
FREE BOUNDARY PROBLEMS AND NONLINEAR PDES

– A symposium dedicated to prof. Seiro Omata on the occasion of his 60th birthday –

Tuesday, September 26― Thursday, September 28, 2017

Hokkaido University, Centennial Hall

Held on the event of prof. Seiro Omata’s 60th birthday, leading scientists in the field of mathematical

and numerical analysis of nonlinear partial differential equations will present their recent research work,

illustrating a broad picture of the state of the art and highlighting the liveliness and importance of the

field, which professor Omata has been contributing to for many years.
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Symposium Program

September 26 (Tuesday)
13:15―13:30 Opening remarks
13:30―14:00 Masashi Misawa: Global existence and partial regularity for the p-harmonic flow
14:05―14:35 Koji Kikuchi: An evolution equation having a kind of ”viscosity” term
14:40―15:10 Yoshihiko Yamaura: Local existence for gradient flows via a minimizing scheme
15:15―15:45 Coffee break
15:45―16:15 Masaki Kazama: Numerical simulation of casting process by particle method
16:20―17:00 Matej Medl’a: The construction of 2D and 3D meshes using the surface evolution
17:05―17:45 Róbert Špir: Tracking of cells in early animal embryogenesis by PDEs methods of

image processing and validation of the results

September 27 (Wednesday)
9:30―10:00 Katsuyuki Ishii: Convergence of a threshold-type algorithm for curvature-dependent

motion of hypersurface
10:05―10:45 Michal Kollár: Nonlinear diffusion filter influenced by the surface Laplacian of data
10:50―11:10 Coffee break
11:10―11:40 Masato Kimura: Hexagonal crystal growth model with singularities
11:45―12:15 Masaharu Nagayama: Mathematical analysis of the collective motion of camphor

disks
12:15―13:50 Lunch
13:50―14:20 Ken’ichi Nakamura: Asymptotic stability of traveling waves for bistable lattice dy-

namical systems
14:25―14:55 Kenta Kobayashi: Error analysis of Lagrange interpolation on tetrahedrons
15:00―15:30 Norbert Požár: Singular limit of the porous medium equation with a drift
15:30―15:50 Coffee break
15:50―16:35 Mariano Giaquinta: Mathematics in social sciences: reflections on the theory of

social choice and welfare
16:40― Seiro Omata: Free boundary problems of wave type
19:00― Banquet

September 28 (Thursday)
9:30― 9:50 Karel Švadlenka: On hyperbolic mean curvature flow with junctions
9:50―10:10 Elliott Ginder: A line mass approach to the modeling of interfacial active matter

10:10―10:40 Hitoshi Imai: Infinite-precision numerical simulation for fractional differential equa-
tions

10:40―11:00 Coffee break
11:00―11:30 Naoyuki Ishimura: Evolution of copulas and its application to the dependence rela-

tion between exchange rates
11:35―12:05 Yoshihiro Tonegawa: A time-global existence theorem for mean curvature flow
12:10― Closing remarks



GLOBAL EXISTENCE AND PARTIAL REGULARITY
FOR THE P-HARMONIC FLOW

(p調和写像流の大域存在と部分的正則性)

Masashi Misawa (三沢　正史)

Department of Mathematics, Faculty of Sciences, Kumamoto University, Japan
(熊本大学大学院先端科学研究部)

E-mail: mmisawa@kumamoto-u.ac.jp

Let N be a n−dimensional smooth compact Riemannian manifold without boundary and isomet-
rically embedded in IRl (l > n). For a map u from IRm

∞ := (0,∞) × IRm to IRl we consider the
p−harmonic flow {

∂tu− div
(
|Du|p−2Du

)
+ |Du|p−2A(u)(Du,Du) = 0

u ∈ N

where p ≥ 2, u(t, x) =
(
ui(t, x)

)
, i = 1, . . . , l, is a vector-valued function, defined for (t, x) ∈ IRm

∞
with values into IRl. Dα = ∂/∂xα, α = 1, . . . ,m, Du =

(
Dαu

i
)

is the spatial gradient of a map
u, |Du|2 =

∑m
α=1

∑l
i=1(Dαu

i)2 and ∂tu is the derivative on time t. The second fundamental form
A(u)(Du,Du) of N ⊂ IRl is on the orthogonal complement of the tangent space TuN (if necessary,
the manifold N is assumed to be orientable). Since u = u(t, x), (t, x) ∈ IRm

∞, moves on the manifold
N , ∂tu ∈ TuN , and thus, ∂tu ·A(u)(Du,Du) = 0. Therefore, it follows from multiplying the equation
by ∂tu and the divergence theorem that

|∂tu|2 − div(|Du|p−2Du · ∂tu) + ∂t
1

p
|Du|p = 0,

E(u) :=

∫
IRm

1

p
|Du|p dx, d

dt
E(u(t)) = −∥∂tu(t)∥22

and thus, E(u(t)) ↘ 0 and u(t) converges to a constant map as t ↗ ∞.

