powered by
FUGAKU

9EJD—95>-77—ZFE$5§E n &2
Society5.0D#ExEE <«

{EEHAFTPR TERNEH
I = NG _
WTISD s&ima | [
2021#11830H




R EzmxJIOSIIMUTMNYIRIVEREHARITIESE

o K-BR-thICLFEREH T RARERERE => HETNFERER(
5000f5~ 1 JsM &, HERDEE why?

o HH1: REITIEMABRVWITORSCImZIEMISIA—>>3Y MY - l\'f YRI13

e E . n
o C.f. 7/ROGTH. RS, - AN AGAPX

o EELETENBESOA-I 74T THRRT BOIERETAE E
o IH2: FHEICSV=EDIZEHNE(ROI)

o EIZRFIBDIBHRA>IZELT : EEAHEZDO(1100E)A/NI>/I30 R 2R
SHE 9 D¢ 3000/2FE =2 38MROI

o [DRRICLBIFBXNER : Hyperion Research(LJ:Zoc‘:ROI(%O{ﬁ?Fa
. Society 5.0: SDGs GoalsIC[ElFzDXDERL S T




Society5.0-H1)\—=J1r>h)L
IR EANDIBILEVDEFAT I

[ W\ A 53 BF
BN —FFOFvICBEEDVWTHERE



R EROSIVMEHSCZIEROANI>EZELVE BE] (m

RCCS
o "ZIVT—=2320T7—ARNICKD"L—>3 VY MY VHAFEICEDEZE ST T !

o ¥iMBEFEENIZCPU [AG64FX] & EEE: L1 S il B b%ﬁﬁnFﬁ&Umiﬁ\ HAZ£E
DR/ HARENESMUT, BRI OS> FEUTEWEIR - )\ AU TR EHEHE

2 TREBRERZ
e - REEDKER b w TCPUDIMEDERE Lh—>33v ~
~ - ARTAVSNBFAEAM CPUD LI EIE, BRI
AG4FX HBPBY T NI CIRE)
= | - 2=l —3 3> EHICARBILES

o IATYA>TEDHSNE [EE] DR o [EE] 2~3=|'CE|2|§£42|§0)IT0)1$5:}

SR

. A—=hT4Y
Co-Design 2 ooo
&BFTUT—S320 &BPTUT—S3>0 il
FREEMBR U 22 X5 LGSET SESEREE PSR
BLU, =NICE UL —hE(b. UL
7TV —2 3> OREE
oﬁamn “mE“
======“==|=uu
E g “‘E“ : ‘
""“’ ‘eger HREH HREH HREH
dddddddddddddddddddddddd 200w > 30w & 200w
05 600~700Wx307 & 10Wx2,0005 &
B EEg%Ratt




HE : #REU-RTEIREBDITSATA M

o CPULLT : Sl EMIFELTRILRESEROCPU

o P—/{CPULLTIEHEFHID7nm AG4FX

o ESCiRDIntel, AMDDCPULLEEL TH3EIRE DAL

o EEIC3MEDENIESGPUICILE I B3 -,

o ArmOER Ty MITERER (U7 —F79F v (3 E ) > BRITRHELNEDEEEC /%\
o RYMI-HLUT : HARSOFIHEMIS

o CPUHDZEE400GbpsOry NI—I8&1e, 0.5 L -T2 GBE(EY—-/N\$HzD10~100Gbps.
T ~HBJPEL—F722)

o H—/ICPULLTHIHTNICIII TR AAWF2RNE—> 1675 — FMeHNEBRA(YF LA TR ERS.
AOC105=R

o Fa56PetaByte/sD1>>19232 /N> Mig—GAFAMEIDCO#E NS T4vI D 1045
o JATAELUT : V5 RDisaggregated 7—F7I7FvDitH{YIDEIR

o FYIANRAWFTCPUIY., XEY. RvNI—IMES . SATLAETOCPUIZIEFETOXEVICIFURDMA
TEE7ITAOgE, L2FTHrv1M4>>1033>



‘ o
RIKZN

Fugaku’s Fujitsu A64fx Processor is--

e an Many-Core ARM CPU--

48 compute cores + 2 or 4 assistant (OS) cores
Brand new core design |
Near Xeon-Class Integer performance core ]
ARM V8 --- 64bit ARM ecosystem

Tofu-D + PCIe 3 external connection

-but also an accelerated GPU-like processor :
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SVE 512 bit x 2 vector extensions (ARM & Fujitsu)
. Integer (1, 2, 4, 8 bytes) + Float (16, 32, 64 bytes)

Cache + memory localization (sector cache)
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HBM2 on package memory — Massive Mem BW (Bytes/DPF ~0.4)
. Streaming memory access, strided access, scatter/gather etc.

