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NSF-IGERT
Computational
Neuroscience Program
Hosts First International
Symposium

The “First Annual Computational
Neuroscience Symposium” was held
in the Basic Sciences and Biomedical

Engineering Building at the University of
Minnesota in Minneapolis on October 7 and
8, 1999. The conference was sponsored by the
University of Minnesota Computational
Neuroscience Program [which is funded by a
National Science Foundation Integrative
Graduate Education and Research Training Jan Hondzinski (left) of the University of Minnesota Department of Neuroscience

presents her poster to Henrietta Galiana (right) of McGill University in Montreal,
Canada.continued on next page
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mammalian inwardly rectifying potassium
channel, refined by molecular dynamics simu-
lations, and for the pure domain of a voltage
activated potassium channel. The discussion
focused on how the implications of the simu-
lation studies aided the understanding of
excitable cell membranes. Weinstein spoke of
current work on the mechanisms of G protein
coupled receptors triggered by molecular
recognition and leading to signal transduction
and modulation. The focus was on receptor
structure and ligand-induced transduction of
the activation signal for a neurotransmitter.

Stephen Cannon of Harvard Medical
School spoke about the use of both animal
and computational models used to explore the
physiological consequences of altered gating in

mutant sodium chan-
nels for skeletal mus-
cle excitability. A curi-
ous feature of skeletal
muscle was shown to
be that symptomatic
attacks could result
from either increased
excitability or a loss of
excitability.

Laurence Trussell
of the Oregon
Hearing Research
Center and the
Vollum Institute
explained the dynam-
ics of transmitter
release and its role in
shaping neural
responses. The model
Trussell expounded
on suggested that
sustained, plateau
transmission is
dependent largely on
a rapid recovery of
release sites, while
desynchronization

The Computational Neuroscience
Program is a crosscutting doctoral graduate
program funded by the National Science
Foundation Integrative Graduate Education
and Research Training Program. It combines
training in computational and physical sci-
ences with training in neuroscience.
Neuroscience is a relatively new and highly
interdisciplinary field, encompassing not only
all the classical biological disciplines, but also
experimental psychology. Neuroscientists use
a variety of experimental approaches to
understand the development and function of
the nervous system. As neuroscience matures,
the need for quantitative modeling and
insights from the physical and computational
sciences grows. Scientific computation, a dis-
cipline that combines state-of-the-art meth-
ods in computing hardware and software to
solve challenging problems in science and
engineering, has seen exceptional growth in
recent years. This progress is brought about
in part by unprecedented gains in computer
technology and new algorithms to take
advantage of this technology. The

Computational Neuroscience Program com-
bines the University of Minnesota’s strengths
in these two interdisciplinary areas with the
computational resources and infrastructure of
the Supercomputing Institute to provide a
unique training and research program.

Graduate Fellows pursue the Ph.D. degree
with a major in Neuroscience or Scientific
Computation. They will minor in Scientific
Computation or Neuroscience, respectively. A
typical fellowship is two to three years, with
support for other years in the form of a
teaching assistantship or research assistant-
ship. The computational Neuroscience
Program has four main components—Ph.D.
coursework, Ph.D. research, seminars and sci-
entific meetings, and teaching.

For more information about the
Computational Neuroscience Program please
visit the program’s World Wide Web page at:

www.compneuro.umn.edu/

or contact the Program Administrator,
Kathleen Clinton, at (612) 625-8424 or clin-
ton@compneuro.umn.edu.

Computational Neuroscience Program

(IGERT) program grant], the Neuroscience
Graduate Program, the Scientific Computation
Graduate Program, and the Supercomputing
Institute for Digital Simulation and Advanced
Computation. Eighty participants from five
countries attended a day and a half of talks
covering molecular mechanisms in ion chan-
nels, signal transduction, neurotransmission
and receptors, computational models of
vistibular and oculomotor control, robotics and
computer vision, and neural network models.

The conference began Thursday morning
with presentations by Mark Sansom of Oxford
University, England and Harel Weinstein of
Mt. Sinai School of Medicine. Sansom dis-
cussed a study that used a bacterial channel as
the starting point for a homology model of a
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results from the enhancement of release
probability of docked vesicles.

The Thursday afternoon sessions began
with a presentation by Dora Angelaki of the
Washington University School of Medicine.
Angelaki spoke on the coding of movement
in inertial space. The discussion focused on
the computational problems and neuronal
strategies and concluded that, even though
the peripheral sensory transduction of motion
is dictated and bound by the laws of physics,
neural computations are centrally used by the
brain to reinterpret sensory afferent signals
and compute inertial motion.

Henrietta Galiana from McGill University,
Canada followed with a discussion of system
style models she is helping develop for the con-

James Clark (left) of McGill University, Canada,
Daniel Kersten (center) of the University of
Minnesota, and Gregory Hager (right) of John
Hopkins University.

Mitsuo Kawato (left) of the Advanced
Telecommunications Research Institute in Kyoto,
Japan talks with Andrew Barto (right) of the
University of Massachusetts.

Mark Sansom (left) and Charlotte Capener (right)
of the Laboratory of Molecular Biophysics at
Oxford University in Oxford, England discuss and
show off their work in a poster paper presentation.

trol of eye movements in several reflexes. Her
presentation focused on the evolution of the
control models used to develop this system.

James Clark from McGill University,
Canada described some of the evidence for the
premotor models of spatial attention and eye
movements. One focus of his talk was on sim-
ulations of a computational model of spatial
attention based on the premotor theory that
replicates a wide range of phenomena related
to the latencies of saccadic eye movements.

The day was concluded with a keynote
address at the evening’s banquet by Terrence
Sejnowski of The Salk Institute for Biological
Studies and the University of California at San
Diego. Don add information on this talk . . .

The second day began with a presentation
by Stephen Lisberger of the University of
California School of Medicine on the recon-
struction of commands for smooth pursuit eye
movements from a population code of the
dynamics of image motion. The focus was on
how a series of neural and computational
analyses were conducted that demonstrate how
image velocity and acceleration are represented.

Gregory Hager of Johns Hopkins University
followed with a discussion of the development
of several control systems that make direct use
of image information for vision-based tracking,
manipulation, and navigation in three dimen-
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sions. The results showed a
natural hierarchy of tasks that
could be used to determine the
level of information any system
has about its underlying visual-
motor system.

The conference concluded
with presentations by Andrew
Barto of the University of
Massachusetts and Mitsuo
Kawato of Advanced
Telecommunications Research
Institute, Japan. Barto spoke
of a control architecture for a
neuronal model that learned
to reach using corrective
movements and how it is
motivated by the anatomy
and physiology of the motor
system. Results of simulations
designed to explore the
degree to which the model
meets the computational
challenges of controlling a
dynamic arm were also pre-
sented. Kawato spoke of cere-
bellar internal models for both robotics and
cognition. Several paired forward and inverse
models were introduced and possible func-
tional roles in hierarchical planning and
communications were discussed.

In addition to these talks, eleven poster pre-
sentations added to the discussions. The
speakers and poster presentations shed light
on this intensive field and helped make the
conference a success.

■

Clockwise from top left, Stephen Lisberger (left) of the University of
California at San Fransisco and Terrence Sejnowski (right) of the Salk
Institute; Stephen Cannon (left) of the Massachusetts General
Hospital and Linda Boland (right) of the University of Minnesota;
David Thomas (left) of the University of Minnesota and Harel
Weinstein (right) of Mount Sinai Medical School; and Sue Kierstaedt
(left) of the University of Minnesota and Dora Angelaki (right) of
the Washington University School of Medicine.

Fifteen Years of the Car-Parrinello Method in 
Physics and Chemistry (March 18–19, 2000)

This workshop will honor the originators of the Car-Parinello method and review major accomplishments and cut-
ting-edge developments. The Car-Parrinello method, introduced in 1985 by Roberto Car and Michele Parrinello, has
dramatically influenced the field of electronic structure calculations for solids, liquids and molecules, and initiated the
field of quantum molecular dynamics. The seminal idea was to deal directly with the total energy of the electron system
as a function of its degrees of freedom, namely the expansion coefficients for the one-electron wave functions, and treat
these degrees of freedom on the same footing with the ionic degrees of freedom. Further information can be found on
the World Wide Web at:

www.msi.umn.edu/general/Symposia/car/
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Supercomputing Institute Research Scholars

The Supercomputing Institute provides
grants for research scholarships for
supercomputing research at the

University of Minnesota. This year, the
Supercomputing Institute is pleased to
announce the appointment of six research
scholars. Research scholars are research associ-
ates who work closely with Supercomputing
Institute principal investigators.

Olivier Mouzin, from the National
Institute of Applied Science in Lyon, France,
is working with Professor Joan Bechtold of
the Orthopaedic Surgery Department on a
computational model of tissue differentiation
in bone that incorporates mechanical and
biological factors. The longevity of an
orthopaedic implant depends on the integrity
of the bone/implant interface. The time
course of tissue differentiation surrounding
an implant influences the integrity of this
interface. The ability to computationally
model and predict this differentiation of bone
tissue and the bone/implant interface will be
influential in focusing the next level of ration-
al implant design refinement. This work is
optimizing the accuracy and predictive power
of computational models of adaptive tissue
differentiation in bone, incorporating
mechanical and biologic factors. The bone,
implant, and surrounding gap in which the
tissue differentes are analyzed using biphasic
finite element modeling techniques. The role
of biologic factors, and their interaction with
the mechanical environment, is examined
through cytokine and growth factor network
feedback relationships. Experimental valida-
tion will be provided by data obtained
through pressure sensors attached to the test
implant in a coordinated experimental effort.

Yongho Kim, from Kyung-Hee University,
Korea, is working with Professor Donald
Truhlar of the Chemistry Department on
developing techniques for improved calcula-
tions on the rates of the kinds of chemical reac-
tions that are important for gas-phase combus-
tion. Special emphasis is being placed on meth-
ods that can be used to study reactions over a
wide temperature range since it is often impor-
tant for gaining a complete picture of combus-
tion reactions and of the potential energy sur-

Gennadiy Poda and Govindan Subramanian work
at the Visualization-Workstation Laboratory.

