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long-time Institute researchers. Photographs are courtesy of Tom Jacobson and Scott Bertilson.)

T

he Minnesota Supercomputing
Institute for Digital Simulation
and Advanced Scientific Computation (or MSI, as it is generally
known) recently celebrated its twentieth
birthday. MSI was born and put into
full operation during 1984–86. It came
into being through the timely and
unique convergence during the early
1980s of a series of national, state, and
University initiatives to strengthen supercomputer manufacturing industries
in the state of Minnesota and to improve high-performance computer access and computational science and engineering at American universities. Especially given the tremendous contributions that MSI has made and continues
to make to the University of Minnesota’s international competitiveness, we
thought it timely to recap some of the
events that led to MSI’s being created,
as well as some of the early Institute
history. The legacy of MSI and its computational infrastructure is rich. For
brevity we concentrate here only on its
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profile on the frontiers of academic
networking, “the Internet,” and data vicomputing and computer engineering.
sualization, was either brand-new or
This message was articulated especially
unknown still. In addition, we feel it is
effectively through an industrial advisoimportant for us all to remember the
ry council set up by Institute of Techcentral role that Minnesota and the
nology Dean Roger Staehle when he arMSI have played in the ever more imrived here in 1979.
portant field of high-performance comThe University took a bold step in
puting. In fact, Minnesota, especially by
this direction in 1981, becoming the
way of the creative genius of Seymour
first American university to purchase a
Cray, an alumnus of the University, was
class VI supercomputer (a 100
the birthplace of supercomputing and
megaflop Cray 1). In order to help
was for many years the principal center
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little later, but, unfortunately, he suc1982 the University created a for-profit
high performance computing, generally.
cumbed to cancer shortly after his arcompany, the Minnesota SupercomputIn 1982 the Department of Defense
rival at the University of Minnesota.
ing Center, Inc. (originally known as
and the National Science Foundation
Peter Patton, who had been director of
Research Equipment, Inc., or REI).
sponsored a blue ribbon panel to examthe University Academic Computing
Ownership of MSCI was shared with
ine this problem, chaired by Peter Lax
Center, became the first MSI director,
the University of Minnesota Foundaof the Courant Institute. The resulting
and Tom Walsh became the MSI sciention, which was actually the majority
Lax Report of 1984 stressed the need
tific director. In an effort to broaden
owner. Into 1985 supercomputing facilfor a more coordinated and aggressive
the role of the MSI within the Univerities continued to be operated by Uninational academic computing effort,
sity, the Office of Academic Affairs also
versity employees at its Academic Comnoting in particular that researchers at
took over its responsibility from IT.
puting Center in Lauderdale, just off
American universities did not have adeIn the meantime the University did
Highway 280. Both the original Cray 1
quate access to high-performance comsubmit its NSF bid to become one of
and its successor, a single-processor
puters. In response to the
Cray 2, were initially installed at that
Lax Report, the NSF cresite. By early 1986 MSCI was operated
ated an Office for Adas an independent company, and supervanced Scientific Comcomputer hardware ownership was
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board of directors came from the Unito create several national
versity of Minnesota Foundation and
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versity Academic Computing Center
of Minnesota, in late
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Minneapolis and its Mayor Don Fraser,
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four national supercomputing centers.
The proposal, with Tom Walsh as Principal Investigator, was very forward
thinking and thus risky. It was centered
on the brand-new Cray 2 supercomputer, which was the first supercomputer
to utilize a flavor of the UNIX operating
system and to incorporate both vector
and parallel architectural features. The
planned University Cray 2, with four
processors, also had 8 GB of memory,
which was enormous for its day. While
the University did obtain what amounted to bridge funding from the NSF, it
was not selected to be one of the national supercomputing centers. From
that point on the MSI has been operated through state funds, although its
presence here has facilitated very substantial outside funding to the University. In the early MSI years the legislature
included a “state special” appropriation
to purchase computing time from
MSCI.
As it was starting MSI was a real
“seat of the pants” operation that required lots of individual initiative.
Among the many challenges was developing networking connections between
the supercomputers and the main campus. Networking technology was in its
infancy then, and such modern standards as the TCP/IP protocol were
largely unknown entities. Tom Jacobson
and Scott Bertilson from MSCI, along
with Tom Walsh and his designated
network administrator, Randy Smith,
set out to demonstrate TCP/IP viability
for academic computing. Very early
tests included setting up a 56 kbps connection between Lauderdale and the
University of Wisconsin in Madison