Theorem (A global existence and regularity for the p−harmonic flow) Let p > 2 and let u0 ∈
W1,p (IRm,N ) be any smooth map. Then, there exists a global weak solution u of the Cauchy problem
for the p−harmonic flow with initial data u0, satisfying the energy inequality

p ∥∂tu∥2L2(IRm
∞) + sup

0<t<∞
∥Du(t)∥pLp(IRm) ≤ ∥Du0∥pLp(IRm).

Moreover, the solution u is partial regular in the following sense : For any positive number γ0, 2 < γ0 <
p, there exists a relatively closed set S in IRm

∞ such that u and its gradient Du are locally in time-space
continuous in the complement IRm

∞ \ S , and the size of S is also estimated by the Hausdorff measure :
The set S is of at most locally zero m−dimensional Hausdorff measure with respect to the time-space
metric |t|1/γ0+|x|, and, furthermore, for any positive time τ < ∞, the (m−γ0)−dimensional Hausdorff
measure of {τ} × S with respect to the usual Euclidean metric is locally zero.

Remark The exponent γ0 can be as close to p as possible.

This talk presents the global existence and regularity result for the p−harmonic flow. We use an ap-
proximating equation, and devise new monotonicity type formulas of a local scaled energy and establish
a uniform local regularity estimate for regular solutions of those equation. The regularity criterion ob-
tained is almost optimal, comparing with that of the corresponding stationary case.

The work is partially supported by the Grant-in-Aid for Scientific Research (C) No.15K04962 at Japan Society for the Promotion of Science.
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AN EVOLUTION EQUATION HAVING A KIND OF ”VISCOSITY” TERM
(ある種の「粘性」項を持つ発展方程式)

Koji Kikuchi (菊地光嗣)

Shizuoka University, Japan

(静岡大学)

E-mail: kikuchi.koji@shizuoka.ac.jp

Let Ω be a bounded domain in Rn and h = h(ξ) be a function defined on Rn. We consider the

following equation

utt − div hξ(∇u)− (div hξ(∇u))t = 0, x ∈ Ω, (1)

u(0, x) = u0(x), ut(0, x) = v0(x), x ∈ Ω, (2)

u(t, x) = 0, x ∈ ∂Ω. (3)

In the case that h(ξ) =
√

1 + |ξ|2 this equation is

utt − div(
∇u√

1 + |∇u|2
)− (div(

∇u√
1 + |∇u|2

))t = 0

and it is investigated in [1]. In [1] the third term is regarded as a “viscosity” term for the equation

utt − div(
∇u√

1 + |∇u|2
) = 0.

In [1] it is obtained that, if initial data is slightly smooth (but belonging to W 2,2 is sufficient), then a

weak solution exists uniquely in the space of BV functions.

In this talk, in the case that h is quadratic growth and convex, regularity of a solution and energy in-

equality are discussed.

References
[1] K. Kikuchi, Existence and uniqueness of a solution in the space of BV functions to the equation

of a vibrating membrane with a “viscosity” term, Journal of Calculus of Variations 2013 (2013), Article

ID 936915.

Free Boundary Problems and Nonlinear PDEs 2 Sapporo, September 26-28, 2018



LOCAL EXISTENCE FOR GRADIENT FLOWS VIA A MINIMIZING SCHEME
(エネルギー最小化スキームによる勾配流の局所存在)

Yoshihiko Yamaura (山浦義彦)

Department of Mathematics, College of Humanities and Sciences, Nihon University, Japan

(日本大学文理学部数学科)

E-mail: yamaura@math.chs.nihon-u.ac.jp

Joint work with Prof. Yoshifumi Mimura (Univ. of Tokyo)

三村与士文氏 (東大数理)との共同研究

In this talk, the semilinear partial differential equation which have either a time-global solution or a
blow-up one according to the choice of the initial datum is treated. In particular, a short-time curve of
maximal slope (”CMS” henceforth) for the energy functional related to the equation is constructed, es-
pecially through the energy minimizing scheme due to Marino, Saccon and Tosques [4]. The motivation
of this talk is to be applied to the construction of curves of maximal slope to the Keller-Segel system
with respect to the Wasserstein distance [3].

