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Example application of MDGRAPE-4A

B SARS-CoV-2 Main Protease (MP,
3CL protease) & ligandDfE S 1EFE

>HIV-1 proteased)BﬂiﬁlJ & &~ SARS-
CoV-2 MPo. D EBIEZ> =1L —
>3z
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Dr. Komatsu Dr. Okimoto

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

SARS-CoV-2 Main Protease (6LU7)
+ indinavir, 6 us simulation



Scaling Challenges in MD
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B ~30,000 FLOP/particle/step

M System size : N=10°
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1lmsec/step = 200nsec/day
Possible
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Difficult, but important
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MDGRAPE-4A system
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Tensor-structured Multilevel Ewald Summation Method
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MDGRAPE-4A improvements
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MDGRAPE-4A SoC

B MDGRAPE-4 SoCZ(F&F1N5a%aTUREL
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B Production : Alchip
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MDGRAPE-4A System-on-Chip

Core:
RISC-V with
4-way SIMD

Scratchpad
mem. 64KB



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

MDGRAPE-4A
—" SoC
12 lane Total 512 chips
6Gbps (8x8x8)
Electric
=7.2GB/s
(after 8B10B
encoding)
agoptical - | | | T N Node
Fibers ~4_ 1 ¥
(2U Box)
Total 64 Nodes
12 lane (4x4x4)
6Gbps =4 pedestals
Optical

+ FPGA based oct-tree network (5GB/s duplex)
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MDGRAPE-4A system

B 512 MDGRAPE-4A SoC
® ~1.3 PFLOPS equivalent
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MDGRAPE-5:

B More specialization for more speed.
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MDGRAPE-4: MDGRAPE-3D~31%

MDGRAPE-4A: MDGRAPE-4D~1.313

>MAT

YU XD EEMIES

DR DT*E;FL‘E}_._/\ODEI:JL&

>Anton-3C(&. B UBDDS 1)UL Tsimplify

>RIDT7
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satDI\SAF{EL L mEIE

RTL line counts

PIPE 14,210

LRU 10,085

PIPERELAY | 1,447

FPGAIF 7,212

GPGM 17,438 w/o GP core

CGP 9,675 w/o GP
core/GMNW

NNIF 12,075

SERDES3 6,400

PIDLUT 1,435

IMEM 803

TOP 3,635 w/o slicer

Total 84,415

Since MDGRAPE-3
Since MDGRAPE-4
Since MDGRAPE-4A
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val xMin = 0.0
val xMax = 0.5*Pi
val nDiv = 64
valbp =24

val cbit = Array(bp+2) :>

val t = new FuncTableDouble( sin, 3)
t.addRange(xMin, xMax, nDiv )
val tf = new FuncTableFloat( t, true, cbit)
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Event
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Particle
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1995
0.8GF
50MHz
1
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4
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2004
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20

PME

O

Evolution of MD processors
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