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1. Heritage of the K-Computer, HP in simulation via extensive Co-Design
• High performance: up to x100 performance of K in real applications
• Multitudes of Scientific Breakthroughs via Post-K application programs
• Simultaneous high performance and ease-of-programming
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ARM: Massive ecosystem 
from embedded to HPC

Global leadership not just in 
the machine & apps, but as 

cutting edge IT

Technology not just limited to Post-K, but into societal IT infrastructures e.g. Clouds

C P U
A64fx
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World Leading HPC Research, active collaborations w/Universities, national labs, & Industry

New Materials & Electronic Devices e.g., Photonics, 
Neuromorphics, Quantum, Reconfigurable

Mutual Synergy

Foundational research on computing in high 
performance for K, Post-K, and beyond towards the 
“Post-Moore” era, including future high 
performance architectures, new computing and 
programming models, system software, large scale 
systems modeling, big data analytics, and scalable 
artificial intelligence / machine learning

Breakthrough Science & Technology using high 
performance computing capabilities of K, Post-K 
and beyond to address the issues of high public 
concern, in areas such as life sciences, climate & 
environment, disaster prediction & prevention, 
advanced manufacturing, applications of machine 
learning for Society 5.0.
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High Resolution, High 
Fidelity Analysis & 
Simulation

Novel Future High 
Performance Computing 
Architectures & Algorithms
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Select representatives fr
om 100s of applications 
signifying various compu
tational characteristics

Design systems with param
eters that consider various 
application characteristics

Science by Computing Science of Computing

A 6 4 f x
For the

Post-K
supercomputer
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Performance / CPU Machine Performance (HPC)

Peak TF 
(DFP)

Peak Mem. 
BW

Stream 
Triad

Theor
etical 
B/F

DGEMM 
Efficiency

Linpack 
Efficiency GF/W Network BW

Per Chip

Post-K A64fx
(A0 Eng. 
Sample)

2.764/
3.072 1024GB/s 840GB/s 0.37/

0.33 94 % 87.7 % >15
TOFU-D

40.8GB/s
(6.8x 6)

Intel KNL 3.0464 600GB/s 490GB/s 0.20 66% 54.4 % 4.9 12.5 GB/s

Intel Skylake 1.6128 127.8GB/s 97 GB/s 0.08 80 % 66.7 % 4.5 6.2GB/s

NVIDIA V100
(DGX-2) 7.8 900 GB/s 855GB/s 0.12 76 % 15.113 160GB/s

6.2GB/s



n A64FX boosts performance up by microarchitectural enhancements, 512-bit wide

SIMD, HBM2 and process technology

• > 2.5x faster in HPC/AI benchmarks than SPARC64 XIfx (Fujitsu’s previous HPC CPU)

• The results are based on the Fujitsu compiler optimized for our microarchitecture and SVE

A64FX Benchmark Kernel Performance (Preliminary results)
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Kernel

HPC AI

512-bit SIMD
INT8

dot product
L2$ B/WMemory B/W

Baseline: SPARC64 XIfx ( PRIMEHPC FX100)

>2.5TF
(>90%)

2.5x

9.4x

840
GB/s

(>80%)

L1 $ B/WCombined 

Gather

3.4x
2.8x3.0x

14

All Rights Reserved. Copyright © FUJITSU LIMITED 2018

Baseline FX100 (Sparc 64 fxIX)

~x2 c.f. Haswell Xeon per socket according to Fujitsu studies

https://www.ssken.gr.jp/MAINSITE/event/2015/20151028-

sci/lecture-04/SSKEN_sci2015_miyoshi_presentation.pdf
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FUJITSU CONFIDENTIAL

Post-K Chassis, PCB (w/DLC), and A64fx CPU Package
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A64fx
CPU

Copyright 2018 FUJITSU LIMITED

W 800�
D1400�
H2000�
384 nodes



TOFU-D 6D Mesh/Torus Network

n Six coordinate axes: X, Y, Z, A, B, C
n X, Y, Z: the size varies according to the system configuration
n A, B, C: the size is fixed to 2�3�2

n Tofu stands for “torus fusion”: (X, Y, Z)�(A, B, C)

Copyright 2018 FUJITSU LIMITEDSeptember 11th, 2018, IEEE Cluster 2018

Z

X
C

A

B

X�Y�Z�2�3�2

Y

14

Embedded on-Chip
0.49 µs latency

38.1GByte/s throughput
Scalable to 

> 100,000 nodes
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Sparse BYTES: The Graph500 – 2015~2018 – world #1 x 7
K Computer #1 Tokyo Tech[Matsuoka EBD CREST] Univ. 

