[IRANRNDBEBICREDHPCEAIDRES |

H{EFMEM STRENFARTS Y-

-k

/N

] B&

14 3

XERFEE RKAMRIOFERBEE - RREIEIERCETEIT—-F>I I T
20181108




20 18 4/ 1 J:Dﬂﬁﬁ"l‘%ﬂi:ﬁtjg—ﬁk

IB{LZEHAFTPR StERFEHAFRE Y —

(R-CCS)

STEHORE d%(«.d:%ﬂq—
' = Fanfl=, X
DSEPOFE-VIRDTT -8B | K- BT t%AT B@E,E(LE%“—“
A, EvIT—4 - AlREAN b EEREDORELEDOSV\FRLIHD
DO eEEIRTIFLELRE. #Bar | HREARICRSZEDTERAL,
iR — X B EteestE DA | ERAFRPICAMARZ [R] R

BICK T DR = HEE AN [FR] ZRHWTHEE
- . A Y,
JERS ORI, KF. DEDHIRE OBHEBICIA |
N_— e </

HRPHS bYITHRREFI—ERBHAEND

EFREVE [ETEDIZHDEFE] DHDHS




MA MMIR] ~The Game Changer~
1.3 - THAUICELDIRIESRFHMSSZTAL—23 > TOEAE
o 7 TVUICHBITIEEEME | RELB TERAR100EU _EDMEER _E

OER - BATFIRAAICHITDIZ < ORIEM A REIH D% R - HATF
oEMREDEME. BHRATOIS I - SXRAMOmIL
2. RANFR/A64fx DEFTl=BIRMAIN—>3> I >BBRETRLS
oFVvIHBODEEEIHEE (EEXT)—=>FZATYU/\>RIE) NSELAOITOFTIJ OS5 —
CPUFWTEEAI T, Z<MHPC & Society5.07 U THRERCPUEUSDIHEE THEHEHRZY—R

omVWAEN - JVU—-1%RE
[ND— )T 1SCAENFAMEE A, FLACPUTIHHER MNITLAINOE IR
OArmMI IO ATAIDFER
FRIB0ERELEEINIArMIOTYYOinS 7y ML
59 RCHBREBNES. SEIRREDOSVEDTO—/NLAF>45—R1E

] o Ab64fx
©Society5.07J UNDRER ARM éfﬁﬁ%’f\ﬁgﬁgﬁ_ﬁ\ oy
HPC, Ew/7—4, AL, CAE/EDA. JRtRI>E1-5t+1U71- EARTaS AT s

TOWIF1— S REGTIVCHUNT, GPUICTRNT BIEEEAFIBS 3L 3.
Society 5.0\ S=alL—>3> - EvOF—H - AIDIE
B(COTIREEDA> TS, BIOETE U TCTHEEHRICEAENE




IRA MR EBFBT-THL1>

SATLET TV —23> DA R RF
Fi% (Co-design)

[ETRICXDRFE] [ETEDORIF]
-BROREE VIV —2a REVTRER
. B R IRV~ BOIDDEHFED Fufirsy
R B - RIFEREREETE A6 4fx
77 el
Post-K

27TV —23> &7TV flﬁ!\ {ic )] 1117 O
DIRRIZETELEORE S XFLAsET. RUZEN
Z=—mit - e ([SBULIZ7T Y DOt

o HIACCS(IHAICS)LHFEESR, MU ERFREHEDOER MR FHFEEF!

o 1-FHAUICLDZLDT7IVNS59 DDRRMBIF—-FYNFIVT—>3> ID=ETE
o IBMDHI—-IYIFIVT, J-THAODFER, RELBUT100EL EDTEEER E
e JOVSZVVESVENRZ DML - BVENMEEEREDRMTMRES




