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1.  Introduction 
 

 Engineering and science confront, as never before, problems at new levels 
of complexity and difficulty that transcend traditional mathematical and statistical 
methods. Progress in exploring and analyzing the large-scale, complex systems of 
contemporary interest requires computational tools. 

 
Computational Science and Engineering (CSE) is a rapidly developing area that 

bridges the sciences, engineering, and mathematics through computation—through the 
use of computers as tools and as powerful metaphors for understanding information 
processing in natural and artificial systems.  CSE seeks to develop computational 
methods, high-performance numerical simulations, and symbolic approaches as an 
alternative means of discovery and analysis in complex physical and biological systems, 
as well as for modeling and visualizing entirely abstract processes encountered in 
physics, mathematics, engineering, and computer science.  CSE involves diverse areas in 
data exploration and knowledge discovery, including simulations of high-dimensional 
dynamic and stochastic processes and algorithm development for visualizing, analyzing, 
and mining massive multidimensional data sets. Equally important to developing new 
computational methods, a unique emphasis of CSE at UC Davis is that it includes 
foundational studies of novel forms of computation across a wide range 
of physical, chemical, biological, and social systems. A central research and teaching 
goal is to move beyond the paradigm of discrete, symbolic computation to understand 
how natural and artificial systems process information in new ways and in new 
substrates. 

 
The Computational Science and Engineering Center (CSEC) is one of ten new 

transdisciplinary initiatives at the University of California, Davis, conceived in 
recognition of the commonalities that arise across the disciplines from the increasingly 
broad use and impact of computers. The CSEC is in the process of hiring a significant 
number of new faculty, with the goal of becoming a new campus department within a few 
years. Existing CSEC faculty have strong ties to researchers and research centers across 
the country, as well as to computing facilities and resources at UC-managed National 
Laboratories, the Jet Propulsion Laboratory, and IT and biotech companies. The CSE 
initiative aims to create an environment at UC Davis for world-class education and 
research in computation that will transform how science, engineering, and mathematics 
are done. 

 
Current Faculty  
 
Professors James Crutchfield (formerly Santa Fe Institute), Jean-Pierre Delplanque 
(formerly Colorado School of Mines), and Roland Freund (formerly Lucent Labs), were 
recruited during this academic year with start dates of July 1, 2004 to join Director JB 
Rundle as CSE Faculty. 
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John B Rundle 
 
Professor John Rundle is the founding director of the Computational Science and 

Engineering Center at the University of California at Davis. CSE is an emerging method 
of discovery in science and engineering that is distinct from, and complementary to, the 
two more traditional methods of experiment/observation and theory.  The emphasis in 
this method is upon using the computer as a numerical laboratory to perform 
computational simulations to gain insight into the behavior of complex dynamical 
systems, to visualize complex and voluminous data sets, to perform data mining to 
discover hidden information within large data sets, and to assimilate data into 
computational simulations.  Professor Rundle arrived at UC Davis in August, 2002, 
where he holds appointments in the Physics Department (primary) and in the Engineering 
School.  Previously, he was Professor of Physics at the University of Colorado, and 
Director of the Colorado Center for Chaos and Complexity (1993-2002).  Prior to the 
University of Colorado, he was at Lawrence Livermore National Laboratories (1990-
1993), and at Sandia National Laboratories, Albuquerque, (1977-1990).  Professor 
Rundle was educated at Princeton University (BSE, 1972, Phi Beta Kappa, Tau Beta Pi) 
and the University of California-Los Angeles (MS, 1973, PhD, 1976).  His research is 
focused on pattern analysis of complex systems; understanding the dynamics of 
earthquakes through numerical simulations; the dynamics of driven nonlinear Earth 
systems; and adaptation in general complex systems.  Among his recent honors, he is 
currently a Distinguished Visiting Scientist at the Jet Propulsion Laboratory in Pasadena, 
CA (since 1995); he has been honored for distinguished service as Chair of the Advisory 
Council of the Southern California Earthquake Center; and he has been recognized as the 
4th Edward Lorenz Distinguished Lecturer at the Fall, 2004, American Geophysical 
Union meeting in San Francisco, CA. 

 
James P. Crutchfield 
 

Professor Crutchfield is a founding faculty member of CSEC and a member of the 
UCD Physics Department. Until Summer 2004 he was a Research Professor at the Santa 
Fe Institute, where he was Director of its Computation, Dynamics, and Inference 
Program and its Network Dynamics Program. Before arriving at SFI in 1997 he was a 
Research Physicist in the Physics Department at the University of California, Berkeley, 
since 1985. He has been a Visiting Research Professor at the Sloan Center for Theoretical 
Neurobiology, University of California, San Francisco; a Post-doctoral Fellow of the 
Miller Institute for Basic Research in Science at UCB; a UCB Physics Department IBM 
Post-Doctoral Fellow in Condensed Matter Physics; a Distinguished Visiting Research 
Professor of the Beckman Institute at the University of Illinois, Urbana-Champaign; and 
a Bernard Osher Fellow at the San Francisco Exploratorium. He received his B.A. summa 
cum laude in Physics and Mathematics from the University of California, Santa Cruz, in 
1979 and his Ph.D. in Physics there in 1983. As co-founder and Vice President of the Art 
and Science Laboratory, he has been actively involved in bridging the arts and sciences. 
He was a member of the National Research Council Committee on Information 
Technology and Creativity, which reviewed the state of computing for the arts. He was 
also principal scientific advisor for the Exploratorium’s show Turbulent Landscapes: The 
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Forces that Shape Our World. The show, a series of installations that explores chaos and 
complexity in nature and our perception of novelty, has toured the nation’s science 
museums since 1996; most recently, it was on exhibit at the British Museum in London. 
Prof. Crutchfield’s interests concern patterns—what they are and how nature generates 
them—and how we discover new ones. Over the last two and half decades these interests 
have taken him into the areas of nonlinear dynamics, complex systems, solid-state 
physics, astrophysics, fluid mechanics, critical phenomena and phase transitions, chaos, 
and pattern formation. His current research centers on computational mechanics, the 
physics of information, statistical inference for nonlinear processes, genetic algorithms, 
evolutionary theory, machine learning, and distributed robotics. He has published over 90 
papers in these areas, many of which are available from his website: 
cse.ucdavis.edu/~chaos. 

 
Jean-Pierre Delplanque 

 
 Professor Jean-Pierre Delplanque is an Associate Professor in UCD’s Department 
of Mechanical and Aeronautical Engineering and a founding faculty member of CSEC. 
He holds an Engineering Diploma from ENSEEIHT (1987, Toulouse, France), an M.S. 
(“DEA”) in Mechanics from the National Polytechnic Institute of Toulouse (1987, 
France), and an M.S. (1989) and Ph.D. (1993) in Mechanical and Aerospace Engineering 
from UC Irvine. Before joining UCD in 2004, he was an Associate Professor of 
Mechanical Engineering at the Colorado School of Mines (Golden, CO), a Post-Doctoral 
researcher and then Assistant Researcher and Lecturer at UC Irvine (1994-1998), and a 
Technical Monitor and Research Specialist in the Combustion Devices Department of 
Société Européenne de Propulsion (SEP, Vernon, France; 1993-1994). While Professor 
Delplanque’s research efforts originally focused on spray systems, they have gradually 
evolved over the passed few years to now center on the multiscale modeling and 
numerical simulation of complex processes and systems. Applications are 
interdisciplinary in nature, crossing the boundaries between Mechanical Engineering, 
Chemical Engineering, and Materials Science. Examples of specific projects range from 
PVD processing of thinfilm photovoltaics to water-mist fire extinction systems. Other 
projects include emission reduction in diesel engines, hazardous liquid-waste 
incineration; and analysis of contact line motion with applications to droplet deposition 
processes. More recently, Professor Delplanque has initiated exploratory investigations 
with applications in Bioengineering and in Wildlife Management.  

