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alloon angioplasty has proven to be an effective alternative to more invasive surgical procedures 
for the treatment of coronary disease, the leading cause of death in the United States. The goal of 

balloon angioplasty is to permanently increase the luminal size of a blood vessel that has been 
expanded by the inflation of a balloon at high pressure within the narrowed vessel segment to 
mechanically remove plaque deposition responsible for occlusion.

During angioplasty, a mechanical device known as a stent may be deployed at the site of vascular 
injury. Stents may be fabricated from a number of biocompatible materials, typically metals, and are 
preferably radio-opaque. Optimal stent deployment technique leads to uniform circumferential 
expansion and very close apposition to the vessel wall.

Unfortunately, balloons and stents are not designed for deployment as matching systems. Physicians 
often rely on personal preference and experience in selecting a combination of angioplasty balloons and 
stents. This may lead to inconsistent expansion of system components against the vascular wall. Stent 
deployment in an irregularly occluded or eccentric lumen can be particularly problematic.

Professor William Gleason in the Department of Laboratory 
Medicine and Pathology at the University of Minnesota and 
Svenn Borgersen of BIOSIMulations Inc., Eagan, Minnesota 
used a Palmaz-Schatz type stent geometry as the basis for 
development of a three dimensional finite element analysis 
(FEA) model to simulate stent deployment within a partially 
occluded, asymmetric arterial lumen as shown in the figures. 
The purpose of the analysis was to examine the effects of an 
asymmetric lumen on deployed stent geometry and stress 
levels.

Model development and analysis were based on the 
mentat/marc k6.2 fea software from MARC Analysis 

Research Corporation, Palo Alto, California. The model consisted of eight noded, isoparametric, 
hexahedral elements. This element type has three translational degrees-of-freedom per node and a total 
of twenty-four degrees-of-freedom per element with eight Gaussian integration points. The model 
allows for large displacement, geometric stiffening, non-linear material properties, and full three 
dimensional contact. For this study, vascular walls and lumen occlusion surfaces were represented as 
three dimensional mathematically rigid boundaries. In order to evaluate anticipated stress concentration 
effects due to geometry at junctions of longitudinal and circumferential stent members, model mesh 
refinement was included at these locations. 
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Expansion of the stent to its maximum design configuration was accomplished using a uniformly 
distributed loading by use of a follower force on the internal surfaces of the stent. The magnitude of the 
pressure load was increased incrementally until the stent conformed to the simulated vascular geometry 
or the ultimate strength of the material was exceeded.

The obtained results clearly illustrated the inherent risks of deploying this type of stent in an 
asymmetric lumen: asymmetric deployed geometry, crippling of the structure, and non-conformity of 
the stent to the vascular lumen. A stent deployed under these conditions could be succeptible to 
collapse. Lack of structural stability and high stress level implied that sharply reduced mechanical 
fatigue design life may be anticipated.

These researchers have conducted a number of modeling studies of various stent types, geometries, and 
materials. These have included stent only, stent and catheter balloon only, and stent/catheter 
balloon/arterial wall. In general, good qualitative correlation has been achieved between the predicted 
deployed stent geometry obtained from the stent models and the observed deployed stent geometry 
obtained empirically.

Additional work is in progress to extend the computational results for other stent geometries, types, 
materials, stent coating materials, effects of stent/balloon combinations, and evaluation of deployment 
strategies.
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umerical linear algebra is at the heart of the solution methods used for handling a 
large number of scientific and engineering applications. The majority of problems 
encountered in these applications involve linear systems or eigenvalue problems 

with very large sparse matrices. A sparse matrix is one with very few nonzero elements. 
As a typical example, consider a linear system consisting of two hundred thousand 
equations. Each equation involves forty unknowns on average. The resulting matrix will 
have forty nonzero elements per row giving a total of eight million nonzero entries for the 
matrix.

