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s Center for Computational Sciences (CCS)
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PACS& (& 7

FORARZICEWTC P TV T —Y 3 ViR THE - EAZRIT TCESLMLIEFTERK - R—/\—3Y
Ea—45070Vx0 K%

» 1992F DFTEYIBFAR LYY — (CCP) 5&IL = CP-PACS (PACS-VI), MPP, FffK+B3iL

» 2004FDSTERIZHR LYY — (CCS) DA

= PACS-CS (PACS-VII), HA-PACS (PACS-VIIl), COMA (PACS-XI), Cygnus (PACS-X)

EFHEEL+)IEBER (HBEFBiI) (C&D 'Tvro2070ySOWINNIBTZIPLOY I 2
L—Y 3 UDTERLD) OFEEL S8t v o070ty HMC6800%98, 2RTTA—S5 R
&6 UTPACS-ON R S NTc (1978%F)
PACS = Processor Array for Continuum Simulation
= 12 (C PAX (Processor Array eXperiment) (PAX-128H' 5)
= &= 5(ZCP-PACS = Computational Physics by Parallel Array Computer System
= &= 5(Z PACS-CS = Parallel Advanced Computer System for Computational Sciences
= &= 5(Z HA-PACS = Highly Accelerated Parallel Advanced system for Computational Sciences

HA-PACSD#, T[PACSIHAED) EWVWDSHRBZEEILE, O—VHFOBESZ@HEIBEL, YRT
ABIIIBIZICHIFRKDSICE > (VRTALAZYIOR—AIITITB)
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TLOEARZ(CHFDPACS (PAX) D —XFHEFEDRESE
m  1977:research started by T. Hoshino and T. Kawai
s 1978: PACS-9 (with 9 nodes) completed

s 1996: CP-PACS, the first vendor-made supercomputer at CCS, ranked as #1 in TOP500

1996 2006 2012~2013 2014 2019

1978 ond ge%f’&fcm 1989 6th gen: CP-PACS 7th gen: PACSCS 8th gen: GPU cluster HA-PACS 9th gen: COMA 10th gen: Cygnus
1st gen: PACS-9 - 5th gen, QCDPAX Ranked #1 in TOP500

i [

1978 PACS-9 7 KFLOPS

1980 PACS-32 500 KFLOPS = co-design by computer scientists

Lk ezt SO and computational scientists

1984 PAX-32] 3 MFLOPS toward “practically high speed

1989 QCDPAX 14 GFLOPS computer”

1996 CP-PACS 614 GFLOPS

5006 PACSCS 143 TFLOPS = Application-driven development
2012~13 HA-PACS 1.166 PFLOPS m Sustainable development

2014 COMA (PACS-IX) 1.001 PFLOPS experience

2019 Cygnus (PACS-X) 2.5 PFLOPS

AHeDD2019/IPAB2019@Kawasaki <@>

4
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=1 : PCOUSRAYDEA~PACS-CS (2006)

s 1996/11(CTOP500 #1.& 73 D 7=CP-PACS (HPL: 360GFLOPS)D#, LIX5< XK
B T AFEDNDH G CP-PACSZ10FT < &EFF
SH#1(CTIR D TEVY Y VILRRETIOP500E8 65D C & dah o7

s IEERNR—ADARI AT LAZELSVPKEAIEEZESTD?

s B (XPCP-PACSELDMPPREARE I KRFEFE TIEIATIRE

» PCUSRHYTIREY, =/2UL
= BEDYSRY TIFCPUMEERE : XTUIINVKRIE: v kD —2/)\Y RIGOLEERAE L
= CS (Computational Science)D7c® ([C(FHEE— I MAEER K D H /Y RBEK TEITRHERER
- HEREESHEE? (Myrineti2 & ?)

» Z{fi75GbEthernetZ3R 13, latencydk D HbandwidthZE iR < BLEE

= Single core CPU x 1, DDR memory, GbE x 8 (6 for computation, 2 for management)
s 6D GbET3XRITMDHXB (Hyper Crossbar Network)Z Y 7 |~ T £ (PM-Ethernet for 3D HXB)

S XK .
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Motherboard+chassis

<0

GbE NICs
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VIO RO I :SCoreDEA=2560 nodeS 2T ADTERK

