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Executive Summary

Over the last decade, high profile research effartd success in competition for extramural
funding have made UC Davis a nationally visibletipgrant in many individual branches of
Computational Science and Engineering (CSE). Remaefforts in CSE research are now
found throughout the College of Engineering and Eiesion of Mathematical and Physical
Sciences, with programs of rapidly growing impodanemerging also in the Biological,
Medical, and Environmental Sciences, and elsewh&l€. Davis has taken strides to become a
national leader in CSE. However, we have reachesitiaal juncture where a refocusing of the
campus investments in CSE is needed to enable UGs Da realize its full potential in this
important field.

The local and national environments for CSE haversmnatically grown in scope and
importance that a corresponding evolution in thgaoization and role for the Center for
Computational Science and Engineering (CCSE) isledte A more nimble structure is
required to respond to the rapidly evolving envimamt.

There is a critical need for training and instractiin CSE across campus. By
coordinating and refining our academic programs,cae strive to produce a strong,
dynamic graduate education program that will haatgonal visibility and impact.

Our campus must put in place the infrastructursuggport world-class CSE research and
education, addressing the growing need for adegdee for housing, powering, and
cooling computer clusters, and expanded accessecbnically qualified support
personnel.

Addressing these challenges will allow UC Davigétain and expand its excellence in CSE,
enabling us to excel in a competitive funding eomment that increasingly emphasizes
interdisciplinary collaboration between researchans the sciences, engineering, applied
mathematics, and computer science. This reporemtkee recommendations to confront these
challenges:

1. Transition the CCSE into an Organized Research hlt
2. Establish a CSE Graduate Group

3. Build the campus cyberinfrastructure to supportCSE



INTRODUCTION

During the past year, a campus discussion has taleee concerning future opportunities and
directions for the Computational Science and Ergjing (CSE) initiative and the Center for
Computational Science and Engineering (CCSE). Ea#it Deans Ko and Lavernia formed an
“organizing committee” charged with the preparatioina report summarizing faculty input
related to these issues. This committee discugsessible new directions with Deans,
Department Chairs, and faculty through individuald agroup meetings, and through an
“Advance” meeting, held on January 22, 2007. Thjsort is the result of these meetings, and
addresses the primary challenges faced by our canmpthe areas impacted by CSE. We
describe these challenges and the recommendat@ahfront them in the following sections.

THE NATIONAL SCENE IN COMPUTATIONAL SCIENCE AND ENG INEERING

Over the last two decades, a thriving academic conityy in Computational Science and
Engineering has established itself in the Unite@t&dt in response to a revolution in
computational methods for research. The tools rgéee through these methods have unleashed
significant new results in nearly every disciplitteat they touched. This community now
disposes a wide range of resources provided bgehef federal agencies that support research
in this country: the National Science FoundatiorsE) the Department of Energy (DOE), the
National Institutes of Health (NIH), the Departmensft Defense (DOD) and others. Large
granting programs in CSE, totaling somewhere batw®800M and $800M per ydaare
currently in place at NSF, DOE and NIH alone, alavith educational programs that focus on
the preparation of graduate and undergraduate rgsid® work in these areas. The
pervasiveness of computational science, the expgndpportunities for funding, and the
challenge of integrating computational methods edoication, forms the context in which we
must view such activities at UC Dauvis.

It is no longer possible to imagine forefront corgtional research in any scientific or
engineering discipline occurring outside the inggrehdent environment of Computer Science,
Applied Mathematics, and the disciplines of sciermmel engineering (also referred to as
“Domain” disciplines in this report). The agersciat fund this rapidly changing collection of
fields focused their respective communities in aade of studies and reports, defining the
endeavor of CSE in order to guide their investmémti.”® Most significantly, a number of
members of UC Davis faculty participated in thesglies, including F. Gygi (Applied Science),
K. Joy (Computer Science), W. McCurdy (Chemistryd afpplied Science), W. Pickett
(Physics), G. Galli (Chemistry), M. Rashid (CivildaEnvironmental Engineering), and B. Gates
(Chemical Engineering and Materials Science), amotigrs, and in some cases chaired the
panels that prepared them.

The essential picture that all of those reportieceis one of three interdependent broad areas of

! The budgets of the Computer and Information Seiemal Engineering (CISE) Directorate of the NSF thed
Office of Advanced Scientific Computation and Reshgd OASCR) alone total more than $500M.

