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What's Going On Down There? 
Supercomputing and Real-Time Visualization:
Application to 3-D Modeling of Thermal Mantle Convection

Shuxia Zhang, a post-doctoral Supercomputing Institute 
Research Scholar working with Professor David Yuen's 
Geology and Geophysics research group, is using 
supercomputing resources to perform large-scale 
numerical simulations in the study of variable physical 
properties in mantle convection. The Earth's mantle 
forms the region between the Earth's crust and core, 
from a depth of 40 km to 2890 km. Surface topography, 
tectonic plate motions, volcanic activity, and earthquakes 
are some of the observable features associated with the 
dynamical processes of mantle convection.

Yuen's group is conducting very large simulations-the 
largest ever to be done for three-dimensional convection 
in the Earth's mantle. Their research is unique in that it 
incorporates variables such as lateral viscosity variations 
and mantle phase transitions (changes in density and 
heat release due to increased pressure and temperature). 
"What's Going on Down There?" continued

3-D simultaneous rendering of upwelling plumes and 
viscous dissipation. The plume morphologies are 
indicated by the isosurface of T-0.5 and the viscous 
dissipation is indicated by the color variations from 
red for strong, to blue for weak. Results are from a 
compressible convection model with a Rayleigh 
number of 107, dissipation number of 0.5, and 
Clapeyron slope of -3 MPa/K at a depth of 660 km, 
and time of 2.3 billion years.

These variables are the most 
fundamental parameters 
characterizing mantle dynamics 
and also the most difficult ones 
and also the most difficult ones to 
incorporate into the three-
dimensional model. Zhang's use 
of spherical geometries combined 
with these variables is resulting 
in highly representative 
simulations.

large scale solutions of transient 
systems. This software has been 
designed specifically for co-
processing visualization of data 
generated in a distributed 
computing environment. It is also 
designed to allow the solver to 
run as independently as possible. 
If the solution procedure takes a 
long time (hours or days), pV3 
can'plug into' the calculation, 
allowing viewing of the data as it 
changes. It can then 'unplug' with 
the worst side effect

being the temporary allocation of 
memory and a possible load 
imbalance. Figure 1 and the 
figure below are real-time 
displays created while the 
University of Minnesota-IBM 
Shared Research Project IBM 
Cluster was performing the 
mantle convection computations. 
For more information on research 
involving the IBM Cluster and 
the University of Minnesota-IBM 
Shared Research Project, view 
the IBM-SUR article in this 
Research Bulletin.

What's Going on Down There? 
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Real-TimeVisualization

Zhang, together with Kirk Jordan 
of IBM Corporation, and other 
members of Yuen's research group 
are able to use real-time 
visualization to resolve some of the 
problems associated with post-
processing visualization of 3-D 
mantle convection. For example, 
real-time visualization reduces 
need for the large amount of disk 
space required to store huge 
amounts of output, and simplifies 
the monitoring of complicated 
dynamical processes in both spatial 
and temporal domains. Their use of 
pV3-the newest in a series of 
graphics and visualization tools to 
come out of the department of 
Aeronautics and Astronautics at 
Massachusetts Institute of 
Technology-allows the real-time 
visualization of 3-D.

Simultaneous display, in one window, of 3-D isosurface, 2-D, and 1-D 
structures at the critical time during simulation. The two-dimensional structure 
is determined by the cutting plane, which can be easily panned, scrolled, and 
zoomed on the screen. The one-dimensional plot is determined by a cutting line 
which can be put in any part of the two-dimensional section.

A Group Success Story
IBM Shared University Research Project 
Just over one year ago, the University of 
Minnesota and IBM Corporation embarked 
on a cooperative venture to provide state-of-
the-art IBMworkstation cluster resources to 
University of Minnesota faculty and 
students. The University of Minnesota-IBM 
Shared Research Project is a cooperative 
research endeavor in which the Department 
of Computer Science, the Supercomputer 
Institute, and the Office of Information 
Technology jointly manage resources 
donated to the University by IBM as part of 
its Shared University Research (SUR) 
program. Additional support by the National 
Science Foundation CISE Research 
Infrastructure Program is gratefully 
acknowledged. The donated equipment, 
which currently includes nine IBM RS/6000s 
and a 10-node IBM RS/6000 SP2, was 
provided to the University to be used for 
state-of-the-art research and to develop and 
demonstrate the new capabilities of clusters 
of workstations. These workstations are 
housed in the Department of Computer 
Science, which also provides hardware and 
system support. The Supercomputer Institute 
provides account management and 
user/software support.