 
Roland W. Freund  

 
 Professor Freund received his Ph.D. degree, summa cum laude, in Mathematics  
from the University of Wuerzburg, Germany, in 1983.  He held positions at the  
University of Wuerzburg and at the Research Institute for Advanced Computer  Science 
at NASA Ames Research Center.  He also spent one year in the Computer  Science 
Department at Stanford University.  In 1992 he joined Bell Laboratories  in Murray Hill, 
New Jersey, where he was a Distinguished Member of Technical  Staff in the Computing 
Sciences Research Center until 2004.  While at Bell Laboratories, he taught courses at 
Rutgers University, Columbia University, and Princeton University.  In 2004, he joined 
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the University of California, Davis,  where he is a Professor in the Department of 
Mathematics and he is also a founding faculty member of the Computational Science and 
Engineering Center.  Professor Freund's research interests are in scientific computing, 
numerical  linear algebra, dimension reduction of dynamical systems, large-scale 
optimization,  computational photonics, and algorithms for circuit simulation.   He 
introduced  the concept of quasi-minimal residual (QMR) iterations to remedy the often 
erratic  convergence behavior and possible breakdowns of Lanczos-type methods for the  
solution of large systems of linear equations.  The QMR method was the first  Lanczos-
type algorithm that successfully remedied these problems of earlier  methods.  Together 
with Peter Feldmann, he wrote the pioneering paper on Pade-via-Lanczos (PVL) reduced-
order modeling and its use in VLSI circuit simulation.  PVL and variants thereof have 
become the standard tools for VLSI interconnect analysis.  Professor Freund won the 
best-paper award in the category CAD at the Design, Automation and Test in Europe 
Conference 1998 (with P. Feldmann), and the SIAM SIAG Best Linear Algebra Paper 
Prize in 1994 (with N. Nachtigal).  In 1989, he was awarded the Heinz-Maier-Leibnitz  
Prize for outstanding publications in Applied Mathematics.  He is included in ISI's list (at 
http://isihighlycited.com/) of the world's 250 most highly-cited researchers in 
Mathematics, which is based on frequency of citation from 1981 - present.  In 2004, he 
was elected Fellow of the World Innovation Foundation. 
 
 
Staff 
 
 The Director of CSE is ably assisted by the following staff of the CSE Center. 
 
 Bill Broadley, Information Architect 
 Mark Olton, Programmer III (hired during this report period) 
 Linda Potoski, Center Manager 
 Dominique Short, Student Office Assistant 
 
Present Status 
 
 Faculty.  As of July 1, 2004, the CSE Center has four faculty: Director Rundle, 
and Professors Crutchfield (Physics Department), Jean-Pierre Delplanque (Mechanical 
and Aeronautical Engineering), and Roland Freund (Mathematics Department).  
Affiliated faculty consist of Center Members, approximately 30 such faculty from a 
variety of departments on campus.  Descriptions of their research and teaching interests 
are posted on the Center web site (http://cse.ucdavis.edu/).   
 
 In addition to the CSE faculty currently on roll, we are currently pursuing offers 
to two additional faculty.  These two faculty, in addition to Associate Professor 
Delplanque, are the result of two searches that were conducted during the past academic 
year (Appendix A).  One of these searches was defined to be in the area of Computational 
Multiscale Materials Science, and the other was in the area of Computational Complex 
Systems.  Associate Professor Delplanque’s appointment arises from the latter search, 
and he is rostered in the Department of Mechanical and Aeronautical Engineering.  We 
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have identified another outstanding young candidate from that search, and are pursuing a 
hire there.  (We have just received confirmation that Raissa D’Souza will join CSE 
effective 7/1/05).  From the first search, Computational Multiscale Materials Science, we 
have identified an outstanding candidate we are pursuing.  Both of these latter scientists, 
if hired, would start at UC Davis in summer 2005. 
 
 These CSE faculty are initially housed in existing departments, but will have a 
Memoranda of Understanding (MOU) written at the time of hiring, or other language 
written into their Tentative Offer Letter specifying that they will have the right to transfer 
their appointment into the CSE at the time it transitions to Department status.  Until this 
year, the only such faculty member is Director John Rundle, whose appointment is 50% 
in Physics (home department), 50% in Civil and Environmental Engineering, and 0% in 
Geology.   
 
 Space.  The Center currently occupies approximately 700 asf on the 5th floor of 
the Physics-Geology building, and approximately 750 asf on the 1st floor of the 
Chemistry Annex.  In addition, CSE has acquired approximately 900 sf of space for a 
robotics laboratory run by Professor Crutchfield in downtown Davis on E street.  All of 
this space has been provided out of funds or space assigned to the Division of 
Mathematical and Physical Sciences.  The Center also has a commitment of space to 
house computer hardware at the College of Engineering server room, located in 
Academic Surge.  For the future, the Center also has a commitment of up to 3000 asf in 
the new Mathematical Sciences building, due to be completed in fall, 2005.  As of the 
present time, we are finding a rule of thumb for CSE space needs of approximately 1000 
sf / faculty member.  As CSE faculty are hired, these space needs will become critical.  
Finally, we are currently in discussions with a group of faculty, based in the Physics 
Department, about proposing to co-occupy a new building immediately south of the 
existing Physics building.  If the concept can be developed enough, it is likely that private 
donors may be interested in contributing to this effort, which would advance the plans 
dramatically. 
  
 Academic Planning.  As part of the general campus growth-planning activities, a 
draft of an academic plan was written and submitted to Lead Dean Ko on December 1, 
2003.  A copy of this plan is attached as Appendix A*, and is currently undergoing 
revision by the current CSE faculty.  One of the necessary aspects of this document is 
provision for faculty governance of the Center, including provision for internal and 
external advisory committees.  Center governance is an important topic that will be 
finalized by adoption of bylaws in the near future. 
 
 Seminars and Colloquia.  The Center sponsored several seminars and colloquia as 
well as hosting research collaboration visits during this past year.  These are listed in 
Section 4.     
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Computing Equipment 
 
 The start up plan for CSEC includes funds for a shared computing facility.  In 
addition, CSE is building a cooperative computing cluster (“co-op cluster”) that will be a 
shared facility among a group of participants.  Funds for the cluster will be raised by 
individual faculty, who will then “buy into” the cluster by providing funding to purchase 
and build a number of nodes. The faculty member buying the nodes will have primary 
(priority)  use of those nodes, and secondary use of other nodes in the cluster.  At the 
present time, CSE has commitments for up to 24 racks worth of computer nodes from 
various faculty.   
 
Plans for these funds are now being made, including the following: 
 

1. Purchase of some components of the CSEC Co-op cluster, a shared parallel 
computing facility under development by CSEC.  This cluster will be built around 
groups of nodes purchased by funding supplied by individual investigators.  
Faculty will have priority use of their own nodes, and secondary use of other 
faculty’s nodes.  Architecture of this cluster is described in Appendix C. 

2. CSEC is actively collaborating with current and planned campus computing 
initiatives, including the proposed SUN Center of Excellence, and the Keck 
Center for Active Visualization in the Earth Sciences.  It is expected that future 
collaborations will include the Large Synoptic Survey Telescope group headed by 
new Physics ToE hire Tony Tyson, as well as grid computing initiatives within 
the Computer Science, MAE, CEE and Physics departments.  

3. Investigation of novel architectures for high performance computing in the 
sciences and engineering, including new ideas concerning streaming 
supercomputers. 

 
 It is expected that faculty in CSEC will raise significant funding for advanced 
computing machinery through competitive grants to agencies, as well as collaborating on 
future campus initiatives.  However, we do anticipate there will be a continuing need for 
campus involvement in the purchase of computational equipment, through the use of 
matching funds from the Deans and Vice Chancellor for Research, as well as other 
administrative units on campus. 
 
[1]  Physics Survey Overview Committee, NRC, Physics in a New Era: An Overview, 
National Academy Press, Washington, DC (2001). 
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2.     ADMINISTRATION 
 

CSE STAFF 
2003-2004 

 
 
NAME    TITLE     DATE HIRED 
 
William Broadley  Programmer VII   5/1/2003 
 
Mark Olton   Programmer III   11/11/2003 
 
Linda Potoski   Center Manager   1/1/2003 
 
John Rundle   Director    7/1/2002 
 
Dominique Short  Student Office Assistant  3/3/2003 
 

 
RESEARCHERS ASSOCIATED WITH CSE 

2003-2004 
 
 

        DEPARTMENT    APPT. 
NAME    TITLE                   HIRED IN*           %__       DATES HIRED 
 
James Holliday  GSR IV   Physics  50%      6/16/03-6/30/03 
            100%          7/1/03-9/30/03 
        50%      10/1/03-9/30/04 
 
Gleb Morein  PGR VII   Geology  50%      2/21/03-7/31/03 
      Physics  50%      5/15/03-7/31/03 
      Physics  100%      8/1/03-9/30/04 
 
Robert Shcherbakov PGR VII   Physics  50%      1/27/03-9/30/04 
      Geology  50%      1/27/03-9/30/04 
 
Kazuyoshi Nanjo  Visiting Scholar 
 
Jordan Van Aalsburg GSR IV   Physics  100%      8/4/03-9/30/03 
         50%      4/1/04-6/30/04 
 