2 The new NSF Office of Cyberinfrastructure listsny@f those reports &ittp://www.nsf.gov/od/oci/reports.jsp
% We list and picture some of these reports in Aplpeh
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COMPUTATIONAL SCIENCE AND ENGINEERING AT UC DAVIS

Over the last decade the revolution in CSE has beélacted in the UC Davis research
community. The evidence of that change in ourmasns manifest: Last year alone, UC Davis
Pls were awarded more than $10 Million in grantshie DOE SciDAC competition, and its
faculty have won outstanding recognitions, like fBssor Gygi's Gordon Bell Award. These
successes illustrate that UC Davis has taken sttmléecome a leader in the field of CSE. They
also point to the need for an urgent re-assessaigéheé campus strategy for investing in CSE to
enable UC Dauvis to realize its full potential instfield.

A campus discussion has taken place over the pastopncerning the future opportunities and
the direction of the CSE initiative and the Cerftar Computational Science and Engineering.
Last Fall Dean Ko and Dean Lavernia formed an “oizjag committee” charged with the
preparation of a report summarizing faculty inpetated to four issues: (1) Educational
activities, (2) Interdisciplinary research thruatel (3) Service activities that should form future
focus areas for the CCSE, and (4) the structurarozgtion of the CCSE and candidates for the
new director. A CSE “Advance” meeting was orgadized took place on January 22, 2007.
The Advance included the participation of nearlyfé0ulty from the College of Engineering
(COE), the Division of Mathematical and PhysicalieBces (MPS) and the College of
Agricultural and Environmental Sciences (CAES). eTparticipants made presentations and
participated in lively discussions about the oppoities in CSE and the urgent needs of the UC
Davis community:® This meeting exposed a remarkable strength athessntire campus, with
pervasive efforts throughout COE and MPS, and jarogrof rapidly growing importance in the
Biological, Medical, Environmental Sciences, anskathere.

On the basis of the Advance and discussions tHastgenerated, it has become clear that the
UC Davis CSE community has grown far beyond thenblaues of our current Center for
Computational Science and Engineering. This repod its recommendations therefore go
beyond the scope of that Center itself. Other BrsNies, ranging from Harvard to the
University of Texas have invested heavily in CSEestablish comprehensive efforts that
integrate CSE research and education. UC Davis ates invested heavily in individual

* The agenda and participant list can be found ipefulix I1.
® The formal presentations can be foundtgt://cse.ucdavis.edu/about/reports/2007-advance/




programs. The creation of an integrated, sustaiaed focused effort at UC Davis to similarly
integrate CSE research and education will createemrironment enabling the hiring and
retention of world-class faculty, recruiting of tHmest graduate students, and success in
competition for external funding. Our efforts img direction should focus on establishing and
expanding a vibrant community of scholars that adsithe complex computational problems of
science and engineering, creating academic progthatsupport and develop this community,
and creating a world-class cyberinfrastructure sigports CSE.

THE PRINCIPAL RECOMMENDATIONS OF THIS REPORT

On the basis of discussions initiated at the Adeatie following three recommendations are
submitted, for which there is broad and urgent fggupport:

1. Transition the CCSE into an Organized Research hlt
2. Establish a Graduate Group in CSE
3. Build the campus cyberinfrastructure to supportCSE

It is the emphatic conclusion of the organizersttd CSE Advance, and a majority of the
participating faculty, that appointing a new leaded maintaining the current level of support
for the CCSE are necessary first steps. In additior UC Davis to remain competitive and

realize its potential in this field, it is critic#hat the campus also provide infrastructural suppo
for CSE. The University must act on all threeledde recommendations if its CSE community is
to thrive in the competitive national environmemivhich it finds itself.

RECOMMENDATION 1: Transition the CCSE into an ORU in CSE

With recognition of the significant strength of themmunity of computational researchers at
UC Davis, and the anticipated benefits that canebéized by stimulating increased interactions
and collaborations between them, we recommend thablesshment of a CSE Organized
Research Unit (ORU). The community of faculty andgssting research programs at UC Davis
provide the foundation for the development of ahhigsuccessful interdisciplinary research
center in CSE. At UC Dauvis, the appropriate adstiative structure for such a research center
is an ORU. The administrative structure and resesirof the current CCSE are no longer
adequate for this center to effectively respondh® needs and challenges of the large and
growing CSE community at UC Davis. Our recommelotat related to the structure of the
CCSE are thus offered within the framework of elssaing a CSE-ORU.

