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oAl £ 24 53
~ GM, ANSYS, Boeing 5 %7 7|32 2 749 w7t 43} 91958 5o Zede
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y=w £
% Hlo] @ (Eli Lilly), ZE/£%(Cummins, Goodyear, Boeing), *1+/3+8(Chevron,
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old AF, T £ZEH ] 28l 2 dxaAAY =Y 7|E AdA 2HE wFED
He=s

- T £ZEY

=
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— (pre—dA2AY A 2®H) SUMMIT(200PF), SIERRA(125PF)E& F&-$%ZFo|n,
2020 PERLMUTTER(93PF) +%

O wlFe 22 A HE ebaAY 2I4SAFYE FHA] 29 AFYon,
2497 3719 o715 AAAAY A2E FFH o

1) Exascale Computing Project

2) Office of Science

3) National Nuclear Security Administration
4) ECP BACKGROUND DOCUMENT (2020.6)
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*

2 F43)o] gon,

239 T e9e 2Ew 24
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*
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=7
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[Z2% 18] ECP9 A& 7hsA 9 AMulS 9
: ECP Application Development Update 2022
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. ECP Application Development Update 2022
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* The Extreme Science and Engineering Discovery Environment(XSEDE)
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olf A AMulA n&, £ 2 TH FF AF
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— SDSC+ XSEDE A& Z282HE 75 &9 Feol#, IU/TACCE XSEDEE 93 2=
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— ZE3H TACCE ovtefdt =A A sl 4& $8t 2uA5HFE, diole] 24 A Ay
25 98l oF 18PF %29 Stampede2” A|2~®l A&
* 2020.6% 7]& TOP500 37 219%]

_27_



<% 11> XSEDE A& Au]~

Aaj & Al Fu) g
H A LA n] A~ B9t A oddel A AHHES 7HE 809 o]Ake]
Extended Collaborative Support Service |[AlAFatet AE7}e} /| A4 == o Y El
(ECSS) AAE T3 o 197 A& F5 2 3

)
=
()
Aolv] <lze}

7
XSEDE Cyberinfrastructure Integration i

BEE ALEA AR 9 TF shgle] @
I =

AT E o] ol7|alx] AFE
(XCT) Ao op7El A A|Y
AHEA 2 E XSEDE #lA42x BUEE 2 g4~ 2], g|XrE
The XSEDE User Portal(XUP) Az B 9 A3 zZe] 3]
AL Au)
AH @ A" M)A A 2 =F
Resource Allocation Service(RAS) XSEDE #H4 17 Tole Az °
A el el 2 743t XSEDE 7[MF =2 A e Azjgy /¢ 2 AF5AHd 15
Community Engagement & 718)ol gk Aod FHE 93 w&, FH 2 TR

Enrichment(CEE) | F

+% AlE

AFE-X W A28 2 odqu) A 2o 2 BAe) A
XSEDE Operations Center (XOC) & o ] i HEE Rk

Py

A28l e A 7}

Systems Operational Support (SysOps)  |Al

e Zeto] = Au|x A W A|2E 2| 7|

ofd o

<% 12> XSEDE #¢ 33}

Al g Compute Storage

IU/TACC (Jetstream) 0.5 PFlops 2 PByte
. 6PB + 10PB

PSC (Bridges) 1.3 PF (2ArEe)A + BHrEeA)
SDSC
(Comet/Data Oasis) 2.76 PF 7B
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— 204 mlEH QA A2 FTEE AFoF 23R AALAA Y A2 A o F
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# (2A) EPI Z2AES T3 /HdsEle ZEAA 74| dAaA g A AF 75

— A7 =g HPC 7l % ofZe|Aeld Ao Al 7HA 7]5& 7|Hte s F4

- 204d 809 RO dFE diks HASn AR ZAAd EARE dAsA,
19~'20 o4k 11 F2 F <oF 8 3H F2= 2IAHSHFEH F5 L8 £

o EPI dAlsle] &5 AxAiAd A|2® 5o EPINE Z2A~ A3 5 23457

FH A 7lE, &8 oAZe Al A FA

— 3 Ao E FRYW 2IASHFEN FAHFH dzgE St FFEE A
A, BAE v Eg FH AHY ARSA A A A

- 23T AFHE 71E, Al2H, AFed did A7 2 FASES AYetn, 24T
Fe odze &8 rleidt U F3e 22 Ax 94 7HE gAdo] A