Paul Rundle  Programmer  TES  100%      6/17/04-9/24/04 
 
Reese Stoltzfus  REU Summer Student Physics  Stipend       6/16/04-8/20/04 
 
*Due to location of funds 
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3.     CSE MEMBERS 
 

 
NAME     DEPARTMENT 
 
Benham, Craig   Mathematics & Biomedical Engineering 
Beran, Rudolf    Statistics 
Billen, Magli    Geology 
Cox, Daniel    Physics 
Cristianini, Nello   Statistics 
Davis, Roger    Mechanical & Aeronautical Engineering 
Faller, Roland    Chemical Engineering & Materials Science 
Hafez, Mohamed   Mechanical & Aeronautical Engineering 
Hamann, Bernd    CIPIC 
Hunter, John    Mathematics 
Jensen, Niels    Applied Science 
Kellogg, Louise    Geology 
Kiskis, Joseph    Physics 
Kleeman, Michael   Civil & Environmental Engineering 
Knox, Lloyd    Physics 
Lubin, Lori    Physics 
Mulloney, Brian   Neurobiology, Physiology & Behavior 
Nachtergaele, Bruno   Mathematics 
Olshausen, Bruno   Center for Neuroscience 
Pickett, Warren    Physics 
Rundle, John    Physics, Mechanical & Aeronautical Engineering, Geology 
Rustad, James    Geology 
Saito, Naoki    Mathematics 
Scalettar, Richard   Physics 
Shumway, Robert   Statistics 
Singh, Rajiv    Physics 
Stuchebrukhov, Alexei   Chemistry 
Temple Lang, Duncan   Statistics 
Turcotte, Donald   Geology 
Tyson, Anthony    Physics 
Younis, Bassam    Civil & Environmental Engineering
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 4. Faculty Search Reports 
 
 
In January 2003, the Center for Computational Science and Engineering received 
approval to move forward with our first faculty recruitment for an Interdisciplinary 
Computational Scientist/Engineer with emphasis given primarily to the disciplinary areas 
of Mathematics, Mechanical and Aeronautical Engineering and Physics with an 
application deadline of April 15, 2003.  This recruitment yielded 197 applications with 
interest spread across the colleges in 18 disciplines.  The applicants were narrowed down 
to an initial short list of 13 which was then shortened to a pool of five to bring out for 
interviews.  One of these candidates later dropped out.  Due to the late start of our 
recruitment, the search committee agreed not to bring candidates out in the summer, but 
to request that the position be held over to the following year and candidates visit during 
early Fall Quarter.  The request was approved by Dean Rock and the recruitment 
continued into the next academic year.  During October and November four candidates 
were interviewed:  Professor Franco Nori, University of Michigan; Dr. John Bell, 
Lawrence Berkeley Laboratory; Dr. Roland Freund, Lucent Bell Laboratories; and Dr. 
James Crutchfield, Santa Fe Institute.  Following the interview process, it was decided to 
make offers to Dr. Crutchfield, with home department in Physics, and Dr. Freund, with 
home department in Mathematics.  Both Crutchfield and Freund accepted our offer and 
their start date was 7/1/04. 
 
In December 2003, we received approval to move forward with two searches through the 
College of Engineering.  The first, through Mechanical and Aeronautical Engineering, is 
in the area of Computational Complex Systems.  We had a total of 95 applications for 
this position.  Three applicants were selected for interviews.  The second, through 
Chemical Engineering and Materials Science, is in the area of Computational Multiscale 
Materials Science.  We had a total of 100 applications for this position.  Four applicants 
were selected for interviews.  [Professor Jean-Pierre Delplanque and Dr. Raissa 
D’Souza were hired in the search for Computational Complex Systems.  Dr. 
Delplanque’s  start date is 7/1/04 and Dr. D’Souza’s is 7/1/05.  At the writing of this 
report, negotiations are in progress for the potential hiring Professor Mark Asta for 
Computational Multiscale Materials Science Position.] 
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6.     COMPUTING OPERATIONS & EQUIPMENT 

 
 

Centralized Parallel Computing Cluster Facility 
 

by 
 

Bill Broadley 
Information Architect 

Center for Computational Science and Engineering 
University of California, Davis 

 
Overview: 
 
 This report provides an overview of the benefits of a centralized computing 
facility for researchers who have a significant need for computational resources.  A 
centralized computing facility would lead to numerous benefits including savings in 
following areas: facilities, staff time, hardware costs, CPU sharing, and performance.  
 
 One of the main goals of the CCSE is to develop the state-of-the-art in high 
performance, and specifically parallel, computing, on campus.  The science and 
engineering focus of the center is on complex systems seen in many disciplines.  
Therefore, we plan to provide support for a variety of faculty interested in science and 
engineering applications relating to these areas. 
 
 Additional faculty are arriving on campus this fall who want ownership/access to 
their own Beowulf clusters.  Many faculty who want clusters, and their home 
departments, are not equipped to either build, house, or provide routine operating support 
for these clusters.  However, their startup packages contain funds for cluster hardware.  
We anticipate that the new CSE hires will also need clusters. 
 
 The CCSE would like to provide technical support for these faculty members.  A 
plan that we are developing involves the following elements.  The CCSE will provide 
technical support to build and operate clusters for faculty provided the following 
conditions are met: 
 
 1.  There will be only two standard cluster configurations supported at any given 
time, typically one that maximizes the number of nodes per dollar spent, the other that 
maximizes interconnect speed (typically using Myrinet).  Due to space issues on campus, 
only rack-mounted clusters can be accommodated.  A participating faculty member can 
choose to spend her/his funds on either of these configurations.  This feature makes it 
feasible to provide central CSE staff support. 
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 2.  The participating faculty member has priority usage on her/his nodes.  When 
those nodes are not being used by the faculty member, they will be available for use by 
other participating faculty.  This feature maximizes the usage of the total cluster by 
participating faculty. 
 

• The facility upgrades required for current generation clusters are substantial, 
mainly as a result of the ever increasing density of compute nodes.  
Substantial upgrades to cooling and AC power are required to deal with the 
current generation machines that fit 2 CPUs in 1.75 inches (1U) of rack space.   
Additionally, other needs such as physical security improvements, power 
conditioning, raised floors and floor reinforcements may be required.  Not 
only are the costs for upgrading space substantial, but the delays waiting for 
the facility upgrades can impact research schedules.  The reduced costs per 
unit of cooling of the larger air conditioners allows for a cost savings for the 
same amount of cooling as compared to many smaller facilities.   

 
• Staff with the required skills to design, purchase, configure, install, and 

manage a large cluster for a sophisticated research environment are hard to 
come by, additionally most technical staff have a myriad of other 
responsibilities which can hamper their ability to ensure the cluster is 
operating at peak efficiency.  The number of staff hours to support a cluster 
scales linearly with the number of clusters, but increases very slowly with the 
number of nodes.  A single cluster of 1024 CPUs would require substantially 
less staff time then an equivalent number of nodes distributed across many 
separate clusters.  By centralizing the cluster it is possible to develop better 
staff support, to run the cluster(s) more efficiently, and to obtain a dedicated 
staff that will respond quickly to the needs of the researchers. 

• Hardware costs are related to three main categories: price/performance for the 
application work load, size of purchase, and vendor selection.  

 
1) Estimation of the price/performance ratio requires knowledge of computer 
architecture, arcane specifications, and how various hardware systems interact 
under the expected real world application workload (nodes, interconnect, 
fileserver, and network).  Vendor suggested configurations are often 10 times 
more expensive then optimal, which may be especially dangerous when buying 
from market leaders such as Dell, Sun, and IBM.  Experience with application 
scaling within a node (instruction and thread level parallelism) and outside a node 
(via the interconnect) are relatively rare and currently more of an art then a 
science.  A staff expert in designing significantly better price/performance 
clusters and their upgrades will provide greater service for the applied research 
needs of the campus than a vendor engineer designing clusters and upgrades for 
maximum corporate profit.  The centralized cluster staff will also serve to aid 
researchers in application scaling to maximize the strengths of the cluster for 
solving various research problems. 
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2) Larger purchases allow greater negotiating power with vendors, resulting in 
higher discounts, as well as services not usually offered to smaller customers.  
Including non-disclosures for technical developments, road maps allow for 
optimal timing of purchases, access to engineers for application tuning, "loaner" 
machines and benchmark accounts which allow for quantifying performance with 
real world application workloads. 
 
3) Vendor selection is a critical part of the cluster purchase process.  While many 
vendors do offer turnkey clusters, they also offer turnkey prices that are typically 
substantially above the commodity prices for the parts they use.  A dedicated staff 
can follow current state of the art in cluster technology by attending conferences 
and seminars, thereby developing the experience to construct the same clusters at 
considerably cheaper prices.  This allows the functionality of a turnkey cluster at 
commodity prices. 
 

