
A lgorithms that find good partitionings
of irregular graphs are used in many
application areas including scientific

computing, data mining, VLSI design, and
database storage and retrieval. In particular, in
the context of scientific computing they are
commonly used to map computational meshes
onto the processors of high-performance paral-
lel computers, such that each processor gets a
roughly equal number of mesh elements (to
ensure load balance) and the amount of inter-
processor communication required to exchange
information between adjacent mesh elements is
minimized. However, the traditional graph
partitioning problem formulation is limited in
the types of applications that it can effectively
model because it specifies that only a single
quantity be load-balanced.  

Professor George Karypis (Computer Science and
Engineering) and Supercomputing Institute Fellow
Professor Vipin Kumar (Computer Science and
Engineering) and their research group have developed a par-
allel formulation of a multi-constraint graph partitioning
algorithm, as well as a new partitioning algorithm for
dynamic multi-phase simulations. Experimental results indi-
cate that these algorithms result in high quality partition-
ings that satisfy multiple balance contraints. Furthermore,
these algorithms are as scalable as the widely-used parallel
graph partitioner implemented in ParMeTiS library
(www-users.cs.umn.edu/~karypis/metis/). 

Multi-phase simulations require that multiple quantities
be load-balanced simultaneously. This is because synchro-
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Figure 1: A computational mesh for a particle-in-cells simulation (a) and a compu-
tational mesh for a contact-impact simulation (b). The particle-in-cells mesh is par-
titioned so that both the number of mesh elements and the number of particles are
balanced across the subdomains. Two partitionings are shown for the contact-
impact mesh. The dashed partitioning balances only the number of mesh elements.
The solid partitioning balances both the number of mesh elements and the num-
ber of surface (yellow) elements across the subdomains.
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nization steps exist between the different phas-
es of the computations. This means that each
phase must be individually load-balanced; it is
not sufficient to simply sum up the relative
times required for each phase and to compute
a partitioning based on this sum. Doing so
may lead to some processors having too much
work during one phase of the computation
(and so, these may still be working after other
processors are idle), and not enough work
during another. Instead, it is critical that every
processor have an equal amount of work from
each phase of the computation. Two examples
are particle-in-cells and contact-impact simu-
lations. The figure on page 1 illustrates the
type of partitionings that are needed for these
simulations: (a) shows a partitioning of the
particle-in-cells mesh that balances both the

number of mesh elements and the number of
particles across the sub-domains. Meanwhile,
(b) shows a mesh for a contact-impact simula-
tion. During the contact detection phase,
computation is performed only on the surface
(i.e., lightly shaded) elements, while during
the impact phase, computation is performed
on all of the elements. Therefore, in order to
ensure that both phases are load balanced, a
partitioning must balance both the total num-
ber of mesh elements and the number of sur-
face elements across the sub-domains. The
solid partitioning in the figure (b) does this.
The dashed partitioning is similar to what a
traditional graph partitioner might compute.
This partitioning balances only the total num-
ber of mesh elements. The surface elements
are imbalanced by over 50%. 

The new multi-constraint formulation of
the graph partitioning problem is able to
model the problem of balancing multiple

continued from page 1

Figure 2: The subdomain weights for a 4-way partitioning of a 3-constraint graph. The white bars 
represent the extra capacity in a subdomain for each weight given a 5% user-specified load imbalance 
tolerance. 
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computational phases
simultaneously, while
also minimizing the
inter-processor com-
munications. In this
formulation, a weight
vector of size µ is
assigned to each ver-
tex of the graph. The
static multi-con-
straint graph parti-
tioning problem for-
mulation then is to
partition the vertices
into κ disjoint sub-
domains such that
the total weight of
the edges that are cut
by the partitioning
(i.e., the edge-cut) is
minimized, and such
that each of their ver-
tex weights are bal-
anced across the sub-
domains. 

A serial static
multi-constraint graph partitioning algorithm
has been shown to compute high quality par-
titionings. This algorithm that is based on the
multi-level paradigm (see Figure 3) is fast and
effective. However, a parallel formulation of
this algorithm is desirable. This is because the
computational meshes that are used in parallel
multi-phase simulations are often too large to
fit in the memory of a single processor. A par-
allel partitioner can take advantage of the
increased memory capacity of parallel
machines. Thus, a parallel multi-constraint
graph partitioner is key to the efficient execu-
tion of very large multi-phase simulations. A
static partitioning computed a priori is suffi-
cient for many types of multi-phase simula-
tions. 

Furthermore, simulations whose computa-
tional structure evolves dynamically (e.g., due

Figure 3: The three phases of multilevel k-way graph is successively decreased.
During the initial partitioning phase, a k-way partitioning is computed,
During the uncoarsening/refinement phase, the partitioning is successively
refined as it is projected to the larger graphs. G 0 is the input graph, which is
the finest graph. G i +1 is the next level coarser graph of G i. G 4 is the 
coarsest graph.

Multilevel K-way Partitioning

Initial Partitioning Phase

to adaptive mesh methods or the movement
of particles between sub-domains) require that
dynamic repartitionings be periodically com-
puted to maintain the load balance. These
repartitionings should be computed to load
balance each phase, to minimize the inter-
processor communication, and also to mini-
mize the difference between it and the previ-
ous partitioning (i.e., minimize the amount of
data redistribution that is required to balance
the loads). The dynamic multi-constraint
graph partitioning problem formulation then
is similar to the static problem, but has an
additional objective that is to minimize the
amount of data redistribution required to real-
ize the new partitioning. Furthermore,
dynamic repartitionings need to be computed
in parallel, as it is not scalable to download
the mesh onto a single processor each time
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Professor Randall Victora (Electrical and
Computer Engineering) and his
research group have developed a tech-

nique that, by exploiting the equivalence of
time and temperature for thermally activated
processes, enables micromagnetic predictions
for interacting particle systems over long time
scales. This idea is based on the consideration
that a system evolving over a long time at low
temperature may be replaced by a system sub-
jected to a larger thermal excitation over a
short time. This is a direct consequence of the
Arrhenius-Neel law, the validity of which has
been demonstrated for time scales longer than
10 nanoseconds (ns). The law implies that the
energy barrier preventing switching is given by

∆ E = kBT1n(2A )

where kB is Boltzmann constant, T is absolute
temperature, is measurement time, and A is
the attempt frequency. In principle, A can
depend on T for the case of an isolated parti-
cle with anisotropy axis aligned with the

applied field. However, this is a direct conse-
quence of the unusual symmetry and we find
numerically that, if perfect alignment does not
occur, the dependence becomes weak. 

