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J. E. Steinberg et al.,
on youtube.com
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1! _ R. Harada, Y. Sugita, M. Feig,
‘9‘ J-:.-.L ) JACS 134(10), 4842-4849 (2012).

Y. Shan et al., PNAS 106(1), 139-144 (2009).
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GRAPE as Accelerator

B Accelerator to calculate forces
by dedicated pipelines

ParticIeData>
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Host
Computer
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Results
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GRAPE
_/

Most of Calculation — GRAPE
— Host computer

Others

eCommunication = O(N) << Calculation = O(N?)
eEasy to build, Easy to use
eCost Effective
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GRAPE in 1990s

B GRAPE-4(1995): The first Teraflops

Host CPU
~ 0.6 Gflops

Accelerator PU
~ 0.6 Gflops
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GRAPE in 2000s

# Host CPU
~ 20 Gflops

4 Accelerator PU
’ ~ 200 Gflops

Host:

Cluster




MDGRAPE-3: /5l 4£8ED EIRE

B Gordon Bell 2006 Honorable Mention, Peak Performance
B Amyloid forming process of Yeast Sup 35 peptides
B 170085 F
B 0.55sec/step
B EXN4%EE
185 Tflops
B 3N ~ 45 %
B RYXT—)LDMREICIE
1005 RFUELE
BRANSTEE+XRY N T—7 O##Y
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Problem in Heterogeneous System - GRAPE/
GPUs

M n small system
>Good acceleration, High performance/cost

M |[n massively-parallel system

> Scaling is often limited by host-host network,
host-accelerator interface

Typical Accelerator System SoC-based System

System-on-Chip
Accelerator Accelerator
: Accelerator Accelerator . _
Low-Bandwidth I High-Bandwidth
:> Low-Latency
Host Host General- General-
Computer Computer purpose core| === |purpose cory
/
Embedded Embedded Host
Host Network memories memories \Computer
High-Latency .
Low-Bandwidth

Q B o C Network High-Latency
I Low-Latency



Anton (D.E.Shawfft 72T

World's World's Most America's B

Forbes 400 Richest
Americans

@ Like

A. Jerrold Perenchio

K3 4 likes. Sign Up to see
what your friends like.

Billionaires Powerful People Small Comp

David Shaw

$2.2B

+ Follow David Shaw 6

At a Glance

Age: 60

Source: hedge funds , self-made
Residence: New York, NY

Country of citizenship: United
States

Education: PHD, Stanford
University; BA/BS, University of
California, San Diego

Marital Status: Married

Browse list

Forbes Lists

#540 Forbes
Billionaires

#179 in United States éj\%:/sl b_:/a,y

#164 Forbes 400 %Fﬁi-l_k A
A ﬁ S

Bill Gates visit at Schroedinger Inc.



Anton

B D. E. Shaw Research

B ER/N1 771> (GRAPEFER) %
+ NFECPUT Y JL‘]\K/W: -
+ERHRY hT—5 s

B ~20usec/step, ~10usec/day 1

B Anton-2 : ~2usec/step, ~85usec/ TEIT
day " ’ " | {Mﬁ—/\%-

B XY NT—T EDMEDE (erny Garvtr)
EEERUE I

Flexible Throughput
Subsystem | | Interaction
Subsystem

(HTIS)

¥
|-t
'
o'us
Link
Router === Router

R
GROMACS time Anton time
small cutoff (94) large cutoff (13A) small cutoff (94) large cutoff (13A)
large mesh (64°) small mesh (32%) large mesh (64°) small mesh (32%)
Nonbonded forces
Range-limited forces 111 ms (61%) 308 ms (88%) 1.8 us (3%) 3 us (13%)
FFT & inverse FFT 29 ms (16%) 3ms (1%) 38 us (66%) 12 us (50%)
Mesh interpolation 19 ms (10%) 18 ms (5%) 10 us (17%) 5.5 us (23%)
Correction forces 7 ms (4%) 6 ms (2%) 2 us (3%) 2.5 us (10%)
Bonded forces 9 ms (5%) 9 ms (2%) 5 us (9%) 5 us (21%)
Integration 7 ms (4%) 7 ms (2%) 3 us (5%) 2.5 us (10%)
Total 181 ms (100%) 351 ms (100%) 58 us (100%) 24 us (100%)

R. O. Dror et al., Proc. Supercomputing 2009, in USB memory.



MDGRAPE-4

B Anton(TIBWDZEBEWHET ...
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MDGRAPE-4 System

12 lane "
6Gbps (

Electric
= 7.265/3\

(after 88108 4 4

encoding)

