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Credit Risk Analysis on GBs

HARE

of Euro Countries

XIEHIE KARIYA, Takeaki
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FFI - 21 0 &I, PhD. - SRVYHSKSE, BIFL - INKE
HANANAS: GRODETU VI RKUOEN

In this research we make a comprehensive credit risk analysis on government bonds
(GBs) of Germany, France, Italy, Spain, Greece and Germany over the period
2007.4-2012.3, where interest rate (IR) differential, government bond (GB) price
differential, default probability (DP) and CDS are considered. First, applying the
GB-pricing model in Kariya et al. (2012) to these GB prices, we first derive the term
structures of interest rates (TSIRs) and discuss on the Maastricht convergence condition
for IR-differentials among these states relative to the German TSIRs and make some
observations on divergent tendencies. The results are associated with business cycles and
budgetary condition of each state.
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~OOgy

Fig. Term structure of default probabilities of France and Italy

In the second part, we derive term structures of default probabilities (DPs) for French,
Italy, Spanish and Greek Government Bonds (GBs) relative to German GBs. In the period
of the Euro Crisis, the DPs are higher than 30 % in case of Italian GBs of 10 year maturity,
while those of French GBs of 10 year are high enough to hit 10%.
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[1] H. Fujita and H. Mori, “Development of Hybrid-Coded EPSO for Optimal Allocation of FACTS
Devicesin Uncertain Smart Grids,” Procedia Computer Science (Elsevier), Vol. 12, pp.429-434, Nov.
2012.

[2] Y. Ogita and H. Mori, “Paralel Dual Tabu Search for Capacitor Placement in Smart Grids,”
Procedia Computer Science (Elsevier), Vol. 12, pp.307-313, Nov. 2012.
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Development of index construction
for a financial market

with heavy-tailed distributions

HEEEF TANOKURA, Yoko

g - & 0 SRBEENEA VYRS Ta— RS
BEARE RS IR im IR 2SR T EEIS

%F‘ - A0 IR, BT (EMl) - MEMRAFRAZ
RRNB: &l BE ARREDET ) VI RKOEN

W=

For making a financial market view, the movements of all prices or returns in the market
should be fully considered. Although their distributions should be reflected, they are often
heavy-tailed and possibly skewed and identifying them directly is not easy. To address these
difficulties, we proposed a statistical method of constructing a price index of afinancial market
where the price distributions are skewed and heavy-tailed. Firstly, we apply the Box-Cox
transformation where the parameter is determined by minimizing the AIC with respect to the
original prices. Then, we estimate the long-term trend of the distributions by fitting a new
trend model with time-varying observation noises. Finally, we define the index by taking the
inverse Box-Cox transformation of the optimal long-term trend. To show the effectiveness of
our method, we constructed the regional indices of the sovereign Credit Default Swap market
where the number of observations varies over time due to the immaturity. As a result, the
worldwide spillover effects of the European debt crisis were detected. Applying our method to
the markets with insufficient information such as fast-growing or immature markets can be
effective.

This is the joint research with Hiroshi Tsuda (Doshisha University), Seisho Sato (The
University of Tokyo) and Genshiro Kitagawa (Research Organization of Information and
Systems).

Peas-Lehman Post Gaeece Currest

Laom Americs (LA) Index

Developsd Enreps (DE)

Index

Source: Markit

Fig: Five regional sovereign nsk indices
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Topics on Mathematical Crystallography
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In July 2012 the General Assembly of the United Nations resolved that 2014 should be the
International Year of Crystallography, 100 years since the award of the Nobel Prize for the

discovery of X-ray diffraction by crystals. Towards this special occasion, | started to study
several topics in mathematical crystallography. Especially motivated by the recent
development in systematic design of crystal structures, | tried to find relationships among
seemingly irrelevant subjects; say, standard crystal models, tight frames in the Euclidean space,
rational points on Grassmannian and quadratic Diophantine equations. Thus my view is quite a
bit different from the traditional one focusing mainly on crystallographic groups.

The central object in this study is what we call crystallographic tight frames, which are, in a
loose sense, considered a generalization of root systems. We shall also pass a remark on the
relations with tropical geometry, a relatively new area in mathematics, especially with
combinatorial analogues of Abel-Jacobi map and Abel's theorem.