To derive an expression for time and tem-
perature equivalence, three time scales were
introduced: l (the long time scale of interest),

s (typically the shortest time scale not affect-
ed by dynamics, e.g., 10 ns), and a reference
time scale r that is longer than s, but still
computationally feasible. Ts-l (or Ts-r) is
defined as the equivalent temperature scaled
to short time s with respect to Tl and l (or
Tr and r). Micromagnetics, owing to its
explicit separation of continuum effects from
quantum phenomena, allows the energy barri-
ers to be taken as identical regardless of tem-
perature. 

From this a further equation can be drawn
indicating that the difference between the
scaled temperature for short time scale and
actual temperature for long time scale is pro-
portional to a factor of Tl ln( l / s). This
means that temperature predictions for any
time scale can be scaled by this factor. A con-
venient form may be found in terms of the
sweep rate R.

A micromagnetic model is developed based
on the fluctuation-dissipation theorem for a
thermally agitated system that consists of
many interacting grains. The irregular grains
are represented by a set of Voronoi cells that
correctly reproduces the mean diameter and
standard deviation of the experimental sam-
ples. The energy of the system consists of
magnetostatic interaction, crystalline
anisotropy, intergranular exchange coupling,
and Zeemann energies. Thermal fluctuations
are taken into account in this work by adding
a random field into the effective field.

Micromagnetic Predictions for Thermally Assisted
Reversal Over Long Time Scales

Figure 1: Predicted and directly calculated hysteresis loops for a thin film 
magneticrecording medium with in-plane oriented anisotropy
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The validity of the scaling prediction for-
malism is investigated by two calculations
using the micromagnetic model developed by
the group. In the first calculation, a thin film
with in-plane anisotropy is studied. The
anisotropy directions are randomly distributed
within 100 Voronoi cells. Average grain diam-
eter is 9.7 nm, standard deviation of diameter
is 2.5 nm and thickness is 10 nm. The
researchers have verified from single particle
calculations that t=10-12 sec produces accu-
rate and stable results. Sweep rates of R s = 50
Oe/ns were chosen for the short time scale, Rr
= 5 Oe/ns for the reference time scale, and Rl
= 0.5 Oe/ns for the long time scale. For each
case, four hysteresis loops were calculated
using four different sets of random data. 

Finally, the averaged loop is used for the
coercivity calculation. In this procedure, the
hysteresis loops are first calcuated at Rr for
room temperature. The coercivity value for
the reference time scale is obtained as 
Hcr = 2928 Oe. Temperature is then varied for
sweep rate Rs until its hysteresis loop matches
the loop at Rr. The corresponding tempera-
ture is then the scaled equivalent temperature
Ts-r. Here Ts-r = 445 K is obtained. The scaled
temperature is calculated at T s-l = 590 K,
which corresponds to the long time scale.
Using this temperature to calculate the hys-
teresis loop at R s = 50 Oe/ns, a predicted coer-
civity of 2602 Oe is obtained for long time
scale Rl = 0.5 Oe/ns. Direct calculation was
made of the hysteresis loop at Rl at room 
temperature, obtaining its coercivity 
Hcl = 2624 Oe. 

It can be seen that the predicted coercivity
is nearly identical to the directly calculated
value with less than 1% difference. Both
direct and predicted hysteresis loops are com-
pared in the Figure on page 4, which shows
very good agreement between them. The
attempt frequency is found to be 6.1 × 1 09H z
for this particle configuration. 

The second calculation was carried out to
simulate the VSM experiment for a Co/Pd
superlattice thin film sample. (see Figure 2)
From previous studies on the effect of inter-
granular exchange coupling on domain size of
this superlattice sample, this group has con-
cluded that the intergranular exchange cou-
pling is very weak (the exchange coupling
parameter is zero). Other parameters are the
same as in the first calculation except the
sweep rate for the long time scale Rl. The
VSM sweep rate is Rl = 50 Oe/sec. 

In an effort to demonstrate the validity of
this technique, this research group has focused
on the calculation of hysteresis loops.
However, it is expected that equal accuracy
can be obtained for other properties such as
domain patterns, including the technologically
important issue of bit decay within magnetic
recording. 

Figure 2: Predicted hysteresis loop versus experimental (VSM)
curve for a Co/Pd superlattice thin film.
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oped in the course of large-scale structure for-
mation has been recognized for a long time.
Such shocks are responsible for the heating of
the ICM up to temperatures of order
107–108 K. However, cosmic structure forma-
tion simulations have demonstrated—in addi-
tion to accretion shocks and discrete merger
shocks—the existence of somewhat weaker
shocks “internal” to the ICM; these shocks are
very common and complex. 

Since clusters tend to form at the intersec-
tions of cosmic filaments, they accrete matter
in unsteady and non-isotropic patterns
through large scale flows propagating down
filaments and producing shocks as they
impact the ICM. When cluster mergers take
place, the accretion shocks associated with the
individual clusters add to the shocks that form
in direct response to the merger. The net
result of this is a rich web of relatively weak
shocks, which often penetrate into the inner
regions of the clusters. Shocks resulting from
discrete cluster merger events have already
been identified by the observation of tempera-
ture structure in the ICM. Such shocks have
also been claimed as the acceleration sites for
relativistic electrons responsible for the non-
thermal emission observed from clusters in the
radio, hard x-ray and extreme ultraviolet. 