The aim of the investigation of CMS is to construct a gradient flow to functionals which are non-convex
or are not smooth. The theory of CMS to one dimensional free boundary problem whose energy func-
tional is neither convex nor smooth is investigated by Saccon [2]. Another construction method of CMS
is studied by Ambrosio et al., which is called minimizing movement method [1] (refer to [5] for a free
boundary problem). This method is more constructive than the one by Marino et al., because an ap-
proximation to the desired CMS is given directly. For this reason, the scheme by Ambrosio et al. is
suitable for the numerical analysis. However, once a minimizing movement is constructed it must be a
time global curve. In contrast, although the method by Marino et al. is in general difficult to be com-
puted concretely, it can be applied to a problem with blow-up solution since we have only to capture
minimizers only in balls of finite radius, not on the whole space.

References
[1] Ambrosio, L., Gigli, N., Savaré, G., Gradient Flows in metric spaces and in the space of probability

measures, Lectures in Mathematics, Birkhäuser, (2005).

[2] Saccon, C., On an evolution problem with free boundary, Houston Journal of Mathematics, Vol

16, No.2 (1990) pp. 87-120.

[3] Mimura, Y., The variational formulation of the fully parabolic Keller-Segel system with degenerate

diffusion, J. Differential Equations 263 (2017) pp. 1477-1521.

[4] Marino, A., Saccon, C., Tosques, M., Existence and regularity of the curves of maximal slope,

Ann. Scuola Norm Sup. Pisa Seire IV, XVI (1989) pp. 281-330.

[5] Yamaura, Y., A construction of a uniform continuous minimizing movement associated with a

singular functional, Rendiconti del Seminario Matematico della Università di Padova. Vol 137 (2017),

pp. 155-184.
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NUMERICAL SIMULATION OF CASTING PROCESS BY PARTICLE METHOD
(粒子法による鋳造シミュレーション)

Masaki Kazama (風間正喜), K. Ogasawara (小笠原圭太), T. Suwa (諏訪多聞)

Application development div., Next generation technical computing unit, FUJITSU Limited, Japan
(富士通株式会社)

E-mail: kazama.masaki@jp.fujitsu.com

Y. Maeda (前田安郭)

Department of Mechanical Engineering, Daido University, Japan
(大同大学)

In the casting process, objective is to obtain the casting of the desired shape by cooling the molten
metal after having filled the mold with it. In order to reproduce the casting process by numerical com-
putation, it is necessary to treat free boundary and solid-liquid boundary in addition to the flow and the
heat transfer.

On the other hand, particle-based computational methods, such as the Smoothed Particle Hydrodynamics
(SPH) method, do not require numerical mesh. Because of the mesh-less characteristics, they are suitable
for the numerical simulation including the free surface or moving boundary. Therefore, it is expected
that the particle-based methods make the simulation of the flow of the molten metal more accurate.

We have introduced numerical models of the molten metal to the SPH methods. Moreover, we have
applied the method to the casting process and validated the results with experimental data. We will
report on the technique and the result because the experimental data and our numerical results show
good agreement.

References
[1] Suwa, T., Nakagawa, T., and Murakami, K. (2013) : A Study of the Wave Transformation Passing

over an Artificial Reef using SPH Method, Journal of computational science and technology 7, No. 2,

126-133.

[2] Cleary, P.W. (2010) Extension of SPH to predict feeding, freezing and defect creation in low

pressure die casting, Applied Mathematical Modelling 34, 3189-3201.

Free Boundary Problems and Nonlinear PDEs 4 Sapporo, September 26-28, 2018



THE CONSTRUCTION OF 2D AND 3D MESHES USING THE SURFACE EVOLUTION

Matej Medl’a, Karol Mikula

Department of Mathematics,

Slovak University of Technology in Bratislava, Slovakia

E-mail: medla@math.sk, mikula@math.sk

The talk presents a method for constructing a 2D quadrilateral and a 3D hexahedron non-uniform

meshes.

