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FBRFE7O7 SLTHERERBS®D

OBCX OE# FTH. BODIAEED

TY

\’

o HUEENDFTICH D OT T A
HATEWZFEAZEI—K, MPI + OpenMP (Xt

PO\ ¢&
16,384,000 fiiF 100 /=108 AT v HPHE

wOBCX 1./ —RKTZE{T, 104 A7 v 7IHh5h

n =5

a/ON



MPI + OpenMP
N7y Rif5l

OpenMP

= FEIRXEAICLDIFE
" 1 Z
L@ TRWA, /—KADH

0O 2 LD KIEHE

Pl

= 1BEOHTRNIETE

J — R FX AT

1ALy K, 170X

OBCX &8, (D CPU

= |ntel Xeon Platinum 8280 (Cascadelake)

1CPU=28 1)
OpenMP 7AL v R
xMPI1470tRX

Intel® Xeon®

CADDR4, Platinum 8280 JEl
(Cascade Lake, CLX) UPI

DDR4 2.7GHz, 28-Cores

2.419 TFLOPS P

DDR4 Soc. #0: 0t-27th cores

2933 MHz+ 6c¢h
140.8 GB/sec

Ultra Path Interconnect
10.4 GT/sec* 3

8t 2/—F
OpenMP 7AL v R
x MPl1670t X

Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
Soc. #1: 28t-55t cores

2933 MHz+ 6c¢h
140.8 GB/sec

= 124.8 GB/sec

Intel® Xeon® )

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

2.419 TFLOPS
Soc. #0: 0th-27th cores /

2933 MHz+ 6¢ch
140.8 GB/sec

4 Intel® Xeon®

Platinum 8280
(Cascade Lake, CLX)
2.7GHz, 28-Cores

Ultra Path Interconnect
104 GT/sec* 3

2.419 TFLOPS
\Soc. #1: 28th-55th cores

2933 MHz+ 6ch
140.8 GB/sec



RITHER

1/—FK, 56 7

(8 MPI x 7 OpenMP)

32,000 fiF 11.84 sec

o HiICWMWESTEE

RezBEDDE..

16,384,000 KF

= 11.84 sec x (16,384,000 / 32,000) x (108 / 104)
= 6.002 x 107 sec = 16389 hours

1 /—RN#aE—T

108 A7 w7

N—72 216400 / — REFEDLD

Array Use Information:

max of Nproc: 341003
max of celenum[cn]:
max of nnlmmax[n]:
average of cell list duration: 0.018844

Function Load
514.293sec

347.768sec

0.00851301sec

6.53144sec
3.96262sec

87.233sec
15.6167sec
53.7682sec
17.8437sec
67.4933secC
50.0715sec

0.358424sec

(67.6205%]
[0.00165529%]
[1.26998%]
[0.770499%]
(16.9617%.
[3.03654%
(10.4548%]
[3.46957%]
[13.1235%]
[9.73599%]
[0.0696925%]

(curr. 1im=341936)
(curr. 1im=62)
(curr. 1im=149)

force()

dist rand()

LFone()
LFtwo ()
comm_particles()

[array_sendrecv]
[comm_ispq]
[communicateparticles]

structclist()

[makennlist]
[recvindexsearch]

L ($92tv M)



104 A7
£7T 1/—NK, 56 17 (8 MPI x 7 OpenMP)

81‘%5’0” 32,000 ML 14.25 sec 5.3(Z
.~ 256,000 KiF 7143sec X -
81 t 6.6f%
A 2,048,000 KI-F 473.94sec - &
8fs 3 : 7.4715

A 16,384,000 fiiF 3522.3sec &
|

91 IRF ] 100277

= 10000 fFME = 4168
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R = 2/ — FRITERZHTE

16,384,000 [T, 104 AT v I U TEHA (8 MPI x 7 OpenMP)

1 /—NK 3522.26 seC " 4 gp (8 MPI x 7 OpenMP)

