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JCAHPC

= [2K Open Supercomputer Alliance

= Tsukuba, Tokyo, Kyoto D3KF(CKBDEBEART —F T O F v ICEDLKVILFIP
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= Vendor Schedule Driven = Technology Driven [C&K D R—/\—3 Y E 1 —55HED

ED

= AMD Opteron quad-core x 4 (16-core/node)
= InfiniBand or Myrinet x 4

« BR BADTOP4YY v, ENTL -2 4ilCS5>V P> (Jun.2008 TOP500)
(HRT(E16 - 20 - 34117)
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. 3/’2?7 I—XD3TEVY—DFMEIRRKOMERDAIFE) —RDRT Y 1 —)L7ZFDIE
a)HA(C
:I? L}??b\ L technology driven [C & 2 58& (ki
= Tsukuba, Tokyo M2KZ(IRDRT Y TE LTS5 BEEZ = JCAHPC
= JCAHP:OFP "B L7TcHD
= Technology Driven TXR1E{{ D many-core architecture ZX—XX(CO SR Y EBAITNIL K
Computer Z#8 3% 5 Z &EHVOJRE
» MEEUT, 2KZDFEEE TIFEL LY
= T2KK D381 7R alliance = YEZEE U HRBFEZE (HBEF(E post-T2K EIEENTLVE)
= K Computer ZIRW TCHBARSHEERDIIVRATLANRATERL
« Y—7 v kD technology = KNL (Knights Landing)
(EIFEA. Kyoto HEIUEAMICEB)
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EHREABR 7 —ERH & EHTE

(201549 AR )

JCAHPC

Hokkaldo

HITACHI SR16000/M1 (172TF, 22TB)
/ Data Science Cloud / Storage  HA8000 / WOS7000
(10TF, 1.96PB)

3.2 PF (UCC + CFL/M) 0.96MW

30 PF (UCC + >

g 0.3 PF (Cloud) 0.36MW ) CFL-M) 2MW
Toh Oku NEC SX- SX-ACE(707TF,160TB, 655TB/s) ~30PF, ~30PB/s Mem BW (CFL-D/CFL-M)
ofts LX406e(31TF), Storage(4PB), 3D Vis, 2MW ~3MW
HA-PACS (1166 TF) )| PACS-X 5PF (TPF) 2MW )
Tsukuba % COMA (PACS-IX) (1001 TF)
Post Open Supercomputer 20-25 PF 100+ PF 4.5MW
To kyo n Fujitsu FX10 [ ini Post T2K 1.5 PF(( C%)JrOTPlE)IV\‘I1 MY (UcC+ TFF) 200+ PF
= ujitsu _ . +
g _* Hitachi SR16K/M1 (54.9 TF, 10.9 TiB, 26.7 T 50+ PF (FAC) 3.5MW (FAC) 6.5MW
. /“ TSUBAME 2.5 (5.7 PF, TSUBAMQE 2;1535-&@%
To kyo Tech. §  SUALALALLE ~TSUBAME 3.0 (15-20 PF, 4~6PBls) 2.0MW TSUBAME 4.0 (100+ PF, >
' (357 v 7Y L—F I 4£%3:520181=40PF) >10PB/s, ~2.0MW)
Nagoya wa OO T Fujitsu CX400 (774TF, 71TB) y| 30+ PF (FAC/UCC + CFL-M) %ffJUPCFC+CFL>
SGI UV2000 (24TF, 20TiB) 2MW in total up to 4MW myp to 4AMW
Kyoto 'mENER "™ oo 7-8 PF(FAC/TPF + UCC) 50-100+ PF
_ | Cray XC30 (584TF) ) 1.5 MW (FAC/TPF + UCC) 1.8-2.4 MW
Osaka = NEC SX-ACE NEC Express5800 \ 3.2PB/s, 5-10Pflop/s, 1.0-1.5MW (CFL-M) ) B
< (423TF)  (224TF) | 0.7-1PF (UCC) > 20wa
HAB000 (712TF, 242 TB)
ﬂ‘ SR16000 (8.2TF, 6TB) o nssuns 15-20 PF (UCC/TPF) 2 6MW > 100-150 PF
KYUShU ' FX10 (272.4TF, 36 TB) 4-UNVIVV EX10 0 (FAC/TPF + UCC/TPF)3mw
CX400 (966.2 TF, 183TB)
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JCAHPC
EHDE LA

= technology driven TH3dEWS Z &(E. ZD technology hZICE P AELETET
<NEZFNEVEFRLWEWSZ &

