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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 wavefiront solutions

Under the condition that the population disperses to areas of lower density faster as the population 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 approach 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 simulations of the
Morisita-Shigesada system of three species and of two species are also included.

When the nonlinear diffusion terms are replaced by the linear diffusion terms, the scaled Morisita- 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 restrictions 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
constructing exact solutions. Also, some interesting numerical results are given there. In general, one of the difficulties in
tackling this question arises due to the failure of the maximum principle for system the competitive Lotka-Volterra
system of three species. As a result, the method of sub- and supersolutions generally 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 deal 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 results in [3], periodic stationary solutions and sharp
wavefront solutions can be found by virtue of the approach adopted in [5]. Also, this approach provides an alternative to
obtain such two solutions, which are given in [3].

Since in [2], under certain conditions on the parameters, we find numerically and explicitly the traveling wave
solution of the competitive Lotka-Volterra system of three species having the profiles with u(z) being increasing
(respectively, u(z) being decreasing) in z, v(z) being decreasing (respectively, v(z) being increasing) in z, and w(z) being
a pulse. It is natural 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 numerical experiments.

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

We apply the differential inequality technique of Payne et. al 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 also 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 proportional 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 biological 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
is small. 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 small. 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

systems

[8Z= CHEN, Yan-Yu

i B  APIRCIREIER 2R RIRS MBS S RIE TS HA2I2 3 F
F—/ D10 : BEHE —SIHhF GUIRERRID,

=NEFR &JVOUD, Guo Jong-Sheng &/al—y3 AD
B g 2 25 RIWLBLRICIRN D/ NS — Y O¥IReISEIT

HARBE

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.
_ i - )
u = Au + —(fe(u) — £8v),

v, = glu,v).

As ¢—0, we can expect u converges to | at the region Q(r) and otherwise converges
to 0. Also ,we obtain the interface equation as follows.
V=Clv)—k, (x,y)edt),t>D0, (1)
L)
-~ me . -
v = g(xn@.v), (z.y) R t>0

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

satisfies
Qt) = {(z + ct,y) € Q0)}, )

| \ (2)

v(x,y.t) = v(x —ct,y,0)

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, 8Q is C>, v € C'(R*\9Q)NC°(R?), and
Q converges to a disk with radius 1/a as ¢ closed to 0 and is non-convex if ¢ closed
to a.

This is a joint work with professors Hirokazu Ninomiya and Yoshihito Kohsaka.

48



M RBDBI TN = AL

it — Ry B

EAREBF IWAMOTO, Mayuko

F—/LO10— [ E8HE EWKE (Y=ab—-Yy3Vib

38 R B IREROSTEDICRT D —BIIER

W

HEY BY)RLT AT I E DR RIANE > TEIERF 2B I OR MO oL filiiED/ 2 —r
D LT > TR T DR T RIR TBIZE TE D, T 13, AW B Dkk % 7 @B I AR 3@ D A
N=RLPEATNDEE 2 RIFSEIE, JE A FLAE 25 I 12 DI AT = X 2% HaNTE
FTTeHDENRLIETHHD THD,

MR FEDBITHEE D AN =R LB TOKREE T, FiA O/ S0 S UT GRS E 8 2 H B2
F DFEVREHI BRI A HIH T D B A FF O LRSIV, A IUHE &R R O BB AR AR A R
WUTBERET VAL, ZDET /VORAEFH RIS | KR OMEE LA A O S (4 - ) 3
AR E ST D EIR L2 DT LMD oT2, A.EHoso KD uR Yk TR FE & i LT
1 P DA 3= (I - &) (2 20 | Direct wave(IX|:R>0) & Retrograde wave([X]:R<Q) D& E S5
NDATREME A R LTz,

Flo, NFTFF AT ORGE DO BRI R E A | M OFRITFF O DD, DEVET IVITEITIE
BT DM RFDOLL OO EE LR T DET N ER> TV DDNERGET DI, LA EY —{]
ST EMBMEEE X BEBRICT AT VY T HA72E OFEICKH L LAY —llEETTo72,
7R T — T EE/RLN TRV, N F A D LRI OR I MR L 72 & COFETRLIL,
JE SR REHE AN SR [E AR SRR D 2 > DM E 2 A A F L 7§ DR A FF O ZLDVRIB S LT,
— 7 BET NVERC PR RO E 2D EERADRIRE IR LU THIRAD LN TE

P B - RERGRMIENFZHRRRSIIEFSTRE L ERIRE2F
R J. BE - W (BFUVDUD, =fE%k (FUSFAYD

%o S B DBFHIIRIFHNT ~EIRT T T ETH D,

NSO EIC oW T, BB # Gordon
Research Conference TR AX—F£ L, MESMIFIEE LD
BRI A I TOZ LN TEI, £, AR YA
[CTRAZ — 33 AN PR CHEERE, thE
WIF R E TR ELIT o7, BRI S
2012 FEFETIL, BHRAZY—HEZE L, @ OakHil
s

49

Y,

CTF 3T E R INICE NI

B



Sn<—<

U
U

B RGO EBUC T 72, P LS H O
BTV T ENTGRA =T REFEOUR

d‘ﬂvggzﬂn%) )‘W‘%b“‘wgg\lo

&
™

(

|

AFEEZS OHYA, Yoshito

P B - RERGRMIENFH AR MIESERIE L ERIRE2F
F—/OI0— - IEEHE =NE%k (BUERMID

&%&EE (ETUYIUD, $iilE (YXalb—y3 Vb
~). i 3% R B - RRULOSKBERTES

HAE

2011 £F 3 H ORALHIT AR IR IT KB el 2 5| S 2 L, £ OfR 14000 4 DIE
B BRI EELRARBREIC L6 L, BUE, KT TITON TV HEEERITZO X
I R R EA~OEFED 2> TH D, LLANE, MEHEHcHEETHS I L EXLN
%, BONRE W 257 C EOREDRKIMAZICERT 500 & W) FRITTRITE TR0,