[Z13 24] EuroHPC #H5FdY o=z} 5 Z =)
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o (ZleNE $AES EF) A FEE A5 3= ETP4AHPCE S3 HPC 7|
(2 o EeA )Y AF 2 MW 4 £HE FYst= H HPC A FomAl
t}(Strategic Research Agenda, SRA) &%

- 38 A" AY 7|I(EC F== EuroHPC JU)L 7|/ 7 Z2AE Yygs Ao
s}7] ¢lal ETP4HPC SRA A& ETP4HPC's SRA 4 (2020)

— 709 AF FH2ESY 8 AT =S AAs L, AT ZF2EHe} dF Tl
of A Allste] A7 A £

)
— THel ¥ FAV|E AE > FQ9 TAH HA AE - dF FEAEHLY mAay B4
< =8 I35 R&JI/R&D ZZ18 F4

< Fa. ETP4HPC d+E2l£y 2 =499 >
[ AT 2H
o oF Ze~H= ETC4HPC SRAde] &% AHz$ sdoz xae] HPC
Az etel ok A7 ¢4 95 ofste Hnt
- FH2H E FA, ASERREAAD), ddd 2 I, A, A (FH
Wl ol HAA), vE §& Leste] 74
— 2020 SRACAE A7 ZE2EHE OWH 2 2EE, @duA 584,
@AI, @Data, O A A&A, @FLY, DAYz A9
[ el
o 17 =l HPC 7]% (functional stack) & ZHQl #oloje} FA484E A

el #H FHA e A - F8 =4 A A - A7 ZY 2} ax
A EMs 5ol FF R&I/R&D T3 74

DIA=ANTAHLL, BALWLTESN ], @210}
A, GUO&AERA, BLaelF, OFFA, @UE-ox ze 9ol 87h1 822
74

o (7l AAaAL HAFE NETFEHS A HPC #47<E, dA2AY H5H
A% wlelaz W vk 7|E, Hdoly 9 uiR 4 7|E, dolE HE, oyA
a4 Foke 7l Ay
- Z7] BT HPC A7 ME Sl 2018 o] F wlo]

Y Z2AAM, YA 58 S AEsE 7)E A WA o

— =, 20199 olF WdlolE 7% 2 YFE B4 7% )

9) ETP4HPC's SRA 4 (2020)
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<% 18> 77 7leid ZrAE

EoF A2 &
HPC 9471, MAprAY AFEE AT AEAYE, ~xe|x], Wwe], A4 /O
ZEaodwstd U dug|F |5 FHYSE v|s Hof zEAER 1A
E 1=

nfolz 2 W v dHEZ Y oA F&F 0|FUA wZe], nlo]laz o b AXEE AJal
7 HE|/mv 3] o]7]|F FUES ST £ ZE I Sol i?ﬂ
Y wpolz® ZEAA |FAAY/EEY/AHEaS HPC Z2A|A 7Y Z2AE 2 EP]
& ZRAER T4
15! p:] /*al S HEEg EAAo ZX|Zoln
Aelele) 21 o et TN TR e S el T, Ba. gees
o oA el Hldblely EAel =4
HPC % ®dlole] A1 thta &k &8 S o= &l AEsd, 27, oT, tAEESR])
H2E w= 9 ofZe|Alold |59 AhE 93 HAE W= 2

[] Flagship 2020 Z2AE Fx o2 AAY Z1ASAFEH AX7|e Nts F735439

A, 7lEe] HAE F55 Tls A

’

o thest AbElebs BASAS Ss FHR Fopel A g sbEF HWSE SWE
TEAA 9 AUe AAsn, AAA NEERES 9o FTAPLL AgHow B
Q9
[¢)

(] Zg 24 2020 ZEAEE B3 ‘14~20W7}A A28 AA, A T+ o|3srd
T4 (RIKEN) ¢} FujitsuZb 3

o (CPU) ARM(ARMv8.2—A SVE) 7|4te] A64FX CPU 7|s= A 7iwt
— 4712 CMG(Core Memory Groups) & FA =™ 7t CMG= 487H¢] AXF o128} 1/0

e THele 2708 BRAE FojE FA

¥ A o] 2 5o dulrc 307 TF, ¥2ERE 338 TF

o (Interconnect) (X, Y, 2)& (A, B, O)¢ F2% FA4== 6D mesh/Torus Y EHZ
T&F 7FAE Tofu-D olﬁiﬂH‘E ik
— Tofu—-Dt AA, ZM=Z(H a9 6.8GB/s)S Al dsh, o oF 397t =29 o5