Olivier Mouzin (front) works with Dr. Pascal
Swider of the National Institute of Applied Science
in Lyon, France in the Scientific Development and
Visualization Laboratory at the Institute.
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faces that govern them. Variational transition
state theory with multidimensional semiclassi-
cal tunneling calculations has proven to be
especially suitable for the prediction of chemi-
cal reaction rates at both low and high temper-
atures, and therefore, this type of dynamics cal-
culation was chosen for further development.
This project involves the improvement of prac-
tical techniques for applying the theory to vari-
ous classes of transition states, including new
methods based on multi-configuration molecu-
lar mechanisms for interfacing reaction-path
dynamics calculations with electronic structure
theory, and applications to specific reactions.

Guido Kanschat, from the University of
Heidelberg, Germany, is working with
Professor Mitchell Luskin of the Mathematics
Department on the development of data
structures for finite element research codes.
The library that he is co-authoring aims at
the fast evaluation of discretization methods
including error estimates and adaptive grid
generation. He is also working on adaptive
methods for parameter estimatation for par-
tial differential equations.

Gennadiy Poda, from the University of
Minnesota, is working with Professor David
Ferguson on a computational analysis of
Chemokine receptor structure and function—
an exploration to develop novel chemokine
antagonists. This study is working toward an
understanding of the structural properties of
chemokine receptors as well as their potential
connection to opioid receptor binding and acti-
vation. This family of G protein-coupled recep-
tors (GPCRs) has been identified as necessary
cofactors in promoting the fusion and ultimate
infectivity of the human immunodefficiency
virus (HIV) to host cells. These researchers are
identifying commonalities in receptor structure,
function, and ligand binding modes with the
long term goal of designing potent antagonists
to the chemokine family of receptors. To evalu-
ate receptor structure similarities, sequence
comparisons are performed on both chemokine
and opioid receptors using both sequence align-
ments and three-dimensional superpositions.
Chemokine ligand modeling and docking is
performed to further isolate recognition ele-
ments common to the receptors. The docking
mode(s) predicted will be compared with a
recent model of peptide binding to the k-opi-
oid receptor (UMSI 97/262). Finally, experi-
mental ligand binding assays will be performed
to evaluate predicted binding modes and com-
monalities in receptor structure and function.

Eli Kostadinova Stoykova, from the
University of Sofia, Bulgaria, is working with

Guido Kanschat works on data structures at the
School of Mathematics.

Eli Kostadinova Stoykova works at Shepard
Laboratory.
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Yongho Kim outside the Chemistry Department in
Smith Hall.

Professor Uwe Kortshagen of the Mechanical
Engineering Department on energy-resolved
modeling of three-dimensional inductively
coupled plasmas. Together, they are develop-
ing a predictive, kinetic plasma model. The
model will address inductively coupled
radiofrequency plasmas in three-dimensional
geometry. The requirement of the inclusion of
kinetic effects of plasma electrons will intro-
duce a fourth dimension—the electron energy.
The code will address a steady-state plasma. It
will couple, in a self-consistent scheme, the
four-dimensional Boltzmann equation, the
three-dimensional wave equation, and the
three-dimensional Poisson equation. The code
will be developed as parallel code using the
message passing interface protocol.

Thomas Ihle, from the University of
Minnesota, is working with Professor H. Ted
Davis of the Chemical Engineering and
Materials Science Department on Lattice
Boltzmann methods for simulating self-
assembling fluids and macromolecular aggre-
gates. In self-assembling fluids, correlated
mesoscopic structures exist even far from
critical points. This structure leads to anom-
alous scaling behavior in the dynamic struc-
ture factor as well as anomalies in the shear

viscosity and the attenuation and dispersion
of sound. In flow, the deformation of these
correlated domains gives rise to excess stresses
that result in rheological behavior quite dif-
ferent from that of simple Newtonian fluids.
Near phase boundaries, shear can lead to
dynamical instabilities and new structures in
these systems. This project is obtaining a bet-
ter understanding of
the dynamics of com-
plex liquids and the
dynamical behavior
of polymers and
membranes in sol-
vent. An essential
component of this
research is developing
and implementing
new algorithms based
on generalizations of
the lattice-Boltzmann
method for the
numerical simulation
of the equilibrium
and non-equilibrium
dynamics of these
systems.

■

Thomas Ihle works in his office at the
Supercomputing Institute.

Research Scholarships
Since 1995, forty-three research schol-

ars have worked with twenty-nine
University of Minnesota faculty investiga-
tors on supercomputing research projects.
Research Scholarships are awarded in
response to nominations and matching
funds provided by a University of
Minnesota faculty member. Persons inter-
ested in a Research Scholarship in
2000–01 should contact a
Supercomputing Institute principal inves-
tigator in their field to discuss the possi-
bility of nomination and cosponsorship.
The deadline for nominations is January
15, 2000, so it is well advised for prelimi-
nary discussions to begin this fall.
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This summer, fifteen undergraduate
student researchers from across the
country served ten-week internship

appointments at the Supercomputing
Institute, including three students in the
Computational Neuroscience Program. These
students were selected from a pool of 105

1999 Undergraduate Summer Interns

applicants. The students worked closely with
faculty advisors on many projects. 

The Supercomputing Institute Summer
Internship Program, currently in its ninth
year, promotes undergraduate involvement in
ongoing and new research in scientific com-
puting, digital technology, and visualization in

the physical, medical,
and social sciences
and engineering and
in new software devel-
opment efforts for sci-
entific computing and
graphics support for
such research with the
main goal being to
carry out useful and
interesting research.
This program pro-
vides an opportunity
for a challenging and
enriching educational
experience for under-
graduate students
interested in pursuing
graduate or profes-
sional education and
research in scientific
computing and/or
graphics.

During the sum-
mer, interns partici-
pated in Institute
sponsored tutorials
specific to high-per-
formance computing.
To conclude the sum-
mer, the interns pre-
sented talks open to
the entire research
community. These

Coordinator of the Computational Neuroscience Internship Program,
Kathleen Clinton (center), speaks with the Computational Neuroscience
interns Aaron Miller (left) and David Liebelt (right).

Charles Park (left) works with Ian Tregellis (right), a graduate student in
Professor Thomas Jones’ Astronomy research group.
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talks allowed them to share their work and to
gain experience making scientific presenta-
tions. The program allowed the students to
perform research in close collaboration with
faculty investigators and their research groups
and to discuss research with faculty members,
post-doctoral associates, graduate students,
and other interns with similar interests.

Project Descriptions

Sarah Alfano, a Physics major at Kent
State University, worked with Professor J.
Woods Halley of the Physics Department.
Their work measured helium collisions by
placing resistive chromium source mounts on
one end of a box and titanium bolometers on
the opposite end. It was expected that if the
graph of power through the chromium source
mounts had a single peak, the graph of power
through the bolometer would also have a sin-
gle peak. However, this was not the case.
Investigations of the effects of collisions were
made to see if they could account for observed
multiple extrema. The simulation was coded
in FORTRAN and has been run one thousand
times for one hundred particles and ten thou-
sand time iterations. These simulations were
run to obtain an average in hopes of suppress-
ing the magnitude of statistical fluctuation as
far as possible. From the simulations ran, it
was discovered that the working scheme was
not as straight-forward as it was hoped.

Benjamin Miles, a Biochemistry major at
Indiana University, worked with Professor
William Gleason of the Laboratory Medicine
and Pathology Department. Benjamin’s work
helped develop a three-dimensional model for
the Vascular Endothelial Growth Factor
(VEGF) 165 isoform. Using the macromolec-
ular modeling programs INSIGHT and DISCOV-
ER, the known structures of VEGF were
joined, and unknown components were mod-
eled. An energy minimization calculation was

then performed on the completed structural
molecule. Once complete, PROCHECK was
used to evaluate it. In addition to the compu-
tational work in developing a model of VEGF,
some preliminary experiments aimed at devel-
oping a quantitative VEGF assay were done.

Sara Firl, a Chemical Engineering major at
the University of Minnesota, worked with
Professor Alon McCormick of the Chemical
Engineering and Materials Science
Department. Together, they studied how mol-
ecules group or cluster together using various
tools such as Monte Carlo simulation. Sara
helped with a series of FORTRAN codes used to
set up a simple lattice of cubic unit cells with

Sara Firl prepares for her presentation.

Thomas Miller (left) talks with Jocelyn Rodgers
(right) at the program’s kickoff reception.
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Anna Saputera awaits the start of a tutorial at the
Supercomputing Institute.

established periodic boundary conditions. The
energy of the unit cell was initially calculated
using a Lennard-Jones potential. One random
molecule was moved, and the energy was cal-
culated after the move occurred. The program
ran until a reasonable equilibrium was
reached. An energy curve and radial distribu-
tion function were plotted from the final
structure data. Further development of this
project will study the adsorption of xylene
molecules into the pores of compounds such
as zeolites and clatharates.

Brent Grocholski, a Physics major at the
University of Minnesota, worked with
Professor George Wilcox of the Pharmacology
Department. Brent and Professor Wilcox
worked on the development of improved neu-
ronal simulators for sensory nerves. Brent
helped write a program that used the
Hodgkin-Huxley model and a fourth order
Runge-Kutta integrator to simulate neuron

action potentials. A
program was then
written to both
approximate the
Jacobian for the
Hodgkin-Huxley
equations and per-
form an LU factoriza-
tion used to solve a
vector used in
DASPK (Differential
Algebraic Solver with
Preconditioned
Krylov methods). The
preconditioning
matrix failed to
reduce the number of
iterations needed to
solve a time course
when the full
Jacobian was used,
but setting the first
row of the Jacobian to
zero reduced the

number of iterations required to solve the
time course by a significant amount.