This is by no means a large problem by the standard of current large scale applications. 
An excellent example of the potential complexity of these problems is provided by the 
Accelerated Strategic Computing Initiative (ASCI), which the Department of Energy (DOE) 
has launched in the last few years. The goal of ASCI is to replace nuclear testing by 
accurate numerical simulations that handle complex physical phenomena. Anticipation is 

that problems of sizes reaching hundreds of millions to 
billions will be routinely solved in ASCI simulations using a 
number of massively parallel computers at DOE labs.

Sparse matrix problems require special techniques which 
avoid or reduce the storage of zero elements and work only 
with the nonzero entries. Professor Yousef Saad’s research 
team in the Computer Science and Engineering Department 
at the University of Minnesota is working on such 
techniques. Two types of problems are tackled. 

The first problem is concerned 
with the solution of large sparse eigenvalue problems which 
arise in electronic structures calculations. This is being 
worked on by Professor Saad and Dr. Thierry Braconnier as 
well as Professor James Chelikowsky and Dr. Serdar Ogut of 
the Chemical Engineering and Materials Science 
Department at the University of Minnesota. The recent 
bulletin article by Professor James Chelikowsky describes 
this problem in detail (Volume 14 Number 1, Fall 1997). 

The second type of problem is that of solving large sparse 
linear systems. One of the main goals of this second 
research theme is to develop parallel iterative solution methods that are at the same 
time robust and efficient. For small problems, direct solution methods (e.g., Gaussian 
elimination) are usually preferred because of their reliability. However, direct methods are 
not feasible for large problems such as the ones mentioned above because of their very 
high memory requirements. It should be noted that memory rather than computational 
cost is the primary limitation of direct methods.
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Standard iterative methods usually consist of an accelerator 
(Conjugate Gradient, GMRES, . . . ) and a preconditioner. Often, the 
accelerator is an optimal process which obtains the best iterate from 
a dynamically constructed subspace of approximations. 
Preconditioning is a process that 
helps the accelerator in some ways 
by transforming the original 
problem into one that easier to 
solve. Thus, the linear system is 
transformed so the accelerator is 
likely to converge faster. 

SPARSKIT is a widely used package that provides a number of 
accelerators and preconditioners. Though this package has been 
developed for sequential computers, a parallel version of its solvers 
is now available in a package called PSPARSLIB.

One method that has been considered by Professor Saad and Jun Zhang of the Computer Science and 
Engineering Department is illustrated in the first figure. The original system is reordered to have the 
block form shown in the figure. Each large diagonal block is itself a block diagonal matrix. This 
reordering is obtained by using a succession of Schur complement reductions associated with an 
independent set reordering by blocks. Variants of this method are similar to multilevel methods and 
domain decomposition techniques. When the blocks become larger, the method is more akin to a 
domain decomposition approach. When they are very small (e.g., one or two), then a multigrid like 
approach results. This class of methods bridges the gap between these two efficient algorithms and has 
an excellent potential for solving very large systems because of their attractive scalability properties.

ver the next decade, it will become possible to gain microscopic-level insight into the behavior of 
complex chemical systems by making use of theoretical advances and by employing high-speed 
computational resources. Only with this molecular-based understanding will the research 

enterprise be able to develop chemicals and materials that meet the increasing needs of society.

The computer experiment is unique because it allows researchers to study well-defined systems under 
well-controlled physical conditions with a non-invasive approach. The researcher can specify input 
parameters such as molecular structure of the constituents, their concentrations, and pressure and 
temperature. Once specified, they can follow the phase space trajectory of the system. Analysis of the 
trajectory allows researchers to determine mechanical as well as thermal properties and ultimately, to 
learn how molecular architecture and composition influence function.

Presently, due to limitations in theoretical techniques, force fields, and computational resources, the 
range of systems to which this kind of molecular modeling can be successfully applied is restricted. It 
is the hallmark of Professor Ilja Siepmann and his research group, graduate students Marcus Martin, 
Bin Chen, and Nikolaj Zhuravlev, of the Chemistry Department at the University of Minnesota, to not 
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merely apply the present level of theory, but to develop new computational tools expanding the range 
of chemistry that can be studied.

