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Biosystems Dynamics Research
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> 20 pipeline/chip S
— 40 particles by virtual parallelization

>4800 chip

— 12 chip/board
— 400 boards
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> Gordon Bell Prize Honorable Mention 2006
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Scaling Challenges in MD R BDR
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B ~30,000 FLOP/particle/step
Strong scaling - B System size : N=10°
e AD/ff/cu/t/es in Parallelization B 3 GFLOP/step
s L B 3TFLOPS effective performance
1msec/step = 200nsec/day
ms ) Possible
arge
Spuctural B 3PFLOPS effective performance
Hs Molecor 1usec/step = 200usec/day???
Crowding / Difficult, but important
ns Local
Structural
Changes
ps Weak scaling - W3R DPEFRICEIDNHETERE Tl
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> Production : Alchip

>TSMC 40G (40 nm: 10
years old technology),
16.2mm X 16.2mm

> Logic ~ 50M Gates,
SRAM ~ 72M bits

>85W (worst case, actual :

40~50W)
>0.8 GHz (pipeline)
0.6 GHz(the other)

>Most of RTL design has
been done by us.

MDGRAPE-4A System-on-Chip
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MDGRAPE-4A System

12 lane
6Gbps
Electric
=7.2GB/s
(after 8B10B
encoding)

48 Optical
Fibers

12 lane
6Gbps
Optical
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MDGRAPE-4A

/ SoC

Total 512 chips
(8x8x8)

+ FPGA based oct-tree network (5GB/s duplex)

Node £ i S e s Lo =,
(2U Box) 3 :

Total 64 Nodes
(4x4x4)
=4 pedestals

MDGRAPE-4A
System board
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Example application of MDGRAPE-4A PBDR

B MD simulations of SARS-CoV-2
Main Protease (MP°, 3CL protease).

>We performed ligand-binding
simulations for seven HIV-1 protease

inhibitors and SARS-CoV-2 Mpro,

>Revealed soft pocket structure upon
ligand binding.

Komatsu T.S et al., Sci. Rep. 10, 16986 (2020).
https://doi.org/10.1038/s41598-020-74099-5

Dr. Komatsu Dr. Okimoto
(Physics) (Pharmaceutical .
Sciences) SARS-CoV-2 Main Protease (6LU7)

+ indinavir, 6 s simulation
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>Gromacs ZE&(CUIEMDI— R (NVT/NPT). Gromacs O A I7A( L5t EBIEE
Original code has been provided by Prof. Lindahl

> Performance : ~1psec/day for 100K atom systems (NVT)
5 times faster than that of conventional supercomputer

Slower than our target performance ~5 psec/day
reason: some bugs in hardware

slow general-purpose cores
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