Charles Park, a Mathematics and Physics
major at Yale University, worked with
Professor Thomas Jones of the Astronomy
Department. Charles helped produce synthet-
ic astronomical observations of magnetohy-
drodynamical simulations of the jet flow in
radio galaxies. These synthetic observations are
useful for studying the jets because they allow
the study of emissions from relativistic elec-
trons in the jet and the test of reliability of
actual observations of radio galaxies and the
properties that observational astronomers infer

Summer 1999 Tutorials

64-bit Parallel MPI and Math/Numerical 
Libraries for the IBM SP

Code Optimization Workshop

Introduction to InsightII/Discover

Introduction to Molecular Animation

Introduction to Parallel Programming

Introduction to Parallel Programming on

the IBM SP Supercomputer

Introduction to Parallel Programming on

the SGI Origin 2000 Supercomputer

Introduction to Perl

Introduction to the POWER3

Architecture and Code Tuning Guide

Introduction to Scientific Visualization

Introduction to Shell Programming

Introduction to the Supercomputing 
Institute

Molecular Visualization Tools

Amy Beukelman (left) discusses her research with a
researcher at the Supercomputing Institute.
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from radio telescope images. The synthetic
observations were produced by a raytracing
program. By using standard astronomical tools
to analyze the synthetic images, results of
three-dimensional simulations were made
more accessible to observational astronomers.
The synthetic images suggested many of the
quantities radio astronomers had infered from
actual observations. Other values were found
to rely noticeably on the orientation of the
object with respect to the observer.

Thomas Miller, a Chemistry and
Mathematics major at Texas A&M University,
worked with Professor Donald Truhlar of the
Chemistry Department. Together with gradu-
ate student Michael Hack, they implemented
and tested the Army Ants (AA) method, a sta-
tistically improved form of the fewest switches
trajectory surface hopping method of calculat-
ing reaction dynamics for three-atom, two-
state systems. A number of analysis programs
were written to  interpret the new output, and
a Monte Carlo simulated trajectory surface
hopping program was written to optimize the
code’s various input parameters. The programs
were applied to the collision of an electronical-
ly excited bromine atom with a  hydrogen
molecule, a problematic system with very weak
coupling between the two potential surfaces.

Jocelyn Rodgers, a Chemistry and Physics
major at Harvard University, worked with
Professor Truhlar on optimizing molecular
geometries via multi-level linear combinations
of electronic structure calculations. Recently,
Professor Truhlar’s group has developed several
single-point energy methods that yield more
accurate energies without a prohibitive
increase in computer time. This project
expanded these linear combination methods
to include multilevel optimization of molecu-
lar geometries. A code called MULTILEVEL,
written in FORTRAN90, was developed to cal-
culate the energy, gradient, and Hessian (a
multi-dimensional matrix of second deriva-
tives) for a molecule with the multilevel meth-
ods. A few molecules have been optimized
with the methods in MULTILEVEL, and the
method showed great promise.

Christine Tratz, a Chemistry major at the
University of Oklahoma, worked with
Professor Truhlar and graduate student Patton
Fast on multi-coefficient correlation methods
(MCCM) and multi-coefficient GAUSSIAN

methods (MCGx) for the efficient and accu-
rate calculation of potential energy surfaces.
Investigations were made on the reliability of
these methods for types of compounds to
which they have not previously been applied.

Joseph Cooley (left) and Brent Grocholski (right)
await a tutorial at the Institute.

Professor William Gleason (left) with intern
Benjamin Miles (right) before Benjamin’s talk.
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The methods were improved by optimizing
them over a larger training set. In order to cre-
ate a larger test set for the MCCM and
MCGx methods, a number of GAUSSIAN jobs
were run. Spreadsheets that provide the elec-
tronic energies were created with the results of
the GAUSSIAN calculations. The errors in the
different methods were then compared.
Coefficients for each of the methods were
reoptimized and modified. The mean
unsigned error in the new methods were
shown to be considerably lower than in the
previous methods for all cases—before and
after reoptimization.

Aaron  Miller worked with Professor
Timothy Ebner of the Neurosurgery and
Physiology Department. Aaron’s work was
part of the Computational Neuroscience
Internship program. Aaron and Professor
Ebner performed experiments that investigat-
ed whether the visuomotor pursuit tracking
error in monkeys would be a function of tar-
get width and speed. A female rhesus monkey
was shown to use a two-joint manipulandum
to make visually guided arm-tracking move-
ments in the horizontal plane. For each suc-
cessful trial, x and y position points were
recorded, smoothed, and digitally differentiat-
ed to obtain speed points. Position error was
calculated as the difference between the x and
y positions of the hand and target. Speed error
was calculated as the difference between the
speed of the hand and the target. Position
error was not found to change significantly
with changes in target size and speed. Speed
error was not found to change significantly
with target size, but did increase significantly
with increasing target speed. Another experi-
ment, in which the target underwent an
abrupt two-fold change in speed, found an
observable transient increase in speed error.

Karis Stenback worked with Professor
Robert Miller. Karis’ work was also part of the
Computational Neuroscience Internship pro-
gram. Together, these researchers worked on
elucidating the mechanism by which active
dendritic spikes (spike initiation) occur,
observing how they propagate once they are
present, and investigating the functional dif-
ferences and attributes of active dendritic spik-
ing versus active somatic spiking. Both an
equivalent cylinder (EC) model, used to
exhibit amacrine cell properties, and a real cell
model, created from a trace of an on-off
amacrine cell obtained during experiments,
were used. Using the parameters from the EC
amacrine cell model in the real cell model,
alpha synapses were dispersed throughout the
dendritic tree in proximal locations. Multiple

Thomas Wilson prepares his work in one of the
offices at the Supercomputing Institute.

Sekar Velu (left) and Charles Park (right) before a
tutorial.
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voltage recording sites were placed throughout
the dendritic tree and in the soma to elucidate
where dendritic spikes were initiated. To look
at the functional differences and attributes of
dendritic spiking versus somatic spiking, only
the calcium area was looked at. It was found
that the intracellular calcium concentration
showed a ten-fold increase when the spike
mechanism was present and showed almost no
change when the spike mechanism was absent.

Amy Beukelman, a Chemistry and Biology
major at the University of Minnesota, worked
with Professor Christopher Cramer of the
Chemistry Department. Together, these
researchers studied singlet-triplet gaps and
transition states. After gas-phase calculations
were performed, calculations were carried out
in solvents, as the methanol environment cho-
sen more closely resembles experimental envi-
ronments. Because some of the structures cho-
sen were ions, it was important to look at the
structures in solution, where ionic forms of
molecules are more favored. Single point ener-
gy calculations of the optimized structures
were then performed using the AMSOL program
and methanol as a solvent. The GAMESOL pro-
gram was used (with methanol as a solvent) to
obtain geometries of the molecules in solvent.
While the triplet was found to behave classical-

ly, the singlet ion rearranged in the gas phase.
The singlet-triplet gap was actually quite large
indicating that intersystem crossing between
the two related molecules was unlikely.

Sekar Velu, a Computer Science and
Chemistry major at Syracuse University,
worked with Professor Douglas Ohlendorf of
the Biochemistry, Molecular Biology, and
Biophysics Department. Sekar helped build a
computer program to take two undocked pro-
teins and accurately predict their docked
structure. The project involved writing a shape
complementarity program in C. This program
utilized an earlier algorithm in order to gener-
ate a correlation coefficent between two pro-
tein surfaces. It was then decided that the best
approach to take in determining the structure
was through the use of the Fourier Transform
method. Extensive tests were run on FTDOCK

to determine the most effective parameters.
The generated complexes were then tested
against the crystallographically determined
structure. Electrostatics were found to play a
diminutive role in complex conformation, and
solvent accessibility was found to be a much
more important factor. Shape complementari-
ty was found to play an important role
because there appears to be an ideal value for a
specific protein-protein complex.

Sara Alfano discusses her work.

Computational Neuroscience interns Aaron Miller
(left) and Karis Stenback (right) await the start of
presentations.
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Christine Tratz (left) and Maegan Harris (right), an
undergraduate researcher in Professor Truhlar’s
Chemistry group.

Joseph Cooley, a Computer Science major
at the University of Minnesota, worked with
Professor Linda Boland of the Physiology
Department. Joseph and Professor Boland
optimized a model for ion channel gating. A
model that simulated ion channel current flow
was programmed by allowing the model to
input biological data, performing serial and
parallel simulations, and normalizing simula-
tion data with biological data. Multiple simu-
lations were then performed via parameter
changes, and the resultant simulation with the
least error in comparison to biological data
was chosen. Finally, multi-platform develop-
ment was done. Additional work on the
model added more optimizations and features.

David Dreytser, a Chemical Engineering
and Chemistry major at the University of
Minnesota, worked with Professor David
Thomas of the Biochemistry, Molecular
Biology, and Biophysics Department. They
worked on computational simulations of elec-
tron paramagnetic resonance (EPR) on
Phospholamban, a 52 amino acid integral
membrane protein of the sarcoplasmic reticu-
lum. The three-dimensional structure of phos-
pholamban was extended into the cytoplasmic
domain. Initially, a script was written to con-
vert formats, and a spin label was built. This
spin label was attached to various binding

sights on phospholamban before molecular
dynamics were performed.

Anna Saputera, a Computer Science major
at the University of Minnesota, worked with
Professor M. Germana Paterlini of the College
of Pharmacy. Anna and Professor Paterlini cal-
culated the electrostatic free energy of interac-
tion of an opioid peptide as a fuction of dis-
tance and orientation from a lipid bilayer.
Anna helped create a C++ program to rotate
and transform the position of the peptide
molecule with respect to the lipid. She then
used MIDAS for visualization of the system
before and after the coordinate transforma-
tion. The electrostatic potential energy of the
molecule/lipid systems were calculated at dif-
ferent translation and orientations and with
different input parameters for DELPHI to check
the performance of this program. The poten-
tial energy between molecule and lipid was
then calculated as a function of distance. The
profile showed an atractive interaction energy
between the lipid and the peptide. The energy
profile obtained using DELPHI was checked for
convergence using different input parameters.