Since hydrocarbons are the most important source of energy and the 
basic feedstock for most chemical industries, it is not surprising that 
the experimental determination and modeling of their behavior has 
been a subject widely studied. Although the thermophysical 
properties of pure low-molecular-weight hydrocarbons have been 
determined experimentally, many important areas remain difficult 
and costly to access. Experimental difficulties are caused by the 
necessity to study systems at high temperature and high pressure (or 
high shear rate), the lack of pure samples, and the immense variety of 
technologically important fluid mixtures. Molecular modeling and 
other theoretical prediction methods are needed to complement the 
experimental data as well as to improve the rational design of 
efficient chemical processes.

Phase equilibria are a challenging task for simulation, but great 
strides have been made over the last few years. John Valleau and 

Athanassios Panagiotopoulos pioneered novel techniques (thermodynamic-scaling and Gibbs-ensemble 
Monte Carlo) for the efficient calculation of phase equilibria of simple fluids. Professor Siepmann and 
coworkers developed the configurational-bias Monte Carlo method that opened the door to calculations 
for complex fluids with articulated structures. The nature of the research--requiring the prediction of 
coexistence properties at many state points--is ideally suited to an embarrassingly parallel 
computational strategy by employing one processor per state point. However, in some cases, individual 
simulations can take days or weeks of central processing unit (CPU) time on an SGI R10000 processor.

Due to their sensitivity to the choice of interaction parameters, 
comparison between experimentally known coexistence curves and 
those evaluated from simulations constitutes an outstanding tool to 
improve parametrizations of force fields. A simple and accurate force 
field (TraPPE) for linear and branched alkanes has already been 
developed in this research (see FIG. 1). Plans are being made to 
extend efforts to the whole range of important organic solvents 
including cyclic alkanes, perfluorinated alkanes, alkenes, aromatics, 
ethers, ketones, and fatty acids. Multicomponent phase equilibria are 
calculated to ensure that the new force fields are directly transferable 
from pure substances to mixtures.

Simulation data are most valuable for high-molecular-weight 
hydrocarbons that are thermally unstable at temperatures well below 
their critical points and difficult to purify.

Simulations of long linear alkanes were instrumental in resolving important questions about the 
influence of chain length on the critical properties. Evidence was provided for large deviations from the 
principle of corresponding states for three triacontane isomers. Currently, focus is being placed on 
predictions of phase equilibria at high temperatures and pressures that are important for supercritical 
extractions and enhanced oil recovery. An example of the prediction of supercritical phase equilibria is 
shown in FIG. 2. Investigations will not be limited to binary systems because the addition of small 

FIG. 1: Vapor-liquid coexistence curves for 
ethane, n-pentane, and n-octane. 
Experimental data and critical points are 
shown as dashed line and crosses. Simulation 
results are shown for thre difference force 
fields: OPLS (blue circles), SKS (red squares), 
and TraPPE (green diamonds).

FIG. 2: Pressure--composition phase diagram 
for the binary system of supercritical ethane 
and n-heptane. Dashed lines and symbols 
represent the experimental and simulation 
data (green: T = 366 K; red: T = 450 K).



amounts of further components can often markedly change thermophysical properties. This is the case 
with entrainers used to enhance the solubility power of supercritical solvents.

ne key step in biological synthesis of proteins is the translation of genetic code, as carried by 
messenger ribonucleic acid (mRNA), into the correct sequence of amino acids that defines a given 

protein. This translation is accomplished within cellular assemblies of RNA and proteins called 
ribosomes. Amino acids are delivered to the ribosome by transfer ribonucleic acid (tRNA) molecules 
that have anticodon regions complementary to the 3-base codon sequence of the mRNA. Therefore, a 
necessary aspect of translation includes ensuring that distinct tRNA molecules always carry their 
designated amino acid.

