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It is said that geometry in ancient Greece started from the curiosity of mathematicians about the
shapes of crystals. Indeed their curiosity culminated in the classification of regular convex polyhedra
which is addressed in the final volume of Euclid’s Element. Since then, geometry had taken its own
path, and the study of crystals had not been the central theme in mathematics (an exception is the
work of Johannes Kepler on snowflake). It is only in the 19th century that mathematics began to
play a role in crystallography; that is, group theory became matured enough to be applied to the
morphology of crystals. Crystallographic groups introduced to describe macroscopic symmetry of
crystals have been a basic tool in classical crystallography even after Raue's discovery of crystal
structures by the diffraction of X-rays.

This study follows the Greek tradition in the sense that we seek beautiful shapes like regular
convex polyhedra. Our primary aim was to use algebraic topology to explore the rich world of crystal
structures. More specifically, we employ graph theory, homology theory and the theory of covering
maps to introduce the notion of topological crystal which retains, in an abstract way, all the
information on the connectivity of atoms in the crystal. This explains the reason why this study is
entitled “Topological Crystallography”.

Topological crystals are “living in the logical world, not in space”. This leads us to the issue on how
to place (realize) them “canonically” in space. We proposed the notion of standard realizations of
topological crystals in space which are characterized by a certain minimal principle, and include, as
typical examples, the crystal structures of Diamond and Lonsdaleite. Standard realizations are the
most symmetric placements so that, if we take for granted the belief that beauty is bound up with
symmetry, then the standard realizations may deserve to be called most beautiful.

We also gave a mathematical view to the standard realizations by relating them to asymptotic
behaviors of random walks and harmonic maps. Furthermore, we observed that a discrete analogue
of algebraic geometry is linked to the standard realizations.

Applications of our discussion include not only a systematic enumeration of crystal structures,
an area of considerable scientific interest for many years, but also the architectural design of

lightweight rigid structure.
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Modulated renewal processes
for inter-event times of

aftershocks
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In last fiscal year, I have been working on the modeling of the time gaps of earthquake aftershocks
using modulated renewal processes. In this study, I propose a semi-parametric solution to estimate
the intensity (hazard) function of modulated renewal processes to study the survival pattern of the
processes: a non-parametric estimate for the baseline intensity function together with a parametric
estimate of the model parameters of the covariate processes. Modulated renewal processes have
been widely used in reliability, seismology and biomedicine to explain the patent of recurrent events.
An example of recurrent events is that the repeated episodes of illness based on patients’ disease
history. Numerous literatures are available to provide approaches to estimate the intensity
functions, such as partial likelihood, Bayesian and robust estimations, such as Lin and Fine (2009,
Journal of the Royal Statistical Society Series B, 71, 3—23). In most literatures, a renewal process is
taken as a starting point to model a sequence of such renewal events. In this type of processes, the
lengths of the time — intervals between each pair of neighboring events are identically and
independently distributed. In order to make use of the analyzing techniques from survival analysis,
each inter —event interval is re —arranged as an individual sample, starting at 0, and dying off after
it survives a period of time of the same length as this interval. This treatment has also been used in
more complicated models that are extended from the renewal processes, such as the modulated
renewal processes that firstly proposed by Cox (1972, Stochastic Point Processes, 55— 66). Based on
the martingale property associated with the conditional intensity, I construct a statistic from
residual analysis (see Zhuang, 2006, Journal of the Royal Statistical Society Series B, 68 , 635—653)
to estimate the baseline renewal intensity function, when the model parameters of the covariate
processes are known. Moreover, I also suggest using penalized regression splines with B—spline
basis functions to smooth the estimator. 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. Using this method, the estimators of model parameters enjoy the good
properties of full likelihood, such as consistency and convergence to normality asymptotically. The
proposed estimating procedure is also compared with the existing methods that derived from the
survival analysis. To illustrate the performance of the proposed method, two sets of data are
analyzed: a dataset simulated from a simple Weibull renewal process and the aftershock data
occurred at Wenchuan, China, in 2008. For the first data set, I simulated a process following a
Weibull distribution and the estimator of the baseline intensity function is estimated. For the latter
example, the covariate process is chosen to follow an Omori—Utsu formula that explains the behavior
of the rate of aftershocks, which is proportional to the inverse of time since the mainshock. For both
analyses, the proposed estimating process provided quite successful estimators to the datasets. The
result of this study was presented at the annual meeting of the Japanese Society of Computational
Statistics and the Second International Conference on Mathematical Sciences (ICMS2—2010),
Kuala Lumpur, Malaysia. It will be completed as a research paper for submission to a journal.
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Evolutionary diversification and
the influence of Allee effect in

a predator—prey system
fHE  ZU Jian
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Understanding the mechanism of evolutionary diversification and the influence of Allee effect
remains the core problems in evolutionary biology. In this year, I have done the following work.

First, we investigated the influence of Allee effect in a predator—prey system with Holling type II
functional response. Compared with the predator—prey model without Allee effect, we find that the
Allee effect of prey species increases the extinction risk of both predators and prey. When the
handling time of predators is relatively short and the Allee effect of prey species becomes strong,
both predators and prey may become extinct. Moreover, it is shown that the model with Allee effect
undergoes the Hopf bifurcation and heteroclinic bifurcation. The Allee effect of prey species can lead
to unstable periodical oscillation. It is also found that the positive equilibrium of the model could
change from stable to unstable, and then to stable when the strength of Allee effect or the handling
time of predators increases continuously from zero, that is, the model admits stability switches as a
parameter changes. When the Allee effect of prey species becomes strong, longer handling time of
predators may stabilize the coexistent steady state. This paper has been published in Applied
Mathematics and Computation (2010, 217(7): 3542-3556).