through the ARPANET
using a VAX computer
as the local hub. The
idea of implementing a
TCP/IP network on the
campus for researcher
access, while central to
effective use of the Cray
2, was resisted by a
skeptical University
community more familiar with an already archaic remote entry
punch card computer ac- Figure 4. Stuart Levy doing network testing.
cess. It was important to
another temporary, larger, but very isodemonstrate the newer technologies
lated location in the Business and Techeven though they were not yet authornology Center across from the
ized nor funded. This led to such unauMetrodome on the West Bank. In Septhorized tasks as installing optical fiber
tember 1986, MSI, along with MSCI,
cables on campus inside various subtermoved into its new, permanent facility
ranean steam tunnels under cover of
on Washington Avenue, where it redarkness. The fibers actually had to be
mained until 2002. Once in the new
installed more than once, since it
building, MSCI installed the Cray 1
turned out that the coatings of the origand both Cray 2 supercomputers, as
inal fibers could not withstand the
well as a Cyber 205 from CDC, maksteam tunnels’ extreme temperatures. In
ing it one of the premier supercomputthe end these initiatives won the day
ing centers in the world.
and the University became an early parA few months after the move, Peter
ticipant in what became the modern
Patton left the University to take a corcomputer communications paradigm.
porate position in Austin, Texas. Tom
In 1985 and 1986 MSI hosted its first
Walsh resigned his scientific director
summer schools in supercomputing on
position in November 1986. By that
the east bank campus.
time, according to MSI records, already
Before the new supercomputing faover 250 University faculty researchers
cilities on Washington Avenue were
were utilizing MSI supercomputers.
available, the MSI was administered out
The MSI was temporarily managed by
of a series of temporary offices. Initially
an executive committee of MSI Fellows,
Tom Walsh and his administrative assisbut shortly thereafter, the two director
tant, Angie Vail, occupied two tiny ofpositions were merged, and Don Truhfices in the Shepherd Labs on the East
lar from the Department of Chemistry
Bank campus. Angie recalls arriving for
was appointed to be the director. He reher first day on the job to find a phone
mained in that position for almost 18
on the floor, but
years, guiding the MSI through a major
nothing else in eirevolution in the nature and scope of
ther office. As the
high-performance computing.
operations came
Acknowledgements: We are very
together and Peter
grateful to many colleagues who helped
Patton came on
us reconstruct the events of this story.
board as the new
We especially thank Scott Bertilson,
director, another
Tom Jacobson, Mitch Luskin, Rama
staff person, Ann
Murthy, Skip Scriven, George Sell,
Johns, was hired.
Angie Vail, and Tom Walsh for their
The MSI staff
recollections.
Figure 5. Radical idea of UNIX as a supercomputer OS.
transferred into
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A New Structural Relaxation Technique for
Self-Consistent Tight-Binding Calculations

T

hough first principles calculations that repeatedly solve the
quantum mechanical Schrödinger equation for the electrons of
atomic systems of chemical and materials science interest are now possible, the
size of the systems on which such calculations can be done remains significantly constrained. Such calculations are required for determining the ground state
atomic configuration (in Born-Oppenheimer approximation) of a system of
materials science or chemical interest,
and also for studying the classical atomic dynamics of such systems while continually recalculating the forces on the
atoms as the electrons rearrange themselves. For routine, repeated calculations, a first-principles calculational
limit of about 100 atoms is characteristic. On the other hand, the systems of
interest in biochemistry and materials
nanoscience are larger than this by two
or more orders of magnitude, though
the details of the electronic structure are
still crucial for understanding of the
important properties. For this reason
there is a need for intermediate scale
methods, which take account of electronic structure but are computationally

simpler and faster than full first principles calculations.
The research group of Professor J.
Woods Halley, Department of Physics
and Supercomputing Institute Fellow,
has been working for several years on
one such approach, called self-consistent tight binding (SCTB). In that
method, one uses a much smaller, localized basis of functions for description of
the electronic wave functions than the
bases used in first-principles methods.
No integrals are performed. The model
is parametrized by the matrix elements
of the Hamiltonian in the limited basis.
The calculations are self-consistent in
the charges at the atomic sites at the
Hartree level. The matrix elements of
the model are fitted to more accurate
first principles calculations on small
clusters or solids.
Recently, Professor Halley and research associate Alexander Tchernatinsky have developed a new algorithm for
implementing calculations in this
method that has increased the speed of
calculations in which clusters are relaxed to their ground state configuration by a factor of 10.
In the approach that SCTB and similar approaches were previously using,

