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Dynamics observed in
a reaction-diffusion system with

triple degeneracy
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There has been a lot of studies about spatiotemporal patterns and their dynamics to systems of
reaction-diffusion equations. Let us consider variations of bifurcations from a stationary solution.
Suppose this stationary solution is spatially uniform. Then we linearize the equation about this
equilibrium and we know a bifurcation occurs only if the linearized problem has zero- or purely
imaginary eigenvalues which we call critical eigenvalues. Moreover if this critical eigenvalue is 0 with
spatially non-trivial eigenfunction, a stationary bifurcation to non-uniform steady state occurs. One of
the typical examples for this is the well-known Turing instability. On the contrary, if the critical
eigenvalues are a pair of purely imaginary numbers with spatially non-trivial eigenfunctions, spatially
non-trivial oscillations may occur. The so-called wave instability corresponds to this.

Now what can we say about the bifurcations from a spatially non-uniform steady state? Since the
linearization about non-uniform steady states is not easy in general, we need to restrict ourselves to
some special cases. One of the possibility where we can calculate the bifurcations of non-uniform
steady state is to consider about the degenerate instability points.

We focus our attention to the case where the system has the triple degeneracy with 0, 1 and 2 modes
(0:1:2-mode interaction). We can, in fact, show that this type of triple degeneracy really occurs in
3-component RD system. And we found the case where the 1-mode stationary solution may become

unstable with a pair of
purely imaginary critical
eigenvalues. Moreover we
obtained the complete
condition for the Hopf
bifurcation  from  the
1-mode stationary
solutions. Thus we can
conclude that oscillatory
solutions may bifurcate
from a non-uniform steady

state in 3 component RD
systems.

This is the joint work
with ~ Takashi  Okuda
(Takashi Sakamoto) in
Meterological college.

Fig. caption:Periodic motion around 1-mode stationary solution in a RD system.
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The primarily purpose of this project was to provide a mathematical insight into the modern

crystallography, a typical practical science that originated in the classification of the observed shapes of
crystals. The tools we employed are adopted from algebraic topology, a field in pure mathematics
cultivated during the first half of the last century. More specifically the elementary theory of covering
spaces and homology is effectively used in the study of 3D networks associated with crystals. Further
we formulate a minimum principle for crystals in the framework of discrete geometric analysis, which
provides us with the concept of standard realizations, a canonical way to place a given crystal structure
in space so as to produce the most symmetric microscopic shape. In spite of its pure-mathematical
nature, this concept combined with homology theory turns out to fit with a systematic design and
enumeration of crystal structures, an area of considerable scientific interest for many years. Meanwhile,
standard realizations show up in asymptotic behaviors of random walks on topological crystals, the
abstraction of crystal structures, and are closely related to a discrete analogue of Abel-Jacobi maps in
algebraic geometry.

The outcome of this project was published in the paper “Lecture on topological crystallography”,
Japanese Journal of Mathematics, 7 (2012), 1-39. A full account will be given in the forthcoming book
“Topological Crystallography” published from Springer.
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Researches on Biological Evolution:

Theory and Applications
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I have continued researches on biological evolution using mathematical models. Currently, I am

involved in the following two major projects:

Theoretical research: JST PRESTO, "Unified understanding of two major theories of biological
evolution”
Applied research: JSPS Grand-in-Aid for scientific research on innovative areas, "Replacement of

Neanderthals by modern humans: Testing evolutionary models of learning"

In the theoretical research (which is a single-researcher type project), the ultimate goal is to obtain the
unified understanding of inclusive fitness theory (IFT) and adaptive dynamics theory (ADT). The
project lies between biology and mathematics, with more focus on mathematics. This year I have
mainly worked on ADT, to provide a mathematical framework to clarify convergence stability,
evolutionary stability, and evolutionary branching. Despite its history, we have found that
convergence stability might be more natural concept when we consider individual-based theoretical
models based on population genetics. [ want to understand evolutionary stability and evolutionary
branching more in depth in the following years.