2 /—R 192947 sec & -., (8 MPI x 14 OpenMP)
“:. 1.81&
4 /— RN 1091.22 sec .. o~ (8 MPI x 28 OpenMP)
! ; 6.6f%
32 /—©hK 164.84 sec  &" ., 1 (64 MPI x 28 OpenMP) — 20H T108 step
256 / — K  40.1173 sec ‘.o':' 4.215 (512 MPI x 28 OpenMP) — 4H T108 step

F) BAULFZATVVERTIES /—FEXTUNFEITTEEIEEA

11



SHEMRERMBLICERULTHSD E, - o

104 ATy ICETZERETERE (AdI7&EUEEZTOHE)
Ts =3522.26 sec x 56 1.7 ~ 200000 sec.

m 256 /— K = 14436 A7 FARAULEDOEITER 40.1 sec ~5000 % =S,

B SEHRORAHNSHE

S — S — —
—S—_—— —.
+ (1 — a)T; » + 1+ a( 1)

a ~ 0.99987

SIERDETED S 5 1D99.987 % MiiF{k T TUV/:

12
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B 99.99 % DIELEREWVWSDIEEWEETIIN., TNTH100/ —RKRZ8BZ S
& DEDETERE ISREA

m COEFE. AIREA—T2Y —XDWH 7O 5L (OpenFOAM,
LAMMPS, Gromacs, etc... ) Z{EHI BIEEHRU T,

11
It

m GHERLEF TR, WHEICIHUXETY LA 7V MNDE. T—5 DEEH
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ERILBIEIR — GUIFRIRIE

— Ll E OED 0 — RBIFEIC AT SERUBE RIS (IDE) HYER
— GUIEETO— RERAN SR

Eclipse, Xcode (mac), Android Studio (android7” V), ....
Python IDE = JupyterLab (#f)

Qu
/11
P

Microsoft Visual Studio Code 7 'J—
Remote-SSH #EEH 2019 L DB
2N ETcoOFBLHERIC

https://marketplace.visualstudio.com/items?itemName=ms-

vscode-remote.vscode-remote-extensionpack o



Visual Studio Code — %o >O—~k

Jx 77 oU0YheSYoraO—R HLsRTEAE
https://code.visualstudio.com — Remote Development — Install

Extension. Remote Dave cpment

Al

§ code visualstudio.com
= Exlvnsion: Remole Devolopmenl %

| Wi Slandis Conine - Goce Fod ing  Rudel nescd

Remote Development ms-vscode-ramote vscooe-remate-extensionpack | irevew
| Visual Studio Code Docs  Updates Blog APl Extensions FAQ  Leam P Search Docs ( Microsoft <& 1,294,048 x4+ x1 Repository | Licanse | v0.20.0

~ i i ] 1 f { y e ‘- v . ~fver ' -
e T T | [ o e e e [ An extensicn pack that [ets you opan ary falder in a container, an a remote machine, or in WS5L and take advantage of vS Code's full feature set.

o
Inatall 33>

COde edltlng prornstals ‘ e . Extension Pack [3)
1 . ey e o Remote - WSL R - SSH Remote - Contai
Red efl n ed * ' GirLurs . onw 4 & Lex t o é O:?-J‘w folder in the Wirdo.. 'g — : @ OpTrTu:y [;l‘lp‘;;‘c:r:l'“:lr;‘wsilu;'y —

Cpen any folder on a remele .

- - - Micresaoft natall 1 Microsoft Inzzell Microsoht Iratall
Free. Built an open saurce. Kuns u'w.rl},'whs'ruz

Download Mac Universal
Stable Build

v

Visual Studio Code Remote Development Extension Pack

Betugdirtort

g your LY
1ot

LENQUAQD Sun ' The Remote Development exlension pack alloas you lo open any folder in a conlainer, on a remole machine, or n the ¥
£ Snde wou snme 1o I L S , ' ! é and take advanmage of VS Cnde's full leature set. Since thig lets you set up a (ull-tire development

anvironment anywhere, you can:

« Develop an the same opseraling system ywou deploy (0 or use larger, lastar, or more specilized hardware Lthan your local rmachine,
« Quickly swan hetwaen differant, lsolatad develnament emdronments and safaly make uprdates without worryirg about Impasting

Ints

Cnale 20417 DOoA0 XK D Gualy Ourvop |outaiygragd sibasy e Cl 2 Spewcd UNE F JmScin your lozal machira.
* Hclp new team members [ contributors gel productive quickly with casly spun up, consistent development conlainers,
+ Teke advantage cf a Linux based tool-chain right from the comfert of Windows from a full-faatursd development tool.

