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History and Missions

B History B Missions of Cyberscience Center

1969 Foundation « Offering leading-edge computing environments
3 to academic users nationwide in Japan
B 5_1 : « 24/7 service of NEC SX-ACE (until July 2020)

1 P - 1,556 users (as of March 2020) ‘
1989 NECSX-2 — « User supports
-,

« Benchmarking, analyzing, and tuning users’ programs

Computer Center

1994 NEC 5X-3 J,UU]/) » Presenting seminar.s and lectures on supercomputing
s necses gl « R&D Qn supercomputmg
* Joint research projects with users and NEC on HPC

2001 Reorganization

2003 » Designing next-generation high-performance

computing systems and their applications for highly-

Info. Synergy

2008 Reorganization productive supercomputing
NEC SX-9 Z== .
f * Education
3 2015 NEC SX-ACE « Teaching and supervising BS, MS and Ph.D. Students
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Various Scientific Simulations

Perpendicular Magnetic Nano Material Design

Turbine Design Recording Medium Design

Next-Generation SuperSonic
Transport

Recording Film
(Grain Diameter,
Magnetization,
Anisotropy)

Antenna Analysis

\
Magnetic Flux

Next-Generation CFD Analysis

=

Ozone-hole Analysis
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History of Our Supercomputers

—— — — SX-ACE Feb 2015~
SX-9 (Mar. 2008~) <

system < > <

Express 5800 (Apr. 2010~) < > — = LX 406Re2 (Apr. 2014 ~)
Building Construction
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Heavily Used Even Today
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System Configuration

Subsystem AOBA-A 2" generation
- .

NEC SX-Aurora TSUBASA B401-8 x 72

NEC Vector Engine Type 20B x 8

i

-
AMD EPYC 7402P x 1 * 1

—

Node Performance

Vector Engine Core x 8

- Comp. : 20.7 TF HBM2 Module x 6
s - Mem size : 640 GB
\_ - Mem BW : 12.4 TB/s

NEC LX 406Rz-2 x 68

/( AMD EPYC 7702P x 2

- Node Performance 35 35
- Comp. : 4.1TF
Y,

- Mem size : 256 GB
- Mem BW : 0.41 TB/s

Overall System Performance: 1.78 Pflop/s, 924 TB/s

NEC Aurora Forum@SC20
Cyberscience
Center



Standard SW + Special HW

Linux ) Vector processor

: corex8
e d o TTTT R
I EEEER

Vector Host (VH) Vector E

$ gcc matmul.c -o matmul
$ ./matmul

gine (VE)

$ ncc matmul.c -o matmul
@ NEC Aurora $ ./matmu1
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SX’s DNA

= Memory BW a SX Memory BW

Every generation of SX-series processors has provided

a much higher memory bandwidth than standard

processors of those days. o 9
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Xeon (DDR4-3200*6) vs SX-Aurora2 (HBM2E*6)
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Evaluation Setup

SX- SX-AT | SX-AT | SX-AT | EPYC | Xeon | Xeon
ACE 10B 10AE | 20B 7702 |6246 |6248

Core  Clock Freq. 4 1.58
[GHZ]

Peak Perf. 64 268 304 307 32 105 80
[Gflop/s]

Socket No. of Cores 4 8 8 8 04 12 20
Peak Perf. 256 2150 2433 2457 2048 1267 1600
[Gflop/s]

Mem BW 256 1228 1352 1536 204 140 140
[GB/s]

Node No. of Sockets 1 1 1 1 2 2 2
Peak Perf. 256 2150 2433 2457 4096 2534 3200
[Gflop/s]

System B/F 1 0.56 0.56 0.62 0.1 0.11 0.09
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HPL Performance

M HPL [Gflop/s] mmPeak [Gflop/s] -=—HPL [%]
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HPL Power Efficiency

M HPL [Gflop/s/W] ——HPL [%]
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HPCG Performance
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HPCG Power Efficiency

M HPCG [Gflop/s/W] ==HPCG [%]

