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proofs too vast for even computers to handle.
Solutions p~ten depend more on iI/sight than
onrprocessing vast numbers of calculati ns.

Changes in that attitude are hown
today by Professor Dennis Hejhal, wh is one
of the few pure mathematicians in the coun­
try receiving National Science Foundation
research su pport for use ofa Cray supercom­
puter. Hejhal and Enrico Bombieri of the
Institute for Advanced Study at Princeton,
New Jersey, are using supercomputers at the
Minnesota Supercomputer Center to break
new ground in the atea of pure mathematics
called analytical number theory.

peciiically, Hejhal and Bombieri are
putting Cray and CDC computers to work
on one of the most famous un olved prob­
lems in all of mathematics-the RiemarUl
Hypothesis, which has deep implications for
prime number theory and which has fascinated
mathematicians for decades.

Hejhal and Bombieri are studying the
beha viOL of zeros of Epstein zeta functions, a
type offunction closely related to the Riemann
zeta function. • We are treating the Riemann

\ zeta as a kind of black box whose insides are
hidden," HejhaJ told Sciellce 86. "With the
supercomputer we can give thi box a good
kick and then 'listen' as the zero rattle
around in ide."

The goal is not merely the solution ofan
elegant but stupendous intellectual puzzle.
Rather, by using supercomptuers, Hejhal is
setting the stage for a whole new way of
studying the finer properties of number­
theoretical functions Like the Riemann zeta.
"For us," Hejhal says, "the primary goal of
any upercomputer experiment is insight."
This insight will ultimately, of course, be a
product of the human mind although super­
computing is showing just how far the mind
can go.

..I

n ,1 , I J I r
Professot Dennis Hejhal.
Mathematics, is an
Institute Fellow who has r

oled)n thllrl!.J1pliljiitiQ'l 2 t l!
1 p rcomputers as
,~eu~i~ti ItoDis in the

investigation of funda­
mental problems in pure
mathematics. In the back­
ground are the historical
original calculations 01
German mathematician
Bernhard Riemann, who
is best known for his
contributions to the modern
theory of gr.llvity.
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MATHEMATrcs:

Supercomputers 8 an Aid to Insight

.' t~s~een aid that of all the sciences, mathe-
J

matic has been the least influenced by compu-
ters. According to this argument, mathematics
may be the supreme intellectual exercise.
A rhuch philosophy as science, mathematics
invorves a painstaking mental search for
general principles and d es not substantially

~ encflt fr m a computer's ability to "crunch"
large amounts of data. Besides, the problems
many mathematicians wrestle with involve
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diffusive convection, or the differences in
convection rates of thermal and chemical
layers within the mantle. Calculations at
Minnesota have already determined the
presence of thin chemical boundary layers
embedded within thermal boundary layers.

These events may be happening
hundreds of miles below us, but as Dr. Yuen
and his graduate students are showing, simu­
lation using advanced numerical techniques
and the most powerful computers available
may lead to a critical predictive understanding
ofthe forces that are forming-and sometimes
deforming-our world.

o

.90+-0-_.:......._....:::::~=:::;;;~~~===---..:::...--....:::.j360 A

Professor David Vuen,
Geology and Geophysics,
uses modern numerical
techniques to study con­
vection, or the effects
of heating, in the Earth's
mantle. Formerly at the
University of Colorado,
Vuen is one of the
University's five new
faculty members in com­
putational science and
an Institute Fellow.

GEOPHYSICS:

Understanding the Movements
of the Earth Below Us

An earthquake may be over in a few seconds;
the drift of the continents into their present
positions has taken millions of years.
Geophysicists attempt to understand the
processes occurring within the Earth's interior
that drive these and other events. By de­
scribing the dynamics of the earth's mantle,
important questions can be answered about the
large and sometimes spectacular forces that
shape our world. New light can also be shed
on such smaller but still critical issues as how
the nature of geological structures will affect
nuclear waste disposal sites or the motion of
contaminated ground water.

Professor David Yuen and his graduate
students are using the memory and processing
speed of the Cray 2 at the Minnesota
Supercomputer Center to develop convection
models of the Earth's mantle. The goal is to
understand the effects of radioactive heating
within the mantle and the parameter values
associated with mantle creep laws over periods
of time ranging from seconds to eons.