1. BVAEBUNY RIRICEDHPCZI VD REETERE

PostK Proc: HBM?2

o BADAYFI—IN5, BLOHPCFIUT—3aVZAEUEE )56GB/s x 4
o RANR : FIBRER>FY—4. DOE ECP ROFY—7 : _
o XEUIVNI-SOES-Zom: | M| (o, |
o \MIYKXeonltBTRA NRTORYH D EBMXEUNYRIE /7 LW
. Xeon: 6~8F >/l DDR4, ~100GB/s (STREAM) [ L i il JTE):
o RZAREL: 4 Stack HBM2 2Ghz, 1TB/s(Z<v%), Tl LT M
~840GB/s (STREAM) STl U T

o CPULL THFHIDIRA. /N> ME-L—F>3 - Jb—L>3agnR

TRl TR MNTISAOXAEYIY MO-505%5 Skylake Xeon
o - \MI>RdDIntel Xeon Platinum LET. 5HET265, A 6ch DDR4 2666
EUTIEISEDIERE, IERICAHE 21.3GB/s x 6 / chip

o Volta GPUJZADEREPE I ERELE
o XEVEIDDEREAL : BEFECHBMZMNIL A UTZDTIEARL
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Summit/GPU Volta GV100%*?2 7.8 Tflops 855 GB/sec 65.2 % 13.889 GFlops/Watt 4.2 GB/sec*3
DGX-1 SaturnV Volta,/GPU Tesla V100* 2 7.8 Tflops 855 GB/sec 58.8 % 15.113 GFlops/Watt 6.3 GB/sec*3
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Performance FUJiTSU

B A64FX boosts performance up by microarchitectural enhancements,
512-bit wide SIMD, HBM2 and process technology

« > 2.5x faster in HPC/AI benchmarks than SPARCG64 XIfX (Fujitsu's previous HPC CPU)

* The results are based on the Fujitsu compiler optimized for our microarchitecture and SVE
AB64FX Benchmark Kernel Performance (Preliminary results)

8
Throughput HPC Application | Al 9.4x
(DGEMM / Stream) el |
|
6 , I
o&s Memory BIW 512-bitSIMD | | Combined L1$BW L2$ B/W INT8
- X g . Gather | dot product
O < n
NOoo |4 |
g OFf
£ g:: 4 |
S a x 3.4x \|\’
Z0n= 830 |
2 2.5TF 2.5x
! GBls | |
(>90%) (>80%) | :
- N BN N i
) | |
DGEMM Stream Fluid Atomosphere Seismic wave Convolution  Convolution
] I Triad dynamics propagation FP32 Low Precision
Baseline FX100 (%parc 64 fxIX) (Estimated)
But how fast is that c.f. Xeon? Baseline: SPARC64 Xifx ( PRIMEHPC FX100)

14 All Rights Reserved. Copyright © FUJITSU LIMITED 2018



NAS Parallel Benchmark of FX100;.,

[Slide by Ikuo Miyoshi, Fujitsu, SSKen2015]
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Note: Haswell:
1 node = 2 chips MG SP FT LU IS BT CG EP
32 threads&cores LERTE| ADSHE | BEGBRT | A9 | BH%y-+ \TOVDZE| CGE |EEMIL
FX100: 1 node = AV |[7-UTER| 4TI EAYVIVIN | =%
1 chip sFx1D(162LYE)  ®FX100@B2ALvE)  ®Haswell(32A Ly k)t
32 threads&cores T I5—N—[FCPURAK#%ELIGHZICEAE LB IMEEDHREERT

FX100(% . FX10ttFE1593.94% . Haswelltb 1.3/ — Fhi=DE & 1 g

% F J— F: NAS Parallel Benchmarks Ver. 3.3.1 OpenMPhiz D5 AC

9 Copyright 2015 FUJITSU LIMITED




An Overview of Post-K Hardware oS

e Compute Node, Compute + I/0 Node
connected by 6D mesh/torus Interconnect

e 3-level hierarchical storage system
o 15t Layer
. Cache for global file system
« Temporary file systems