In the applied research, I am involved in a large project on the evolution of human. Focusing on the
replacement of Neanderthals by Homo sapeins that was estimated to have occurred 50,000 years ago,
this large-scale multidisciplinary project is participated by researchers from a wide range of academic
fields. The research group consists of physical anthropologists studying fossil human bones,
archaeologists researching sites, brain scientists studying the learning ability unique to modern human,
paleoclimateologists calculating the ancient environment, cultural anthropologists studying modern
hunter-gatherers, and theoretical biologists analyzing mathematical models. We have found that the
schedule of learning (individual or social learning when young or mature) is a very important factor to

consider cultural evolution in human.
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Figure 3. Dynamics of the four strategies in ABM. Hawk: gray dotted. Dove: black dotted.
Bourgeois: gray sohid. Shanng: black solid. (a) 7C=0.5.(b) WWC=05.(c) FIC=20.
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On the effect of focal mechanism
to the occurring rate of

an earthquake
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In my previous study, a new estimation procedure for the modulated renewal processes has been

developed, in order to study the survival pattern of an earthquake. The proposed method has updated
some existing estimators, such as the Nelsen — Aalen estimator and the partial likelihood estimator for
the baseline intensity and the parametric covariate processes, respectively. Assuming that the parametric
covariate processes are known, a new estimating equation has been derived from the martingale property
of point processes to estimate the cumulative baseline intensity and the estimate of the baseline intensity
has been also obtained after smoothing process. On the other hand, the parametric covariate processes are
estimated using the maximum likelihood methods, when the baseline intensity is given. The baseline
intensity and parametric covariate processes are calculated iteratively until convergence. As applications,
the proposed method are applied to 100 sets of simulated data and the aftershocks of Wenchuan
earthquake in 2008.

Besides that, I am also interested in predicting the occurrence of the next aftershock after a major
earthquake when the information of the focal mechanism of the earthquake are given. The focal
mechanism describes the inelastic deformation in the source region that generates the seismic waves.
Seismologists treat it as the direction of slip in an earthquake and the orientation of the fault on which it
occurs. Therefore, we could collect the directions of azimuth, dip and slip of the fault in our studies. In
order to use these information, we initially assume that the joint density of time gaps of two consecutive
events, magnitudes, depth and the sines and cosines of the directions of azimuth, dip and slip, following a
multivariate powered normal distribution. Applying our method to the data of 2008 Wenchuan
earthquake, we first computed the conditional densities of the occurring time and magnitude of one event,
given the time, magnitudes, depth and angles of the previous event. From that, we obtained the 95%
prediction intervals for each aftershock for time elapsed before the occurrence of the next aftershock as
well as the magnitude. We also computed the coverage probability and the average length of the
prediction intervals. The result showed that the model gave a good model if we included the information
up to lag 4. Furthermore, we found that the lag 4 Wenchuan model gave a prediction on the occurrence of
time gaps and magnitude of Tohoku earthquake (2011) with accuracy of 84% and 86%, respectively. This

study is continued to figure out the essential elements and conditions for better predictions.
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Study the wave patterns in
excitable media by

a wave front interaction model.

[BE0=F CHEN Yan-Yu
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Last year I am interested in wave pattern formation in excitable media. This phenomenon has been

studied in many fields in physics, chemistry, biology and so on. Among them, I focus on the spiral
wave pattern in an unbounded medium. This pattern can be observed in Belousov-Zhabotinsky reaction,
cyclic-AMP signaling in social amoeba colonies of Dictyostelium discoideum, etc. It is also known that
the spiral waves is one of causes of a ventricular fibrillation. Therefore, to understand the mechanism
of the appearance of spiral waves is very important.

On the other hand, many researchers studied the spiral wave as a thickless curve in the plane, though
most of experiments exhibit thick spiral waves. Under the assumption that the tip is rotating along a
circle, namely, the front is perpendicular to the core circle, they derived some information of spiral
waves, such as the behavior of the wave and the multiple existence. To study the motion of the tip and
the core of the spiral wave, we need more information of the spiral wave, especially near its tip.
Therefore, it is meaningful to study it as a thick region to derive the more information of the spiral
wave.

In this work, we give a mathematical proof of the existence and the uniqueness of spiral waves which
consist of the front and the back by using the system proposed by Zykov. This system is the so-called
wave front interaction model. Because the results for the front curve had been shown before, we try to
show the global uniqueness of the back curve. Also we study the properties between front and back. We
hope it will give us some information about the width of the spiral wave pattern.

