110

. Homogenization of a Hele-Shaw-type prob-
lem in periodic time-dependent media,
Seoul-Tokyo Conference on Elliptic and
Parabolic PDEs and Related Topics,
KIAS, Seoul, Korea, 20120 11 0

. Homogenization of a Hele-Shaw-type prob-
lem in periodic time-dependent media,
Weak KAM Theory and Related Topics,
oooo,20130 10

. A Viscosity Approach to Total Variation
Flows of Non-Divergence Type, 00 0O 0O
0o0odooooooo,0ooooooono
0,20130 10

. Homogenization of a Hele-Shaw-type prob-
lem in periodic time-dependent media, [
ooo,20130 20

. Homogenization of a Hele-Shaw-type prob-
lem in periodic time-dependent media, [
goodooooooooboooooog
ooooo,0000,20130 30

. A viscosity approach to total variation
flows of non-divergence type, 00O O O,
20130 50

. Motion by crystalline mean -curvature:
Viscosity approach, PMI Seminar, Postech
(Pohang, Korea), 20130 70

9.

10.
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A viscosity approach to total varia-
tion flows of non-divergence type, Czech-
Japanese Seminar in Applied Mathematics
2013, 0000,20130 90O

Homogenization of a Hele-Shaw-type prob-
lem in periodic spatiotemporal media,
Workshop on Free Boundaries in Laplacian
Growth Phenomena and Related Topics,
oo0og, 2130 100
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00 00 (IKEDA Akishi)
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000000 Calabi-Yau OOOOODOOOOO
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000000 preprojective algebra 0000 O
gooooooooOooooooo.ooooag
O0,AD0000000 N-Calabi-Yau OO0
00000000000, Bridgeland-Smith O
OO0DO00000 Calabi-Yau OOOOOOO
goooood.

The spaces of stability conditions on Calabi-
Yau categories associated with the quivers are
studied. In the first half , I gave the spaces
of stability conditions on derived categories of
preprojective algebras associated with the quiv-
In the latter half, by us-

ing some generalizations of Bridgeland-Smith’s

ers without loops.

theory for higher dimensional Calabi-Yau cat-
egories, I determined the spaces of stability on
N-Calabi-Yau categories associated with the

quivers of type A.
B.OOOO

1. A. Tkedal “Stability conditions for prepro-
jetive algebras and root systems of Kac-
Moody Lie algebras”, arXiv:1402.1392,

(2014).

c.oooo

1. “The correspondence between Frobenius
algebra of Hurwitz numbers and matrix
models”, IPMU Komaba Seminar, 00 0 O
0,20100 40.

2. “Hurwitz OO Frobenius 0000000
oo0’,000000000D0ooooon,
good, 20100 90.

3. “The correspondence between Frobenius

algebra of Hurwitz numbers and matrix

models”, “0000,000000,000
00o0o0000O00”,0000,20100 12
0.

4. “The correspondence between Frobenius
algebra of Hurwitz numbers and matrix
models”, “Integrable Systems, Random

Matrices, Algebraic Geometry and Geo-

metric Invariants”, Steklov Mathematical

Institute (Russia), 2011 0 2 O.

5. “The The space of stability conditions on
local P? and related topics”, “0000, O
00000,0000000000007,0
0ooo,20110 100.

6. “The space of stability conditions for quiv-
ers with two vertices and almost Frobenius
structures”, “Integrable Systems, Random
Matrices, Algebraic Geometry and Geo-
metric Invariants”, Steklov Mathematical
Institute (Russia), 2012 0 2 0.

7. “The space of stability conditions for quiv-
ers with two vertices and almost Frobe-
nius structures”, KobeSeminar on Inte-
grable Systems, 0 000, 20120 3 0.

8. “The space of stability conditions for pre-
projective algebras of m-Kronecker quiv-
ers”, Stability Conditions and Related
Topics in Kyoto, 0000, 20120 12 0.

9. “Stability conditions of a Calabi-Yau N al-
gebras of the A,-quiver”, 0000 - 00
oooooo,o0000,20140 10.
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I have studied the Poisson and Stokes equa-
tions with several non-standard boundary con-
ditions. First, I considered generalized Robin
boundary conditions, in which a second-order
term on the boundary, such as the Laplace-
Beltrami operator, is added to the standard
Robin condition. Existence and uniqueness of
a weak solution, its regularity, and the conver-
gence of the finite element method (FEM) are
established. Second, observe that the Robin
condition approaches, at least formally, the
Neumann or Dirichlet ones, when the param-
eter goes to 0 or co. I proved that a solu-
tion for the former actually converges to the
latter. Finally, I studied the P1 FEM for the
slip boundary problem of the Stokes equations
in a non-polygonal smooth domain. Imposing
u -n = 0 weakly by the penalty method with
reduced-order integration, I showed that a suit-
able choice of the penalty parameter leads to an

optimal rate of convegergence.

B.OOOO

1. T. Kashiwabara:

of the non-stationary Navier-Stokes equa-

“On a strong solution

tions under slip or leak boundary con-
ditions of friction type”, J. Differential
Equations 254 (2013) 756-778.

. T. Kashiwabara: “On a finite element ap-

proximation of the Stokes equations under
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a slip boundary condition of the friction
type”, Jpn. J. Ind. Appl. Math. 30 (2013)
227-261.