The issues that Yuen's work addresses
are linked to problems in other disciplines.
Time dependence in thermal convection, for
example, is important to fluid mechanics and
nonlinear dynamics. Yuen is also using a
three-dimensional model ofthe Earth's mantle
to verify recent observations made on the
spatial structure of the Earth's gravitational
field, and to study the phenomena ofdouble-
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MECHANICAL ENGINEERING:

The Impact of Supercomputing
on Tomorrow's World

The integration oflarge scale computing with
applied mechanical engineering research
promises a rich harvest ofachievements in the
years ahead. Using supercomputers in mech­
anical engineering will have an impact on such
disparate design problems as optimal venti­
lation systems for office towers to diffusing
heat build-up on the body of the proposed
hypersonic space plane. Both involve
problems of heat transfer, an area in which
Professor Suhas Patankar has become a leading
researcher. One ofPatankar's concerns is heat
transfer in electronic computer circuitry,
which has become an increasingly critical
engineering problem in today's small but
circuit-packed supercomputers. Expertise
being developed at Minnesota can playa role
in the next generation ofadvanced computers
now on the drawing boards.

Other researchers at Minnesota, often
working in association with the University's
industrial Productivity Center, are studying
composite materials and simulating material
fatigue arid crack propagation in various
structures. The latter problem is central to
architectural engineering. How do cracks
form in modern building materials and how
do they propagate? Most importantly, how
can such fatigue be stopped or minimized?
Much of this simulation is being done in the
Mechanical Engineering Department's ad­
vanced graphics laboratory, where graduate
students and other researchers use three­
dimensional models to study mechanical
engineering issues and problems. A good
example ofthe impact such work is having is

a new software program now being developed
by Professors Don Riley and S. Ramalingam,
along with graduate student Jim Ellingson,
which will allow engineers to simulate the
injection molding or die casting of new
manufacturing parts for the first time. In the
past, through computer-aided design, engi­
neers could create and perform a variety of
analyses on a proposed part, but had to wait
six to 18 months to see ifthe part could actually
be manufactured. Thanks to work being done
at Minnesota, the manufacturing process itself
can now be simulated, greatly reducing the
lag time between the design of a part and its
successful production.

The Mechanical
Engineering computer
graphics laboratory
developed by Professor
Don Riley. This depart­
ment, one of the leading
research groups in the
nation, is rapidly moving
into computer simulation
of mechanical engineering
problems.
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Professor Suhas Patankar
(left), an Institute Fellow,
has for several years
developed supercomputer
solutions to heat transfer
and fluid mechanics prob­
lems. Professor Don Riley
(right), is working with the
department's Productivity
Center to improve super­
computer simulation of
manufacturing processes.



BIOMEDICAL RESEARCH:

Finding the Biomolecular Patterns
that Underlie Life

The last few decades have seen an exponential
increase in research on the secrets ofthe human
body. The goal is knowledge that not only
describes, but explains and predicts. Researchers
have begun to incorporate physics, mathe­
matics, chemistry and other fields into their
experimental approaches. Much of this
transition from biology to bioscience has
depended on sophisticated mathematical
procedures to reveal the relationships between
the data produced by the rapid pace ofresearch.
But the patterns that determine the form and
substance of biomolecules, and ultimately,
of the bodies they form, can sometimes be
determined only when millions of variables
are compared.

The efforts ofProfessors David Thomas
and George Wilcox reveal how supercom­
puters can shed new light on the workings
of the body. Dr. Thomas has generated a
simulation sequence on the Cray 1 that models
the mechanics ofthe molecules responsible for
muscle contraction. Muscle movement occurs
because cofnplexes oflarge protein molecules
form filaments that convert chemical energy
into motion. This supercomputer simulation
shows the predicted behavior of the energy­
utilizing heads of these macromolecular
filaments. This type of simulation permits
Thomas to predict how molecules interact to
allow organs to function.

Biomedical research using Minnesota
Supercomputer Center machines will also
examine the chemical mechanisms of the
normal and abnormal regulation of cell
function. Presently, researchers around the
world can decipher genetic codes and predict
the amino acids those codes determine.
Ultimately, knowledge of the majority of
genes and their products will permit a mech­
anistic-and predictive-explanation of
many aspects ofcell function and dysfunction.
But the data base ofknown genetic sequences
today is vast, and the prediction of structure
from sequence is not presently possible. An

Professor George Wilcox,
Pharmacology, is leading
a new initiative at the
University of Minnesota
Medical School to develop
supercomputer appli­
cations in biomedical
research. He is associated
with the Biomedical
Imaging Processing
Laboratory, supported by
the National Institute
of Health.

Professor David Thomas,
an Institute Fellow, has
carried out extensive
supercomputer modeling
of protein structures in
solution on the University's
Cray 1. Cray 2 and CYBER
205. Like other researchers
at the University, he
combines simulation with
laboratory experimentation.

understanding of the control of cell growth
and such diseases as cancer will require
breakthroughs in this area of biology.