the total energy of the assembly of nuclei and electrons is expressed (with
some approximation for the electronelectron interaction terms) as a functional of positions {Ri} of the atoms and
the density matrix ρ describing the
electrons. (In a basis of position eigenstates, only the diagonal terms in the
density matrix are required. This is the
Hohenberg-Kohn theorem. The density
matrix is expressed in an arbitrary basis
at this stage in the discussion, however.)
At a given set of {Ri}, one minimizes
the total energy with respect to ρ subject to certain constraints (discussed
below) and then calculates the forces on
the atoms from the resulting density
matrix. The atoms are then moved in
accordance with the calculated forces
(either relaxationally or inertially) and
then the process is repeated. The slow
step is the minimization with respect to
ρ. In the earlier implementation (as pioneered by Kohn and Sham) one expresses the total energy in terms of orbitals (sometimes called Penrose orbitals) that are eigenstates of the density
matrix treated as an integral operator
and then minimize the energy with respect to those orbitals. The result is a
set of one-electron-like equations that

Figure 1. Computational results of a series of nanocrystals of anatase titanium dioxide relaxed to the ground state atomic
and electronic configuration using SCTB and the old algorithm compared with those calculations using the new algorithm
in relaxational mode. The results are the same but calculation time is 10 times faster.
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are solved self consistently, much as in
the Hartree-Fock method. The solution
of the equations requires a matrix diagonalization, which is slow despite excellent and highly refined algorithms, and
the cost scales as nearly the cube of the
matrix dimension.
In the new algorithm, an idea from
David Vanderbilt’s group at Rutgers is
combined with elements of a method
due to Roberto Car and Miguele
Parinello. Vanderbilt and coworkers
pointed out that the solution to the set
of one-electron equations could be reframed in a way that did not involve a
matrix diagonalization. Given an effective one-electron Hamiltonian H1 they

minimized the quantity Tρ((3ρ2 –
2ρ3)(H1 – µN)) and showed that the
result was equivalent to the ρ resulting
from the solution of the Kohn-Sham
equations. The peculiar expression 3ρ2
– 2ρ3, when minimized, gives a density
matrix satisfying ρ2 = ρ, which is a condition (called idempotency) equivalent
to the requirement that the Kohn-Sham
orbitals be orthonormal. The Vanderbilt
method works and is, in principle, costing a computation time that scales linearly in the number of electrons. A selfconsistency loop, however, is still required because H1 depends on ρ in the
application to electronic structure. The
Vanderbilt method was implemented

for SCTB and though it worked, it was
not faster than the traditional algorithm.
The Car-Parinello (CP) method is a
way to avoid the matrix diagonalization
by letting the electronic wave functions
change as the atoms move, in such a
way that the electronic wave functions
fluctuate during the simulation around
their correct values. Car and Parinello
chose the coefficients of an expansion
of the Kohn-Sham orbitals in a plane
wave basis as the variables that fluctuate
in this way during the simulation. They
computed a classical “equation of mocontinued on page 6

Figure 2. Data revealing how rapid relaxation to the ground state configuration occurs for a 105-atom cluster.
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tion” for these coefficients, ignoring the
complicating factor of keeping the orbital orthogonal. The electron dynamics is unphysical, but it achieves the
goal of making the electronic wave
functions oscillate around the right answer. The CP method is quite elegant
in that the ionic coordinates and the
electronic ones are all treated on essentially the same footing. However the
plane wave basis is very inappropriate
for the SCTB method.
In the new algorithm, these two
ideas are combined. Consider the total
energy functional Etotal(ρ{Ri}), where ρ
is the density matrix. Replace ρ everywhere in it by the Vanderbilt function
P = 3ρ2 – 2ρ3. One can show that the
minimum of the function Etotal(ρ,{Ri})
– µ(N – TrP)with respect to the elements of ρ and µ would solve the electronic structure problem for fixed {Ri}.
Now instead of using the coefficients of
a plane wave expansion of Kohn Sham
orbitals, implement the Car-Parinello
idea using the elements of the density
matrix. The result is a set of equations
of the form:

6

This can be called inertial CP
(which is the form the original creators
of CP used). One can also replace the
left hand sides by terms of the form
γdx/dt where x = Ri, ρiµ,jν, or µ (relaxational CP). Both forms of the algorithm were successfully implemented
for SCTB, with the best results when
all the left hand sides are relaxational.
The Halley group previously relaxed
a series of nanocrystals of anatase titanium dioxide to the ground state atomic
and electronic configuration using
SCTB and the old algorithm. (Two of
the smaller ones are shown in the inset
to Figure 2.) They recently repeated
those calculations using the new algorithm in relaxational mode. The results
and compared computational times are
shown in the table in Figure 1. The results are identical and the computational times (per processor) are about 10
times faster. These clusters are actually
still too small to profit from the order
N features of the Vanderbilt idea.
For the 105-atom cluster, Figure 2
shows some data revealing how this
rapid relaxation to the ground state
configuration occurs. The total
number of electrons and a

Supercomputing Institute Research Bulletin

measure of the idempotency of the density matrix are shown as a function of
the number of simulation steps. The
plot of total electron number shows
that the electron number is very well
preserved throughout the relaxation.
On the other hand, the second plot
shows that the density matrix relaxes
the most slowly to idempotency, so that
during most of the relaxation the density matrix is not very close to idempotency. Thus one way to describe the
phenomenon is to say that the system
finds a faster route to the ground state
when it is able to explore paths through
the density matrix space that are not
idempotent.
In the future this algorithm will be
refined and applied to study clusters 10
times larger than those explored before.
The inertial forms of the algorithm for
molecular dynamics studies is being refined and should make more realistic
studies of systems like water-metal interfaces possible. At very large system
sizes, the order N features of the algorithm will become relevant, making its
advantages over traditional methods
even greater.
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Dennis Hejhal Awarded Gårding Prize

D

ennis Hejhal, School of Mathematics and Supercomputing
Institute Fellow, has been
awarded the prestigious Eva and Lars
Gårding prize by the Royal Physiographic Society in Lund, Sweden. This
organization, founded in 1772, supports natural sciences in Sweden with
research grants and prizes. Besides his
position at the University of Minnesota,
Professor Hejhal is also a professor of
mathematics at Uppsala University in
Sweden. The award was presented on
December 2, 2005 at the University of
Lund.
Professor Hejhal’s research involves
investigations into analytic number theory and spectral theory on surfaces of
negative curvature. The paper that won
the Gårding prize is concerned with the
Riemann hypothesis, which states that
all nontrivial zeros of the Riemann zeta
function lie on the critical line of com-

plex numbers with real part 1/2. This
hypothesis is important to assertions
about the distribution of prime numbers. The paper was published in International Mathematics Research Notices
in 2000.
Professor Hejhal is a long-time principal investigator at the Supercomput-

ing Institute. Much of his early experimental work was performed on the Institute’s Cray supercomputers during
the 1980s and early 1990s. He uses
computer modeling to gain insight into
mathematical theorems.

Events, Symposia, and Meetings

VLab Tutorial, May 21–June 3, 2006

T

he Virtual Laboratory for Earth
and Planetary Materials (VLab)
held a Tutorial on Computational Materials/Mineral Physics on
May 21–June 3, 2006 at the University
of Minnesota. This two-week tutorial
included presentations on theoretical
foundations and hands-on experience
with the open source package Quantum
ESPRESSO.
Further information about the tutorial, including notes from the lectures,
can be found at the VLab Web site:
www.vlab.msi.umn.edu/events /firstTutorial.shtml

Information about the 2007 tutorial
will be posted on the VLab and Supercomputing Institute Web sites when it
becomes available.
The VLab is supported by the National Science Foundation and involves

collaborators from: the University of
Minnesota; Stony Brook University;
Florida State University; Louisiana State
University; Indiana University; the Unicontinued on page 8