. T. Kashiwabara and I. Oikawa: “Remarks
on numerical integration of L' norm”,
JSIAM Letters 5 (2013) 5-8.

. T. Kashiwabara:
for Stokes equations under leak boundary
condition of friction type”, STAM J. Nu-
mer. Anal. 51 (2013) 2448-2469.

“Finite element method

.00 oomooboooooboobooboon
obobobooooboooboo 40000
00000000000 (2013) 59-84.

. T. Kashiwabara, C.M. Colciago, L. Dede
and A. Quarteroni: “Well-posedness, reg-
ularity, and convergence analysis of the fi-
nite element approximation of a general-
ized Robin boundary value problem”, sub-
mitted.

c.ooon

. Stokes and Navier-Stokes equations under
slip or leak boundary conditions of friction
type, IRTG Seminar, June 2013, Technis-
che Universitdt Darmstadt (Germany).
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7. “method of numerical integration” O O O
O000ooDoOoooooooooooon
5000000000020130 11000
oo0oooooooooooon

oboboooocooooooobobon
ooooooooboogoo 3oooogo
gbooo20130 1100000000

. On the method of numerical integration
for friction boundary conditions, SIAM
PD 13, December 2013, Hilton Orlando
(USA).

G. 00O

w0o00b0o00bo00boobooobobo
2011000000000O00000000

00 00 (KASUYA Naohiko)
(00 DC2)

A.000OO

0000000000000 00000000
00. 000000000, 00000000
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00000 7T?00000000000000
00000000000 0000000000.
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0000000000000 0O0D0O0O000O
0,0000000000000000000
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I am studying about contact submanifolds of
contact manifolds. In the master thesis, I
showed that the link of a complex hypersur-
face singularity which is called a cusp singular-
ity is contactomorphic to the positive contact
structure associated to the suspension Anosov
flow on a hyperbolic T2 bundle over S!. In the
doctoral thesis, I showed that the total Chern

class of a closed codimesion two contact sub-
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manifold of R2**! is trivial, and a closed con-
tact 3-manifold with trivial first Chern class
can be contact embedded in some contact struc-
ture on R®. I also showed that a 2-connected
contact manifold (M?™+1 ¢) of dimension at
least 5 can be contact embedded in the stan-
dard contact structure on R*™+1. Moreover,
in a joint research with Toru Yoshiyasu (The
University of Tokyo) , we showed that a closed
parallelizable manifold M™ with n # 7 can be
a Lagrangian submanifold of some symplectic

structure on R?".

B.OOOO

“On
Lagrangian embeddings of parallelizable
manifolds”, Int. J. Math. 24-9 (2013)
1350073.

1. N. Kasuya and T. Yoshiyasu:

. N. Kasuya: “The canonical contact struc-
ture on the link of a cusp singularity”,

Tokyo J. Math. to appear.

. N. Kasuya: “An obstruction for codimen-
sion two contact embeddings in the odd di-

mensional Euclidean spaces”, submitted.

. N. Kasuya: “On contact embeddings of
contact manifolds in the odd dimensional

Euclidean spaces”, submitted.

c.ooon

1. Sol-manifolds and contact structures on S°

000000000 Todai Forum 2011 Ge-

ometry and dynamics0 O 0000000
ooooooz20110 100.

2. Sol 0000 cusp singularity O link OO
00000,00000000000000
goooooooooooog,oooog,
20120 10.

. The contact structure on the link of a cusp
singularity, Foliations 2012, 0 000000
gooo20120 600

.gbo0obobobooboboooooboon
ubodgb,bobobooboboboobgan
goboooobooo,bogn, 20130 50.



. On codimension two contact embeddings,
oo0o0ooooooooooooooon
goooooo,o0o0o0no, 20130 60.

. On codimension two contact embed-
dings, Polish-Japanese Singularity Work-
ing Days, 00 00000000O0OO, 2013
08d.

. On codimension two contact embeddings,
Geometry and Foliations 2013, 00O 0O 0O
ooooo,20130 90.

.go0b0z20000000000,000RC
gboooo, 20130 110.

.gob0z200000000000,000
oooooo,0bo0,b0cobobocooooo
gobo,0000000000000, 2014
oi1d.

10. On contact submanifolds of the odd di-
mensional Euclidean spaces, 00 0 00O
Jodooog,oooooooog, 2014

o1d.
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I studied the global analysis of algebraic lin-
ear difference equations which has fundamen-
tal solutions with their Gevrey order 1. I stud-
ied about the Stokes structures of such equa-
tions, how Stokes phenomena occur, and how
we can calculate the Stokes multipliers of them.
For calculating the Stokes multiplier, we need
two mathematical properties, the connection
formulae and the characteristic indices on the
Borel plane. From this fact, I saw that solvabil-
ity of the connection problem of the Fuchsian
type differential equations is equivalent to the
computability of the Stokes multipliers of the
difference equations. As application of this, I
calculated the monodromy group of the hyper-
geometric differential equation from the view
point of the Stokes phenomena of the hyperge-
ometric difference equation (the contiguity re-
lation of the hypergeometric differential equa-
tion), and also I proved that the connection
problem of the difference equations are solved
by calculating the Stokes multipliers of the dif-

ference equations, in the limited cases.
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We investigate some of the Elementary Cellular
Automaton (ECA) and the periodic Box Ball
System (pBBS). We give a new method based
on the singular value decomposition to quantify
the Wolframs classification of ECA. We first
characterize class 3 which has chaotic behavior
by comparing ones output patterns with ran-
dom patterns (random matrix). We then give
the criteria to compare them, which is based on
spacing distribution of singular values. In the
random matrix theory it is known that this dis-
tribution is approximated by the Wigner distri-
bution and it has universality in the sense that
it dose not depend on details of the random
matrix. We can use this property. And distin-
guish class 3 from class 4 which has complex
behavior with localized structures like a soli-
ton. Then we apply the method proposed in
the first part to the pBBS which is a soliton cel-
lular automaton. We expect that the pBBS’s
spacing distribution has similar characters to
those of class 4. By numerical simulation this
expectation was confirmed and we found the

