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4. Host institution: SONY CSL

5. Host researcher: Frank Nielson

6. Description of your current research

Our initial intent was to build on the results published by Kurt W. Fleischer and Alan
Barr on cellular texture generation. However, while in contact for several months prior to
the start of the summer program, Dr. Nielson and | decided that our interests coincide
more closely in the area of graph drawing than they do in cellular textures.

The focus of our research this summer was finding ways to take advantage of graphics
capabilities of today's computers to render combinatorial graphs. Traditionally the
problem of graph drawing is approached from the standpoint of combinatorial and
numerical optimization. Typically a number of aesthetic criteria are proposed and methods
are given to optimize a drawing according to the criteria. In contrast, it was our intent to
emphasize the human perception and the computer graphics aspects of graph drawing. We
hope to show that readability of a graph can be improved through interactive browsing
process and on-the-fly animation. Instead of attempting to display a large number of nodes
and edges all at the same time our methods are designed for viewing parts of a graph at a
time where a reasonable upper bound on the number of “features” can be presumed. For a
focus+context effects our algorithm can be further extended with the level of detail (LOD)
ideas.

To constrain the problem we chose to attack a specific class of graphs: the directed acyclic
graphs (DAGs ). Our method draws on the vast amount of material in the field of graph
drawing such as: focus+context paradigm, semantic lenses, and the force directed
methods. Our approach uses combinatorial methods in conjunction with numerical
techniques. Specifically positions of the nodes are computed in 3D using a layering
scheme. The nodes are treated as source of electric potential and the edges are treated as
deformable wires which respond to the field generated by the nodes. This way we avoid
edges running into nodes. In three dimensions we can avoid edge crossings as well by
assigning potential to edges.




The layering scheme is based on a topological sorting of a digraph. Each node is assigned
to a layer based on its shortest distance from the root (other clustering schemes are
possible). Nodes within each layer are arranged in a circle with the radius proportional to
node-size of the layer. Layers are then arranged coaxially on a line. The layering scheme
provides a user with a global mental map of the whole graph, while a user is intended to
browse the structure in parts.

To simulate the physics behind the edges we employ a mass-spring model. An edge is
represented as a chain of linear segments with a given rest length. The segments are
treated as linear springs and the joints are treated as mass particles. In addition we
assign angular springs to the joints. This augmentation enables us to minimize total
curvature of an edge. Within the duration of the fellowship we reviewed much literature
and publications on graph drawing, specifically the force directed methods, and
deformable models. In the future we hope address the labeling problem as well. At the
present a node is depicted as a sphere (a dot). For a number of real-world depictions of
graphs labels are essential. A selective labeling paradigm would fit well with our methods.
We also hope to investigate the possibility of improving the readability of graphs by
making use of the information about the projection.

7. Research implementation and results under the program (As much as possible, describe
the contents and results of your research in a manner that is easily understandable to a
non-specialist in your field.):
Title of your research plan: Interactive graph drawing and the force directed
methods

Description of the research activities:

I built an implementation that enabled us to experiment with our ideas. | educated
myself with the state of the art, which enabled me to produce much within the short
period of the fellowship. Specifically | familiarized myself with Cocoa APl and the
Objective-C programming languages. Issues related to realtime animation and
concurrency had to be addressed as well. | evaluated a number of conference articles
to support the research. At the conclusion of my term | presented the work to the
fellow scientists and the lab administration.
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2. Current affiliation: California Institute of Technology

3. Research fields and specialties:
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4. Host institution: Kyoto University, Graduate School of Engineering

5. Host researcher: Professor Mitsuo Sawamoto

6. Description of your current research

Radical polymerization is one of the leading industrial methods for polymer synthesis
primarily because of its high tolerance of protic and polar compounds and its high reaction
rate. In the 1990s, many researchers targeted the development of a new type of radical
polymerization, living radical polymerization, in which polymer molecular weight can be
controlled through initiator concentration and in which the distribution of molecular

weights is narrow.

In 1995, Sawamoto and co-workers reported the first metal-catalyzed living radical
polymerization of methyl methacrylate utilizing catalyst 4 (Figure 1). Over the last decade,
they have demonstrated the use of several ruthenium-based catalysts for the living radical
polymerization of monomers such as styrene and methyl acrylate. Control of polymer
molecular weight and molecular weight distribution combined with the high functional
group tolerance of radical polymerization has enabled the exploration of more complex
types of polymer structures, including end-functionalized polymers, star polymers, and

block copolymers.
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Figure 1. Ruthenium-based catalysts for living radical polymerization.




Although compounds 1-5 have been shown to successfully catalyze living radical
polymerization, the activity of these catalysts remains low in comparison with other types of
radical polymerization. Consequently, an important goal is the discovery of catalysts with
higher polymerization activity. We aimed to achieve this goal by altering the catalyst

ligand sphere.

7. Research implementation and results under the program (As much as possible, describe
the contents and results of your research in a manner that is easily understandable to a
non-specialist in your field.):

Title of your research plan: Synthesis of New Ruthenium-Based Catalysts for Living

Radical Polymerization

Description of the research activities:

My research activities in the Sawamoto laboratory centered on learning more
about living radical polymerization through organometallic and polymer synthesis.
This summer, I evaluated the activity of catalysts 6a and 6b for the Kharasch
addition reaction (analogous to the initiation step of living radical polymerization)
and made progress toward the synthesis of catalysts 7a and 7b. Both families of
catalysts were hypothesized to be more electron-rich than previously utilized
catalysts and thus expected to exhibit higher activity. Unfortunately, catalysts 6a
and 6b were found to be inactive for the Kharasch addition reaction between CCls
and methyl methacrylate, even in the presence of additives. These results may in
part be due to the poor solubility of catalysts 6a and 6b in organic solvents, even at
higher temperatures, and to the steric bulk of the five methyl groups near the
ruthenium center. In the latter case, further work with indenyl-type ligand 7 may

lead to a more open ligand sphere and enable more successful catalytic properties.

] , 8b

Synthetic efforts were also made toward the synthesis of catalyst 8a and 8b.

The N-heterocyclic carbene ligand on catalyst 8a was not commercially available; my
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attempts to synthesize this ligand were moderately successfully although
purification was difficult due to the hydroscopic nature of its precursor. Both
catalysts 8a and 8b are literature precedented, however, the techniques previously
described required equipment not readily available. [ attempted to synthesize 8a
and 8b utilizing different synthetic strategies; although I acquired !H NMR evidence

for both catalysts, purification was difficult and not achieved.

8. Please add your comments (if any):

I've had a fantastic experience in Japan from start to finish. Although I was
apprehensive at first about not speaking any Japanese, my co-workers and I were able to
communicate very well. They spoke great English and also taught me some useful
Japanese phrases! Ireally enjoyed getting to know the students. They were very friendly
and we often socialized outside of work; they treated me like a true member of the lab.
Because of their friendliness, I have gained a sense of Japanese culture even though my
stay has been short. Although there was not enough time to achieve the research results
that I originally desired, I know that I have gained much more important experiences from
day to day conversations with my labmates. I look forward to meeting them again in the

future!
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The University of Colorado at Boulder

3. Research fields and specialties:
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4. Host institution:

Kyoto University

5. Host researcher:

Dr. Yoshinori Fujiyoshi

6. Description of your current research

I am currently studying the structure of the small synapses of the brain using a
combination of electron tomography, electron crystallography, and x-ray crystallography.
In particular | am interested in vessicle recycling and the proteins which facilitate this
recycling.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Effects of electron dose on protein structure and 3-D single particle image
reconstruction using electron microscopy.

Description of the research activities:

The field of electron crystallography is hampered in its abilities to achieve higher
resolution three dimensional reconstructions by the problem of radiation damage
caused by electron dosage in the microscope. A solution to this would seem to be
simply to lower the number of electrons with which you acquire an image of your




sample. Lowering the number of electrons also lowers the image contrast which
plays a vital role in 3-D image reconstruction. Another idea would be to spread out
the number of electrons with which you acquire one image, over multiple images,
then recombine all of the images into one image. This was the focus of my research
in Japan. | used cryo-electron microscopy at liquid helium temperatures to see if it
was possible to reduce radiation damage and thus increase the resolution of 3-D
image reconstruction by taking multiple exposures of the same protein at much
lower electron doses and recombining these images into one image for
reconstruction image processing. | am currently processing the large amount of
data which | was able to collect while in Japan.

8. Please add your comments (if any):

The EAPSI program was outstanding. My host researchers were very receptive to
interaction and had a lot of input into my work while there. Everyone with whom |
interacted was extremely nice and helpful. The JSPS did an outstanding job of organizing
things for us. It was one of the best experiences | have ever had.
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1. Name: Matthew G. Averill ID No.: SP04004

2. Current affiliation: University of Texas at El Paso

3. Research fields and specialties:
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4. Host institution: University of Tokyo Hongo Campus

5. Host researcher: Dr. Hiroshi Sato

6. Description of your current research

My current research involves three different aspects, one of which | have been working
on while at the University of Tokyo. This research include studying the structure of the
crust in the southern Rio Grande Rift of southern New Mexico and Far West Texas,
working on computer codes for seismic tomography to model the velocity structure of the
crust, and processing seismic data from the Tokai Region of Japan to determine the
crustal structure related to subduction of the Philippine sea plate.

