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— 2022 ISC High Performance Conference=
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o Tutorial
— Efficient Distributed GPU Programming for Exascale
GPU= Xt ¥ Ao MAM2=Z HPCe st 52 Histes R¥L, 2= FHZAFH

dso HFES HM3ste i dFE Fx2 AM=FHD ot 2 e Fx[IF U= ol

GPU ZtEA 2B 35| floid 24 GPU S8Z=2a# e olsistn 2| & x%3E &
= A= 7leol Eestet olzet VeS8 &S5 flsl MPIE #8%t GPU ZzI2Y ¢

— GPU code optimization and auto—-tuning made easy with Kernel Tuner: a hands—on, bring

your own code tutorial

ret

A TSl 1Mo BAIAAHY HPC AlAE &HHolM GPUE 2 SAES=Z ALEE oFE

olg{, GPU of ZZ|7lolMd 4

or

2 2T EL0{7} st=Eofoll oL st =A=Xof w2t g

2tRIct AZEQofolM AlE2x = o7 = Clbst #aEn IYEDZ, o7 AlRE+=
ds AsFd 7182 o 26t Y FEZLoM= Python AJEEE ARESH0] GPU
IEE A=z =Hs5H| st 2o HEFU(Kernel Tuner)?| ALSYEHE AGSstD,

OpenCL, CUDA, C++, Fortran2 X|2st= HE Kol et Zt2kst Ze|& TSt
— Advanced OpenMP: Performance and 5.2 Feature
OpenMP(Open Multi-Processing)= =& MZ2| CtE Azl Z2I3¥ APIo|0 2542t 7Y
&, AE? S ofz] EUES X|YECh OpenMPol| CHsh ZHest A7 E AR 22 OpenMPE
=

2-Zst7| fet HE2|AAM A, HESH(Vectorization) 2T JIESAFEES 2

o

o Conference

— Accelerating Arm for Zettascale
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2ozl & £ ALt ARMOIA T ZettaScale Computingoll thet EH|7F ZE =10 Act A
22| Fugaku, &tClotel Astra, ¥=2| GW4/EPSRC2t ®&<2| Mont-Blanc Z2MEE Z &5

ARM Z|gte| HPC ZZHMEJI ZHst diel ZFo| ARME HPCo|l 2 &S o|F Fe A=

ba!

ot 24 ARMO| &% Oif=2 ZEAH FH9 gdol & He S ARMUAMEZ
Zettascale-System= FH|StL U2 0{, o[} & E ZE{AE{e] MZE| s =2lstct.
— Highlights of the 59" TOP500 List including Awarding

2 o fxlet R-CCS(Riken Computational Science Center)2| Fugaku—-SystemoO| 2F 2



Hol E-xX|ME wX|sict o|= HUAIF 232X F7AF2(ORNL)L| Frontier—Systemoi| Al
X2|E HolFct ZZ2E|o] A|AE (Frontier System)2 1.6ExaFlops/sel I M58 JHX|12
A0, X|F7X| 1.102Eflops/sel HPL HIX|ot3 HM+E SMIct =23 HUx Ak ¢le
M58 EF™S= HPL-Al HIX|Ol30M T 6.86 ExaflopsE M50 1¥E AX|FCt. #&5=
Fst ExaFlops AlABIOl2E & = q2nf, 22|22 et 2 Eo| Fugakull 442PetaFlops/s2t
Hlmsto] 2 48 M A MMS0| =2, 2Ael dsolz2t 2e 5 gck TOP5002| A<l 574

ANAE =2l otefiet Zct

Rmax Rpeak Power
Rank System Core
(PFlop/s) (PFlop/s) (kW)
Frontier — HPE Cray EX235a, AM
D Optimized 3 Generation EPYC
64C 2GHz, AMD Instinct MI250X,
1 Slingshot-11, HPE 8,730,112 1,102.00 1,685.65 21,100
DOE/SC/0Oak Ridge National Labo
ratory