Poisson-Wigner transition.
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I study invariants of rational homology 3-
spheres. In this year, I defined a topolog-
ical invariant of rational homology 3-spheres
by using vector fields. The construction of
this invariant is a generalization of both that
of the Kontsevich-Kuperberg-Thurston invari-

ant 2XKT and that of Fukaya and Watanabe’s



Morse homotopy invariant zFW. As an appli-

KKT

cation, I proved that z = z'W for any ra-

tional homology 3-spheres.
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arXiv:1311.1863.

2. T. Shimizu, A construction of a univer-
sal finite type invariant of homology 3-
spheres, 0 00 O (2013)0

c.0ooo

1. 000003000 10000000000
O correspondence D OO0 O0O0O0O0O0OOO
0o000D000o0oooooooooog
20120 11 0.

2. 00000 3000 10000000 oO
00O correspondence 1 OO0 O O0OO0O0OOO
Joooobobobboooooooo2o013
0o3d.

3. J00O0DoOo 3000 1o0o00ooon
O correspondence OO0 OO0 O0O0O00O0OOO
ooooboooboob20130 300

4. 00000 3000 200000 -
Morse homotopy O O O O Kontsevich-
Kuperberg-Thurston 000, 0000000
ooooo20130 700

5. 00000 3000 Morse homotopy O O
0 O Kontsevich-Kuperberg-Thurston 0 O
0,00000000D0000D0000OOO
ooo0oz20130 80.

6. 00000 3000 Morse homotopy O O
O O Kontsevich-Kuperberg-Thurston 00 [
0,000000000002013090.

7. An invariant of rational homology 3-
spheres via vector fields, 0000000
OO00o0O0o0oooooooo20130 1000

8. An invariant of rational homology 3-
spheres via vector fieldsO O OO0 000
OO00o0O0o0oooooooo20130 1000

9. Cobordism 00 0 0O framed 3-manifold O
do00o0oDOoooOooooooobooon
O0000000000020130 1100

10. 00000ooboooooooooboooo
Jobboooooooo,oboooooa
obooobooooobooDo20130 1200

0 OO0 (HSU Pen-Yuan )

A.000DOO

godoooobobooboobooooooao
gooooooooobuooobuoobboa
goooooooOOooooooooooDoOoOo
000000000 Liouville type theorem O
godoobooooooooobooooa
dodooboooooooobouooobooa
O00ooo0oooooooooooooooo
goooooooOOoooooooooooDoOOoO
00000000 (blow up argument) 0000
gooooooooOOooooooooooDoDOoOo
Oo00oo0oooDooDoOoooooooooon
OO00000DoOoOooooooooooon
gooooboooobooobooboboa
go0ooOoDoooooooooooooogo
0o0oodoooooooooooooooooon
goodooooooooobboIioooooad
o0 oodooooooooobbuooooda
o00ooo0oooooooooooooooo
O00oOoDoDoooooo1lgooooooon
doodooooooooooboboooooId
goooooooobooooooood

We study the Liouville type results for solu-
tions to the Navier-Stokes equations, that is,
the nonexistence of nontrivial bounded global
(or entire) solutions to the Navier-Stokes equa-
tions.

We establish a Liouville type result for a back-
ward global solution to the Navier-Stokes equa-
tions in the half plane with the no-slip bound-
ary condition. No assumptions on spatial de-
cay for the vorticity nor the velocity field are
imposed. We study the vorticity equations in-
stead of the original Navier-Stokes equations.
As an application, we extend the geometric

regularity criterion for the Navier-Stokes equa-
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tions in the three-dimensional half space under

the no-slip boundary condition.

B.OOOO

1. Pen-Yuan Hsu : Non-existence for self-

similar and stationary solutions with a lin-
ear background flow to the Navier-Stokes
equations, D OO0 0 O0O0O0O0OO0OOOO
oo.

. Pen-Yuan Hsu and Yasunori Maeckawal

On nonexistence for stationary solutions to
the Navier-Stokes equations with a linear
strain, Journal of Mathematical Fluid Me-
chanics, 15 (2013) no.2, 317-333.

. Yoshikazu Giga, Pen-Yuan Hsu and Ya-
sunori Maekawa: A Liouville theorem for
the planer Navier-Stokes equations with
the no-slip boundary condition and its ap-
plication to a geometric regularity crite-

rion, submitted.

