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NGACI (Next-Generation Advanced Computlng Infrastructure)
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v EREThR(CmV T smZ kit P

EIRHE (ver 1.0.0) > ver L1LOAKICAEFERS (RST ME5EH)

v BDELD inEk (BEFEX - H)

v P=F%FOFrWG V-4 : =t (BEX) . £%F (Eif) . 8% (hX)

Z5 (E0d@) , #0O (GeEEmK) |, HE (WR) DI (B#RX) |, @A (Spin Memory) /NEF (LK) , 884 (NID) |, vk (RIEK) |, v (BRIEX)
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v EIEEEE LT BERAICED< (FINFET — GAA FET) s 30r g
v NSUTRIEMIFTARSY # 500 | -
v SBEOBLICLZIEE > FyIly ~ ﬁ e
v A . MCPIATTDERE 100 Samsung
(7—FFOF vHlfIZGEDEAL) o .
o JOtYY - XEYU (HPCHEIT) 2015 2020 2025 2030
v XZ—T77CPU (Intel, AMD, IBM, Fujitsu, etc.)
¥ GPU (NVidia, AMD, Intel) , R& MLETOt Y (NEC) 100% *"j""';ﬁm BE(2) D=0.22/cm"2
v XEU  HF) A RSO CEHE BAOEEN % (DDR, HBM) . = —ii2) D=L
o F—AERXIGIMT - 70% Eo0 17v7
- _ , R ) = 60%
v BRI U7 )URE (~400G) , /\wH -5 1/ (Si-IP, EMIB, UCIe) # 50%
J— RpuiggE (XEUHAERT: QPI, IFIS, CXL. 1/0mIF: PCle) 321\ 20%
v 30% %
e ASIC/FPGA 0% 21% 26%
v ASIC TPUZ : HARBHRSL - ALT Oy HHEsS 10% eS—— a5
v FPGA XILINX, IntelDESHAEFPGA : HPCYoT — 17 >4 — BHIHNE 0% . , . ; .
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S RF AT —FF O F v OREEE (v1.0)

HPCT—:F;'O?'\" . Interconnection Network in a System
DEIAE VBB YIS I I

v A lot of "computing nodes"
which are connected by Network
v" No shared memory among nodes

v Nodes have a shared storage Node 1 ooe Node n
(shared disks and/or SSDs)
Distributed-memory Shared-memory I T
parallel computer parallel computer |
Each node/processor Nodes/processors Shared storage
has its own local have a common g
memory with its own memory space used
memory space. by all of them.
-%EEE 11 HPCPhys #5852 2022/9/16
W —
DEIAETVUE W EH
v Many-core CPUs
with their shared memory Node 1 Node n
v Accelerators in some cases e llsiocal || Accelerator NWI| Local || ccelerator
- torage I[F ||Storage
(typically _GPUS) _ CPU CPU CPU CPU
v Other perlpherals, such like |Core| |Core| |Core| |Core| ooe |Core| |Core| |Core| |Core|
network interface and local storage |Core| |Core| |Core| |Core| |Core| |Core| |Core| |Core|
| Shared memory | | Shared memory |
ﬁ%!!g 12 HPCPhys 8= 2022/9/16
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o J—R7—FFUOFv GEJ—RDI\—RIITT7IER)

v
v
v

XZ—77CPU B
X Z—177CPU & GPU @& B!
Zfth : FPGAEEEL, RO NLTOzy HEEE

o 25— U b

v IIRD b > ROREMRRMSEE. Co-packaged OpticszFUW\DFTIZ/AER. Dill5
v IR— REFESH (Top500¥=>dD kL2 R : Fat tree, dragonfly, 5D Torus)

v

BrFHEELESHE (Anton-s, MDGRAPE-4)

o ARL—S (KBURME - 18ME - FEIE1E)
ARL—=203RAEY, N=Z Ny Ty, WHIDEI 7 AIEZRT Ly P—AATIN—2
AL =425 TT—2R (SATA, SAS, NVMe, Fiber Channel, USB)

v

v
v
v

AL —>xw kTJ—2 (NVMe-oF, iSCSI, FCoE)

A L —2taeRiR/) \— K (Computational Storage)

£ F v ORREIR (v1.0)