University researchers in the Chemistry Department are studying the process by which tRNA 
molecules become charged with the proper amino acid (there are 20 amino acids commonly used in 
protein synthesis and each has its own unique tRNA). This charging is accomplished by enzymes called 
aminoacyl-tRNA synthetases, and one of the many questions with respect to their specificity is how 
they recognize their substrate tRNA molecules. Experimental studies in the laboratory of Professor 
Karin Musier-Forsyth have defined key atomic groups in the sequence of the tRNA that carries the 
amino acid alanine; in particular, substitution and/or modification of the first base pair in the amino 
acid acceptor stem eliminates alanine tRNA synthetase activity with respect to the mutant tRNA as a 
substrate.

Undergraduate researcher Stephanie Kerimo in the Musier-Forsyth 
group, working in collaboration with Professor Chris Cramer, has 
simulated the structure and dynamics of both a natural (wild-type) 
and a modified (mutant) RNA hairpin that mimics the amino acid 
acceptor stem of alanine tRNA. The former is experimentally 
recognized and charged by alanine tRNA synthetase while the latter, 
which differs only by interchange of a paired set of guanine (G) and 
cytosine (C) bases, is not recognized. Molecular dynamics 
simulations in aqueous solution using the AMBER simulation package 
indicate that the mutant RNA hairpin undergoes structural changes 
associated with base stacking. This is an important intramolecular 
interaction in RNA, particularly in the region of an adenine (A) base 

adjacent to the GC pair. This structural change may account for the enzyme’s inability to recognize the 
mutant RNA. Ongoing work has the goal of simulating structures for other mutants experimentally 
characterized as having various levels of activity and quantifying specific interaction energies of RNA 
with the synthetase.

Hans Peter Lüthi
Swiss Center for Scientific Computing

Average structures for RNA hairpins analoous 
to wild-type and mutant alanine tRNA over 1.5 
nanosecons of simulation time in aqueous 
solution.
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The discovery of the fullerenes opened a new chapter in chemistry and material science and strongly 
stimulated computational chemistry and physics. Some of the earliest results of this stimulus originated 
from the University of Minnesota Supercomputing Institute when the Almlöf research group 
investigated the stability of the "Buckyball."

Hans Peter Lüthi reviewed aspects of the impact of this new challenge on computational chemistry. He 
went on to present results of recent large-scale computations on small fullerenes and polyacetylenic 
materials with potential application in molecular switches.

On April 8 and 9, a group of researchers from industry, government laboratories, and universities met at 
the Supercomputing Institute. The meeting kicked-off a research project funded by the Department of 
Energy and Corning Glass. 

Dr. David A. Yuen of the Supercomputing Institute hosted the members. Dr. Yuen is one of the 
university affiliated participants of this multi-disciplinary project.

Other members affiliated with universities were Dr. Oleg Vasilyev and Professor Gregory Belykin. Dr. 
Vasilyev comes from Stanford University and is working in numerical analysis. He will be using his 
expertise in dealing with wavelet transformations. Professor Belykin visits from the University of 
Colorado at Boulder and is also an expert in numerical analysis using wavelet transforms. 

Dr. George Fann and Dr. Guillermo Terrones come from Pacific Northwest National Lab, a government 
lab. Dr. Fann is an applied mathematician and high-performance computational expert, and Dr. 
Terrones is a fluid dynamicist. They are working together with level set equations.

Dr. Kirk E. Jordan from IBM Research and Dr. Walter Buehl from Corning represented industry. Dr. 
Jordan is an expert in parallel visualization and will be dealing with PV3 visualizations of the project. 
Dr. Buehl has worked extensively on glass processing and will be helping with the experimental data.

The two days consisted of presentations from the various groups in an effort to get the team acquainted 
with the latest developments. Strategies were then formed on how to attack a fluid flow problem of 
glass with large variations in physical properties by six to eight orders in magnitude. This proves to be 
similar to the Earth’s mantle and magma chamber which Dr. Yuen is very familiar with.