David Liebelt from Northwestern
University worked with Professor David
Rottenberg of the Neurology and Radiology
Department at the VA Medical Center. ThisCody Zilverberg (left) and David Dreytser (right).
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work was part of the Computational
Neuroscience Internship Program. David
helped create a World Wide Web interface for
the Corner Cube Environment, which faces
several hurdles before becoming common neu-
roimaging software. The interface consists of
html documents displayed in an html frame-
set. With JavaScript, this interface is able to
store image data and viewing preferences cho-
sen by the user. With the data and preferences
stored, JavaScript generates an html form that
the user can submit over the Internet. The
form is processed by a cgi script written in
PERL. This processing involves interpreting the
data and preferences, writing data and prefer-
ence files readable by the Corner Cube
Environment, running the Corner Cube
Environment, and displaying the output to
the World Wide Web browser.

Cody Zilverberg, a Computer Science
major at St. John’s University, worked with
Professor David Lilja of the Electrical and
Computer Engineering Department on per-
formance visualization tools for java programs.
Coding was done on the ‘Find Next’ compo-
nent of a program called JaViz. JaViz visually
displays a tree of nodes where each node rep-
resents a method call in a Java program. ‘Find
Next’ contains a simple graphical user inter-
face (GUI) that allows users to find the next
node in the JaViz tree that matches certain
criteria. Because there can be many thousands
of nodes in a single tree, an algorithm needed
to be developed that would read node data
from a file, examine the data, and then (for
memory purposes) discard unnecessary data.
This search was implemented by using a back-
ground thread that allowed the visualizer to
continue functioning during execution.

Thomas Wilson, a Computer Science and
Architecture major at the University of
Minnesota, worked with Professor David
Yuen of the Geology and Geophysics
Department on a two part project. The first

part of the project consisted of a World Wide
Web presentation focused on scientific visual-
izations related to nuclear waste transporta-
tion and processing at the Hanford,
Washington nuclear waste reserve. This report
consists of critical reviews and improvements
made to the visualizations. The second part of
the project involves Java. Tom helped imple-
ment a generic Java applet control panel that
included useful features for the Java based
pV3 graphical user interface (GUI). The fea-
tures included mathematical operations initi-
ated by a mouse click, writing to the standard
output, and providing an echo area in the
window. Overall, this work found Java to be a
good language to use for the new version of
pV3 because of security, functionality, porta-
bility, and the GUI widgets needed.

■

Summer 2000 Program
The Supercomputing Institute is pleased to announce its

Undergraduate Internship Program for Summer 2000. Summer
appointments will be full-time, ten-week appointments. The 2000
program will run from June 12 through August 18, 2000. The
stipend is $4,000 for ten weeks. A student interested in becoming an
intern must be an undergraduate student at the time of the intern-
ship to be eligible and must be a citizen or permanent resident of the
United States and its possessions.

All applications are judged competitively based on the qualifica-
tions of the applicant and the availability of a suitable project. 

Application forms and project lists are available on the World
Wide Web at:

www.msi.umn.edu/general/Programs/uip/uip.html

Application forms and project lists are also available by contacting:

Undergraduate Internship Coordinator
University of Minnesota
Supercomputing Institute
1200 Washington Avenue South
Minneapolis, Minnesota 55415-1227

Phone: (612) 626-7620
Email:  uip@msi.umn.edu
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The universe is
awash with
relativistic

charged particles,
mostly ions, but
including a distinctive
electronic compo-
nent, as well. Even
under the protecting
blanket of the earth’s
magnetic field and
atmosphere we are
constantly bombard-
ed with this natural
“cosmic-rays” radia-
tion. The most ener-
getic particles, which
can carry almost as
much energy as a
Nolan Ryan fastball, come from well outside
the solar system. However, the sun, and even
the earth, get into the act of producing the
lowest energy cosmic-rays, which fill the
famous van Allen Radiation Belts.

Advanced Computation of the Physics of 
Supersonic Cosmic Flows

The higher energy cosmic-rays are thought
mostly to be a byproduct of strong “collision-
less” shock waves in tenuous cosmic plasmas.
Shocks are central features in violent cosmic
explosions, such as supernovas, but also in

much more energetic
phenomena, such as
quasars, and even the
gravitational collapse
during formation of
galaxies and clusters
of galaxies throughout
the history of the uni-
verse itself. The last of
these shock waves are
millions of light years
across and may exist
for billions of years. 

Research over the
past two decades has
made it very clear
that cosmic shocks,

Simulated radio and X-ray emission from the cosmic jet flow shown above, as
it would be seen by a terrestrial astronomer. The right image corresponds to
synchtrotron emission resulting from interactions betwen relativistic electrons
and the local magnetic field, while the left image represents cosmic microwave
background photons upscattered to X-ray energies by the same relativistic elec-
trons.

Pictured is a three dimensional simulation of a cosmic supersonic jet. The
right image shows a volume rendering of shock waves formed inside the jet
and in the cocoon it leaves behind. The left image illustrates the energetic
properties of cosmic-ray electrons in this flow. Color patterns indicate the
influence of shocks on the electron energies.
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and the cosmic-rays they expel, are funda-
mental to a host of astrophysical issues. The
cosmic-rays are important because they can
absorb a significant fraction of the energy
budget at a shock, while the energy distribu-
tion of the cosmic-rays provides a measure of
the shock properties and offers an incisive
probe of the physics of the collisionless shock
waves themselves. The cosmic-rays emit light
with distinctive properties so that they offer
unique diagnostic possibilities for many cos-
mic phenomena. While these features are
generally accepted, they are poorly under-
stood. Yet, their importance provides a strong
incentive to develop comprehensive theories.
The theoretical task is so complex, especially
in application to real cosmic events, that
sophisticated computational methods are
absolutely essential for success.

Supercomputing Institute Fellow Professor
Thomas Jones of the Department of
Astronomy at the University of Minnesota
along with research associate and
Supercomputing Institute Research Scholar
Udo Gieseler, graduate students Francesco
Miniati and Ian Tregillis, and Korean collabo-
rators Professor Hyesung Kang of the Pusan
National University and Professor Dongsu
Ryu of the Chungnam National University
have undertaken the task of developing and
applying computational methods to overcome
many of the biggest hurdles that must be
overcome along the way. They have several
linked efforts underway that have already
born exciting fruit. It has been necessary to
pioneer computational methods to model
essential microphysics in collisionless shocked
flows, high order methods to compute the
dynamics of compressible, conducting fluids
laced with dynamically significant magnetic
fields, methods to transport relativistic
charged particles in complex conducting plas-

ma flows, and methods to compute the
expected radiative emissions from the rela-
tivistic particles and simulate how the simu-
lated cosmic structures would appear to an
earth-bound observer. While there is still
much work to be done in these areas, these
researchers are now at the exciting stage
where they can begin to challenge existing
observational paradigms and make predic-
tions about observations possible with the
next generation of space observatories.
Current efforts range from developing com-
putational schemes to model the complex
microphysics that “injects” thermal charged
particles into the cosmic-ray population and
incorporating “adaptive mesh refinement”
techniques for the first time into numerical
transport of cosmic-rays to simulating the
observable properties of cosmic-rays expelled
in supersonic plasma jets expelled from the
centers of galaxies and cosmic-rays accelerated
in the powerful shock waves stretching across
and around giant clusters of galaxies.

■

The simulated energy distribution of protons
behind a collisionless shock wave showing the
development of a high energy “cosmic-ray tail”
above the thermal distribution.
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Flow and transport phenomena in
porous media are of importance in a
wide range of natural and industrial

processes. The flow of water containing nutri-
ents or pollutants in soils and aquifiers is of
environmental concern. Of commercial rele-
vance is the multiphase flow of oil and water
in porous and fractured rock, as well as flow
and dispersion in packed beds used for cat-
alytic and separation processes.

In order to model these processes, it is
necessary to understand the pore scale mech-
anisms of flow and transport. This requires
an understanding of how the structure of the
porous media affects the distribution, flow,
and displacement of one or more fluid phases
as well as the dispersion (i.e., mixing) of one
fluid in another. Recent advances in under-
standing these phenomena are due, in large
part, to the refinement of experimental tech-
niques such as pulsed field gradient spin-
echo Nuclear Magenetic Resonance (NMR)
and the development of new computational
methods and technologies.

When two miscible fluids are brought into
contact, a transition zone develops across the
interface, and the two fluids slowly diffuse into
one another. However, if the two fluids are also
flowing, there will be some additional mixing.
This mixing is generated by a non-uniform
velocity field, which may be caused by the
morphology of the medium, the flow condi-
tions, or chemical and physical interactions
with the solid surfaces of the medium; this
effect is called hydrodynamic dispersion. The
relative importance of diffusion and hydrody-
namic dispersion in spreading the transition
zone is described by the Péclet number Pe =
vd/Dm, where v is the mean pore velocity, d is
the average grain size of the media, and Dm is
the relevant molecular diffusion constant. The

Flow and Transport in Porous Media

larger the Péclet number, the greater the influ-
ence of hydrodynamic dispersion. In most ran-
dom porous media, the dominant contribution
to dispersion at large Péclet numbers comes
from random spatial variations of the velocity
field as shown in figure 1.

One approach to the analysis of pore scale
flow and transport is to solve the Navier-
Stokes equation and mass-transport equa-

Figure 1: Mechanical dispersion is caused by ran-
dom spatial variations of the velocity field. Particles
in close spatial proximity at t = 0 (o) are dispersed
at later times (•) as they flow along diverging
stream lines.

Figure 2: Color coded flow structure in a simple
cubic bead pack. High-velocity flow regions are
colored yellow and white. The red regions are
recirculation zones.
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tions in the pore space. An alternative
approach has been developed by researchers
at the University of Minnesota under the
direction of Supercomputing Institute Fellow
Regents’ Professor H. Ted Davis of the
Chemical Engineering and Materials Science
Department and IT Dean, Robert Maier of
the Army High Performance Computing
Research Center, and Professor Daniel Kroll
of the Department of Medicinal Chemistry.
These researchers are working in collabora-
tion with United States Army Corps of
Engineers Waterways Experiment Station
researchers Robert S. Bernard, Stacy E.
Howington, and John F. Peters.