This venture has been, and continues to be a 
successful research vehicle. It currently 
involves twenty-three faculty members and 
their research groups who are using these 
unique and productive resources on a wide 
range of projects. All proposals for 
allocations on the IBM workstation clusters 
are sponsored by faculty  
Hardware
Currently the resource allocations support usage on nine IBM 590 
RS/6000 workstations. Four of the 590 workstations have 256 Mega-
bytes of memory and five have 512 Megabytes of memory. Each of 
the 590s has two Gigabytes of local scratch storage and are 
networked on both ATM and Fibre Channel, in addition to the 
standard ethernet interface. Currently, 16 Gigabytes of user space is 
available. An IBM 380 RS/6000 workstation is used primarily as the 
networking interface server. The SP2 consists of ten RS/6000 
workstations, each of which has 256 Megabytes of memory.
Hard Work
The success of the IBM Shared University Research Project can be 
attributed to a number of factors, including the cooperative 
management carried out under the guidance of the Executive and 
Steering Committees. The Executive Committee is chaired by Don 
Riley, Associate Vice President for Academic Affairs; and includes 
Ahmed Sameh, Department of Computer Science; and Donald 
Truhlar, Department of Chemistry and Supercomputer Institute. The 
Steering Committee, chaired by David Du, Department of Computer 
Science, also includes Jan Almlöf, Department of Chemistry; David 



This is a true group effort whose success is the result of the 
dedication and hard work of those mentioned above, the 
administrative and technical staffs of the Supercomputer Institute, 
the Department of Computer Science, Don Riley's office, and 
University Networking Services. Research Report UMSI 95/240 
(1995 UMSI Reports) is double-numbered as UM-IBM 95/1 and 
represents the first preprint reporting results on this joint project.

Lilja, Department of Electrical Engineering; Vipin Kumar, 
Department of Computer Science; Ernest Retzel, Department of Cell 
Biology and Neuroanatomy; Yousef Saad, Department of Computer 
Science; and David Yuen, Department of Geology and Geophysics. 
IBM efforts are spearheaded by Pat Carey and Norm Troullier.

• Third US-Japan Symposium on Finite Element Methods in Large-Scale Computational Fluid Dynamics
April 1-3, 1996 

• Supercomputer Applications in the Bahavioral Sciences
May 9-12, 1996 

• Conference on New Methods in Electronic Structure Calculation
June 15-17, 1996 

• Workshop on Evolutionary Algorithms
October 21-25, 1996 

Software System for the 
Computation of Blood 

Pressure Elevations in the 
Diagnosis of Hypertension 

Ramón C. Hermida
Bioengineering and

Chronobiology Laboratory
Universidad de Vigo

Vigo, Spain
This seminar addressed 

ambulatory and noninvasive 
blood pressure (BP) monitoring 
which is increasingly used in the 

diagnosis and treatment of 
hypertension. The speaker noted 
that conventional measurements 
may be misleading because BP 
varies according to a spectrum 

of rhythms (the circadian in 
particular) and because 
measurements may be 

influenced by the patient's 
emotional state, position, diet, 

and by external stimuli. He also 
discussed 

statistical methods and a 
software system for the 
establishment of time-qualified 
tolerance limits and the 
assessment of the extent and 
timing of BP elevation may 
serve to help in prognosis and 
diagnosis with a better 
assessment of health status, to 
initiate treatment if needed, to 
time treatment when it is most 
desirable and least harmful in 

terms of undesired effects, and to 
gauge the subject's response to 
treatment. This computer-based 
system is currently used for the 
early diagnosis of pregnancy-
induced hypertension and 
preeclampsia. 



Simulation of Motion of Particles in Flowing Liquids 

Howard Hu
Mechanical Engineering and 

Applied Mechanics
University of Pennsylvania
Philadelphia, Pennsylvania

This talk dealt with a finite element technique based on moving unstructured grids designed to simulate 
the motion of a large number of solid particles in a flowing liquid. The speaker touched on a 
generalized Galerkin finite element formulation which incorporates both the fluid and particle 
equations of motion into a single variational equation for Newtonian fluids and noted that this 
formulation is easily extended to viscoelastic fluids. 

What is (Monte Carlo) Time? 