The first has consisted of setting up and implementing a large seismic experiment in
Southern New Mexico and Far West Texas across the city of El Paso. This included
surveying locations and organizing students for deployment of seismic instruments and
helping set up explosive sources for the experiment. | have subsequently been
processing this data using techniques to determine properties of the earth’s crust in that
field area.

The second aspect consists of working on the tomographic modeling technique for
seismic refraction data. With the help of a computer science professor at the University
of Texas at El Paso, | am trying to improve the code for modeling crustal seismic velocity
structures determined from seismic experiments. We hope to be able to improve our
ability to constrain information put into the program, increase the number of data that
can be used in the program and better determine the resolution of the results for the
modeling program.

The last aspect includes the work | have been doing in this program while in Japan.
My advisor and the University of Texas at El Paso collaborated with Dr. Sato at the
Earthquake Research Institute to perform and experiment in 2002. This experiment
was designed to acquire seismic refraction data across the Tokai region of Japan as well
as a small section of seismic reflection data along the profile. The entire profile has
been studied and a paper discussing the results of modeling the velocity structure
determined from the refraction data has already been published. However, the
reflection seismic data has yet to be formally processed and discussed in its geologic
context. Therefore, it was suggested by Dr. Sato that | work with this data set and
produce a paper discussing the geologic interpretation of the seismic reflection data.
Ultimately, we hope that these results will help us learn more about the crustal
structure in active tectonic collision zones. | will be trying to make comparisons
between these results and others obtained both in different areas of Japan and in
different areas of the world.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Deep Crustal Structure Of The Tokai Region, Interpreted From Low-Fold,
Near-Vertical Reflection Seismic Data.

Description of the research activities:

My research activities at the Earthquake Research Institute (ERI) at the University
of Tokyo were pretty straightforward. | first acquired seismic data from a colleague
in the institute. | used my computer to log into the computer system for the
Institute in order to work with seismic data processing software, called PROMAX,
designed by Landmark. The data required some reformatting and then | began
applying some seismic data processing routines to enhance the data quality. Data
processing generally involves substantial time to test different data parameters to
see which work the best.

In addition to processing the data, | obtained travel-time data collected by picking
times from arrivals of reflected/refracted energy in the seismic data. Using this
data, | worked on setting up a tomographic modeling program that will help
determine the velocity structure for the earth’s crust along this profile. 1 will then
use this velocity model to further process the reflection seismic data.

Additional research at this institute has involved obtaining geologic and
geophysical references for this study area in Japan. ERI has an extensive library,
which allows me to obtain papers discussing the tectonics and geology of Japan. |
will take these with me to help produce a paper on the results of my research.

While this research requires more time then | had here to obtain full results | have
set up the data to continue work when | return to my home university. | will
continue to process the data and collaborate with Dr. Sato to develop a geologic
interpretation for the results. It is our goal to produce a professional paper based
on this research to submit by this coming December.

In addition to collaboration on this current research, | also had the opportunity to
discuss my other research and possible future collaboration with Dr. Sato. My
research here has hopefully opened avenues for additional collaboration between
my department at UTEP and ERI.

8. Please add your comments (if any):

This was an amazing experience that | know will have long term effects on both my
career and my life. It was interesting to see the different lifestyles and work habits
between our cultures. Research in my department back home is very different from the
research style here. It is a much more independent system here.

The amount of time allotted for this program is a bit awkward. In a two-month period
we have enough time to many things and experience the culture, but not enough time to
settle into it. Just when | got over the feeling that | was a visitor and got accustomed to
working here, it is now time to leave. Although work habits are very different and | am
not generally accustomed to living in a big city and working late hours, | think it would
be nice to spend a more substantial amount of time here in order to become more settled
in.
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1. Name: Christopher Bailey ID No.: SP04005

2. Current affiliation: University of Rochester

3. Research fields and specialties:

O Humanities O Social sciences 0O Mathematical and Physical Sciences
O Chemistry X Engineering Sciences O Biological Sciences
O Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences

O Interdisciplinary and Frontier Sciences

4. Host institution: Tokyo Daigaku (University of Tokyo)

5. Host researcher:Dr. Masao Washizu

6. Description of your current research See attached.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:The investigation of inchworm motion at small volumes.

Description of the research activities:See attached.

8. Please add your comments (if any):None.




Final Summer Report  (8/22/04)

The Investigation of Inchworm Motion at Small
Dimensions

Bailey, Christopher G.

INTRODUCTION

The lower limits of pipette dispensing volumes can be surpassed using
what is called DEP, or Dielectrophoresis.  These devices can distribute

droplets on the range of tens of pico-liters (Joneset. al.).

Masahide Gunji has developed an inchworm liquid actuation (not DEP)
device for the manipulation of liquid which has yet to be tested in this
range of droplet sizes. Itisof interest to find out the scalability range of

this phenomenon.

An experiment is presented combining the small-volume capabilities of a
liquid-DEP actuation device and the inchworm device. This concept
enables small-volume droplets (~1 nl) to be tested under the inchworm

experimental conditions.



DeviCE DETAILS

In order to combine said experiments, the two devices must be fabricated on the same
substrate.  Samples were fabricated with both experiments needsinmind. Thisis
fairly smple since most of the fabrication steps are the same. However, the final
fabrication step must be different due to actuation requirements with regard to
hydrophobicity:

Inchworm DEP

An obvious solution to this dual-requirement is to pattern the final layer. Below isthe
layering schematic for device:

Patterned Teflon

Parylene C

Spin-coated
Glass

Patterned
Aluminum
Electrodes

Glass
substrate

EXPERIMENTAL DETAILS & PROGRESS

DEPwill be actuated first using ~300 VAC and 100kHz dispensing approximately 1 nl
of liquid. On theleft isaschematic of the device operation. On theright isa picture
of this stage of the device.
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Upon completion of the first stage of this two-stage experiment, the teflon-exposed side
of the substrate was then utilized. The method of transport across the substrate to the
inchworm deviceisair. It was observed, however, that upon crossing the interface of
the two surfaces, the liquid became wetted.  Teflon does not typically support agqueous
wetting. This observation has led to the hypothesis that the patterning of the parylene
had caused some surface damage to the exposed teflon.  In order to continue pursuing
our goal, the immediate solution was to fabricate teflon-only samples and attempt to
create the smaller droplets unconventionally (either using air power or mechanical
separation).  This unconventional droplet formation was successful and temporarily
served our needs.

Actuation of the inchworm device at these small volumes was observed. Based on
theoretical frequency, the experiment was carried out under incorrect conditions.

Tested was the range of 100 to 1000 Hz. The theoretical frequency is calculated to be
2 kHz based on device dimensions. Promising results were gathered at these incorrect
frequencies. The droplet was observed to oscillate on the electrodes. Below isa
schematic on the left, and a photo image on the right.

Vibration
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FUTURE

1. Pursuing the goal, we will soon use purely teflon-coated samples to test for the
correct theoretical frequency of the inchworm device at these scales.

2. Also, the combination of the two structures is important if we are to obtain the
capability of the automation and sequencing of these two devices.

3. The idea of a layer that can serve both devices purposes is another important
concept that deserves more research.  There is the possiblity of mixing a substance
with Teflon to lower itsinterfacia energy into arange suitable for both devices.
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4. Host institution: Nagoya University

5. Host researcher: Yasuhiro Mori, Associate Professor, Department of Architecture

6. Description of your current research

Among the goals of Performance-Based Earthquake Engineering is estimation of the
demand on a structure from a given earthquake. This is often done by calculating an
“Intensity Measure” (IM) for a given earthquake ground motion, and then computing the
probability that the earthquake will cause a given level of demand in the structure as a
function of this IM. Traditional IMs (e.g., peak ground acceleration and spectral
acceleration at the first-mode period of vibration) consist of a single parameter. In
contrast, vector-valued IMs consist of two (or more) parameters. These vector-valued IMs
have the potential to reduce the variability in structural response predictions, leading to

more efficient estimation of demand (i.e., a reduction in the number of analyses needed).

My work consists of further development of this intensity measure framework, as well as
identification of the best descriptors of earthquakes to use as intensity measures. My
Japanese host uses a slightly different framework, although the two are similar enough

that useful comparisons can be drawn between them.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Investigation of measures of earthquake intensity.

Description of the research activities:

I came to Japan to re-start a previous collaboration between my American advisor
and my Japanese host. They had worked together a few years ago on a joint project,
and had each followed up on separate parts of this research. We began the summer
by holding a series of meetings where we presented our research to each other, and
spend time discussing and asking questions. After a few weeks, my host noticed a
problem that we had discovered in my previous research. | realized that a
complication in current US evaluation procedures existed, and my Japanese host
thought that perhaps his version of the procedure would correct the problem. We
spent some time analyzing our previous data, and preliminary results show that his
procedure solves an additional problem that he had not recognized. More work will
be needed after | return home, but there is a possibility that we will be able to jointly
publish this finding. The subtlety of the problem is such that we would not have
recognized it using e-mail or other such communication. Only by spending time in
person together were we able to see the connection between our two research fields,

and solve a problem that we identified jointly.