Right: VLab Tutorial attendees talk
during a break.
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versity of California–Santa Barbara;
DEMOCRITOS Modeling Center
(Italy); Daresbury Laboratory (UK);
and University College London (UK).
The principal investigator is Professor Renata M. Wentzcovitch, Department of Chemical Engineering and
Materials Science and Supercomputing
Institute Fellow. The co-principal investigators are: Professor Yousef Saad, Department of Computer Science and Engineering and Supercomputing Institute
Fellow; Professor J. Ilja Siepmann, Department of Chemistry and Supercom-

puting Institute Fellow; Professor Donald G. Truhlar, Department of Chemistry and Supercomputing Institute Fellow; Professor David A. Yuen, Department of Geology and Geophysics and
Supercomputing Institute Fellow; Professor Philip B. Allen, Department of
Physics, Stony Brook University; Professor Gordon Erlebacher, Department
of Information Technology, Florida
State University; Professor Bijaya B.
Karki, Department of Computer Science, Louisiana State University; Professor Marlon Pierce, Department of In-

formation Technology, Indiana University; and Professor Frank Spera, Department of Geology and Geophysics, University of California–Santa Barbara.
For more information about the
VLab, see:
www.vlab.msi.umn.edu/

Clockwise from top:
VLab Tutorial participants participate in a hands-on workshop.
Matteo Cococcioni, Massachusetts Institute of Technology, instructed some of the workshops.
Tao Sun, Stony Brook University (left) and Koichiro Umemoto, University of Minnesota and another VLab Tutorial instructor,
at their workstations during a workshop.
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Research Reports
Aerospace Engineering
and Mechanics
2006/60, June 2006
Variational Characterization of a
Quasi-Rigid Body
R. Fosdick and G. RoyerCarfagni

Chemical Engineering
and Materials Science
2006/74, July 2006
Post-Perovskite MgSiO3 Investigated by First Principles
T. Tsuchiya, J. Tsuchiya, and
R. M. Wentzcovitch
2006/75, July 2006
and VLab 2006-4
MgSiO3 Postperovskite at D” Conditions
R. M. Wentzcovitch, T.
Tsuchiya, and J. Tsuchiya
2006/76, July 2006
and VLab 2006-5
Dissociation of MgSiO3 in the
Cores of Gas Giants and Terrestrial Exoplanets
K. Umemoto, R. M. Wentzcovitch, and P. B. Allen
2006/77, July 2006
and VLab 2006-6
Spin Transition in Magnesiowüstite in Earth’s Lower Mantle
T. Tsuchiya, R. M. Wentzcovitch, C. R. S. da Silva, and S. de
Gironcoli
2006/78, July 2006
and VLab 2006-7
Elasticity of CaSiO3 Perovskite at
High Pressure and High Temperature
L. Li, D. J. Weidner, J. Brodholt,
D. Alfe, G. D. Price, R. Caracas,
and R. Wentzcovitch

2006/79, July 2006
and VLab 2006-8
Phase Stability of CaSiO3 Perovskite at High Pressure and Temperature: Insights From Ab Initio
Molecular Dynamics
L. Li, D. J. Weidner, J. Brodholt,
D. Alfè, G. D. Price, R. Caracas,
and R. Wentzcovitch
2006/80, July 2006
and VLab 2006-9
Density Functional Study of Vibrational and Thermodynamic Properties of Ringwoodite
Y. G. Yu and R. M. Wentzcovitch
2006/81, July 2006
and VLab 2006-10
Composition Controlled Spin Polarization in Co1-xFexS2: Electronic, Magnetic, and Thermodynamic
Properties
L. Wang, T. Y. Chen, C. L.
Chien, J. G. Checkelsky, J. C.
Eckert, E. D. Dahlberg,
K. Umemoto, R. M. Wentzcovitch, and C. Leighton
2006/82, July 2006
and VLab 2006-11
NaMgF3: A Low-Pressure Analog
of MgSiO3
K. Umemoto, R. M. Wentzcovitch, D. J. Weidner, and J. B.
Parise
2006/83, July 2006
and VLab 2006-12
Vibrational and Thermodynamic
Properties of Forsterite at Mantle
Conditions
L. Li, R. M. Wentzcovitch, D. J.
Weidner, and C. R. S. Da Silva
2006/84, July 2006
and VLab 2006-13
Electronic Structure of
Co1-xFexS2
K. Umemoto, R. M. Wentzcovitch, L. Wang, and C. Leighton