• CPU sharing can substantially increase the perceived price/performance ratio by 
leveraging the uneven workloads that typify researchers work patterns, a cycle of 
using all available resources alternating with periods used for analysis of data, 
code development, writing grants, visualization, and selecting parameters for new 
runs.  It is expected that many researchers would contribute funds for,  say 64 
nodes, but via a managed batch queue obtain access to a larger number of nodes 
during computational part of the cycle, while allowing others to use their CPUs 
during periods when their nodes are idle.   

 
Analysis: 
 
After a meeting of the cluster committee[1] it was estimated that among the members 
present (Rundle, Kellogg, Pickett, Kleeman, Rustad and Broadley) that the predicted 
need for clustered computing would be on the order of 1000 CPUs.  These processors 
would be funded from faculty startups and speculative future grant funding over the next 
two to three years. 
 
By pooling the nodes of separate users together utilization will be higher, providing 
additional value, as well significantly increasing the maximum size of the problems that 
can be worked on. 
 
 
Planning: 
 
A physically secure room on campus of approximately 1000 square feet should be 
acquired to house a cluster of up to 27 19” racks.  The space would allow for  512 – 1024 
nodes (2u or 1u) and all the related spare parts, equipment, tools, consoles and work 
areas.  A cluster that fits in this space would cost from around $1.4 million to $2.5 
million [2] not including the facility upgrades for which the cost is still to be determined.  
This price range is a function of  the number of nodes, the density of nodes, and the 
particular configuration.  The cluster would represent on the order of 1024 processors, 
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CSE Faculty Hiring Needs 
 
 Background.  It is anticipated that there may be two modes of CSEC hiring.  The 
first is a “targeted search” initiated by CSEC, but carried out in conjunction with 
disciplinary departments, resulting in a faculty hire whose home department is one of the 
disciplinary departments.  The second type of faculty hire can be called a “serendipitous 
hire”, in which an interesting candidate may appear in a departmental search, part of 
whose appointment might logically be made within CSEC.  These two types of hire have 
similarities and differences to those found in the Center for Neuroscience, which are 
called “Recruited Faculty” (FTE, space, and startup provide by CN) and “Invited 
Faculty” (FTE, space, and startup provided by a department, but affiliated with CN).  The 
question will be whether and how much a “serendipity hire” will be fractionally 
appointed within CSEC, thereby incurring an obligation from both the home department 
and CSEC. 
 
 Research Focus.  This issue was addressed at the CSE retreat1.  Questions considered 
included: 
 

• What disciplinary areas should be covered? 
• At what levels should faculty be hired? 
• How should coordination with departments be achieved? 

 
 After an initial discussion, it was decided to list a number of topical areas where 
CSE faculty would complement those that are currently on campus.  These new areas 
include faculty specializing in broad disciplinary areas including: 
 

• Complex nonlinear dynamics, including focus on the study of dimension 
reduction, coherent structures, and the interaction between microscopic and 
macroscopic scales 

• Computational solid state materials and surface physics (fundamental 
understanding and design) 

• Computational fluid dynamics and complex fluids (soft materials) 
• Biological computational paradigms (biologically-inspired computation) 
• Computational cosmology and astrophysics 
• Lattice gauge theory and QCD 
• Combinatorial computation 
• Optimization and search algorithms on complex landscapes 
• Machine learning and/or agent-based computing 
• Computational earth systems, including solid earth, atmosphere, ocean 

 
 In addition to these broad areas, faculty should also contribute to technology in 
areas including: 
 

• Grid computing and web services 
• Data mining, particularly as applied to large complex data sets 
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• Visualization, although the CIPIC center covers this area well already 
• Computational simulation technology 
• Pattern analysis and pattern informatics 
• Theory and physics of computation, including DNA computing, and quantum 

and evolutionary computation 
• Algorithms, object-oriented computing, and web-based computing 
• Computational and collaboratory environments 
• Optimizing hardware design for High Performance Computing (HPC) 

 
 
 It was clear that the Center also needs a more comprehensive research theme that 
will allow the faculty hired to effectively communicate among themselves.  Such a theme 
is complex nonlinear systems.  For example, this area was adopted by the National 
Research Council’s  Applequist-Shapero Report of the American Physical Society 
http://www.physicstoday.org/pt/vol-54/iss-11/p34.html as defining one of the 6 “Grand 
Challenges” in physics-related disciplines in the 21st  century .  Adopting this theme 
would continue the work begun by the former UC Davis Institute for Theoretical 
Dynamics, as well as other national centers such as the Santa Fe Institute, the Center for 
Nonlinear Science at Los Alamos National Laboratory, the University of Michigan 
Complex Systems Program, the UC San Diego Institute for Nonlinear Science, among  
others.  It is also a highly transdisciplinary theme that is heavily compute-intensive, and 
would lend itself well to a focus for such a highly transdisciplinary group of faculty who 
make intensive use of parallel and high-performance computing. 
 
 Current Status of Faculty Hiring.  The first CSEC faculty search was begun last 
year (AY 02-03).  Professor Carlos Puente (LAWR) kindly agreed to chair the search 
committee.  200 applications were received, and in the end, a short list of 5 candidates 
were identified.  Following campus interviews in fall, 2003, it was decided to offer 
positions to two of the candidates, one whose current home department would be Physics, 
and one whose current home department would be Mathematics.  At the current time, 
negotiations on startup and salary offers are pending.   
 
 In addition to the above search, two more searches have commenced this fall (AY 
03-04).  One search is being carried out with a target home department of Mechanical and 
Aeronautical Engineering, and another whose target home department would be decided 
among Mechanical and Aeronautical Engineering, Computer Science, or Chemical 
Engineering and Materials Science.   
 
 If successful hires are completed from the current searches, CSEC will have hired 
4 of the first round of 5 promised CSEC faculty. 
 
 Future  Hires -  Senior Level.  In addition to the current searches, one more 
faculty position of the original 5 remains.  This position is a joint position composed of 
.33 FTE from Division of Social Sciences; .33 FTE from College of Agricultural and 
Environmental Sciences; and .33 FTE from Division of Humanities, Arts and Cultural 
Studies.  The CSEC would like to begin a search to fill this position during AY 04-05.  
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Defining the focus for this position, although challenging, can be done within established 
research areas of complex nonlinear systems (for example, an emphasis on agent-based 
simulation of economic or social systems, including interactions with the environment). 
 
 In addition, it may be necessary to continue one or more of the searches already 
begun, if successful hires have not been completed for those 4 senior-level faculty. 
 
 Future Hires – Junior Level.  Following completion of the first round of 5 senior 
faculty hires, CSEC anticipates an evaluation process to last approximately 1 year, 
followed by a second round of an additional 5 hires at the junior faculty level (non-
tenured).  These activities would begin in AY 06-07, and be completed by AY 09-10.  
Areas of emphasis would be defined at a later time, but there seems to be an interest in a 
few disciplinary areas already, including: 
 

• Computational cosmology and astrophysics 
• Biological paradigms of computing  
• Economics and social systems 
• Machine learning, artificial intelligence, agent-based computing, and robotics 
• Computational earth systems 
• Materials science, processing and design 

 
 It is important to note that the disciplinary areas in which future faculty are to be 
hired will determined primarily by the CSEC faculty who have been hired up to that time.  
It can therefore be expected that the faculty hiring plan will be revisited as more faculty 
are hired. 
 
Space and Resource Needs. 
 
 As described above, CSEC currently occupies approximately 1450 asf in Physics-
Geology and Chemistry Annex.  This space is far too small for the 5 CSEC faculty who 
may have been hired by fall of 2004.  The situation will be aided by the construction of 
the Mathematical Sciences building, however, this space will probably be too small at the 
time of occupancy in fall, 2005. 
 
