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On the effect of focal mechanism
to the occurring rate of

an earthquake
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PRE - BB SRSIERNSZ Y RT v T 21— HARE
BRIE R - AHEISHBATHES (R - FOS—)
GCOE-IRE#IE PD
BP9 - FU 0 MERZR, BL HERS - REMARKRIRKE
HRADB: BENETIYITRKUT YN

HABE

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.
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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.
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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
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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 ,_ﬂ‘}]
approaches to study the phenomenon of the development of fingering patterns arising from a ks
destabilizing effect of oxygen transport have also been given e.g. experimentally and through the use of fi

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.