First derive some properties of the back by the shooting argument and the comparison principle. Next
we show the global existence of the solution of the back. Then we study its asymptotic behavior at infinity.
Finally, we prove the uniqueness of the solution. This paper has been submitted to the Physica D.

100

Numerical solutions of front (solid curve) and back (dotted curve)
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Based on the approaches of Simon Perry (2009) and Tony Flick et al. (2011), through interesting group

3 ) Wl N O,

discussion and study model comparisons we were able to successfully selected the appropriate model to be
applied for the project of Information Security System for the Smart Grid; and studied the methods and
techniques that supported the selected model. QFD was adopted as the main methodology and fuzzy logic

then be applied to enhance the mathematical calculation to validate the effects of the important relationship

between the consumer and the functional requirements. This work has been published in the proceedings of

Smart Grid Security and Communications, The 9" International Symposium on Parallel and Distributed
Processing with Applications (ISPA-IEEE), Korea, #108: 91-98 and Journal of Convergence, 2(1): 39-46.
Following the results obtained from the earlier paper, a process for information security consumer
requirement identification was carried out. 16 requirements were identified via the work of VOC as was a
careful literature review based on Hermeneutic Circle Methodology based on Walsham, G. (1996) and Klein,
H.K. et al. (1999) approach. This work has been published in International Journal of Grid Computing &
Applications, 2(2): 1-19. Accordingly, we studied and identified the set of information security functional
requirements based on the 16 consumer requirements identified. The study helps reader to gain insight into
the trend of future information security systems that will affect smart grid development. This work has been
published in International Journal of Emerging Sciences, 1(3): 371-386. Then we carried out on a
reviewed on the Japan's smart grid practice, this work has been published Journal of Pervasive Technology,
1(1): 15-22. We continued with the effort to promote security philosophy important for a sustainable smart
grid system, this work has been published in the proceedings of 26th International Conference on
Advanced Information Networking and Applications Workshops, IEEE, Japan: 29-34. We also studied
the trade-off between “current” and “smart grid” energy supply system, this work has been published in the
proceedings of DC Building Power Asia Conference, 4(6) Taiwan: 142-173. Then we investigate the natural
grid concept and the strategy of asia’s energy-balance pioneer. This work has been published in Smart Grid
Electronics Forum, 5(2), America: 1-25.

I completed the dissertation and was awarded a Ph.D. Degree with an excellent student prize this year. As
a whole, I enjoyed research in the Graduate School of Advanced Mathematical Science, Meiji University in
the previous years with the mentor from Professor Sugihara, Professor Mukaidono and Professor Mimura.
My research ability was enhanced by continuous improvement in data management, modeling and statistical

analysis which laid a good foundation for my future research.
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Reverse Smoldering Combustion
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Understanding the mechanism of propagation of macroscopic char pattern over thin porous media, in

a slow combustion regime termed smoldering, has been a subject of interest over the years. Different
approaches to study the phenomenon of the development of fingering patterns arising from a

destabilizing effect of oxygen transport have also been given e.g. experimentally and through the use of

(P 6 2 3% o 38 ) W BN DN 2 R

phenomenological models.

In this study, we approach the problem in a multiscale framework to investigate basically the

response at the macroscopic level, the effect of integrating material physical and microstructural
properties in the study of the combustion instabilities.

The results of the multiscale technique utilized in this study include systems of macroscopic (i.e.
homogenized) combustion models, which are akin to filtration combustion models in porous media,
and effective diffusion tensors. The macroscopic models were also investigated in an adiabatic situation
to study the development of 2D fingering patterns. We showed the structure of the propagating reaction
front in this simple case of adiabatic reverse combustion and also the behavior of various char patterns

arising from two equilibrium models that are typically based on contrasting conductivity coefficients.
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Recently, franchising has gain popularity as a hybrid organizational form of business operation.

Therefore, many scholars have investigated it either using empirical studies or theoretical models to
evaluate franchise. However, only few construct dynamic models and take strategic problems into their

research. Differing from those previous studies, I try to uses a real options perspective to create

dynamic models in order to explain the choice of the governance form and contract design in

franchising and also value the decisions of parties involved in franchise contracts.

