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History of GRAPE computers
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Highly-Parallel Operations
In a LS| for MD simulations

m For special-purpose computers

Broadcast Memory Architecture

Efficient : 660 operations/cycle/chip in MDGRAPE-
3 chip

possible to increase according to Moore’s law
m In case of MD:

MDGRAPE 600 nm 1 pipeline 1Gflops
MDGRAPE-2 | 250 nm 4 pipelines 16Gflops

MDGRAPE-3 | 130 nm 20 pipelines | 165Gflops




Power Efficiency of
Specilal-Purpose Computers

L]

m General-Purpose Processors
Pentium 4 (0.13 um, 3GHz, FSB800) ... 82W
14W/Gflops

m Molecular Dynamics Processors

MDGRAPE-2 chip 0.25um) ... 1W/Gflops
MDGRAPE-3 chip (0.13um) ... 0.1W/Gflops



MDGRAPE-3 chip

Particle Type Memories

130 nm
Vcore=+1.2V
250MHz (worst)
15.7 mm X 15.7 mm
6.1 M random gates
+ 9 Mbit memory
17W at 300 MHz
1444 pin FCBGA

Memory
Controller

M. Talji, Proc. Hot Chips 14, in CD-ROM (2004)
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MDGRAPE-3
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m PCI-X
MDM-1a

m2 PCI-X

GTL|81bit 125MH:
1.27|Gbyte/sec
LVDS
10Gbit/s
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PCI-X board:
330 Gflops
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chips

Host Computer
(208 CPU)

Special-Purpose

Computer
(4992 chips)

PC Cluster (Intel Xeon)
nfiniband Switch:

—at-Tree
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MDGRAPE-3 cluster
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Protein-
Protein-
Protein-
SNPs

o

Protein interactions
_igand interactions (screening)

DNA/RNA interactions
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]
Thermodynamic Integration

MMPBSA
MD



-
de novo

)

(1,000,000

1

Q00O
Q00O
CX X )
@O0 000
0001000
Q00O " YOIO
" JOIO)
" JOIO)
Q00O
=
m N~
.. o O
— — i
DI - =
(@))
[
<
818 |« S

& N

o

7

S

alla
o
Tp) > =

1,000,000
40 <=2

10




"

m RNA Polymerase Il
~50
m DNA

m Targetted MD

m Petaflops : 1M

A. Suenaga et al., Biochem. Biophys.

Res. Commun. 343(1), 90-98 (2006).
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MDGRAPE-4

m 20Pflops @ 2010
m 2Tflops/chip, 65 nm

20Pflops
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