The 2D quadrilateral mesh is used for a cloud point reconstruction. An initial surface evolves in a

velocity field (a gradient of a distance function from the cloud point) and is regularized with a mean

curvature evolution. Such an evolution results in a mesh copying the cloud point.

The 3D hexahedron mesh is used for a computational domain discretization for a geodetic boundary

value problem. The computational domain for such a problem is a 3D local region above the Earth’s

surface. The construction is based on an evolution of a surface, which approximates the Earth’s topogra-

phy, by mean curvature and a constant force. Such an evolution results in a ellipsoid-like surface. Grid

points of a 3D mesh are represented by a evolved surface in discrete time steps.

To obtain more regular shapes of non-uniform meshes, the proposed evolutions are accompanied by a

tangential redistribution of grid nodes.

This is partially a common work with Martin Húska and Serena Morigi from the University of Bologna.
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TRACKING OF CELLS IN EARLY ANIMAL EMBRYOGENESIS BY PDE METHODS
OF IMAGE PROCESSING AND VALIDATION OF THE RESULTS

Robert Spir, Karol Mikula

Department of Mathematics, Slovak University of Technology in Bratislava, Slovakia

E-mail: spir@math.sk, mikula@math.sk

We present results of the cell tracking by our novel algorithm obtained for large-scale 3D+time mi-

croscopy images of early stages of embryo development of various organisms. In our data processing we

first start with geodesic mean curvature flow filtering of the raw data, then we continue using level-set

center detection and then we extract the cell trajectories forming the lineage tree from potential field

calculated from combination of distance functions computed inside 4D segmentations of the processed

data. By careful choice and tuning of algorithm parameters we can adapt the calculations to the micro-

scope images of different vertebrae species. Then we can compare the results with gold standard tracking

obtained by manual checking of cell links by biologists and measure the accuracy of our algorithm. Us-

ing visualization tool displaying our results, gold standard and original 3D images simultaneously we

can easily verify the correctness of the tracking.
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CONVERGENCE OF A THRESHOLD-TYPE ALGORITHM
FOR CURVATURE-DEPENDENT MOTION OF HYPERSURFACE
(曲率に依存した超曲面の運動に対する閾値型アルゴリズムの収束)

Katsuyuki Ishii (石井克幸)

Graduate School of Maritime Sciences, Kobe University

(神戸大学海事科学研究科)

E-mail: ishii@maritime.kobe-u.ac.jp

Let {Γ(t)}t∈[0,T ) be a family of compact hypersurfaces in RN . We call it a curvature-dependent

motion (CDM for short) if Γ(t) moves by the following equation

V = κ+ ⟨b,n⟩+ g on Γ(t), t ∈ (0, T ).

Here T > 0, n = n(t, x) is the inner unit normal vector field on Γ(t), V = V (t, x) is the velocity

of Γ(t) in the direction of n, κ = κ(t, x) is the ((N − 1)-times) mean curvature of Γ(t), b = b(t, x)

denotes a given vector field, g = g(t, x) is a forcing term and ⟨·, ·⟩ denotes the inner product in RN . As

well known, the mean curvature flow is the case of b ≡ 0 and g ≡ 0. The CDM arises in various fields

such as two-phase problems, image processing, and so on.

In this talk we introduce a threshold-type algorithm for the above motion. Roughly speaking, we itera-

tively use the solutions of the initial-value problem fot the linear parabolic equation. The main purpose

of this talk is to present the convergence to the generalized CDM and its optimal rate to the smooth and

compact CDM.

This is based on my joint work with Professor Masato Kimura (Kanazawa University) and Mr. Takahiro

Izumi (Yasuna Machine Designing).
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NONLINEAR DIFFUSION FILTER
INFLUENCED BY THE SURFACE LAPLACIAN OF DATA

Michal Kollár, Róbert Čunderlı́k, Karol Mikula

Department of Mathematics and Descriptive Geometry, Faculty of Civil Engineering

Slovak University of Technology in Bratislava

Radlinského 11, 810 05 Bratislava, Slovakia

E-mail: michal.kollar@stuba.sk, cunderli@svf.stuba.sk, mikula@math.sk

In this contribution we will present a new nonlinear diffusion filtering method on closed surfaces

such as a sphere, ellipsoid and Earth’s surface. The new model extends the regularized surface Perona-

Malik model by including a local extrema detector based on a Laplace operator of processed data. The

model is thus represented by a nonlinear diffusion equation adapted to main structures as edges, local

extrema and other details important for a correct interpretation of data. We define a surface finite-volume

method to approximate numerically the nonlinear parabolic partial differential equation on the surface.