8. Please add your comments (if any):

I had a wonderful experience in Japan, both professionally and personally. More

importantly than the research | performed, | was able to meet a great number of Japanese
professors and doctoral students, who | hope to stay in touch with for future collaborative
work. | have two offers to return under JSPS postdoctoral appointments, and | think that |

will consider these offers when 1 finish my Ph.D.
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4. Host institution: University of Tokyo, Hongo Campus, Geotechnical Eng Lab

5. Host researcher: Professor Ikuo Towhata

6. Description of your current research:

My research project’s objectives are to develop more reliable methods to determine the
pullout capacity of tent anchor stakes and to evaluate variables that could affect the
anchorage capacity of these stakes supporting the structure of large engineered tents. By
conducting in situ tests on a variety of soils and making predictions with known methods,
variables such as anchor diameter, embedment, inclination, load direction and fastening
height can be assessed. My contribution to the project has been to develop a method to
predict the anchorage capacity of a tent stake driven at a desired location with a minimal
amount of soil information. To analyze the lateral capacity of a tent stake using numerical
methods requires the soil type and soil strength information, but it would be unreasonable
to assume the tent staking industry would run sieve analysis and undrained shear
strength tests to determine these characteristics each time they wanted to pound stakes
into the ground. The use of a dynamic cone penetrometer (DCP) to characterize the soil
strength is one possible answer to quantify soil strength. The DCP method assesses soil
strength by measuring the penetration resistance of the soil using a cone-tip that is
advanced into the ground while a blow count per unit length is recorded. A greater
penetration resistance corresponds to stronger soil. Correlations between strength and
penetration resistance for the DCP test have been researched and used for years by
engineers designing transportation facilities (roads) where rapid and accurate assessment

of near-surface soil is important. In my research, | have created a relationship from results




from the DCP test to a predicted lateral capacity of a single tent stake. This was
accomplished by first locating known correlations between DCP and undrained shear
strength (fine-grained soils) or an internal angle of friction (coarse-grained soils) and then
developing a relation between these soil strength properties and lateral capacity using the
computer program LPILE. These predictions will be compared with full-scale, insitu tests

and correction factors will be assigned if needed.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

“Response of Large Pile Group under Lateral Flow of Liquefied Sandy Soil Ground”

Description of the research activities:

The problem of soil-pile interaction was the subject of intensive investigations after the
1995 Kobe Earthquake, but still the mechanism of liquefaction induced soil lateral
deformations acting on pile foundation is not clear. The present design codes lack
information about pile group effects exposed on lateral spreading of liquefied soil. This
topic was investigated in this study by a series of 1G shaking table tests. One of the
main objectives was to investigate distribution and magnitude of lateral earth pressure
among the piles. The basic model of the shaking table test consists of a gentle inclined
soil model and a large group of piles. Two models of group piles were investigated: 6 x 6
and 11 x 11 pile models. Spacing between piles, soil density, and direction of shaking

were main parameters which were varied during these experiments.

Results from the experiments show that piles were subjected to different lateral loading
due to liquefaction induced horizontal displacements. Piles in the rows closer to upper
slope received more lateral force than row of piles in the middle and down part. This
finding suggests that liquefied soil flow between piles and spreading force passes the
upper row of piles and acts on the subsequent rows. This shadowing effect was observed
very clearly in the pile model with 5D pile spacing while in the 2.5D pile spacing model
shadowing effect was not so apparent. The results of this investigation were compared
with the present Highway Bridge Design Code-part 8 Verification of Seismic

Performance of Foundations for Liquefaction-induced lateral spreading.
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2. Current affiliation: University of California, Berkeley

3. Research fields and specialties:
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O Chemistry O Engineering Sciences O Biological Sciences
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O Interdisciplinary and Frontier Sciences

4. Host institution: Yamatake Corporation

5. Host researcher: Hirohiko Kazato

6. Description of your current research

At UC (University of California) Berkeley, my research is in high frequency MEMS
(Microelectromechanical Systems) resonators. It is hoped that such resonators could be
used to enable low-power wireless communications. The research involves designing,
analyzing, fabricating, and testing these resonators. Currently, we are pursuing two
designs that could be competitive with commercial devices if suitable fabrication processes
are developed. Much of my research revolves around the design of these devices and how

to analyze them properly.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Anisotropic Quartz Etching and General Recommendations for Project Improvement

Description of the research activities:

The first two weeks at Yamatake, | was briefed on the overall goals, timeline, and
progress of the Ball Project. The Ball Project hopes to develop a cheap, reliable
hydrogen gas sensor using a quartz sphere. SAWSs (Surface Acoustic Waves) are
created and allowed to propagate many times around the sphere. The delay time is
then recorded. When hydrogen is introduced into the atmosphere, the delay time

changes and an accurate measurement of the hydrogen content can be made.

I was asked by Yamatake to evaluate their project, overall, and advise them on any
aspect that | felt could be improved. In this sense, | was treated as an outside
consultant. To this end, in the first two weeks, | delved into every aspect of the
project: design, theory, processing, and testing. | made multiple suggestions

regarding various aspects of the project based on my research.

After the initial two weeks, however, | decided to study the anisotropic etching of
quartz in more depth as | felt this could help the project considerably. The
remainder of my time at Yamatake was spent developing procedures and best
practices for the anisotropic etching of quartz. My results were somewhat
successful. They were encouraging enough that research will continue into the

anisotropic etching of quartz after | leave Yamatake.

I apologize for the vagueness of my answer. Based on the non-disclosure
agreements | signed with Yamatake, | cannot go into details regarding my specific
research and the results encountered. However, | can say that Yamatake allowed
me considerable access to their facilities, and members of the Ball Project gave my
ideas and concerns a great deal of attention. Although my time was short at

Yamatake, | felt that it was productive and the results, overall, very satisfactory.




8. Please add your comments (if any):

I sincerely enjoyed my time at Yamatake. Working for a Japanese company was a rare
and unique opportunity, and a very rewarding one. Mr. Hirohiko Kazato and Mr. Ken
Fukiura made me feel welcome and useful. Being able to compare and contrast American
and Japanese business practices will be of extraordinary value to me as | intend to work in
both countries (across cultures, if possible). The opportunity to work with a company is
not emphasized in the NSF and JSPS application processes. | realize that the scholarship
aims to bring foreign researchers into contact with Japanese researchers. In this regard,
universities are a wonderful location for award recipients. However, as more and more
basic research is done by companies, and cross-collaboration between companies and
universities becomes more critical, it is becoming increasingly important that students
have relations with Japanese researchers in both the academic and industrial settings.
As such, | would beseech NSF and JSPS to advertise the industrial opportunities more in
coming years. My experience was rewarding and fruitful, and | think many others would

enjoy such an opportunity if they were made more aware of it.
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1. Name: Shannon T. Bischoff ID No.: SP04009

2. Current affiliation: University of Arizona PhD Candidate

3. Research fields and specialties:

O Humanities X Social sciences O Mathematical and Physical Sciences
O Chemistry O Engineering Sciences O Biological Sciences
O Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences

O Interdisciplinary and Frontier Sciences

4. Host institution: University of Tokyo

5. Host researcher: Dr. Akira Watanabe

6. Description of your current research

Theoretical Linguistics emphasizing theoretical syntax/abstract morpho-syntax.
Linguistics is the scientific study of language. Linguists have been, and are, making
observations about languages spoken throughout the world to theorize about grammar,
the underlying linguistic system (within the brain) that allows speakers of every language
to produce and comprehend an unlimited number of utterances or sentences. My research
involves the analysis and theoretical modeling of linguistic structures (sentences) and the

mechanism responsible for the production of such structures (sentences).

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan: Null Arguments in Japanese: A preliminary abstract

morpho-syntactic analysis




Description of the research activities:

The research conducted observed the phenomenon of null (non-vocalized) subjects,
objects and topics in the Japanese language. The objectives where: 1) to identify
where such null forms are allowed in Japanese; 2) to compare the data with other
languages that demonstrate similar phenomena; and 3) to determine what this can
tell us about grammar and how the brain produces language.

Japanese, unlike English, allows the topic, the subject, or the object to go
unvocalized in certain circumstances. Examples of topics, subjects, and objects in

English follow:

A. Topic: As for John, Taro hit him. [John = topic]
B. Subiject: As for John, Taro hit him. [ Taro = subject]
C. Object: As for John, Taro hit A#im. [him = object]

This study investigated the interpretability and grammatical structure of
sentences in Japanese that do not have vocalized topics (henceforth zero-topics),
vocalized subjects or objects (henceforth null arguments). The example below in
Japanese corresponds to the English examples above, brackets ‘( )’ indicated words
that are not vocalized, not spoken.