 In the original Keizer report defining the original vision for CSE, it was 
anticipated that senior faculty would need approximately 1500 asf per FTE, and that 
junior faculty would need approximately 800 asf per FTE.  These numbers include both 
office space and research laboratory space, and also imply space for administrative and 
computer support staff.  More realistic numbers consistent with CPEC guidelines are 
probably more in the neighborhood of 1000-1200 asf per senior FTE, and 500-700 asf per 
junior FTE.  In either case, the current space is likely to be far too small as soon as fall, 
2004, and the new Mathematical Sciences space (up to 3000 asf) is likely to be small at 
the time of occupancy.   
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 It should be noted that it is extremely important that CSEC faculty should be 
housed together at the earliest opportunity, so that a cooperative group identity, an “esprit 
de corps”, will develop.  Several options must therefore be pursued: 
 

1. Home departments should be encouraged to provide office space, however, this 
should be viewed as a temporary arrangement until adequate space can be found 
for CSEC faculty.  In this viewpoint, the Mathematical Sciences building might 
be regarded as laboratory and interaction space, rather than as providing office 
space for CSEC faculty.  However, this arrangement might have the unintended 
side effect of encouraging CSEC faculty to regard their home department as their 
primary unit, rather than CSEC.   In any event, when CSEC becomes a 
department, all CSEC faculty whose home department is CSEC should be housed 
together. 

2. Off-campus space must be investigated as a potential location for the research 
functions of CSEC.  Such space should be viewed as temporary, due to the 
obvious disadvantages, but it should be noted that the Center for Neuroscience 
has an excellent facility just off campus.  Approximately 2000 asf may be needed 
as early as fall, 2004.  Such space could be linked to campus by means of a shuttle 
bus or similar service.  It may be necessary to view this space as either temporary, 
or permanent, depending on progress on providing a dedicated CSEC building on 
campus by the 2009 time frame. 

3. A plan for a building with considerably more space (15,000-20,000 asf for CSEC) 
should be pursued at the earliest opportunity.  Location should ideally be near the 
present Physics-Geology-Mathematical Sciences-Academic Surge area.  Date of 
occupancy should be approximately 2009, by which time CSEC should have 
made the transition to department status.  The building could either be new 
construction, or possibly renovation of an existing building. 

 
 Staff Resource Needs.  As the number of faculty grow, there will be additional 
staffing needs, including a Business Manager (analyst) to complement the Center 
Manager, as well as related staff.  As the CSE teaching program initiates and grows, there 
will need to be staff to coordinate the undergraduate and graduate courses, and to deal 
with student issues.  Finally, additional computer support personnel will be needed as the  
number of faculty increases, to support web development and computing needs, research 
needs in the areas of high performance and grid computing, and office computing and 
equipment operation. 
 
Development of the CSE Curriculum and Teaching Program. 
 
 An inventory of existing CSE-type courses on campus is attached as Appendix B.  
An example of potential CSE-related courses emphasizing complex systems is given in 
Appendix C.  CSEC faculty will need to develop a coherent curriculum combining not 
only these existing courses as cross-referenced courses, but also courses on 
programming, high performance computation and complex systems.  These courses will 
be designed in collaboration with existing programs in other departments, for example 
with the new undergraduate program in Computational Applied Science within the 
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Department of Applied Science.  We also note that graduate and undergraduate courses in 
computational physics, computational mathematics, and computational biology currently 
exist. 
 
 We envision a sequence of activities to “spin up” the CSE teaching program and 
curriculum over the next several years: 
 

1. Graduate courses will be designed and initiated in collaboration with existing 
departments beginning fall, 2004.  Application for a graduate group in CSE will 
be made to the Academic Senate by spring, 2005.  By Spring, 2006, we expect a 
fully operational, independent Graduate Group in CSE to exist. 

2. An undergraduate program will be initiated through a cooperative MPS-CoE 
administrative initiative as early as fall, 2004.  Initially this program will focus on 
upper division courses, but by fall, 2006 will include lower division programming 
courses as well. 

3. Application for Department status for CSEC will be made to the Academic Senate 
by AY 2006-2007.  Associated with the application will be a full program of 
undergraduate and graduate teaching activities. 

 
 Course Development5.  To move toward a graduate program with a full suite of 
courses, CSE needs to begin to plan courses immediately. Course development and 
course teaching will be time consuming as these are all new courses, some involving a 
good deal of code development and testing, laboratory experiments (simulation and real), 
and the integration of materials from several disciplines. These observations lead to the 
following observations.  
 

• A consequence is that CSE staff needs departments, that they are nominal 
members of, to agree that developing and teaching CSE courses satisfies those 
department’s teaching requirements.  

• Some teaching release time in the first two years of the teaching program will be 
needed for course development.  

• Adequate Teaching Assistant (TA) support will be needed (one for each course). 
TAs need to be reasonable theoreticians (i.e., from math, theoretical physics, or 
theoretical CS) and very good programmers.  

• The same needs must be revisited in 4-5 years as CSE moves to become a 
department with an undergraduate curriculum.  

 
 
Computing Equipment Needs. 
 
 The start up plan for CSEC includes funds for a shared computing facility.  Plans 
for these funds are now being made, including the following: 
 

1. Purchase of some components of the CSEC Co-op cluster, a shared parallel 
computing facility under development by CSEC.  This cluster will be built around 
groups of nodes purchased by funding supplied by individual investigators.  
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Faculty will have priority use of their own nodes, and secondary use of other 
faculty’s nodes.  Architecture of this cluster is described in Appendix C. 

2. CSEC is actively collaborating with current and planned campus computing 
initiatives, including the proposed SUN Center of Excellence, and the proposed 
Keck Center for Active Visualization in the Earth Sciences.  It is expected that 
future collaborations will include the Large Synoptic Survey Telescope group 
headed by new Physics ToE hire Tony Tyson, as well as grid computing 
initiatives within the Computer Science, MAE, CEE and Physics departments.  

3. Investigation of novel architectures for high performance computing in the 
sciences and engineering, including new ideas concerning streaming 
supercomputers4. 

 
 It is expected that faculty in CSEC will raise significant funding for advanced 
computing machinery through competitive grants to agencies, as well as collaborating on 
future campus initiatives.  However, we do anticipate there will be a continuing need for 
campus involvement in the purchase of computational equipment, through the use of 
matching funds from the Deans and Vice Chancellor for Research, as well as other 
administrative units on campus. 
 
Timelines and Milestones. 
 
Faculty Hiring 
 

• Complete first round of 5 faculty hires:  AY 2004 – 2005 
• Begin second round of 5 faculty hires:  AY 2006 – 2007 
• Complete second round of 5 faculty hires:  AY 2009-2010 

 
Educational Program. 
 

• Upper division undergrad courses to begin AY 2004 - 2005 
• Grad courses to begin AY 2004 – 2005. 
• Lower division teaching program to begin no earlier than AY 2005-2006 

 
Space. 
 

• Off-campus facility defined and possibly occupied:  Spring 2005 
• Mathematical Science building complete & move-in:  Fall 2005 
• Begin planning for “permanent space” spring 2005, with move-in Fall 2007 
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Department Status. 
 

• Begin teaching program:  AY 2004 – 2005 
• Complete first round of faculty hires:  AY 2004-2005 
• Complete academic review:  AY 2005 – 2006 
• Apply for Department status:  AY 2006 – 2007 
• Achieve Department status:  AY 2007-2008 

 
Notes and References 
 
[1]  The material described in this document is based in part on discussions held at a faculty 

retreat that took place on April 26, 2003, at the Buehler Alumni Center, UC Davis.  At this 
retreat, about 30 faculty from approximately 15 departments participated in a series of 
discussion on possible future directions of the Center for Computational Science and 
Engineering. 

 
[2]   http://cse.ucdavis.edu/CSE99.pdf 
 
[3]   http://cse.ucdavis.edu/ 
 
[4]   http://merrimac.stanford.edu/ 
 
[5]  The ideas discussed in this paragraph and in Appendix C are based on extensive 

conversations with CSE faculty candidate Dr. James Crutchfield 
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Appendix A1 
 

DRAFT – DRAFT - DRAFT 
(Must be Screened for Compliance with Campus Policies) 

 
Computational Science and Engineering Center 

University of California, Davis 
 

By-Laws 
 
Mission Statement 
 
 The Center for Computational Science and Engineering will build a world class 
program in the emerging discipline of CSE, by focusing our education and research 
activities on the uses of High Performance Computational systems as a powerful tool for 
discovery, understanding, and design of complex multiscale systems and their related 
mathematical structures.   
 
I. Purpose 
 
 The Computational Science and Engineering Center at the University of 
California, Davis, is established within the Campus to support interdisciplinary education 
in computational science and engineering -- including both undergraduate and graduate 
instruction and research -- focusing on problems as defined in the Mission Statement 
above.  Research and education in the discipline of CSE will prepare students for careers 
in this highly interdisciplinary and transdisciplinary field, by developing and extending 
expertise in the fields of Computational Theory, Processes, Environments, and Analysis. 
 
 
II. Membership 
 
 A.  Members are campus faculty at University of California, Davis. Members are 
composed of regular faculty with appropriate experience and qualifications.  Current 
Members will approve applications of proposed new Members, and renewals of existing 
Memberships, by majority vote.  Terms of Membership shall be 5 years, and are 
renewable upon satisfactory recommendation by the current members (majority vote). 
 