Supercomputing Institute Fellow Professor
Thomas W. Jones and his research group
investigated the production of cosmic ray
(CR) protons at cosmological shocks by per-
forming, for the first time, numerical simula-
tions of large scale structure formation that
include directly the acceleration, transport and
energy losses of the high energy particles. CR’s
are injected at shocks according to the thermal
leakage model and, thereafter, accelerated to a
power-law distribution as indicated by the test

Clusters of galaxies are the largest
bound objects in the universe and
prove invaluable for investigations of

cosmological issues. The statistics of cluster
masses and their dynamical properties are
commonly used to test basic cosmological
models. While galaxies are the most obvious
constituents of clusters in visible light, most of
the cluster mass is non-baryonic, and even the
baryonic matter is primarily contained within
the diffuse intra-cluster medium (ICM),
rather than in galaxies. The temperature and
density distribution of the ICM gas directly
reflect the dynamical state of clusters, a topic
that has received much attention recently.
While the ICM of clusters sometimes appears
relaxed, it is often the case that high-speed
flows are present, demonstrating that cluster
environments can be violent. The likely exis-
tence of strong “accretion” shocks several
megaparsecs (Mpc’s) from cluster cores devel-

Figure 1: Synthetic images in γ-rays from π0 decay in units counts s-1 cm-2 per
pixel (left) and x-ray from thermal bremsstrahlung in units erg s-1 cm-2 per pixel
(right) from a cosmic volume of (14 h-1Mpc)3.

Cosmic Ray Protons Accelerated at Cosmological Shocks
and Their Impact on Groups and Clusters of Galaxies 
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particle limit of the diffusive
shock acceleration theory.

The evolution of the CR
protons accounts for losses
due to adiabatic expansion/
compression, Coulomb colli-
sions and inelastic proton-
proton (p-p) scattering. The
results suggest that CR pro-
tons produced at shocks
formed in association with
the process of large scale
structure formation could
amount to a substantial frac-
tion of the total pressure in
the intra-cluster medium.
Their presence should be
easily revealed by the
Gamma-ray Large Area
Space Telescope (GLAST)
through detection of x-ray
flux from the decay of π0

produced in inelastic p-p col-
lisions of such CR protons
with nuclei of the intra-clus-
ter gas. This measurement
allows for a direct determina-
tion of the CR pressure con-
tribution in the intra-cluster
medium. The spatial distri-
bution of CR is typically
more irregular than that of
the thermal gas because it is
more influenced by the
underlying distribution of
shocks. This feature is
reflected in the appearance of
the x-ray synthetic images. Finally, the average
CR pressure distribution appears statistically
slightly more extended than the thermal 
pressure. 

This adds to the wealth of critical informa-
tion provided by observation in this band.
However, most probably only the largest clus-
ters and only their innermost regions of high-

est emission will be probed by these instru-
ments, owing to the very low surface bright-
ness in the γ-ray band. Nevertheless, these
researchers believe that those detections
should prove invaluable for providing a deeper
understanding of the dynamics of these
objects within the next few years. 

Figure 2: Two-dimensional slice maps of CR proton number density in units cm (top left), 
velocity field on that plane (top right), contours of shock compression (∇ • v, bottom left) and gas
number density, again in units cm-3 (bottom right). The side of images is 5.3 h-1Mpc.
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Su p e rcomputing Institute Associate
Fe l l ow Paul Kipro f, who is Assistant
Professor of Chemistry at the Un i ve r s i t y

of Mi n n e s o t a – Duluth, is working with gradu-
ate student Sergiy Krasutsky to carry out
s u p e rcomputing calculations on the stabiliza-
tion of the carboxonium ion. 

Professor Kipro f ’s group studies the effects
that hetero a t o m s — p a rticularly ox y g e n
a t o m s — h a ve on the stability and chemistry
of carbocations, which are the re a c t i ve inter-
mediates in organic chemistry. The carboxo-
nium ions studied by the group are stabilize d ,
c o m p a red to regular carbocations, because of
the π interaction with oxygen atoms. This π
interaction can be expressed in terms of a set
of two resonance stru c t u res or one stru c t u re
with a partial carbon-oxygen double bond
( Fi g u re 1).

When they can achieve stability under nor-
mal, pre p a r a t i ve conditions, carboxonium ions
a re interesting for synthetic applications; more
stable intermediates lead to more selective
chemical reactions under the right conditions.
A well known reaction, based on carboxo n i u m
ions as intermediates, is the Criegee re a r r a n g e-
ment, which can be used to insert ox y g e n
atoms into carbon-carbon bonds.

Meanwhile, in unconstrained aliphatic car-
bocations, each oxygen atom connected to
the carbon atom carrying the positive charge
contributes to the stabilization of the system.
In order to have a stabilizing effect, though,
each oxygen atom needs to be aligned with
the cationic carbon in a way that makes π
interactions possible. Ot h e rwise, the result is
a net destabilization of the carboxonium ion
( Fi g u re 2). At the dihedral angles 0°, 180°,
and 360°, π interaction of the oxygen atom
with the carbon atom is possible, whereas at
90° and 270° the two π orbitals of ox y g e n
and carbon are perpendicular to each other.

This incremental increase in stabilization
by each oxygen atom was shown using a
series of hydride transfer reactions in which
the isobutyl cation was reacted with differe n t
oxygen substituted alkanes to pro d u c e
isobutene and the carboxonium ion.

As expected all reactions are exo t h e r m i c ,
indicating that carbocations with ox y g e n
atoms attached to the positively charged car-
bon atom are more stable than the isobutyl
cation. T h e re is an increase in stability of the
c a r b oxonium ions if the number of ox y g e n
substituents of the carbon atom is incre a s e d .

Theoretical Studies of the Stability of Carbocations

H3C

C

H3C

OC O C O

Fi g u re 1: Re p resentation of Carboxonium ions as a set of two resonance stru c t u res (l e f t) or a stru c t u re with a
p a rtial double bond between carbon and ox y g e n .
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Fu rther studies will include both experi-
mental and theoretical investigation of the
mechanism of a rearrangement that leads to
oxygen insert i o n .

This project is part of an ongoing collabo-
ration with the groups of Dr. Ro b e rt Carlson

Figure 2: Plot of the relative energy of the methoxyisopropyl cation with the dihedral angle (at the
B3LYP/6-31G* level of theory).