CP-PACS C¥Z o 7=3-D HXB (Hyper Crossbar)=®R v |~
D—ODEE (PITVALEDIN—FT 1T
L) =EA
XY kD —2(3IEthernet’ZZDTY IO LD TP TD
W—FTaVT0%1T5
s SCoreZzEBAL, RYRD—DURSAI\THBPM%Z
3D-HXBFA (C1BEE
IN—FkDxT7(EB8iz, VIO PZEELEEL
SEENGRY v D
s SCore & PM-EthernetDEEFFTIIE @M —KULT
L\Te
« EMREREHIBI, 3D-HXBORBRHEE
3-DHXB[EXA w1 - =S R(GEVEN ZR > T
WT, /—KEDOIYvH—ICFEh o7
SCoreMEBEANZREICPCO S RY VY —I P AIC
hOA
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HA-PACS (2560 node), 2006

Hitachi + Fujitsu

16x16x10 3D-HXB with PM/SCore

Peak 14.3 TFLOPS

HPL 10.35 TFLOPS (#34 in TOP500, 2006/06)

s S5 e
f I’ '|\'.." )

Center for Computational Sciences, Univ. of Tsukuba



2% 2 . ¥)LF I P CPURF X ~T2K-Tsukuba

n UEK-EBK - RRKDPS5A47 VR (T2K) IC
EDOCHBERTRD I S RY DIEE
= AMD Opteron (quad-core) D EHA
= InfiniBand DDR x 4chan. [C &K & Full Bisection
Bandwidth Interconnect
= PACSY ) —X(CFEENTULVEL
= PACS (PAX) [IHAERAFEICEL DY RT LR
¥ - 2K - EH

= T2K-TsukubaldVPP-5000 CiE2 SN CL\Te R —
JS—2VE21—% - LYPILFEDRY (TA m
FERNEY Y~ > EFMBRA T 1 7Y T2K-Tsukuba (640 node), 2008
H—DR—)—IVE 21— FEAECCSICIBIT) Appro X3-Server, Opteron quad-core x 4/node
= Oakforest-PACSH [a)fk Peak 95.3 TFLOPS

. . - _ . HPL 76.46 TFLOPS (#20 in TOP500, 2008/06
. FURAE LTHH TABRYRTLAEEA (#201 /06)

= Appro + Cray Japan
= Mellanox, DDN
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2% 3 . GPUD:? 7\~HA-PACS

KIBHIRGPUBHKICE A, BREMEEER+7IE>
L —4 X0 — KR
HA-PACS = Highly Accelerated PACS (PACS-VIII)

= PCl gen3 x 40 lane Z¥#5&, LU /=Intel SandyBridge x 2C
NVIDIA M2090 (Fermi) GPUx4%= 7 )L\ Rig TH R —
~

= InfiniBand QDR x 2

ZF D#ILRERD & L TTCA (Tightly Coupled
Accelerator)& LN D FPGAZZ B0 U 7ZHA-PACS/TCAZZ
B, Green500 T3 %S (NVIDIA Kepler K40&
A)

= 3.5 GFLOPS/W (HPL ratio 76%)

= |vyBridge x 2

= TCA (Altera Stratix-V) interconnect for GPU direct comm.

9 2021/12/08 PCCC21

HA-PACS (268 node), 2012 e
Appro, Intel SDB, NVIDIA M2090

Peak 802TFLOPS

HPL 421.6 TFLOPS (#41 in TOP500, 2012/06)

Center for Computational Sciences, Univ. of Tsukuba
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Z% 4 : many-coreiE A ~COMA, Oakforest-PACS

= COMA (Cluster Of Many-core Architecture, gg";“} (393 nodes), 2014

PACS-| X) Peak 1001 TFLOPS
_ HPL 746 TFLOPS
= Intel KNC (Knights Corner) (#51 in TOP500 2014,/06)
s Xeon + KNC

s InfiniBand FDR

= Oakforest-PACS (JCAHPC with B8X)
= Intel KNL (Knights Landing)
= Intel OmniPath (OPA) x 4
= Linux + McKernel

= MICDRAM
= cache mode | flat mode

Oakforest-PACS (8208
hodes), 2016

Fujitsu, Intel KNL+OPA
Peak 25 PFLOPS

HPL 13.5 PFLOPS

(#6 in TOP500 2016/11)