B A28 75 Jhs
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[J] A64FX

< #3. A64FX %Y Tofu D A& A9 >

27| o7 5A

Armv8.2—A SVE 512bit

AR 2ol %

48 + 20|X]~EE FHof
4 CMG (Core Memory Group, NUMA node)

dHtE = (CPU 2GHz)

WMAYE 3.072 TF, &R E: 6.144 TF, WA %: 12.288 TF

o
off 3

RAERE (CPU 2.2GHz)

WA E: 3.3792 TF, WA %: 6.7584 TF, ¥H%: 13.5168
TF

7 4 L1D/core: 64 KiB, 4way, 256 GB/s (load), 128 GB/s (store)
L2/CMG: 8 MiB, 16way
o 2z L2/node: 4 TB/s (load), 2 TB/s (store)
L2/core: 128 GB/s (load), 64 GB/s (store)
QAW E HBM2 32 GiB, 1024 GB/s
1/0 Tofu Interconnect D (28 Gbps x 2 lane x 10 port)
7€ PCle Gen3 x16
(] Tofu D
Toful Tofu2 TofuD
Data Rate (Gbps) 6.25 25.8 28.05
Number of signal lanes per link 8 4 2
Link bandwidth (GB/s) 5.0 12.5 6.8
Number of TNIs per node 4 4 6

Injection bandwidth per node (GB/s) 20 50 40.8

Put throughtput (GB/s)

4.76 11.46 6.35

Injection r

ate (GB/s)

15.0 45.8 38.1
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[0 RIKEN A AtzbshAl

Tote] HahAabE LA E Sl 2

o

2019 R—CCS £3| &

Z+3. RIKEN >
7155 (HPC) <
Ao 2 5= RIKEN 4Fst d7AE (‘118W 4 HF

ZF Al o

THoZ AlEeold, WdeolHEH

€T,

2022 R—CCS £3 &

| I Research Teams

| | I Research Teams

1 System Software Research Team

2 Programming Environment Research Team

3 Processor Research Team

4 Large—scale Parallel Numerical Computing
Technology Research Team

5 HPC Usability Research Team

6 Field Theory Research Team

7 Discrete—Event Simulation Research Team

8 Computational Molecular Science Research Team

9 Computational Materials Science Research Team

10 Conputational Biophysics Research Team

11 Particle Simulator Research Team

12 Conputational Climate Science Research Team

13 Complex Phenomena Unified Simulation

Research Team

14 Next Generation High Performance
Architecture Research Team

15 High Performance Big Data Research Team

16 Data Assimilation Research Team

17 Computational Disaster Mitigation and
Reduction Research Team

18 Computational Structural Biology Research Team

19 High Performance Artificial Intelligence
Systems Research Team

2 Programming Environment Research Team

3 Processor Research Team

4 Large—scale Parallel Numerical Computing
Technology Research Team

6 Field Theory Research Team

7 Discrete—Event Simulation Research Team

8 Computational Molecular Science Research Team

9 Computational Materials Science Research Team

10 Conputational Biophysics Research Team

11 Particle Simulator Research Team

12 Conmputational Climate Science Research Team

13 Complex Phenomena Unified Simulation

Research Team

14 Next Generation High Performance
Architecture Research Team

15 High Performance Big Data Research Team

16 Data Assimilation Research Team

17 Computational Disaster Mitigation and
Reduction Research Team

18 Conputational Structural Biology Research Team

19 High Performance Artificial Intelligence
Systems Research Team

1T Operations and Computer Technologies Division ‘ ’ 1T Operations and Computer Technologies Division

20 Fadaility Operations and Development Uit

21 System Operations and Development Unit

22 Application Tuning Development Unit

23 HPC Usability Development Unit

20 Faality Operations and Development Unit

21 System Operations and Development Unit

Software Development Technology Unit

23 HPC Usability Development Unit

Advanced Operation Technologies Unit

IT Flagship 2020 Project

|| IIHRC- and A~diven Drug Developmrent. Fiatform Division

24 System Software Development Team

25 Architecture Development Team

26 Application Development Team

27 Co—Design Team

Biomedical Computational Intelligence Unit

Medicinal Chemistry Applied Al Unit

Molecular Design Computational Intelligence Unit

Al—driven Drug Discovery Collaborative Unit

- A4 -
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[]