. Pen-Yuan Hsu: Liouville type theorems for
the Navier-Stokes equations and applica-
tions, 000 O000OOOOODOOOOO.
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. On nonexistence for stationary solutions
to the Navier-Stokes equations with a lin-
ear strain, JSPS-DFG Japanese-German
Graduate Externship. The 5th Japanese-
German InternationalWorkshop on Math-
ematical Fluid Dynamics, Waseda Univ.,
June 2012.
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5. On nonexistence for stationary solutions to
the Navier- Stokes equations with a linear
strain00 34 0000000 0OOOOOO
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6. On nonexistence for stationary solutions
to the Navier-Stokes equations with a
linear strain, TU Darmstadt, Germany,
2012.11.27

7. Liouville type theorems for the Navier-
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8. Liouville problems for the planer Navier-
Stokes equations, TU Darmstadt, Ger-
many, May 2013.

9. On Liouville problems for the planer
Navier-Stokes equations with the no-slip
boundary condition, JSPS-DFG Japanese-
German Graduate Externship. The 9th
Japanese-German International Workshop
on Mathematical Fluid Dynamics, Waseda
University, Japan, Nov 2013.

10. A Liouville theorem for the planer Navier-
Stokes equations with the no-slip bound-
ary condition and its application to
a geometric regularity criterion, Winter
Seminar and Klausurtagung, La Clusaz
(France), Jan 2014.
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In a joint work with H. Kawakami and H. Sakai,
we classified 4-dimensional Painlevé-type equa-
tions derived from isomonodromic deformation

of unramified linear equations.
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2012, preprint.

. Hiroshi Kawakami, Akane Nakamura and
Hidetaka Sakai, Toward a classification of
four-dimensional Painlevé-type equations
AMS Contemp. Math. 593(2013), pp143—
162, 2013
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Mathematical
physics seminars, Loughborough Univer-
sity, 20120 11 0.

Painleve-type equations,

. Studies on 4-dimensional Painlevé-type
equations, Recent progress in the theory
of Painlevéquations, Université de Stras-
bourg, 2013 O
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My main concern is invariants of algebraic
curves and linear series. It is important to de-
termine invariants of a curve X admitting a
morphism f onto a curve C in terms of C' and
f-

For fixed curve C and degree of f, it is hard
to grasp linear series on X of small genus. Let
W (X) € Pic? X denote the locus of (the linear
equivalence classes of ) the divisors D of degree
d such that dim|D| > r. I classified W} (X)
for each t when the degree of f is odd. By this
means, I found the Clifford dimension of X in
specific cases.

I studied the projective space bundle
P(f«Ox (d)) over the base curve C deter-
mined by a divisor @ on X. In case of high
Clifford dimension of a double covering X of
C, I obtained an upper estimate of the Clifford
index of C' with that of X and the genera of X
and C.

I succeeded in constructing examples of two
base-point free pencils g1, g2 on a ruled sur-
face S over C' coinciding on a smooth curve X

on S such that g; factors through C but g» does



not.
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o000, Vatsal OOOO F=QOO0OO
k=200000000000000. VatsalO
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gooooo 20b000o0ooooooooa
ocooooogooo.
OoooooooOO,00000000000:
(1) Stevens 0 0 O OO Ferrero-Washington O
OO00D0OOWilesOOOOOOOOoOoooooOO
O00000O00o0o0oooooogon, Hilbert
Eisenstein 0 0 0 0O O cohomology class O inte-
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0000o0oo0ono,000gdn Fourierd OO
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The field of study is Iwasawa theory for mod-
ular forms. This academic year, in the case F'
is a real quadratic field, we showed how a con-
gruence between the Fourier coeflicients of a
Hilbert eigenform over F' and those of a Hilbert
Eisenstein series over F' of the same parallel
weight (k1, k2) = (2,2) give rise to congruences
between the algebraic parts of the critical val-
ues of the associated L-functions.

This result can be regarded as an analogue of
Vatsal’s result in the case F' = Q and weight
k = 2. Based on this Vatsal’s result, Green-
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berg and Vatsal proved the Iwasawa main con-
jecture for an elliptic curve whose associated
Galois representation is residually reducible.
The proof of our result is based on the fol-
(1) We generalized the

Stevens’s results in order to show that the co-

lowing two results:

homology class attached to a Hilbert Eisenstein
series is integral and non-zero modulo p by us-
ing the Ferrero-Washington theorem and the
Iwasawa main conjecture over a totally real
number field (proved by Wiles); (2) We gen-
eralized the Vatsal’s results in order to show
how congruences between the Fourier coeffi-
cients of Hilbert Hecke eigenforms give rise to
corresponding congruences between the coho-
mology classes by using Eisenstein cohomology
theory over C (proved by Harder) and integral
p-adic Hodge theory (proved by Faltings and
improved by Breuil and Tsuji).
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5. Congruences of Hilbert modular forms
over real quadratic fields and the special
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000ooooooomoogooooono
0O00oo20130 120 900120 130
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We research on an extension of Littlewood—
Richardson coefficients.
Littlewood-Richardson coeflicient c§ . 1s a nat-
ural number depending on 3 Young diagrams A,
p and v. It is known that ¢§, = ¢}, holds for
every Young diagrams A, g and v. Moreover,
it is also known that 5, s equal to the num-
ber of LR(v/A, i), the set of all Littlewood—
Richardson tableaux of shape v/ and of weight
1. So these results imply that there is a bijec-
tion between LR(v/\, p) and LR(v/p, A). This
bijection is given by Azenhas.
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In this year, we extend Azenhas bijection to
the case of “set-valued semistandard A\-good
tableau”. Roughly speaking, this is a K-
theoretic extension of Azenhas bijection. Al-
though there is still a few exception, we get

almostly correct rule of extended bijection.
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I proved that (potential) good reduction of a K3
surface over complete discrete valuation fields
of mixed characteristic are determined by its
2nd l-adic étale cohomology group (as a Ga-

lois representation). Using this, T also proved



the surjectivity of the period maps of (quasi-
polarized) K3 surfaces in positive characteris-
tic. This result is presented in several talks and
is submitted to a journal.