As is well known, root systems are completely classified by means of Dynkin diagrams. |
have shown that similarity classes of crystallographic tight frames are parameterized by
rational points on Grassmannians. Quadratic Diophantine equations show up when we
explicitly relate rational points to crystallographic tight frames. In the 2-dimensional case
especially, we may parameterize the (oriented) congruence classes by "‘rational points' on a
certain complex projective quadric. A rational point we mean here is a point in a complex
projective space each of whose homogeneous coordinate is represented by a number in an
imaginary quadratic field.

[1] T. Sunada, Topological crystallography~---With a View Towards Discrete Geometric
Analysis---, Surveys and Tutorials in the Applied Mathematical Sciences, Vol. 6, Springer, 2012.

[2] T. Sunada, Lecture on topological crystallography, Japan. J. Math. 7 (2012), 1--39.

[3] T. Sunada, Standard 2D crystalline patterns and rational points in complex quadrics,
arXiv:submit/0620196 [math.CO] 23 Dec 2012.
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[1] K. Ikedaand M. Mimura: Traveling wave solutions of a 3-component reaction-diffusion model
in smoldering combustion, Communications on Pure and Applied Analysis, 11, 275-305 (2012)

[2] M. Bertsch, D. Hilhorst, H. 1zuhara and M. Mimura: A nonlinear parabolic-hyperbolic system
for contact inhibition of cell-growth, Diff. Egs. Appl. 4, 137-157 (2012)

[3] D. Hilhorst, S. Martin and M. Mimura: Singular limit of a competition-diffusion system with
large interspecific interaction, J. Math. Anal. Appl., 390, 488-513 (2012)

[4] S-l. Ei, H. Izuhara and M. Mimura: Infinite dimensional relaxation oscillation in aggregation
-growth systems, Discrete and Continuous Dynamical Systems- Series B, 17, 1859-1887 (2012)

[5] C.-C. Chen, L.-C. Hung, M. Mimura and D. Ueyama: Exact traveling wave solutions of three

Mathematical Analysis Group

species competition-diffusion systems, Discrete and Continuous Dynamical Systems- Series B,
17, 2653-2669 (2012)

[6] T. Funaki, H. Izuhara, M. Mimuraand C. Urabe: A link between microscopic and macroscopic
models of self-organized aggregation, Networks and Heterogeneous Media, 7, 705-740 (2012)
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Algorithms for directed pathwidth
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| have continued the research on directed pathwidth computation part of which was done in

academic year 2010. The algorithm obtained then that was claimed to run in n*{k + O(1)} time,
where n is the number of vertices and k is the pathwidth, has contained a serious flaw. | have
spent a large amount of time on fixing this flaw and succeeded in recovering an agorithm with
running time {2k + O(1)}, but has not been able to retrieve the originally claimed running time.
My current plan is to publish this weakened result and continue working on the complete fix for
some extended period of time, as the problem appearsreally difficult.

On the other hand, this weakened result is sufficient for many theoretical applications. Indeed,
building on this result, | have developed, with my students Kenta Kitsunai, Yasuaki Kobayashi,
Keita Komuro, and Toshihiro Tano, a non-parameterized O(1.89"n) time algorithm for directed
pathwidth which improves the running time of O(1.996"n) the undirected pahtwidth agorithm
due to Suchan and Villanger.

| also continued the work on the two-layer graph drawing problem reported last year and have
obtained a non-trivial improvement to the one-sided crossing minimization algorithm due to
Yasuaki Kobayash and myself and obtained a kernel result for two-layer crossing minimization
with Yasuaki Kobayashi, Hirokazu Maruta, and Nakae Yusuke. The first result will appear in
Algorithmica and the second result has appeared in COCOON 2013 (The 19th Annua

International Computing and Combinatorics Conference).
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1. H. Murakawa and H. Ninomiya: Fast reaction limit of a three-component reaction-diffusion
system, Journal of Mathematical Analysis and Applications, 379 (2011), No. 1, 150-170
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1. Exact solutions of a Morisita-Shigesada system:
periodic stationary solutions and sharp wavefront
solutions

2. Blow-up in reaction-diffusion systems under Robin

boundary conditions
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1. Exact solutions of a Morisita-Shigesada system: periodic stationary solutions and sharp wavefront solutions

Under the condition that the population disperses to areas of lower density faster as the popul ation gets more crowded,
the Morisita-Shigesada system of three species is considered instead of the classical Lotka-Volterra system. Motivated
by the results in [3] and the gpproach adopted in [5], exact periodic stationary solutions and sharp wavefront solutions
for the Morisita-Shigesada system of three species are constructed. In addition, certain numerical ssimulations of the
Morisita-Shigesada system of three species and of two species are dso included.

