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Cost-Optimized Custom Machines

for Lattice QCD

• Highly parallel custom machines much cheaper than
general purpose supercomputers

regular grid structure

local communications

overlapping computation and communications

• Dual approach

optimization of commodity clusters

fully custom parallel machine

year98 03

1.0MF/$

0.1MF/$

• Robust strategy to pursue both
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Motivation for Commodity Based Cluster

• General-purpose architecture and software environment

Linux operating system, standard compilers

Source code compatibility with workstations

Flexibility, ability to implement innovative new approaches

Efficient use by everyone in community

Ideal for local development by dispersed collaborators

• Double-precision needed for many applications

• Commodity processors and networks offer maximal flexibility

Follow best technology in each generation

Purchase state-of-art technology any year
physics or funding motivate it

• Cost-effective:

Market forces on processors and communications

Processor chip price/performance improving
like Moore’s Law

System integration costs falling

Large cluster improvement better than Moore’s Law

• Current technology: Alpha → Pentium P4

• Next generation: computer on a chip?
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MIT Prototype Cluster

Joint research project with Compaq

Optimize network and memory costs using 4-processor nodes
connected by Myrinet

• 12 × 4-processor ES40’s – 64 Gflops

EV67 667 MHz processors

8 MB cache/processor

1 GB memory/SMP

9 GB disk

• 500 GB file server

• 4 Alpha 164 workstations

• Myrinet (Lanai 7)

• Installed 12/99–8/00
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Jefferson Lab Prototype Clusters

• 16 × 1-processor XP1000’s – 16 Gflops

500 MHz

4 MB cache

256–512 MB memory

• 12 × 2-processor UP2000’s – 32 Gflops

667 MHz

4 MB cache

512 MB memory / SMP

• 400 GB file server

• Myrinet

Lanai 9
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QCDOC (QCD On a Chip)

• Natural extension of custom QCDSP machines at Columbia and
RIKEN

• Partnership with IBM since December1999 to design and
manufacture ASIC

Processor: 1 Gflops peak 440 Power PC

4 MB on-chip memory

8 Gbits/sec interprocessor communication

• Schedule

ASIC December 2001

Prototype March 2002

10 Tflops sustained QCDOC at BNL October 2003

Hardware cost: $10 M

• Collaboration

Columbia University

RIKEN

IBM

Edinburgh

Fermilab

6 Santorini – Machines 10-01-01



QCDOC Chip Design

7 Santorini – Machines 10-01-01



Lattice resources available internationally

(from whitepaper http://thy.phy.bnl/gov/www/qcdocworkshop.html)

State-of-art quenched calculation 50 Gflops-yrs
Largest NERSC FY00 QCD allocation 2 Gflops-yrs
Largest NSF FY00 QCD allocation 10 Gflops-yrs

Country FY00 Sustained Gflops
Germany 264
Italy 554
Japan 980
U.K. 41
U.S. (Columbia) 120
U.S. ( RIKEN) 180
U.S. (open) 20

European Committee for Future Accelerators (ECFA) report

• Several 10 Tflops computers in FY03

• UKQCD committed to buy QCDOC
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