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Scientific Objectives

Understand the physical phenomena encompassed by
QCD, and make precise calculations of the theory’s
predictions.

Lattice QCD calculations are an essential component
of research in areas central to the experimental
programs in high energy and nuclear physics.

Tests of the Standard Model
Internal structure of nucleons and other hadrons
Properties of hadronic matter under exteme
conditions
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Overview

Planning and construction of computational
infrastructure for lattice gauge theory.

Effort began in 1999.
DOE SciDAC grant in 2001.

Collaboration includes nearly all senior lattice gauge
theorists in the U.S.

Lattice gauge theorists, computer scientists, and
computer engineers.

Partnership with three DOE Labs: BNL FNAL JLAB

Partnership with IBM

Assistance from two NSF PACI Centers: PSC NCSA
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Infrastructure Plan

Highly cost effective hardware

QCDOC
Optimized Clusters

Software to enable the U.S. Community to use both
architectures with high efficiency.

Target: $1.00 or less per sustained megaflop/s.

By contrast, the Pittsburgh Supercomputer Center’s
Compaq SC, the most powerful machine currently
supported by the NSF, has a price/performance of
approximately $50 per sustained megaflop/s for lattice
QCD.

. – p.4/15



QCDOC

The latest of the highly successful Columbia/Riken/BNL
special purpose comuters.

The QCDOC ASIC incorporates processor, networking
and memory on a single chip.

ASICs, motherboards and daughterboards currently
under test.

Tests indicate the design goal of $1.00 per sustained
megaflop/s will be achieved.

The developers are ready to begin construction of
multi–teraflop/s machines this month.

We propose a 10 teraflop/s sustained QCDOC for the
U.S. LGT community to be completed by July, 2004.

Two 5 teraflop/s sustained QCDOC’s have been funded
for 2004.

The British lattice gauge theory group UKQCD.
The Riken BNL Research Center.

. – p.5/15



Optimized Clusters

Market forces are producing rapid gains in commodity
processor, memory and interconnect performance.

Prototype clusters are being constructed at FNAL and
JLab under our SciDAC grant.

Both switched and mesh architectures are being
studied.

Multi–teraflop/s clusters are proposed for 2005 and
2006 with the target of $0.60–$0.80 per sustained
megaflop/s.

Prototype clusters are already being run as national
facilities.
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Software

The QCD Applications Program Interface provides a
unified programming environment to enable high
efficiency use of the QCDOC, optimized clusters and
commercial supercomputers.

Three layer structure.

Level 3: Highly optimized, computationally intensive
subroutines.
Level 2: Data parallel language to enable rapid
production of efficient code.
Level 1: Message passing and linear algebra
routines.
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Grid Activities

Overall objective is to create a distributed national
computational facility with major hubs at BNL, FNAL
and JLab.

This facility will support a diversity of physics in a
coherent fashion.

Lattice gauge theorists throughout the U.S. will use the
grid to access the facility and to share data.

Leverage the work of the Particle Physics Data Grid
Group, the PACI Program and others to enable
seamless job submission, data sharing and load
balancing.

Founding members of the International Lattice Data
Grid.
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Management

Executive Committee

R. Brower (Boston U.), N. Christ (Columbia U.),
M. Creutz (BNL), P. Mackenzie (Fermilab), J. Negele (MIT),

C. Rebbi (Boston U.), S. Sharpe (U. Washington),
R. Sugar (UCSB, Chair), W. Watson, III (JLab)

Overall responsibility for the project.

Sets the project’s goals, draws up plans for meeting
these goals, and oversees progress towards meeting
them.

Conference calls approximately twice a month since
1999.
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Scientific Program Committee

P. Lepage (Cornell U.), R. Mawhinney (Columbia U.),
C. Morningstar (Carnegie Mellon U.), J. Negele (MIT),

C. Rebbi (Boston U., Chair), S. Sharpe (U. of Washington),
D. Toussaint (U. of Arizona) and F. Wilczek (MIT).

Monitors the scientific progress of the project, and
provide leadership in setting new directions.

Allocates the collaboration’s computational resources.

Organizes an annual meeting of all lattice gauge
theorists working on or planning to participate in the
project to review progress and plan future directions.
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Software Coordinator, R. Brower

Provides direction and coherence to the software effort.

Supervises the work of all software development teams.

Develops tasks and milestones.
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Software Coordinating Committee

R. Brower (Boston U., Chair), C. DeTar (U. of Utah),
R. Edwards (JLAB), D. Holmgren (FNAL),

R. Mawhinney (Columbia U.), C. Mendes (U. of Illinois),
W. Watson, III (JLAB).

Works with the Software Coordinator to provide overall
leadership of the software effort.

Took the lead in designing QCD API, and overseeing its
implementation.
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Oversight Committee

S. Gottlieb (Indiana, Chair), A. Hasenfratz (Colorado),
G. Kilcup (OSU), J. Kuti (UCSD), R. Pennington (NCSA),

R. Roskies (PSC) and T. Schalk (UCSC).

Reviews plans for the development and acquisition of
software and hardware.

Reviews progress in implementing plans.

Makes recommendations regarding alternate
approaches and new directions.

. – p.13/15



Review by the Wilczek Committee

Distinguished panel of physicists and computer
scientists

Key findings

“The scientific merit of the suggested program is
very clearly outstanding.”
“The proposed programs are of considerable interest
from the point of view of computational science � � � ”
“It is prudent, as well as interesting, to pursue both
[hardware] tracks”
“The software development component of the
proposal is also novel � � � and extremely important.”
“Both the proposers and the DOE should recognize
that this is an endeavor that is not likely to be
exhausted in 4 years or even in 10.”
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Need to Begin Now

Experiments which depend on LGT calculations are in
progress.

Recent advances in the formulation of lattice QCD
make major progress possible with the proposed
computing resources.

Theorists in other countries will acquire major
computing resources in 2004.

Germany: 12 teraflop/s sustained apeNEXT in 2004.
Italy: Several teraflop/s sustained apeNEXT in 2004.
Great Britain: 5 teraflop/s sustained QCDOC in
2004.
Japan: Currently sustain approximately 1 teraflop/s,
and beginning to use the Earth Simulator.
RBRC: 5 teraflop/s sustained QCDOC in 2004.
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