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A64FX
CPU Architecture (Armv8.2-ASVE  SPARC64 VIIifx
+Fujitsu Extension)

Cores 48 8
. 50.0 47.3
3.0720 TF g
Peak DP performance 0.128 TF 3 B0
z (3.3792 TF) £ 400
. . . o 35.0
= Main Memory 32 GiB 16 GiB % 300
Peak Memory Bandwidth 1024 GB/s 64 GB/s § ig-g 23-6 20.3
Peak Network Performance 40.8 GB/S 20 GB/S '@u 15:0 160
Nodes 384 102 g 100
& 50 2.0
Rack £
Peak DP performance 1.2/1.3 PF < 0.013PF 5 00 f—
= ] Peak DP Peak SP  Peak Memorinjection Network GF/W
Process Technology 7 nm FinFET 45 nm & Bandwidth  Bandwidth
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Architecture

CPU A64FX | om
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Courtesy of FUJITSU LIMITED

Armv8.2-A SVE (512 bit SIMD)

48 cores for compute and 2/4 for OS activities

DP: 3.0720 TF (3.3792 TF)

Cache L2

64 KiB

CMG(NUMA): 8 MiB, 16way

Memory

HBM2 32 GiB, 1024 GB/s

Interconnect

TofuD (28 Gbps x 2 lane x 10 port)

1/0

PCle Gen3 x 16 lane

Technology

7nm FinFET
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TofuD Interconnect om

TNR(Tofu Network Router)

OINLlje
TINL[e
CINL
€INL
VINLje
SINL

-

TNI: Tofu Network Interface (RDMA engimy

CULLLILTILL otenesxtopons

40.8 GB/s

(6.8 GB/s x 6)

<

6 RDMA Engines

 Hardware barrier support
* Network operation offloading capability

0.49 -

8B Put latency

0.54 usec

1MiB Put throughput

6.35 GB/s

rf. Yuichiro Ajima, et al. , “The Tofu Interconnect D,” IEEE Cluster 2018, 2018.
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CPU Architecture (Armv8.2-ASVE SPARC64 VIlIfx 32
+Fujitsu Extension)
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Al Platform (DL4Fugaku)
RIKEN: Chainer, PyTorch, TensorFlow, ...

Batch Job and Management
System

Math Libraries
Fujitsu: BLAS, LAPACK, ScalLAPACK, SSL Il

RIKEN: EigenEXA, KMATH_FFT3D, Batched BLAS,,,, . . )
J - Hierarchical File System

Compiler and Script Languages
Fortran, C/C++, OpenMP, Java, python, ...

Open Source Management Tool
Spack

Tuning and Debugging Tools

Fujitsu: Profiler, Debugger, GUI Red Hat Enterprise Linux 8

High-level Prog. Lang. |Domain Spec. Lang. COFTngSiEAaF?IO“ File 1/0 Virtualization & Container
XMP FDPS RIKEN MPI DTF KVM, Singularity
Process/Thread Low Level Communication File I/O for Hierarchical Storage
PIP uTofu, LLC LLIO

Multi-Kernel System: Linux and light-weight kernel (McKernel)
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e MPI Programming Model

e 1 process/CMG (12 cores)

. 1 MPI process with OpenMP parallelism or automatic
parallezation runs on 12 cores.

e 1 process/node

« 1 MPI process with OpenMP parallelism runs on 48
cores

e Many processes with OpenMP parallelism / CMG
e PGAS Programming Model

e PGAS + OpenMP 512-i§r§1MD
2.7 TRH = o FMAs
« 1 PGAS process with OpenMP par: ,s:/cs/s 1154 GB/s
node or 1 CMG L1 Cache
(64KiB/4way)
e 1 PGAS process / core 115+ GBS 57+ GB/s
e DSL (Domain Specific Language (&' V6T tewey)
e FDPS
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Spack
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e Spack, developed at LLNL, is a package manager for
supercomputers enabling easy software installation

e 3,000+ packages have been registered, e.g., abinit,
lammps, openfoam, namd, blast, blat, ---

e Build Verification Status of version: 6t September 2019

GCC Clang Fujitsu Compiler
x86 | 2479/3451(71.8%)| 768/3574 (21.49%)* N/A
aarch64| 2387/3451(69.1%) 288/3451(60.04%) | 2072/3451(60.04%)

e Pull Requests: Riken 66, Fujitsu 56
e Results of Verification of Compilation:
o https://postk-web.r-ccs.riken.jp/oss/public/