( C h e m i s t ry, Un i versity of Mi n n e s o t a – Du l u t h )
and Dr. Pa vel Krasutsky (Natural Re s o u rc e s
Re s e a rch Institute). The contributions of the
K i p rof group include both theoretical and
synthetic work .
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• Ma rk Go rdon, Iowa State Un i ve r s i t y, “Excited State H-
Transfer Re a c t i o n s”

• Stephen Gr a y, Argonne National Laboratory, “Real Wa ve
Packet Ap p roach to the Quantum Dynamics of Fo u r - At o m
Sy s t e m s”

• Christopher M. Hadad, The Ohio State Un i ve r s i t y,
“Conformational Analysis of Carbohydrates Containing
Arabinofuranosyl Rings”

• L a w rence B. Ha rding, Chemistry Division, Argonne
National Lab, “Radical-Radical Recombination Re a c t i o n s”

• William Hase, Wayne State Un i ve r s i t y, “Dynamics of
Central Barrier Crossings in Gas Phase X - + CH3Y SN2
Nucleophilic Substitution Re a c t i o n s”

• Katharine Hunt, Michigan State Un i ve r s i t y, “No n l o c a l ,
Intramolecular Dielectric Fu n c t i o n s”

• Jan Jensen, Un i versity of Iowa, “The EFP Method: T h e o ry
and Biochemical Ap p l i c a t i o n s”

• St e ven R. Kass, Un i versity of Minnesota, “Pro b i n g
El e c t rostatic Effects via Experiment and T h e o ry”

• Samuel Krimm, Un i versity of Michigan, “Sp e c t ro s c o p i c a l l y
Determined Polarizable Fo rce Fields for Ma c ro m o l e c u l e s”

• Je rzy Leszczynski, Jackson State Un i ve r s i t y, “Mo l e c u l a r
St ru c t u res and Pro p e rties of Complexes with We a k l y
Interacting Ligands: Shells and Sh e l l ve n t s”

• Nancy Makri, Un i versity of Illinois at Ur b a n a - C h a m p a i g n ,
“ Quantum Dynamics of Large Systems: Re c e n t
De velopments and Ap p l i c a t i o n s”

• Todd Ma rt i n ez, Un i versity of Illinois at Ur b a n a -
Champaign, “Ge n e r a l i zed El e c t ronegativity and New

• Daniel M. Chipman, Un i versity of No t re Dame, “Re a c t i o n
Field T h e o ry for El e c t ronic St ru c t u re”

• Christopher J. Cr a m e r, Un i versity of Minnesota, “New
De velopments and Applications of SMx Mo d e l s”

• L a r ry A. Cu rtiss, Argonne National Laboratory,
“Computational T h e r m o c h e m i s t ry Using Ga u s s i a n - 3
T h e o ry”

• Ernest Davidson, Indiana Un i ve r s i t y, “A Computational
Verification of the Relation of Dyson Orbitals to Ko h n -
Sham Or b i t a l s”

• Michael Davis, Argonne National Laboratory, “Ge o m e t r i c
Ap p roach to Mu l t i p l e - Time-Scale Kinetics”

• Janet Del Bene, Yo u n g s t own State Un i ve r s i t y, “NMR and
IR Pro p e rties of Hyd rogen-Bonded Complexe s”

• Je r ry R. Dias, Un i versity of Missouri at Kansas City,
“ Unified St ru c t u re T h e o ry of Be n zenoid Hyd ro c a r b o n s”

• C l i f f o rd Dykstra, In d i a n a - Pu rdue Un i versity at In d i a n a p o l i s ,
“ Slipperiness on Sticky Intermolecular Interaction Su rf a c e s”

• Karl Freed, James Franck Institute, Un i versity of Chicago,
“ I VO-CASCI Method as a Replacement for CASSCF
Calculations in El e c t ronic St ru c t u re Pa c k a g e s”

• Jiali Gao, Un i versity of Minnesota, “Combined QM/MM
Simulations of Enzymatic Reactions and Me m b r a n e
Pro t e i n s”

• J. Daniel Geze l t e r, Un i versity of No t re Dame, “A
Reductionist Model for Biological Me m b r a n e s”

• Rainer Gl a s e r, Un i versity of Missouri at Columbia,
“T h e o retical Studies of DNA Base De a m i n a t i o n”

The 34th Annual Midwest Theoretical Chemistry Conference (MTCC) is being held October 5–6,
2001, at the University of Minnesota in Minneapolis. For the first Midwest Theoretical Chemistry

Conference of the new century, the conference organizers have adopted a format consisting of talks by senior
scientists (faculty and senior researchers at government laboratories and in industry) and poster papers by
senior scientists, postdoctoral associates, and students.

The following is a list of the senior scientists who have committed to giving plenary presentations and 
their titles:

University of Minnesota to Host 34th Annual
Midwest Theoretical Chemistry Conference
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Models for Charge”

• Glenn Ma rtyna, Indiana Un i ve r s i t y, “Folding At o m i s t i c
Models of Proteins on Computers”

• Anne Mc C oy, The Ohio State Un i ve r s i t y, “Diffusion Mo n t e
Carlo Studies of the St ru c t u re and Spectra of Weakly Bound
C o m p l e xe s”

• Piotr Piecuch, Michigan State Un i ve r s i t y, “New Coupled-
Cluster Methods for Molecular Potential Energy Su rf a c e s
and Excited St a t e s”

• Ma rk Ratner, No rt h western Un i ve r s i t y, “Some No t i o n s
About Molecular Junctions, and Tr a n s p o rt in T h e m”

• St u a rt A. Rice, Un i versity of Chicago, “Qu a s i - Tw o -
Dimensional Systems: St ru c t u re and Dynamics”

• St u a rt Rothstein, Brock Un i ve r s i t y, “Quantum Monte Carlo
Study of Static Electrical Pro p e rties of Atoms and
Mo l e c u l e s”

• George Schatz, No rt h western Un i ve r s i t y, “Me t a l
Na n o p a rticles and Na n o p a rticle Aggre g a t e s”

• H. Be r n h a rd Schlegel, Wayne State Un i ve r s i t y, “Ex p l o r i n g
Potential Energy Su rfaces for Chemical Reactions Us i n g
El e c t ronic St ru c t u re Me t h o d s”

• William Schneider, Fo rd Motor Company, “First Pr i n c i p l e s
Simulation of Catalysts for Au t o m o t i ve NOx”

• David M. Schrader, Ma rquette Un i ve r s i t y, “A n t i m a t t e r
Systems via Quantum Monte Carlo”

• J. Ilja Siepmann, Un i versity of Minnesota, “Si m u l a t i n g
Mi c ro h e t e rogeneous Fl u i d s”

• James Sk i n n e r, Un i versity of Wisconsin at Ma d i s o n ,
“ Sp e c t roscopy and Dynamics in Liquids”