Node 1

NW
IIF

Local
Storage

Accelerator

CPU

CPU

|Core| |Core|

|Core| |Core|

|Core| |Core|

|Core| |Core|

I_|_I

| Shared memory |

13
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SAT LR (E—D. =)

Peak performance and

application performance

Node 1 Node n
(system peak performance) E S%:;z:e Accelerator E Slt-:l‘?gle Accelerator
= (peak perf of node) x (# of nodes)
CPU CPU CPU CPU
. . |Core| |Core| |Core| |Core| XX |Core| |Core| |Core| |Core|
(app"catlon performance)_ . |Core| |Core| |Core| |Core| |Core| |Core| |Core| |Core|
= (peak performance) x (efficiency) I I I I
. L. | Shared memory | | Shared memory |
v Efficiency is influenced by : =
» parallelism
» memory perf for required access
> network perf for required communication
14 HPCPhys 8= 2022/9/16
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2028£FRICRIA AR IR AT LADTFR (v1.0)

o R RFTADBHE UL TN DHDT —FF I F v 541 T &R

o RASAFTLE
v AZ—7CPUE! EEDBHROLEREUVTERASNDS AT A
v AZ—TJ7CPUKGPURHEE GPUL/RRBMCPUTHER (REZ DS XXTLATHERA)
v RO MOty YiREE AR MLZOtY Y ERX RCPUTHEEL (] : SX-Aurora TSUBASA )

e SHASAFTLAREE (A—7DEMIEERICKDEERRFISEIAIC)

v CPULREY
> ISA (SIMD) (DEBRKLQET%ECPUICHLRIEEE S LTS (B : Intel AMXYPARM SVEDFMMLAR &)
> BFloat16¥°INT8. INT472 EDISAICHEELIeT —SBIDEA

vV POERSL—IERBR/AFTOSZF AR
> SRAFLRBEAR : Fv IRIER(SOCYPMCM)., J — RAILIR. 5w ORIRES
> VoS L—IERATR B, £#5/H. A

v Processing-In-memory X {43
> HEREATUDEEBEER(CLDIATY 7O RDE/ > Riglt SAKEIE(L

P-%!Eg 15 HPCPhys fls8% 2022/9/16

IRDS: IEEE International Roadmap for Devices and Systems

RAS AT LBODERETFR (v1.0)

o R—ASA>2EUTOFH

o SAFAIAKR—R> MBICUTOXBT—IH S Fill
v Jotvy: IRDS Roadmap - Systems and Architectures (2017 and 2020 edition)
> VYow heleDI78: 70077, SIMDE W ME @ 2048-bit x 2, 00w 2RISR : 3.9GHz
> CPUYZw RODTDP: 351w

v GPU

> RSFHIRTA NVIDIAtTDBED/ \ T> RGPUDMEEZE G & (CHRFZ THME

> FEAEMIRTA FFROCPUDMERE T BMEICIRITDGPU/CPUDMEBELL Z R U D 2 & TFI
vV Ry D=2 “Ethernet Alliance Roadmap 2018”

> U>2&1=D1.6 TByte (100Gbps x 16L-—>)
> J—RBEDIUSD (U OBENC KD TPT DA/ —GERHNEDSRNTZD)

v AMNL—: “Lustre: The Next 20 Years”, HPC-IODC Workshop, 2019.
> Lustre TI/OMEEN'1.36x/E. BENMN1.38x/FETHELT D EDFEEFIA

o 80 : SAFLARKDEN
v SAFLAEBEBHRINSITWYV 30,40, 50MW (cf. EETI(E28.3MW) BEKIU PUE=1.1 (Power Usage Effectiveness)
v CPU (FZIXGPU) DEHIZTY hDLEE : 60, 70, 80%

P-%EEE 16 HPCPhys fls&% 2022/9/16




2028 D AT LATFRIEEE (E—T%8EE) (v1.0)

AZ—-78 GPURHE
v REEENR TR TERX1.8 EFLOPS v EROEIBHL TR T&RA14.0 EFLOPS
(EEDMERED3.37F @ 50MW, CPU 80%) (EEDMERED33.5(F @ 50MW, CPURGPU 80%)