(@)

o

ZIAGTHFE 7l B woF FHE F

2AY dze g3 SLAAZ HA F

tole 71¥F HPC & Al 3 ZELAAZ Agsto], 1F FAS 93 HAFE o}7)d

A W3t 5 AxE FAoE &8 o Fe|AoldY Asrt SFE A oS

— AlEdoldz BEE, dely &4, #AlEd § AdFAsH dAsd HPC
Convergence E&AAZ A% 5

- ZIXTAFY SESW NEE QA FAlste] EgdT Fofel E3tH 284 AHE

5 Hshod g obvel AAAE, bR § ovhodt Hoko] AU A JbE
Z2IRSAFE ¢ ALY R&D ZEIHS Fa&) YF-ATAT F4A A

— (=) oA, AgFs, A& § Hehiof At EE A A AN

(SciDAC—4, '17~), AAAA A3}, AA U HAE A7 &5 5 470 Al RdoF +

A2 =z A E(HPCMfg, '17) F4
— (EU) AA A, Mg Zdey, 7|53} vlo]e 5 1470 AME(CoE)E A A3t A

ool 7 721 (‘15~'23, °F 9,800% Fr &)

- (48) AAEE &=z aw s Fd 71|23, Ay, 4k, dF7INEe] 4

SAEor 217 AtAFaA A& (20~'22)

* Fugakug o|&¢ A5 7)o FZE57] 918 Fugaku AXALE FA02 AbE
7FEY Agel osld o|7]F & tildle % oPIEAS o B Al VeE %
st7] $l8l A slsl= HPC o ZelAloldes AT 9=
A7E oFHAH WIE FEse 27 240w 2T SHFTHAA AHE
— X86 FAFAR FHIT H2E AFE, ouxA 2 A&EIEA EAE A,

GPUE 2tgsted B3 dEeE o dsiA Z2 a9 75
— HPC, AL Hdleo]ele] 7t A Al Al2®l of7|elXef WEe] ol §3& &3 tf

3 BHelA 7E &8 Tte

Iz TS A% ¢ FWE 75 WA AR

— dlo]E ¢ FUA FrtE <& 3 =
st AbE 57t

— Qe A9, HPC dlolE AlE|e} AlS} & AAEo] Dd7|H2= 10% o3, &7
07 15% ol AR dF 7ts
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: Converging Workflows Pushing Converged Software onto HPC Platforms (insideHPC, 2019)
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‘2 EEaI, AHY L vy

[0 wleiaksde] 2lHiA] %Xla slalf mlef ksl Eof
f& 152 AAlstl T4 A4
HQ IS) AeAlzdd, A541(56), vhol 27l
o At 5’3%5% Sl mefaked 1"& F2sts fs A=be AlAlsta 54 A
fole & AA7Ie Eokeld AF/AsiA/sHA 2 A7) 2

r

A A d
- ez, 7 B gl N JHES Al 9 HPC, AL QIS, 7led%E

[23 27] v]= HPC A=FEof

AFEE AHgatel shobe WAL WAL o

o]r‘

0 23
aouﬁwiﬂn} 7N
o (SciDAC) SciDAC*E DOEel| A FXlsta 9= =11

2o '11d AA o|F HA| 4vHA] ZF ¥

AR L B AdetA

] 'g

L

* Scientific Discovery through Advanced Computing
— HeA5o] RUHTHFHE TE£H 2R FEete o 2ad
£ THst A7l A8 ARt ©@E5A7I2 AEkA EA AlEE el Al

% ek, Fek A A A, A5E Az AR "ol FoAAd FF AT
™ A7k of 1200%t=# o] Aw A
2 tolE A EQ A ¢
‘61-7<4 u] 71”/1\1_ 'E‘Xﬂ
S 3071
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% 20204 7|1E 24909 FHUF 713E T2 9
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<F 19> SciDAC A F8 ¢ Ho}

zza9g| Iz PERTY zx
i e AFES AT A = o
SciDAC—1 {2001 ~ 2006 iEE;TM JEE} A getaAd A5 A

SciDAC—2 |2006 ~ 2011

ST S A= e a5 A9

ole} 9 7}AI3 £7)

SciDAC—-3 [2011 ~ 2016 =3 A ksl F71

] WE|Fo] % sfojuel=
of7)El A #2)

SciDAC—4 | 2017 ~ 2021 oz H WAl Hy F7} Pre—At2Ald o 7€l A #]¢d

< %31, SciDAC >

[0 d+4) FASTMath ¢1+4, RAPIDS d+4£5 &

o (FASTMath) 3t =# 9=z, dxelE, 3
Z 8/ A J|eRolE Ao F oAFf

o (RAPIDS) #3td A& =Astz] #lal], DOE WellA

402 a
B A2 dAddrs d7aw 3 A4 J|eRots FHA0R AP

SciDAC

|
| |

FASTMath dT4& RAPIDS 74

Structured Mesh Spatial Discretization
Unstructured Mesh Spatioal Discretization

Time integrators )
. . — Data Understanding
Solution of Linear Systems

. . — Scientific Data Management
Solution of Eigenvalue Problems

. o — Platform Readiness
Numerical Optimization
Uncertainty Quantification

Data Analytics

SciDAC #bst 74

— 5 94+ Application Performance, Numerical Library Performance, Data
Analysis, Visualizations ¢l8] ¥&AT+E F3