This approach simulates flow using the lat-
tice-Boltzmann (LB) method. A discretized
version of the Boltzmann kinetic equation is
solved for the single particle distribution func-
tion of the fluid. A random-walk particle
tracking method is then used to simulate trac-
er dispersion using the LB flow fields.
Computer codes for the LB method are rela-
tively simple, and the method lends itself
quite naturally to parallel processing. Using
this approach, high-resolution studies of flow
and transport in random bead packs have
been performed. The velocity distribution in a
cubic packing of monodisperse spheres is
shown in figure 2, where it can be seen that
no-slip boundary conditions at the bead sur-
faces results in most flow occuring in high-
velocity channels. A comparison of simulation
results for dispersion in random porous media
with recent NMR spectroscopy studies show
agreement on transient, as well as asymptotic,
dispersion rates. In particular, the results sup-
port NMR findings that longitudinal disper-
sion rates are significantly lower than reported
in earlier experimental literature and that
asymptotic rates are achieved earlier than pre-

viously reported. Results for the longitudinal
dispersion constant, DL, as a function of the
Péclet number are compared with recent
NMR data in figure 3.

Related work involving the transport of
solute in packed bed liquid chromatography
and electrochromatography is being per-
formed in collaboration with Dr. Mark Schure
of Rohm and Haas Company, who is current-
ly an Industrial Fellow at the University of
Minnesota’s Center for Interfacial
Engineering. Dr. Thomas Ihle, a
Supercomputing Institute Research Scholar, is
developing LB methods for treating multi-
phase immiscible flow and transport.

Future work will involve studies of multi-
phase flow. A number of issues need to be
addressed, but one of the most important
involves nonaqueous-aqueous mass transfer. In
addition to its obvious importance in advanced
oil recovery processes, it is also of great interest
for environmental studies since nonaqueous
liquids are a frequent source of contamination.

■

Figure 3: Comparison of simulation results (•) for
the longitudinal dispersion coefficient with
Nuclear Magnetic Resonance data (◊).
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Certain wide band gap semiconductors
are emerging as viable candidate
materials for electronic devices that

can operate in environments and under bias
conditions for which the standard semicon-
ductor material, silicon, is not suitable.
Among the new materials are the III-nitrogen
compounds, GaN, AlN, and their alloys. The
principal advantage of these materials over sili-
con can be traced to their electronic structure
that has (filled) valence bands separated from
(empty) conduction bands by an energy gap
that is—depending on the group III ele-
ment—between three and five times as large
as that of silicon. The wide band gap implies
that large electric fields are sustainable in the
materials and the principal electrical character-
istics are relatively insensitive to temperature.
In addition, conduc-
tion electrons can be
very mobile, allowing
for large current den-
sities and rapid
changes in currents.
This combination of
properties makes III-
nitride semiconduc-
tors excellent candi-
dates for the fabrica-
tion of high-power,
high-frequency, high-
temperature electronic
devices with applica-
tions ranging from
satellite communica-
tion systems to engine
control electronics.

Materials-Theory Based Modeling of III-Nitride Semiconductor
Devices

III-nitride materials preparation technology
is currently in a state of very rapid develop-
ment, and exploratory devices are already
being made. However, device design is still
rather rudimentary. One of the main reasons
for this relatively low level of sophistication is
the lack of predictive models needed for suc-
cessful optimization. The standard device
models are not immediately useful because
they rely on a large number of materials
parameters that, although well known for con-
ventional materials such as silicon, are not yet
available for the III-nitride compounds.

Supercomputing Institute Associate Fellow
Professor Paul Ruden and his Modeling and
Simulation group in the Electrical and
Computer Engineering Department, together
with Professor Kevin Brennan and students at

Figure 1: Average drift velocity of electrons in wurtzite structure GaN as a
function of the applied field strength for three different temperatures as
obtained from Monte Carlo simulations.
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the Georgia Institute
of Technology, have
developed a materials-
theory based device
modeling technique
that is particularly
suitable for the cur-
rent state of III-
nitride technology
development.  Briefly
summarized, the tech-
nique starts from very
fundamental materials
properties that are
known from parame-
ter-free, first-princi-
ples calculations of
the electronic struc-
ture. It then proceeds
to microscopic elec-
tron transport simula-
tions using the Monte
Carlo method. In
these simulations, electrons are accelerated by
an applied electric field and scattered through
interactions with lattice vibrations and impu-
rities. From the resulting trajectories, which
may involve 107 scattering events, the average
drift velocity for a given field strength is com-
puted. Representative results are displayed in
figure 1. Finally, based on the microscopic
simulation results, macroscopic materials char-
acteristics of suitable forms are defined and
incorporated into device models.

The materials-theory based device models
have yielded predictions of breakdown volt-
ages for simple GaN diodes as well as output

Figure 2: Calculated (lines) and measured (diamonds) output characteristics of
AlGaN/GaN heterostructure field effect transistor.  The gate voltage varies
between 0V (top curve) and –3V (lowest curve) in 1V steps.  The large
decrease in current with increasing drain voltage arises from self-heating of the
device. (Experimental data courtesy of Naval Research Laboratory).

performance results for relatively complex
AlGaN/GaN Heterostructure Field Effect
Transistors (HFETs). Temperature effects have
been found to be very important in these
high-power devices due to inevitable self-heat-
ing. As an example, figure 2 shows model
results for the output characteristics of an
HFET, together with experimental data
recently obtained at the Naval Research
Laboratory. Further modeling results indicate
that even higher currents can be obtained with
simple changes in device design.  These new
designs are presently being explored. 

■
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S taphylococcus aureus is an ubiquitous
human pathogen. Approximately 30%
of healthy individuals are colonized by

S. aureus—typically in the nasal passages, in
the vagina, or in the perianal area. In the
United States, S. aureus is the major cause of
nosocomial (acquired in a hospital) infections
resulting in over 700,000 infections annually.
Staphylococci can produce a variety of diseases
ranging from food poisoning to toxic shock
syndrome and sepsis. 

The advent of antibiotics in the early part
of this century was a pivotal development in
the treatment of infectious diseases caused by
gram positive bacteria such as S. aureus.
Before antibiotics, mortality from gram posi-
tive sepsis was in excess of 80%. The use of
penicillin during World War II saved many
lives by curing sepsis due to the infections of
wounds. However, in 1942, penicillin-resist-
ant strains of S. aureus were already being

reported. In the 1950’s several serious out-
breaks of staphylococcal infections by peni-
cillin-resistant strains had been reported. By
1997 resistance to penicillin has risen to over
90% of isolates of S. aureus. A new β-lactam
antibiotic, methicillin, came into clinical use
in 1960. One year later, methicillin-resistant
isolates were reported. Today, methicillin-
resistant S. aureus (MRSA) are found in near-
ly 40% of clinical isolates. The aminoglyco-
side antimicrobial agent vancomycin is fre-
quently the only drug available to the clini-
cian for treatment of severe infections caused
by MRSA strains. In 1997, the first clinical
isolates of vancomycin-resistant S. aureus
were reported. The specter of infections from
multiply-resistant strains of gram positive
organisms looms menacingly over the future
human health. Recognition of this problem
has led to the establishment of a network of
international monitoring. 

Structural Studies of Toxins Produced during 
Staphylococcal Infections

Path of peptide backbones of toxic shock syndrome toxin-1 (TSST-1) and exfoliative toxin A (ETA).
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In order to develop novel strategies for pre-
venting and treating infections by S. aureus,
workers in the laboratory of Supercomputing
Institute Fellow Professor Douglas Ohlendorf
are determining and analyzing the structures of
a number of proteins produced by S. aureus
that have been identified as virulence factors.
Included among these proteins are a variety of
toxins, proteases, lipases, and nuclease. By
determining the structure of these molecules, it
is possible to locate features required for bio-
logical activities. Mutation of these areas can
produce molecules which can potentially be
used as immunizing agents. For those enzyme
virulence factors, the structure can be used to
design inhibitors which block the action of
these molecules. This approach, for example,
has allowed the production of protease
inhibitors recently coming into use in the
treatment of AIDS.

Workers in Professor Ohlendorf ’s laborato-
ry have been initially focusing on two toxins
that have activity as superantigens. The defini-
tion of a superantigen is that it functions by
binding to the foreign antigen-presenting
molecule (class II major histocompatibility
complex) and to a specific serotype of receptor
on circulating killer T cells. In an infection
produced by a superantigen, there is a pro-
found proliferation and then death of the T
cells carrying the serotypical marker on their
surface. Professor Ohlendorf ’s group has
determined the structures of toxic shock syn-

drome toxin-1 (TSST-1) and of exfoliative
toxins A and B (ETA and ETB; see figure).
TSST-1 is the key causative agent of the severe
multisystem disorder toxic shock syndrome
that gained notoriety in the 1970’s with its
association with usage of superabsorbant tam-
pons. ETA and ETB are key agents in staphy-
lococcal scalded skin syndrome—a typically
nonfatal condition in children in which large
areas of the skin blister and peel. 

TSST-1 folds into a kidney-shaped 2
domain structure—one having five β strands
in a barrel and the other have a long α helix
lying against a sheet of four β strands. This
fold has been also seen in the staphylococcal
enterotoxins as well as in some of the strepto-
coccal pyrogenic exotoxins. ETA (as well as
the homologous ETB) also fold into two
domains. However, the central element of
each of these domains is a six strand β barrel;
the axes of the two barrels are roughly perpen-
dicular to each other. This fold is well known
as that of the serine proteases. In fact, the ETs
have a traditional active site, which if mutat-
ed, blocks the exfoliative activities while main-
taining their superantigenic properties. The
mystery is how molecules with different folds
function as superantigens. This question is
being studied computationally by calculating
the congruence of molecular surfaces. Once
similar surfaces have been identified, mutants
can be made, expressed, and analyzed.

■
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The magnetic
structure of
thin magnetic

films has long been a
subject of importance
for information storage
media, sensors, and
technological advances
such as magnetic
RAM. In many appli-
cations, and for mod-
eling and simulations,
films are composed of
small magnetic parti-
cles that interact with
each other through
dipolar and exchange
coupling. These films can be pictured as an
array of tiny magnets whose magnetization can
point in any direction in three dimensions.