The surface is approximated by a polyhedral surface created by planar triangles and we use a piece-

wise linear approximation of a solution in space and the backward discretization in time. Numerical

experiments present nonlinear diffusion filtering of real geodetic measurements such a GOCE data and

satellite-only mean dynamic topography (MDT). They aim to point out a main advantage of the new

nonlinear model. The contribution is based on the paper [1].

References
[1] R. Čunderlı́k, M. Kollár, K. Mikula. Filters for geodesy data based on linear and nonlinear diffu-

sion. International Journal on Geomathematics, 7(2):239-274, 2016.
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HEXAGONAL CRYSTAL GROWTH MODEL WITH SINGULARITIES
(特異性を持つ六角形結晶成長モデル)

Masato Kimura (木村正人)

Graduate School of Natural Science & Technology, Kanazawa University, Japan

(金沢大学自然科学研究科)

E-mail: mkimura@se.kanazawa-u.ac.jp

In this talk, we propose a generalized crystalline motion in 2d with hexagonal facets. The motion

of the hexagonal polygon is governed by a surface tension represented by a polygonal curvature and

by a driving force. We allow the polygonal motion to have several types of singularities such as facet

collision, facet generation, facet merging, and facet breaking.

Introducing a weak notion of the solution to it, we show existence and uniqueness of the solution. We

also give some numerical examples of snow flake growth as an application of our model.

This work is based on the joint work with Tomoe Tanaka [1] and her Master thesis [2].

References
[1] 田中智恵，木村正人：特異性を持つ多角形運動と雪の結晶成長モデルへの応用．京都大学数
理解析研究所講究録 No.1979 (2015) pp.120-137.

[2] 田中智恵：特異性を持つ多角形運動の数学解析と雪の結晶成長モデルへの応用．金沢大学大
学院自然科学研究科博士前期課程数物科学専攻，平成 27年度修士論文 (2016).
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MATHEMATICAL ANALYSIS OF THE COLLECTIVE MOTION OF CAMPHOR DISKS
(樟脳円盤の集団運動に対する数理解析)

Masaharu Nagayama (長山雅晴)

Research Institute for Electric Science, Hokkaido University, Japan

(北海道大学電子科学研究所)

E-mail: nagayama@es.hokudai.ac.jp

Billiard and jamming like motions of camphor disks placed over water have recently been observed

in an annular water channel. We investigate the mechanisms of these motions by constructing a math-

ematical model for the camphor system. In particular, we study the motion of two camphor disks by

means of numerical simulation and mathematical analysis. As a result of our investigations, we have

uncovered various morphologies of the camphor disk motions. Moreover, we were able to obtain the ex-

istence and stability of rotational and cluster motions numerically, by means of computer aided analysis.

We have found that the billiard-like phenomenon is caused by the coexistence of uniform rotational and

symmetrical oscillatory motions, and that the jamming phenomenon arises from a Hopf bifurcation of

the uniform rotating motion.
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ASYMPTOTIC STABILITY OF TRAVELING WAVES
FOR BISTABLE LATTICE DYNAMICAL SYSTEMS

Ken’ichi Nakamura (中村健一)

Graduate School of Natural Science & Technology, Kanazawa University, Japan

(金沢大学自然科学研究科)

E-mail: k-nakamura@se.kanazawa-u.ac.jp

We consider traveling front solutions for a 3-component lattice dynamical system related to some

biological model of 3 species competing 2 food resources in a discrete patch environment. For such a

competition system, it is important to know which species will survive eventually and hence traveling

waves play an important role to understand the competition mechanism.

In this talk, we study the stability of monotone traveling waves for general cooperative lattice dynam-

ical systems. Since the above-mentioned 3-component competition system can be converted to a 3-

component cooperative system by a transformation of unknown functions, our results are applicable to

show the asymptotic stability of traveling waves for the competition system.