= technology ZRF5ERH5...
» SRBEE (CFI) £TRMARRFFIBIZICTOEAFDRIFAFRZHE—LU. WKWKHEBFEEZT SIS (C
s FDE., BIROBBICKD2ERBZRTCERIBEE (CFR., tHREBRE) Z=FE1T
= JCAHPC&E U Tl KREHEFEE
s 2016FE(CIYRTLABATEZBONIISE,. AL (CFP) A
= B 1BICKDEMN
a 2016108 ICYRTFLABAERE. 12AHNS 7Y RTF ATORENER %A
= TOP500 Nov. 2016 (C 2%
] *_E\JQ\\
« FEYIN?
1FESSVEZRLD, BB, FANEZTLE (Oakforest) & FRAIGHEIDPACSZEEHET
» RULBRIIKK? o FTEIEREE, DDOHHPHhT
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Oakforest-PACS (OFP)

= 2016128 185@F%
= 8,208 Intel Xeon/Phi (KNL), E—214£8E25PFLOPS
. ELENER
=« TOP 50080 6fi (EAR1fL) , HPCG 3fi (BEA2i1)
» RIEiRIEBIHPC EAEHEEE(JCAHPC: Joint Center for

Advanced High Performance Computing)
» RRARPEHREBECLYY—
= FURAFHERZHE LYY —
s RRAZHEFT v VI (RORRAKZBEHREB LYY —AIC. @RI DS
ENPOLERODTEKFITDIR—/N—DI V21—V RTLAZHREL, =
FTinDRKFESHESTEERZRBE - ES I 57.HOHEE

= http://jcahpc.jp

JCAHPC
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JCAHPC
TOP500 list on Nov. 2016 (#48)

MPP (Sunway,

TaihuLight, NSCW SW26010) China 93,014.6 125,435.9 6051.3

Tianhe-2

(MilkyWay-2), Cluster (NUDT, CPU +

NSCG KNC) China 33,862.7 54,902.4 1901.5
MPP (Cray, XK7: CPU

Titan, ORNL + GPU) United States 17,590.0 27,112.5 2142.8
MPP (IBM,

Sequoia, LLNL BlueGene/Q) United States 17,173. S 2176.6
MPP (Cray, XC40: Cori (50.2%)%* E[E%

Cori, NERSC-LBNL KNL) United States 14,014. 54.2% MDHPL%HE ?7??

Oakforest-PACS,

JCAHPC Cluster (Fujitsu, KNL) Japan 13,554.6 25,004.9 4985.1

K Computer, RIKEN

AICS MPP (Fujitsu) Japan 10,510.0 11,280.4 830.2
MPP (Cray, XC50:

Piz Daint, CSCS CPU + GPU) Switzerland 9,779.0 15,988.0 7453.5
MPP (IBM,

Mira, ANL BlueGene/Q) United States 8,586.6 10,066.3 2176.6

Trinity, NNSA/

LABNL/SNL MPP (Cray, XC40: KNL) United States 8,100.9 11,078.9 1913.7

JCAHPC+=+—(OFP# T) 8
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=< JCAHPC
Oakforest-PACS (OFP)

- E—21%8E25 PFLOPS
« 8208 KNL CPUs
« OmniPathiZ &k 4FBB Fat-Tree
« HPL 13.55 PFLOPS
2016/11:
E RN 14L
R FE 64
« HPCG 0.385PFLOPS
(2.8% of HPL)
2016/11: A EI1{L
* Green500
2016/11: tHFEFE 641
« 10500 (best throughput)
2017/11: HEFE 14

PACS
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N \ JCAHPC
e/ —REVv—Y

Chassis with 8 nodes, 2U size
(Fujitsu PRIMERGY CX600 M1)

Computation node (Fujitsu PRIMERGY CX1640 M1)
with single chip Intel Xeon Phi (Knights Landing, 3+TFLOPS)
and Intel Omni-Path Architecture card (100Gbps)
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JCAHPC

Oakforest-PACS®D 3 2 F Ik

Total peak performance

Total number of compute nodes

Compute Product

node
Processor
Memory  MCDRAM

DDR4

Inter- Product

connect | jnk speed
Topology

Login Product

node # of servers
Processor
Memory

25 PFLOPS
8,208

Fujitsu Next-generation PRIMERGY server for HPC
(PRIMERGY CX1640 M1)