The primary mission of the CSE-ORU will be to prawiintellectual leadership to foster and
support outstanding cross-disciplinary researclgnamms in CSE across campus. By increasing
the visibility of the CSE effort at UC Davis, ang imcubating collaborations across disciplines,
an ORU will position the campus to exploit the bieainvestments of federal agencies in this
field. A hallmark of recent and emerging CSE fadldunding opportunities is the emphasis
placed on fostering collaborations between apphegthematicians, computer scientists, and
domain scientists and engineers. A CSE-ORU shaird to stimulate interactions between



faculty in these different fields, and to develogerdisciplinary collaborations between groups
across campus that would otherwise have limitedamdn An additional important role for the
CSE-ORU will be to advocate the needs of the canspugputational research community in the
development and support of the infrastructure meglio support world-class CSE research.

To ensure that the CSE-ORU is able to effectivepond to the rapid evolution of the field, a
flexible administrative structure is required. Asspecific model: The Director, working with
the Vice-Chancellor for Research and the Deans,ldvaentify membership of the internal
Steering Committee from among a range of intereaedlty in the relevant disciplines. In
addition to the Internal Steering Committee, a G3&BJ should establish an External Advisory
Committee; this will serve the dual purpose of jdovg input/guidance to CSE-ORU directions,
and also allow the campus to further strengthen exmhnd its collaborations with National
Laboratories (LBL, LLNL, LANL) and industry, from lwch members would be recruited. The
CSE-ORU would facilitate the formation of Collabtiva Research Groups (CRGs) composed
of domain science/engineering faculty with a commesearch focus, together with Computer
Science and Applied Mathematics faculty with exigerin the specific areas necessary to push
that research forward. The expectation would begbpport for the CRGs would be short-term
or intermediate-term, but not long-term. The Dioecvould lead and the Steering Committee
would “steer” this process, with advice from an &xi@l Advisory Committee, identifying
promising areas of focus for CRGs, recommendingalleeation of CSE resources to support
workshops and proposal-writing by these groups, ianthe long-run, keeping an eye out for
CRGs that have run their course and need to beltigtad”, reorganized, or revitalized.

Current resources for the CCSE (including the M®@ systems staff) should be maintained in
the interim period while the CSE-ORU is being ekshled, with the expectation that these
resources would be available as a sustained conamitto the CSE-ORU. The new director of
CCSE would become the director of the CSE-ORU whsmapproved.

RECOMMENDATION 2 : Establish a Graduate Group in CSE

We must expand the interdisciplinary community dicars that studies the problems of large-
scale computation and analysis, and applies tlessgts to the complex problems of science and
engineering. Research and development challenge®mputational science include (a) the
development of reliable, scalable, and well-engie@esoftware that supports scientific and
engineering applications, (b) the study of paradiethitectures and specialized hardware that
enables high-performance computation, (c) the stafdgilgorithms to analyze and visualize the
results of these calculations, (d) the study ohdatnagement techniques to store and retrieve
large-scale scientific data, and (e) the study ppliaations arising from scientific and
engineering problems. Together, these areas tatesd new interdisciplinary area of study —
not covered by, but related to, current program$lathematics, Statistics, Applied Science,
Applied Mathematics, and Computer Science.

We believe that leading edge research — espedidlynology-based research — can only be
accomplished through a coordinated effort. An pigational structure that supports this effort



IS necessary to attract top-quality graduate studesearchers to UC Davis, and to create an
environment to support them. At UC Dauvis, thisisture is a graduate group.

We expect that two programs will arise naturallyotigh a CSE graduate group: a Ph.D.
program that trains the future generation of redess that study and develop new algorithmic
technology underlying large-scale computation, amnddesignated emphasis program that
supports the development of future scientists angineers that can utilize state-of-the-art
computational methods in their work. The commorstfyear” curriculum will involve complete
and systematic presentation of core CSE materiaichwwill be of interest to students from a
variety of graduate programs. These courses wilk ghasic introductions to important
science/engineering algorithms to students whoseapy background is in applied mathematics
and computer science, and, conversely, give thdafmentals of specific applied mathematics
and computer science methods to domain sciencergtud

These new and innovative educational programs mitBiSE must be coordinated in
collaboration with several related groups and mogr on campus, including the Departments of
Computer Science, Mathematics, Statistics, and idg@cience, the Institute for Data Analysis
and Visualization (IDAV), and the Graduate GroupAipplied Math (GGAM). On February 7,
the authors of this report met with the chairshefse groups to discuss the formation of a CSE
designated emphasis and graduate group. There twasy ssupport for the idea. From this
meeting it was clear that further discussion isunegl to solidify the course content and the
optimal strategies for implementation of the gradwgoup.