v H X, BH (BHMEELEDE L EE 4 2B1EE)
BEENFR : cruDEREFRNBE(CIRITDGPU/CcPUTERELEE R U TFill

[ YATLRN W T0MW S0MW 28.3MW SAFLEN ~ 30MwW J0MW SOMW
CPUEBT] 60w 0% 80% 60% 0% 80% 60% 70% 80% CPU/GPUEST 60% 0% 0% 60% 0% 0% 60% 0% 0%
vy i 4662()6 54-300ﬂ 6210()G teeoG »72:200 »maob 7771)()G 90630u }()ssoob 158.976 GPU B 50661 | 50104 | 67548 | 67548 | 78306 | 90062 | sa3s | oess | L1z
*F:;L Zi 3 ‘;1” 3”1*(1'“ 4:("‘8160 ! 40“6" ‘J;;‘G“’ ”-?:8“ "'4?: “’f";“ "f*ll‘)“ 8.3x10° B 34x109 | 3.9x109 | 4.5x10° | 45x10° | 5.2x109 | 6.0x10° | 5.6x10° | 6.5x109 | 7.5x10°
: 5 95 108 267 135 5 5 537 -

DDR #& 102 120 137 137 160 182 171 200 228 j— P lis - ?4;;1 10778 10778 12?74 14?71 13472 15'718 ! =
BW (PB/s) HBM # BW BsY 390 445 45 520 5 557 650 T3
HBM 4 307 358 110 110 478 547 512 598 653 163 (PB/s)

BW (PB/s) HBM #e7at 4 5 6 6 7 8 8 9 10
DDR % 17 20 23 23 27 31 29 34 39 _ (PB)

(PB)

HBM #%& 4 5 5 5 6 7 7 8 9 485

(PB) a A s

e * IRDS Roadmap (DCPU V7EIFRTFHIBE 2ME LR

> a ¥ BW 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 L Le JTIWAS o 5 oA - LE

(Th/s) 0 s HKETE—DUHRRDFRATSHD. EREREEEFETTR

#1/0 HefE 34 34 34 34 34 34 34 34 34 =EE _ - -

(TB/s) = + HARICPESRU\GE

p— N v
BFARICRA > FARNOBEE (Fr>REHK ! ?)
Rcom
et RCCS 17 HPCPhys 58 2022/9/16

TV r—a  DEKRMERED T

o HERFO—RIYTOTUr—RIEIEI7TEOTT) DERMEREE R
— ZD55/—FHOERIZOVNTIRHDO LD IXEL
— KYBLDT T (EEBEOE VT TF—2T7T)) DD IES %R DRE
« SHTDOEB
— MEEERDAIICEYBELRL RTLDIATENEE
— B RAT LERICEKYVEDBEDTTVr—av Bt hN—TE5h0RE
s DHDOBRITIRET DUVARTLER (A=—a7E -GPURHE OBEHNLETADES)

Manycore (50MW, CPU80%) GPU (50MW, CPU80%)
# of CPU Sockets or GPUs 103,600, 112,580,
# of total cores 7,252,000 1.2x 10
PFLOPS (double) 1,810 17,963
DDR total BW (PB/s) 228 —
HBM total BW (PB/s) 683 743
Total Size of DDR (PB) 39 —
Total Size of HBM (PB) 9 10

2022/5/27 SERE 2, “RiR SR st AR ORRKIZM T/=NGACITO B YA, E11[EICAHPCEIF, 202245 8. 18




TI)r—23> OEKRMEEED EHE (WP1.0.0&Y)

o AZ—aF7 BRI RTLERK (S ATLEHS0MW, CPU8O%)O)iﬁA
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2028 F DLV AT LD T B 6E (BHThiR)

« HENGACITERBP DU AT LIMERETF BT —20—8HZHEN
- ZHAELE@EBKR. RESA@ELTRE., EREE@RKRICEBHNLEYT

- REFTETOEYHDEAT
— Latency Sensitive (LS)
. FoAR—RBESIH LT AMEICA RS A BT —F T 5 F v
o RBEAEY, KBEELLC. FWW\FrylalEE
+ 5]) Xeon, EPYC, Amazon Graviton, etc.