No source code needs ta be on your local machine to gain these benefits since Remote Davelopment runs cammands and extensions

direelly on the remoie machine.

. e . . - . Thiz Remote Development extenslon paak includas thmee extonsinns:
IntelliSense Run and Debug Built-in Git Extensions P pa

* R s - S5H - Wark with souree code In ary lozation hy apenirg falders ar a remeote machine/VM using SSH. Supperts 6 A
ARMNNVYZI [AArch32), and ARMYE| [AArchBd) glibc-based Linux, Windows 10/Server {13034), and macOsS 10.114 {Mojave) SSH hivete,

Wark wilh o sindhoxed loolzham or cantaines based aoolicalion by onening any foldes mounted into or




view > command palette > “remote-ssh” & AJ] — FEiR
BEfEJe tUVXYZ@obcex.cc.u-tokyo.ac.jp = AN

B ssh/config Z{E> TWBAIE. 1 VIN—KMTETEHNTI,

. Welcome — VScode

| @ EXPLORER | >remote-ssh]|

v VSCODE Explorer: Focus on Targets View
: Add New SSH Host...
: Connect Current Window to Host...
: Connect to Host..
: Help
: Kill Local Connection Server For Host...
: Kill VS Code Server on Host...
: Open SSH Configuration File...
: Report Issue...
: Settings
: Show Log

: Uninstall VS Code Server from Host...

Settings and keybindings
Recent

No recent folders

Install the settings and keyboard shortcuts of \

Color theme
Make the editor and your code look the way you love

Learn

Find and run all commands
Rapidly access and search commands from the Command Pal...



mailto:tUVXYZ@obcx.cc.u-tokyo.ac.jp

1—R7Ov 70 BFEHEREZIT, EENLPI KA >TUVET,

. tipdp.cpp — m46001 [SSH: obcx]
EXTENSIONS:.. VY O = - C' tipdp.cpp X = Extension: C/C++

fdps-tipdp > €' tip4p.cpp
1 #include <iostream>
' #include <fstream>
#inc lude <unistd.h>
#include <sys/stat.h>

@id:ms-vscode.cpptools

"
C/C++ 1.3.1
C/C++ IntelliSense, debugging, and ...
Microsoft Install

@ #include <particle simulator.hpp>

#include <string>
#include <vector>

#inc lude <water params.h>

#inc lude "unit.h"

#inc lude "constraint 4p.h"
#include "tip4p.h"

#inc lude " leapfrog.hpp"
#include "file 10.hpp"
#inc lude <mpl.h>

void makeQutputDirectory(charx);
void show_exectime(int);

static PS::F64 exec t[100]:;

const PS::F64 alphal[10] = {
0.19578,
0.0125143224110408,
-0.603493863454666,
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RRAFIEREBEE T Y—

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Supercomputers @ ITC/U.Tokyo -

Information Technology Center, The University of Tokyo
FY11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Oakpridge-CX
Intel Xeon CLX
6.6/l PFLOPS Post OFP 2

I | (JCAHPC)
TZHIEtng/o Oakforest-PACS (OFP) (JCAHPC)
Fujitsu, Intel Xeon Phi
140TF, 31.3|TB | J 25PFLOPS, 919.3TB

Oakleaf-FX: Fujitsu PRIMEHPC FX10, BDEC System

SPARCG64 IXfx Big Data & Extreme Computing
1.13 PFLOPS, 150 TB 30+ PFLOPS

soakbridge-FX Data Platform (DP/mdx)