D. Taro-ga nagutta (Japanese)

(zero-topic) Taro (null-object) hit

(As for John,) Taro hit (him).
The focus of the research was to determine where and when null arguments could
appear in Japanese, and what factors license or allow them. Ultimately the goal of
this research is to identify which parameters (innate faculties), allow or disallow null
arguments in a given language.

To this end we interviewed some 30 native speakers of Japanese at the
University of Tokyo to obtain interpretability judgments regarding 50 constructions

(sentences) of various types. Some examples follow:

Null arguments in subject position ('___’indicates a null argument):
Taro ga tosuzen ___ kitano wo mita

Taro saw that _ came.

Null arguments in object position:
Taro ga Hanako ga paati de ___ atta to itta

Taro said that ___ saw Hanako at the party.




Both positions:
Taroga __ __ Hanako wo skida to kokuhaku saseta

Taro made __ confess that ___ like Hanako.

Participants where asked if a sentence was understandable, and if so, what the null
argument could refer to. That is, if the argument could refer to someone or
something else in the sentence or perhaps if it could correspond to someone or
something other not identified in the sentence directly. The following example

illustrates.

Taro ga Hanako ga paati de ___ atta to itta

Taro said that ___ saw Hanako at the party.

In the above example we wanted to know if the " (null subject) could be
interpreted as being: Taro or someone else. Students were asked to identify what the

null argument could mean.

Taro ga Hanako ga paati de ___ atta to itta
Taro said that (Taro) saw Hanako at the party.
And/or
Taro said that (he/she/Bill/etc.) saw Hanako at the party.

The data was obtained with Naomi Ogasawara under the supervision of Dr. Akira
Watanabe.

Once the data was collected through verbal elicitations, my colleague Naomi
Ogasawara and | analyzed the data. We identified where, and under what
circumstances, null arguments and zero-topics could occur. Once this was completed,
the remainder of the research time was spent focusing on ways in which to account
for the data theoretically. Dr. Watanabe’s expertise in the field was quite helpful at

this particular stage of the research.




8. Please add your comments (if any):

This experience was profitable in a number of ways. Regarding my research interests, it
provided a unique opportunity to collect data that I would have otherwise not been able to
obtain so quickly and easily. In regards to the collaborative aspects, Ms. Ogasawara and |
will continue to work on this project, and others (at least one has come up as a direct result
of this project. Furthermore, | will continue to work in consultation with Dr. Watanabe
after I return to the US. This was an excellent experience both professionally and

personally.




RESEARCH REPORT

1. Name: Carole J Burns ID No.: SP04010

2. Current affiliation: University of Utah

3. Research fields and specialties:

O Humanities O Social sciences O Mathematical and Physical Sciences
0O Chemistry O Engineering Sciences O X Biological Sciences

O Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences
O Interdisciplinary and Frontier Sciences

4. Host institution: Riken Center for Developmental Biology

5. Host researcher: Raj Ladher

6. Description of your current research (PhD research) During development, the growing
embyro maintains a balance between differentiation and proliferation within stem cells
and progenitor cells in order to produce the characteristic size, shape and complement of
cell types typical of the mature organism. However, these cells do not exist in a static
environment during development, instead the actions of multiple intrinsic and extrinsic
factors continually act to shift this equilibrium toward a differentiated or undifferentiated
state. This dissertation addresses these signals that propel a cell to adopt a differentiated
state or promote its progression through the cell cycle, maintaining a population of
undifferentiated precursors.Specifically, we investigated helix-loop-helix transcription
factors during olfactory development in Xenopus. We show that basic HLH (bHLH) and
repeat HLH (rHLH) transcription factors are sequentially expressed during olfactory
placode development. Furthermore, we demonstrate that overexpression of the intrinsic
bHLH transcription factor, Xath5, pushes precursors cells towards a differentiated state,
increasing the number of mature olfactory receptor neurons. We next addressed how
extrinsic signals might influence the state of a progenitor cell. We focused this question on
the role of Wnt/Frizzled signaling during early eye and neuroendocrine development. Our
work demonstrates that the Frizzled 5 receptor is expressed in the developing mouse
retina and pituitary. We show that, in the retina and anterior hypothalamus, the loss of
this gene affects proliferation and survival of neuronal progenitor cells. We also used a
canonical Wnt/B-catenin mouse reporter line to demonstrate when canonical signaling is
active during the development of these tissues and found that at early developmental
stages, canonical signaling does not overlap with the regions that express Fz5.We crossed
these two lines of mice and demonstrate that the loss of Frizzled 5 activity does not impact
canonical Wnt/Frizzled signaling in the retina or neuroendocrine axis, suggesting that this
receptor may act through one of the alternative Wnt pathways to exert its influence on
retina and neuroendocrine development.Collectively, our results further our
understanding of the impact that intrinsic and extrinsic signaling sources have on
progenitor cell proliferation and differentiation.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan: Olfactory Placode Induction in Chick

Description of the research activities: This project was primarily focused on
understanding the inductive interactions that underlie olfactory placode formation.
This research utilized the chick model system and an in vitro culture assay. Briefly,
presumptive olfactory placodes were explanted from HH stage 9, 12, or 15 chicken
embryos. Stage 9 tissue was cultured intact, whereas stage 12 or 15 OP was cultured
either intact or future olfactory ectoderm alone, for one week. In this way the abilty
of the future olfactory ectoderm to generate olfactory tissue in either the presence or
absence of potential inducing signals from intervening mesenchyme and/or
endoderm could be determined by assaying these cultures for molecular markers
(such as olfactory marker protein or LHRH antibody) of olfactory development. The
second part of this project aimed to determine the competance of the cranial
ectoderm from various regions to form olfactory placode by transplanting quail
cranial ectoderm from various regions into the presumptive olfactory region of the
chick. Although the time constraints of the program prevented all but cursory control
surgeries toward this aim, the in vitro cultures appear promising. The cultures
exhibit healthy growth as well as numerous processes suggesting that, in some
instances neural development may have occurred. Furthermore, we attempted to
test the usefulness of several molecular markers that have been suggested to denote
olfactory development.




RESEARCH REPORT

1. Name: Michael Campos ID No.: SP04011

2. Current affiliation: Computation and Neural Systems; California Institute of

Technology; Pasadena, CA 91125

3. Research fields and specialties:

Humanities O Social sciences 0O Mathematical and Physical Sciences
Chemistry O Engineering Sciences X Biological Sciences

Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences

O o o o

Interdisciplinary and Frontier Sciences

4.

I

ost institution: Advanced Telecommunications Research Institute International (ATR)

5. Host researcher: Kenji Doya & Kazuyuki Samejima

6. Description of your current research

I have participated in one major project during my graduate studies. The project is in the
field of systems neuroscience, and describes the potential meaning of a consistent neural
signal in a high-level cognitive area of cortex and its usefulness in learning. The following
abstract is from the talk | gave at my host institution at the beginning of the summer

program:
Title: The supplementary motor area encodes reward expectancy in eye movement tasks

Abstract: To elucidate the role of the dorsomedial frontal cortex (DMFC) in the control of
saccades, we compared neural activity recorded from two awake behaving macaque
monkeys during the performance of memory-guided and object-based saccade tasks. We
found that neurons in the supplementary motor area (SMA) in the posterior extent of the
DMFC were most active — and often bursting — in the post-saccadic interval. The neurons
discharged a burst after a ~200 ms delay following the target acquiring saccade in the
memory task, but often fired concurrently with the target acquiring saccade in the object
task. Noting that this brain area is not directly related to the generation of the animal’s
instructed behavior (saccade), the hypothesis that this post-saccadic bursting activity
reflects the expectation of a reward was tested with a series of manipulations to the
memory-saccade task. It was found that, while the timing of the bursting activity
corresponds to a visual feedback stimulus, the visual feedback is not required for the

neurons to discharge a burst. Second, blocks of no-reward trials reveal an extinction of




the bursting activity as the monkeys come to understand that they would not be rewarded
for properly generated saccades. Finally, the delivery of unexpected rewards confirmed
that, in many of the neurons, the activity is not related to a motor plan to acquire the
reward (e.g. licking). Reward expectancy is thus represented by the activity of SMA
neurons. As in neural network models, the reward signal found in DMFC could be used
to train other parts of cortex to perform visuospatial tasks. The reward expectancy signal

in the DMFC may thus participate in the learning of goal-oriented behavior.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Comparison of two computational models of choice behavior in a free-choice

stochastic reward task

Description of the research activities:

I worked with researchers at ATR to compare a model they have proposed to account
for monkey choice behavior with a different model that was published recently by

another group considering a similar task.

By applying Bayesian statistical methods to monkey neurophysiology, we can
appreciate the neural signals that correlate with internal variables that are not
otherwise decipherable. In this approach, behavior is assumed to be generated from
internal variables, which are themselves influenced by external variables such as
recent outcomes of behavior, but also idiosyncratic parameters such as previous
knowledge, disposition and preference. After positing a model to predict choice
behavior, Bayesian analysis can be used to calculate the likely parameter values that
contributed to the observed behavior. By applying this method sequentially over the
course of an experimental session, subjective states corresponding to hidden

variables of the model can be tracked.