I am trying to generalize this result to higher
dimensional cases. [ am also interested in
semistable reductions of surfaces (and higher

dimensional varieties) in mixed characteristic.
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(arXiv:1202.2421)
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braic Number Theory and Related Top-
ics 2011, RIMS Kokytroku Bessatsu B44
(2013), 111-113.
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5. Good reduction criterion for K3 sur-
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I continued the study of the representation
theory of the Hecke—Clifford superalgebra us-
ing a generalized method of cellular algebras,
and finally completed the classification of its
irreducible representations. For this purpose,
I constructed and applied “the representation
category of the Hecke—Clifford superalgebra”
for a parameter ¢t which is not necesarily an

integer.
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low discrepancy sequences”, Monte Carlo
Methods Appl. 18 (2012) 327-351.

3. M. Mori “A cellular approach to the
Hecke—Clifford superalgebra”,
arXiv:1401.1722.

preprint,
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I study g¢-middle convolution of linear g¢-
difference equations Y (gx) = A(x)Y (x)

(A(x) = SN aFAy, Ay A = Ay €
M, (C)). T considered fundamental transform
for g-convolution: F'(x) := ¢x(B)(x) for B(x) :=
chvzl(l — b, '2)"t - A(z), T transformed F(x)
in a lower triangle form F(x). Next, I analyzed
elementary divisors of F(x). I showed that ¢-
middle convolution preserves rigidity index of

ER in generic case.
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Seminar, The University of Sydney, 2013
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I study Lagrangian submanifolds and subcrit-
ical isotropic submanifolds in the Euclidean
spaces. We prove that almost all the closed par-
allelizable manifolds can be embedded in R?" as
Lagrangian submanifolds. This is a joint work
with Naohiko KASUYA.
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beddings of parallelizable manifolds”, Int.
J. Math. 24 (2013) no. 9, 1350073, 9 pp.
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In this academic year, I studied 3-dimensional
homoclinic classes which have no dominated
splittings. Such classes exhibit abundant dy-
namics beyond the well-known hyperbolic sys-
tems. In particular, they can be approximated
by homoclinic tangencies. However, it is still
not known that whether they have non-trivial
index-intervals. In this direction, Shinohara
(2011), Bochi, Bonatti (2012), Crovisier, Diaz,
Gourmelon (2013) provided sufficient condi-
tions in succession, all of which are based on
Lyapunov exponents of periodic points in the
homoclinic class. Different from their view-
point, I gave sufficient conditions on geometric
characters: as long as the angles of saddles de-
crease to zero more rapidly than the contract-
ing rates in the stable subspaces, arbitrarily
weak contracting eigenvalues can be obtained
by perturbations, obtaining different indices.
Moreover, as applications, by constructing a
horseshoe model, T showed that a substantial
class of saddles satisfy the above sufficient con-

ditions.

B.OOOO

1. X. Lid “On R-robustly entropy-expansive
homoclinic classes”, Bull. Braz. Math. Soc.
43 (2012) 73-98.

c.0oOoo

1. On the generic index-change of three-
dimensional 0 homoclinic classes without
domination. 00000000000 900,
gooo,no 20130 120.
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. On the generic index-change of three-
dimensional 0 homoclinic classes without
domination. 20130 0000000000,
oooo,0 20140 10.

3. Weak eigenvalues in homoclinic classes:
perturbations from saddles O with small
angles. 0O00O0D0OOODOOODOOOOOO,

oooo,0 2140 10.

. On the index problem of homoclinic classes
a 0 geometric al-
Pontifi-
cal Catholic University of Rio de Janeiro
(Brazil), O 20140 20.

without dominations:

ternative proof in some case.
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I am studying algebraic varieties and l-adic
sheaves on algebraic varieties. In this year, I
studied the order of the monodromy action on
the etale cohomology and submit a paper about
it. T also studied a classification of the degen-
eration of algebraic varieties, the characteristic
cycle of an l-adic sheaf in mixed characteris-
tic field case and the existing problem of l-adic

sheaves (a conjecture of Deligne).

c.oooo

1. Fundamental groups in arithmetic geome-

try

Séminaire de Mathématiques, ITHES,

France, 20130 110

. perfectoid spaces IV(weight monodromy
00000 ooooo)
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3. Grothendieck 0000000 O0OOOOOO
0 8ooooooooo,000o0, 2013
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4. Grothendieck 000000000 OOOO
000O00oooo2013,0000,20130 2
O

5. On the degree of the field extension of
which the action of local monodromy is

unipotent

Number theory Seminar,
20130 10

KIAS(O 0),

6. On the Grothendieck ' s monodromy theo-
rem
Doctoral Forum of Mathematics between
Fudan and Kyoto Universities, 0 00O O,
20120 120