Reedbush-U/H, HPE

Intel BDW + NVIDIA P100
1.93 PFLOPS

Reedbush-L HPE
1.43 PFLOPS 19




Now operating 3 Systems

2,600+ users (55+% from outside of U.Tokyo)

. Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))

— TN - 32

— 3.36 PF, 201647

« Oakbridge-CX (OBCX) (B8, Intel Xeon Platinum 8280, CLX)

1~ 202141
_ BHAITCHIDOGPUY AT 1y (201743

» QOakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
— JCAHPC (5l RCCS&ER

— 25 PF, TOP 5006 (2016£
— Omni-Path 7—F%577 3

1

KITC)
=11

1) (
-+, DDN IME (Burst Buffer)

L—> 3 Ve A—/\—C
IR (FE)
3 & D), DDN IME (Burst Buffer)

NI

— KEEBLHIZA—/)\—aAE 21—V AT A

— 6.61 PF, 201947

] ~ 2023%

3=

£1.368./ — KRMDAN128./ — RICSSD%EIBEH;

e 1—%

(FEZ )

iTc

RRAFIEREBEE T Y—

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO




RRAFIEREBEE T Y—

Oakfoest-PACS (OFP) (TRt e

2 x16 X4
Mcomﬂ MCDRAM\ 1x4 DMI' mcoram  mcDRAM
e T AT
£ /4

| |

RAHET Y /N\RIZHRE

HE/—F
1/—F6837, A=—27
Intel Xeon Phi
3TFLOPSx8,208/ — = 25 PFLOPS

AE!) (MCDRAM (&%, 16GB)
+DDR4 ({£3X, 96GB) )
/ — FELA{E
INRAE D a vy FigeERHD
Fat-Treerwy k7 —7%
Intel Omni-Path Architecture

Green 500 T £ H5R6{I (2016F118)

PCle .
(\Y/|
Gen 3 |

36 Tiles
connected by
2D Mesh
Interconnect

i
I ] : ,
Y| Y| yal| /
; MCDRAM MCDRAM MCDRAM MCDRAM
Package

wurmz22>I0 N D O O w
Owurmz22>»I0 » 2 O O w

~N',

v H1-Y120/—F
DEEERE
[EEMN 7O 5V TRtz RIE

21



NIOVERDAARNZA Y

- FOJSLDEBIELETH ?

SHEOEIAGE. S0

D¢

S U7 H U N TCOBCXTOENMER HE

-+ FETLEGHEERE (M—JYVE) ZHBELILLS

+ AEVDOREE, T—IDRFEREDISVWTIH?

=+ ES7TAVSLRBEDIATLTHEZEXIDL / AVWTHXIH?
SRIZR. DFBNER. ZOft

GPU (Wisteria-A, Reedbush)
X ——21 (Wisteria-O, OFP)
KNI RBA 5 (OBCX)

5
—
N

75 & DR,

DT — 7

= Y A=
— RIS LET

[TLLI}Y
ALE

=0 R
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GPUDFIAH

BGraphics Processing Unit
b EHE PC DIDHWEEADEE

m/\YVIVODESRE UTEESNTLS,
= BBV (TS B {ELN

23

23



GPUDFIAH

BGPU(XT 574 v O AT —LDBIRSTED & (SELZ#E (T TULV D,
BCPUND D PEH2-12BRZE(CXT U, GPUI 1000 ED I P H D,
BGPUZ—RD P TV T — 3V DOESRILICHIBT B &
'GPUOYE2—T 1Y% TGPGPU (General Purpose computation on GPU)}
BREEWDS,
m2007F ([CNVIDIAfLDCUDAS BN ) —RA=NTKELLERE
mr A —JS5—ZV0 (FEBFE) . ¥WFE. Al (ALXE) TIFH




GPUDF A
m/ZEGPUDMEDLNDDH ?

