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@ Fugaku HPC+Big Data+AI+Cloud ‘Converged’ Software Stack om

R-CCS

~3000 Apps sup-
ported by Spack

Traditional Clouds eg E

Fugaku Al (DL4Fugaku) Live Data Analytics
RIKEN: Chainer, PyTorch, TensorFlow, DNNL... Apache Flink. Kibana
) S e

Math Libraries
Fujitsu: BLAS, LAPACK, ScaLAPACK, SSL Il Cloud Software Stack Open Source

RIKEN: EigenEXA, KMATH_FFT3D, Batched BLAS,,, - i OpenStack, Kubernetis, NEWT... i Management Tool
Spack and other DoE
ECP Software

Compiierand Script Languages =
Fortran, C/C++, OpenMP, Java, python, ... Batch Job and Management
(Multiple Compilers suppoted: Fuijitsu, Arm, GNU, System ObjectStore
LLVM/CLANG, PG, ...)

_ Fugaku and
Hierarchical File System S3 Compatible future HPCI systems

Tuning and Debugging Tools )
J Fujitsu: Profiler, Debugger, GUI Red Hat Enterprise Linux 8 Libraries => Operati

nal R&D to
| extend the software stack

High-level Prog. Lang. |Domain Spec. Lang.| Communication File 1/0 ‘ Virtualization & Container

XVP FDPS RIKEN M oMY KVM, Singularity for Digital Twins e.g. Smart
Process/Thread Low Level Communication File 1/O for Hierarchical Storage City. Example is to facilitate
PIP uTofu, LLC Lustre/LLIO Metropolis to work

Red Hat Enterprise Linux Kernel+ optional light-weight kernel (McKernel) ' irtual environment

e Traditional HPC system eg K-computer A
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HPCICHIFAIIN-J I ADEIZFEMN “No longer about FLOPS” om

Training Data

anthesis

Acceleration via
Surrogates,

: Paretho

optimization

R

Prediction

Live Data

Trajectory Data Traini
Correction Assimilation raining
Inter/Extra .
What are the polation Big Data Prediction & What W_l” be the
fundamental theories that + Actuation underlying system
. . , Instrumentati (HW&SW) that will
define such relationships on facilitate such

between compute,
intelligence, and data?
(Collaborations with Riken
AIP, AIST AIRC, ISM, NII,...)

convergence effectively?
(Collaborations with HPCI,

Industry...)
_— — B

HPC (&Cloud) Infrastructure
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R Example: Intelligent Genomics/Proteomics Drug M

Design based on Convergence
[New HPC/AI pharma division @ R-CCS] Cryo-EM

CNN (AI) X Simulation

Genomic
Sequencers &
Federated DB

Genomic

Sequence Structural

Variations

Alpha-Fold I
Dynamics
Feedback & Train DEFMap

e

» Structu re

HPC (&Cloud) Infrastructure
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Reconfigurable
Massive BW Dataflow Optical
3-D Package Computing
Non-Volatile Quantum
Memory Low Precision Computing

Error-Prone

Ultra Tightly Coupled w/Aggressive
3-D+Photonic Switching Interconnected

17/ X +CMOS (F—2= 1 0>)

(Nanophotonics, Non-Volatile Devices etc.)
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* NGACI: Next-Generation Advanced Computing Infrastructure

- BELFHEM

SHEOEMREHEMOBEMNGREEZEZZAICHIEEY . AIRE YT T—aF LD S5 5FE.
Society5.0&EWVST=FH LW AL FADOERLGE . SR EBLHFINTT . L—T7DXE|
DIREREZDEMMVBEENFLZIT TSI LEILEETYT , KFEINGAC) X, FEDEHE
BETERBELT. F-HAFE#ERELTED ST EMMWEELHY ., ED XSGR
EHAMBELZON, AZ2=T4—ELTEDIILFHEL TULLKRELGZONMGEIZEHAL T, A—F
VIZERXRBELDDZENEWhite Paperb L TEEDDETERDBHFOHKEIZEETHLEH

BELTWVET, |7 https://sites.google.com/view/ngaci/home
- INETOERE

o RFEZFZEFZLTIHWTWAAZ2ZTADAN—E:99A

« TEIDEARZT—T427 3D EIF—%E N

« A DDWGIZKYIFERD L R T LBYORELZEPHIZER

— T—XTI9F WG, Y RTLYIMNG, 7TVIZATIIWG, VR TLERAWG

— White Paper[ZDULVT
s MRDFSTR(163R—V) MNFTERLF VI -KRIER - [LERF

2021/2/25 KR E1—TA T ITA—F s NGACI white paper 19




2028 MDCPU & CPU-GPUEE RV AT LD F !

‘l_.

AT LDENFFIDRE

CPUDEH/\ vk

o ILIEMAYLEFRIT | 158976

+ 5 XK1.8 EFLOPS 8-?;;06
(BEENMHREDI.37 _
ZEAEYINURIRE4S

ZRRED> 7I)r—

TaviEgED A E I -

163

BV ~44E -
0.33
SE)VSEDHET

GPUEHEH I ATL mLEEBM
%R T&XK18.0 EFLOPS
(EEDMHREM33.5(F)=>LH L.
FLOPSIEE LAY, AEY/NUK
& [XCPUonly&iaEEH iy
S>EBOT IV r—a ki
[XFCPUL AT LETELHFEYME

LN X
2021/2/£L' Sl KRV 1—TA T TH—F L



(7 HESL—4 1T REEI(AT) [IZEDM 2

F T RLGEE (SoC)

— CPULTH+HSL—AAFE—CPUS A L T &
— ATFYT Xy A ED AT BEO—SELE §
e FYTHRIEEER (RILFFVT I ur—) —
— FyTLyrELTERESNE-TIESL—4%
A —R—H 1 ETCPULEESR
- FEEETHEE
o« /—FRALEE PCI-E
— 7t 5L—4MPCIl-Express, CXL., CAPIZ®D CPU b -2
A3 —aAXRYFTCPULEER
— AEYBDT—REREOT I AFIHOKEE AN E
s BIERIER/—RXOTyo ., [RER YNNI =12 K58 G S5
AN F) i N
A =

Acc.