University researchers in collaboration
with Dr. Wilcox will use supercomputers
to compare newly discovered sequences,
letter by letter, with the growing library of
thousands of sequences. They will then use
sophisticated graphics workstations, linked
to the supercomputers, to estimate the
structure of newly-sequenced proteins by
comparing them to previously-defined
proteins. This technique may make predic­
tion of protein structure possible in the
near future, but it will require mathematical
models of unprecedented complexity and the
processing power of the most powerful
supercomputers.

Supercomputers are also being used to
enhance the power of today's most powerful
diagnostic tools. Sequences of two-dimen­
sional images from CAT scanners, video
microscopes and other digital imaging
machines can be reconstructed into more
revealing three-dimensional images when
a supercomputer is used to reprocess the
millions of picture elements involved.

The application of digital processing to
problems in biomedical research will open
doors of understanding not imagined even a
few years ago. To begin opening these doors,
Minnesota scientists are collaborating with the
Minnesota Supercomputer Center in many
areas of digital biology. The work ranges
from the molecular modeling of new drugs
to the scanning and mapping of tissue by
the mathematical manipulation of tomo­
graphic data. As greater processing speeds
and memory are made available by the
Supercomputer Center, researchers will come
to understand even more of the mechanics
of life.

One view of a 3D
reconstruction from 48 CT
scans of a woman's
pelvis. Image prepared
using a Pixar Image
Computer and reprinted
with permission from
Pixar. Pixar Image
Computer is a trademark
of Pixar. Copyright ©
1984-1986 Pixar. All
rights reserved.
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Magnetic Resonance
Imaging (MRI) of the
human body is a rapidly
developing diagnostic
tool. When University
supercomputers are used
to reconstruct three­
dimensional images from
data from MRI devices,
previously hidden struc­
tures can be revealed.
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Electrical Engineering and Computer Science

In addition to the work we'vejust seen, many
other supercomputer-based research programs
at Minnesota are growing in prominence and
potential. Several are poised to have a major
impact on emerging technologies in the world
beyond the laboratory.

In electrical engineering, for example,
Professors Michael Shur, Bruce Bernhardt and
Jingming Xu have transformed the popular
circuit-simulation program SPICE into UM­
SPICE, which for the first time allows circuit
designers to simulate gallium arsenide cir­
cuits on workstations that communicate with
supercomputers. Many believe GaAs will
replace silicon as the basic substrate of digital
circuitry because it offers substantial perfor­
mance benefits. But before that happens,
researchers will have to gain a better under­
standing ofthe novel properties ofGaAs, and
circuit designers will need to "retool" software
to take advantage of this new material's
potential.

Shur and fellow researchers are studying
the way electrons travel through GaAs
crystals. Their work is being done in co­
operation with the Microelectronics and
Information Sciences Center (MEIS), an
organization jointly established by the
UniversitY' and leading Minnesota high tech­
nology companies to coordinate and fund
research programs. Industrial participants
include Honeywell, 3M, Cray Research,
Sperry, Control Data, ADC Telecommuni­
cations, Zycad and VTC, Inc.

With UM-SPICE, Shur's group has
successfully adapted a program that was
designed to simulate small silicon-based
circuits on PC's and workstations to one that
can simulate much larger and more complex
GaAs circuits-calling on a supercomputer via
a communications link when the super­
computer's power is needed. This configu­
ration may be a prototype ofthe design station
of the very-near future, when the desk-top
PC serves as a vehicle for initial exploration,
and as a supercomputer workstation when
large scale computer power is needed.

28

Under the direction of its chairman,
Professor David Fox, the Department of
Computer Science is exploring many other
areas involving both supercomputers and
multi-processor parallel computers. Cur­
rently, the National Science Foundation is
funding work to develop new techniques and
algorithms that will make both computing
environments more efficient and productive.
Along with the Minnesota Supercomputer
Institute, the Department of Computer
Science is actively involved in training
graduate students in the critical area of com­
puter networking and was instrumental in
developing Minnesota's supercomputer
campus network.

A model of the new
Institute of Technology
building for the depart­
ments of Electrical
Engineering and Computer
Science. This new facility
is now under construction
and is part of a major
University commitment to
these important fields.



The Institute for Mathematics
and Its Applications

In the past five years, the National Science
Foundation has established the Institute of
Theoretical Physics (ITP) at the University of
California at Santa Barbara, the Mathematical
Sciences Research Institute (MSRI) at
Berkeley, and the Institute for Mathematics
and Its Applications (IMA) at Minnesota. The
goal was to stimulate interaction between
junior and senior researchers in various
disciplines and create healthy environments
for postdoctoral training.