48 Optical =~
Fibers .

12 lane r
6Gbps
Optical

MDGRAPE-4
SoC

Total 512 chips
(8x8x8)

Node
(2U Box)

Total 64 Nodes

(4x4x4)
=4 pedestals



MDGRAPE-4 Board
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MDGRAPE-4 System-on-Chip

mIBOBICTERS
> AT TEETLIELSIE LTHEK
>IEMF & D.E.Shaw Research 72 (7 H A gE

m 40 nm (HIZZAEFT), ~ 230mm?

mER/N 7’74 Y 647N
@ 0.8GHz 2.5TFLOPS
/}_L — 7651'5'
Tensilica Extensa LX4
@0.6GHz
B3IRTTN—TRRY NT—7 R
@ 7.2GB/sec/— /A ‘
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SoC Block Diagram

Instruction Instruction Instruction
Memory (CGP) Memory (1) Memory (2)
Pipeline Blocks Control GP GP Blocks
8 Pipelines
8 Pipelines
; \\ """" IMem
: Core Core
; f(\)/\géaaege ﬁ/ DMem DMem
: //
L Bus Arbiter Bus Arbiter
8 Pipelines /DMAC /DMAC
/ Global Memory
Network Unit

FPGA IF

QQB

WA
1C

¢ 100MHz x 128




SoC Physical Image

SerDes & Network IFs
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Pipeline Functions

B Nonbond forces

- — qiq; 2 € ~12 o —6
jJ = Tij _:.;;q (n'?ij)'i' ﬁ{lQ(rij/JJ) _6("7;1_5/0'?_,5) IE}
1] 1]

B and potentials

qi4q;
Pc = z r.,jQC,d)(aTin)
iJ

j
bv =) €ij {(rij/oi;) % = (rij /i) "°}
B Gaussian charge assignment & back interpolation

B Soft-core
B ~50G interactions/sec/chip = 2.5 TFLOPS equiv.
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Synchronization

M 8-core synchronization unit

B Tensilica Queue-based synchronization

send messages

> Pipeline — Control GP
> Network IF — Control GP
>GP Block — Control GP

B Synchronization at memory
— accumulation at memory

QQBiC




Technical Advantages of Special-Purpose
Computers for MD

® High performance
>> 2Tflops/chip

B ow communication latencies

B _ow power consumption

>65W/chip (Worst), 50Gflops/W
> 65KW system (MAX, currently ~40KW)

>~10 times better than GPUs using the same
technology

B Communication latencies and power consumption
will become more serious problems in future
high-performance MD simulations

QQBiC




Current status of MDGRAPE-4

B Hardware
>Mostly completed

B Software
> Porting GROMACS 5

> Collaboration with Prof. Lindahl, Stockholm
University =

QQBiC



Reflection

Though the system is not finished yet...

B Latency in Memory Subsystem
>More distribution inside SoC

B Latency in Network
>More intelligent Network controller
> Better SERDES...
B Pipeline / General-purpose balance
> More general-purpose computing power
> Specialized functions in GP
>increase # of Control GP or faster messaging system
B Pipeline
> Automatic balancing within a block
>FMM support

QQBiC




Future Perspectives of MD machine

B Single-chip system
> Multichip Modules using 2.5D technology

>>1/16 of the MDGRAPE-4 system can be embedded into a
single module with 11nm process

> For typical simulation system it will be the most convenient
> Still network is necessary inside SoC

B For further performance improvement
> # of operations / step / 20Katom ~ 10°
> # of arithmetic units in system ~ 108 /Pflops
Exascale means “Flash” (one-path) calculation
> More specialization is required

QQBiC
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TOP500 Average Power Efficiency

10000 1,000
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B Pro : Exponential Growth
B Con: Growth speed slower than performance growth
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Dilemma in power performance

M arger systems require better power
performance
M For better power performance
> Lower operational frequency
>More arithmetic units

B These make “real efficiencies” of
massively-parallel systems lower

QQBiC



Importance of strong scaling

Not only for MD

B Fine-grain parallelization
>Hardware & software support

>May decrease power efficiency & nominal
peak performance

M Data flow computing
B Network-driven computing

B |_arge-scale Artificial Neural Network

QQBiC



Programming models for fine-grain parallel
operations

HmErlang

> messageik{S/receive
>R 7 K L R ZE/

B Future / Promise

> http://en.wikipedia.org/wiki/Futures_and_promises
> C++11, Java/Scala etc.

> Future CREED TF#, - =T7HS

> Promise CRAIDIER - 5T 7@

> Promise pipelining |C & 21815 D HI

QQBiC
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