- WIZLE=T7OEISL—2ER/—F0Iv0eRrvhT—YTHSE

Acc.

2021/2/25 RERIVE1—TAV T TS L



R zhizAxKEGE., POESL—SPRGERIRETILEE]| M

o AR, StEHIATARBIRCGRATHETOHENRARVONTIVT—
SAYIDSTNIXEZ UL

® % o ODU-_/\"r—C‘:E)l_i):UEHJ r1§b\ba_b\J -)E-E';EEODI:RDT %3\*5%0):50)
o 75U RDRINEEDLSRETZEEALIBERUIETESD
o EAXRIDCICER. NHDEIRZIRME. DECBEU CEIRZEAPI TS g

o —EPDLRREICTPURED TS —INFE1ET DN, TensorFlowRREDIL —
AD—=JT—Rg1—Ih5(E SRR

o EFRODLY—I0—ROFRLIFHEER T, TNAERZICCPUR—R

o F—ATLDOBARANSE, IRINF—HNBHIEUCENRIEREERX I D8
[F. RPIAE

o UDE., EEALUVERITERIZIITDONTLRN




R A—7OEBOEREICHV. STEOEEFIO(N)TF—FBEIA Q0

e 2030AMI}1=ZE (Post-Moore®AHO) 2021DEA

o LA—THIDEE(CLD. HEMHREDEILDRE
o« SiT)NAR )W -2 00827 —ABENIAN
TR EI R
o PITVZXLPFIENEICELS, STEEA-F-D
HIR(+ T — SOOI IR EROIENN)

DN

T—AFEEN(BYTES)ER

eI ) D'—'ﬁg \ M- S-S
PR EFTAIUZL TR O(n) QM ' SVM || FFT || CG H-Matri 957 |

e -
i FLOPSE1E
iE1b

|4 e EE 1R XEVUMEESE R
CPU and/or\GPU + a (FvJARNT —F8BE 715 —23>)

= e _____ N(n3) 0 (n?) O(n)
SR - - R 3 B -0 P 2= e N >




2028 ICHERE100f5 2R T DA AHEDE L VE HEE
HEMT7—XTIOFVELRTLYIN I 7 DR M DIERE

ERAFROBIE

EENext 1R CPUDILRZEREL T
J—=RV—FFOF i8R A N EIRR

« ZORDOERZRIMZERR

EMREETUIICELS. BIFEARORER
ERKIRETEMEDBREE(L

FEEFT : L-TF1>ETICLS10045
SERLS FUA R, EEIERS - T XEY
B BB B
B =) _ Eae] IR t’F%‘- )]
ﬁﬁ;égmff;ﬁfg, \ E&ERACPU . SPAEY| HFHAEY /( EHIATY T —FFIF 00
RS M (BemmRy) RV | Tokyd| 7142 s LU B
Hbd =° k\ _— ]
SAFHYINITFOBER

[a&zm A“ﬁ?—wwo)'rﬁaﬁrmﬂ

F— 7 — a7
(CGﬁ?@; ?*T’H" 220ty | me || =7xEu| #aEy
A (CGRA) Jotvy| FNAR AEEST : SBIIUICEBAEY
- _ = PEREHETE o X — 7 XEUEIHESTAT
FEFEST : BEFOCCRAT BiRETS/-R7—=FFOFvDH
g A3 PRI T O E
%5 FPGASEL e AGEEET @ MAMISIL—SREOIET EE ST BUIE VRIS FIBEmalsn
’ (FENESERTRA)  SRESRECamsEEorRs | MESNEZF AEBVFEG K

RAICERDERRIA
(20214E] JERZMRREMEL. CROHIOERTE. /- R7-F7IFr REROLD, BELER)NSE

(2022FEF] REEIDZT-STYIURFCEITIBD, /- RV —FTIF v B RO OER T E




Matrix Engines for HPC:
A Paragon of Performance
or Grasping at Straws?

[IEEE IPDPS2021, to appear]

Jens Domke, Emil Vatai, Aleksandr Drozd, Peng Chen,
Yosuke Oyama, Lingqi Zhang, Shweta Salaria, Daichi Mukunoki,
Artur Podobas, Mohamed Wahib, Satoshi Matsuoka




p. OII. Computer simulations

What if... we have/had MEs? % ‘RCCS cromethe e

Node-hour reduction extrapolation

e Future system w/ 10% equal
distribution per science domain
and 20% AI/DL/ML
(=» realistic for convergence

of HPC and Al?)

e Under ideal conditions
w/ 4x ME speedup™:

e 53% on K & 10.8% @ANL

o
s)23:87afuturesystem Node hour reduction by utilizing hypothetical ME

> Matrix Engines will have limited utility, in future systems/workloads

(*remark: 2-4x realistic w/o precision reduction as shown earlier)
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