EBHME: 2022/9/16

ver 1.1.0 DFSIMETERL
(ABRICF T2 fEF)
ZDMDOIEE O BRI RH

HREHEE R E—ithE
TSMCON2/—KRZxt& &L

— Bandwidth Centric (BC) OSyhRE
« U5T49D R HPCHRERN =35 12 *SRAMEE
« BEEATY, TiE X BEICBHDETSGEA—AILAE) Fryia NIVDRHRRA
NSUURBERE

« {5) Tesla, Radeon Instinct, Intel Xe, A64FX, SX-Aurora Tsubasa, etc.
— Compute Centric (CC)

< FEHERGEALE

- BEREGEHESR WE+T AR NFE

D LEMSBRITHRENMELHTE
CClEATF VT AE ) ZHT-7,

 f51) Google TPU, Cerebras WSE, Tesla D1, Esperanto ET, Graphcore Colossus, SambaNova, etc.

2022/5/27 SERE 3, RSt st B AR ORHIZM T1=NGACITO Y4 A, 11 [EICAHPCESF, 202245 8. 21

2028 F DL AT LD T B4 6E (BHThR)

e U T=Y DI BE 8
T S model | BCmodel | CCmodel

FP64 Peak Performance 5.9 TFlops 12.8 TFlops 86.8 Tflops
Memory Bandwidth 614 GB/s 4 TB/s 173.6 TB/s
Memory Capacity 1.5TB 512 GB 1.7 GB
B/F 0.25 0.31 2.0
Power Consumption 351 W 140 W 286 W

« 50MW. 80%I=H1TBHL AT LIERED RIEY
| lsmodel | BCmodel |  CCmodel |

Vo MR 103,600 259,740 127,145
#8778 (Million77) 6.63 258,526.49 523.96
PFLOPS 615 3,324 11,036
AT/ RiF (PB/S) 63 1,063 22,072
WMAEUSRE 159 132 0.22

2022/5/27 B EE, R ARG EEBORRICAITIZNGACTORYIEA”, E11EICAHPCESF, 202245 7. 22




4N =G 3DDRRBBHFEIECLIED UIBSDEEE.

fﬁ-ﬁ E:F EEB(C(E. cNSDIN\LTUY RES8H.
HAN—FAREHEES, TOYSZVIEFIL
ZEREZEEUVLTCF—FFIOFVvEER

o LSIXAMDIMERERCPUNR—X
v TR BT AT LER O CEBE

e BCIZHPCHAIIDILFIHCPU, GPUFTZENR—R
v REOR/(O>0&(ER

o CCRAVFYTAEVDHTI\Y RIBEHE. VY —RADXEAZRERICIROIZED
v RACPUZAWS TOISRINT IS L~ DH THEMR T D & SIMEIHIRTE TDHEE

LS, BCDCPUNR—XRTI(I+ 72 146EM LA

50MW. 80%I=&175 AT LIERED RiEY (TSMC 2N E)

_ LS model BC model CC model

Vow N 103,600 259,740 127,145
#¥8177#% (Million77) 6.63 258,526.49 523.96
PFLOPS 615 3,324 11,036
ATV RiE (PB/s) 63 1,063 22,072
WMAEUSRE 159 132 0.22
p-%!!! 23 HPCPhys fl58= 2022/9/16

NWACPUIRAT—ILTBH ?
(AZ—277CPURX—XT+3h ?)
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vV ZTTEREATLHRERZRT (OAX OB/ DT Y NTERTARMEDOHEENREDCH)
o XZ—7CPUDRMMEREZERT 37—+ T IV F v ERIMAH

v AZ—=177CPUDPRFR
v NGACI WPTREE > /zdD(d. H<FTE—TMEE

o MEDCPUP —FFTIF v DIEKRE - EX{ETHR RS,
EDXSIEIRBENHDEDH
v XAZ—7CPUDRRFZHD Z L(F. MBINET —FFTIF vt 2iRET I dHFER

YoR(S 25 HPCPhys s 2022/9/16

AZ—7CPUDERER T — U > D DIRF
RATITOISYIL> RUTESHZH, mLCRA

Core performance is difficult to increase. Core (= programmable state machine)
v" Limited frequency, limited parallelism

v Extra hardware required to boost IPC

=,
D)
S&

Moving data via memory doesn't scale.

v NoC and cache can be a bottleneck of
data supply from external memories.
v Inter-core data-movement is inefficient.

> latency in writing/reading cache memories NoC (Network on Chip)
I I I
NoC itself and shared LLC doesn't scale. V—‘ 10
MC MC (X X} XX
v’ Scalable NoC is challenging. (PCle)
v $-coherence protocol gives higher pressure.
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Intel Skylake-SP Xeon Processor (28 Cores)

Ice Lake-SP is similar.