 B.  “CSE Faculty”  are members of CSEC who have negotiated a Memorandum 
of Understanding that allows them to move either part or all of their appointment into the 
CSE Department when CSE achieves that status.  Usually these will include faculty hired 
under the auspices of the CSEC during its startup phase.  These faculty will have the 
responsibility of voting on proposed new “CSE Faculty” appointments. 
 
 C.  Affiliates are campus individuals who are interested in the education and 
research activities of the Center.  Affiliates may be working on joint research or other 
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projects with CSE Members, or may have a broader interest in the operations and 
activities of the Center. 
 
 D.  Visitors are scientists, not Members or Affiliates, whose permanent affiliation 
is with another institution, but who, for the period of a scientific visit (as with a sabbatical 
leave), are appointed by the Director to a visiting position within the Center. 
 
 E.  Students are enrolled in degree programs of the University of California, and 
are eligible to receive support from CSE awards and grants. 
 
 Unless otherwise specified, rights, privileges and responsibilities of Center 
personnel are governed by the administrative policies and procedures of UC and campus 
policies. 
 
III.Governance 
 
 The Center Director is responsible for prudent management of Center personnel.  
S/he is advised in this capacity, as well as in planning, by: 
 

1. The Advisory Committee (AC) of  the Center, which will be composed from the 
CSE Center membership.  The Advisory Committee will consist of faculty 
proposed by the Director and elected by the CSE Center members.  The term of 
office for members of the Advisory Committee shall be 2 years.  The Director of 
CSE will consult with the Advisory Committee on matters pertaining to the 
operations, governance, research, and teaching activities of the Center. 

2. The External Advisory Board (EAB), comprising not less than two (2) external 
scientists selected by CSE Director after consultation with the Advisory 
Committee.  Members of the External Advisory Board will be faculty or scientists 
from off-campus institutions, who will provide insight and advice to the Center 
Director and Advisory Committee regarding all activities of the Center.  The EAB 
will meet at intervals determined by the Center Director in consultation with the 
AC. 

 
 The CSE Center Director, who will be appointed by the lead Dean, will serve on 
the advisory Committee ex officio.  The Advisory Committee will meet at regular 
intervals to attend to the administrative affairs of the center.  The full Center membership 
will meet at least once each calendar year. 
 
IV.  Committees 
 
 In addition to the EAB and the AC, several other committees shall be constituted 
from time to time.  These might include, but are not limited to: 
 

• A membership committee to consider new faculty for membership, or to consider 
requests by current members for renewal of membership 
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• A curriculum committee to define the teaching programs associated with the CSE 
Center 

• A colloquium/seminar committee to develop a speakers program in CSE for the 
campus. 

 
V.  Amendments 
 
 Recommendations for amendments to these By-Laws will be considered for 
approval by the Director of CSE upon a 2/3 affirmative vote of the Center membership. 
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Appendix B 
 

Inventory of Existing CSE-Related Courses and Pre-requisites at 
UC Davis 

 
Undergraduate Courses: 

Lower Division 
 

Mathematics 
 
Calculus 21 A, B, C 
Linear Algebra 22A 
Differential Equations 22B 
 
Chemistry 
General Chemistry 2 A, B, C 
 
Physics 
Classical and Modern Physics 9 A,B,C,D 
 
Computer Science 
Discrete Math 20 
Introduction to Programming 30 
Introduction to Software & C++ 40 
Machine Dependent Programming 50 
 
Engineering 
MATLAB E6 
Circuits I & II E17, E100 
 
Other Courses 
Civil Engineering: Fortran & Parallel Computation 119A,B 
Chemical Engineering: Mathematics 
 
Other Requirement 
General Electives 
English 
Communication 
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Undergraduate Courses: 

Upper Division 
 

Computer Science 
Data Structure 110 
Introduction to the Theory of Computation 120 
Algorithm Design 122 A,B 
Programming Languages 140 A,B 
Operating Systems 150 
Introduction to Computer Graphics 175 
Introduction to Visualization 177 
 
Mathematics 
Numerical Analysis 128 A, B, C 
Advanced Linear Algebra 167 
Mathematical Programming 168 
 
Statistics 
Mathematical Statistics 131A 
 
Other Courses 
Computer Science: Scientific Computations 130 
Applied Science: 115, 116, 117 A, B, C, 118 
Engineering Analysis: E 180 
Physics: 104B 
 
 

Graduate Courses 
 

Computer Science 
Theory of Computation 220 
Design & Analysis of Algorithms 222 A, B 
Parallel Algorithms 223 
Advanced Computer Architecture 250A 
High Performance Serial Processing 250B 
Parallel Processing 250C 
Advanced Computer Graphics 275 A,B 
Advanced Volume Visualization 276 
Advanced Visualization 277 
Computer Aided Geometric Design 278 
Computer Animation 279 
 
Mathematics 
Numerical Solution of Differential Equations 228 A, B, C 
Numerical Methods in Linear Algebra 229 A, B 
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Numerical Optimization 258 A, B 
 
Statistics 
Statistical Computing 141 
Time Series Analysis 137, 237 A,B 
Topics in Applied & Computational Statistics 250 
 
Other Courses 
 
Computer Engineering 
Advanced Object-Oriented Programming 275 
 
Applied Science (Davis) 
Applied Computational Science 217 A, B 
Linear Modeling Techniques 209 
Computational Molecular Modeling 229 
 
Applied Science (Livermore) 
Numerical Methods in Applied Science 210 A, B, C 
Numerical Solution of P.D.E 211 A, B, C 
Computer Graphics 213 A, B 
Scientific Visualization 214 
Applied Computational Science 217 A, B 
Computation Structure for Signal, Image Processing & Graphics 225 
Topics in CFD 230 
 
Civil & Environmental Engineering 
Finite Element Procedures in Applied Mechanics 212 A, B, C 
Unsteady Flow in Surface Waters 277 
Computational Methods for Environmental Engineering ? 
 
Mechanical & Aeronautical Engineering 
Introduction to Scientific Computing 219 
CFD 263, 264 
Computational Mechanics 240 
Finite Elements & Optimization 241 
Computer Aided Design & Manufacturing (CAD/CAM) 255 
Engineering Software Design 254 
Modeling & Simulation of Engineering Systems 271 
Data Acquisition & Analysis 276 
 
Physics 
Computational Physics 210 
Computational Cosmology 
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Geology 
Computational Geology 
 
Biology 
Computational Biology 
 
Chemistry 
Computational Chemistry 
 
 
 
 
 

 



   35

Appendix C 
 

Example of a Potential CSE Curriculum, as Related to the 
Overarching Theme of Nonlinear Complex Systems 

 
1. Teaching Philosophy 
 Research training, in contrast with course work, is one of the best ways to give 
students access to the creative processes of scientific and intellectual life. Counteracting 
the pressure to specialize, students must be grounded both in theory and in experiment. In 
particular for the latter, it is important that students develop the physical-motor skills to 
build and manipulate experimental apparatus. The ultimate goal in this is to have students 
integrate the physical sense of the natural world that comes through hands-on 
experimentation and an appreciation of the mediation that instrumentation introduces 
with the theoretical enterprise of modeling and prediction.  
 The same teaching philosophy carries over to computational research and, 
specifically, programming. Initially, one should keep advanced students away from 
software packages, having them write their own basic routines and libraries, up until the 
point at which they understand in a concrete way modeling, the software design process, 
and their pitfalls.  
 In addition to research mentoring, there are a number of courses required to 
prepare students in complex systems, nonlinear dynamics, and modern computational 
thinking. These address, at the undergraduate level, a persistent lack in students’ 
scientific training in nonlinear mathematics and, at the graduate, advanced concepts and 
methods in complex systems. The first half concerns developing a familiarity with the 
theoretical and experimental developments in the physics of nonlinear systems during the 
last half century; the second, a facility with fundamental computational tools for 
scientific research and technology development. These aspects of training in complex 
systems would be substantially enhanced by courses such as those outlined below. 
Experience suggests that these courses, or variants, would be quite attractive to students.  
 Following is a list of possible CSE courses, with the first several fleshed out in 
some detail. At the end, a list only of course titles and nominal departments is given. 
Some courses listed are service courses that CSE might provide to majors in other 
departments, and some are research-oriented courses. Seminar-type courses have not 
been listed, but these would be an important component as well. 