O oapaAY AFEE B4 67) AATREE AR 2 Hopol A s Y

*

=r7}et ¥ (national  security), oy X|QtE (energy security), 73 A ¢FE (economic
security), I}stA  WrA(scientific discovery), A|TA] Al (earth system), &A#H o]
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(healthcare) o Z2|A o] A 7| AZEJ o] 7]

o (fZEeAelA) ArtAaA LA &8 7M55tEE 7 A i
94/\45] 7]/“2 E-”/\EE 715@] _Tr_7H il-_g_»:]_:]l 3}%10)
- 3%t 2 AR, FEATAE, dolel¥A 8 HAH, AT R $FA, oy 67

o]
AR Rof ¥ of Fe|A o4 g8

— DOE Atsl =3 74, %EY o % Fo st=dof 7€ AzsdA T 15718 HiE
e FPde FAF] ECP 2% 44 AEE 8 dugE 9 AZEYo] Py 9

L

H 20> ECP of&e]Alold A7 #of 4 54

Costsbad | FEAA | deld®d | AF$FFs | elux || Frbekn |
Aze AE || @A | AEe Qe Ao weld  oF Ag | B
2oluA | dmE o dele BH AR dele | meaze | EEEE
% 2 T W] A2l A BN

RN =

o (£ZEe]) TF £84 vho|uelel, Te oA, oty T2adY B, =T 3
1O, 74413t el BelelE EHHES HAs D FAHOE FYY LxEde A

V180

— dole 2 7pAE e, e glolH 2], NNSA AZES e, g 29
2 e, 2 Z E o *EEHﬁ] 2 Ao T ARl AZEY o AN2E

% oF 337 ZRAIEES 5 70709 £~ZE JIOﬂ 7)< W

- &XEol JHLI|E(SDKs) % iR FHs £ZEf el 2AEl(Extreme—scale
Scientific Software Stack, E4S)& &3l LadA 2 A o|ystz Al F oA

<% 21> ECP 4ZEH o] AT Zof H FH

dlole] A 5T T3+ NNSA Z2 I AZLE 0
7} 3 = gto] B 2 2] EZE 2 e A
; A4z 2, MPL % | o) ==
dole] Bel | | e d e = FRERE L opeypey | R E R
) /K]71-§]- E‘_gi%'é‘ 7’]?\5_]' i]'/lﬂDH 9% x4 r/H_&]_ =g s o_—L]T:_
= AZE ET | Loy A 5 WaAe | e EE 98

