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Supercomputer Upgrade From Cray T3D to Cray 
T3E
During the week of January 21, 1997 Institute researchers said farewell to the 
Cray T3D supercomputer and began computing on a new Cray-T3E system. 
Like the T3D, the T3E is operated for the Institute by Minnesota Supercomputer 
Center Inc. With this upgrade, Institute users have access to several capabilities 
that are unique to the Cray-T3E and differentiate it from other parallel systems. 
Benchmarks have shown that relative performance of the T3E with respect to the 
T3D is greater than what would be expected from the factor of two increase in 
processor speed alone.

There are several T3E hardware features that contribute to this performance 
improvement. The major features include the addition of a 96 kilobyte secondary 
cache, one processor per network node (the T3D had two), and new circuitry to 
control the microprocessor’s local and remote memory operations.

The new control circuitry, referred to as the C-chip, greatly enhances the 
bandwidth of memory to microprocessor communication, and performs 
important bookkeeping operations to maintain interprocessor cache coherence. It 
also contains 512 E-registers that are used to send and receive interprocessor 
messages and also perform synchronization operations.

The other new performance enhancing feature of the C-chip is the 
implementation of stream buffers which work to increase local memory 
bandwidth by providing the microprocessor with the data it has requested 
without stalling.

In addition to the performance improvements, probably the most obvious change 
prior T3D users will experience is in the operating system. The T3E is "self-
hosted" where users log directly into the system, rather than access it through a 
front-end machine. This is a convenience feature for UNIX users who can now 
be directly on the system, but more importantly it allows for greatly enhanced 



input/output performance. These operations are now processed through multiple 
input/output ports.

The initial T3E configuration that we have available is air-cooled and contains 
68 processors, 64 of which are for user applications. The other four processors 
service operating system requests. Each processor has 128 megabytes of local 
memory. 

This latest upgrade of supercomputing resources at the Minnesota 
Supercomputer Center Inc. continues a tradition of operating and making 
available to the University of Minnesota research community the most advanced 
supercomputer architectures. Allocations of computer resources on the Cray T3E 
are available to faculty at institutions of higher education in the state of 
Minnesota and are also used by their students and research collaborators.

  

An Increasing Impact on High-Performance Computing at 
Minnesota-The University of Minnesota-IBM Shared Research 
Project
In the two years since its inception in late 1994, the University of Minnesota-IBM Shared Research 
Project has become an integral part of the high-performance computing resources offered to the 
University of Minnesota research community. This project, which is jointly managed by the Computer 
Science Department, the Office of Information Technology, and the Supercomputing Institute, 
combines resources donated to the University by IBM as part of its Shared University Research (SUR) 
program, funding from the University, and additional support provided by the National Science 
Foundation CISE Infrastructure program. The University of Minnesota-IBM Shared Research Project 
provides state-of-the art technology for scientific computing combined with full-time, on-site user 
support and weekly tutorials. The project has been succesful in fostering a cooperative environment 
where researchers can interact with one another to fully realize the potential of this computer 
technology.

During the past two years, forty-one University of Minnesota faculty principal investigators from 
eighteen departments have utilized these resources while working with 338 other researchers (primarily 
students and research associates) on sixty-eight peer reviewed research projects. These research 
projects are diverse in scope and include work by Geology Professor David Yuen on modeling thermal 
convection in the Earth’s mantle, and research by Computer Science Professor David Du aimed at 
developing computer video delivery systems (see sidebar on page four for a more detailed description 
of this research project).



The high-performance computing hardware available 
through the University of Minnesota-IBM Shared 
Research Project offers great flexibility and computing 
power. It is possible to run a wide variety of high-
performance computing jobs using the eight IBM RS/6000 
workstations and the two frames of the IBM SP 
supercomputer. The system also has room for 
expandability and is steadily being upgraded. In April of 
1997 the available configuration will be upgraded to a 
total of 24 processors. The IBM SP supercomputer will 
have four Wide nodes, each with one gigabyte of memory 
and between four and 12 gigabytes of disk storage, ten 
Thin2 nodes with 256 megabytes of memory and between 
four and six gigabytes of disk storage, and two Thin3 
nodes with 512 megabytes of memory and nine gigabytes 
of disk storage. Four of the 590 workstations have 256 
megabytes of memory, and four have 512 megabytes of 
memory. Each of the 590s has, at a minimum, two 
gigabytes of local scratch storage. Further details on the 
configuration are available on the World Wide Web: 
http://www.cs.umn.edu/Research/ibm-cluster/.

The two forms of the IBM SP supercomputer, located in the Electrical 

Engineering/Computer Science Building on the Minneapolis Campus  

A unique component of this project is the Partnership Program that allows researchers to contribute 
nodes to the cluster. In exchange for the node the partner receives a significant allocation of resources 
which can be used on the entire cluster, receives access to cluster software, avoids frame costs for the 
SP nodes, and is not charged for the management of the contributed node. The benefits for the entire 
program include the additional resources that are available from the added node to the University’s 
research community, the advantage of having a larger cluster for large, path-breaking, jobs, and the 
nonlinear interactions that arise when the number of researchers utilizing this resource increases.