Sustained Perf. / Peak Perf.
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Cyberscience
Center

Egawa et al. @PMBS20

HPCG & HPL on AOBA

(oB=

Subsystem AOBA-B

N —l e NEC LX 406Rz-2 x 68

Subsystem AOBA-A

NEC SX-Aurora TSUBASA B401-8 x 72

Node Performance

- Comp. : 41TF
- Mem size : 256 GB
-Mem BW : 0.41TB/s /

Node Performance

- Comp. : 20.7TF
- Mem size : 640 GB
-Mem BW : 12.4 TB/S)

[SX-Aurora) [AMD Rome 7702)
72VH(576VE) Peak 1415.6TF 68node Peak 278.5TF
HPL )

: 161.7TF (Efficiency 58.08%

HPL :1140.1TF (Efficiency 80.5%)

HPCG : 75.3TF (Efficiency 5.32%) HPCG : 2.55TF (Efficiency 0.92%)

2020/11/12 PMBS20 @ SC20 15



Key Applications

B FDTD-MAS (Konno et al. 2016)

* Analysis of noises on a PCB board

B Reflext_Array (Kasuga et al. 2005)

 Simulation of a reflect array

B Heat_Stroke (Kojima et al. 2018)
e Evaluation of the heat stroke risk

B Nano_Powder (Shigera et al. 2018)

 Simulation of generating silicon nanoparticles

B MHD (Fukazawa et al. 2016)

 Simulation of radiation band electrons around Jupiter

B Turbine (Yamamoto et al. 2011)
 Design of steam and gas turbines

B Multiphase_Fl (Yoshida 2020)

 Simulation of dust explosion phenomena

@ NEC Aurora Forum@SC20
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Application Summary

Vectorization | Ave Vec Len No. of No. of VEs
[%] Processes

99.3 2544 0. 31
HPCG 99.0 237.5 32 1 1.08
FDTD-MAS 99.6 252.7 1 1 E
Reflect_Array 98.8 216.1 8 1 3.74
Heat_Stroke 99.3 2142 160 20 1.87
Nano_Powder 98.9 255.1 37 32 2.40
MHD 99.6 249.6 32 133
Turbine 92.0 1755 159 20 252
Multiphase_FI 29.1 18.0 1 1 12.88

Vector-unfriendly
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Performance Evaluation Results

mSX-ACE mSX-AT 10B  m SX-AT 10AE SX-AT 20B
12

SX-ACE :V% = 99.407%, VL = 237.95
10 I % SX-AT  :V% = 99.632%, VL = 252.65

|
8 |
. SX-ACE :$ hit = 15.6%

SX-AT  :$ hit = 34.2%
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VH-VE Collaboration

B Vector Host Call (VHC)
 Offloading a non-vectorizable part from VE to VH

VH VE B Non-vectorizable ™ Vectorizable

) p— 2000

VE Only VH Only VHCall

VHC

Vectorizable

I | Execution Time [

Non-vectorizable Effect of assigning appropriate processor to appropriate task
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Vector Parallel System SX-Aurora TSUBASA
576VEs (72VHs), 1.48PFLOPS(DP), 45TB Memory, 895.68TB/s
)

V Y

» Start operation on October 1, 2020.

« The world’s first system of 2"d Generation
SX-Aurora TSUBASA
 Standard Software + Special Hardware
* High Memory Bandwidth

* Vector Engine Type 20B
- Higher B/F Rate = Higher Comp.&Power Efficiencies

Scalar Parellel System LX 406Rz-2
68nodes, 278.5TFLOPS(DP), 17TB Memory, 27 2TB/s
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HPCI Tier 2 sttems Roadmag ‘As of June 2020;

m

High performan
Fujitsu CX2550 M4, CX:
Fujitsu CX1640 M1, CX6!