2006/85, July 2006
and VLab 2006-14
Pressure Induced High Spin to
Low Spin Transition in Magnesiowüstite
T. Tsuchiya, R. M. Wentzcovitch, C. R. S. da Silva, S. de
Gironcoli, and J. Tsuchiya
2006/86, July 2006
and VLab 2006-15
Theory of Spintronic Materials
J. R. Chelikowsky, E. Kaxiras,
and R. M. Wentzcovitch

Chemistry
2006/42, April 2006
and CB 2006-11
QCRNA1.0: A Database of
Quantum Calculations for RNA
Catalysis
T. J. Giese, B. A. Gregersen,
Y. Liu, E. Mayaan, A. Moser,
K. Range, O. Nieto Faza,
C. Silva Lopez, A. Rodriguez de
Lera, G. Schaftenaar, X. Lopez,
T.-S. Lee, G. Karypis, and
D. M. York
2006/43, April 2006
and CB 2006-12
CHARMM Force Field Parameters
for Simulation of Reactive Intermediates in Native and Thio-Substituted Ribozymes
E. Mayaan, A. Moser, A. D.
Mackerell, Jr., and D. M. York
2006/44 April 2006
and CB 2006-13
Nucleophilic Attack on Phosphate
Diesters: A Density Functional
Study of In-Line Reactivity in Dianionic, Monoanionic, and Neutral Systems
X. Lopez, A. Dejaegere,
F. Leclerc, D. M. York, and
M. Karplus

Names of University of Minnesota principal investigators appear in bold type.
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Research Reports
2006/45, April 2006
and CB 2006-14
Transesterification Thio Effects of
Phosphate Diesters: Free Energy
Barriers, Kinetic and Equilibrium
Isotope Effects From Density-Functional Theory
Y. Liu, B. A. Gregersen,
A. Hengge, and D. M. York
2006/46, April 2006
and CB 2006-15
Multilevel and Density Functional
Electronic Structure Calculations
of Proton Affinities and Gas-Phase
Basicities Involved in Biological
Phosphoryl Transfer
K. Range, C. Silva Lopez,
A. Moser, and D. M. York
2006/47, April 2006
and CB 2006-16
Normal Modes of Redox-Active Tyrosine: Conformation Dependence
and Comparison to Experiment
K. Range, I. Ayala, D. York, and
B. A. Barry
2006/51, May 2006
Microscopic Structure and Solvation in Dry and Wet Octanol
B. Chen and J. I. Siepmann
2006/52, May 2006
Structure and Dynamics of the Acqueous Liquid-Vapor Interface: A
Comprehensive Particle-Based
Simulation Study
I-F. W. Kuo, C. J. Mundy, B. L.
Eggimann, M. J. McGrath, J. I.
Siepmann, B. Chen, J. Vieceli,
and D. J. Tobias
2006/53, May 2006
Critical Properties of Aluminum
D. Bhatt, A. W. Jasper, N. E.
Schultz, J. I. Siepmann, and
D. G. Truhlar
2006/54, May 2006
Molecular Simulation Approaches
to Solubility
K. E. Anderson and J. I. Siepmann

2006/55, May 2006
Synthesis, Molecular and Electronic Structure, and TDDFT and
TDDFT-PCM Study of the Solvatochromic Properties of
(Me2Pipdt)Mo(CO4) Complex
(Me2Pipdt = N,N’-Dimethylpiperazine-2,3-dithione)
V. N. Nemykin, J. G. Olsen,
E. Perera, and P. Basu
2006/63, June 2006
QM/MM: What Have We
Learned, Where Are We, and
Where Do We Go From Here
H. Lin and D. G. Truhlar
2006/64, June 2006
Variational Transition State Theory and Multidimensional Tunneling for Simple and Complex Reactions in the Gas Phase, Solids, Liquids, and Enzymes
D. G. Truhlar
2006/66, June 2006
Predicting Aqueous Free Energies
of Solvation as Functions of Temperature
A. C. Chamberlin, C. J. Cramer,
and D. G. Truhlar
2006/67, June 2006
Combined Valence Bond-Molecular Mechanics Potential-Energy
Surface and Direct Dynamics
Study of Rate Constants and Kinetic Isotope Effects for the H +
C2H6 Reaction
A. Chakraborty, Y. Zhao, H. Lin,
and D. G. Truhlar
2006/68, June 2006
Design of Density Functionals by
Combining the Method of Constraint Satisfaction With Parametrization for Thermochemistry,
Thermochemical Kinetics, and
Noncovalent Interactions
Y. Zhao, N. E. Schultz, and
D. G. Truhlar