10 2021/12/08  PCCC21 Center for Computational Sciences, Univ. of Tsukuba
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Cygnus (PACS-X)
GPUZITTIXHZERMICMRETELZNI—FET D (T LT —
JLRIRIIZ) IZFPGAZ IR A
= Multi-Hybrid Accelerating Supercomputer
CHARM concept (Cooperative Heterogeneous
Acceleration with Reconfigurable Muilti-devices)
NVIDIA Tesla V100 x4 + Intel Stratix10 FPGA (32 node®
)
FEYEI-RIZEWLWTGPUDHDIZE IR LERKRITE
Dr=s:I|«

The world first practical supercomputer with Multi-Hybrid (GPU +

FPGA) Accelerating Architecture: 320 GPUs (V100) + 64 FPGAs
(Stratix10) in 80 nodes

11 2021/12/08 PCCC21

Cygnus (81 nodes) + 4 nodes, 2019 (+2020)

NEC, NVIDIA V100 x4 + Intel Stratix10 x 2 (32 nodes)
Peak 2.5 PFLOPS
HPL 1.58 PFLOPS (#264 in TOP500 2019/06)

=

Center for Computational Sciences, Univ. of Tsukuba

<0 53 0

@™




CHARM: Cooperative Heterogeneous Acceleration with Reconfigurable Multi-devices

multi-physics/multi-scale Basic cluster with GPUs (by InfiniBand)
complicated problem \

( \

invoke GPU/FPGA kernsls

data transfer via PCle
invoked from FPGA)

FPGA
» PCle . o —
— --—---- - -=-== - -
Application oriented conmm- .

4

a

—
_—
_— e e e s s -

Structural

(%) #M e #h, “oneAPIIZ &k HFPGALGPUME & IEH INE |
T ) /r—a> %477, Intel FPGA Technology Day, 20224 FPGA Network
12F9H

~ _I — FPGA-FPGA communicatio —

100Gbps direct optical link
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GPU-only vs GPU-FPGA coworking on astrophysics simulation ARGOT

— Mesh size: 163_m Mesh size: 323 -

T or

. 12
25 ART '— et
T 2 u Others g ';_10 » Others
i ol £ -
§'° 17.4x speed-up 3 %
8
L o —
© L 10.2x speed-up
os o]
~ 2
0 T 0
ARGOT(CFU)  ARGOTIGPU)  ARGOTIGPU)  ARGOTIGPU) ARGOTICPU)  ARGOT(GPU)  ARGOT(GPU)  ARGOT(GPU)
ART(CPU) ART(GPL) ART(FPGA) ART(FPGA) ART(CPU) ART(GPU) ART(FPGA) ART(FPGA)
wo/ DMA w/ DMA wo/ DMA w/ DMA
80 5 800 3
~E Mesh size: 643, B Mesh size: 1283 .
g 80 Lol g and ART
- # Others = » Others
g 50 25
SE Y § 0
73 %“U 73 §6(lO
o] & 30 o Igaoo
o 2
2 200
& 2.84x speed-u @
o . S P P Ef .. 1.32x speed-up
—
“ 0
ARGOTICFU)  ARGOTIGPU)  ARGOTIGR))  ARGOTIGRU) ARGOT(CPU)  ARGOT(GPU)  ARGOT(GPU)  ARGOTIGRU)
ARTICPY) ART(GPU) ARTIFPGA) ART(FPGA} ART(CPU) ART(GPU) ART(FPGA) ART(FPGA)
wo/ DMA w/ DMA wo/ DMA w/ DMA

Single node GPU (V100) + FPGA (Stratix10) evaluation on Cygnus
R. Kobayashi, et. al., “Accelerating Radiative Transfer Simulation with GPU-FPGA Cooperative Computation”, ASAP2020, Jul. 202 @

1 3 2021/06/21 HEART2021 SpeCiaI Session Center for Computatlonal sclences, UM



PCOSRAYDEADRRD XY v k=#kE+B 8

PACS-CSHS4THR(CTEBPACSY AT (+T2K+OFP)DBEEREE D Z

= Single-core

= Mmulti-core

GPU

= many-core
GPU+FPGA

'ﬁ(c_GPU FPGADE A (IPCO DRI TeH\S C F0JRE

BEIE, RvhkD—20, XTY, RANL—YDHAEDLEZPVTVTILTESRZE
DPCOSRYDX W

TLRACCS(EcodesignD TE &,
= HEARHIR D SR DERLICKT UIBEINRPRY kD—0FDY R T AYRERDF v
LYI%Z1To>CEL
= LRSS N KE

Mt

f@m
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R D—F=Cygnus-BD (Big Memory Supercomputer)