When the nonlinear diffusion terms are replaced by the linear diffusion terms, the scaled Morisitar Shigesada system
becomes the classical competitive Lotka-Volterra system.

To the best of our knowledge, very little is known about the existence of solutions for the competitive Lotka-Volterra
system of three species. Under certain redtrictions on the parameters, however, the question whether traveling wave
solutions of the competitive Lotka-Volterra system of three species exist or not is answered affirmatively in [1, 2] by
congtructing exact solutions. Also, someinteresting numerica results are given there. In generd, one of the difficultiesin
tackling this question arises due to the failure of the maximum principle for system the competitive LotkaVolterra
system of three species. As a result, the method of sub- and supersolutions generdly is not available for constructing
solutions to the competitive Lotka-Volterra system of three species. Furthermore, when phase plane analysis is used to
find solutions of the Morisita-Shigesada system of three species, it is necessary to dedl with a system of six ODEs. We
note however that, by means of explicit construction of solutions from solutions for the heat equation, it can be shown
that three new types of solutions exist for the competitive Lotka-Volterra system of three species ([4]).

The main purpose of our study is to show that, motivated by the resultsin [3], periodic stationary solutions and sharp
wavefront solutions can be found by virtue of the approach adopted in [5]. Also, this gpproach provides an dternative to
obtain such two solutions, which are givenin [3].

Since in [2], under certain conditions on the parameters, we find numericaly and explicitly the traveling wave
solution of the competitive Lotka-Volterra system of three species having the profiles with u(z) being incressing
(respectively, u(z) being decreasing) in z, v(z) being decreasing (respectively, v(z) being increasing) in z, and w(z) being
apulse. It is natura to propose the following problem for the nonlinear diffusion case, i.e., for the Morisita-Shigesada
system of three species, does there exists a solution with similar profiles? We show that this question is answered
affirmatively by giving numerica experiments.

2. Blow-up in reaction-diffusion systems under Robin boundary conditions

We apply the differentia inequality technique of Payne et. d to show that a reaction-diffusion system admits blow-up
solutions, and to determine an upper bound for the blow-up time. For a particular nonlinearity, a lower bound on the
blow-up time, when blow-up does occur, is aso given.

The physical meaning of the Robin boundary conditions can be explained as follows. Suppose that u and v represent
temperature, and are governed by the equations in our problem. Then the Robin boundary conditions mean that the heat
flux on the boundary of the domain are proportiona to the temperature u and v on the boundary of the domain,
respectively. Due to the Robin boundary conditions, it follows that the larger the heat flux is, the smaller the temperature
is. We note that, from the biologica point of view, the temperature and the heat flux can be substituted respectively to
population density and population flux. In other words, the larger the population flux is, the smaller the population
density is. As a consequence, when the population flux on the boundary is large, the population density on the boundary
issmall. The low density of u and v on the boundary then may result in the blow-up of u or v since the large flux flows
into the domain but on the boundary of the domain, the density of u and v are restricted to be smdll. Therefore, u and v
are may be forced to aggregate together so that blow-up occurs.
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In this study, we tried to predict the occurrence time and magnitude of aftershocks based on the
information of past occurrences. This work was collaborated with Professor Ah-Hin Pooi of the
Sunway University of Malaysia. We studied in detail the aftershock data of the great Wenchuan
earthquake that occurred in 2008, China. In this work, the data in which we included the information
not only the occurrence time, but also the depth of plane, magnitude, the azimuth, dip and slip angles of
the moving plane. We fitted those variables to a multivariate powered normal distribution and then
calculated the conditional densities of the time between two consecutive occurrence and magnitude of
an event given the past history. The conditional densities allowed us to find the confidence intervals of
the prediction of the time elapsed before the next occurrence and the magnitude of the next occurrence.
As aresult, it showed that the model gave a good model if we included the information up to lag 4,
which produced prediction interval and coverage length of time and magnitude are, which are 96% and
1.38 days, 98.5% and 1.78Ms, respectively. We also applied the lag 4 model of Wenchuan data to
Tohoku earthquake, which gave a prediction on the occurrence of time gaps and magnitude of Tohoku
earthquake (2011) with accuracy of 84% and 86%, respectively. This result implied that we could
predict the aftershock of one place by using the historical earthquake data of other places. The result of
this study is published at ScienceAsia (2013, 39S, 6-10, doi: 10.2306/scienceasial 513-1874.
2013.39S.006).