Experimentally, the magnetic structure is
studied by magnetic force microscopy (MFM),

in which a tiny magnetized stylus is brought
into proximity to the surface of the film and
then rastered over the film. The magnetic force
between the film and the stylus is then inter-
preted to elucidate the magnetic structure.

Physics Professor E.
Dan Dahlberg,
Director of the
Magnetic Force
Microscopy Center
(MMC) at the
University of
Minnesota, has helped
develop and employ
sensitive MFM to
study these films and
magnetic particles.

Useful insight and
interpretation of these
measurements are
obtained by modeling
these systems and sim-
ulating their magnetic

Figure 1: A model of a 1 × 2 micron permalloy film in differing magnetic
states. Saturation in the easy action direction (left), final state after relaxation
in zero applied magnetic field at a temperature of 300 K (middle), and as in
the middle but at temperature 100 K (right).

Figure 2: Total magnetization as a function of applied field for the film of fig-
ure 1, beginning in a saturated state at applied field +600 Oe (as in Figure 1
left), and then stepping the field down to –600 Oe in steps of 10 Oe(top
curve) at reverse saturation, and finally returning the applied field of +600 Oe
near the original saturated state (bottom curve).

Simulations of Submicron Magnetic Structures for Digital
Technology Devices
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structure and the evolution of that structure as
a function of time, temperature, and applied
magnetic field. Physics Professor, Charles E.
Campbell, an Associate Fellow of the
Supercomputing Institute and member of the
MMC, graduate student Andrew B. Kunz, also
a member of the MMC, and Professor
Dahlberg are developing and implementing
simulation methods to study these systems.
They make use of both micromagnetic meth-
ods, wherein the dynamical Landau-Lifshitz-
Gilbert equations (LLG) are solved at zero
temperature, and Monte Carlo simulation
techniques with a Metropolis algorithm to
study both the Monte Carlo time and temper-
ature dependence of the relaxation. Monte
Carlo simulations, approximated by the evolu-
tion of the system as a function of Monte
Carlo steps, show that the difference between
room temperature and zero temperature is very
important for some systems being simulated.

One set of simulations is for a model of
micron size permalloy films with a thickness of
20 nm that consists of
a two-dimensional
square mesh of grains.
Each grain occupies a
size of 50 × 50 × 20
nm and has an associ-
ated magnetic
moment allowed to
rotate fully in three
dimensions. The
permalloy is character-
ized by a uniaxial
anisotropy situated
along one of the prin-
cipal axes of the film
of 5000 erg/cc—a
nearest neighbor
exchange of 1.3 10-6

erg/cm, and a satura-
tion magnetization of
800 emu/cc. Figure 1

(left) shows a 1 × 2 micron film whose magne-
tization was initially saturated in the long
direction of the film (taken to be the easy axis)
and permitted to relax in the absence of an
external magnetic field. The final state at room
temperature, figure 1 (middle), has a complex
magnetic structure in which the magnetiza-
tions at the ends have rotated to parallel the
ends in order to reduce the demagnetization
energy, and vorticity has developed in the inte-
rior to lower the dipolar and exchange ener-
gies. Even though there is no applied magnetic
field, there is a residual net magnetization in
the direction of the original saturation. The
outer edges have preserved the original direc-
tion, while the interior has a significant region
of reversed magnetization. This is a metastable
state; there is at least one configuration with
lower energy which has higher symmetry, but
which is unlikely to be reached in an experi-
mental relaxation. Figure 1 (right) shows the
results of the simulation at 100K, demonstrat-
ing an apparent strong dependence on temper-

Figure 3: Magnetic states at the applied fields of –60 Oe (left) and –70 Oe
(right) on the demagnetization curve (top curve in Figure 2).
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ature.  
Simulations of the same system have been

carried out as a function of magnetic field.
Figure 2 is a hysteresis graph. Beginning at a
high positive field along the long axis, the ini-
tial state is the same as Figure 1 (left). The
field is first reduced to 600 Oe, and then in
steps of 10 Oe until -600 Oe, where the mag-
netization is well-saturated in the opposite
direction of the initial state. The magnetization
as a function of applied field during this rever-
sal is the top curve. At -600 Oe, the field is
increased in steps of 10 until it reaches 600.
The lower curve is the magnetization as a
function of field as the field is increased from
–600 Oe to +600 Oe. The large discontinu-
ities in the hysteresis curves are a real physical
effect, due to a sudden move from one
metastable configuration to a significantly dif-
ferent configuration during a very small
change in the field. One such shift in magnetic
structure change is shown in Figure 3 for the
applied magnetic fields of  -60 Oe to -70 Oe.

The magnetic structure of mesoscopic sized
particles is a subject of growing interest at the
fundamental level. MFM measurements on
nickel cylinders of 100 to 300 nm diameters
and 100 nm high indicate that the smaller
particles are single domain magnetic structures
while larger diameter particles have a complex
magnetic structure. Andrew Kunz has simulat-
ed such particles using the micromagnetic
LLG method, obtaining semiquantitative
agreement with the MFM results. Figure 4
shows the magnetic structure of the top sur-
face of a 200 nm cylinder where the initial
magnetic configuration was uniform satura-
tion parallel to the cylinder’s axis. This is
shown through false color images showing the

direction of the x, y, and z components of the
top surface, where y is the direction perpendi-
cular to the page. The middle panel, showing
the y component, is very similar to the MFM
image. Since this is an LLG simulation, it is at
a temperature of absolute zero.

The incorporation of finite temperature
effects in the LLG method is a high priority
challenge for the future of these simulations.
These methods will also be applied to the
structure and stability of magnetic bits on
magnetic thin films and the more esoteric
problem of spontaneous reversal of magnetism
via quantum mechanical tunneling.

■

Fig. 4: Magnetic structure of the top of Ni cylin-
ders. An array of cones in the direction of magneti-
zation is shown.



27Supercomputing Institute Research Bulletin

1999 International Conference on Preconditioning Techniques
for Large Sparse Matrix Problems in Industrial Applications

The “1999 International Conference
on Preconditioning Techniques for
Large Sparse Matrix Problems in

Industrial Applications” was held at the
Hubert H. Humphrey center in Minneapolis,
Minnesota on June 10–12, 1999. The confer-
ence was sponsored by the University of
Minnesota Supercomputing Institute for
Digital Simulation and Advanced
Computation, the University of Waterloo, and
the Lawrence Livermore National Laboratory.
Eighty-seven participants came from all over
the world—39 international participants from
Africa, Australia, Asia, Europe, and South
America and 48 participants from the United

States and Canada. The conference was timed
to coincide with the biannual “Householder
Numerical Algebra Symposium” held in
Whistler, British Columbia the week before.

The conference aimed at bringing together
researchers to discuss the latest developments
in preconditioning methods and the use of
iterative procedures in scientific and engineer-
ing applications. The organizing committee,
Yousef Saad (University of Minnesota), Daniel
Pierce (Boeing Company), and Wei-Pai Tang
(University of Waterloo), strived for an equal
array of talks from applications and algo-
rithms. This goal was reached with 15 of the
32 talks falling in the applications category.

Masha Sosonkina (left) of the University of
Minnesota Duluth and Iain Duff (right) of the
European Centre for Research and Advanced
Training in Scientific Computation, France.

Edmond Chow (left) of Lawrence Livermore
National Laboratory and A. Yu. Yeremin (right) of
the Russian Academy of Sciences.

Peter Forsyth (left)of the University of Waterloo,
Canada and Martin Gutknecht (right) of ETH-
Zentrum, Switzerland.

Wei-Pai Tang (left) of the University of Waterloo,
Canada and Wing Lok Wan (right) of Stanford
University.



cism. A great deal of the progress was made in
finding new inexpensive strategies for obtain-
ing a good pattern for the inverse. It was
reported, for example, that taking the pattern
of A2 was generally sufficient to achieve the
efficiency of most sophisticated techniques.

Presentations on the use of iterative methods
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The opening talk, in the
category of applications, was
given by Charbel Farhat from
the University of Colorado at
Boulder. His talk, “10 years of
FETI (Finite Element Tearing
Interconnections),” was an
overview of work done by a
team at the University of
Colorado at Boulder in solv-
ing a large variety of problems
in mechanics.

Peter Forsyth from the
University of Waterloo,
Canada presented an introduc-
tion to problems in computa-
tional finance and discussed
his experience in dealing with
these problems. Professor
Forsyth presented some experi-
ments in using iterative meth-
ods for the solution of Partial
Differential Equations result-
ing from the problems in com-
putational finance.

Presentations on recent
improvements or applications
to the class of approximate
inverse methods were given by
Alex Yeremin from the
Russian Academy of Sciences,
Russia, Edmond Chow from
Lawrence Livermore National
Laboratory, Michele Benzi
from Los Alamos National
Laboratory, Jun Zhang from
the University of Kentucky,
and Thomas Huckle from the
Technical University of Munich, Germany.
Overall, these talks reflected the tremendous
progress made in this area. Some of the talks
presented experiments in which these methods
are now starting to be competitive with stan-
dard ILU preconditioners. A few years ago,
such methods were met with much skepti-

From top left to bottom right: Venansius Baryamureeba of the
University of Bergen, Norway and Teresa Vespucci of the Universitá
degli Studi di Bergamo, Italy; Willy Schilders of Phillips Research
Labs, The Netherlands and Menno Verbeek and Henk van der Vorst
of Utrecht University, The Netherlands; Charbel Farhat of the
University of Colorado, Jane Cullum of Los Alamos National
Laboratory, and John Lewis of Boeing Computer Service; Peiru Wu
of Parke-Davis Pharmaceutical Research and Yousef Saad of the
University of Minnesota; Andy Wathen of Oxford University, United
Kingdom and Howard Elman of the University of Maryland; and
Serge Goossens of the Katholieke Universiteit Leuven, Belgium and
Wim Bomhof of the University of Utrecht, The Netherlands.
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in Circuit Simulation were given by Willy
Schilders from Philips Research Laboratories,
The Netherlands, Henk van der Vorst from the
University of Utrecht, The Netherlands, and
Wim Bomhof also from the University of
Utrecht, The Netherlands. These presentations
represented some of the first discussions in
which positive results have been
reported on the use of iterative
techniques in this specific
application. The method pre-
sented used one sort of inde-
pendent set reordering very
successfully. Two other presen-
tations on applications in
which iterative methods are rel-
atively new were given—one by
Venansius Baryamureeba of the
University of Bergen, Norway
on the solution of large-scale
linear programming problems
and a second by Masha
Sosonkina from the University
of Minnesota at Duluth on the
use of iterative methods for
solving problems in tire design.