• Xueyu Song, Iowa State Un i ve r s i t y, “The Role of
A n i s o t ropic Interaction in Protein Cry s t a l l i z a t i o n”

• Donald G. Tru h l a r, Un i versity of Minnesota, “Chemical
Dynamics Re s e a rc h”

• Olaf Wiest, Un i versity of No t re Dame, “Pe r i c yclic Re a c t i o n s
of Radical Cations”

• Angela Wilson, Un i versity of No rth Texas, “Extensions of
Ab Initio Methodology to Chemical System of In t e r m e d i a t e
and Large Si ze”

• A run Yethiraj, Un i versity of Wisconsin at Ma d i s o n ,
“Dynamics of Po l ye l e c t rolyte So l u t i o n s”

• Darrin M. Yo rk, Un i versity of Minnesota, “Mu l t i - s c a l e
Quantum Models to Study RNA Catalysis”

The conference will feature four plenary sessions, the
Dirac Aw a rd Lecture, and two poster sessions. T h e

social program includes a reception on Thursday eve n i n g ,
October 4, and a Friday evening, October 5, mixer to com-
plement the poster sessions. The deadline for registering to
p resent a poster paper was June 30, 2001. Po s t - d e a d l i n e
posters will be accepted on a "as space is available" basis.

An award committee was appointed to judge poster
abstracts by graduate students, and a new award, the
Mi d west T h e o retical Chemistry Conference Dirac Aw a rd
for Outstanding Graduate Re s e a rch in T h e o re t i c a l
C h e m i s t ry will be given on the basis of the committee's
e valuation. The 36 poster abstracts that we re submitted by
the deadline we re judged on the basis of the quality of
abstract as well as the quality of the work; there was a two-
page limit on poster abstracts. The Dirac Aw a rd winner has
been invited to present the Dirac Aw a rd Lecture .

We are grateful to the following persons for serving on
the Dirac Aw a rd Committee: James Skinner (Un i versity of
Wisconsin), chair, J. Daniel Gezelter (Un i versity of No t re
Dame), Lawrence B. Ha rding (Argonne Na t i o n a l

L a b o r a t o ry ), and Anne B. Mc C oy (The Ohio St a t e
Un i ve r s i t y ) .

We are pleased to announce that Jason D. T h o m p s o n ,
Un i versity of Minnesota has been selected as the re c i p i e n t
of the 2001 Mi d west T h e o retical Chemistry Confere n c e
Dirac Aw a rd for Outstanding Graduate Re s e a rch in
T h e o retical Chemistry for his paper entitled "Reactions of
Hyd roxide with Chlorinated Hyd ro c a r b o n s " .

This event is being sponsored by the Su p e rc o m p u t i n g
Institute for Digital Simulation and Ad va n c e d
Computation, the Army Hi g h - Pe rformance Computing
Re s e a rch Center, IBM, SGI, Cr a y, Inc., and Compaq.

Additional information, including conference re g i s t r a-
tion, conference schedule, and hotel registration informa-
tion is available on the Internet at:

w w w. m s i . u m n . e d u / g e n e r a l / Sy m p o s i a / M TC C /
or by contacting the conference administrator, Ms.

Katharine S. Anderson, at (612) 624-1356 or
ksander@msi.umn.edu. Pre - registration is re q u i red to
attend this confere n c e .
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SGI Origin 3800 and 3 Terabyte Disk Added to
Supercomputing Institute Resources

This spring, the Su p e rc o m p u t i n g
Institute for Digital Simulation and
Ad vanced Computation acquired SGI

Origin 3800 supercomputers. Each of these
s u p e rcomputers is a 96-processor system with
144 gigabytes of memory and utilizes 500
Me g a h e rtz R14000 processors. A Storage Are a
Ne t w o rk with 3 TB of disk provides fast file
access using SGI’s cluster file system, CXFS.
This machine re p resents SGI?s third - g e n e r a t i o n
of NUMAflex modular system arc h i t e c t u re .

In addition to the SGI Origin 3800 system
and a 64-processor SGI Origin 2000 with 300
MHz R12000 processors and a total of 102
GB of memory, the Institute offers University
of Minnesota researchers access to a 390-
processor IBM SP supercomputer with 663
GB of memory. The IBM SP consists of 79
four-processor and 3 two-processor
WinterHawk+ nodes with 391 GB of memory
and 17 four-processor NightHawk nodes with
272 GB of memory. The Institute also has a
16-processor Silvernode IBM SP with 12 GB
of memory.

These supercomputing resources are made
available to University of Minnesota faculty
and their research groups.

Ninety-six processor SGI Origin 3800. This is one of two ninety-six processor
supercomputers located in the Supercomputing Institute’s facilities at 1200
Washington Avenue South. It will move to the new Digital Technology Center
in February 2002.



In April, the Supercomputing Institute
hosted two seminars given by Ilene
Carpenter, Environmental Applications

Analyst at SGI. Dr. Carpenter is the technical
lead for environmental applications at SGI. A
large part of her work involves porting, opti-
mization and benchmarking of climate,
weather, and ocean models.

The first lecture, given on April 11, was
entitled “Tuning MPI Applications for SGI
Origin Systems.” Dr. Carpenter discussed
techniques to improve the performance of
message passing applications on SGI systems.
These include compile time options and envi-
ronment variable settings, as well as potential
source code changes. Dr. Carpenter used
examples from climate and weather forecast-
ing models to illustrate the improvements
that are possible with these techniques.

The second lecture, “Climate, Ocean and
Weather Modeling Applications on SGI
Origin Systems,” was given on April 26.
Performance of several applications used in
numerical weather prediction and climate
modeling were presented, including data for
HIRLAM, MM5, IFS, NLOM and NOGAPS. A
comparison of programming models was also
made, and techniques used to improve scal-
ablity in these applications were discussed.
After the seminar, Supercomputing Institute
faculty researchers met with Dr. Carpenter,
Dr. Peter Johnsen, Ms. Sara Wuest, and Dr.
Luca Zullo of SGI, and Supercomputing 
staff members to discuss areas of University-
industry collaboration.
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SGI/Supercomputing Institute Industrial
Collaboration Seminar Series

Supercomputing Institute Associate Fellow
Professor Franz Halberg, Laboratory Medicine and
Pathology, and Dr. Ilene Carpenter, SGI discuss
modeling applications on SGI systems prior to her
April 26, 2001 talk.