RECOMMENDATION 3: Build the campus cyberinfrastructure to support CSE

A comprehensive campus plan to build and supp@tcifberinfrastructure required to enable
world-class CSE research and education is urgem®ded. The faculty strongly supports the
efforts of VP Siegel’'s office to address theseialtinfrastructure needs. We anticipate that
coordination of these plans with the broad camp8& Community will be critical to the success

of these efforts. The current CCSE and future ©F8J should identify the needs of CSE

faculty and advocate for the continuous developnoéra campus computational infrastructure
that can effectively meet them. An advisory bosinduld be created by the director and faculty
membership of the CSE-ORU to assist the Officedf in articulating and responding to faculty

needs in this area.

Computational infrastructure is vital to the susce$ CSE research activities on campus. To
facilitate world-class CSE research, to remain oetitige in CSE-related proposals, to attract
and retain leading faculty, the availability of gdate computing resources and associated cyber-
infrastructure is critical. This requires subsi@nand continuing campus investment. It also
requires the concerted effort of faculty and staftapitalize on federal instrumentation grants
and industrial donations, to acquire and maintaatesof-the-art computing hardware. In his
presentation at the CSE Advahadéice Provost Siegel summarized well the outstapdssues
that must be addressed in the near and long teyrssigport the rapidly growing demand for
scientific-computing resources at UC Dauvis.

® A copy of Vice Provost Siegel’s presentation isilable athttp:/cse.ucdavis.edu/about/reports/2007-advance




Of particular concern is the urgent and critica¢shdor space to house computer clusters. The
critical nature of this problem was addressed $igally in VP Siegel’s presentation. We offer
here a few related observations. Renovations awige cooling, power and networking for a
small room to house a computing cluster typicatigts in the neighborhood of $50-100 K. This
amount of money has been spent in many departraetd€ Davis, and even so the efforts to
keep up with the increasing demand for computecesipave failed repeatedly. As one specific
example, in Chemistry an expensively engineeredvation did not provide sufficient cooling
to accommodate the addition of new clusters foemecsenior hires and remains half filled.
Another example is found in the recent constructodnthe Mathematical Sciences and the
Genome Center buildings. CCSE's staff participatdtie design of four machine rooms and the
Linux clusters that they would accommodate, comcatmg detailed power and cooling
requirements; in each of the four cases, the CQ8t ecommendations were not followed
adequately and the new space provided less thdroh#he needed power and cooling. One
result was that faculty had to scale back the sizbeir research efforts in response. There are
numerous other examples of expensive attemptsawde the physical infrastructure for high
performance computing clusters. They underscadifficulties in solving this problem in an
ad hoc, piecemeal fashion. Other campuses havsimmadr experiences.

Access to systems support staff voiced in the ssiiescientific computing is also critical. It
will be essential that both computer support staET and departmental- or center-based staff
be adequately trained to maintain the hardwaresaftivare associated with research computing.
One of the most valued accomplishments of the CG&&been the success of its dedicated
computer staff in building and maintaining reseasitisters.

RESOURCES
Campus faculty are committed to the consideraldlerteivhich will be required to establish the

CSE-ORU and Graduate Group. At the same timeuress from the campus are required if
these undertakings are to be successtilese include:

Continuation of funding for the current activitiesd staff associated with the CCSE,

Continuing, long-term funding for computational eesch and educational efforts on
campus.

NEXT STEPS

The tools of computational science will become k&ysliscovery in many fields throughout

physical science, engineering, biology, medicite, énvironment and social sciences. At UC
Davis, we have the potential to become a leadesxploiting CSE in our vast science and

engineering programs, and we must establish (appost) the necessary academic infrastructure
required for these efforts.



To implement the above recommendations, thereeareral steps required.

Appoint a new director of the UC Dauvis effort in ESSince the present CCSE Director,
John Rundle, now serves as the Director of the UdgwHazards Initiative, it is

important to appoint a new CCSE Director as soormpa@ssible. This person would
assume the leadership of the current CCSE, and teadefforts to implement the
recommendations of this repdrt.