A potential pitfall of this approach is that the model used to infer internal parameters
is not consistent with neural mechanisms used by the subject. Oftentimes,
multiple models could be used to explain the same behavior, and each model could

use its own set of parameters. By using the wrong model, one could infer an




internal variable that is not present in the primate brain. Neural recordings can
hopefully discover the existence of neural correlates of hidden variables in the brain.
Given the noise of neural data, however, it may not be possible to distinguish if the

recorded neural signal is a parameter of one model versus another.

To fit the parameters of the models, based on the sequence of choice behavior and
consideration of the previous reward incomes, we use of the sequential monte carlo
(SMC) algorithm. SMC can discover the values of the hidden variables in each of
these models that are most likely to lead to the actual choices of the monkey. Based
on these results we can infer which aspects of the model increase the likelihood of
prediction, and thus which are more likely to describe mechanisms used by the
monkey. Furthermore, by fitting parameters to each monkey, insight can be gained

into the task performance strategies employed by individual monkeys.

8. Please add your comments (if any):

I will be able to apply the techniques that | learned over the summer to my ongoing thesis
work. In particular, | want to look at trial-by-trial fluctuations in the reward expectancy
signal described in the abstract | included above. The technique | worked with this

summer has equipped me to take this next step in my thesis research.

9. (If any) Advisor’s remarks:

He worked very hard and discovered new findings with monkey behavioral analysis and
computational modeling. In spike of communication difficulty, he has learned many things
and proposed new ideas for analyzing and understanding the behaviors through daily
discussions. | was often surprised with his creativity. | hope that what he learned in the

summer course through our methodology and data is helpful in his original work. -KS




RESEARCH REPORT

1. Name: Steven C Chan ID No.:SP0412

2. Current affiliation: University of Maryland, College Park, Maryland, United States

3. Research fields and specialties:

O Humanities O Social sciences X Mathematical and Physical Sciences
O Chemistry O Engineering Sciences O Biological Sciences
O Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences

X Interdisciplinary and Frontier Sciences

4. Host institution: Japan Marine and Science Technology Center FRCGC, Yokohama

5. Host researcher: Dr. Toshio Yamagata

6. Description of your current research

My research in the University of Maryland involves understanding the dynamics of the
North Atlantic Oscillation (NAO). The NAO is the leading climate variability mode in the
extra-tropical Northern Hemisphere. It strongly influences the climate of Europe, North

Africa, Arctic, and eastern parts of North America.

Recent research results indicate that the stratosphere plays an important role in the
development and the decay of the NAO, but the cause of that is unclear. During NAO
events, it is observed that wind anomalies from the stratosphere propagates down to the
troposphere, and triggers the troposphere component of the NAO. How such propagation

is an open science question, and it needs to be answered.

My research in the University of Maryland intends to answer this question. We are
looking at the daily variability of the NAO climate patterns to develop a comprehensive
history of stratosphere-troposphere interactions during NAO events. By knowing the
history of such interaction, it may be possible to understand the underlying geophysical

fluid dynamics that are triggering NAO events.

At the current stage of our project, we are focused at one specific strong NAO event (96-97).
Our final goal is to expand that to multiple NAO events. It will be interesting to see how

different NAO events differ with each other.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

The Connection between the Indian Ocean Dipole and the climate of the La Plata

River Basin in South America

Description of the research activities:

I am involved in a project that tries to understand the connection between the Indian
Ocean and South American climate. Past research has indicated that South
American climate is influenced by a phenomenon that is called the Indian Ocean
Dipole (IOD). There is a statistical significant correlation between the rainfalls over
certain parts of South America with the Indian Ocean Dipole. The anomalies seem
to be especially strong in the La Plata Basin and the southern parts of the Amazon
Basin. Planetary waves (fluid waves that owes in origin from the rotation and the
shape of the Earth) also seem to propagate out from the Indian Ocean and move

toward South America to influence the climate in South America.

Making a link between the IOD and the South American climate is not an easy task.
First, 10D is not the only factor that influences the La Plata Basin climate. ElI
Nino-Southern Oscillation (ENSO) also plays an important role of the climate there.
10D itself has some spatial and temporal correlation with ENSO; separating the
signal between the two is challenging. We try to separate ENSO and IOD influence
to South American climate by only choosing years that there are only IOD events but

no ENSO events.

A second difficulty is the lack of IOD event sample size. There are only 6 to 7 unique
10D events during the last 50 years, where meteorological data are “well” collected
globally. The Southern Hemisphere is generally poorly observed, and the “observed”
ocean and atmosphere data are heavily based on computer simulations. In order to
overcome that difficulty, we have used data that are generated by coupled general
circulation model (CGCM). The CGCM attempts to reproduce the physical
processes of the Earth in a computer. The specific CGCM that we used is from one
of the world most powerful supercomputers — The Earth Simulator. The CGCM is
very powerful in expanding the amount of IOD events if we assume the CGCM has
good skill in reproducing realistic IOD events. The specific CGCM that is used are

shown to perform well in both simulating IOD and ENSO events.




We take the 10D events out from the CGCM data, and make composites of these
computer simulated 10D events. We are most interested in precipitation, wind
vectors, geopotential height, stream function, velocity potential, and Rossby wave
generation. Precipitation is the bottom-line for meteorology - is it dry or wet? The
CGCM realistic reproduces the observed precipitation anomalies that are observed in
the observations. This lends creditability to the model’s ability to simulate realistic

10D events.

For wind vectors, geopotential height, stream function, and velocity potential, we
have compared the CGCM with the observations in both lower (850-hPa level) and
upper troposphere (200-hPa level). The CGCM seems to be able to simulate the
Rossby wave train that is moving out from Africa and the Indian Ocean. We also
calculated the Rossby wave source in both the CGCM and observations. It is clear
from both CGCM and observations that anomalous convection in Africa and Indian

Ocean is a Rossby Wave source.

A possible further in-depth investigation is to perform idealized fluid dynamics
experiments with the use of computers. Further discussions about that would be

held after my return to the United States.

8. Please add your comments (if any):

This is a lifetime experience. Living in a foreign country is a big learning experience. The
research experience is only a medium of communication. To understand both Japanese
science culture and popular culture, you need to be in Japan itself. My stay in Japan is

like my legs have gotten a huge boost that enables me to jump out from a deep well.

I highly encourage this program to continue. Economically and politically, the world is
becoming a melting pot. And, science knowledge knows no border. This program helps to
break down the cultural and political border that is drawn between scientists from

different nations.




RESEARCH REPORT

1. Name: Keith Choe ID No.: SP04013

2. Current affiliation: Department of Zoology, University of Florida, PO BOX 118525,
Gainesville, FL 32611

3. Research fields and specialties:

O Humanities O Social sciences 0O Mathematical and Physical Sciences
O Chemistry O Engineering Sciences X Biological Sciences
O Agricultural Sciences O Medical, Dental and Pharmaceutical Sciences

O Interdisciplinary and Frontier Sciences

4. Host institution: Tokyo Institute of Technology

5. Host researcher: Professor Shigehisa Hirose

6. Description of your current research

The overall goa of my dissertation is to identify mechanisms of acid-base and salt requlationin

elasmobranchs. To regulate their internal pH, most fishes use their gillsto secrete acid directly into
the water that surrounds them. Interestingly, previous studies have demonstrated that acid (H*
and/or NH,") secreted from gillsis exchanged for Na'. Appropriately, this transport system has
been hypothesized to allow freshwater fishesto absorb Na' in addition to regulate internal pH.
Little is known about these mechanisms in elasmobranchs (an ancestral group of vertebrates that
includes sharks, skates, and stingrays), because freshwater species are relatively few and many are
large and difficult to study (e.g., bullsharks). | chose to study the Atlantic stingray (Dasyatis
sabina), asmall elasmobranch that livesin Florida, USA. Importantly, these stingrays are
completely euryhaline providing me the ability to compare transport mechanisms between
seawater and fresh water acclimated individuals of the same genetic stock. My current project isto
identify and characterize ion transport proteins that allow stingray gills to secrete acid into, and
absorb salt from, environmental water.

In addition to increasing our understanding of physiological strategies in an understudied group of

fishes, this project will help determine how acid and salt transport proteins evolved in the

vertebrate lineage. Comparing the structures and functions of homologous transport proteins from

evolutionarily distantly related animals (e.g., stingrays and humans) can determine how different
portions of transport proteins effects overall activity and function. My hope is that this can
contribute to a better fundamental understanding of transport proteins that are involved in
pathologies such as diabetes and hypertension.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Localization of Na'/H* exchanger, isoform 3, in the gills of a euryhaline elasmobranch

Description of the research activities:

Previously, | determined the DNA sequence of Na'/H" exchanger, isoform 3 (NHE3) from
the gills of the Atlantic stingray. In mammals, NHE3 is an ion transporter that hel ps regulate
blood pressure, pH, and Na" concentration. In stingrays, | showed that levels of NHE3
MRNA are high in the gills of stingrays and were markedly increased when stingrays were
transferred from seawater to freshwater. As aresult of the elevated expression in low
salinities, | hypothesize that NHE3 in the gills is needed for Na" absorption in FW stingrays.
However, for my hypothesisto be supported, it will be critical to determine what gill cells
contain NHES3, and where in the cellsthe NHE3 protein is located. As an EAPS fellow in
Professor Hirose's laboratory | have initiated studies to localize NHE3 in stingrays. This has
involved producing circular, recombinant DNA fragments (plasmids) that contain DNA
sequences that match the NHE3 | identified from stingray gills. These plasmids are now
being used to produce the following diagnostic tools for NHE3 localization in fixed gills
from stingrays: 1) antibodies that will be used to label NHE3 protein, and 2) RNA probes
that will be used to label NHE3 mRNA. Over the next few months, efforts will be
coordinated between members of Professor Hirose's lab and myself to complete this
localization project.