Intra-chip barrier synch. and other memory enhancing features

e GPU-like performance in real-world HPC especially CFD-- Weather

& Climate (even w/traditional Fortran code) + AI/Big Data



Advanced Power Management for HPC FUJiTSU

B “Power knob” for power optimization

W A64F X provides power management function called “Power Knob”
* Applications can change hardware configurations for power optimization

—> Power knobs and Energy monitor/analyzer will help users to optimize power consumption of
their applications

<A6

4FX Power Knob

Decode width: 2

Diagram> — :
EX pipeline usage : EXA only Frequency reduction
ree /=" -=--r="" -_———-----n —8-——_—_-_——-—— -y
Fetch i Issue Dispatch i Reg-Read | Execute i Cache and Memory |
| i | ' i |
| =~ el e s | | |
! \ | !
| | L11$ <'IP gelg::: 3y PGPR @ -;-i Store L |
| A %: 8| Port L1D$ |
=t 7 e e o e 7 |
Branch i < i I
I Predictor || PPR [T r: PRX / :
| — | RsE1 [T H i |
| | 1
I v W | |
N . (: FLA : .
I | RSBR : PFPR > l ! 52 coresl
' ] N_FB /. :
| a a — — =l
| ' ' ! _‘—.l L2§ |<—$_ =] |
| ( HBM2 Controller 1 PCI Controller
- - Tofu controller ~ — _._ —
FL pipeline usage: FLA only HBM2

HBM2 B/W adjustment (units of 10%)

All Rights Reserved. Copyright © FUJITSU LIMITED 2018



Fujitsu Mission Critical Technologies FUjiTsu

M Large systems require extensive RAS capability of CPU and interconnect

B A64F X has a mainframe class RAS for integrity and stability.
It contributes to very low CPU failure rate and high system stability
v ECC or duplication for all caches
v" Parity check for execution units
v Hardware instruction retry
v Hardware lane recovery for Tofu links

v ~128.400 error checkers in total
<A64FX RAS Mechanism>

Error Detection and Correction

Cache (Tag) ECC, Duplicate & Parity
Cache (Data) ECC, Parity

Register ECC (INT), Parity(Others)
Execution Unit Parity, Residue

<A64FX RAS Diagram>

Core Hardware Instruction Retry Green: 1 bit error Correctable

Yellow: 1 bit error Detectable
Tofu Hardware Lane Recovery Gray : 1 bit error harmless

17 All Rights Reserved. Copyright © FUJITSU LIMITED 2018
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Tofu-D logic Embedded into CPU die s

25mm? die area (~6% of entire die)

Power: 8~9W (incl. SerDes&AOC, very low
ggvv\\l’e)r c.f. 100GbE, EDR/HDR IB @ 25-

= Constant irrespective of state
s ~ 4~5 9% of entire node

Directly connected to on-chip torus
network

= No I/O bus inbetween e.g. PCI-E

= Direct DMAC access to L2 cache

6-D torus router switch + DMAC

= ~160,000 low dimension switch on Fugaku
= ~1.6 million ports total

CPU, Memory, and Tofu-D directly
connected to on-chip Xbar & NW =>
disaggregated architecture



Fugaku Tofu-D Performance FUJITSU

B 8B Put transfer between nodes on the same board

______ Communication settings

Tofu1(K) D.escrlptor Olj] main memory 1.15 us C.f 100GbE in IDC
Direct Descriptor 0.91 us Latency 10~100us
TofuD To/From far CMGs 0.54 ps
To/From near CMGs 0.49 us

® Total Injection Bandwidth

_ Injection rate Efficiency

Tofu1 (K) 15.0 GB/s 77 % C.f. 100GbE in IDC
Tofu1 (EX10) 17.6 GBIs 88 % Bandwidth ~10GB/s

TofuD 38.1 GB/s 93 %

September 11th, 2018, IEEE Cluster 2018 10 Copyright 2018 FUJITSU LIMITED



Post-K Chassis, PCB (w/DLC), and A64fx CPU Package FUJITSU
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2 Fugaku Total System Conflg & Performance %!_EE
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e Total # Nodes: 158,976 nodes
e 384 nodes/rack x 396 (full) racks = 152,064 nodes
e 192 nodes/rack x 36 (half) racks = 6,912 nodes
c.f. K Computer 88,128 nodes