Besides that, | also studied with Prof. J. Zhuang of the Institute of Statistical Mathematics the
semi-parametric solution to estimate the intensity (hazard) function of the modulated renewal
processes. a non-parametric estimate for the baseline intensity function together with a parametric
estimate of the model parameters of the covariate processes. Based on the martingale property
associated with the conditional intensity, we constructed a statistic from residual analysis to estimate
the baseline renewa intensity function, when the model parameters of the covariate processes are
known. On the other hand, when the baseline intensity is obtained, the model parameters can be
estimated using the usual maximum likelihood estimation. In practice, both the baseline intensity and
model parameters are suggested to be estimated simultaneously via an iterative manner. For illustration,
we applied the proposed estimation procedure to data simulated from a gamma renewal process and the
aftershock data of the Wenchuan earthquake. The result has been written as a research paper which is
now under revision.
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Traveling spots in singular limit
problems of reaction-diffusion
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A=
Recently, there are many kinds of patterns was observed on experiments or numerical
simulation. However, the tool to analyze these patterns is not built very well. To study this
phenomenon, the bifurcation analysis is one of the methods. In this work, we try to treat
the pattern which is called traveling spot by singular limit analysis.

In this study, we consider the FitzHugh-Nagumo type equations as follows.

u, = Au + __%(f_.(u) — £fv),

v, = glu,v).

As ¢— 0, wecanexpect u convergesto 1 at theregion Q(t) and otherwise converges
to 0. Also ,we obtain the interface equation as follows.
V=Clv)—k, (z,y)edldt),t=0, (1)
; 1)
v = g(xaw,v), (r,y)eR% >0

where c(v)=a-bv. The traveling spot means the solution (Q(t), v(x,y,t)) of (1) which
satisfies

Q(t) = {(z +ct,y) € Q0)}, (2

: <)

v(x,y.t) = v(x —ct,y,0) o

Our main theorem of this research states in the following.
Theorem. For any ce (0, a), there is a positive constant b such that the traveling spot
solution (Q, v) of (2) exists. Moreover, 6Q is C?, v e C'(R*\092)NC"(R?), and

Q convergesto adisk withradius 1/a as ¢ closed to 0 and is non-convex if ¢ closed

to a.
Thisisajoint work with professors Hirokazu Ninomiya and Y oshihito Kohsaka.
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Multiscale approach to pattern formation

in reverse smoldering combustion

IJJOMA, Ekeoma Rowland
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HRBE
We approach the problem of reverse smoldering combustion of thin reactive porous materials from

the point of view of the homogenization theory. The main objective of this study is to analyze the
influence of microstructures on the behavior of structure formation behind a propagating smolder front.
To do this, the upscaled model we developed previously for isotropic porous materials is generalized to
treat problems posed on anisotropic porous materials. Proceeding in this direction, we attempt to
confirm the experimentally observed fingering behavior for highly anisotropic materials, in which the
results of this study conforms to experimental findings: the uniformity of the patterns is reduced and
the distinct fingering states of the instability are reproducible.

The method of this research is based on a fixed geometry, in which directiona fingering of the
patterns are shown to be consistent with the orientation of the microstructure of an idealized porous
sample. Furthermore, the validity of our derived upscaled model from a basic pore-scale description is
assessed through mathematical rigor based on the notion of two-scale convergence and corrector
estimates. We show the convergence rate of our homogenization process by first order correction of the
homogenized problem.
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Structure of distinct fingering patterns for highly anisotropic porous media
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FRANCHISE FINANCIAL CONTRACT

LUKITO, Adi Nugroho
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o 7% 2 ¥ : Optimization in Business Format Franchising
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FRANCHISE MINIMUM REVENUE GUARANTEE

In order to survive in the current severe competition, newly established franchises have f:é\
been looking for new ways to encourage people to become their franchisees. One approach :ﬂﬂ
that becoming increasingly widespread is the inclusion of revenue guarantee. This feature 3;9
attracts risk averse franchisees because it reduces the apparent risk of joining a franchise 3

with the reassurance that they will earn predetermined level amount of income from day one.

This paper develops analytical framework using real options approach to value revenue
guarantee in business format franchise. Thus the model will be tested using Monte Carlo
simulation to assess the impact of the revenue guarantee agreements on franchisees’ Present
Value. Result of this paper is that the franchisee will decision on joining guarantee program

will be based on projection of future sales and difference in discount rate.

OWNERSHIP REDIRECTION IN FRANCHISE: REAL OPTIONS PERSPECTIVE

Initiated by work of Oxenfeldt and Kelly (1968), the subject of franchise route to ownership
redirection hypothesis still attracting many scholars. This paper, differing from previous
studies, proposed alternative look for this hypothesis using real options perspective, where
franchisor decision to franchise seen as deferring an investment and future acquisition as
options to expand.