The IMA was recently funded for a
second five years, in part because of the
opportunities the Minnesota Supercomputer
Institute has been able to provide in applying
supercomputer power to mathematical
research. A good illustration is work being
done by Professor Mitchell Luskin of the
School ofMathematics and a team ofgraduate
students. Luskin and fellow researchers are
using the Cray 2 to simulate the properties of
liquid crystal configurations, which today are
most commonly used in wrist watches, but
which have the potential to replace many kinds
of bulky optical displays-including color
video displays. The mathematical properties
of liquid crystals are also fascinating to
mathematiCians.

Previous research has explored the
energy levels needed to activate simple liquid
crystal displays, but a lack of appropriate
algorithms and insufficient computing power
meant that only small configurations could be
be studied. Luskin and fellow researchers are
using the Cray to simulate large and complex
configurations and are paving the way for the
development ofnew applications ofthe optical
properties of liquid crystals.

Luskin is also working with IMA
associate director Professor George Sell on
work that may have a similar impact on
applied technology-developing numerical
solutions to the mathematical equations that
govern the movement ofrecording heads over
magnetic media, which may lead to discoveries
ofmore efficient ways to magnetically record
and retrieve data.

St. Anthony Falls Hydraulic Laboratory

The St. Anthony Falls Hydraulic Laboratory
is a unique research facility located at the head
ofSt. Anthony Falls on the ~pperMississippi
River as it flows through downtown
Minneapolis. Water passes through the facility
and back to the river below the Falls after
serving as the means to conduct a variety of
experimental studies in hydraulics and related
fields. For nearly 50 years, fundamental
research in fluid mechanics as well as applied
research in the design and analysis ofhydraulic
structures and special apparatus and equip­
ment has been conducted here, helping the
Laboratory gain an international reputation.

Recently, St. Anthony Falls researchers
have used supercomputers to overcome some
of the tremendous challenges of fluid mech­
anics. Examples include studies of flow
modeling for wind tunnels conducted by
Professor Cesar Farell; simulation of viscous
flow with flow separation and large eddies by
Professor Charles Song; and modeling of the
transient convection by heat loss in lakes by
Professor Heinz Stefan.

Part of the research
laboratories of the
St. Anthony Falls
Hydraulic Laboratory.
Research workers at
the Laboratory have
developed expertise
in scientific computing
in many areas of fluid
mechanics.
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Economics and Management

Like many ofthe physical sciences, economics
and management theory are confronted by
systems oftremendous complexity. Not only
do the economies ofnations pose vast mathe­
matical challenges, but such smaller scale
issues as inventory control and production
scheduling often require the most advanced
computing technology available.

Because ofthe resources ofthe Minnesota
Supercomputer Institute, members of the
University of Minnesota School of
Management now have several years of
experience using supercomputers to simulate
economic systems and management and
manufacturing operations. Professor Chris
Sims, for instance, uses a Cray machine to do
macro-economic modeling for the Ninth
Federal Reserve District, headquartered in
Minneapolis. Sims and other Minnesota
researchers have also created the largest
macro-economic models yet attempted ofthe
U. S., Europe and Japan as similar and linked
economic systems that interact through
financial markets, imports and exports. Work
began using a Cray 1, but the size ofthe model
and the new estimation techniques it uses
required that it be transferred to the giant
memory of the Cray 2.
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Agriculture

Supercomputers can also aid in the study
of agricultural economics. Supercomputer
simulation can provide information on the
moSt effective ways to manage flocks and
herds. One Minnesota researcher has already
used five hours on a Cray machine to model
optimal methods of poultry production, an
important Minnesota industry.

Since many other areas related to
agriculture require sophisticated compLiter
analysis, efforts are underway at Minnesota
to develop vectorized finite and boundary
element codes for agricultural supercomputer
applications. For example, supercomputers
will allow researchers to model the processes
associated with the cracking of soil durin.g
dessication, or simulate the movement of
moisture and chemicals through the layers of
earth above aquifers. Superco~~rscan also
be used to model agricultural equipment and
machinery. Some ofthis work has been done
with conventional computers, but when finite
element analysis and real-time simulation
are required, supercomputing will provide
benefits to agricultural engineering that it
is now providing to so many other areas.
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Some olthe Fellows of the
Minnesota Supercomputer
Institute and their col­
leagues and students. The
program developed from
modest scale support of
scientific research on the
University's Cray 1 in 1981,
to a program 01 national
steture that today involves
over ZOO University faculty
members and students.
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