10) ECP Application Development Update (2019.9)
11) ECP Software Technology Update (2019.10)
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A FHof | Z2AE o =3
ADIOS F£A /O 2 I= AZY Au]A x|
DataLib &7 1/0, /O EYEE 2 dlo]e] Au|x Z
VIK-m |3 vlxZe] ¥EAe]E x¢sts VIK7|HE gket A|2sl Lz ego] AlF
Data and
Visualization| -y isz |91Aa oA We1E s VeloC AZLEQE AAF B Sz 4 atE
A28l BEZ22 2 W) A&7 AZ QA HDF5 % UnifyFS W& 1/0 ghe]Belg)
ExalO
7
Alpine/ZFP |35 A oujede] dA Alsl 2 B daelE, od=Zel W odloly 4 J)E AT
EXA—PAPI++ 3= 4glo] A5 7h&Elol thalt TE31% QEslo] A st
HPCToolkit |4% +4<& & HPC &3 7
Development | PROTEAS—TU N2o olI|HAHZ 9lg ~xES o] B Aol At
Tools NE
SOLLVE  |OpenMP ZZe|w mwl s|al/gkA)
Flang LLVM= 93 2E7 ZHE = )it
xSDK4ECP |44, 258 ¥ A5&84S A3st= DOE 43 zlo]H g
PETSc/TAO |3]4 Ae 2 wjde WA A|2vls) 4] 2A8E 93 G459 glo|Haiz] AlF
] STRUMPACK |43 w4l A28 2 Eg|of (Fourier) H3S 98 A=l w AF
Mathematical
Librari -
pranes |SURDIASTIV e o o el of2 A9 ehl28) (time—stepping) W AF
CLOVER |&&H<l AEdolde 3T F v FA/sT Fullg A duels M
Fortranel|4] z22]|=7} dlo|g] Ae, whz] Axl 2 53t glo|Bajg] A~ 7)&
ALExa -
A&
LANL NNSA |Legion(PM/R), LLVM(=-), Cinema (Data/Vis) & BEE (ol ZA]2H])
NNSA LLNL NNSA Spack, Flux(ellZA2<EY), RAJA, Unpire(PVR), EleP@2AlY, Flux/Power (=70 =
Software MFEM(Ele]2242])
SNL NNSA |Kokkos(PM/R) % Kokkos Kernels(53&-#A glo|B 22])
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Ftar. ECP o E8]AlolA A7 Hof >
Angor| mzAE o z3
LatticeQCD  [&& 7F53 QCD dxeld +4
NWChemEx [vlo]Q dE 2 7]E} nfo] Q2 AE AAFS 98 A 2l A4
Chemistry GAMESS A S AlaE RdEES At duelE A 2 A& el A
and
Materials EXAALT Sl T"i_xl'o—ﬁ‘ﬁ—l]'(MD)% 70’]?:_" ALT(XC_)]E_ILEy 7E]O]7 }\]7\1-) /\]gﬁ'ﬂol/q
ExaAM  [917 ¥ 44 2 4% A% 7H&okE o) AFHTAM) 74 84 8
QMCPACK  |d¥ ZH7IEE 42HQMO) S A43 A= A AlEd o)A
AMReX St v Al AlAES dlAshr] 21t E5 7R AMR dxElE i A
CEED e84 ofEe|Aleld N AdE H7E A o|iks) Az Ege] 2 dmelE ANt
| Copar |2 HUTET BT B ST ST Q=K. elelefel, ohgebel 5
Co—design T
Center o) E RRE) R I MAE 2= u| suk
CoPA A A} 7] Yol disl 5 A A= A= g
ArfErelE, AR, AEaR;, /ot Holel A 1) dels
ExaGraph _
T4
ExaLearn datzA Y doly #4448 9% 4 7hs wiled rled
ExaSGD o] A Fet ol Ee wigk JE|=e] SEE FAE & ol daElE
Data _
Analytics CANDLE of= b Al, RASHZA, A5AHEA S sAstr] #1771 Ass 25
and ExaBiome  |4E8b vlolele] £74 AFL 913 B 7b5a dlole] £7) 8 B =7 A
Optimization
ExaFEL RIS AT LA A F A 7R x—A 3A dlolE] 4 A i
ExaStar AA Ejste] ZEAQ A 2E 93 FH4(heavy elements) ¥4
ExaSky T3 T& Aol ik Awet i AlEH el Bdl
Earth and
Space EQSIM A Fre] 2R 5 Ao P 2 AFIskAPdEsk i ofd] oJed o AlERlo | B
Science
Subsurface  |thofgk 2AIUE WA= B4 ts = e Telds A& olElel 57
E3SM—-MMF |A]9 & &3l v|A = 71% w3t x9A o4& 37}
ExaWind =8 A4 o & A EY ol 7Y
Combustion=FEL o) 2 afign) 2 maeldlel shern dasgo B A
AR AAZ A ZAs e A2 ' 24 9 AR(CSS) BEE
MFIX—Exa A
Energy &
WDMApp A7) At g3 Fekxmatel L83t B A& A AlE el AlF
ExaSMR THA AR A A EH oA
WarpX  |Fehavt 7b57] § o 2o o Fellel 4 A
Ristra =7F oti o FelAlo] S 2% A HE| E7] 2= AN
gatior}al MAPP TelUx] Wx Bk 93 tlEEEe Aol B 1 2| 3 o =)Aol At
ecurity
EMPIRE AND - - - - o
SPARC ek Axr) 9 Fepzvl e Z5 715, A A W BAETF B
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— o|§ 2020 OpenAljitell 41 e GPT-37} 53t Adstsr 7]
AL, o] 7|% 9x GPU 10,0007 5 HHAAAE FHAFE A&

- Hl=E A HER AAAAY PR 2uATH

BecE AFY 5 UARS e Arstden, Auz A

HW/SW 71e< &5t g £of Aulx dx 7|8 vh&

— (HW) @A wlolmz 2 AT Ejftol|A HF3 Z3ASHFTE Ad=Zekal Azure A|AHS
gaa Adl AIEAS A7 Y& FHA A5 ZZAA(GPU 7|Hhel &el7s &
HAEe 23%5 FAlo] 75 Ay wl=, WA A8 AE 52 ZAA, UPS 5= &