® Theoretical Peak Compute Performances

e Normal Mode (CPU Frequency 2GHz)
. 64 bit Double Precision FP: 488 Petaflops e C.f. K Computer performance comparison (Boost)

|HBM||HBM|

\s ﬂM%IE Mﬁ’%lﬁ‘
L

1DDOCPUIR4SEDFTE T, 48 (F/cld2
&) ®OSAIT. HMEDAEY (HBM:High
Bandwidth Memory) B> 4% —7x—
RIREMSTRB,

|HBM||HBM|

R ELERASHT

« 32 bit Single Precision FP: 977 Petaflops e 64 bit Double Precision FP: 48x
. 16 bit Half Precision FP (Al training): 1.95 Exaflops ~ ® 32 bit Single Precision: 95x

. 8 bit Integer (Al Inference): 3.90 Exaops e 16 bit Half Precision (Al training): 190x
e Boost Mode (CPU Frequency 2.2GHz) « K Computer Theoretical Peak: 11.28 PF for all
precisions

e 8 bit Integer (Al Inference): > 1,500x
o K Computer Theoretical Peak: 2.82 Petaops (64 bits)

o 64 bit Double Precision FP: 537 Petaflops
o 32 bit Single Precision FP: 1.07 Exaflops
« 16 bit Half Precision FP (Al training): 2.15 Exaflops
o 8 bit Integer (Al Inference): 4.30 Exaops
e Theoretical Peak Memory Bandwidth: 163 Petabytes/s

e Theoretical Peak Memory Bandwidth: 29x
o K Computer Theoretical Peak: 5.64 Petabytes/s



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

Traditional Clouds eg E

Fugaku Al (DL4Fugaku)

RIKEN: Chainer, PyTorch, TensorFlow, DNNL...

Math Libraries
Fujitsu: BLAS, LAPACK, ScaLAPACK, SSL |I

Compiierand Script Languages
Fortran, C/C++, OpenMP, Java, python, ...
(Multiple Compilers suppoted: Fujitsu, Arm
LLVM/CLANG, PG|, ...)

Tuning and Debugging Tools
Fujitsu: Profiler, Debugger, GUI

RIKEN: EigenEXA, KMATH_FFT3D, Batched BLAS,,,,

, GNU,

OpenStack, Kubernetis, NEWT...

Batch Job and Management

Live Data Analytics

Apache Flink, Kibana, ....

Cloud Software Stack

System ObjectStore

S3 Compatible

Hierarchical File System

Red Hat Enterprise Linux 8 Libraries

4

~3000 Apps sup-
ported by Spack

High-level Prog. Lang. |Domain Spec. Lang. COngSil\cAaFglon TSI Virtualization & Container
XMP FDPS RIKEN MP! DT KVM, Singularity
Process/Thread Low Level Communication File I/O for Hierarchical Storage
PIP uTofu, LLC Lustre/LLIO

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

e, .

—~— Traditional HPC system eg K-computer

_

Open Source
Management Tool

Spack and other DoE
ECP Software

Fugaku and
future HPCI systems

Most applications will work
with simpl
x86/RHEL £nvironment to t
he Arm pyocessor.

LLNL Spdck automates this.

13
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ACM Gordon Bell Special Prize in HPC-Based COVID-19 Research
Winner

ACM Gordon Bell Special Prize for High
Digital Transformation of Droplet/Aerosol Performance Computing-Based COVID-19

Infection Risk Assessment Realized on Research
Fugaku for The Fight Against COVID-19 2021

T T TR T

RIKEN Center for Computational Science, Kobe University, Kazuto Ando, Raful Bale, ChungGang L4,

oy Institute of Technology Satosfii Matsuwoka, Keifi Onishi, and

Makoto Tsubokura

FOR THgital transformation of droplet faerosal infection risk,
assessment vealized on “Fugaky” for the fight against COVD-10
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| Physical smart city %!EE

£ AT, ‘ wa- - » experiments do not scale beyond
| _ ik _ 3 L -
.E ELE o " : : I/Trzmmga few hundred sensors & limited
n un . Sl LEEEL Bk ' Vi
SR ;g 1N\ geography
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Simulation of City, Al Inference gltal twin of the entire smart
Infrastructures + Societ for physical city on Fugaku as a shareable
+ Natural Phenomoenon smart city smart city R&D

* Sim of city phenomena
* Infrastructure e.g traffic
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