7. 0000000000000

gbooobooboob 2012, 000000
gooobooobooo, 20120 100

8. On uniform bound of the maximal sub-
group of the inertia group acting unipo-
tently on f-adic cohomology
0110000000000 ,0004, 2012
or7d

9. On uniform bound of the maximal sub-
group of the inertia group acting unipo-

tently on f-adic cohomology O
gooooooo,0000,20120 60

10. On uniform bound of the maximal sub-
group of the inertia group acting unipo-

tently on f-adic cohomology

gooooooo,oooa,20120 50
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(1) I considered the graph metric on random
graphs with long-range correlations such as the
random-cluster model. I gave an explanation of
the set of vertices in a ball having large radius.
(2) I considered a process defined by the inter-
section of Bernoulli site percolation and ran-
dom walk on a common graph. I obtained a
strong law of large numbers and an order of

the Laplace transforms of the process.

B.OODOO

1. K. Okamura, Singularity results for func-
tional equations driven by linear frac-
tional transformations, to appear in Jour-
nal of Theoretical Probability, DOI
10.1007/s10959-013-0516-x.

2. K. Okamura,

interacting random walks on an integer in-

On the range of self-

terval, to appear in Tsukuba Journal of
Mathematics.

3. K. Okamura, On the range of random walk
on graphs satisfying a uniform condition,

preprint.

4. K. Okamura, Large deviations for simple
random walk on percolations with long-

range correlations, preprint.

5. K. Okamura, Random sequences with re-
spect to a measure defined by two linear

fractional transformations, preprint.

c.oooo

1. Large deviations for simple random walk
on percolations with long-range correla-
tions”, 00 O00OOOOO0O,0000,2013
040.



2. On the range of random walk on graphs
satisfying a uniform condition, D 0O OO
dooooooo,dod, 20130 80.

3. On the range of random walk on graphs
satisfying a uniform condition, D 0O OO
gooo,o0o0oboog, 20130 100.

4. On the range of random walk on graphs
satisfying a uniform condition, D 0O OO
gooo,o0o0o, 20130 120.
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The most fundamental in considering the
Lie algebra is the case of finite-dimensional
semisimple, and many results are known about
the finite-dimensional representation in this
case. On the other hand, the BGG category O
was introduced by adding certain conditions of
finiteness, because the category of all infinite-
The

BGG category O contains all finite-dimensional

dimensional representation is too wide.

representations and all highest weight represen-
tation (in particular, Verma module that is uni-
versal), and meets many good condition, so it
is believed to be nice framework for carrying
out research. The BGG category O is stud-
ied actively in 1970,80’s, and many beneficial
results such as Kazhdan-Lusztig conjecture are
proofed, but are not been completely elucidated
yet.

It is possible to not only the case of finite-
dimensional semisimple Lie algebra, to define
the analog BGG category O even for infinite di-
mensional Lie algebra of certain (this is called
BGG category O also). However, even in the

case of symmetrizable Kac-Moody Lie algebra,
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which is particularly important infinite dimen-
sional Lie algebra and is to be relatively easy to
handle, the BGG category O has not been elu-
cidated in many cases. The goal of my research
is to extend the various results that are known
in the case of finite dimensional semisimple to
other BGG category O such as in the case of
Kac-Moody Lie algebra.

In carrying forward the research, I considered
about the BGG category O for general Cox-
eter system which is an extension of the BGG
category O for affine Kac-Moody Lie algebra.
In the case of the BGG category O for gen-
eral Coxeter system, it is revealed by previous
studies what about irreducible objects, stan-
Which

were examined to multiplicity of irreducible ob-

dard objects and projective objects.

ject that appears in the composition series of
standard object is Kazhdan-Lusztig conjecture,
this conjecture is very important for studying
the structure of the BGG category O. So, I
was studying for the Kazhdan-Lusztig conjec-
ture in the BGG category O for general Coxeter
system. As a result, by using moment graph,
and BMP construction, I was able to resolve
the conjecture for some Coxeter systems (in-
clude not in the case corresponding to the Lie

algebra).

0O OO0 (HU Guorong)
(FMSPOOOO)

A.000OO

20130 0000000b000oooooon
0000000000. 00000, (X,d,p)
O doubling 0 OO DOOOOOOOODO, ADO
L*(X,dy) 0000000000D000000,
A 0000 Gaussian upper estimate O O O
dooooooog, Xoo Adoooad
Besov O O B, (0;A4) 00 Triebel-Lizorkin 0
0F,(X;4)00000.000000000
gbdooooobooboooooo. od
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In the academic year 2013 I studied function

spaces associated with non-negative self-adjoint
operators. To be more precise, let (X,d) be
a metric space endowed with a doubling mea-
sure u, and A a non-negative self-adjoint op-
erator on L%(X,dp).
that the heat kernel of A enjoys Gaussian upper

Under the assumption

bound, we introduced Besov spaces B,  (X; A)
and Triebel-Lizorkin spaces Fj;  (X; A) associ-
ated with A. We investigated properties of
these function spaces such as embeddings and
atomic decomposition. In the particular case
that X is the Heisenberg group H™, we showed
that singular integrals operators of convolution

type are bounded on these function spaces.

B.OOOO

1. G. Hu:“Besov and Triebel-Lizorkin spaces
associated with non-negative self-adjoint
operators”, J. Math. Anal. Appl. 411
(2014), 753-772.

