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J. Makino, Proc. Toyota Symposium, Elsevier (2001)
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MDGRAPE 600nm 1 pipeline 1Gflops

MDGRAPE-2 250nm 4 pipelines 16Gflops

MDGRAPE-3 130nm 20 pipelines | 165Gflops
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cf. Columbia QCDSP, IBM BlueGene/L

(130nm)
— Pentium 4 ... 13WI/Gflops
— MDGRAPE-3 ... 0.1W/Gflops
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History of GRAPE (GRAVvity PipE)
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MDGRAPE-3 (Protein Explorer)

Petaflops
3000
2002 2006

MDGRAPE-3 chip
. LS|
e 130 nm technology
Hitachi HDL4N
e 165 Gflops/chip at 250 MHz

Sample: 230Gflops@350MHz

M. Taiji et al, Proc. Supercomputing 2003, on CDROM.
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Memory
Controller

MDGRAPE-3 chip

Particle Type Memories o (32,768

- e e 130nm(  HDL4N)
e Vcore=+1.2V

e 15.7mm X 15.7 mm
o« 250MHz (worst)

660

e 19W at 350 MHz
e 1444 pin FCBGA

Chip / Host
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MDGRAPE-3

GTL B1bit 125MHz

12 ol
2 /2U
= 4 Tflops gtom =1
PCl-X o Sag
2 PCI-X o] =1 7=

W
/ ||| .l‘_.h”

I
||‘| ¥
i

i

Interface
Board

PCI-X board:
460 Gflops 10
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Host Computer | Special-Purpose
(512 CPU) Computer
(6144 chips) 17



$ / Gflops | W/ Gflops
MDGRAPE-3 15 0.2
BlueGene/L 300 0
PC Clusters 300 25
Earth Simulator 8000 128
MDGRAPE-2 150 1.5
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— Amber 8 (http://amber.scripps.edu)
— CHARMM
— Gromacs
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MDGRAPE-3
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MDGRAPE-3
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DFT

(Dynamic Programming)
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 FPU Array / FPGA

 SIMD with broadcast memory (Vector)
— MACE(NEDO, )
— GRAPE-DR( , )
— Vector Processor Matrix (Proposal)

- HPC
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Vector Processor Matrix

PU+ SIMD

Target:
45nm
512 /chip, 2GHz, 1Tflops
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SIMD
CPU

CPU
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(2010 )

10Pflops

10Pflops
BlueGene/Q (3-4Pflops?)

10Pflops

40Pflops
— VPM 20Pflops
— MDGRAPE 20Pflops

10Pflops
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MD

. =1:100~1:1000
=1:1~1:10

=100:1~10:1
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VPM

1 Tflops/chip
MDGRAPE-4
10Tflops/chip
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