In conjunction with the Office of Research, forntelaa proposal for an Organized
Research Unit in CSE. Since CSE is currently aga@ized Research Program (ORP),
this effort may only need to refocus a current psgb, and obtain approvals of the
necessary campus committees to expedite its agprova

Form a committee tasked with outlining a specifiogmsal for a graduate group in CSE,
to the Division of Graduate Studies. This comnaitshould submit a plan that outlines
an interdisciplinary graduate academic programjndef requirements for Ph.D. and
M.S. degrees in computational science, and devajogiore courses that support a
designated emphasis in CSE. This committee shoaodddinate their work with the
Departments of Applied Science, Mathematics, Cormp8tience, Statistics, the Applied
Mathematics Group, and other possible science agtheering departments who will
collaborate with the programs of the new Graduatau@.

Support the efforts of IET Vice Provost Siegel tastly improve the computational
infrastructure on campus. The need for infrastmgctis immediate, and long-term
commitments to campus cyberinfrastructure improvesare required for UC Davis to
retain its position as a major influence in thisaar As a focal point for leadership in
implementing these efforts, an advisory board sthdw¢ created by the director and
faculty membership of the CSE-ORU, to assist th@& I&fice in articulating and
responding to faculty needs in this area.

Most importantly, we need to recognize the imparéanf the CSE effort at all levels on the
campus. Even though we have achieved notable ssi@géhin the College of Engineering and
the Division of Mathematical and Physical Sciencgs, must recognize that CSE will have
substantial growth in biological sciences, medicamel the environmental science programs of
the campus (as well as emerging programs in thalssciences), and we must establish an
“academic infrastructure” under which this efforiflthrive. By implementing these long-term
focused efforts at UC Davis, we can capture a natiteadership role in CSE, and effectively
compete in the hiring and retention of world-cléasulty and recruitment of students in this
growingly competitive field.

" The committee authoring this report has submipietntial names for the CSE Director, based on natitins
supplied by the faculty, to the Deans of Enginegend Math and Physical Sciences.



Appendix I: CSE Related Reports

!“llminnﬁnﬂ

foaethe Computational
Solid Earth Sciences

N

Computation as a Tool for Discovery in Physics- NSF
http://www.nsf.qgov/pubs/2002/nsf02176/start.htm

Theory and Modeling in Nanoscience- DOE
http://www.sc.doe.gov/bes/reports/files/ TMN_rpt.pdf

The SCALES Report — Science-Based Case for Large#e Simulation— DOE
http://www.pnl.gov/scales/index.stm

Theory and Computation in Basic Energy Sciences DOE
http://www.sc.doe.gov/bes/reports/files/OD _rpt.pdf




Visualization Research Challenges NSF
http://tab.computer.org/vgtc/vrc/index.html

National Visual Analytics — Homeland Security
http://nvac.pnl.gov/

Simulation-Based Engineering ScienceDOE
http://www.ices.utexas.edu/events/SBES Final Remfrt

High Performance Computing Requirements in the Comptational Solid-Earth Sciences
http://www.geo-prose.com/computational SES.html

Building a Cyberinfrastructure for the Biological Sciences (CIBIO) — NSF
http://research.calit2.net/cibio/archived/CIBIO RN pdf

From Cyberinfrastructure to Cyberdiscovery in Materials Science NSF
http://www.mcc.uiuc.edu/nsf/ciw_2006/NSFDMRCybewgpinal061128.pdf




Appendix Il: CSE Advance Agenda, Participant List, and Web Links

A copy of the presentations, agenda and goals @fQ8BE Advance meeting can be found at:
http://cse.ucdavis.edu/about/reports/2007-advance/

The agenda and participant list are given below.

Agenda

CSE Advance
Monday, January 22, 2007
Math Sciences Building Room 1147

8:45 Continental Breakfast Available

9:00 - 9:15 Welcome and Charge (Deans Ko and Lavernia)
9:15-9:30 Introduction: CSE Initiative Present and Future (McCurdy)
9:30 - 10:15 CSE Education and Discussion (Joy)

10:15 - 10:45 Break

10:45 - 12:15 Research Group Presentations

Computational Bio Physics/Chemistry (Allen)

Computational Materials (Asta)

Complex Systems (Crutchfield)

Computational Transport Phenomena (Delplanque)
Networks (D'Souza)

Data Management/Analysis and Visualization (Joy)
Computational Environmental/Geological Sciences (Kellogg)
Computational Applied Math (Saito)

12:15- 1:15 Lunch and Informal Discussions

1:15- 1:45 Research Computing (Siegel)

1:45 - 2:00 Recap: Meeting Goals and Straw-Man Proposals (McCurdy)
2:00 - 2:45 Breakout Discussions

2:45 - 3:15 Breakout Group Presentations (TBD)

3:15-4:00 Wrap Up (Joy and Scalettar)
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