= | COMA (PACS-IX) (1001 TF)

Hokkaido

Tohoku

Tsukuba
Tokyom

Tokyo Tech. wq

Nagoya W)

HITACHI SR16000/M1(172TF, 22TB)
Cloud System BS2000 (44TF, 14TB)

Data Science Cloud / Storage  HA8000 / WOS7000
(10TF, 1.96PB)

Fujitsu CX2550 M4, CX4!

I

480 M4 (3.08PF, 377TB) 35 PF (UCC +
D, RXZ540 i (024PF) CFL-M) 2MW

inter cloud

SX-ACE(707TF,160TB, 655TBs)
LX406(31TF), Storage(4PB), 3D Vis, 2MW

100+ PF
(CFL-DICFL-D)
~4 MW

~30PF ~15PB/s Mem BW (CFL -D/CFL-M) ~3MW
y 1.8PF, 0.5MW

AOBA

LX406RZ 2(278. 5TF) Storage(ZPB)

T PPX1
PACS(1166TF) 62TF)

Cygnus 2.4PF (TPF) 0.4MW PACS-XI 100PF (TPF)

| FujisuFX10 (OakleaflOakridge) (1.27PFlops, 1688, 460 TBJs),

/ Oakforest-PACS (QFP) 25 PF > Post OFP 100+ PF 4.5-6.0MW
| (UCC + TPF) 3.AMW (UCC + TPF)
. (Oa ridge-CX (UCC) 6.61 PF 0.95MW (ég[g;_ﬁ;
Reedbush-U/H: 1.92 PF (FAC)0.;N;\ivd(bizﬁfrjhl;l;l{iFZAOCZ)OéEzG’\);IWEKK‘C) )) | BDEC 60+ PF (FAC/UCC+ TPF) 3.5-4 5MW > oo

Hitachi SR16K/M1(54.9 TF, 10.9 Ti, 28.7 TBIs) p

TSUBAME 2.5

TSUBAME 3.0 (12.15 PF, 1.66 PHs) 0.OMW

TSUBAME 4.0 (60~100 PF, 6~10PB/s)

(5.7 PF, 110+ TB, 1160 TB/s), 1.4MW _ /

)

(UCC+TPF+CFL-D) 1.2~2.0MW

NEC SX-ACE NEC Express5800

 Fujitsu FX100 (2.9PF, 81 TiB) ) )
Fujlsu CX400 (774TF, 71TB) )| b >>> ~ROPF (FAC/UCC + CFL-M)  up to 3MW > AW >
2MW in total up to
e Cray XC40(5.5PF) + CS400(1.0PF) 20-40+ PF 80-150+ PF
e e > 1.83 MW (FAC/TPF + UCC) 1.5 MW (FACITPF +UCC) 2 MW
\

A\ ) 25.6 PB/s, 50-100Pflop/s

3.2PB/s,15~25Pflop/s, 1.0-1.5MW (CFL-M)

(423TF)  (224TF) |

OCTPUS 1.46BPF (UCC)

| (TPF)1.5-2.0MW

)i

OCTOPUS NEXT 5Pflop/s

AT i
Kyoto iy
Osaka T
Kyushu [

SR16000 (8.2TF, 6TB)

HA8000 (712TF, 242 TB)

FX10 (272.4TF, 36 TB)

Fujitsu PRIMERGY CX subsystem A +

B, 10.4 PF (UCC/TPF) 2.7MW

CX400 (966.2 TF, 183TB) FX10 (90.8TFLOPS) >

100+ PF ~3MW >

JAMSTEC sy

SX-ACE(1.3PF, 320TiB) 3MW

(FACITPF + UCCITPF)
~100PF, ~3MW

ISM

UV2000 (98TF,

/

128TiB) 0.3MW

2PF, 0.3MW

)
/

NEC Aurora F

Power is the maximum consumption including cooling

(o]

Now
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Outlook for System Updates

B Tflop/s W TB/s

100000 30Pflop/s?

15PB/s2

Jump!!!

10000

Step!!

Hop! [\
1000

100

Peak Performance [Tflop/s]
Memory Bandwidth [TB/s]

L AOBA-1.0 AOBA-1.5

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Year
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