Dual distribution in franchise

In franchise chain, it is common to observe that the franchisor own several outlets alongside the
franchisee’s owned outlet. From real options perspective, this dual distribution phenomenon can be seen as
franchisor’s strategy to expand the network through franchise, but keep the option to own the outlet in the
future. Since by expanding through franchising, franchisor can capitalize franchisee’s skill to manage risk
and share knowledge of the local market while waiting uncertainties to be unfolded in the future. Hence, in
this project, I included real option clause (a call option to acquire the franchised outlet) in the franchise

contract and consider franchising as an option from franchisor to defer an investment.

Optimal effort within the franchisor-franchisee relationship

In this project I try to prices the options of both the franchisor and the franchisee to participate in
franchise. It concentrates on the strategic aspect of the relationship between the parties as regards their
optimal choice of effort in order to maximize their option values, in presence of double moral hazard.
The association of effort and option value is will be demonstrated through implementation of the model
numerically. The results will provide some guidance on contract negotiations and on the designing of

the optimal contract for both parties.

With these projects I hope to contribute to an integration of ideas from contract theory, real options
analysis and game theory in area of franchise research. By combining analysis from several theories,
new insight can be derived from further interdisciplinary research. These projects should be understood
as a first step towards more research on the integration of real options into the design of contracts, and

vice versa. This seems to be a promising future research area.
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Siew Hai-Yen :
1. Discussion with Professor J. Zhuang of the Institute of Statistical Mathematics of the extension
of the topic of semi-parametric estimation of modulated renewal processes with application to the
repeating earthquakes in Parkfield segment of San Andreas Fault.
2. Discussion with Professor A. H. Pooi of Sunway University (Malaysia) of the application of a
multivariate non-normal model to the aftershock Tohoku earthquake in 2011
Siew Hai-Yen : Visiting Professor A. H. Pooi of the Sunway University (Malaysia)
The fitted multivariate powered normal model of Wenchuan earthquake (2008) gives a good fit to
the Tohoku earthquake (2011). This implies that one could predict the earthquake of an area by
using not only the past data of itself, but even the past data of other area, which include the basic
information of earthquake, like occurrence date, magnitude, depth and the moving angles of the
plates
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Amy Poh Ai Ling : The Essential Identified Consumer Requirements Derived through Descriptive

Analysis

Abstract. The purpose of this paper was to measure the essentiality of the identified consumer
requirements on the information security in a smart grid system, focuses mainly on helping
government and utilities providers, when enhancing their system processes, to develop and
prioritize the necessary requirements for securing their information in a smart grid. This paper
examined on the voice of customer perceived by the respondents towards smart grid. The major
finding of this paper exhibits the agreement from the respondent on the essentiality of the identified
sixteen consumer requirements and the correlation between each requirement. The result of the

ranking was a mixture of from five categories of philosophy, human behavior, rule based social



9)

system, strategic system and hardware, and hence each category could be concluded to have a
balance value of essentiality. Chi-Square test proved that all variables are significant. Individual
value plot versus country shows that the rapidly growing economies in different countries have
different smart grid infrastructure needs. Pearson correlation test showed that security in wireless
media has very low correlation with others variable as it is still in its development process.
Lexicographical order test showed that integrity, quality assurance and high bandwidth of
communications channels has high correlation with each other. Correlation relationship ring, cluster
and tree concluded that the items in the hardware category are highly correlated to each other. The
success of this effort appeared to hinge on utility companies championing information system
security initiatives and propagating an awareness of the importance of information security among
consumers at all levels of the community.

Amy Poh Ai Ling : Security Philosophy Important for a Sustainable Smart Grid System

Abstract—This paper analyzes the survey result on the information security requirement for smart
grid. The survey was conducted via distributing questionnaires. Descriptive analysis has
successfully ranked the information security consumer requirements with the compass of mean and
standard deviation. Privacy concern becomes the most important element among the other fifteen
requirements. Result showed that the philosophy category has the most powerful impact on
consumer trust and satisfaction, because the philosophy and strategy of management with regard to
information security is the perfect standard against which technology and other security
mechanisms can be measured. This paper gives insight on a picture of smart grid system
information security future direction.
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