A number of speakers pre-
sented preconditioning tech-
niques for specific applications
or specific classes of problems.
Preconditioning methods for
various saddle-point problems
or constrained problems were
presented by Andy Wathen
from Oxford University,
United Kingdom, Howard
Elman from the University of
Maryland, Ilaria Perugia from
the University of Pavia, Italy,
and Matthew Knepley from
Purdue University. Daniele
Bertaccini from the University
of Firenze, Italy and Raymond
Honfu Chan of the Chinese
University of Hong Kong,

Peoples Republic of China presented precon-
ditioners for P-circulant matrices and Toeplitz
matrices respectively. Uri Peskin from the
Technion-Israel Institute of Technology, Israel
presented a parallel method based on
Kronecker sums and products of operators for
an important problem that arises in electro-

From top left to bottom right: Raymond Honfu Chan of The
Chinese University of Hong Kong and Esmond Ng of Lawrence
Berkeley National Laboratory; Uri Peskin of the Technion-Israel
Institute of Technology and Michele Benzi of Los Alamos National
Laboratory; A. Yu. Yeremin of the Russian Academy of Sciences and
Robert Numrich of SGI; Herbert De Gersem of the Katholieke
Universiteit Leuven, Belgium and Ilaria Perugia of the Univesità di
Pavia, Italy; Wing Lok Wan of Stanford University and Robert
Bridson of the University of Waterloo, Canada; and Brian Suchomel
of the University of Minnesota, Maya Neytcheva of the University of
Nijmegen, The Netherlands, and Lutz Grosz of The Australian
National University.



lution approximate inverse technique.
Additionally, Brian Suchomel from the
University of Minnesota and Lutz Grosz from
The Australian National University, Australia
discussed strategies using independent sets
(ARMS and ILUM respectively). The meth-
ods proposed by Andreas Pomp from the
Swiss Federal Institute of Technology,
Switzerland, which separates the unknowns in
two subsets treated differently, also fell into
this series of presentations. Esmond Ng of
Lawrence Berkeley National Laboratory dis-
cussed a number of variants of incomplete
Cholesky methods and suggested that precon-
ditioning techniques should benefit from
widely used ideas in sparse direct methods.

A number of talks were geared specifically
toward parallel implementations or parallel
algorithms. This category consisted of presen-
tations by David Keyes from Old Dominion

University and ICASE at the
NASA Langley Research
Center, Maya Neytcheva from
the University of Nijmegen,
The Netherlands, Wing-Lok
Wan from Stanford
University, and Serge
Goossens from the Katholieke
Universiteit Leuven, Belgium.
These presentations related to
multilevel and Domain
Decomposition methods.

The conference also con-
sisted of a good set of poster
presentations: twelve in the
category of algorithms and
others and seven in the cate-
gory of applications.

The talks and posters were
of high quality, and in spite of
the rather heavy two and half
day schedule, participation
and discussion were excellent.
A special issue on the topic of
the conference is currently
being planned.

■
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optics and nanoelectronics. Herbert De
Gersem from the Katholieke Universiteit
Leuven, Belgium considered Schur comple-
ment type methods for solving systems arising
from field-circuit coupled electromagnetic
models. Martin Gander from the Vienna
University of Technology, Austria presented a
factorization technique (in the PDE sense)
specifically geared toward parabolic PDEs.
Finally, methods for applications that lead to
dense matrices were discussed by Iain Duff
from the European Centre for Research and
Advanced Training in Scientific
Computation, France, Jussi Rahola from the
Center for Scientific Computing, Finland,
and Menno Verbeek from Utrecht University,
The Netherlands.

Robert Bridson from the University of
Waterloo, Canada discussed new types of pre-
conditioners in his presentation on multireso-

From top left to bottom right: Matthias Bollhöfer of the Chemnitz
University of Technology, Germany and Thomas Huckle of the
Technical University of Munich, Germany; Charbel Farhat of the
University of Colorado and Willy Schilders of Philips Research Labs,
The Netherlands; Matthew Knepley of Purdue University and David
Keyes of NASA Langley Research Center; and Jussi Rahola of the
Center for Scientific Computing, Finland and Andreas Pomp of the
Swiss Federal Institute of Technology.
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One of the
central
questions in

molecular biology is
the origin of the cat-
alytic power of
enzymes. The rapid
revolution in struc-
tural determination
and accumulation of
biochemical informa-
tion offers a unique
opportunity of eluci-
dating the detailed
mechanisms of enzy-
matic reactions. This,
however, requires an
adequate description
of the intermolecular
interactions that govern macroscopic biologi-
cal functions. One of the successful
approaches in computational biology is to
combine quantum mechanics with classical
force fields, which allows the proper treat-
ment of the chemical process, but still retains
computational efficiency. In this talk,
Professor Gao discussed his recent studies of

Professor Darin York (left) of the Chemistry Department at the University of
Minnesota and Professor Jiali Gao (right) at an informal lunch on the day of
the colloquium visit.

two enzyme systems, the dephosphorylation
reaction by a protein tyrosine phosphatase,
and the chorismate to prephenate rearrange-
ment by chorismate mutase. As a prelude to
studies of photochemical reactions in biologi-
cal systems, the computational method was
illustrated by investigating the origin of the
opsin shifts in bacteriohrodopsin.  

■

Computational Insights on Biomolecular 
Interactions and Enzymatic Reactions

Professor Jiali Gao, State University of New York at Buffalo
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Professor Hyesung Kang of the
Department of Earth Sciences at Pusan
National University in Pusan, Korea

and Professor Dongsu Ryu of the Astronomy
and Space Science Department at Chungnam
National University in Daejun, Korea visited
Professor Thomas Jones at the
Supercomputing Institute. They both worked
on Simulations of Particles and Fluids in
Astrophysics. This visit was an important step
in completing a collaboration that began
under NASA support. The researchers have
the first stage under test of an innovative
Adaptive Mesh Refinement scheme for time
dependent simulation of cosmic ray accelera-
tion in shocks. Successful completion of this
will open a new frontier in that field. Initial
results look excellent. Professor Kang’s visit
helped refine and extend the first version of
the code in preparation for the 26th
International Cosmic Rays Conference meet-
ing in Salt Lake City. Professor Ryu’s visit was
devoted to refinement
of a new collaboration
to extend research
into cosmological
simulations. Professor
Ryu has experience in
that area, while
Professor Jones’
researchers do not.
The group wishes to
include for the first
time, the physics of
high-energy particle
acceleration and
transport. The impor-
tance of these parti-
cles is now becoming
quite evident.

■

A volume rendering taken from inside a numerical
simulation of the expansion of the universe show-
ing the complex web of shock waves that form
during gravitational collapse of clusters of galaxies.
This section is about one hundred million light
years on a side, so an individual galaxy like the
Milky Way would be a tiny dot on the same scale.

Professor Thomas Jones (left), Professor Dongsu Ryu, Professor Hyesung
Kang, and Francesco Miniati (right) pursue their collaboration at the Institute.
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Professor Ying Zhang, from the
Department of Materials Science at
Xiamen University in Fujian, Peoples

Republic of China, visited the University of
Minnesota to continue ongoing collaborative
research with Professor Roger Fosdick of the
Aerospace Engineering and Mechanics
Department. These researchers have collabo-
rated on problems of stress-induced coexistent
phase structures from the point of view of
minimization theory. Their work involved
both theoretical developments in nonconvex
minimization (for nonconvex strain energy
functions) and finite element computational
schemes. Motivation for this work is based on
the idea that the existence and growth of
zones of evolving microstructure plays a part
not only in the failure of materials, but also in
the design of devices and in many emerging
applications that depend on sophisticated
nonlinear material behavior.

Concurrently, Professor Fosdick and
Professor Darren Mason, from the
Department of Materials Science and
Mechanics at Michigan State University,
began development of a thermodynamical the-
ory related to their earlier work on a long-
range nonlocal theory of materials. This work
was purely mechanical and included the effect
of a local non-convex stored energy function
that induced coexistent phase structures and a
nonlocal particle-particle interaction energy
that provided for a surfacial-like energy contri-
bution between phases. This exhibited definite
advantages in modeling material behavior over
the earlier well-known gradient theory
approach. While the original long range inter-
action theory was one-dimensional and was
restricted to the study of static states, it is cur-
rently being generalized to include thermody-

namics and apply to three-dimensional con-
tinua. They plan to use this generalization to
study the time-evolution of phase structures.

Professors Fosdick, Mason and Zhang,
together, worked to intensify and focus their
joint program. Among the many important
issues is the most challenging task of develop-
ing a highly efficient numerical scheme for
nonconvex, spatial dependent energies in
order to search for minimal energy states and
to characterize the configuration of a body
when many interfacial transitions are possible.
Professor Zhang began to develop such a
scheme during his visit. This is recognized as
an important part of the program, because
dependable and efficient computational results
will motivate a productive direction for our
further theoretical developments, the charac-
terization of multiphase static states is not
otherwise possible, and we expect that the
visualization of developing dynamical struc-
tures will shed light on the importance of
local vs. global minimizers.