Real options model build based on Datar-M athews framework and tested using Monte Carlo
Simulation. In our model, options value will be affected by demand uncertainty and
monitoring cost. Consistent with real options theory, simulation results reveal the raising

of call options importance as uncertainty increase
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Alternans and Spiral Breakup '\S/'
In a modified FitzHugh-Nagumo Model |Ph.D.
of Cardiac Cell Dynamics g
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We introduce a new two-variable partia differential equations model of electrical wave propagation 1‘)&
of cardiac cells. We modify the FitzZHugh-Nagumo equations [1,2] without changing slow manifold ﬁﬂ
instead changing velocity of each branches of slow manifold. The nullclines of our model are shown in x:
Figure 1(a). Both nullclines intersect each other on the left branch of the u-nullcline only once at a ii
point, which is called the rest state of the excitable media. We investigate numerically the existence of

traveling wave solutions of the proposed model of reaction-diffusion system of equations. We study the

instability of the periodic traveling wave solutions in one-dimensional simulation. When the parameter
b is gradually decreased, the traveling wave loses its stability via a supercritical Andronov-Hopf
bifurcation (see Fig. 1(b)). In two dimensions, the emergence of stable spiral wave pattern is observed
in the proposed model, which occurs when the heart is malfunctioning (i.e. ventricular tachycardia).
The oscillation of spiral pulse width i.e. alternans is observed in a specific parameter regime. We show
that unstructured spiral breakup running to complex spatio-temporal pattern occurs as a direct
consequence of this instability of traveling wave solution. This chaotic behavior of the medium is
called ventricular fibrillation. Thisis ajoint work with Professor Toshiyuki Ogawa.

max. and min. width of wave pulses

12

1029 103 1031 1082 1038 1034 1035 1036 1007 1038

Figure 1: (a) The nullclinesand (b) the bifurcation diagram of the proposed model.
References
[1]. R. FitzHugh, Impulse and physiological states in theoretical models of nerve membrane,
Biophys. J. 1, 445-465 (1961).
[2]. 3. S. Nagumo, S. Arimoto and S. Yoshizawa, An active pulse transmission line simulating nerve
axon, Proc. IRE. 50, 2061-2071 (1962).
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Reaction-Diffusion Equations
in Ecology
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My research focuses on systems of differential equations that aim to model ecological
phenomena, and in particular population dynamics. Currently | am working on a model aimed to
give a better understanding of the dynamics of the so-called harmful algal blooms (HAB). This
term indicates an algal bloom that has negative impacts on other organisms via the production of
toxins, mechanical damage, or by other means. Due to their potential impact on drinking or
recreational waters, in the recent years the formation of toxic algal blooms in lakes and rivers has
been causing more and more concern. Therefore, | am mainly interested in freshwater HAB and in
particular to those caused by cyanobacteria.

In general, toxin-producing species of phytoplankton are poor competitor for resources.
Nevertheless, they are observed to coexist with other species and occasionally to form dense
blooms. The goa of my research is to show if and in which way toxicity promotes the survival of
such species. Also, | investigate whether the selective predatory activity of zooplankton
(phytoplankton’s natural predator) can promote the formation of toxic blooms. In fact, even though
they usually prefer the nontoxic species, zooplankton graze on toxic cyanobacteria despite these
latter’s toxicity inhibits their growth.

To answer the previous questions, | approach the problem by employing a 3-species L otka-Volterra
system of ordinary differential equations accounting for the dynamics of two prey (toxic and
nontoxic phytoplankton) and one predator (zooplankton).

The system is studied using al the classical techniques of linear stability and bifurcation
analysis. Using such analysis, | show that a weak toxicity leads to the extinction of the toxic prey.
On the other hand, stronger toxicity promotes 3-species coexistence. At this point, | consider the
associated reaction-diffusion system. By numerical simulations, | show that when the species
move in space, the faster diffusivity of zooplankton can lead to the formation of a patchy pattern
consisting of spots with high density of toxic phytoplankton surrounded by an area in which there
are amost exclusively the other two species. The same type of pattern can be also commonly
observed in nature. Therefore, | argue that the ability of zooplankton to move faster and to direct
its grazing effort mainly on the nontoxic prey might be the mechanisms underlying the formation
of toxic blooms. Thisis aso in accordance with experimental results.
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