8. Please add your comments (if any):

My experience in Professor Hirose's lab has been extremely positive for many reasons. Firstly, |
cannot overstate how generous Professor Hirose has been with his time and funding. Without me
asking, he offered to let me use his facilities and funding so that | could work solely on projects to
strengthen my dissertation. One of his assistant professors, Akira Kato, assisted me daily, and will
continue to work on my project after | have returned to the U.S. Secondly, Professor Hirose and his
graduate students are highly knowledgeable in molecular and cellular biology, and | have learned
many techniques that will be vital to my future research plans. Lastly, | now have many new
friends and collaborators in alab that is leading in my field of research, and | am aready thinking
of waysto return and continue our collaborations. | have little doubt that one day | will look back
at this summer’s experience as a pivotal point in my career. Thank you for thisincredible
opportunity!
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1. Name: Esther Chon ID No.: SP04014

2. Current affiliation: University of Tokyo, Laboratory of Veterinary Ethology

3. Research fields and specialties:

O Humanities O Social sciences 0O Mathematical and Physical Sciences
O Chemistry O Engineering Sciences O Biological Sciences
O Agricultural Sciences X Medical, Dental and Pharmaceutical Sciences

O Interdisciplinary and Frontier Sciences

4. Host institution: University of California Davis, School of Veterinary Medicine

5. Host researcher: Yukari Takeuchi, DVM, PhD

6. Description of your current research

Studies have shown that kittens raised alone are not reared with an instilled
wariness of their environment but are conjectured to be more bold, less fearful, and
perhaps more likely to display aggression. My current research, therefore, looks at
differences in aggressive or fearful behavior between queen-weaned versus orphaned and
subsequently hand-reared kittens, towards both human beings and con-specifics.

Kittens and foster owners were recruited through the UC Davis School of Veterinary
Medicine, Orphaned Kitten Project, which randomly allocates one or more Kittens to
veterinary student foster owners, who may or may not have a healthy adult cat(s) in the
household. These foster owners raise the kitten(s) under a standard protocol to assure
good welfare. At the weight of one kilogram, the kittens are neutered and available for
adoption. When they are about six months old, their new permanent owners are called
for a telephone interview. This interview is scripted and asks about any behavioral
problems, particularly aggression and fear, the cats have toward both human beings and
other felines.

Control kittens are provided by Sacramento County Animal Care and Regulation.
Selected kittens are weaned by their queen before adoption and subsequently not
hand-reared, and match the age of the orphan kittens. The adopters are called when the
kitten is approximately six months old and are given the same scripted telephone
interview as the treatment group. The treatment and control group owners are again
called and interviewed when the Kkittens are approximately twelve months old.




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Determining whether a correlation exists between specific mutations in genes
coding for neurotransmitter receptors and certain behaviors in the canine.

Description of the research activities:

My research project contributes to a larger ongoing project, in which the
correlation between genetic mutations and behavioral characteristics will be
analyzed. This study utilizes 5 common canine breeds. The genotyping material is
obtained from blood samples withdrawn for general canine health checks in
numerous veterinary clinics in Japan. The genomic DNA is extracted, analyzed for
specific mutations, amplified, sequenced, and analyzed by procedures developed
specifically for each putatively mutated region of the target genes. The genotype and
allele frequencies are determined for each evident mutated region, then they are
correlated to certain behavioral traits obtained from the dogs’ owners via survey
questions. The results of each breed are then compared.

8. Please add your comments (if any):

This experience was excellent in enhancing my knowledge of science and research in
veterinary medicine as well as teaching me about a culture so completely different from
my own. Living in such a foreign environment for 2 months exposed me to all the
different nuances of the Japanese way of life that can't be learned from a book. | highly
recommend this experience for anyone who would like to be completely immersed in a
different world, both scientifically and culturally.

| also highly recommend that students in the program live with a roommate. The fact
that | had another American friend to come home to after a long, and sometimes
frustrating, day at the lab, was comforting and consoling. | enjoyed my roommate’s
company so much that being cramped in a tiny “mansion” with her for these past two
months was almost worth it. It is recommended that students get a rough idea of the
dimensions of their rooms before selecting them.
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1. Name: Aaron Danner (ID No.: SP04015 )

2. Current affiliation: University of Illinois, Urbana-Champaign, USA

3. Research fields and specialties:

1 Humanities [] Social sciences [1 Mathematical and Physical Sciences
1 Chemistry Engineering Sciences 1 Biological Sciences
1 Agricultural Sciences 1 Medical, Dental and Pharmaceutical Sciences

[ Interdisciplinary and Frontier Sciences

4. Host institution: Tokyo Institute of Technology

5. Host researcher: Fumio Koyama

6. Description of your current research

The vertical cavity surface-emitting laser (VCSEL) was invented in Kenichi Iga's group at Tokyo Institute of
Technology in 1977 [1]. Thistype of laser isimportant in optical communications systems (such as sources for optical
fibers used in telecommunications systems) as well as in sensing applications. In addition, operation in a fundamental
lateral mode is usualy preferred. This implies a sharp wavelength peak in the spectrum and a Gaussian-like beam
profile. It is important for minimizing dispersion loss in propagation down an optical fiber, easy fiber coupling, and is
necessary for many sensing applications since it can be focused to the smallest spot size possible.

Our research efforts at the University of Illinois, Urbana-Champaign were geared toward development of a single
mode VCSEL that is also capable of achieving high output powers with a simplified fabrication process. Figure 1(a)
illustrates a top view of a photonic crystal VCSEL [2] fabricated at the University of Illinois and Figure 1(b) illustrates a
cross-sectional diagram of the structure.  Normally, the small circular holes (the photonic crystal structure) surrounding
the central lasing region are not present in an oxidized VCSEL, but we have studied this structure as a possible means of
achieving single mode operation with high output power. This conversion of a multimode device to a single mode
device through the addition of the etched holes is illustrated in the spectrum of a device, shown in Figure 2 both before
(a) and after (b) the addition of the etched holes[3].

Devices were fabricated and brought to Tokyo Institute of Technology to carry out high speed modulation
characterization. Since the devices show promising dc characteristics, it was thought that they may also possess good

stability under modulation and retain their modal characteristics for high speed communications applications..




Photonic crystal
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Fig. 1(a) Near field image (top view) of central lasing region surrounded by etched holes, (b) Cross section diagram

of aphotonic crystal VCSEL showing distributed Bragg mirrors, metal contacts, active region and confinement features
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Fig. 2 lllustration of effect of etched holes, properly designed, on the spectrum of an oxide VCSEL. The spectrum of a

laser is shown (@) without etched holes and (b) with etched holes present

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan: Modulation of photonic crystal vertical cavity lasers

Description of the research activities: The lasers brought to Tokyo Institute of Technology were
previously designed to operate with a high single mode power output under dc characteristics [4]. We wished to
evaluate the modulation speed of the devices for possible use as low cost single mode sources for
communications purposes. The small signal characteristics of a promising device are shown in Figure 4.
Typically, a device can operate at least as fast as the -3 dB cutoff of its modulation response with a small signal
input. In this case, the largest —3 dB bandwidth achieved was 9 GHz. The device of Figure 4 is a single mode
photonic crystal VCSEL that remains single mode under modulation with over a milliwatt of output power. The
large signal modulation characteristics can be evaluated qualitatively through an eye diagram.  Figure 5 shows
eye diagrams at two modulation speeds, and indicate this particular device is suitable for operation at

approximately 2.5 Gbps..  (In this case, no filters were used and improvement is possible.) The JSPS program




allowed the characterization of our photonic crystal VCSELSs under high speed large signal modulation. In
addition, new structures involving surface metal gratings were evaluated to possibly increase the single mode
power available in photonic crystal or oxide VCSELSs.
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Fig 5 Large signal eye diagram (NRZ) for (a) 1 Gbps and (b) 2.5 Gbps operation
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8. Please add your comments (if any): Visitsto NTT Research Laboratory, Yokohama National University,

and Furukawa Electric Company were also accomplished. Research results made possible by this JSPS program will be

presented at the International Semiconductor Laser Conference, held in Sept. 2004, Matsue, Japan.