<X 22> u|= nlo|maZATE EZAYALI 9 2 Al

of A L EAT Au|A SEALS] el Hek M, HAIET, MY sl Al 7l 23
A R A of A QEAI Mu|x 7|EE Al ZEaeiwie} i = A

RESEIES A5 2ok Al A4 AH 71522 § 45 a83 A &
Blul Aol = olvled Zrl= Ak dlole] 7|Nk Qlale]ER whwl EF x]2

nlo| 22 AT E ¥ AL AR 7IaF FRIE A4, AR 7152 Jdeldl HA Ay A
=11 4 5] £ AHAIE P AA ] mlo]laR AT E W B
chol 2365 Za}d=l | ERP-CRMell b5 =hq) A58}, el 3] w= sk Al 58

vlo]| 7 2 A E 365
S

12) o}F 7 A, Tech in Trend ‘= FHAFE” AF MS, ATgY 7, 2023. 3. 27.
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AL
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o BhALERHE

. ‘08~'18(10¢ o o A AE njg] WA A ES EF 7|5}
4§.7] ) 3636 14‘7/] 732 EH% —;ﬂl%]:/‘g}{l' Xéillq ?{’\_% X]E% °© B
% & n = ]
557 ‘18~@x 25700  429] 908 | fﬁﬁiﬁ% AEA R i 22
500,00

6357] '23~"28(l| &) 109(&F %) | 2,504 |o =7bA detald & A4A &8 F9 s

« 3fe] Fas AR gt 277 4~5
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(4] : PF)
=7} | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
ul= | 17.6 17.6 176 | 176 | 17.6 | 17.6 | 143.5 | 148.6 | 148.6 | 148.6 | 1,102
AdE | 105 10.5 105 | 105 | 13.6 | 19.1 | 19.9 | 19.9 | 442.0 | 442.0 | 442.0
S| 26 33.9 | 339 | 33.9 | 93.0 | 93.0 | 93.0 | 93.0 | 93.0 | 93.0 | 93.0
EU 4.1 5.0 5.0 5.6 6.2 75 195 | 195 | 441 | 441 | 151.9
= | 0.3 0.3 0.3 2.4 2.4 2.4 13.9 | 13.9 | 139 | 252 | 252
A% 5%6 1079 9%0 13}i1 3§ﬂ8 3%8 1gﬂ3 1%7 3%7 1Z}i6 4%8
* 20229 69 Top500.org AHE 7|4} 4 W&
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F2(PF) e Ads HAstal sloew, ul=3 24.9%2 AA A

<¥ 37> 7+ 7 AA 2SR ALY vn
(9] 1 PF)

=7} | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

w2 | 1183 | 136.7 | 172.6 | 228.0 | 249.8 | 533.2 | 611.1 | 668.7 | 986.5 2’0483’

UE | 225 25.0 38.4 54.5 90.9 109.4 | 109.5 | 593.7 | 628.2 | 628.2

3 | 485 52.1 88.7 | 223.6 | 298.9 | 438.2 | 531.8 | 566.6 | 530.1 | 530.2

EU 49.6 78.8 88.1 139.8 | 172.7 | 254.2 | 302.6 | 452.4 | 652.4 | 890.3

Eisa 1.3 2.5 7.2 5.7 7.1 21.9 18.7 18.7 82.2 83.7

A3 | 94.0 54.1 24.0 40.1 42.4 24.3 32.6 35.7 12.0 24.9

[0 =W Top500 =9loll SAEA o A 2872 23elH oF 167], 1404 HESF
29 AYE HFApst e Aoer 2akg

- fElvete 3 ZokellA ZIAAe] B 7S HIFEE oF 50PF, ®lZkel| A

AP ARl SSC—-210] oF 32PFE 7HA =& ek B

<3 38> =W AASFHFE AY By A%
(=91 : PF)
7]+ Al 28] o] 2% THEIE ] 31

SK—Telecom Tltan 6.3 2022 TOP500 859
A A AL SSC-21 31.8 2021 TOP500 159
A AL SSC—21 Scalable Module 2.6 2021 TOP500 3159
7147 Guru 25.5 2021 TOP500 31¢]
7147 Maru 25.5 2021 TOP500 32¢]
GIST AI-X Cluster 0.9 2021 -

S x| DA A2 - 0.2 2021 -
AT Ak A = - 8.9 2021 -
ghaall g ghol| U A A 4 Kairos 1.6 2020 -