- Local file system for compute node

- Shared file system for a job
o 2Nd Layer
. Lustre-based global file system
e 3™ Layer
. Storage for archive
e >100,000 nodes

e Approaching 10 million
@ CPU cores

20018/6/26



W 800mm
D1400mm
H2000mm
384 nodes

Post-K Chassis, PCB (W/DLC), and A64fx CPU Package FUJITSU

. 230 mm R
/ FUjiTsu
A64fx 60
CPU mm
280
mm v
60 '
mm
CPU Package
4-\0 Chip Booted in June
CMU

Undergoing Tests

FUJITSU CONFIDENTIAL

B0 underway

Copyright 2018 FUJITSU LIMITED



2. ARM H—/)\&HPC IO ATLDFEE
o FFEDIOVHODEES : x86 3{&{E vs. ARM 30{Z1E

o Y—N\FYIDN\-RII7ZIISRATADWHEL SEIFRIZ(CSVE (Scalable
_ j ~ _ Vector Extension)Z 5%
e Cavium: 2018F5H(CRERDEEZFRER O TIRE - R,
. Competition: InteI(:S@‘@“?Secondary Choice = UL ARM VBDIERT
« Sustainability: ARM RX>A—-MDSecondary choice O77A4J)LCHD. v9T
o U—)IR>A—-DI=vh : HPE, Cray, Fujitsu (248325313 ENEER

o ATY—/39IRMIZVD : Microsoft, Google, etc. 7051 hOBRD

o HPCYTMNITPIIYRTADWEL A Al oS
o K[E : DoE Sandia/Los Alamos NL, NERSC I7IRRIZT—RAN
o XX : European Exascale, CEA(1L), BSC(#&), EPCCRBristol (32)

o F[FE : NUDT-Tianhe 3. LiBXEKF
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An Overview of Post-K HPC System Software Stack

Easy of use is one of our KPIs (Key Performance Indicators)

Providing wide range of Linux Distribution
applications/tools/libraries/compilers Eco-System

Fortran, C/C++, OpenMP, Java, ...

Batch Job System

Math libraries
Hierarchical File System

Tuning and Debugging Tools

Parallel File System

Parallel Programming Environments

XMP, FDPS, ... Communication| Application-oriented
MPI File /0
File I/O for
Proce;slll;l'hread Low Level Communication Hierarchical Storage | | . .
LLIO

Multi-Kernel System: Linux and light-weight kernel (McKernel)

Armv8 + SVE

14
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https://hyperionresearch.com/
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Large Scale simulation and AI coming together
[Ichimura et. al. Univ. of Tokyo, IEEE/ACM SC17 Best Poster

2018 ACM Gordon Bell Prize Finalist]
130 billion freedom

earthquake of entire Tokyo
on K-Computer (ACM
Gordon Bell Prize Finalist,
SC16,17 Best Poster)

Soft So- s <toom
» Candidate Candidate

nderground A] Trained by Simulation  Undergrounc

Structure 1 Structure 2

to generate candidate

Earthquake TOO Many |nstances SOft SO” structure



4 Layers of Parallelism in DNN Training

* Hyper Parameter Search
* Searching optimal network configs & parameters
e Parallel search, massive parallelism required

e Data Parallelism O SE- —
R X
* Copy the network to compute nodes, feed different batch data, — »gg:»:‘%gg G
Inter-Node | average => network reduction bound — :E{::eftgjtf{::ét. >
— SN VSN I—>
 TOFU: Extremely strong reduction, x6 EDR Infiniband S SRS - >
* Model Parallelism (domain decomposition)

'R >

* Split and parallelize the layer calculations in propagation 4
* Low latency required (bad for GPU) -> strong latency tolerant  — ;f:gf; —

cores + low latency TOFU petwork ' X '

mmmmsS ST Smsmmsmsmmmmmmmmmm T . S l 5
* Intra-Chip ILP, Vector and other low level Parallelism N .

* Parallelize the convolution operations etc.

* SVE FP16+INT8 vectorization support + extremely high memory Massive amount of
bandwidth w/HBM?2 .
Intra-Node total parallelism,
o only possible via
* Post-K could become world’s biggest & fastest platform .
supercomputing 20

for DNN training!
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