Above: Dr. Peter Johnson, Environmental
Applications Engineer at SGI, and Dr. Luca Zullo,
Systems Engineer for High-Performance
Computing and Graphics at SGI, attended Dr.
Carpenter’s April 26 seminar and met with
Institute faculty researchers and staff to discuss
areas of collaboration.
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Names of University of Minnesota principal investigators appear in bold type.

• 2001/73, July 2001
A Boussinesq Model of Natural Convection in the
Human Eye and the Formation of Krukenberg’s
Spindle
J.J. Heys and V.H. Barocas

• 2001/74, July 2001
Coupled Macroscopic and Microscopic Scale
Modeling of Fibrillar Tissues and Tissue
Equivalents
B. Agoram and V.H. Barocas

Chemical Engineering
and Materials Science

• 2000/276, December 2000
First Principles Description of the Paramagnetic
Insulating State of Chromia
A. Dobin and R. M. Wentzcovitch

• 2000/277, December 2000
Magnetostructural Effects and Phase Transition in
Cr2O3 Under Pressure
A. Y. Dobin, W. Duan, and 
R. M. Wentzcovitch

• 2000/278, December 2000
Ab Initio Lattice Dynamics of MgSiO3 Perovskite
at High Pressure
B. B. Karki, R. M. Wentzcovitch,
S. de Gironcoli, and S. Baroni

• 2000/279, December 2000
Oscillatory Exchange Coupling and Positive
Magnetoresistance in Epitaxial Oxide
Heterostructures
K. R. Nikolaev, A. Y. Dobin, I. N. Krivorotov,
W. K. Cooley, A. Bhattacharya, 
A. L. Kobrinskii, L. I. Glazman, 
R. M. Wentzcovitch, E. D. Dahlberg, and 
A. M. Goldman

• 2001/29, March 2001
Representing Realistic Complexity in Numerical
Models of Crystal Growth: Coupling of Global
Furnace Modeling to Three-Dimensional Flows
A. Yeckel, A. Pandy, J. J. Derby

Aerospace Engineering
and Mechanics

• 2001/38, April 2001
Lift Correlations from Direct Numerical
Simulation of Solid-Liquid Flow
D. D. Joseph

• 2001/39, April 2001
Power Law Correlations for Lift from Direct
Numerical Simulation of Solid-Liquid Flow
D. D. Joseph

Astronomy

• 2001/48, April 2001
Simulating Electron Transport and Synchrotron
Emission in Radio Galaxies: Shock Acceleration
and Synchrotron Aging in Three-Dimensional
Flows
I. L. Tregillis, T. W. Jones, and D. Ryu

Biochemistry, Molecular
Biology and Biophysics

• 2000/274, December 2000
Structural Evidence for the Evolution of Pyrogenic
Toxin Superantigens
D. T. Mitchell, D. G. Levitt, P. M. Schlievert,
and D. H. Ohlendorf

• 2000/288, December 2000
Universal Epitopes for Human CD4+ Cells on
Tetanus and Diphtheria Toxins
B. M. Diethelm-Okita, D. K. Okita, 
L. J. Banaszak, and B. M. Conti-Fine

• 2000/289, December 2000
Sequestration of the Active Site by Interdomain
Shifting
J. J. Barycki, L. K. O’Brien, A. W. Strauss, and
L. J. Banaszak

• 2000/280, December 2000
Synthesis and Characterization of the b-Hairpin
Peptide that Represents a ‘Core Module’ of Bovine
Pancreatic Trypsin Inhibitor (BPTI)
N. Carulla, C. Woodward, and G. Barany
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• 2001/34, April 2001
Electronic and Crystal Structure of Fully Strained
LaNiO3 Films
A. Yu. Dobin, K. R. Nikolaev, I. N. Krivorotov,
R. M. Wentzcovitch, E. D. Dahlberg, and 
A. M. Goldman

• 2001/35, May 2001
High Pressure Elastic Properties of Major Materials
of Earth’s Mantle from First Principles
B.B. Karki, L. Stixrude, and R.M.
Wentzcovitch

• 2001/36, April 2001
Ab Initio Study of MgSiO3 Low-Clinoenstatite
W. Duan, B. B. Karki, R. M. Wentzcovitch,
and B. L. Gu

• 2001/37, April 2001
First Principals Thermoelasticity of MgSiO3
Perovskite: Consequences for the Inferred Properties
of the Lower Mantle
B. B. Karki, R. M. Wentzcovitch,
S. de Gironcoli, and S. Baroni

• 2001/40, April 2001
Multi-Scale Numerical Models of Crystal Growth
Systems
J. J. Derby, B. Vartak, Y.-I. Kwon, A. Pandy,
and A. Yeckel,

• 2001/50, April 2001
High-Performance-Computing, Multi-Scale
Models for Crystal Growth Systems
J. J. Derby, P. Daoutidis, Y.-I. Kwon, A. Pandy,
P. Sonda, B. Vartak, A. Yeckel, M. Hainke, and
G. Müller

• 2001/63, June 2001
Detailed Simulations of the Millisecond Partial
Oxidation of Cyclohexane in Single-Gauze
Reactors: Coupled Chemistry and Fluid Dynamics
R. P. O’Connor, L. D. Schmidt, and 
O. Deutschmann

• 2001/77, July 2001
Ab Initio Absorption Spectra and Optical Gaps in
Nanocrystalline Silicon
I. Vasiliev, S. Ogut, and J.R. Chelikowsky

• 2001/78, July 2001
Calculations for Structure and Temperature Effects
on the Polarizabilities of Nan (n ≤ 20) Clusters
L. Kronik, I. Vasiliev, and J.R. Chelikowsky

• 2001/79, July 2001
Partial Density of Occupied Valence State by X-ray
Standing Waves and High-Resolution
Photoelectron Spectroscopy
J.C. Woicik, E.J. Nelson, T. Kendelewicz, P.
Pianetta,  M. Jain, L. Kronik, and J.R.
Chelikowsky

• 2001/80, July 2001
Structural and Electronic Properties of CdS and
CdSe Clusters
M.C. Troparevsky and J.R. Chelikowsky