Francis Sullivan
Institute for Defense Analyses
Center for Computing Sciences
Bowie, Maryland

The famous Metropolis algorithm for sampling from a set of states S that are distributed like the 
Boltzmann function, exp(-E(S)/kT), has been used with great success in literally thousands of different 
applications in the physical sciences. In the usual formulation, the correct distribution is sampled by 
attempting moves from state S_1 to S_2 and accepting the state change with probability: 

min{1, exp(-(E(S_2) -E(S_1))/kT)} 

If most changes of state decrease E, and T is small, then very few changes will be accepted, i.e., there 
are many "do-nothing" moves. This talk explained how to reformulate the basis Metropolis algorithm 
so as to avoid the do-nothing steps and hence reduce running time, while at the same time keeping 
track of simulated time as determined by the Monte Carlo algorithm. The method for tracking 
simulated time is the basis for a parallel algorithm. 

Electrostatic Interactions in Aqueous Solution 
Barry Honig
Department of Biochemistry 
and Molecular Biophysics
Columbia University
New York, New York
Continuum electrostatics as a tool for the analysis of molecular structure and function in solution has 
seen a major renaissance in recent years. Progress has been due in part to computational developments 
such as fast numerical solutions to the Poisson-Boltzmann equation, fast algorithms to represent 
molecular surfaces and new visualization techniques. Equally important have been the development of 
methods to map molecular properties onto the language of continuum electrostatics. This talk dealt 
with recent developments in these areas and also touched on specific applications to electron transfer 
in the photosynthetic reaction center and proton transfer in bacteriorhodopsin.



Applications of Process Modeling in Reactive Processing: 
SMC, SRIM, and RTM 
Jose M. Castro
Corporate Technology Center 
GenCorp
Akron, Ohio
Reactive polymer processing refers to the shaping of polymeric materials during their chemical formation. Reactive 
processing has at least two stages, a shaping stage and a curing stage. Modeling of the shaping stage requires the coupling 
of fluid mechanics, heat transfer and chemical reaction. This coupling is due to the fact that the viscosity is a function of 
conversion and temperature. Assuming that the viscosity remains nearly constant during filling, the reaction and heat 
transfer effects can be neglected. In this talk conditions under which the filling stage can be modeled without regard to heat 
transfer and chemical reactions were discussed. Examples were given of the use of flow simulation in designing and 
locating SMC charges so as to reduce or eliminate knit lines and in selecting injection gate and vents locations to avoid 
trapping air in SRIM or RTM molding. 

NAMD: A Scalable Parallel Biomolecular Dynamics Program 

Robert Skeel
Department of Computer Science
University of Illinois
Urbana, Illinois

NAMD is a program designed with the goal of achieving high performance on parallel machines for 
the simulation of large biomolecular systems. The program is designed so systems with larger numbers 
of atoms can be simulated by proportionately larger numbers of processors with nearly no increase in 
overall computing time. An object-oriented design, implemented in C++, faciliates the incorporation of 
new algorithms. In this talk, details were given on how to achieve load balancing and reduce idle time 
using a multithreaded message-driven design. Also discussed was how to use an existing fast 
electrostatics code, DPMTA, more effectively via dual timestepping-in which a few interactions use 
timesteps much smaller than the other interactions. 

Modeling Convection With Splines and Wavelets 

Andrei Malevsky
Départment de Physique
Université de Montréal
Montréal, Québec, Canada

Turbulent thermal convection is a complex process relevant to many industrial, geophysical, and 
astrophysical problems. Numerical models illuminate this process which, thus far, has been based 
primarily on theory and laboratory experiments. This speaker discussed the spline-characteristics 
method, an algorithm for direct numerical simulation of turbulent flows, which was employed to 
simulate 3-D turbulent convection at different Prandtl and Rayleigh numbers. The results of direct 
numerical simulations were analyzed by means of the Fourier and the wavelet-based multiresolution 
analysis. The wavelets seem to be the functions of choice to describe intermittent patterns of turbulent 
convection because of their spatio-temporal locality. They yield a compact representation of the 
flowfield of convection especially at high Prandtl number.



Direct Quadratic Spectrum Estimation From Unequally Spaced Data-
New Horizons with Fast Computers
Donald W. Marquardt
Donald W. Marquardt and Associates
Wilmington, Delaware

When the Direct Quadratic Spectrum Estimation (DQSE) method was first developed it demonstrated 
remarkable sensitivity and robustness for computing power spectra from unequally spaced data. The 
methodology also exhibited the valuable and unique statistical properties of such data, highlighted the 
many important practical circumstances in which unequally-spaced time series data are encountered, 
and showed the poor results that are obtained when approximations based on equally-spaced methods 
are used. This talk dealt with a review of the DQSE method, stressing conceptual, numerical-analysis, 
and computing-structure aspects. In addition, several numerical examples were presented. 
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