The University of Minnesota-IBM Shared Research Project goes beyond the installation of state-of-the-
art technology and its use in world-class research. It has also allowed for the development of a close 
and symbiotic relationship between the University and IBM. IBM staff members attend and contribute 
to the monthly meetings of the Computer Science-Supercomputing Institute Workstation-Office of 
Information Technology Cluster Steering Committee. This faculty committee has worked closely with 
IBM staff, in particular Pat Carey and Norman Troullier, on long-term planning. Furthermore, joint 
projects of University faculty and IBM have played a role in research and product development at 
IBM’s Rochester Minnesota facilities.

A noteworthy event that grew out of this relationship was the International Conference on Parallel 
Computing which was held at the Institute October 3-4, 1996. The conference, which was sponsored by 
the Supercomputing Institute and IBM, brought together an internationally renowned group of speakers 
to discuss the progress and direction of parallel computing. There were seventeen plenary lectures and 
nine poster papers. Several of the talks focused on SP applications. Gyan Bhanot of IBM Thomas J. 
Watson Research Center in Yorktown Heights, New York, described SP applications in nine different 
areas. (A complete article on the conference is available in the Winter 1996-97 Supercomputing 
Institute Research Bulletin and is accessible via our web site: 
http://www2.msi.umn.edu/Bulletin/Vol.13-No.2/Winter1997.html.



Four of the eight IBM RS/6000 workstations available through the University of Minnesota-IBM Shared Research Project

Research results from this project are listed in each Supercomputing Institute Research Bulletin in the 
Research Reports section. Through March 1997, researchers have submitted thirty-nine research 
reports to the UM-IBM research report series. These reports have both a UMSI and a UM-IBM report 
number. A complete list of UM-IBM publications is available on the World Wide Web: 

http://www.cs.umn.edu/Research/ibm-cluster/reports.html. 

Design and Development of Multimedia Servers
An excellent example of the type of work being done using the resources of the University of 
Minnesota-IBMShared Research Project is that of Computer Science Professor David Du. Professor Du 
and his research group are using the IBMSP supercomputer and RS/6000 workstation cluster in the 
design and implementation of a video-on-demand (VOD) multimedia server capable of providing 
concurrent streams of video to multiple users. Multimedia, and in particular video media, has 
developed into an exciting computer capability that has the potential to transform communication in 
many fields including medicine, education and business. The design of such a server is a critical 
component of the new multimedia computing era that we are entering.

As a result of the rapid advances in processing hardware, storage devices, and communication 
networks, multimedia VOD service is soon likely to become a reality. The difficulty in providing VOD 
with a guaranteed quality of service is due primarily to the variation in access delays over the delivery 
path. First, the data has to be retrieved from a multimedia server, then it is transmitted over a 
communication network to the end-user system, and finally it is displayed on the end-user system at a 
constant data rate.

Each of the above components (i.e., storage, network and end system) imposes a great challenge on the 
design and development of multimedia VOD server. These challenges are being met in part through the 
use of high-performance computing resources available through the Supercomputing Institute. In 
particular, the implementation of a large and efficient data storage system is being implemented on the 
IBM RS/6000 cluster .

Related areas of research include the use of the internet as a delivery platform for distance education 
services, and the use of networked workstations to provide the computing power necessary for high-
resolution display systems. The internet-video services would include the use of educational video 



lectures and presentations delivered over the internet. The high-resolution display system is useful for 
viewing scientific phenomena of interest in fields such as medicine and astronomy. 

High-Performance Computing Resources Aid in Study of the 
U.S. Surface Wind Field
Whether blowing hot or cool, wind affects everything from the day’s weather to how we generate 
electricity. Wind speed is used to evaluate wind power potential, wind direction is a factor in bird and 
insect migration, and wind velocity is important for determining pollutant transport and dispersion.

Professor Katherine Klink of the Department of Geography is using supercomputing resources to aid in 
the study of this fundamental climatic variable. Analysis of the U.S. wind data series benefits greatly 
from the computing resources available through the University of Minnesota Supercomputing Institute. 
Dedicated disk storage, routine tape access, and most importantly, the faster processors of the 
supercomputers have aided this research substantially.

Wind is related to surface temperature and pressure patterns and is routinely reported by weather 
observers. Empirically based studies of climatic variability have focused primarily on surface 
temperature and precipitation records. However wind analyses have been less common, due in part to 
the fact that because it is a vector variable, slightly modified statistical methods are needed for its 
analysis. 