2. Course: Statistical Dynamics and Intrinsic Computation 
 An advanced graduate-level course intended to bring students to the research 
frontier in nonlinear dynamics and complex systems. Emphasis is placed on statistical 
mechanical and computation-theoretic descriptions of complex physical, chemical, and 
biological systems. The intent is to deepen students’ appreciation of classical dynamics 
and thermodynamics via geometric and statistical analysis of state-space structures and to 
contrast these with notions of organization imported from computation theory.  
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Topics:  
1. Dynamical Systems Theory: abstract theory and basic differential 
topology; dissipative and Hamiltonian systems; forms of randomness; bifurcation 
theory; bifurcation sequence renormalization group and scaling theory.  
2. Computational Mechanics (see fourth course below):  

(a) Statistical Mechanics of Complexity: symbolic dynamics, 
information theory, measurement theory, dimension and entropy, 
fluctuation theory.  
(b) Computation within Physical Systems: formal language theory, 
quantitative measures of complexity,  
(c) Causal Inference and Learning Theory: machine learning and 
modern statistical methods of structural inference, computational learning 
theory for physical problems, relation to statistical mechanics. 

 
Projects: Experimentation with nonlinear systems through simulation and data analysis; 
code development; application to a phenomenon chosen by each student.  
Audience: Advanced physics graduate students; theory students in mathematics, biology, 
chemistry, computer science, economics, and engineering.  
Prerequisite: Junior level mathematical physics or equivalent.  
Text: A large number are currently available; supplemented with my own manuscripts.  
Duration : Two or three quarters.  

3. Course: Computational Modeling Methods for Complex Systems 
 Students will be introduced to the interactive use of computers and contemporary 
computational concepts for scientific research. They will learn how to translate complex 
problems into appropriate computational tasks in ways that emphasize physical content. 
Students will use scientific workstations and associated software research tools in a 
computational laboratory to explore physical phenomena and theories.  
 The course is designed to complement standard Computational Physics courses 
which tend to focus on numerical techniques. The course synthesizes a range of 
techniques and concepts necessary for the effective research use of computers, 
emphasizing the complementary roles of building analytical, predictive theories and 
numerical simulation. Alternative offerings from applied mathematics and computer 
science for the same breadth would require several semesters of major-specific courses.  
 
Topics:  

3. Algorithms: automata theory, universality, computational complexity.  
4. Languages: formal languages, assembly, HLL, LISP, and object oriented.  
5. Machines: digital versus analog, microcontrollers to supercomputers.  
6. Operating Systems: multitasking, multiuser, multiprocessing, real-time.  
7. Networking: distributed processing, Internet collaboration, and web 
computing.  
8. Scientific Communication: Object, bitmap, web, and page layout editors, 
information retrieval techniques, and electronic publishing.  
9. Research Software: design and management, code development 
environments.  
10. Symbolic Manipulation: basics, appropriateness, applications.  
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11. Advanced Computer Graphics: data visualization and rendering.  
12. Data Reduction and Database Techniques.  
13. Numerical Methods and Simulation.  

 
Projects: Experiment control, signal analysis, complex system simulations, data 
reduction and display, solution of moderate to large systems.  
Audience: Upper division physics majors; physics graduate student auditors; majors in 
engineering, computer science, mathematics.  
Prerequisite: Mathematical Methods for Physicists, Introduction to Programming.  
Text: several, e.g., Mathematica, Numerical Recipes, Interactive Computer Graphics.  
Duration : One or two quarters.  

4. Course: Nonlinear Dynamics 
 This is a follow-on course to sophomore-level mechanics designed to introduce 
undergraduates to the diversity of complex behavior in simple nonlinear physical and 
biological systems. Both dissipative and Hamiltonian dynamics will be covered, as well 
as standard geometric and statistical analyses of complex behavior. The central example 
will be the chaotic driven pendulum. Both analytic solutions and interactive simulations 
will be used as teaching tools. The subjects covered would complement an undergraduate 
laboratory course on nonlinear dynamics.  
 
Topics:  

14. Basic Dynamical Systems: Hamiltonian and dissipative systems, attractor-
basin portrait, the chaotic hierarchy, ODEs and maps, elementary differential 
topology.  
15. Bifurcations: space of dynamical systems, bifurcation types, scaling theory 
of cascades.  
16. Information Theory of Measurements and Unpredictability.  
17. Phenomenology of Complex Behavior.  
18. Conventional and Chaotic Data Analysis: statistics and Fourier analysis; 
attractor reconstruction, embedding, and dimension and entropy computation.  
19. Statistical Mechanics of Chaos.  
20. Computational Aspects of Physical Processes.  

 
Projects: Numerical simulations and data analysis of nonlinear system of student’s 
choice.  
Audience: Upper division undergraduates; other science and engineering majors.  
Prerequisite: Analytic mechanics or equivalent.  
Text: A number of texts are currently available; supplemented with my own dynamical 
system simulation system.  
Duration : One or two quarters.  

5. Course: Computational Mechanics 
 This course would constitute an upper-division undergraduate course dealing with 
intrinsic computation in classical and quantum systems—low-dimensional, spatially 
extended, and networks.  
 



   38

Topics:  
21. Algorithms: formal languages, automata theory, universality, 
computational complexity.  
22. Symbolic Manipulation: basics, appropriateness, applications.  
23. Continuous, Stochastic, and Quantum Computation.  
24. Numerical Methods and Simulation of Complex Systems.  

Advanced topics:  
25. Intrinsic computation in low-dimensional dynamical systems.  
26. Hidden Markov models.  
27. Cellular automata computational mechanics.  

 
Projects: Numerical simulations and data analysis of nonlinear system of student’s 
choice. Formal proof-theoretic methods for establishing patterns and intrinsic 
computation.  
Audience: Graduate students and upper division undergraduates in the sciences and 
engineering.  
Prerequisite: Nonlinear Dynamics or Computational Modeling Methods for Complex 
Systems.  
Text: Own manuscripts, supplemented with own software tools.  
Duration : One quarter.  

6. Additional Courses 
 Following is a list of other possible courses—only their titles and which 
departments should see them as satisfying CSE staff teaching. Some of these are simple 
re-packaging of the materials list above for different (e.g., less or more advanced) 
audiences.  
 
List of courses: Title (Related Dept)  

28. Applied Dynamical Systems (Math)  
29. Novel Computation in Physics, Chemistry, and Biology (Physics and CS)  
30. Physics of Computation (Physics and CS)  
31. Self-Organization and Statistical Mechanics (Physics)  
32. Computational Mechanics (Physics, CS, Math, Eng)  
33. Computational Methods (in Sci and Eng) (Physics, CS, and Eng)  
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Appendix D 
 

Cost Data and Planning for a 
Centralized Parallel Computing Cluster Facility 

 
by 
 

Bill Broadley 
Information Architect 

Center for Computational Science and Engineering 
University of California, Davis 

 
 

 
Overview: 
 
 This report provides an overview of the benefits of a centralized computing 
facility for researchers who have a significant need for computational resources.  A 
centralized computing facility would lead to numerous benefits including savings in 
following areas: facilities, staff time, hardware costs, CPU sharing, and performance.  
 
 One of the main goals of the CCSE is to develop the state-of-the-art in high 
performance, and specifically parallel, computing, on campus.  The science and 
engineering focus of the center is on complex systems seen in many disciplines.  
Therefore, we plan to provide support for a variety of faculty interested in science and 
engineering applications relating to these areas. 
 
 Additional faculty are arriving on campus this fall who want ownership/access to 
their own Beowulf clusters.  Many faculty who want clusters, and their home 
departments, are not equipped to either build, house, or provide routine operating support 
for these clusters.  However, their startup packages contain funds for cluster hardware.  
We anticipate that the new CSE hires will also need clusters. 
 
 The CCSE would like to provide technical support for these faculty members.  A 
plan that we are developing involves the following elements.  The CCSE will provide 
technical support to build and operate clusters for faculty provided the following 
conditions are met: 
 
 1.  There will be only two standard cluster configurations supported at any given 
time, typically one that maximizes the number of nodes per dollar spent, the other that 
maximizes interconnect speed (typically using Myrinet).  Due to space issues on campus, 
only rack-mounted clusters can be accommodated.  A participating faculty member can 
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choose to spend her/his funds on either of these configurations.  This feature makes it 
feasible to provide central CSE staff support. 
 2.  The participating faculty member has priority usage on her/his nodes.  When 
those nodes are not being used by the faculty member, they will be available for use by 
other participating faculty.  This feature maximizes the usage of the total cluster by 
participating faculty. 
 