9. (If any) Advisor’s remarks: In addition to advancing Aaron’s PhD efforts, this intern experience also enabled him
to learn about the research culture in Japan as evident from his visits to other ingtitutions. Aaron devoted significant
effort toward learning to speak and read Japanese, which was viewed very favorably by his hosts (comments that |

received). | believe he admirably represented the University of Illinois during his visit..(Kent Choquette, U. of 1llinois)
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2. Current affiliation: The University of Texas at Austin

3. Research fields and specialties:
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4. Host institution: Nara Women'’s University

5. Host researcher: Tsuyoshi Kobayashi

6. Description of your current research

Low dimensional topology is an area of mathematics concerning the nature of objects
called manifolds. In simple terms, an n-manifold is a space such that a small region
around a point is deformable to a standard n dimensional disk. For example, the sphere
is a 2-manifold: the region around any point on the sphere is deformable (can be
“flattened”) to a 2 dimensional disk. The torus, i.e. the surface of a donut, is another
example of a 2-manifold. An interesting property of these objects is that while they are
referred to as 2 dimensional objects (the 2 in 2-manifold), they globally embed in 3
dimensions.

Topology, unlike geometry, centers on understanding spaces up to deformation. In other
words, the notions of length and angle are irrelevant in distinguishing between objects.
Topologically speaking, a ping-pong ball and a beach ball are the same: we can imagine
deforming the shape of one onto the other, for example by shrinking the beach ball. Also,
a slightly deflated beach ball and the original beach ball are the same topologically, as
again we may deform the shape of one onto the other. Given this understanding of the
notion of sameness, therefore, a possible question that one might ask is whether we can
list all possible 2-manifolds. In other words, can we classify 2-manifolds, or at least
develop a sufficient understanding of their differences? The above examples of the sphere
and torus appear to be distinct objects, but there is a possibility that one might deform
in some complicated way onto the other, making them topologically the same. Using the
mathematical tools of topology, which use techniques from algebra, in particular group
theory, it can be proven that the sphere and the torus are in fact distinct. We can
continue to build other 2-manifolds and show they are distinct from the previous ones.
In the 1930's the list of all possible 2-manifolds was completed.

The next question one might ask is whether or not we can imagine doing the same for
n-manifolds, where n is larger than 2. For n larger than 3, it is in fact proven that it is
impossible to classify n-manifolds. For n = 3, however, the question remains open. In
other words, it is not known whether or not it is possible to construct a list of
3-manifolds where each 3-manifold appears exactly once. Hence we will focus our
attention on 3-manifolds. Note that the observation above about dimension applies here
as well — while we refer to 3-manifolds as 3 dimensional, they embed into 4, 5 and 6
dimensional space. In other words, there is no way to visualize these shapes like we can
visualize the sphere and torus.




One way of understanding 3-manifolds is to construct them from simpler pieces which
we can more easily analyze. In 1898 a Danish mathematician named Poul Heegaard
developed one such technique for building 3-manifolds. His technique was to construct
3-manifolds by taking two handlebodies and abstractly gluing them together along their
boundaries. A handlebody can be thought of as a solid ball with a number of holes
drilled straight through it. We regard the decomposition of a 3-manifold into two
handlebodies (the reverse of the above construction) as a Heegaard splitting. Hence a
Heegaard splitting is a construction of a 3-manifold, which we cannot visualize, by using
pieces (handlebodies), which we can visualize. It is a classical theorem from the 1950’s
that any 3-manifold has a Heegaard splitting. Therefore, our attention turns toward
understanding all the possible Heegaard splittings that a given 3-manifold contains. If M
is a 3-manifold, what can we say about the Heegaard splittings of M and their
relationship to the topological nature of M?

During the last 50 years, in particular the last 2 decades, many techniques have been
developed to understand Heegaard splittings and their relationship to the 3-manifolds
they form. The underlying question is: Can we completely describe all the possible
Heegaard splittings for a given 3-manifold M? A classical theorem of Reidemeister and
Singer from the 1930’s states that given two Heegaard splittings for M, after a certain
number of moves called stabilizations, the two splittings can be made equivalent — one
can be deformed onto the other in M. To define a stabilization we require some notation.
Let V and W be the handlebodies given by the Heegaard splitting, and let VUW denote the
Heegaard splitting. A stabilization of VUW is obtained by attaching the ends of a solid
tube, X, to V such that in W, the tube can be pushed to lie on the boundary. See the

figure.
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Hence the Reidemeister-Singer Theorem states that two Heegaard splittings of M will
become the same after a certain number of tubes are added or drilled out of the
handlebodies forming the Heegaard splittings. An interesting aspect of this theorem is
the phrase “a certain number of stabilizations.” How many stabilizations are necessary?
This is the question of the Stabilization Problem for Heegaard Splittings:

|

E. <.

Given two Heegaard splittings for M, how many stabilizations are needed to make the
Heegaard splittings become the same?

Answering this question would shed a remarkable amount of light on the question of
classifying all possible Heegaard splittings for a given 3-manifold.

So far, the evidence indicates it may be possible to prove that only one stabilization is
necessary to make two Heegaard splittings (of the same genus - for the topologist who
may be reading this) the same. In 1996 J. Schultens proved that for the class of
3-manifolds called Seifert fibered spaces, indeed, only one stabilization is required. In
fact, every concrete example of two distinct Heegaard splittings of a 3-manifold examined
to date has revealed that only one stabilization has been necessary. Making more general
statements about the number of required stabilizations, however, has been difficult. For
example, in the class of 3-manifolds called non-Haken 3-manifolds, in 1996 J.
Rubinstein and M. Scharlemann showed that the number of required stabilizations is no
larger than 12g - 9, where g denotes the genus, or number of holes, in the handlebodies
of the original Heegaard splittings. Recently, | have shown that for Heegaard splittings
differing by a Dehn twist around a separating torus in the torus decomposition for M, the
number of required stabilizations is bounded above by 4g - 4.




According to these results, our investigation concerns the following:

1. Improving the bounds for the required number of stabilizations to make two
Heegaard splittings the same.

2. Proving or disproving that one stabilization is all that is required to make two
Heegaard splittings of the genus isotopic.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Stabilizations of Heegaard splittings of 3-manifolds

Description of the research activities:

Professor Kobayashi and | examined the Stabilization Problem for Heegaard
Splittings (see the above description of research for definitions) in several examples
of 3-manifolds, and in the general class of 3-manifolds called graph manifolds.
Graph manifolds are manifolds which can be filled by circles — in particular they
are formed by taking 3-manifolds called Seifert fibered spaces, which are
well-understood, and attaching them together along their boundaries. Our hope
was to show that Heegaard splittings of these manifolds require only one
stabilization to become the same, or to find examples of Heegaard splittings
requiring more than one stabilization.

Our attempts to understand Heegaard splittings of graph manifolds brought forth
several ideas that | believe are key to analyzing this problem. In particular, we were
able to show that with suitable hypotheses, one stabilization of a Heegaard splitting
of a graph manifold allows us to deform the Heegaard splitting to a canonical form
with respect to the Seifert fibered pieces of the 3-manifold. This could lead to a
complete answer of the Stabilization Problem in the case of graph manifolds.

We further developed the ideas for graph manifolds to give candidate examples of
Heegaard splittings of 3-manifolds that seem to require more than one stabilization
to become the same. Determining whether the two Heegaard splittings obtained
after a single stabilization are distinct, however, is a subtle and difficult question.
We worked on this quite hard, and made (and continue to make) some progress on
this issue. These examples seem to be distinct in a straightforward way. However,
we found a technical point that prevents us from being able to conclude that our
constructed Heegaard splittings are indeed distinct.

8. Please add your comments (if any):

It has been an incredibly valuable experience to work with Prof. Kobayashi. His work on
this subject has contributed substantially to the development of the field, and has
influenced much of my own work. Working with him brought forth new ideas from both
of us, and has left me progressing in my research whereas before | felt stuck. In addition
to working with Prof. Kobayashi, | presented my work to several other mathematicians
who were able to share their feedback and discuss their own work. | was able to attend 3
conferences on topology during the summer, and had the opportunity there to speak
with many mathematicians. | look forward to when | can meet with all of them again. |
would especially like to thank the department of mathematics at Nara Women's
University for providing me with the space and resources to conduct the research, and
Professor Kobayashi for his time and energy.




9. (If any) Advisor’s remarks:

| had a pleasant and productive time through the discussions with Mr. Derby-Talbot. The
subject that we have worked on is the Stabilization Problem for Heegaard splittings,
which is one of the most important problems in the field. As far as | know, | do not think
even a candidate example has been known for the negative answer to this problem. We
found several examples that seem to be very convincing for a negative answer. We have
been trying to prove that these are actually examples of what we want, and the research
is still going on (I wish | were able to continue the direct discussion a little bit more). Mr.
Derby-Talbot studies very hard, and he communicated with many Japanese
mathematicians during the program. | am sure that his contribution to Japanese
mathematical society and to mathematics itself is very big.
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4. Host institution: Ocean Research Institute, University of Tokyo

5. Host researcher: Professor Mutsumi Nishida

6. Description of your current research

My research focuses on the molecular systematics of the order Stomiiformes, a diverse group of deep open
ocean fishes. Stomiiform fishes are ecologically important in the open ocean and are a good system for
studying broad evolutionary questions. However, the interrelationships of the order are not well resolved,
which prevents further research related to these fishes' evolution.