2. G. Hu:“Homogeneous Triebel-Lizorkin sp-
aces on stratified Lie groups”, J. Funct.
Spaces Appl. 2013 (2013), Article ID
475103, 16 pages.

3. G. Hu:“Littlewood-Paley characterization
of weighted anisotropic Hardy spaces”,
Taiwanese J. Math. 17 (2013), 675-700.

c.oooo

1. Triebel-Lizorkin spaces on the Heisenberg
group, 00 O0O0OOOOO 2013, 0000
oooooodo,20130 110 30.

2. Besov and Triebel-Lizorkin spaces associ-
ated with non-negative self-adjoint opera-
tors, 000 0O0O0O0DOOO,000000
ooooo,20130 110 160.
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I studied the nonsynchronous covariance esti-
mation in the presence of microstructure noise.
Especially, in this academic year I considered
how the endogeneity of observation times af-
fects on the asymptotic distributions of esti-
mators. Some results are known in the univari-
ate case: in the absence of noise it is known
that the asymptotic distribution of the real-
ized volatility is biased if the time endogeneity
causes the non-degenerate skewness of observed
returns. A similar result is also known in the
presence of noise. In that case, however, there
are some problems: (i) it is not easy to check
the conditions for concrete examples, and (ii)
it is not obvious how to extend the conditions

to more general classes of estimators. In this

study I showed that the time endogeneity can
be handled by a condition on the conditional
expected duration process of the observation
times only. This condition is independent of
the forms of estimators, so an extension of it
to more general classes of estimators is easy.
Moreover, unlike the case that the noise is ab-
sent the time endogeneity has no impact on
the asymptotic distributions of estimators un-
der the condition given in this study.

On the other hand, I also studied the estima-
tion of lead-lag effects in the presence of mi-
crostructure noise. In this academic year I
succeeded in constructing an estimator for the
lead-lag effect. T also showed that this estima-
tor is asymptotically mixed normal under mild
regularity conditions. However, I found that
this estimator does not work in practice by a
numerical experiment. I think that the research
of the asymptotic decision problem correspond-
ing to this problem will be useful for this study.

This is left to future research.

B.OOOO

1. Y. Koike, An estimator for the cumu-
lative co-volatility of asynchronously ob-
served semimartingales with jumps, to ap-

pear in Scand. J. Stat.

2. Y. Koike, Limit theorems for the pre-
averaged Hayashi-Yoshida estimator with
random sampling, arXiv:

1302.4887.

in revision,

3. Y. Koike, Estimation of integrated covari-
ances in the simultaneous presence of non-
synchronicity, microstructure noise and

jumps, in revision, arXiv: 1302.5202.

4. Y. Koike, Central limit theorems for pre-
averaging covariance estimators under en-
dogenous sampling times, preprint, arXiv:
1305.1229.
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1. 000oooooobooooooobooboooo
oobooboooo,boob,ooao
oooooono, 20130 70.



. Estimation of integrated covariances in the
simultaneous presence of nonsynchronic-
ity, noise and jumps, EMS2013, Budapest,
Hungary, 20130 70.

.gobobooooooobooooboog, oo
obooooonb 2013, 0000000D000
gooo, 20130 80.

.gboobOoboobooboobobooooon
oboooo,2013000000000b00
gobo,b0o000000000,20130 8
a.

. Estimation of integrated covariances in the
simultaneous presence of nonsynchronic-
ity, noise and jumps, 0 Asymptotic Statis-
tics and Related Topics: Theories and
Methodologies, Tokyo, Japan, 20130 90 ..

.goooooooooooooooog, 2013
obooobooobooooo,oobooo
ooooo, 20130 90.

gbooooocoooooobooboboo
oboooo, 2030000000000
oo,0b0bobbo000o0g, 20130 90.

. Intraday periodicity and lead-lag effects in
financial markets, ERCIM 2013, London,
UK, 20130 120.

. Capturing heterogeneous lead-lag effects
in financial markets, Statistics for Stochas-
tic Processes and Analysis of High Fre-
quency Data, Paris, France, 2013 0 12 0.

10. Time
ASC2014 Asymptotic Statistics and Com-
putations, 000D O0O0O0OO0OOO, 2014

030d.

endogeneity and pre-averaging,

G. 00O

1. 00 230000000000000000
oo, 20120 30.

2. 201300000000000000O0O00,
20130 90O.
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00 OO0 (SANDA Fumihiko)
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000000000 GromovwidthOOOODO.
00 Calabi-YauOOODO GLSMODOOOO.
oboooboboooboobooooonog

I estimated Gromov width by using mirror the-
orem.

I constructed GLSM for the Calabi-Yau mani-
fold.

I studied about holomorphic disk counting.

B.OOOO

1. 0000 “Non-displaceable torus fibers in
toric manifolds and tropical geometry”, O
O0O0oooo (2012)

coooo

1. 000000000 non-displaceable O
go0oooDoooooooooooog,no
00o00dooDboo,0000,20120 80.