This talk is based on a joint work with Jong-Shenq Guo (Tamkang University), Toshiko Ogiwara (Josai

University) and Chin-Chin Wu (National Chung Hsing University).
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ERROR ANALYSIS OF LAGRANGE INTERPOLATION ON TETRAHEDRONS
(四面体上の Lagrange補間の誤差評価について)

Kenta Kobayashi (小林健太)

Hitotsubashi University, Japan

(一橋大学)

E-mail: kenta.k@r.hit-u.ac.jp

Takuya Tsuchiya (土屋卓也)

Ehime University, Japan

(愛媛大学)

In this research, we describe the analysis of Lagrange interpolation errors on tetrahedrons. In many

textbooks, the error analysis of Lagrange interpolation is conducted under geometric assumptions such

as shape regularity or the (generalized) maximum angle condition. In our research, we present a new

estimation in which the error is bounded in terms of the diameter and projected circumradius of the

tetrahedron. It should be emphasized that we do not impose any geometric restrictions on the tetrahedron

itself.
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SINGULAR LIMIT OF THE POROUS MEDIUM EQUATION WITH A DRIFT

Norbert Požár

Graduate School of Natural Science & Technology, Kanazawa University, Japan

(金沢大学自然科学研究科)

E-mail: npozar@se.kanazawa-u.ac.jp

I will present recent results concerning the singular limit m → ∞ of the solutions ρ = ρm of the

parabolic equation

ρt −∆(ρm) + div(ρ⃗b) = fρ in Q := Rn × (0,∞),

with given nonnegative initial data, drift field b⃗ and growth rate f . This equation appears in models of

tumor growth, population dynamics in cell biology, and congestion and crowd control. In this context

m > 1 represents the compressibility of the quantity with density ρ, and m → ∞ is the incompressible

limit.

We show, under the assumption −div b⃗ + f > 0, that the solutions converge to the solution of a con-

strained transport equation. That is, ρm → χΩ + ρEχΩc as m → ∞, where ρE is the solution of the

transport equation with no diffusion, and the set Ω is a solution of a certain Hele-Shaw type problem with

a modified free boundary velocity law. Our proof is based on a combination of comparison principle

arguments and an L1-contraction property.

This is joint work with Inwon Kim and Brent Woodhouse.
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MATHEMATICS IN SOCIAL SCIENCES:
REFLECTIONS ON THE THEORY OF SOCIAL CHOICE AND WELFARE

Mariano Giaquinta

Scuola Normale Superiore, Italy

The talk aims at discussing the role of mathematics in the social sciences, in particular what math-

ematics can and cannot be expected to contribute to social sciences and at contrasting this with the

contributions of mathematics in natural sciences.

By illustrating the problems of choice, of allocation, and of Walras equilibrium we shall face questions

such as (i) democracy and rationality, efficiency and equity, or such as (ii) is the concept of homo

economicus a good approximation of the actual economical behaviour of people? (iii) is the fundamental

theorem of welfare economy a proof of the invisible hand put forward by the father of modern economy

Adam Smith? (iv) is free competition a solution to all evil?
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FREE BOUNDARY PROBLEMS OF WAVE TYPE
(波動型自由境界問題)

Seiro Omata (小俣正朗)

Graduate School of Natural Science & Technology, Kanazawa University, Japan

(金沢大学自然科学研究科)

E-mail: omata@se.kanazawa-u.ac.jp

We will treat free boundary problems of wave tape. Examples of physical phenomena that we have

in mind are motion of soapy film attached to water surface or droplet motion on a planar surface. The

surface acts as an obstacle and there may exist adhesion forces when the film or droplet detaches from

the obstacle. We consider the case with a positive contact angle in equilibrium state. We also calculate

moving contact angle according to a dynamical action functional.
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ON HYPERBOLIC MEAN CURVATURE FLOW WITH JUNCTIONS

Karel Svadlenka

Graduate School of Science, Kyoto University, Japan

(京都大学理学研究科)

E-mail: karel@math.kyoto-u.ac.jp

The ”hyperbolic mean curvature flow” or ”curvature accelerated motion”, which is obtained as a

mathematical model of crystal growth or relativistic strings, has recently become a topic of interest in

the applied math community.

In this talk I will review its derivation focusing on the multiphase case and show some of its properties.

Then I present a simple numerical method based on thresholding of solutions to simple PDEs, which is

naturally able to deal with the multiphase problem with junctions.

References
[1] P.G. LeFloch, K. Smoczyk, The hyperbolic mean curvature flow. J. Math. Pures Appl. 90, pp.

591-614, 2008.