• 2001/81, July 2001
Ab Initio Structures and Polarizabilities of
Sodium Clusters L. Kronik, I. Vasiliev, M. Jain,
and J.R. Chelikowsky

• 2001/96, August 2001
A Compact Algorithm for Metric Correction Forces
in Simulations of Linear Polymers with
Constrained Bond Lengths
M. Pasquali and D.C. Morse

Chemisry

• 2000/282, December 2000
Parallel Fourier Path-Integral Monte Carlo
Calculations of Absolute Free Energies and
Chemical Equilibria
J. Srinivasan, Y. Volobuev, S. L. Mielke, and 
D. G. Truhlar

• 2000/283, December 2000
Stabilization Methods for Quantum Mechanical
Resonance States of Four-Body Systems
Y. Volobuev and D. G. Truhlar

• 2000/284, December 2000
Improved Coefficients for the Scaling All
Correlation and Multi-Coefficient Correlation
Methods
C. M. Tratz, P. L. Fast, and D. G. Truhlar

• 2000/285, December 2000
Dynamics of the Cl + H2/D2 Reaction: A
Comparison of Crossed Molecular Beam
Experiments with Quasiclassical Trajectory and
Quantum Mechanical Calculations
M. Alagia, N. Balucani, L. Cartechini, 
P. Casavecchia, G. G. Volpi, F. J. Aoiz, 
L. Bañares, T. C. Allison, S. L. Mielke, and 
D. G. Truhlar
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• 2000/286, December 2000
Analysis of the Resonance in H + D2 → HD 
(v’ = 3) + D
T. C. Allison, R. S. Friedman, D. J. Kaufman,
and D.G. Truhlar

• 2000/287, December 2000
Convergence of Variational Calculations of the
Ground-State Energy of HF Dimer
Y. Volobuev, W. C. Necoechea, and 
D. G. Truhlar 

• 2001/41, April 2001
Electronically Nonadiabatic Trajectories:
Continuous Surface Switching II
M. D. Hack and D. G. Truhlar

• 2001/42, April 2001
Convex Arrhenius Plots and Their Interpretation
D. G. Truhlar and A. Kohen

• 2001/43, April 2001
Reductive Dechlorination of Hexachloroethane in
the Environment: Mechanistic Studies via
Computational Electrochemistry
E. V. Patterson, C. J. Cramer, and 
D. G. Truhlar

• 2001/44, April 2001
How Well Can Hybrid Density Functional
Methods Predict Transition State Geometries and
Barrier Heights?
B. J. Lynch and D. G. Truhlar 

• 2001/45, April 2001
Multi-Coefficient Correlation Method:
Comparison of Specific-Range Reaction Parameters
to General Parameters for CnHxOy Compounds
P .L. Fast, N. E. Schultz, and D. G. Truhlar

• 2001/46, April 2001
Comparison of Full Multiple Spawning, Trajectory
Surface Hooping, and Converged Quantum
Mechanics for Electronically Nonadiabatic
Dynamics
M. D. Hack, A. M. Wensmann, and 
D. G. Truhlar, M. Ben-Nun and T. J. Martinez

• 2001/49, April 2001
The Treatment of Classically Forbidden Electronic
Transitions in Semiclassical Trajectory Surface
Hopping Calculations
A. W. Jasper, M. D. Hack, and D. G. Truhlar

• 2001/51, June 2001
Molecular-Scale Modeling of Reactions and
Solvation
D.G. Truhlar, in First International Conference
on Foundations of Molecular Modeling and
Simulation, edited by P.T. Cummings, P.R.
Westmoreland, and B. Carnahan

• 2001/82, July 2001
Quantum Mechanical Tunneling in Methylamine
Dehydrogenase
C. Alhambra, M.L. Sanchez, J.C. Corchado, 
J. Gao, and D.G. Truhlar

• 2001/83, July 2001
Test of Variational Transition State Theory with
Multidimensional Tunneling Contributions
Against an Accurate Full-Dimensional Rate
Constant Calculation for a Six-Atom System
J. Pu, J.C. Corchado, and D.G. Truhlar

• 2001/88, July 2001
Displaced-Points Path Integral Method for
Including Quantum Effects in the Monte Carlo
Evaluation of Free Energies
S.L. Mielke and D.G. Truhlar

• 2001/91, July 2001
Molecular Mechanics for Chemical Reactions.  A
Standard Strategy for Using Multiconfiguration
Molecular Mechanics for Variational Transition
State Theory with Optimized Multidimensional
Tunneling
T.V. Albu, J.C. Corchado, and D.G. Truhlar

• 2001/92, July 2001
Molecular and Electronic Structure of
C5H5N–SO3: Correlation of Ground State
Physical Properties with Orbital Energy Gaps in
Partially Bound Lewis Acid–Base Complexes
S.W. Hunt and K.R. Leopold

• 2001/94, August 2001
Solvent-Dependent Transition States for
Decarboxylations
D. Sicinska, D.G. Truhlar, and P. Paneth

• 2001/95, August 2001
Photodissociation of LiFH and NaFH van der
Waals Complexes:  A Semiclassical Trajectory Study
A.W. Jasper, M.D. Hack, A.K. Chakraborty
D.G. Truhlar, and P. Piecuch

• 2001/97, August 2001
Nitrogen Kinetic Isotope Effects on the
Decarboxylation of 4-Pyridylacetic Acid
D. Sicinska, A. Lewandowicz, B. Vokal, and P.
Paneth

• 2001/98 August 2001
Canonical Variational Theory for Enzyme 
Kinetics with the Protein Mean Force and
Multidimensional Quantum Mechanical
Tunneling Dynamics. Theory and Application 
to Liver Alcohol Dehydrogenase
C. Alhambra, J.C. Corchado, M.L. Sanchez, M.
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Garcia-Viloca, J. Gao, and D.G. Truhlar Computer Science

• 2001/32, April 2001
Least-Squares Polynomial Filters for Ill-
Conditioned Linear Systems
J. Erhel, F. Guyomarch, and Y. Saad

• 2001/52, May 2001
Parallel Static and Dynamic Multi-Constraint
Graph Partitioning
K. Schloegel, G. Karypis , and V. Kumar

• 2001/67, June 2001
On the Relations Between ILUs and Factored
Approximate Inverses
M. Bollhöfer and Y. Saad