KISTI Nurion 25.7 2018 TOP500 429
7|23}kl 74 ot = 1.4 2018 -

FEXNSA NABIS 0.1 2018 -
UNIST Dumbo 3.9 2018 -

i ey ST AFA G A28 257 0.4 2016 -
7147 Nuri 2.9 2015 -
7147 Mari 2.9 2015 -

Al 167] 1404 HEelEF2 A B
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CPU(Z %)

Intel Ice Lake 2.6GHz(612,8647, 7t 306,43271)

A& 215 (Rmax)

36PF(Z+ 18PF)

o

| 245 (Rpeak)

51PF(Z+ 25.5PF)

Ay 55 (GF/Watts)

10.92(Z 5.46)

) A A A SSC-21
T W& v 1
ol & SSC—-21 Top500 15%
A A} HPE
A28 (0S) Apollo 6500 GenlO plus(RHEL 8.3)
CPU(ao ) AMD EPYC 7543 32C 2.8GHz(204,1607}) AMD Milan
GPU NVIDIA A100 80GB
A1 &5 (Rmax) 25.18PF
o] 245 (Rpeak) 31.75PF
A a4 (GF/Watts) -
t}) SK Telecom Titan
T ek Ml
o] & Titan Top500 315%]
A A} HPE
WELI(ON) Apollo 6500
CPU(ZA<R) AMD EPYC 7763 64C 2.45GHz(56,54471) AMD Milan
GPU NVIDIA A100 SXM4 80 GB
A 545 (Rmax) 6.29PF
o] 245 (Rpeak) 7.19PF
Ay g4 (GF/Watts) -
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=g | SEEA 7
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g o
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summary

Research Title : Research for the establishment of the 3" Master Plan for Fostering
National Supercomputing

This research aims to support the establishment of the ‘the 3rd Master Plan for
Fostering National Supercomputing (*23~"27)" based on the TAct on Utilization
and Fostering National Super—Computers; (*11). The 3rd Master Plan includes
goals, policy directions, and tasks for the development of national supercomputing
capabilities over the next five years.

Based on the analysis of the current status of technology, industry, and policy in
Korea and abroad in the field of supercomputing and the performance analysis of
the 2nd Master Plan, this research has derived implications for future directions
for fostering national supercomputing.

And this research organized and operated a planning committee* and gathered
opinions from experts, ecosystem members, and the public to prepare the 'the
3rd Master Plan for Fostering National Supercomputing'

‘the 3rd Master Plan for Fostering National Supercomputing’ has a vision of
Supporting the realization of a leading nation in science and technology by
strengthening supercomputing capabilities to prepare for the exascale era and
alms to secure supercomputing technology and infrastructure to accelerate
scientific, technological, economic and social innovation.

the 3rd Master Plan includes the following 4 strategies and 10 tasks.

(Strategy 1) Improve strategic support systems for national supercomputing
resources: Enhance supercomputing support for big science and
public services, Expand the wuse of supercomputing through
customized services for industries.

(Strategy 2) Advancement and diversification of supercomputing infrastructure and
services by  establishing KNSCS* :  Securing world—class
supercomputing resource performance and expanding the diversity of
supercomputing resources, Establish a one—stop joint utilization
service system

* The Korean National Supercomputing Center System: This 1is the
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supercomputing system of Korea, consists of one national supercomputing
center and a number of (currently seven) specialized supercomputing centers.

(Strategy 3) Promoting a leap forward as a supercomputing powerhouse through
supercomputing technology independence: In—house development of
core supercomputing technologies and systems, Laying the
foundation for industrial growth by discovering demand related to
supercomputing

(Strategy 4) Laying the groundwork for expanding and advancing the

supercomputing ecosystem: Improving supercomputing expertise
for new and experienced personnel, Strengthen promotion of
supercomputing to make it easier for future generations to
embrace  supercomputing,  Operate  supercomputing—related
cooperation networks/Securing status data to support policy
establishment

This research has the following expected outcomes.

— Systematic and efficient fostering of a national supercomputing ecosystem

— Strengthen policy effectiveness by establishing the 3rd Master Plan in
conjunction with ‘the National Supercomputing Innovation Strategy for
Quantum Jump in the 4th Industrial Revolution (*21)°

— Achievement tangible results in fostering national supercomputing through the
overall improvement of the number of companies using supercomputing, the
total amount of national resources (national and specialized centers), the
number of leading—level technology fields, and the reinforcement of specialized
personnel
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