2x UPI 20

PCle* X16

PCle x16

DMI x4
CROMA, 4

On Pkg
PClex16

1x UP1x20

PCle x16

Py 6X6 MeSh CHA/SF/LLC
SKX Core SKX Core | | SKX Core SKX Core | l SKX Core
e Five rows of core & LLC slices s | wsic | owsiuc |
. R . DDR4 ;|
v Average latency is similar to Brdwell, Dore sccore | | sixcore || || | skxcore || sixcore
u
¥ but more cores csruc i osiue | cwsue s | awsuc fmwsc
. SKX Core SKX Core | SKX Core SKX Core I SKX Core SKX Core
e Each of two MCs are on each side w w
° A" IOS are at the top SKX Core SKX Core || SKX Core SKX Core || SKX Core SKX Core
SKX Core“ : LI’ SKX Core | | SKX CoreI : LI’ SKX Core | I SKX CoreI I u SKX Core

CHA- Caching and Home AgentSF- Snoop Filter LLC- Last Level Cache
SKX Core- Skylake Server CorgUPI - Intel® UltraPath Interconnect

From HotChips29

9/HC29.22-Tuesday-Pub/HC29.22.90-Server-Pub/HC29.22.930-Xeon-Skylake-sp-Kumar-Intel.pdf

hotchips.
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Fugaku A64FX Processor (48 Cores)

cMG HBM2
(12+1 core) (8GiB)
Icer@"core”mm"eom"m”ml ’ e -~ *\
4 r— | l '
] 1 = 1
=

X-Bar Connection L1 2 e 96 “ 3|
|8 n 0 - K

+ ¥ ¥ 3 3 % L= N 1 [PEEH =
\ /7 — B

L2 cache 8MiB 16-way F---ZfF=====:Z o -—- -1 E-ITL
I : = : “ = i
Memory | @ 1] clfc]|c [ 1
Cont!'oller : 3 “T LS “T" 3 :

1 = | 1 [PEEE =1,

\ /7 7

MNetwork SO oo T

HBM2 on Chip

CPU : NUMA node with 48+ cores

e L2 cache is shared by 13 cores with X-bar, per CMG

e Four CMGs are connected by a bi-directional ring for NUMA

Rom—

amzn R-CCS May 25,2022




Performance of CMG and NoC

Ieom"core”mre”core"cﬂm"m”rEI

CMG  12x computing Cores + 1x Assistant Core W l ‘
[

Core
IGOWIIGDI'\E ”IFDI'E”!:OTEIIGQ!’E"M'

Performance 512-bit wide SIMD
4 4+ ¢+ + ¢+ ¢ >2.TTFLOPS

| ——
X-Bar Cennection L1 Cache 230 > '>G1E;|f55/
>11.0TB/s (BF ratio = 4) GBIs
+y ¥ ¥ 3 ¥ ¥
L2 cache 8MiB 16-way
t L2 Cache
>3.6TBI/s (BF ratio = 1.3)
M
Co?'irt“rzlnkrer L2 Cache 8MiB, 16way | L1 J
I Memory j' 256 ‘r \E ,/
HEM2 Network 1024GB/s (BF ratio =~0.37) -~ GBis L. -
on Chip

[ oewe |

e Clustered structure Performance numbers of CMG and NoC

v" Four CMGs (core memory groups)
v' Memories are shared by CMGs (NUMA)

e Each CMG has 12+1 cores (ARMvS8.2)

QCRD(I;EE 29 EU-ASEAN HPC Summer School July 5, 2021

Chipletic &K D#IFY - X MIZE(E

CHIPLETS EVOLVED —HYBRID MULTI-DIE ARCHITECTURE

Traditional Monolithic 1% Gen EPYC™ 2" Gen EPYC™

00 6 [N

o o
% oo

L

IER 68 cos

/0 Die

| = I
o0 (=]

wed Technology Each IP in its Optimal Technology, Centralized /O Die upe echnology for
Where it is Needed Most 2™ Gen Infinity Fabric™ Connected mproves NUMA CPU Perfarmance and Power

wF

j oo co BN

119

8

L«am
[- -0~ -]

EEE %6 oon
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ROV —FFT O F v DujaelE
(EDKXDINEIRERN D DIEDNY)
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P—FFOFvilRDAB (CPU + X)