• 2001/93, August 2001
Finding Exact and Approximate Block Structures
for ILU Preconditioning
Y. Saad

Electrical and
Computer Engineering

• 2000/275, December 2000
A1GaN/GaN Heterostructure Field-Effect
Transistor Model Including Thermal Effects
J. D. Albrecht, P. P. Ruden, S. C. Binari, and
M. G. Ancona

• 2001/53, June 2001
Performance Analysis of a Novel Cache
Architecture for Speculative Multithreaded
Computer Systems
A. J. KleinOsowski and D. J. Lilja

• 2001/57, June 2001
Hole Scattering in p-Type Wurtzite Gallium
Nitride
J. D. Albrecht and P. P. Ruden

• 2001/58, June 2001
Stress Effects in p-Type A1GaN/GaN
Heterostructures
A. Sutandi, P. P. Ruden, K. F. Brennan

• 2001/65, June 2001
Using Hyperprediction to Compensate for Delayed
Updates in Value Predictors
Q. Zhao, S.-J. Lee, and D. J. Lilja

• 2001/84, July 2001
An Analysis of the Potential for Global Level Value
Reuse in the SPEC 95 and SPEC 2000
Benchmarks
J.J. Yi and D.J. Lilja
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Geology and Geophysics

• 2001/28, March 2001
Evidence of a Viscosity Stratification at 750-km
Depth in the Mantle of Venus: Implications on the
Development of Volcanism Around the Equatorial
Highlands
F. Dubuffet, M. Rabinowicz, and 
M. Monnereau

• 2001/30, March 2001
Is Io’s Mantle Really Molten?
M. Monnereau and F. Dubuffet

• 2001/33, April 2001
Nonlinear Effects from Variable Thermal
Conductivity and Mantle Internal Heating:
Implications for Massive Melting and Secular
Cooling of the Mantle
A. P. van den Berg, D. A. Yuen, and 
J. R. Allwardt

• 2001/47, April 2001
Performance of Discontinuous Galerkin Methods
for Elliptic PDE’s
P. Castillo

• 2001/62, June 2001
Delayed Cooling of the Earth’s Mantle due to
Variable Thermal Conductivity
A. P. van den Berg and D. A. Yuen

• 2001/64, June 2001
Focused Time-Dependent Martian Volcanism from
Compositional Differentiation Coupled with
Variable Thermal Conductivity
B. Schott, A. P. van den Berg, and D. A. Yuen

• 2001/66, June 2001
Parallel Implementation of the Fluid Particle
Model for Simulating Complex Fluids in the
Mesoscale
K. Boryczko, W. Dzwinel, and D.A. Yuen

• 2001/68, June 2001
Subduction Initiation: Weak Fault by Water?
K. Regenauer-Lieb, D.A. Yuen, and J. Branlund

• 2001/71, July 2001
Continuous Wavelet-Like Filtering of Multiscale
Features on a Sphere and Bandpass Filter in
Spherical Harmonics
M. Kido, D.A. Yuen, and A.P. Vincent

• 2001/76, July 2001
Bullen’s Parameter h : A Link Between Seismology
and Geodynamical Modelling
C. Matyska and D.A. Yuen

• 2001/85, July 2001
Controlling Thermal Chaos in the Mantle by
Positive Feedback from Radiative Thermal
Conductivity
F. Dubuffet, D.A. Yuen, and E.S.G. Rainey

• 2001/86, July 2001
Mesoscopic Dynamics of Colloids Simulated
with Dissipative Particle Dynamics and Fluid
Particle Model
W. Dzwinel, D.A. Yuen, and K. Bor yczko

• 2001/87, July 2001
Parallel Extraction and Visualization of Clusters
from Large-Scale Data Sets
K. Boryczko, W. Dzwinel, and D.A. Yuen

Mathematics

• 2001/61, June 2001
The HP-Local Discontinuous Galerkin Method for
Low-Frequency Time-Harmonic Maxwell’s
Equations
I. Perugia and D. Schötzau

• 2001/70, June 2001
An hp-Analysis of the Local Discontinuous
Galerkin Method for Diffusion Problems
I. Perugia and D.Schötzau

Pharmacy

• 2000/273, December 2000
Melting Transition of a Network Model in Two
Dimensions
G. Gompper and D. M. Kroll

• 2000/281, December 2000
Potent and Selective Indolomorphinan Antagonists
of the Kappa-Opioid Receptor
W. C. Stevens, R. M. Jones, G. Subramanian, 
T. Metzger, D. M. Ferguson, and 
P. S. Portoghese

• 2001/31, April 2001
Stochastic Rotation Dynamics: A Galilean-
Invariant Mesoscopic Model for Fluid Flow
T. Ihle and D. M. Kroll
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Please check here if you would like to receive a copy of our 2000
Annual Research Report, also available on the Internet at: 

www.msi.umn.edu/general/Reports/ar2000

Would you like to receive a copy of 
any of these research reports?

Our full bibliography is available on the Internet at: 

www.msi.umn.edu/general/Reports 
(some reports are available electronically from this site)

v Email your requests to:

requests@msi.umn.edu
(be sure to include your postal address)

v or you can complete this form and return it by fax:

(612) 624-8861

v or mail to:

Research Reports Coordinator
Supercomputing Institute
1200 Washington Avenue South
Minneapolis, Minnesota 55415

Please send me the following research reports:

UMSI __________ UMSI __________ UMSI __________

UMSI __________ UMSI __________ UMSI __________

Name __________________________________________________

Address _________________________________________________

_______________________________________________________

_______________________________________________________

_______________________________________________________



Supercomputing Institute 
1200 Washington Avenue South
Minneapolis, MN 55415

For more information on the University of Minnesota
Supercomputing Institute, please contact Donald G.
Truhlar, Director, at the address given below. You may also
consult the Supercomputing Institute’s Internet pages: 

www.msi.umn.edu.

This information is available in alternative formats upon
request by individuals with disabilities. Please send email 
to alt-format@msi.umn.edu or call 612-625-1818.

The University of Minnesota is committed to the policy
that all persons shall have equal access to its programs,
facilities, and employment without regard to race, color,
creed, religion, national origin, sex, age, marital status, 
disability, public assistance status, veteran status, or sexual
orientation. 
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