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TECHNOLOGY STRATEGY:
BUILD UPON QCDSP

e Focus maximum computing resources on a
single problem: many processor with fast /low-
latency communications.

— As with QCDSP, design for 20K node machines.
— 163 x 32 lattice on a 8K node, 4 Tflops (sustained)

partition (2* local volume).

e Homogeneous/modular approach:

— Mesh communications,
no central communications switch.

— Add two extra dimensions for software partition-
ing: 4-D — 6-D
e Target a small, cool processor

— Fastest, hottest processor does not provide opti-
mum cost performance.

— Cooling, packaging and reliability are essential for

a large machine.



QCDOC ARCHITECTURE

e IBM-fabricated, single-chip node.

[5() million transistors, 1-2 Watt, ~lemx lem diel

e PowerPC 32-bit processor, 1 Gflops, 64-bit
IEEE FPU.

e 4 Mbyte on-chip memory.
e Extra 2.0 Gbyte/node with DIMM card.

e 500 MHz serial communications:
6-D, LVDS, bidirectional.

e 100 Mbit /sec, Fast Ethernet
diagnostic-boot-I/O network.



HARDWARE STATUS

e Present focus: Complete ASIC design.

— Many items integrated, tested
(preliminary netlist sent to IBM):

* 440 core with FPU

+ EDRAM and prefetching controller
+ DDR controller with memory model
+ Ethernet/DMA controller

— Ethernet/JTAG controller just working.
— Serial communications unit 2/3 done.
— DMA unit 1/2 designed by IBM /Rochester.

— Final IBM design kit to be released
August or early September.

— All items synthesize without timing constraints.

e PC board layout, cabinet design will start
this fall.
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SOFTWARE STRATEGY

e Industry standard, “RISC” processor.
-~ GNU C' + + compiler.
— Memory management provided.

— LINUX on every node possible. |
e Minimum QCDSP functionality planned:

— Low level diagnostic and boot kernel.
— Host-side OS controlled by

* C-shell extension from console window.

* C-shell script.

* PERL through a socket interface.

— C-like routines called from application code run-
ning on the machine providing host system
services: fopen(), printf()....

— Nearest neighbor communications subroutines called

from applications code.

¢ UKQCD/EPCC partnership in application
development.

— Start with present C'+ + QCDSP code, CPS.

— Remove non-ANSI constructs.

— Provide MPI backend.

e U.S. SciDAC support for design of common
software infrastructure: QCDAPI.
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Software Status and Benchmarks

e Reasonable software environment for compil-
ing and running code on the simulator.

e Working OS software:

— Low-level Ethernet/JTAG software.
— JTAG boot software.
— Node Ethernet driver.

— Host-node read /write/execute OS kernel.

e RISCWatch debugger modified to work through
our Ethernet /JTAG interface by IBM /Raleigh.

e Benchmarks:

— Maximum sustained EDRAM /440 bandwidth:
read: 3.2 Gbytes/sec  write: 2.0 Gbytes/sec
(50% of this sustained to external memory).

— SU(3) link x Wilson spinor:

+ 92% maximum
« 84% data in cache

+ 78% data in EDRAM



PERFORMANCE/COST/SCHEDULE

e We expect to sustain ~ 50% of peak,
even for small volumes/node.

e Cost performance below $1/Mflops:
10x enhancement over QCDSP.

e Schedule (peak speeds):
Prototype hardware 03/02

UKQCD/Columbia/U.S 12/02

pilot machine (7 Tflops)

UKQCD in Edinburgh (10 Tflops) 10/03
RBRC (10 Tfops)
BNL LGT Center (20 Tflops)