AR : BifFCPUL D ERMRED DOBRENMRD T IS L —F [C K BIERNBEDLE UNIRL

v P9k

v' PCI-ExpressY>CXLZ& TCPU &FES n

o LR — RS Y IDBREEHA

v SRF ARSI LT oS L—4 il c
HA_ — RP™S Y O%EEN M

Rom

v AP LE
° Cpumgﬁﬁﬁ CPU > SIMD, #nsspipelineiisk
v CPURICTZOLS L —FEZREIEN > USTEHEEET > <> (Matrix/Tensor/FFT)
FEERD/N\UIT—> 3> ([CDWNTIFET) A B C > Fr v 2EENE (rd-md-wr))

‘ > M7 UIEP OS5 L — S XENOCIHERS
o J— LRSI

Node @ > AEBUR/LEEAIE, NW IRAE0E
v J—RACTZOESL -8B )
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P—FFIF il ROIG AT
— Node "

00 DOoDB ’*‘HH

fiskAN / wEBE | FYITAES Ny Tr—oHiEse I/olCKBFES Y hNI—DC LB EE

CPUILEESA R (@) (@)

J— RIS > CPUS LTS o (@)

352%;&*;235:_& > Chiplet(2.5D), 3D#& A O

< CPURATUSE < > CPUL EUSE

o RFNAMIYE o FEMHAMITE
v JOU3SXEUFT. O— REERZER v AIREMEOEREm BB R, A (SR B RS (CHAAS
v HERICEKDCPUDMEER B =2 AR v CPU&EIFRID 7 —F&E&IT TR EEFEIT DA
v CPU&EHE—MICT OIS D alEE v CPURRBIOZTOT S AETILNE
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CPU - J — NRSFNDD A

CPU LM UTZAEMIRREDBEE (A, B)
v" A) Stateless (100% controlled by CPU)
v B) Has its own state (CPU may still control ops.)

Memory o Host
% Controller Memory

CPU
Interconnect

|

|

] PCle/Network
OpenCAPI

\ NVLink

AEBVUZMHSB, Frv>a1de—-L >3 (1,2,3)
v" 1) Depending on CPU'’s load-store unit

v" Has its own load-store unit

Augmented
Cache Coherency

» 2) Direct access to main memory (e.g., CXL)
Sometimes it has its own memory and cache:
. CPU Cache Coherency Domain
< 2c) with cache coherency

» 3) In-direct access through PCle, NVLink
Usually with its own memory,

and/or augmented cache coherency: CPUD—EBh. BlIbH. Fi=

< 3p) Partial/one way coherency Y095 AICBITFAIRA M.

< 3f) Full coherency through address translation AcCDF— S (C o
@CR)EE& 34 R-CCS Cafe, K.Sano




7otSL—FabniEks N (What's X?)

o CPUiLiR o BEEHERETOIELSL—F
v STEDERBEER(E RAA > DH7E BRI AT B

— v BEELE  SENODETH N, ZRECTOISTEUT 1 HIEN
A B c v ) Matrix engine, Tensor engine, FFT engine, DL engine
o (¥) JOOUSIYINFZOESL—H
o J—RikE = v BHOEET)L - MEESRWERRE+ T O SYE U T+ 2ROk

v BIEHET OIS L —F (T HEEPENNETESD

Node ’ v fil) GPGPU, T—4J0O0—FOtzwH (CGRA, Coarse-Grain Reconfigurable Arrays )
n o HBEEFIICKLINSE
v JAXEL (GPU) RDEREITR—R

v JEJAT>B (FPGA, CGRA) RIBEZMER(CEMAUET. T—FEREHAY

o WEE RAA > DiRf
v BMTHIETE. NRREIRE. FFT. Y— b, S D0E, HEETE.

o WHEE) —R/35YIDHES

il 5 EFitEIZalL—>3>, I—>1>h=al—>3>, 2
A v EET. KEEGR. T —I1EE (ATUSR/I\SYY) RETRYIT
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IV - PIJVXLDSDER (What's X for?)