We have not tested execution of applications
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Build Verification of Spack Recipes R

e Spack version: 6th September 2019
e Verification Environment:

X | @ #edmmszos X @ S E%-Google s X | #) FHLLIT + Open Source Software X g = X

cC @ © & https;/postk-web.r-ccs.riken.jp/oss/public/ 67% w @ % R v IN @O O

O muzmmn -y 128GB

P, rcs MR- Post-K (Fugaku) Information
- Perfmmance Applications Pen‘ Eval. FAQ/Survey

2 Top » Open Source Software

List of Open Source Software which can be built on Fugaku N/A

Spack will be used to manage open source software packages on Fugaku. Fugaku users can easily use pre-

( ]
/l\. installed packages and built packages based on Spack recipes. The following list shows the results of buildi 36 1 ( 64 10/ )
- R . o . 0

"4 ng/compiling packages for aarch64 according to the Spack recipes. Note that the results in this list do not
guarantee that each package will work properly.

ntil mid Nov.)

Build success rate per compiler 242 ( 65 . 3%)

* Fujitsu Compiler: 1745/2861(60.99%)

« GCC: 2387/3451(69.17%) th
« Clang: 288/3450(8.35%) 3t June 2019)

‘ Search

Last Modified: 11/8/19, 3:35 AM GMT
Spack Version: 9/6/19, 1:15 AM GMT
Click YES/NO for further infomation.

Package | Version Fujitsu Compiler GCC Clang
abinit 8.10.3 NO NO NO
Lyﬁ 2.1.4 NO NO NO
ccfft develop NO YES NO
ﬂ 2.22 YES YES YES
activeharmony 4.5 NO NO NO
acts-core 0.10.1 NO YES ES v

14:56

2019/11/08
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(structured grid Monte Carlo)

O Predicted Performance of 9 Target Applications As of 2019/05/14
. Performance C . _
Area Priority Issue Application Brief description
Speedup over K
§ 1. Innovative computing
= infrastructure for drug 125x + GENESIS MD for proteins
2 discovery
[oR
g_J 2. Personalized and G .
% preventive medicine 8x + Genomon enome prgcessmg
< N (Genome alignment)
F using big data
g 3. Integrated simulation Earthquake simulator (FEM in
LS systems induced by 45x + GAMERA 48 d arid
=35 g earthquake and tsunami unstructured & structured grid)
SZ2ag
§ 8 % 4. Meteorological and Weather prediction system using
® o 3 . NICAM+ . ) .
= global environmental 120x + LETKE Big data (structured grid stencil &
e prediction using big data ensemble Kalman filter)
5. New technologies for
energy creation, Molecular electronic simulation
m . + NTChem .
=) conversion / storage, 40x (structure calculation)
4 and use
<
g S- Aclce'eratfdf Computational Mechanics
@ ini\;?/gg\r:]eeglegn epat 35x + Adventure | System for Large Scale Analysis
systems and Design (unstructured grid)
o 7. Creation of new
@9 functional devices and Ab-initio simulation
>3 | ° + RSDFT . ,
8 g 3 | high-performance 30x (density functional theory)
= = c materials
O < =
3 3 & | 8 Devel t of _—
o> = . pevelopment O
22 innovative design and 25x + FFB Al Beey SImUI?tlon
@ production processes (unStrUCtured g”d)
@ 9. Elucidation of the
o W . ; .
8 | fundamental laws and 25y + LQCD Lattice QCD simulation
A0
(0]

evolution of the universe
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Early Access Program (3 FARTEHIERIRIN)
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