v ERES LY
v NVIDIA P100 (Reedbush-H) 5,304 GFlops
v'Intel Xeon Phi (Oaktorest-PACS) 3,046.4 GFlops
vEEENEL)
vZ)I\AV([CEHESNTWND
BV E 21— ICERRD TSI M—
vEBATEEETCEI. CPULNSDIERTHRE,
vCPUEGPURXEUDNERDIZH. XEURBIDT —FYBEETOITSIVIITINEND D
RS O/NS72I7 (10008 L) ZB&E. INZEBMITERT B IR HhE,
vCPURKRZEZRDD : Dl TR, /N4 TS5A4 VAIBRETET D, BRAIBEDER,
vGPU(FNS7@D T : CPUDFFDIEREDNE E A ETZVD <R,




Reedbush — NVIDIA Tesla P100

1. BELT—REED \

— K /
/ = PO /<X (PCle 72 &)

CPU GPU
~32GB/s
~20GB/s OSHEILVTLNDS / OSIEZFELLLY

'\ 3. HEREEET

~200GB/s ~1,000GB/s

TN R
X E Y

XA VXEY

mEtE(X0SDHBCPUNSLIBED
IR (IR DT INA AAXTEYU ET—Y D DOERD B




SBHEAFEDHFA—/\—OA>E1—5—
Wisteria/BDEC-01

CPU + GPU #/1
St Y —0D5%& 6 FREDflagship > X7 L

27



RRAFIEREBEE T Y—

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Supercomputers @ ITC/U.Tokyo -

Information Technology Center, The University of Tokyo
FY11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Oakpridge-CX
Intel Xeon CLX
6.6/l PFLOPS Post OFP 2

I | (JCAHPC)
TZHIEtng/o Oakforest-PACS (OFP) (JCAHPC)
Fujitsu, Intel Xeon Phi
140TF, 31.3|TB | J 25PFLOPS, 919.3TB

Oakleaf-FX: Fujitsu PRIMEHPC FX10, BDEC System

SPARCG64 IXfx Big Data & Extreme Computing
1.13 PFLOPS, 150 TB 30+ PFLOPS

soakbridge-FX Data Platform (DP/mdx)

Reedbush-U/H, HPE

Intel BDW + NVIDIA P100
1.93 PFLOPS

Reedbush-L HPE
1.43 PFLOPS 28




ERAZFDA—/)\—OE21—%F HE¥Ev>2/VX+MEI Fv 2 /0N

HEEF v/ R
) Oakforest-PACS
- Qakbridge-CX
‘ﬁ% YE—F 1Y

b o . U B S
Vo LE B SEE e o i

Bl Fviz

Nllica

HEP 1R

;'\ta:r-v:uix

SRIETL2RATLANOT R+ 2R
H1km%

=

BIF+ IR

Eamxmm

5Im 1COm

Wisteria/BDEC-01
mdx + E#=4fF ABCI

29



New system: Wisteria/BDEC-01

2021F5H1 4E|“ﬁﬁﬁaﬁ%%£
7ARE TR, BIAC & D BRI TRIATE

Fast File System

1PB, 1.0 TB/s
800 Gbps

Simulation Nodes: Data/Learning Nodes:

Odyssey Aquarius
Fujitsu/PRIMEHPC FX1000 360 NVIDIA A100/SXM GPUs
Arm A64F X processor 7680 nodes (on 45 nodes of Intel IceLake CPUs)

25.9PF, 7.8 PB/s 7.20 PF, 578.2 TBI/s

Shared File System 8/ /./—NKN

28 &HE 25.8 PB, 500 GB/s

30
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I\—l—l
I
=i
I
S
7. M
|
I 11
Jd0
a

=P
=X
540
[ ]
||

S PAWAN =
Xy hNTJ—27 kROY

AVYAXRT b

A A=A WA N =
J—KE&EES - AL —
Xy NJ—72 )X Nig

SHTER
T odyssey | Aquarus

25.9 PFLOPS 7.2 PFLOPS
7,680 (10x8x8x2x3x2) 45
240 TiIB 36.5 TIB
7.8 PB/s 578.2 TB/s
6D Mesh Torus Full-bisection BW
Fat Tree
Tofu-D InfiniBand HDR
13 TB/s 4.5 TB/s