o ERIDEK
v SCALE-SMD: BeHIND IR R7 T2 R
v ¥EEHEFQCD: AllrecueBRANW. 4 TiBIERFZAMLFIME LTI LINW
v GENESIS: U)LY LBIEEDTZHDEL RA NMLIPHEEE

o SH/\— RO T 7HIBADOHIST
v BRIDEIE/\— RO 7 (HFitE)
VI MUMED)\—-RDOT7ERE (I—>x> b =Zal—>32)
v IERATIIER/\— RO (BITETE)
V AEBUFPOCADRAT 21— IJRIEEE (B2 H)LOGTE. I35 JA18)
vV 7= (A2 0BRB(C KB miELRIEE)
V=S JO-BMDOREDOLZXIZFHD/\— R (FFT)
VI—=FA42ODI\—RITTEE (V—Fa>7)
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REARDOBER

o BHHWDIZHICS AT LATEREMA EIC(XENTERELE DT ED A

o . st g - EDELSIRBRATSa>hHbEBIH ?
v X - ERT = .
WPODHEENSE. BEFCPUY —F DR TIIEIEER (TR EE 0 - Fiarioggey
v CPUICHKHD. ENHEELEZm L TED 7 —FZ2EADOEMY @AHFEN3H?

o THRE - HERE - FHIEICHBWNT., ERINE(IMADH ? EDEBFEIRGIE ?
v stETEEE (E—Ottae, 777 URMIAERE
v BHMRELE G RTLDHESMEZESL)

HEZOLODMMIEIZEE

v Xk (FARIX N, #iEOX M)

v R (F 4 DT EREIC T BETEHER) R Fj 2 g - By

v R (FOYSLLSE, BiFD— REFBY, MAEaTmE) } TTIDIEHYIFE
v ERTEEN (HBERGELRISORIBRECET.) 0 ——  URTFLEEECRE

v (MRt RST1E. )
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RoREE

e SRRACPU (O7) & LIGREPXDEISE ?
v ESRED X DFAMEMMEWNEE(CE? (EDRXZ0Y)
v BEAREEIEDEZN?
f5l) CPUPSIE3E (BR{LEICPU) + AcclCkd ./ — RiEsR

o JOUSEZIEFIIER?

v CPURDOZOUSZ AR ZERATESH ?
C/C++ (11,14,17), FORTRAN, Python
OpenMP, MPI,

v POCSL—FRTO0SZONRDESNDH?
OpenCL, SYCL, DPC++, etc.

Cerebras SambaNova Wave computing

- = = s \ \  XILINX
v SA4J35YU, JL—LAT—TURHET+DIH? D VERSAL
o BER (AH) X NEHEMKESH ? (ACAP)
P, 21770 I AT IR EEDTOYSITNF IESL—IDH
v POtESL—4E0— ,47} 0“_1/—5 3> % < DIHAEFF > ) (A S(C/C++/FORTRAN) (FRIZfH
> 1—Y
@-C.%EE! 39 HPCPhys s 2022/9/16

dA—YhHhSDEHE?

o EFIEIRIERE - MIRDM L ?
v XXEIR L IR D TARLLY ?
vV yWWRBARSESIRRIERZETELIZWL ?
vV ZDIEDHICFETET DB ?
o J—RIR—FEUF1?
v BEFI— R (F(CCPUMmIITDC/C++, FORTRAN) ODBHEIIEFE TE/RLN?
vV IBRFEANDIEE (OpenMP, OpenACCE) 250K ?
vV ZIBEELUT. 7Ry RRRY bDFHFZEAccEIT (CEZTHZ DD(FO0K ?

e Time-to-solution ? EFINREETE ?
vV RO — ROEE(CET T, U0 oEsENABENELWL ?
vV RZATOTS=Z2IO5% AN (EHEE - KRE) OS> JADBITHETH > TARRLWL?
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o BIFCPU7 —FFIF v DIERBRDH TIIEE L VA
v BN EZ LITBEHDIE. WD HEM4E
VILEAR. 7OESL—IBRATNICKD. EROIREIREEPENG SHEDD
VRAMERQSEFECPUR— X THBIEEDMEEZER (LN UME_E(IPRER)

o EERD (CHERDIE. I—TFDEREHE
vV EQXSIBIERDAE =Y -0y MMTTDH
v ItREE. £EM. BiFO— NEE
v aZH)\h 7Oy TIh

e SAFLRFEM LI - ORRBRENCNETICEIRUTER
VR EMBE L TVWERLLD
v SERORERN D RZRBITHERLECLDS
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