United States

Fugaku — Supercomputer Fugaku,
AB4FX 48C 2.2GHz, Tofu interco
nnect D, Fujitsu

2 , 7,630,848 442 .01 537.21 29,899
RIKEN Center for Computational
Science

Japan

LUMI = HPE Cray EX235a, AMD
Optimized 3@ Generation EPYC 6
4C 2GHz, AMD Instinct MI250X,
3 , 1,110,144 151.90 214.35 2,942
Slingshot=11, HPE
EuroHPC/CSC

Finland

Summit — IBM Power System AC9
22, IBM POWER9 22C 3.07GHz,
NVIDIA Volta GV100, Dual-rail Me

4 llanox EDR Infiniband, IBM 2,414,592 148.60 200.79 10,096
DOE/SC/0Oak Ridge National Labo
ratory

United States




Sierra — IBM Power System AC92
2, IBM POWER9 22C 3.1GHz, NV
IDIA Volta GV100, Dual-rail Mella
nox EDR Infiniband, IBM/NVIDIA/ 1,672,480 94.64 125.71 7,438
Mellanox
DOE/NNSA/LLNL
United States

— The Message Passing Interface (MPI): On the Path to MPI 5.0
MPI-40llM = ctat &2 FUE0| FIt= It 1) Partitioned Communication, 2) New too
| interface for events, 3) Solution for “Big Count” operations, 4) Persistent Collectives, 5)
New init options via MP| Sessions, 6) Topology Solutions, 7) and much more, ... 2 MM
M= =2 EAIE MPI-42| H{E 1t 1 7|5 Sofl tigt =2[& sk, MPI-42| CfF ARl M
PI-62 =HE v MZ2 ofo|C|0{E =2 5trt.

— InfiniBand In—Network Computing Technology and Roadmap

B A0t olE{HUE il S CPUOIA UEYIZ WENT HZS Hests ROl
oLt, RMTY AOLE SlEHUEE UEYT AIAH oM MaEE HOlEHE 4% dZae

o

ZM HAFRE 7|sdx &0ists 7I&2 EMstn gA20{, 0[E In-Network ComputingO|2}
ct. ol2{gt 7|& =<2 Infiniband HDR(200Gb/) In—-Network Computinge 7|Et2 2 TOP500 4

=2 Zgtet =2 o MAS tid fHARE & 50 A= At XY
= Infiniband NDR(400Gb/s) In—-Network Computing Z7|=0| AlZtol| EA|Z2 Y20, MPIL

o xR0 8 L5

or

CtHCHS A (ALL-To-ALL) AIZ Szt Z2 Mz2 478 7|

0l0

ZZ2Jeist= AT FIH=0f UL
— LUSTRE in HPC, Al and Big Data: Widening Scope, New Features and Roadmap
Lustre TUAA|AEI 2 HPCE 25t QEAA mlA|ABloz XLk 24 ZF MA SHZAEEH =

2| TOP5000M 19|E ®Xlet €=2| FugakuE ETsto] & MA TOP100 #+HAFESl 2F 2

J

/30 AbgED Aot X TOP500 & 1912 M™E o|=22| Frontiert Lustre TAA|AES
2 FAEO Uct Lustres PAX =2 ol I AT A(U.S. National Labs)ollM FEXMo =2
JWesiteni, o[M= Al/ML 1=zt & 22t 7|8t ot7[EME Zetol= s YIS &&st
AUCH FZ Lustredl M Z|siigo =8s T2 A= FE2 1) UEKHI MY M 2) OST

£ gtak 3) DNE(Distribute NameSpace) At= o8 =X, 4) ALK} Ojo|g] & Clalgz] ¢

S35}, 5) FLR Erasure—Coding 7|=(Data Availability Proofoll Al2=lE= $£std 7| = 3FhL})



— The Green 500: Trends in Energy—Efficient SuperComputing

F2E 25 ci®RX|2 Act o|2 2lsto 2010dFHE fHARE AIAHS M34H|E

k!

oud, HME AHHEY AlAHES Bobshs

28 HII5lE Green500 ZZHEE Zllg|
FQ XER #2510 9ol 2022HE Green5000M 191E XIX|EF A|ARI2 O|=2| Frontier—
System2 2, 2¢9|2 Yzt AdEo| Fugaku-System} H|WSt0{ 2F 32% TFALEl Of{X| E82
X oo, O 282 2AE(Watt) & 52.23GigaFlopse| H4tMdsof Estct AEke] TOP5S0