Intel® Xeon Phi™
(Code name: Knights Landing), 68 cores

16 GB, > 400 GB/sec (effective rate)

96 GB, 115.2 GB/sec (DDR4-2400 x 6ch, peak rate)
Intel® Omni-Path Architecture

100 Gbps

Fat-tree with (completely) full-bisection bandwidth

Fujitsu PRIMERGY RX2530 M2 server

20

Intel Xeon E5-2690v4 (2.6 GHz 14 core x 2 socket)
256 GB, 153 GB/sec (DDR4-2400 x 4ch x 2 socket)

2022/05/27  JCAHPCt=+—(OFP#T)



JCAHPC
Oakforest-PACSDI/Oft#x

Parallel File Type Lustre File System
System Total Capacity 26.2 PB
Meta Product DataDirect Networks MDS server +
data SFA7700X
# of MDS 4 servers x 3 set
MDT 7.7 TB (SAS SSD) x 3 set
Object  Product DataDirect Networks ES14K
storage 4 of 0SS 10 (20)
(Nodes)
Aggregate BW 500 GB/sec
Fast File Type Burst Buffer, Infinite Memory Engine (by
Cache DDN)
System : : . .
Total capacity 940 TB (NVMe SSD, including parity data by
erasure coding)
Product DataDirect Networks IME14K
# of servers (Nodes) 25 (50)
Aggregate BW 1,560 GB/sec

JCAHPCt=+—(OFP#£T)
2022/05/27



14

—~>< JCAHPC

Intel® Omni-Path Architecture(C &5
2)LI\1 o3\ ReDBEGEH

e y
’ 12 of E

&= 768 port Director Switch= =&
& (Source by Intel) ;@i

Compute
Nodes

Login Nodes 20
Parallel FS 64
IME 200
Mgmt, etc. 8

2022/05/27  JCAHPCt3+— (OFP#T) L
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Compute Nodes: 25 PFlops

Fujitsu PRIMERGY CX1640 M1
7 x 8 node inside CX600 M1 (2U)

CPU: Intel Xeon Phi 7250
(KNL 68 core, 1.4 GHz)
Mem: 16 GB (MCDRAM,
490 GB/sec, effective)
+ 96 GB (DDR4-2400, 115.2 GB/sec)

X 8,208

g

Omni-Path Architecture (100 Gbps), Full-bisection BW Fat-tree

File Cache System
940TB

Lustre Filesystem 500 /s
DDN SFA14KE x10

Parallel File System
26.2 PB

]

Login Node x20

Login
node

Login
node

)

U. Tokyo
users

U. Tsukuba
users

JCAHPC



JCAHPC
Oakforest-PACS D 434

EICimMHPCEAF X Z—277CPUD T A

 BOTEWIESE (/—KA, /—KB) ZFDOHPCZ U —Y 3 VYHEESY—4 v ~ (3TFLOPS)
s BELRF1—ZVTCKDMEEEKIICHE OIS

« AHAT00 S LBIEDSTSE (OpenMP+MPI)

RO S HEER T 5 S 8% full-bisection/ VY K18 TE(qE

s 100GbpsD V) v U RE

s V3TRTIV21—-35(1C&D/—REBEDBHEHNSL)

n J—RAUBICHDDSTETDIT7AILESRICT VL RAOTEE

» BEHNPTUT -3V EB5(CETOIRE

SHEELIN T 7 IV RTLAEIN—-RA NNV D 7

= Lustrelc K255 - S4EEE77 2 2R (500GB/s)

s 770 F vy (N\=ARN\Y D7) [C&DITB/sBZDBERER7 IR
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JCAHPC

(e

AT
= 2016/12~2017/3 SEREMR (BE)
« YRTLALZEBTEHFT VD
« HEEE - MEREDTESR
« (R KIB|EHPCF v L VY : GBP
= 2017/4~ NFAER
« HPCI, EXZO@EFERTOT S A
« BRI —HICEL>TEFZITFa2—ZVIHEE
» AREACTEBZBALIIN—TEI vV TRY—K
(RHLF. AYESE)
s AERDOAVTFYVRBICKIEEHPCF v LYY E L THAERDE R S
B
= BRENRR
« EBREIER (XVTFVR, BFEFZR) | FEI(FIF100%
= FIFAEK : 50~80%T2E (FHAIC K B)
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p— (N\Y
= |

(1l
—
L

1B : KNLD X7

[ | >(:E U :E_ I\\\

= Cache:Flat = 50:50 (4096+4096 nodes)