Second, with the method of adaptive dynamics and geometric technique, we investigated the
adaptive evolution of foraging-related phenotypic traits in a predator—prey community with
trade-off structure. Specialization on one prey type is assumed to go at the expense of specialization
on another. First, we identify the ecological and evolutionary conditions that allow for evolutionary
branching in the predator phenotype. Generally, if there is a small switching cost near the singular
strategy, then this singular strategy is an evolutionary branching point, in which the predator
population will change from monomorphism to dimorphism. Second, we find that if the trade-off
curve is globally convex, the predator population eventually branches into two extreme specialists,
each completely specializing on a particular prey species. However, if the trade-off curve is
concave—convex—concave, after branching has occurred in the predator phenotype, the two predator
species will evolve to an interior singular dimorphism at which they can continuously stable coexist.
The analysis reveals that an attractive dimorphism will always be evolutionarily stable and that no
further branching is possible under this model. This work has been published in Journal of
Theoretical Biology (2011, 268(1): 14-29).

Third, I finished the Ph.D. dissertation and got the Ph.D. Degree in this year.

Overall, during the past year, I have done some interesting work. I greatly improved my research

ability and learned a lot of methods and techniques to deal with the evolutionary problems in ecology.
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Asymptotic behavior of solutions

of reaction-diffusion equations
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Many physical/chemical phenomena are represented by the partial differential equations. Among
them I am interested in the reaction-diffusion systems, which includes the kinetic dynamics and
diffusion process as follows:

u;, =d,Au; + f,(u) (=1,...m) (RD)

This system looks simple, but it is important to study the behavior of solutions. For example, the
dynamics of tissue formation and angiogenesis is also represented by a couple of reaction-diffusion
equations with three components.

To reveal the dynamics of solutions of (RD) we need to study the attractor because all solutions
converge to the attractor. It is difficult to investigate the attractor of the reaction-diffusion system in
general. So we consider the simplest case as the first step. Now we are treating the following
reaction-diffusion equation on R:

u =u, + f(u) (AC)
which is called Allen-Cahn equation. Here f(u) is C? on an open interval containing [0,1] and
fO=f@=f1=0, f'OH<0, f{(0)>0.

The equation possesses three homogeneous stationary solutions: 0, a, 1. The two equilibriums are
stable, one is unstable under the flow by the ordinary differential equation. The several types of
traveling wave solutions are already known. They belong to the attractor of (AC). Now, we are trying
to construct the new type of the entire solution of this equation. In professor Ninomiya and Morita’s
work, we know the existence of entire solutions with merging two fronts. Here, we show that one of

the dynamic of this entire solution.

Entire solution with merging two fronts

u u

1 1

08 o8

06 06
0.4 f 04

e

X

+ X { X } X
100 —-50 50 100 —100 50 50 100 —100 50 50 100 -100 -50 50 100
ia) t= —50 (b) t= -20 (c) t= -10 (d) t=0

In fact, there are other kinds of entire solutions. We expect there are entire solutions with merging
three fronts or four fronts. Through studying the entire solution, we can obtain more information
about the structure of the attractor. As the next step, we will apply this method to the
reaction-diffusion systems. Furthermore, the result can help us to understand the pattern in the

reaction-diffusion system more clearly.
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A
MEDESE: A smart grid can help utilities conserve energy, reduce costs, increase reliability and
transparency, and make processes more efficient. The increasing use of I'T-based electric power systems,

however, increases cyber security vulnerabilities, which increases cyber security’s importance. This project
looks into the security system of Smart Grid via Smart Planet system, focused on the selection of the model
in developing information security criteria on smart grid. The importance of information security criteria is
the main aspect perceived to impact customer trust towards the entire smart grid system.

B HJ: When the information is shared real-time between power generator, distributed resources,
service provider, control center, substation, even to end-users, any changes expose to hacker’s attack
would bring the whole system down to mess. This will dangerously create consumer distrust and
dissatisfaction that may lead to other more destructive phenomenon. This project identified the
criteria that could enhance information security system of a smart grid project and discussed about
the impact and significance of each requirements identified.

PNZ: In order to realize the Smart Grid, data are gathered from large numbers of intelligent sensors and
processors installed on the power lines and equipment of the distribution grid. These data collected will be
transferred to central information processing systems which both present the information to operators and
use the information to send back control settings. While information and communication seems to be much
more importance compare to decades ago, the system has to be mightily strong to protect itself against
hacker’s attack. This project explains the importance of information security and the information security’s
impact on consumer trust and satisfaction in a mind mapping portrayed in the figure at the bottom.

B S B E: Design to prove that there is a significant positive relationship between the
consumer requirement and functional requirement elements with the help of fuzzy logic value which
would serve to eliminate ambiguity during data insertion and validation. The project takes aim to
reveal the significant information security criteria in a smart grid that would impact consumer’s
trust and satisfaction towards the entire system.

Security Important Future Work
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