0 &9l 591 A& 2[AEE FXESIH 2212 Fugaku AIAEECE 2F 9,000kW A2 HHE &

YAAFE Zs2 o= LA0M LI ENX] EHAHH S UHAF|HAM HPCS| olzfof & <
2 & Z7We=z 7Z|thE 0 Jgch olol eI e] 2Xt=Zl0] NVIDIA cuQuantum AZEQo] 7Hgt
FIEE ALE3H0d GPU AAtz|2 AlSeo[dE 7tE3tstn lend, =2 AWSO|IAM = Braketoll A
cuQuantum2 AI2E # Aot LEIH D, Braketol Al cuQuantumO| LA HAlZH FTRE
ol Al =i 9008 £E=E HM3ste WS AlHRMCH YFXAAEAFTE 7[=0] Rlstetol w2t 18N

o AlAEB Ut AlAES Sto|2R|S ¢Rt HFE R Hool 27D, ol A F A

)

ez FRECt stbbE GPULRE QPU(Quantum Processor Unit) 2+ #F2 2 o|0f, Ch2 Shuf

= 28H0| ALE5H7| HE|gt S8 Tzl Z™Eo|ch o] & JHA 4= SHO[EZ[E A

—

Applications of HPC in Industry

o1T 9 Abel HAO|A FR3 2E2 AXHRD Uch HPCE o

>

HPCE 4 W Sot 3
XILIof, GlOlE| ALOIHEIAE, MAA L J|Et eiPAS0| 7|Z HEYRCH N e A2z

HE22 I SHet 2HE dg = UAESE ZoFd Utk 72l ZEgE &g Foke

rot

Fortune 1000CH Z|HolM HPCE AlEst U20{, Hyperion Researchol =20 20224 7|=

 MA HPC AlZre| =27t oF 4409 H2{oll sl A2z HEOo{Zict chsh At olollA

N

b

HPCE oleiet 22 ozt +dsta 3

1) =95 5] DI 2o 7Rt 22 Soet AlSHold 4y
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— Communication, /O, and Storage at Scale on Next—Generation Platforms
XMICH HPC ZUZF2 st9l AlARIOA S7tste o|2ME HMeler = Uofof sitch ofz{sh M

2 AAHOE =2 ZF SAE flet F 25 =22

LT EQOl Mol UER/IE XA
flst ool XMzl ZX|(DPU) ¥ o=z} Ma| ZX[(IPU)b AER|X] AlAH o=zl So| =&
Zict 3 &M= HAREAHOM, I/0 ¥ A2 = AEZX|o SHES E AMo S E2
MMMl JHRE MYstl, ciekst HPC HHEE S ALESH of E2|70ld Mo M5 Mg &

—

JHetct, ot A E ZHARRIE 7SI 2o Se= ofS2(AH 0l ds H YH nHE N

= s
il o Atgdet A8 9lsh oA wEol ek A}

o tE=3 FAUJ|IETMAME w2 2 AE (DKRZ, Deutsches Klimarechenzentrum)

- SR AUAl 1 2022 06EHO1Y =2 154 (GMT+2)

- SUT|FHAMEE 19879 7| FHEeL X|TAIAY TS MEHMOR XYY s UAD
YAAPHE (MPG)2 FRE2IANSHAIFE), Lol =17 XI5 L T2AW), HA4ELS

EATME{(GKSS)7F &35t stf =230 MElst fHAFE{MEo|Ct

- 3 2d=ol HHAEECQ Levante= AMD 7763 Z=2AMAM 271E EMX St Computing—Node
2,832702F AMD 7713 Z=2ZMIM 2712t NVIDIA A100 GPU 471E& EX st GPU-Node 6071 2
TMEON A2n, HELT A|AHES NVIDIA Mellanox Infiniband HDR 100G, A E2|X|= Lus
tre2 AA St DDNe| 130PBE FM =0 RUCt.

- Levantes FHA WAHXXZ FMEO ACt 0k W2FZ A|AEHS HZiStH of 40%

2 &=, & Y25 DKRZ 42 S22 2 2F37|2t YFAIA oAl
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