. non-displaceable torus fibers in toric man-
ifolds and tropical geometry, 00 00O 0O
OoO0,000000,20120 110.
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I mainly study the numerical methods for
partial differential equations, finite element
method and finite volume method for specific.
Until now, I have worked on three subjects.
One is the fictitious domain method. The prin-
ciple of the fictitious domain method is to solve
the problem in a larger domain (the fictitious
domain) containing the domain of interest with
a very simple shape. Then, the fictitious do-
main is discretized by a uniform mesh, indepen-
dent of the original boundary. The advantage
of this approach is that we can avoid the time-
consuming construction of a boundary-fitted
mesh. One of these approaches is the penalty
fictitious domain method which is based on a
reformulation of the original problem in the fic-
titious domain by using penalty parameter e.
Obviously, this approach is of use to treat time-
The

main purpose of this work is to study the

dependent moving-boundary problems.

penalty fictitious domain method applied to
these time-dependent moving-boundary prob-
lems. On the fictitious domain method with H*
penalty, we show the error of the penalization in
H' norm is Ce( C is some constant independent
of €), both for the elliptic and parabolic prob-
And for the fictitious domain method

with L? penalty, we prove the error estimates of

lems.

the penalization are Cet in H! norm and Ce2
in L? norm. Moreover, we consider the finite
element analysis for both H' and L? penalty
methods and obtain the error estimates.

T also work on finite element method for Navier-

Stokes equations. Solutions to governing equa-

211

tions of blood flow in the large arteries are
highly dependent on the outflow boundary con-
ditions. The most common outflow bound-
ary conditions for the three-dimensional sim-
ulations of blood flow are prescribed constant
pressure or traction and prescribed velocity
profiles. However, the flow distribution and
pressure field are unknown and cannot be pre-
scribed at the outflow boundary in many sim-
ulations. Moreover, with all those boundary
conditions, we are unable to obtain the energy
inequality. This disadvantage causes numerical
instability in unstationary 3D simulations. To
tackle this problem, we propose a new approach
for simulation of blood flow base on a unilat-
eral open boundary value problem. Our goal
lies to study the well-posedness and numerical
analysis of the unilateral boundary value prob-
lem. As a primary step to our final aim, we con-
sider the unilateral boundary value problem for
Stokes equations. We derive the variational in-
equality of the unilateral boundary value prob-
lem for Stokes equations. The existence and
uniqueness of solution for variational inequal-
ity is studied. Since the variational inequality is
not friendly applicable for numerical computa-
tion, we propose a penalty method and consider
its existence and uniqueness of solutions. Fur-
thermore, the error estimate of penalty method
is obtained.

Another subject I have worked on is the fi-
nite volume method for a simplified chemo-
taxis model of parabolic-elliptic type proposed
by Keller-Segel. The system describes the ag-
gregation of slime moulds resulting from their
chemotactic features, with solution processing
the conservation of positivity and the total
mass. Moreover, the solution will blow-up if
the initial value is “large” enough. We consider
The

scheme preserves the conservation of mass and

a finite volume scheme for this model.

positivity of the model. The error estimate is
obtained. Furthermore, we draw some remarks
on the “blow-up” behavior of the numerical so-
lution. Similar jobs also have been done for the

chemotaxis model of parabolic-parabolic type.
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1. Fictitious domain method with the L2-
penalty and application to the finite ele-
ment and finite volume methods, O O O
00 2013000000000, 0000,
20120 90.

2. Fictitious domain method with the L2-
penalty and application to the finite ele-
ment and finite volume methods, 0 0 0O 0O
0ooo20B30000,000000 2013
090O.

3. Fictitious domain method with the L2-
penalty and application to the finite el-
ement and finite volume methods, STAM
Conference on Analysis of Partial Differ-
ential Equations, Florida, Dec. 2013.

4. A unilateral open boundary value problem
for the Stokes equations, 00000000
00 2013, 00dooooooog, 2013
O 120.
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y research is about the nonlinear Stefan prob-
lem of reaction-diffusion equation. Especially, I
mainly concentrated on the asymptotic behav-
ior of solutions and the sharp estimate of free

boundaries.

B.OOOO

1. Y. Du, H. Matsuzawa and M. Zhou: Sharp
estimate of the spreading speed deter-
mined by nonlinear free boundary prob-
lems, STAM J. Math. Anal, 46 (2014), 375-
396.

2. Y. Du, H. Matsuzawa and M. Zhou:
Spreading speed and profile determined by

nonlinear free boundary problems in high

dimensions, submitted, 2013.

3. J. Cai, B. Lou and M. Zhou: Asymptotic
behavior of solutions of a reaction diffu-
sion equation with free boundary condi-
tions, submitted, 2013.

4. X. Chen, B. Lou, M. Zhou and T. Giletti:
Long time behavior of solutions of a
reaction-diffusion equation on unbounded
intervals with Robin boundary conditions,
submitted, 2013.

5. M. Zhou: Front propagation in periodic
media with free boundary, preprint, 2013.

6. M. Zhou: Traveling waves with free bound-
ary in a one-dimensional heterogeneous

medium, in preparation, 2013.

7. N. Sun and M. Zhou:

behavior on a degenerate Fisher-KPP

The asymptotic

equation with free boundaries, submitted,
2013.

8. Y. Du, B. Lou and M. Zhou: Remarks on
the asymptotic behavior of the solutions
of nonlinear diffusion equations with free

boundaries, preprint, 2013.

9. H. Gu, B. Lou and M. Zhou: Singularity
arising on Stefan problem for KPP equa-

tion with advection term, preprint, 2013.
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1. Asymptotic behavior of solutions of a
reaction-diffusion equation with Robin
conditions, Recent developments of nonlin-
ear PDEs, Australian National Universi