» FERHOEZR(ICIHU TCTARMUTER

« AT VY RTCache:FlatD LR ZFE P CENER T D EZ5TE L TLVE

s J—ROUT =D FRIDEEADINDE, RYNDT—DVDLEBEDTZHRIZED
» KIRIEY 3T (FAR2048./ —K) HhBEFATEE

« XEUE—RDOBREHD. UY—RFERDEHL L

« F2—AVJDBBEICHIR (fair sharez3E1T L TLVEW)

« FMAXROIHIRAERBZDTIE? > S SI(CEMN - AEZH(T
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JCAHPC
Oakforest-PACS Y 2 D x 7

s OS: Red Hat Enterprise Linux (O 1 > ./ —K).
CentOS & KU McKernel (5t8./ — K., t)&oJ§E
= McKernel: IBHAICS THAEPD X Z—27[(F0S
= LinUuXICHUEREE, - TO0TSLICEZDRERL
s RARRIVE2I—YICHEEBHNDIFE
= JYV)\A S : GCC, Intel Compiler, XcalableMP
= XcalableMP: IBFRAICS & R K CHRIARSPOWLINTOISI VIS

=h
oo

« CPFortran TR N/c I— RICIBRX ZNZ D Z & T, HED
%_L\:‘[UJ'U??"U’I—*‘/B)%'Fﬁ%(:?ﬂ%@“%ztb*‘?%%o
s D45 - PTUS—Y3Y: A—TIV-RYVYILDTT

= ppOpen-HPC, OpenFOAM, ABINIT-MP, PHASE system, FrontFlow/blue ,
LAPACK, ScalLAPACK, PETSc, METIS, SuperLU etc.

JCAHPCt=+—(OFP#£T)
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McKernels¥th : GeoFEM (University of Tokyo)

s ICCG with Additive Schwartz Domain Decomposition - weak scaling

= Up to 18% improvement Acknowledgement: Kengo Nakajima, University of
P P Tokyo, for providing GeoFEM. This result is on

Oakforest-PACS supercomputer, 25 PF in peak, at

JCAHPC organized by U. of Tsukuba and U. of

Tokvo

M Linux m IHK/McKernel

15

[EEY
o
|

U

Results using the same binary

to execution time)

Figure of merit (solved
problem size normalized

o
|

1024 2048 4096 8192 16k 32k 64k 128k
Number of physical cores

2022/05/27 JCAHPC=+—(OFP#&T)



McKernel3¥fh : CCS-QCD (University of Tsukuba)

= Lattice quantum chromodynamics code - weak scaling

= Up to 38% improvement Acknowledgement: Ken'ichi Ishikawa, Hiroshima
University, providing CCS-QCD. This result is on
Oakforest-PACS supercomputer, 25 PF in peak, at
JCAHPC organized by U. of Tsukuba and U. of

., 10000 | mLinux IHK/McKernel
S 8000
e
O 6000 - -
a
= 4000 - -
2 : ;
T 2000 Results using the same binary B
=
0 B [ [ [ [ [ [ [ |
1024204840968192 16k 32k 64k 128k
Number of physical cores
2022/05/27 JCAHPCt=7F—(OFP#T)
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SALMON (ex-ARTED) Weak scaling on OFP full system

Z

Hamiltonian performance
4096

2048
1024
512

256

N

o

o

|

|
Performance [TFLOPS]

. Higher is
Better

128
64
—o—Graphite
32
1024 8192 128 1024 8192
# of compute node # of compute node

22
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REO

OFPIEIEERICHENTWVWBRR—/\— V21— E UL T2016/11ICERZSEREZEZER U.
HPCIZ (F U E T DIREK - RRDKRR BB TOT S AICTFRAES N

BIBFHA(CNERSC Cori, :]RK Camphor, &5 (24 U3EN TKISTI Nurion, JtKPolaire’® &, KNLIC
FH D < technology driven system BV L7z

McKernel, XcalableMPE WS 72 AT AY 7 D PHFEISOFPOMRENXE. 7OV SV IR
BRELITTERRAZAN TRy (= TE&E) ) OERICHEDBH

RO - RBBEL—TFIFHEEF21—Z—V T Z KTV, LD/ D2I\D(EZFDED many-core
Flgaship THIEEICDEM o7

2018/08IC K Computer N ERFEILEUTHSDIFHX S WE HPCI F2EEOREFNHNYY V&
L CHPCIZX A 7=

ﬁi&ﬁ—?@%ﬁ%ﬁ%(:& DPERNREVRATLADEBEREVWSEERIXERZEICHRELEBS
JRTFALSEBANMEDS, ToO/0IWENEXZD

JCAHPCOfik#c = OFP2/\
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