 
 

The facility upgrades required for current generation clusters are substantial, mainly as 
a result of the ever increasing density of compute nodes.  Substantial upgrades to 
cooling and AC power are required to deal with the current generation machines that fit 
2 CPUs in 1.75 inches (1U) of rack space.   Additionally, other needs such as physical 
security improvements, power conditioning, raised floors and floor reinforcements may 
be required.  Not only are the costs for upgrading space substantial, but the delays 
waiting for the facility upgrades can impact research schedules.  The reduced costs per 
unit of cooling of the larger air conditioners allows for a cost savings for the same 
amount of cooling as compared to many smaller facilities.   

 
Staff with the required skills to design, purchase, configure, install, and manage a large 
cluster for a sophisticated research environment are hard to come by, additionally most 
technical staff have a myriad of other responsibilities which can hamper their ability to 
ensure the cluster is operating at peak efficiency.  The number of staff hours to support 
a cluster scales linearly with the number of clusters, but increases very slowly with the 
number of nodes.  A single cluster of 1024 CPUs would require substantially less staff 
time then an equivalent number of nodes distributed across many separate clusters.  By 
centralizing the cluster it is possible to develop better staff support, to run the cluster(s) 
more efficiently, and to obtain a dedicated staff that will respond quickly to the needs 
of the researchers. 

Hardware costs are related to three main categories: price/performance for the 
application work load, size of purchase, and vendor selection.  

 
1) Estimation of the price/performance ratio requires knowledge of computer 
architecture, arcane specifications, and how various hardware systems interact 
under the expected real world application workload (nodes, interconnect, 
fileserver, and network).  Vendor suggested configurations are often 10 times 
more expensive then optimal, which may be especially dangerous when buying 
from market leaders such as Dell, Sun, and IBM.  Experience with application 
scaling within a node (instruction and thread level parallelism) and outside a node 
(via the interconnect) are relatively rare and currently more of an art then a 
science.  A staff expert in designing significantly better price/performance 
clusters and their upgrades will provide greater service for the applied research 
needs of the campus than a vendor engineer designing clusters and upgrades for 
maximum corporate profit.  The centralized cluster staff will also serve to aid 
researchers in application scaling to maximize the strengths of the cluster for 
solving various research problems. 
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2) Larger purchases allow greater negotiating power with vendors, resulting in 
higher discounts, as well as services not usually offered to smaller customers.  
Including non-disclosures for technical developments, road maps allow for 
optimal timing of purchases, access to engineers for application tuning, "loaner" 
machines and benchmark accounts which allow for quantifying performance with 
real world application workloads. 
 
3) Vendor selection is a critical part of the cluster purchase process.  While many 
vendors do offer turnkey clusters, they also offer turnkey prices that are typically 
substantially above the commodity prices for the parts they use.  A dedicated staff 
can follow current state of the art in cluster technology by attending conferences 
and seminars, thereby developing the experience to construct the same clusters at 
considerably cheaper prices.  This allows the functionality of a turnkey cluster at 
commodity prices. 
 

CPU sharing can substantially increase the perceived price/performance ratio by 
leveraging the uneven workloads that typify researchers work patterns, a cycle of using 
all available resources alternating with periods used for analysis of data, code 
development, writing grants, visualization, and selecting parameters for new runs.  It is 
expected that many researchers would contribute funds for,  say 64 nodes, but via a 
managed batch queue obtain access to a larger number of nodes during computational 
part of the cycle, while allowing others to use their CPUs during periods when their 
nodes are idle.   

 
Analysis: 
 
After a meeting of the cluster committee[1] it was estimated that among the members 
present (Rundle, Kellogg, Pickett, Kleeman, Rustad and Broadley) that the predicted 
need for clustered computing would be on the order of 1000 CPUs.  These processors 
would be funded from faculty startups and speculative future grant funding over the next 
two to three years. 
 
By pooling the nodes of separate users together utilization will be higher, providing 
additional value, as well significantly increasing the maximum size of the problems that 
can be worked on. 
 
 
Planning: 
 
A physically secure room on campus of approximately 1000 square feet should be 
acquired to house a cluster of up to 27 19” racks.  The space would allow for  512 – 1024 
nodes (2u or 1u) and all the related spare parts, equipment, tools, consoles and work 
areas.  A cluster that fits in this space would cost from around $1.4 million to $2.5 
million [2] not including the facility upgrades for which the cost is still to be determined.  
This price range is a function of  the number of nodes, the density of nodes, and the 
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particular configuration.  The cluster would represent on the order of 1024 processors, 
1TB of ram, 2.5 TB of disk central file server, tape backup for the file server, and a 3 
year warranty on critical parts.   
 
Facility upgrades vary significantly depending on the building, proximity to central 
infrastructure to cooling, power, and roof or window access, under the assumption that 
the central campus chilled water does not provide cooling.  Even approximate cost 
estimates are hard to come by without picking a location first.  As a rough estimate, an 
upgrade to a server room in the Academic Surge Building involved removing a wall, 
installing a raised floor, 10 tons of cooling, and additional power cost $100k.  
Approximately 4 times this capacity would be required, so a ballpark facility upgrade 
would be on the order of $400k to house a cluster of the required size. 
 
The CSE Information Architect would be in charge of design, purchase, installation, 
configuration and management of this cluster.   This would provide a capable and reliable 
research environment for those who participate, allowing the researchers to get a larger 
computational resource for the money, and the ability to get started with their research in 
a  more timely fashion.   
 
Faculty interested in using a cluster would consult with the Information Architect to see if 
this centralized facility would meet their needs.  If their needs can be met best in the 
centralized facility, a number of nodes and configuration would be chosen to be 
compatible with the overall cluster design.  The CSEIA, together with the faculty 
member,  would purchase the hardware, and the manager would install and integrate the 
nodes into the cluster.  The nodes would remain the property of the researcher, and could 
be removed at any time.  Any expenses directly related to those nodes (including 
software licensing, maintenance, and upgrades) would be the responsibility of the faculty 
member. 
 
Cost data are described in the attachments for a 256 node cluster and a 512 node cluster.   
 
[1] Cluster committee: John Rundle CSE, Bill Broadley CSE, Louise Kellogg Geology, 
James Rustad Geology, Magali Billen Geology, Warren Pickett Physics, Mike Kleeman 
CEE, Roland Faller MAE, Niels Jensen DAS,  
 
[2] Please see attached spreadsheet Proposal-256node.xls and Proposal-512node.xls 
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Appendix E 

 
Space/Power Requirements for Current Committments 

of CSE Co-Operative  Parallel Computing Cluster Facility 
 

by 
 

Bill Broadley 
Information Architect 

Center for Computational Science and Engineering 
University of California, Davis 

 
 We tabulate here the currently anticipated needs for space and power for the Co-
op cluster.   
 
The unknowns in the following data include: 
 

• The exact size of Professor Freund's cluster 
• Needs for Professor Crutchfield’s cluster  
• Any new faculty hires (newer than Professor Crutchfield or Professor Freund).  

Based on interview conversations, we anticipate that Professor Delplanque would 
want a cluster of approximately 64-128 nodes, costing approximately $200,000. 

• The computational needs of new physics hires Professor Robin Erbacher and 
Professor John Conway, who indicated they needed at least a 128 node cluster.   

 
What we have collected so far as requests: 
 
Dept Name   Size in racks   Power Type   CPU Model 
 
Math Cheer           2  30Amp@120V  64 Dual-athlon 
Geology Billen         2  30Amp@120V  66 dual opteron 
Geology Rustad         4   30Amp@240V  128 dual opteron 
CSE Rundle          2  30Amp@240V  48 dual opteron 
Sun CoE           1  30Amp@240V  12 Sun Sparc 
Physics Tyson/Wittman      1   30Amp@240V  48 dual opteron 
CSE Crutchfield         9   30Amp@240V  57000 FPGA 
Physics Pickett + Barry Klein 1   30Amp@240V  24 dual opteron 
Math Freund     2  30Amp@240V  24 dual opteron 
CSE CSE    2   30Amp@240V  100 Dual opteron 
 
This represents 26 racks or so, 5 of which are already provided in 1344 Academic Surge.   
Racks require a minimum of 12 square feet, and a max of 18 square feet, so this implies 
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between 300 – 500 square feet.  It all depends if the free area needed behind and in front 
of a rack, and whether this space can be reused by adjacent rows.  Of course room 
geometry can lead to different efficiencies in space packing of racks.   
 
 Cooling requirements for these racks generally runs about 10,000 BTU/rack.  A 
typical 40 U rack dissipates between 5KW – 10KW.   
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POSTERS FOR CSE TALKS AND RECRUITMENT VISITS 
 
 