■

Dr. Ying Zhang (left), Professor Roger Fosdick
(center), and Darren Mason (right) meet to discuss
their work.
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Dr. Murial
Gerbault
from the

Institute of
Geological and
Nuclear Science in
Lower Hutt, New
Zealand visited
Supercomputing
Institute Fellow
Professor David Yuen
of the Geology and
Geophysics
Department at the
University of
Minnesota. Dr.
Gerbault’s work on
finite-element model-
ing of mountain
building processes
used ABAQUS, a pack-
age available on the SP system. She worked
on the phenomenon of lithospheric buckling
within the framework of viscoplastic rheology.
She also worked with Professor Yuen’s under-
graduate intern students from both the
University of Minnesota Department of
Geology and Geophysics program and the
Supercomputing Institute program. She
helped Liz Starin of the University of

V
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Undergraduate intern students Thomas Wilson (left) of the Supercomputing
Institute program and Liz Starin of the University of Minnesota Department
of Geology and Geophysics program with Professor David Yuen and Dr.
Murial Gerbault (right) from the Institute of Geological and Nuclear Sciences
in Lower Hutt, New Zealand

Minnesota Department of Geology and
Geophysics internship program finish her
work on the effects of variable thermal con-
ductivity on the thermal evolution of sedi-
mentary basin. Dr. Gerbault also helped
Thomas Wilson, a Supercomputing Institute
undergraduate intern, with his work on
implementing pV3, the visualization toolkit
with JAVA.

■
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Aerospace Engineering and
Mechanics

° 99/136, August 1999
The Lagrange Multiplier in Incompressible
Elasticity Theory
R. Fosdick and G. Royer-Carfagni

° 99/137, August 1999
The Constraint of Local Injectivity in Linear
Elasticity Theory
R. Fosdick and G. Royer-Carfagni

° 99/176, October 1999
Self-Intersection in Elasticity
A. Aguiar and R. Fosdick

° 99/157, September 1999
Foamy Oil Flow in Porous Media
D.D. Joseph, A.M. Kamp, R. Bai, and M.
Huerta

° 99/158, September 1999
Modeling Rayleigh-Taylor Instability of a
Sedimenting Suspension Arising in Direct
Numerical Simulation
R. Glowinski, T.W. Pan , and D.D. Joseph

Astronomy

° 99/149, September 1999
The MHD Kelvin-Helmholtz Instability III:
The Role of Sheared Magnetic Field in
Planar Flows
H. Jeong, D. Ryu, T.W. Jones, and A.
Frank

° 99/141, August 1999
Numerical Simulations for Radiation
Hydrodynamics II. Transport Limit
W. Dai and P.R. Woodward

Chemical Engineering and
Materials Science

° 99/132, July 1999
Ab initio Absorption Spectra of Gallium
Arsenide Clusters
I. Vasiliev, S. Ogut, and J.R. Chelikowsky

° 99/164, October 1999
Large Pairing Jahn-Teller Distortions Around
Divacancies in Crystalline Silicon
S. Ogut and J.R. Chelikowsky

° 99/165, October 1999
Pressure Induced Amorphization in
Crystalline Silica:  Soft Phonon Modes and
Shear Instabilities in Coesite
D. Dean, R.M. Wentzcovitch, N.R.
Keskar, J.R. Chelikowsky, and N. Binggeli

° 99/145, August 1999
Computational Simulations of the Growth of
Crystals from Liquids
A. Yeckel and J.J. Derby

° 99/155, September 1999
Theoretical Analysis of 3D, Transient
Convection and Segregation in Microgravity
Bridgman Crystal Growth
A. Yeckel, V.F. de Almeida, and J.J. Derby

° 99/130, July 1999
A Self-Consistent Cell Flux Expression for
Simultaneous Chemotaxis and Contact
Guidance in Tissues
M.A. Wagle and R.T. Tranquillo

Names of University of Minnesota principal 
investigators appear in bold type.
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Chemistry

° 99/147, August 1999
Perfluorocarbenes Produced by Thermal
Cracking.  Barriers to Generation and
Rearrangement
C.J. Cramer and M.A. Hillmyer

° 99/142, August 1999
The Viscosity of Polymerically Stabilized
Dispersions of Spherical Colloid Particles
E. Wajnryb and J.S. Dahler

° 99/143, August 1999
The Viscosity of Electrostatically Stabilized
Dispersions of Spherical Colloid Particles
E. Wajnryb and J.S. Dahler

° 99/133, July 1999
Simulating Retention in Gas-Liquid
Chromatography
M.G. Martin, J.I. Siepmann, and M.R.
Schure

° 99/134, July 1999
Adiabatic Nuclear and Electronic Sampling
Monte Carlo Simulations in the Gibbs
Ensemble:  Application to Polarizable Force
Fields for Water
B. Chen and J.I. Siepmann

° 99/139, August 1999
A Two-Response-Time Model Based on
CM2/INDO/S2 Electrostatic Potentials for
the Dielectric Polarization Component of
Solvatochromic Shifts on Vertical Excitation
Energies
J. Li, C.J. Cramer, and D.G. Truhlar

° 99/161, September 1999
A Universal Solvation Model Based on Class
IV Charges and the Intermediate Neglect of
Differential Overlap for Spectroscopy
Molecular Orbital Method
J. Li, T. Zhu,  C.J. Cramer, and D.G.
Truhlar

° 99/170, October 1999
Comment on "On the Longuet-Higgins Phase
and its Relation to the Electronic Adiabatic-
Diabatic Transformation Angle"
B.K. Kendrick, C.A. Mead, and D.G.
Truhlar

° 99/171, October 1999
Energetic and Structural Features of the CH4
+ O(3P) → CH3 + OH Abstraction
Reaction: Does Perturbation Theory from a
Multiconfiguration Reference State (Finally)
Provide a Balanced Treatment of Transition
States?
O. Roberto-Neto, F.B.C. Machado, and
D.G. Truhlar

° 99/172, October 1999
Nonequilibrium Solvation Effects for a
Polyatomic Reaction in Solution
Y.-Y Chuang and D.G. Truhlar

° 99/173, October 1999
Perspective on "Principles for a Direct SCF
Approach to LCAO-MO Ab Initio
Calculations by J. Almlöf, K. Faegri, Jr., and
K. Korsell
D.G. Truhlar

° 99/174, October 1999
Prediction of Vapor Pressures from Self-
Solvation Free Energies Calculated by the
SM5 Series of Universal Solvation Models
P. Winget, G.D. Hawkins, and C.J.
Cramer, and D.G. Truhlar

° 99/175, October 1999
Quantum Mechanical and Quasiclassical
Trajectory Surface Hopping Studies of the
Electronically Nonadiabatic Predissociation of
the Ã State of NaH2
M.D. Hack, A.W. Jasper, Y. Volobuev,
D.W. Schwenke, and D.G. Truhlar
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Computer Science and
Engineering

° 99/152, September 1999
Iterative Solution of Linear Systems in the
20th Century
Y. Saad and H.A. van der Vorst

Geology and Geophysics

° 99/129, July 1999
Criticality of Subducting Slabs
M.R. Riedel, S. Karato, and D.A. Yuen

° 99/131, July 1999
Using Discrete Particles as a Natural Solver
in Simulating Multiple-Scale Phenomena
W. Dzwinel, W. Alda, J. Kitowski, and
D.A. Yuen

° 99/135, August 1999
Thermal Evolution of Sedimentary Basin
Formation with Variable Thermal
Conductivity
L. Starin, D.A. Yuen, and S.Y. Bergeron

° 99/138, August 1999
Exothermic and Endothermic Chemical
Reactions Modelled with Molecular Dynamics
W. Alda, D.A. Yuen, H.P. Lüthi, and J.R.
Rustad

° 99/144, August 1999
Feedback Effects of Variable Thermal
Conductivity on the Cold Downwellings in
high Rayleigh Number Convection
F. Dubuffet, D.A. Yuen, and T. Yanagawa

° 99/148, August 1999
Transition to Turbulent Thermal Convection
beyond Ra = 1010 Detected in Numerical
Simulations
A.P. Vincent and D.A. Yuen

° 99/150, September 1999
Extended-Boussinesq Thermal-Chemical
Convection with Moving Heat Sources and
Variable Viscosity
U. Hansen and D.A. Yuen

° 99/151, September 1999
Matching Macroscopic Properties of Binary
Fluids to the Interactions of Dissipative
Particle Dynamics
W. Dzwinel and D.A. Yuen

° 99/153, September 1999
Rayleigh-Taylor Instability in the Mesoscale
Modelled by Dissipative Particle Dynamics
W. Dzwinel and D.A. Yuen

° 99/154, September 1999
A Multi-Level, Discrete Particle Model in
Simulating Ordered Colloidal Structures
W. Dzwinel and D.A. Yuen

° 99/166, October 1999
At What Stress Level is the Central Indian
Ocean Lithosphere Buckling?
M. Gerbault

° 99/167, October 1999
Kinetics of Diffusion-Controlled Mineral
Reactions in the Matrix in the Kharlovo
(South Siberia, Russia) Contact Aureole
I.I. Likhanov, A. Ten, V.V. Reverdatto, V.A.
Ananiev, and I. Memmi

Mathematics

° 99/162, October 1999
Perturbations of Normally Hyperbolic
Manifolds with Applications to the Navier-
Stokes Equations
V.A. Pliss and G.R. Sell
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Mechanical Engineering

° 99/163, October 1999
Characterization of the Near-Surface Gas-
Phase Chemical Environment in
Atmospheric-Pressure Plasma Chemical Vapor
Deposition of Diamond
J. Larson, M.T. Swihart, and S.L. Girshick

° 99/156, September 1999
Effects of Tip Clearance and Rotation on
Three Dimensional Flow Fields in Turbine
Cascades
B. Han and R.J. Goldstein

° 99/168, October 1999
Large Eddy Simulation of Constant Heat
Flux Turbulent Channel Flow with Property
Variations Using a Dynamic Subgrid-Scale
Model
N. Meng, L.D. Dailey, and R.H. Pletcher

Physics

° 99/140, August 1999
Pauli-Villars Regularization in DLCQ
J.R. Hiller

° 99/160, September 1999
On the Use of Discrete Light-Cone
Quantization to Compute Form Factors
J. R. Hiller

° 99/146, August 1999
Flux Lattice Melting and the Onset of Hc2
Fluctuations
S.W. Pierson and O.T. Valls

° 99/159, September 1999
Tunneling Spectroscopy for
Ferromagnet/Superconductor Junctions
I. Zutic and O.T. Valls

° 99/169, October 1999
Free Energy Landscape of Simple Liquids
Near the Glass Transition
C. Dasgupta and O.T. Valls
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