» key word: KIRIRSTERIZEBER T 7 1LY R T LADT=HDNVRAMDEE
= PMEM (Persistent Memory) 52 iliAEAH ICTR > TWL\D
= PMEM(E memory mode & 1/0 mode (Intel: app-direct) Dl E =5 2HH oA
= memory mode CIXDDR”% last level cache U TZF D@ S ICPMEME WS {EWAH TEDS

= Extreme Computing + Big Data + Al
» FEYE, [IRBETIE/ —RADBEBEHRECHUXEUBENNSBED
s PTUICEK-TEINVERIBEDBBENKSE
o insitubVRBR TP TUT—23VDHYyTUVD (Bl - HPC+AI) TI(d local file systemDREH E
2
= Al for HPC (HPC with Al): Cygnus-EC + Cygnus-BD HVRD—F
= Cygnus-EC: Cygnus for Extreme Computing (C 11X TDCygnusZrename)
= Cygnus-BD: Cygnus for Big Data (ET3R5EE)

15 2021/12/08  PCCC21 Center for Computational Sciences, Univ. of Tsukuba



& Big Memory DNIAELZDH ?
CPU/GPU Performance and

Z D8 CTCPUERE(IL50x(C :
BT MXE A R Memory size per core g,gaxy
3.8xUHMEZ TR LY 1,000 Summit
T—H9YAIVR, AllC 14
& > TR EANBIRE 100 CPU/GPU performance [PFLOPS] 0
.X%Qﬁffchb—y
4 EED HE ‘ S
Persistent MemoryD3i& A 10 K = Oakforest-PACS/Cori
= memory modelC KD XED 1-90 1.84 Fu
A : gaku
1?.-4 ARz, cjl\f(?cilsrnoge : Memory size per core [GB] 0o 0.64
((_J:\DZ MU —Y%EERIRE y P Summit
2012 2014 2016 2018 2020
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Cygnus-BDD A X—Y ((THRZER DT EEMEH D)
= 2022/08:EFEFE (B2
s ¥8E4ERE

= 260 nodes, 5.6 PFlops, 300 TB

 J— iR (GRIR)

GPU
= ~2 TFlops (CPU), ~20 TFlops (GPU) 20 TF
= 128 GB DRAM, 1 TB PMEM

= 3 TB NVMe SSD

200Gbps full bisection

@ O o
DRAM 128 GB
« HEEEHE PMEM 1 TB 260 nodes
= 200 Gbps full bisection
s HEDO7AMILVRTA (BE) NVMe SSD 3 TB
= 9 PByte, 80 GB/s

17 2021/12/08 PCCC21

Center for Computational Sciences, Univ. of Tsukuba



PMEMZRUL\/c adhoc 7 71 IJL R T A

= node-local storageZFIFALTcERT 7 I e
1TILY AT A L L L |
 SERMEE/OMEDF vv TZIBD

D
« K KCCSIZFH LT CHFS (Consistent Hash File System) ad hoc file system % B & &

* metadataZ =9 BRNEEH S ZEHIRT D ETHRRERT—SET1ZR L

« CHFSIZDUL\TIE2022/010) HPC Asia 2022 THHEK

0. Tatebe, et.al., “CHFS: Parallel Cons:stent Hashing File System for Node-local Persistent
Memory” HPC Asia 2022, Jan. 14t 2022.
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HPOIC

TR KRFCCSTIL, FDIBED THBCP-PACS (MPP)YH'S, KDFEMEHNS < WS
M4BELL(CIBNTICPCO S R Y ICHeZZ2ID, 15FLU EISEDHFTHARZHRIT TS

PCO S RH SR DEEE (design parameterZZBDAE) [CHIZ, PCle’RECX A
SNIEP —FTOF vIhRMENMBEWVW U I -3 Y ZHEATLD

= F A DcodesigninglC & > TIEFTED

single-core = multi-core = GPU = many-core = FPGA (with GPU) = PMEM & sg5Cim®D
TO/0IZRELT, BIRBJBIVRTLFELE (T TRLARARBRZETCR—/\—
AVE2—YDEAZUTEL

FBALA - KERIEY R T AIXEHHEEERNICMPPERELGEE (T SNZRLLY, /J3RIE~KIRIE
V2T ATIXERIBYICPCY 5 RYDEF]

PO L—5DEAIPCO SR DEEEE - EeeZ= Mg C ST
CCSIFSHBH LM —/N\—IVE 21— Y DR ERITTLL
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