[2] E. Ginder, K. Svadlenka, Wave-type threshold dynamics and the hyperbolic mean curvature flow,

Japan J. Indust. Appl. Math. 33(2), pp. 501-523, 2016.
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A LINE MASS APPROACH TO THE MODELING OF INTERFACIAL ACTIVE MATTER

Elliott Ginder

School of Interdisciplinary Mathematical Sciences, Meiji University, Japan

(明治大学総合数理学部)

E-mail: eginder@meiji.ac.jp

Satoshi Nakata

Graduate School of Science, Hiroshima University, Japan

(広島大学理学研究科)
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We will discuss mathematical and computational aspects of the Galerkin method for modeling the

motion of thin interface active matter (see the figure below). The interfacial motions that we model

correspond to experimental observations of a surface tension driven phenomena involving adhesive

(cemedine) filaments on water. The phenomena display a variety of behaviors, including propagat-

ing (traveling-wave type), periodic, and oscillatory motions, whose mechanisms we aim to understand

through the analysis of the mathematical model. Interfaces are described using a line-mass approach,

and we will present the model equations for prescribing their evolutions. We are also interested in in-

vestigating the behavior of line-masses in relation to well-known active matter (esp., cAMP gradient

bion motions). Aspects related to treating line-masses will be discussed and we will remark about other

methods for expressing interfacial geometry in active matter systems.

Interacting Interfaces

⌃1

⌃2

⌃3
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Recently, complex or anomalous dynamics have been modeled by using fractional differential equa-

tions. Such models are seen in the fields of physics, chemistry, biology, engineering and so on. However,

it is very difficult to obtain exact solutions of fractional differential equations. In the talk, numerical

methods by using the spectral collocation method are presented to solve fractional differential equations

numerically. In numerical computation multiple precision arithmetic is used. Some one-dimensional

fractional differential equations are solved numerically, and regularity of solutions is investigated.
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Copulas are well employed tool for analyzing the possible nonlinear dependence structure among

random events. However, it is recognized that the copula method is not suitable to time-dependent

relations. We have introduced, on the other hand, the concept of evolution of copulas both in continuous

and discrete senses, which assumes that the copula itself evolves according to the time-variable.

Here we apply our evolution of copulas to the analysis of the dependence relation model between euro

(EUR) - Japanese yen (JPY) exchange rates and Swiss franc (CHF) - JPY exchange rates. We focus

ourselves on rapidly changing events such that their directions of change are almost stable. We consider

foreign exchange rates on January 15, 2015, when CHF endured a shock breakout after the announce-

ment that the Swiss central bank had stopped monetary policy efforts to maintain CHF against EUR at

more than 1.20.

We then calculate the Kendall’s tau, apply a smoothing technique to its transitions, and evolve an em-

pirical copula to construct discrete evolution; we compare Kendall’s tau of this discrete evolution to the

moving averages of the empirical copulas. The results are that the discrete evolution copulas approxi-

mate fairy well the smoothed transition of empirical copulas from the viewpoint of Kendall’s tau.
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A TIME-GLOBAL EXISTENCE THEOREM FOR MEAN CURVATURE FLOW

Yoshihiro Tonegawa (利根川吉廣)

Tokyo Institute of Technology, Japan

(東京工業大学理学院)

E-mail: tonegawa@math.titech.ac.jp

A family of n-dimensional surfaces {Γ(t)}t≥0 in Rn+1 is called the mean curvature flow (abbreviated

by MCF) if the velocity is equal to its mean curvature at each point and time. Given a smooth surface

Γ0, one can find a smoothly moving MCF starting from Γ0 until some singularities such as vanishing

or pinching occur. The presence of singularities necessitates a weak formulation of MCF, and there

have been intensive research dealing with this aspect in the last few decades. Among such attempts,

Brakke started a theory of MCF (”Brakke flow”) inclusive of singularities in the framework of geometric

measure theory in his seminal book [1]. In particular, he developed a general existence theory of MCF:

starting from any integral varifold (with a minor technical restriction) of any codimension, he showed

that there exists a family of varifolds satisfying the motion law of MCF in a weak sense and existing for

all time. One major concern for the validity of his existence theorem is that the proof does not guarantee

the non-triviality of the solution when Γ0 is not a smooth surface. In [1], we rectify this point of non-

triviality by introducing a few framework and also modifying Brakke’s original argument.
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