2006/69, June 2006
Direct Calculation of Coupled Diabatic Potential-Energy Surfaces
for Ammonia and Mapping of a
Four-Dimensional Conical Intersection Seam
S. Nangia and D. G. Truhlar
2006/70, June 2006
Comparative DFT Study of van
der Waals Complexes: Rare-Gas
Dimers, Alkaline-Earth Dimers,
Zinc Dimer, and Zinc-Rare-Gas
Dimers
Y. Zhao and D. G. Truhlar
2006/71, June 2006
Converged Vibrational Energy
Levels and Quantum Mechanical
Vibrational Partition Function of
Ethane
A. Chakraborty and D. G. Truhlar
2006/72, June 2006
Assessment of the Pairwise Additive
Approximation and Evaluation of
Many-Body Terms for Water Clusters
E. E. Dahlke and D. G. Truhlar

Civil Engineering
2006/49, May 2006
Solute Transfer Into a Sediment
Layer Under a Moving Water
Wave: Numerical Solution of the
2-D Advection/Dispersion Equation and Derivation of 1-D Dispersion Coefficient
Q. Qian, V. R. Voller, and H. G.
Stefan
2006/57, May 2006
Benchmark of QUICK Scheme for
Environmenbtal Application
Q. Qian, V. R. Voller, and H. G.
Stefan
2006/61, June 2006
Singular Boundary Elements for
Three-Dimensional Elasticity
Problems
B. B. Guzina, R. Y. S. Pak, and
A. E. Martinez-Castro

Names of University of Minnesota principal investigators appear in bold type.
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Research Reports
2006/62, June 2006
Streamflow in Minnesota: Indicator of Climate Change
E. V. Novotny and H. G. Stefan

Computer Science
and Engineering
2006/42, April 2006
and CB 2006-11
QCRNA1.0: A Database of
Quantum Calculations for RNA
Catalysis
T. J. Giese, B. A. Gregersen,
Y. Liu, E. Mayaan, A. Moser,
K. Range, O. Nieto Faza,
C. Silva Lopez, A. Rodriguez de
Lera, G. Schaftenaar, X. Lopez,
T.-S. Lee, G. Karypis, and
D. M. York
2006/58, May 2006
Greedy Coarsening Strategies for
Non-Symmetric Problems
S. MacLachlan and Y. Saad

Geology and Geophysics
2006/56, May 2006
Resolution Tests of 3-D Convection
Models by Travel-Time Tomography: Effects of Rayleigh Number
and Regular vs. Irregular Parameterization
M. Behounkova, H. Cizkova,
C. Matyska, D. A. Yuen, and
M. S. Wang

Plant Pathology
2006/41, April 2006
and CB 2006-10
Towards Efficient Isolation of R
Gene Orthologs From Multiple
Genotypes: Optimization of Long
Range-PCR
M. J. Sanchez and J. M.
Bradeen

Surgery
Mechanical Engineering
2006/50, May 2006
Two-Dimensional Numerical
Study of Atmospheric Pressure
Glows in Helium With Impurities
P. Zhang and U. Kortshagen

Medicinal Chemistry
2006/48, April 2006
and CB 2006-17
Spectrophotometric Determination
and Computational Evaluation of
the Rates of Hydrolysis of 9Amino-Substituted Acridines
J. R. Goodell, B. Svensson, and
D. M. Ferguson

2006/59, May 2006
and CB 2006-18
A Seven Nanosecond Particle Mesh
Ewald (PME) Periodic Boundary
Solvated Molecular Dynamnic
Simulation of the Phase 434 cl Repressor Protein DNA Binding Domain in Complex With Its Cognate Operator (OR2) DNA Sequence
L. F. Harris, M. R. Sullivan, and
P. D. Popkin-Harris

Instructions for obtaining copies of UMSI Research Reports can be found on our Web site:
www.msi.umn.edu/cgi-bin/reports/searchv2.html
The 2006 Annual Research Report of the Supercomputing Institute is now available. You can download a PDF
from our Web site:
www.msi.umn.edu/general/Reports/annual.html
or request a copy by sending email to: requests@msi.umn.edu
or mail to:
University of Minnesota
Supercomputing Institute
599 Walter
117 Pleasant Street SE
Minneapolis, Minnesota 55455
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