Stomiiformes comprises about 321 recognized species in four families: Gonostomatidae (bristlemouths),
Sternoptychidae (marine hatchetfishes), Photichthyidae (lightfishes), and Stomiidae (barbeled dragonfishes,
viperfishes, and loosejaws). Widely distributed in temperate and tropical oceans, stomiiforms are also highly
abundant: Cyclothone (Gonostomatidae) and Vinciguerria (Photichthyidae) are probably the two most
abundant vertebrate generain the world.

Morphology has been used to study the relationships of stomiiform fishes, but morphological data has not yet
provided a robust estimate of phylogeny. A molecular approach is advantageous because hundreds or
thousands of characters are available in each gene, whereas the total number of characters in a morphological
analysisis only in the tens or occasionally the hundreds. Phylogenetic accuracy is positively correlated with
the number of characters used. Hypotheses of phylogenetic relationships are made on the basis of
synapomorphies, or shared derived characters. That is, when the same evolutionary change is present in two
or more species, the species that have the change may be related.

| am currently working to sequence portions of the nuclear gene RAG1 and am exploring the use of several
more nuclear genes, including X-src, Tmo-4c4, and POM-C. Nuclear gene sequence data can be difficult to
obtain, particularly if the tissue sample is of margina quality, as is unfortunately often the case with
stomiiforms. Therefore, | have only limited data so far from RAGL (for only about 17 species), which leads
to only mediocre results when the data are analyzed. | hope that increased taxon sampling and more genesiin
the analysis will lead to good results; however, sequencing nuclear genes in stomiiforms has so far proved
very difficult. | came to Japan to learn the technique of sequencing the entire mitochondrial genome (whereas
most of a cell’s genetic material is contained in the nucleus, the mitochondria — organelles vital for cellular
respiration — contain a circular genome about 17,000 base pairs long).




7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan: Reconstructing evolutionary relationships of stomiiform fishes
using whole mitochondrial genome sequences.

Description of the research activities:

For my doctoral dissertation research, | study the evolutionary relationships of fishes in the order
Stomiiformes. At the University of Kansas in the United States, | determine DNA sequences for
slowly-evolving protein-coding genes from the nuclear genome of these fishes. Because these
nuclear genes change at a relatively slow rate, they are useful for studying deep divergences, i.e.,
those that happened far back in time. However, because | am interested in relationships at different
levels (i.e., lower-level relationships such as those among closely related species as well as
higher-level relationships such as those among families or between Stomiiformes and other orders),
| need to incorporate other kinds of datain my research program. My goal for the summer program
was to learn whole mitochondrial genome sequencing. Mitogenomic data is promising for
studying phylogenetic relationships because the genome contains a large amount of data (about
17,000 nucleotide base pairs).

My host institute in Japan was the Ocean Research Institute (ORI) of the University of Tokyo. My
host scientist, Professor Nishida, is one of the leaders of a large-scale effort to resolve the
relationships of the teleost (ray-finned) fishes, a group composed of more than 27,000 known
species — more than al other vertebrates combined. Not only was it an incredible opportunity to
learn mitogenomic techniques from the real experts in the field, but | am aso excited to be able to
produce data that can be incorporated into their ambitious and important project.

When my research time in Japan began, | first spent several days with Dr. Miya, zoology curator at
the Natural History Museum and Institute in Chiba, for an introduction to current mitogenomic
techniques. Then | worked for the remaining time in the Nishida laboratory at ORI. | had brought
extracted total genomic DNA samples from several stomiiform species with me from my home
laboratory, so | was able to concentrate on amplifying and sequencing the mitochondrial genome.

The first, and most critical, step in whole mitochondrial genome sequencing is long PCR. Long
PCR is a modified version of the standard polymerase chain reaction that is used to make many
copies of a target DNA fragment. Whereas standard (or “short”) PCR is useful for amplifying
fragments of several hundred base pairs, long PCR can be used to amplify fragments of several
thousand base pairs, or about half of the mitochondrial genome. The long PCR product is then used
as a high-quality template for short PCR, which is in turn the template for sequencing. One of the
benefits of beginning with long PCR is that it amplifies only the mitochondrial genome, thereby
eliminating pseudogenes in the nuclear genome that are similar to mitochondrial genes and can
complicate data collection and analysis. My method for long PCR was to use four different primer
combinations, amplifying the mitochondrial genome in four overlapping sections. Even when not
every primer combination led to successful amplification, | was able to amplify all or most of the
mitochondrial genome for most of the species for which | had good quality tissue. Long PCR
success is heavily dependent upon tissue quality, which can be a problem in working with
stomiiforms; many deep-sea fishes have tissue that is poor quality for molecular biology. Another
problem is that many stomiiform species have gene order rearrangements in the mitochondrial
genome. This can make it difficult to amplify the genome. However, stomiiforms are important for
understanding the relationships of teleost fishes, so it is necessary to try to work around these
difficulties. Fortunately, Dr. Miyain particular has experience with stomiiform fishes and was able
to warn me of potential problems and advise me on suitable approaches.

Using long PCR product as a template, | then used short PCR to amplify smaller fragments of the
genome (typically somewhere between 500 and 2000 base pairs) so that | could sequence them. For
a first pass, | tried 17 primer combinations spanning the genome. My success rate in short PCR
amplification was usually 50% to 75%. For regions of the genome that did not amplify successfully
in the first pass, | tried other primer combinations. The primers | used were from a series of over
170 fish-versatile primers designed by Dr. Miya.

Short PCR products were purified in an enzymatic reaction to remove unincorporated primers and
dNTPs (dinucleotide triphosphates, the building blocks of DNA). | then sequenced the fragments




using the same primers | used to create them, using the ABI Big Dye terminator cycle sequencing
kit. Sequencing success rate was around 70%. Some sequences had a signal-to-noise ratio that was
too small to be able to use the data. | aligned overlapping sequence fragments using the sequence
editing software program Sequencher.

Using the methods outlined above, | obtained almost the whole mitochondrial genome sequence for
Echiostoma barbatum (Stomiidae) and partial sequences for Polymetme thaeocoryla
(Phosichthyidae) and Photostomias guernel (Stomiidage). | have not found any gene rearrangements
in these species. The data | have collected so far are, of course, not sufficient to analyze stomiiform
relationships, but | have learned enough this summer to be able to continue this work in the future.

| also performed long PCR for Argyropelecus gigas (Sternoptychidae), Maurolicus weitzmani
(Sternoptychidae), Bonapartia pedaliota (Gonostomatidae), Aristostomias tittmanni (Stomiidae),
and Tactostoma macropus (Stomiidae). Long PCR was unsuccessful for the sternoptychids,
probably due to gene rearrangements; Dr. Miya has also had difficulty with long PCR for this
family. The long PCR for Bonapartia was also mostly unsuccessful, but this is probably due to
poor quality of that tissue sample. For the remaining species, two or three of the primer pairs| tried
led to successful amplification, which indicates that sequencing the mitogenome for those species
will be possible.

| intend to continue mitogenomic research when | return to my home laboratory at the University
of Kansas, in addition to the nuclear gene sequencing program | have already been pursuing. What
| have learned in Japan will enable me to have a stronger research program leading to my doctoral
degree, and it will allow me to contribute to the important research project that my hosts are
undertaking. | hope to continue to collaborate with members of my host laboratory, and | think that
such collaborations can be mutually beneficial.

8. Please add your comments (if any):

| would like to sincerely thank Professor Nishida and Dr. Miya for allowing me to visit their labs and
generously assisting me in my research and my stay in Japan. | would aso like to thank al of the graduate
students and postdoctoral fellows in the Nishida lab, who contributed greetly to the intellectual value of my
visit and also made my time very enjoyable. | thank JSPS and NSF for this wonderful opportunity; it has
surpassed all my expectations.
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6. Description of your current research

The World Trade Organization (WTO) failed to come to a trade agreement at the Cancun
Ministerial meetings, largely due to divisions between G4 and G22 countries on the issue
of agricultural tariffs. Japan, like the other G4 nations, financially supports various
areas of its agricultural production—the most outstanding case being their 500% tariff on
imported foreign rice. The literature on this topic mainly explains this phenomenon
through Japan’s position in the international economic system. My research will attempt
to explain Japan’s stance in WTO negotiations as an internal matter only recently
influenced from the outside. By collecting data on farm organizations, the rice industry,
and collecting qualitative data from Japan Agricultural Cooperatives, | intend to establish
that Japan’s stance on agricultural policy in WTO negotiations has just as much to do with

factors particular to Japan than with influences from without.

7. Research implementation and results under the program (As much as possible,
describe the contents and results of your research in a manner that is easily
understandable to a non-specialist in your field.):

Title of your research plan:

Japan at a Crossroads: Agricultural Change in an Era of Economic Globalization.




Description of the research activi