Klink uses hourly and three-hourly wind speed and direction observations from 1961-1990 (National 
Renewable Energy Laboratory, 1993) to derive a monthly climatology of the mean surface wind field at 
216 stations in the contiguous United States. The original wind speed measurements are corrected to a 
standard 20 foot observation height using the 1/7 power law (Peterson and Hennessey 1978). From the 
height-corrected data Klink computes the mean monthly wind speed, direction, and velocity at each 
station for each of the 30 years. This 30-year time series is used to estimate the climatological mean of 
each field, along with their variances.

This study has several objectives. The first is to complement existing temperature and precipitation 
climatologies by compiling a spatially representative climatology of terrestrial surface winds within the 
United States. Klink also intends to examine the time series to determine if there exists any temporal 
trends in wind characteristics that can be related to temperature trends reported in the literature. Once 
the wind climatology and time series records are complete, she will be able to more closely examine 
the spatial and temporal characteristics of the diurnal wind speed record and, in collaboration with 
Geography Ph.D. student Kevin Lawless, compare it to the diurnal patterns in energy demand. It may 
then be possible to evaluate more carefully the economic feasibility of particular wind turbine sites.

Professor Klink's current work also includes a study of Land Surface-Atmosphere Interactions over 
Regional Climate Scales. Supercomputing resources also play a significant role in this related area of 
study.



 

New Solvation Model Has Wide Applicability
Supercomputing Institute researchers in the Chemistry Department have completed a universal 
solvation model that may be useful for a wide variety of processes in organic, biological, medicinal, 
and environmental chemistry. For example, the new model can be used to predict the partitioning of 
potential drug molecules between the blood and the central nervous system, thereby contributing to 
computer-aided drug design. In addition, insights gained in the creation of this model are being used to 
create a new solvation model for organometallic catalysis of polyethylene production. The new model, 
called Solvation Model 5.4 (SM5.4) builds on several years of effort funded by the National Science 
Foundation, National Institute of Standards and Technology, Eastman Kodak Company, and the U.S. 
Army.

The SM5.4 model has two key physical elements: (i) a quantum mechanical self-consistent treatment of 
electrostatic mutual polarization of the solvent and solute based on class IV partial atomic charges, and 
(ii) a dual-range, solute-geometry dependent treatment of first-solvation-shell effects such as cavity 
creation, dispersion, solvent structural rearrangements, hydrogen bonding, and the hydrophobic effect. 
The model is semiempirical and was parameterized using 1,939 free energies of solvation for over 200 
solutes in water and 90 organic solvents plus 26 chloroform/water partition coefficients. The mean 
unsigned error is less than 0.5 kilocalories per mole across a wide range of solute and solvent 
functionality. 

A typical application in organic chemistry would be the prediction of solvation effects on the free 
energies of activation for chemical reactions. The model has already been applied successfully to 
several biological problems, including the partitioning of nucleic acid bases between water and organic 
media simulating lipophilic biophases, the electrostatic polarization of dipeptides by surrounding 
aqueous solvent, and the solution-phase conformational energies of sugars. The SM5.4 model will soon 
be made generally available in the popular AMSOL computer program, version 6.0.



5-bromo-1-methylcytosine 1-methylcytosine 

Structures of 1-methylcytosine and 5-bromo-1-methylcytosine, which are, respectively, a natural and an unnatural nucleic 
acid base. The SM5.4 model predicts that the direct effect of the circled bromine atom as compared to the hydrogen in the 
other structure promotes partitioning into chloroform over water by 1.0 log unit, and the bromine atom changes the 
contribution of the other two circled groups by 0.4 log units in the same direction. The contributions from the rest of the 
molecules total only 0.2 log units, for a predicted total substituent effect of 1.6 log units. Such predictions can be very useful 
for designing molecules to have desirable properties for medicinal chemistry. 

The principal investigators for the development of the SM5.4 model were Christopher J. Cramer and 
Donald G. Truhlar of the Chemistry Department. The other researchers involved in this effort were 
former AHPCRC postdoctoral associate Candee C. Chambers (now on the faculty of Mercyhurst 
College, Erie, Pennsylvania), graduate students David Giesen and Gregory J. Hawkins, and former 
Minnesota Supercomputing Institute undergraduate intern Michael (Zhen) Gu. The Class IV charge 
model was developed by former postdoctoral associate Joey Storer (now with Dow Chemical Co.) 
along with Giesen, Cramer, and Truhlar. New researchers working on further related projects include 
Drs. Tianhui (Tony) Zhu and Jiabo Li along with graduate student Jianhua Xing. Further work also 
involves industrial partners Oxford Molecular Inc. and Semichem Inc.
Further information on this project is available in several UMSI Research Reports, namely 96/214, 
97/18, 97/19, and 97/21. These reports are listed on pages 10 and 11 of this bulletin and are available 
by completing the form on page 15. The interested reader is also referred to the AMSOL home page:
http://amsol.chem.umn.edu/~amsol/

The quantum chemical prediction of material and chemical properties by scientific computation on 
advanced computer architectures is a key digital technology, and this work is an example of several 
projects in this area being conducted at the Supercomputing Institute. 
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