— 7 CIEOF RO EnE b, SRR O 72 2 R THIE Ok EA~ORKEIEN Y 7T H
A LTHREIZR D 22 H 1, HREKERO ERA~OHIFFREE > T D, TDORKFEOER
12, B EICHFET D@7 E ORED OFBELE EO X HIHET 2080 ) BIBEBMAET 5,
FSHEEE T WL O R %A, BESHER DT e LTRAT LI HETHL, 20
BIHORE ZART T A =235~ =0 7 HE L XD, 2 OFEITERIR KGR 21T
I BRI MR TIZH D03, T O%Mi~ = ZHEDEWHI DX 53130, HoRE SR L T
TRBRAZ IR D HAIL TNV DITT E R0,

ARIFFETIIRI OB & L0 KE R HEET 2 LW BLEDL D, BRI D BTV 5%
fli~=2 Z7MEICK LT, FlcRREFELZRREL, B RIBIAEZEZ 56D TH 5.
BRI 2R ET 2 FIEZ, [IIBFOFEORGR G L L THEMi~= 7HEL 5 2, £ Ok
BREE W EDOHIRIE L IRKT — 2 N OHEET HIREFIETH D,

ZOFEIH LT, ZEROBIEEEEE ERAKT—22HEL, v v 7 A 7EEZHNT
MREEZAT S T2 F, —RLD T — AR T ¢ TIEHBEFO FEIZK LT 2HI550 THIEE DM |
MREOI, BEXFERRNT —% & “WOtRKEREEZ W, FEORMELZ R ThH D,

¥, AWERARITA RSB YS, AAMEY S, R FREaE TRE L,

50



M
|
M
- N S
=7 INRAIVOANTG I F—L T AT IV . Ph.D.
VAR B E a5 M & BEFEE TV ORE g
N o 7
JKEE— NAGATA, Shinichi 7
Bl B AR R S SR IS MBS S RIS TRERIE 2 F ,:,g,
F—/ D10  1EEHE NERRE (EFUYIUD
828 MEBRIFYD, =H8% (¥YIal—vyaviD 3
B3R E SRTY - sEET—YEANERATIEON —
¥
e +
(1) V—=~rTavith, BCKTIES AT Iv T DRI BB/t T —~ L A E R SND XD f’é\
\Zgole, VAT IV URZ LI, {E B4R [E A DY AT BRI AR ZAEZH > Thk 4 72
RIAAR TR, IR I E R B T D RN B DY 27 D H TS,

WE4- £ Tl Brownlees and Engle[2011] THRAT ST T VAo C, [ENERBERI DT 273

V7 YART M HAT ST, FeATHH RO e — E DR 1245 T BEERS RITG DIV > T (W
HREENTITERS AT LM BN R0, WA CT—EDORRE LI 72T 7 VA E g
AL THENTRITIDZRREER RO GOILD LT IRDRY) , £ CTAREIIHT-72T T VA IEGLE,
IR UE NSRRI O ATy 7 U AZ ERHETHZEN B THD,

(2) HAGEAES|FTIC 20104F 1 A IZEASNE T B—~y R VAT AOHRIZBL TOoMrE1T-C
WD, 7=y RYAT LEE, BEE 7 2R e T DG Th D, kD IH7~—7
VAT OANT T T — DRI T, kyle[1985] DFRIEA D Z L — %72~ 7228 ([H
WTH kyle[1985] DFFREZ HIWSEATIIZEIZZ MFET D), bebe kyle[1985)id~—7 v hA—
A —iill (NI REUMEZ IR LT, ZAUTRS> CEREDBNBITONDHIE) Ofisa e L L€
T ThoC, ENOA—F =RV Uil (B4 R R O Lo TR E NP TSIVDHIE)
DTS LW EE XN, EEICZORIEZ 7= 001E, BRI TIEH 52, 5o

WS HRRERS R TIE7RD T,

LUEDISZRB NG, RKEITHT2RET VAL T, 1ERICE ST TE T m— R

AT DIHEADNRERGET S,

51



3 TP NNV

&
™

(

O

Multiscale approach to pattern formation

in reverse smoldering combustion
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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 directional 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.

11 05257

039 11 02541

=0 1758
p0 255

= 0.6007
b0 2157 =0 1441
= 0.5143

0,173 R

— x”th
“«— leth
«xlly

01309 | | |0.0s08
0.3432

0 04531
0.2674 —

01716 00462 00174

9
8
-
6

5
4l
3l
2
1§

0.0858 0.0038 0.0142

9
8
7
6
5 flo.a29
4
3
2
1
ol=

L e B T R L e - =

%i;-;i\iuﬂi%

yIIth y“m - yllth —

—-0.0003 00453

Structure of distinct fingering patterns for highly anisotropic porous media
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FRANCHISE MINIMUM REVENUE GUARANTEE

In order to survive in the current severe competition, newly established franchises have fé\
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. aternans is observed in a specific parameter regime. We show
that unstructured spiral breakup running to complex spatio-tempora pattern occurs as a direct
consequence of this instability of traveling wave solution. This chaotic behavior of the medium is

called ventricular fibrillation. Thisisajoint 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) Thenullclinesand (b) the bifurcation diagram of the proposed model.
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Reaction-Diffusion Equations
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My research focuses on systems of differential equations that aim to model ecological
phenomena, and in particular population dynamics. Currently I 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 Lotka-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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