InfiniBand HDR, 2.0 TB/s

32



Processor name

CPU #CPU (cores)
Frequency
Peak performance
Memory
GPU name
Peak performance
Memory

#GPU / node
A=K7 b~

GPU

External connection

/ — N1ERk

Odyssey

Fujitsu PRIMEHPC
FX1000

Fujitsu AG4FX

1 (48+2 or 4)
2.2 GHz
3.3 TFLOPS
32 GB, 1TB/s

Tofu-D

Fujitsu PRIMERGY GX257
(Succesor model)

Next Intel Xeon
lcelLake processor

2 (36 + 36 )
2.4GHz

5.93 TFlops
512 GB / 409.6 GB/s

NVIDIA A100 Tensorcore
19.5 TFlops (FP64 Tensor Core)
40 GB, 1.55 TB/s

8, NVswitch connected

InfiniBand HDR
(200 Gbps) x4

25 Gbps/node

33



Wisteria/BDEC-01 F+—/HR1 >~

Odyssey

S138 A64fx At w H & iE:

SIS R=INADA N

- BIETANY - BEHE - BTRE

Aquerius

T
RE 5

J—R&B=H 85 ®d NVIDIAA100 Tensorcore GPU =&

GPU 189 D ¢#l

JupyterLab D]

JIRIE

1 R]HE

HIREU X9

s, (E&&[ER) 48 core/ CPU
2 (/— K% 1024 GB/ #)
%_’T?"d: E‘L:tﬁh(’b

(7]

H

_5?:\ I/:_\E-I-45/_ I\\\

lmll

34



JupyterLab® | FB

 Wisteria TlupyterHubZFHE.

— BATOPythonIRIBHEELRE
— A—H T EIZAELT=Python
IRIFLFNATES
« SHE/—FLMDEE
— JupyterLabM S/ \YF 3T %
B{EICRATES(FE)
| pysub {T&H S I

-

T JUPYIEr  Untithed wees cwens

Jupytertr—s\

HTTON

35



GFLOPS(E—/t&ge) U-VFIHAHE(A) - EXRK

GFLOPS/W (Green 500)
*1: Fugaku, *2 NVIDIA DGX SuperPOD, TOP/Green 500@Nov. 2020

Svstem JPY/GFLOPS GFLOPS/W
y Small is Good Large is Good

Oakleaf-FX/Oakbridge-F X (Fujitsu)

(Fujitsu SPARC64 IXfx) 125 0.866
Reedbush-U (HPE) (Intel Xeon Broadwell (BDW)) 61.9 2.310
Reedbush-H (HPE) (Intel BDW+NVIDIA P100x2/node) 15.9 8.575
Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node) 13.4 10.167
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL) 16.5 4.986
Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake) 20.7 5.076
Wisteria-Odyssey (Fujitsu/Arm A64FX) 17.8 14.66"

Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8) 9.00 26.2072



— A R E

e Yk = G0,000H /E (1 ZFfE Odyssey 1 node Y 2= I(CtHZ)

BT/ KX

Wisteria- 2,304 nodes 8640 (=24x360)
L 2T1B / set
Odyssey = 110,592 cores (FE) / (node hours)
. . 2880
- 8 nodes
Wisteria o) (=24x120) 2TB / set
Aquarius =64 GPUs (T / (GPU hours)

ﬂiﬂ, / |\.E or GPUEEWﬁH MNERESRE / — RF AR &
BIRIIIN—LR—2 =08

https://www.cc.u-tokyo.ac. ip




BEREBE LY —OERZER TEWV LIS

J0BUTE i@l F2E08HE (RO 8ARKX)

» FEARIRRBEMEBHKEFA - XEAFTH RRE
BHEL Y- DOHEHRT, 2021FEIFIHZEERT

- HPCI :2%8 (RIST)
2021 FEE 7 D—H

BlCDOWT, REBE VY —DITEERT
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