Kyushu [Fujisawa Graph CREST], Riken AICS, Fujitsu
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Post-K Processor
�High perf FP16&Int8
�High mem BW for convolution
�Built-in scalable Tofu network

Unprecedened DL scalability

High Performance DNN Convolution
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High Performance and Ultra-Scalable Network
for massive scaling model & data parallelism
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C P U
For the

Post-K
supercomputer

C P U
For the

Post-K
supercomputer

C P U
For the

Post-K
supercomputer

C P U
For the

Post-K
supercomputer

TOFU Network w/high 
injection BW for fast 
reduction



What is worse: Moore’s Law will end in the 2020’s
•Much of underlying IT performance growth due to Moore’s law 
•“LSI: x2 transistors in 1~1.5 years” 
•Causing qualitative “leaps” in IT and societal innovations
•The main reason we have supercomputers and Google...

•But this is slowing down & ending, by mid 2020s…!!!
•End of Lithography shrinks
•End of Dennard scaling
•End of Fab Economics

•How do we sustain “performance growth” beyond the “end of 
Moore”?
•Not just one-time speed bumps
•Will affect all aspects of IT, including BD/AI/ML/IoT, not just HPC
•End of IT as we know it

Gordon Moore
The curse of constant 
transistor power shall 

soon be upon us



20 year Eras towards of End of Moore’s Law

3-5nm and 
beyond 2025-
Constant 
Transistor Power

• 1980s~2004 
Dennard scaling, 
perf+ = single 
thread+ = transistor 
& freq+ = power+

• 2004~2015 feature 
scaling, perf+ = 
transistor+ = core#+, 
constant power

• 2015~2025 all 
above gets harder

• 2025~ post-Moore, 
constant 
feature&power = 
flat performance

Need to realize the next 20-year era of supercomputing

20 year
Post-Dennard
Many-Core Era

20-year
Moore-Dennard
Single Core
ILP-Vector 
Killer-Micro Era

20-year
Next-Gen
Post-Moore era
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Low Latency 3D SRAM
>8GBytes Capacity
>10TB/s Bandwidth
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Medium Bandwith
2.5D DRAM

>64GBytes Capacity
~3TB/s Bandwidth

High Capacity  
Flash NVM

>1 TBytes Capacity
Photonic Network

VCSEL-based 
Multi-Port High Injection

1Tbps x 12 = 12Tbps

3 nm UV fabrication

• 1CLCO"-�NRONMPC�NOMACPPMO�2C4COMECLCMRP�
OCAMLDGERO"#-C�B"4"D-MS���PA"-"O�."L8�AMOC�
NOMACPPMO �	����CO"D-MNP�:08 �	��CO"0-MNP�.08

• +AAC-CO"4MOP��CRO"-��CROM.MONFGA �3PGLE �1O"NF �C4A�
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Transistor Lithography Scaling
(CMOS Logic Circuits, DRAM/SRAM)

Loosely Coupled with Electronic Interconnect

Data Data

Hardware/Software System APIs
Flops-Centric Massively Parallel Architecture

Flops-Centric Monolithic System Software

Novel Devices + CMOS (Dark Silicon)
(Nanophotonics, Non-Volatile Devices etc.)

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

Hardware/Software System APIs
“Cambrian” Heterogeneous Architecture

Cambrian Heterogeneous System Software

Heterogeneous CPUs + Holistic Data

Data Data

Homogeneous General Purpose Nodes 
+ Localized Data

Reconfigurable
Dataflow

Optical
ComputingDNN&

Neuromorphic

Massive BW
3-D Package

Quantum
ComputingLow Precision

Error-Prone

Non-Volatile
Memory

Flops-Centric Monolithic Algorithms and Apps Cambrian Heterogeneous Algorithms and Apps

Compute 
Nodes

Gen CPU Gen CPU

��CPU Gen CPU

~2025
M-P Extinction

Event 

Many Core Era
Post Moore 
Cambrian Era

Compute 
Nodes

Compute 
Nodes

Compute 
Nodes



��

�����!������
�� ���!�%�!����

���#�� 

,#G�C"�"��BF3E�#"L�����
 ��EC#!3�"�E������ �M

!×!×# = −& '#'( + *

.3C���2�3 ��.�"�3C�2IDE�!

,� �C��" !�E�#�.
)�D�C�E�-3E�#"

N	

2# FE�#"

.�"�3C��E�C3E�G��
2# G�C


�������A�����������!����!��� ��#���!��� ��� 	����

�����!���
��������

!���

(� !�	��������#��

��!��������������#�� ����!���(� !�	����������!��!"��

.�"�3C�2# G�C�
��E�C!�"�D�E���

CF"E�!�

2# G�C��#�D�"#E�
!3EE�C�3D� #"��3D�

+��#�E3�"�
�����E�G��D# FE�#"

��/��
/���E�� 

��F3"EF!�����FC#!#CA����(#!AFE�CDM

)"��!"���������� ���#��

�A� ��!������������- 


